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ABSTRACT 

A study was conducted to evaluate effects of housing and feeding systems on 

performance of neo-natal Holstein bull calves.  Treatments included individually housed, bottle-

fed (n = 5 calves), individually housed, bucket-fed (n = 5 calves), group housed bottle fed (n = 5 

pens) and group housed bucket fed (n = 5 pens).  Body weights were collected every 7 days and 

serum and plasma samples were taken on day 0, 28, 55 and 66 for beta-Hydroxybutyrate 

concentrations.  No major differences (P > 0.11) in performance (average daily gain, dry matter 

intake, and feed efficiency) or β-Hydroxybutyrate (P > 0.14) concentrations were observed 

between housing and feeding treatments.  Likewise, no differences (P > 0.26) were observed in 

the coefficient of variation for BW or fecal scores or morbidity.  Albeit performance wasn’t 

altered, group housing provides a social environment and bucket feeding lowers the variation of 

intake amongst the group.    



8 

 

INTRODUCTION 

 The U.S. dairy industry has become concentrated, particularly in the southwestern U.S., 

and continues to thrive and grow.  This industry has grown due to the many technological 

advances that have been discovered to increase milk production; along with that growth, 

however, comes the birth of thousands of dairy calves each year.  In the 1970s, 25% of the calves 

were retained as replacement bulls and heifers for the herd, but the other 75% of calves were 

either raised for veal or sold for beef purposes (Hallman 1971).   In 1994, it was reported by the 

USDA-APHIS that 97% of bull calves were used for beef purposes and in 2000, they found that 

88% of bull calves and 11% of heifer calves were used for beef (USDA-APHIS, 1994 and 2000). 

As the number of dairy calves being raised increases, the efficiency of the rearing 

programs used must be optimized and such details as housing type, amount of milk offered and 

method of feeding milk become very important from an economic standpoint.   Coincidently, it 

was pointed out that by the year 2017, all veal producers will have to transition from individual 

to group housing (Smith, 2010). 

Typical housing systems used to raise dairy calves include either:  individual housing or 

group housing.  Type of housing for dairy calves in North America, usually consists of calf 

hutches and the industry promotes individual housing for the benefits it provides (Chua et al. 

2002).  Many studies have shown that the benefits of individual housing include: higher weight 

gains, less disease and lower incidence of cross-sucking (Chua et al. 2002).  For example, 

Warnick et al. (1977) reported that individually housed and fed calves were freer of disease and                                                                                     
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integrated well into post weaning groups with little to no stress.  Calves that are individually 

housed are significantly less active and spend the majority of their time laying down during non-

feeding times (Chua et al. 2002).  

The alternative method of group housing, has many positive benefits as well as 

implications for social behavior.  Group housing is a group of 2 to 4 calves housed in a pen or 

stall rather than a calf hutch.  For years, group housing has been viewed as a way for reducing 

labor and labor cost associated with calf rearing but has also been seen as a challenge in terms of 

calf management (O’Driscoll, 2004).  Group housing, in fact, has many positive effects both on 

production and behavior.  Cattle are social animals and by housing calves in group systems, they 

are involved in early interactions that help them to develop their normal social behavior, or the 

development of a social hierarchy (Von Keyserlingk et al. 2004).  The development of the 

normal social behavior includes learning normal social responses needed later (Chua et al. 2002), 

either during re-integration to the herd or in the feedlot. 

In a study conducted by Warnick et al. (1977), calves reared in a group learned to 

consume feed and water faster due to exploratory and imitative behavior exchanged between 

calves.  Another benefit of a group housing system include more space and more social contact, 

which allows for a more “natural” environment (Chua et al. 2002).  A criticism of inducing 

competitive behavior among young animals has been demonstrated in studies completed in other 

species, which have shown that feeding animals in a more socially competitive environment 

adversely affects both production and behavior (Von Keyserlingk et al 2004).  However, Chua et 

al. (2002) reported that not only did the calves engage in social contact for 2% of the day and it     
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was seldom, if ever, that they displaced one another from the teat during feeding.  This was 

further supported by Veissier et al. (2001) that calves reared together from an early age remain 

closer and are more tolerant during feeding. There has been little research conducted on group 

housing systems for feeding calves.  Although group-housing has proven to teach calves how to 

compete in a post-weaning environment and promotes calves to begin eating concentrate sooner 

(Warnick et al. 1977). 

To date, limited research has been published on the effects of housing systems (e.g. Von 

Keyserlingk et al. 2004) and the correlation to variations in performance among pen mates.  The 

aim of the present study was to examine the effects of an individual vs. group housing system 

and bottle vs. bucket (trough) feeding system on performance of Holstein bull calves.  Therefore, 

objective one is to determine if there is a difference in performance and health of Holstein bull 

calves, between individually-housed calves and group-housed calved.  The second objective is to 

determine the differences in performance and health of neonatal calves that are bucket-fed vs. 

bottle-fed.  The hypothesis was that feeding method will have an greater influence on group-

housed animal than individual-fed calves and it is expected that less variation in performance 

will be noted in group-housed animals that are bucket-fed versus bottle-fed.  
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LITERATURE REVIEW 

Current Systems used for Calf Rearing 

There are several rearing methods that have been used by the calf-raising facilities to 

raise calves.  Babu et al. (2004) suggested that the animals’ rearing environment is of great 

importance because it can promote or discourage certain behaviors.  These behaviors could 

include normal behaviors (consumption of solid feed or grooming) or abnormal behaviors (non-

nutritive sucking or exhibiting of riding behavior).  Success of a rearing system is highly 

dependent on the method of feeding and the number of calves raised together (Chua et al., 2002).  

Rearing systems can differ in relation to certain factors involved such as number of calves 

housed together (individual, pair and group), type of pens used  (individual hutch, crate, etc), 

type of flooring (coated expanded metal [Tenderfoot®], wood, or soil surface), and type of 

bedding (straw, wood shavings, sand, etc.).   

Individual Housing versus Group Housing  

Traditionally, the general recommendation for rearing of calves consists of raising the 

calves individually.  Individual housing is believed to minimize the spread of disease and 

facilitate control of the starter intake (Bach et al., 2009). Calves that are housed individually are 

provided with a non-competitive environment, which is believed to allow calves to maximize 

performance.  Individual housing allows for a more accurate measurement of intake (milk and 

solid feed) and monitoring of fecal consistency, which serves as an indicator of calf health (Kung 

et al., 1997).   

These observations were supported by Weary (2002) who also found that calves raised 

under individual housing methods have greater weight gains, less incidence of illness and exhibit  
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more normal behavior.  Warnick et al. (1977) reported that individually housed calves are 

healthier and are able to adjust to group-housing once weaned.  Studies have proved individual 

housing is efficient because increasing social competition (i.e. group housing) has had adverse 

effects on both production and behavior (VonKeyserlingk et al., 2004). 

 A more progressive method that has been adopted in the rearing of calves is the group-

housing method.  Kung et al. (1997) reported that 14% of dairies raised calves in group pens.  

Interest in more progressive systems, such as group-housing, has had a dramatic increase with 

the thought of reduced labor and calf welfare in mind (Kung et al., 2007).   The idea behind 

raising calves in groups is that calves are social animals and by using a group-rearing method it 

may provide a number of advantages for both the producer and their calves (VonKeyserlingk et 

al., 2004).  According to Chua et al. (2002), group housing provides with more open space and 

social contact as well as reducing labor and costs.  Svensson and Liberg (2005) stated that calves 

that are group housed are able to have full interaction with each other as well as a larger pen 

space which allows for the full and natural motions of the calves.   

Jensen et al. (2008) suggested that group rearing favors calf welfare by allowing for 

increased social contact and more communal space.  An increasing number of farmers house 

their calves in groups during the milk feeding phase, which allows them to perform normal social 

behavior (Nielson et al., 2008).  Jensen and Budde (2006) also suggested that group housing 

allows for full social contact and development of social skills. Additionally, Babu et al. (2004) 

found that calves that are group-housed are more socially confident and show less fear than  
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calves that are individually housed. Warnick et al. (1977), added that calves that are housed in 

groups of three tend to show more signs of dominance.  

Richard et al. (1988) found that cattle mimic each other’s behavior and animal behavior 

affects intake of milk replacer.  Therefore, calves that have physical contact with “hungrier calf” 

consume more than those that only have visual contact.  In the study that Richard et al. (1988) 

conducted, which looked at calves fed ad libitum and where housed in group or individual pens, 

they found that calves that were housed in group pens ate more and gained more in the pre-

weaning period.  They believed that the group reared calves had higher weigh gains because they 

ingested more liquid in total and therefore had more gut-fill leading to higher weights (Richard et 

al., 1988).  However, it has been found calves that were housed in individual crates consumed 

more starter than group housed calves, due to the fact that group housed calves have less 

accessibility (Kung et al., 1997).    Also, there has been evidence to suggest group-housed calves, 

as early as 2 weeks, have shown rumination prior to and post milk feeding, where the 

individually-housed calves only showed rumination post milk feeding (Babu et al. 2004). 

Albeit information is available suggesting that group-housed calves may have an 

advantage to individually-housed calves on social behavior, the vast majority of North American 

dairy calves are individually-housed in pens or hutches because this is the method has been 

promoted by the industry (Chua et al., 2002).  One concern of the proponents of the individual 

housing system, is related to the potential negative effects of group housing on calf health.  

However, Chua et al. (2002), reported that pair-housed calves remained healthier and gained 

weight more rapidly before and after weaning vs. individually-housed calves.  It is believed that  
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the type of pens that rearing facilities use, individually-housed calves still have access to oral-

fecal transmission through then ends or tops of pens or through slatted partitions. Therefore, the 

role of sanitation on calf immunity plays a much more important part in calf health than housing 

or a penning system (Chua et al., 2002).   

 Generally, there is a higher incidence of disease in group-housed calves; however, this is 

believed to occur not because of proximity, but rather the inability to accurately determine, 

examine, and treat sick calves within these pens (Kung et al, 1997).  Diagnosis of morbid calves 

is subjective at best, but indices used include feed consumption, general appearance, fecal 

consistency, etc.  Chua et al. (2002) attributed larger morbidity and mortality rates in group-

housed calves to the difficulty of detecting signs of disease in advance. However, a recent study 

completed by Bach et al. (2009), noted that group-fed calves had less health issues during the 

milk feeding phase and through weaning.   

Additionally, another disadvantage of a group housing system is that group-housed calves 

that are fed by artificial teats are displaced by each other more often therefore, causing a large 

difference in milk intake between calves (Jensen et al., 2008) and/or transmission of viruses 

through cross-suckling on the teat.  The combination of cross-sucking and hungry calves can 

become a large problem because a hungry calf tends to switch teats at a greater rate (Jensen et 

al., 2008).  

Delivery Method: Bucket versus Teat  

 Besides housing method, differences exist in feeding method for calves.  Teat-based 

systems allow for calves to perform natural sucking behavior (VonKeyserlingk et al., 2004).  
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Calves that are raised by a “nurse-cow” system prove to be afflicted by certain common 

ailments, such as scours (Wise and LaMaster, 1968).  It was demonstrated by in-vitro studies that 

teat feeding of milk was more effective that open-pail feeding in stimulating rennin and more 

proteolytic activity of the abomasal fluids in calves (Wise and LaMaster, 1968).  It is has been 

discovered that when calves suckle milk, the lips of the esophageal groove naturally contract and 

rotate to form a tube allowing direct passage of the majority of ingested liquids through the 

cardia of the stomach to the reticulomasal orifice (Wise et al., 1984).  Otherwise, when calves 

drink rather than suckled reliability of complete groove closure and predictability of fluids’ 

destination is minimized (Wise et al., 1984).    

 Morril and Dayton (1981) found that there is closure of esophageal groove whether 

calves are fed with a bucket or nipple; however, calves that are fed with a bucket have a faster 

rate of passage.  In a study completed by Kessler et al. (1965), which looked at nipple versus pail 

feeding, they found that pail-fed calves gain more at an early age and start consuming starter and 

hay earlier.  However, it has been found that when the neonate drinks from a bucket milk is 

forced into the rumen which causes abnormal decomposition leading to physiological 

disturbances (Wise and Anderson, 1939). Wise and Anderson (1939) also found that with nipple 

feeding, no milk escapes into the rumen: it goes straight to the esophageal groove and on to the 

abomasums and omasum. 

In addition to other effects on performance, ingestion of milk induces other social 

behaviors among the calves.  One behavior that can be established in a pen of calves is cross-

sucking.  Cross-sucking is defined as non-nutritive sucking directed toward another calf head or 

body (Jensen and Budde, 2006).  Non-nutritive sucking happens when the calf’s desire to suck is 
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not satisfied during its provided feeding time (Kopp et. al., 1986).  Non-nutritive sucking is a 

problem in calves which can lead to a problem that affects the health or value of the entire herd if 

continued into adult life (Kopp et al., 1986). Common problems that arise from cross-sucking, at 

a young age, include hernias, hairballs, frost bite ears, etc (Kopp et al., 1986). 

Jensen and Budde (2006) reported that cross-sucking can be significantly reduced when 

using a teat, because ingestion of milk takes longer via teat.  In addition, these authors also 

discovered that teat-fed calves spend less time cross-sucking and less time licking (Jensen and 

Budde, 2006).  Jensen and Budde (2006) attribute their findings to the fact that teat-fed calves 

spend more time suckling from empty bottles and therefore are fulfilling their non-nutritive 

sucking.  Teat-fed calves also tend to change from liquid sources more rapidly than calves fed 

with other delivery methods such as bucket feeding (Jensen and Budde, 2006).   

Furthermore, VonKeyserlingk et al. (2006) suggested that calves that were provided with 

an artificial teat are less likely to suck objects compared to bucket-fed calves.  This is thought to 

reduce non-nutritive sucking because suckling by teat reduces ingestion rate, and it has been 

found that calves fed by teat spend 45 minutes per day whereas bucket fed calves spend only a 

couple of minutes ingesting milk per day (VonKeyserlingk et al., 2006).  Kesler et al. (1965) also 

found that calves that were fed by bucket vs. bottle had a much quicker rate of ingestion; i.e. 52 

seconds vs. 3 minutes 42 seconds, respectively.  

Amount of Milk Offered: Limited versus Ad Libitum 

  Method and amount of milk fed is a pivotal point in the success of raising calves, having 

a direct effect on behavior, performance, health and welfare (Khan et al., 2007). Traditionally, 
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calves that are raised in North America are fed either whole milk or milk replacer twice daily for 

maximum rate of intake equaling 8 to 10 % of their body weight, which doesn’t meet the full 

nutrient requirement of the calf (Borderas et al., 2009).   This was supported by Bach et al. 

(2009), who stated that milk replacer should be used to feed the calves.  Borderas et al. (2009) 

provided evidence that calves fed ad libitum amounts of milk or milk replacer have better 

performance.  Also it has been shown that calves that are allowed ad libitum access to milk 

spend more time at rest than calves that are fed twice daily which may allow for improvement of 

their energy balance (Borderas et al., 2009).   Ad libitum feeding though a teat allows for natural 

sucking behavior to occur and can help improve the calf’s digestion (Jasper and Weary, 2002).   

Jasper and Weary (2002) found that the calves on an ad libitum treatment gained weight 

faster during the milk feeding phase and maintained this advantage through weaning.  They also 

noted that although calves in this treatment did have a lower solid feed intake while on milk, the 

increased milk consumption compensated for the lower dry feed intake (Jasper and Weary, 

2002).  This provides a significant advantage of ad libitum milk consumption for replacement 

dairy heifer because it may lower the age of the first calving which can significantly lower the 

cost of production (Jasper and Weary, 2002).  

 Another advantage of an ad libitum milk system is that there is rarely competition among 

calves (Jensen et al., 2008).  This would lead to less variation in consumption and more equal 

weight gains.  VonKeyserlingk et al. (2006) supported this and found that when calves had 

constant access through a teat system, it allows for dramatic increase in milk consumption and 

weight gains when compared to traditionally fed calves.  
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 The concern with feeding ad libitum milk or milk replacer to calves is the belief that the 

higher the milk intake, the lower the consumption of solid foods during milk feeding phase 

which will in turn lead to lower post-weaning gains and that large amounts of milk can lead to 

diarrhea or scouring, due to the overloading of the abomasum (Huber et al., 1984; Jasper and 

Weary, 2002).   It has also been discovered that the ad libitum feeding of milk leads to the delay 

of ruminal fermentation and development, which can cause depressed solid intake (Khan et al., 

2007).   However, studies have shown neither a decrease nor an increase in illness with higher 

amounts of milk offered (Borderas et al., 2009).  Huber et al. (1984) found that calves that were 

fed at higher rates did show, in some instances, increased rectal temperatures suggesting that the 

calf was stressed but temperatures were still within normal ranges.   

Early Ruminal development in calves 

 The stimulation of fermentation leading to ruminal development of the neonate calf is 

critical to ensuring adequate performance of the calf.   As stated by Baldwin et al. (2004), the 

rumen of a young calf is not fully developed, metabolically or physiologically.  This 

development must be initiated by the administration of solid feed.  Beharka et al. (1998) 

discovered that age has little to do with ruminal papillary development; rather this is result of 

microbial fermentation products.  They also found that the stimulation of anatomical and 

physiological development by ruminal volatile fatty acids (VFA), showing there is a relationship 

between ruminal development and microbial activity (Beharka et al., 1998). Additionally, the 

sequence of establishment of ruminal bacterial population is dependent of the diet of the calf 

(Beharka et al., 1998).   Quigley et al. (1994) stated that starting of dry feed intake is required for 

development of ruminal function and calves that consume fed sooner can be weaned at an earlier 

age. 
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 Since milk is the initial diet of the calf, its ingestion and composition along with the 

starter diet, plays an important role in the development of the rumen of the calf.   However, milk 

doesn’t provide adequate stimulation for ruminal development (Beharka et al., 1998).  Thus, the 

components and the consistency of the starter diet are very important.  Beharka et al. (1998) 

looked at ground corn diets vs. whole corn diets and found that calves that were offered ground 

diets showed increased intake and were weaned at higher weights.  The authors believed that 

from a digestive point of view, the grinding process increased the surface area available for 

microbial attachment and this provides more than adequate stimulation for ruminal development 

(Beharka et al., 1998).   

Lesmeister and Heinrichs (2004) found that mechanically-and chemically-  altering feed 

sources and grains tend to increase surface area and improve the ruminal, intestinal and total 

starch digestibility of the grain.  They also showed that in respect to the pre-weaned dairy calf, a 

concentrate or high carbohydrate starter diet stimulates rumen microbial proliferation and 

volatile fatty acid production (Lesmeister and Heinrichs, 2004). Both are reliable signs of rumen 

development.   

The VFA butyrate serves as a good indicator of ruminal development.   Butyrate (and 

some propionate) serve as energy sources that are used by rumen epithelium and have greatest 

influence on epithelium development (Lesmeister and Heinrichs, 2004).  It has also been found 

that ruminal butyrate production appears to be enhanced by the physical processing of the grain 

(Lesmeister and Heinrichs, 2004).   

 Kristensen et al. (2007) also found VFA, particularly butyrate, stimulates the 

development of the ruminal papillae in young calves. Additionally, ruminal fill stimulates 
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muscular development and ruminal volume (Kristensen et al., 2007).  Low blood glucose levels 

and increased blood urea nitrogen and β-hydroxybutyrate levels may be metabolic indicators for 

ruminal development (Khan et al., 2007).    Khan et al. (2007) reported that ad Libitum milk 

feeding can delay the initiations of ruminal fermentation and development due to the fact that 

calves that have free access to milk ingest starter later in the milk feeding phase.  The importance 

of consumption of starter diet is that the high carbohydrate not only stimulates rumen microbial 

proliferation but also VFA production which both solicit microbial/rumen development (Khan et 

al., 2007).   

 In summary, the success of a rearing system used to raise calves in a commercial setting,   

is dependent upon a number of variables and is unique to each operation and their goals.  

Individual housing has proven over the years to be a dependable method which provides results 

of calves that are healthy and prove at least average in their performance; however, they may be 

lacking in their social skills which could have possible adverse effects in the post-weaning period 

of production.  Group-reared calves seem to perform as well or better than individually-housed 

calves while establishing these important social skills.  However, group-housing- although 

thought to be a way of reducing labor in a commercial facility- may in fact require increased 

labor to ensure quality monitoring of calves in order to prevent the spread of disease.  

When reviewing feeding method, research has shown that calves that are fed via teat are 

practicing  “natural sucking behavior” which can have many benefits including possible better 

performance  due to improved digestion.  Bucket-fed calves seem to perform adequately but 

seem to demonstrate more abnormal behaviors (cross-sucking) as a result of the absence of their 

natural environment.  Additionally, researchers have shown that calves that have unlimited 
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access to milk are weaned at heavier weights with minimal morbidity and maintain average daily 

intake of solid feed.  Finally, in reference to ruminal development in the neo-natal calf, it has 

been found that the texture and composition of the starter diet and age at which it is started, plays 

a pivotal role in the initiation of fermentation.  Also, VFAs (particularly butyrate) are strong 

indicators of the development of the rumen and the start of fermentation.   
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MATERIALS AND METHODS 

All procedures involving animal care and management were approved by the University 

of Arizona Institutional Animal Care and Use Committee (IACUC) (No. 09-112). 

Animals, Treatments and Diets 

Fifty Holstein bull calves (2 ± 1d of age; average initial BW = 42.5 kg) were obtained 

from a single source on January 13, 2010.  Calves had previously received approximately 4 L of 

colostrum and were vaccinated with TSV -2 (Phizer Animal Health; New York, New York).  

Animals were transported 131.1 km and picked up from the dairy at approximately 1200, already 

receiving their morning feeding of milk. Animals were individually identified at the dairy. In 

addition, birth date of the calves were recorded along with a numerical calving score (1=easy 

calving, no assistance to 3 = dytocia and major assistance).   

Calves were immediately weighed upon arrival and placed in 2 (2.44m by 4.88 m) 

concrete pens.  Calves’ birth weights were entered into a Microsoft Excel spreadsheet, sorted 

from heaviest to lightest, and a random number was assigned to each calf.  Calves were 

vaccinated with mycoplasma bovis bacterin (Pulmo-Guard MpB 405-831; American Animal 

Health; Grand Prarie, TX) as precautionary measures to ensure that calves remain healthy. 

Calves were also vaccinated with Pyramid 10 Bovine Rhinotracheitis- Virus Diarrhea-

Parainfluenza 3- Respiratory Synctial Virus Vaccine (Fort Dodge Animal Health; Fort Dodge, 

Iowa) in accordance with typical livestock husbandry practices.  The calves received these 

vaccinations on day 7 and a booster dose of the vaccines on day 28.   
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Calves were assigned randomly to a treatment based upon a random number generator.  

Treatments were arranged in a 2 x 2 factorial (Table 1).  Treatments included housing (individual 

vs. group) and feeding method (bottle vs. trough).  Thus, treatments were as follows: 1) 

individually- housed bottle fed; 2) individually-housed bucket fed; 3) group-housed bottle fed 

and 4) group-housed bucket (trough) fed.  In the group-housed calves, for calves were allotted to 

each pen, initially.  Calves were moved to experimental groups on day of arrival and treatments 

were immediately initiated.  The experimental period began on day 1 and lasted for 7 weeks.   

The experimental pens for group-housed calves measured 2.44 m x 4.88 m (2.98 m/calf) 

and the individually-fed calves were placed in a version of the traditional calf rearing crates 

measuring 1.22 m x 2.44 m (2.98 m/calf).  Group-housed and individual calf pens  had concrete 

flooring.  Metal individual pens were randomly placed in pens intermingled with group housed 

calves .  Pens were cleaned daily with new straw replenished as needed.   

For group-bucket (trough) feeding, a 1.23m (0.31 m/calf) trough was used. The 

individual-bucket (trough) fed calves were issued a standard plastic 5.7 L bucket (Fortiflex; 

Model FB-114; San Juan, Puerto Rico).  All of the teat (bottle) fed treatments, used a 2-L 

Nursing Bottle (Little Giant; Miller Manufacturing; Glencoe, MN) with rubber teat.  When 

calves were offered milk, it was ensured that all calves had equal access to it.  For the group-

bucket (trough) fed calves, the length of the trough allowed enough room for all calves (with 

minimal competition) to allocate the milk fed. The group teat (bottle) fed calves were fed using 

the nursing bottles and individual bottle holders, approximately 0.30 m apart.  

 Additionally, calves were initially monitored to ensure that they all received their portion 

to avoid dehydration and other health concerns.  Daily careful visual observation of calves also 
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occurred to ensure optimum health of calves. Two of the 50 calves in the trial were eliminated in 

the first week of the treatments: one calf died from dehydration, and the other calf wouldn’t 

adapt to his assigned treatment. Both calves were from a group-bucket treatment. 

During milk-feeding phase, calves were fed a commercial milk replacer (22:20 

fat:protein;  Lawley’s All Star Milk Replacer; Turlock, CA;  Table 2)  beginning at 0630 and 

1600 daily for 49 d.  All calves were offered 2-L of milk replacer twice a day.  Milk replacer was 

mixed based on weight and at a concentration of 12% powder (as-fed).   Milk consumption was 

recorded at each feeding (twice per day) and monitored closely.   After each feeding, the bottles, 

buckets, trough and other feeding equipment was washed and sanitized.  All feeding equipment 

was first washed with a soap and water mixture to remove excess grease from the milk replacer 

and then this was followed by a bleach rinse (50 ppm).  

 Additionally, beginning on d 1, calves were offered a concentrate diet (Table 3) mix 

starting with 0.11 kg/ per head per day.  Amounts were increased to ensure free choice 

consumption.    Also during this time, each individual calf was supplied with a water bucket 

(Fortiflex; Model FB-114; San Juan, Puerto Rico) and feed bucket (Fortiflex; Model FB-114; 

San Juan, Puerto Rico).  Group housed calves were provided an automatic water trough and a 

trough for starter feed.   

Upon day 56, the experimental period ended and calves began the weaning phase.  On 

day 56, calves received only one 2-L bottle for the afternoon feeding and continued to receive 

the concentrate mix.  On day 63, calves were completely weaned and remained at experimental 

unit for one week for observation of any signs of morbidity and reduce weaning stress.  
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Measurements 

 Intake of both milk and concentrate were closely observed over the experimental phase.  

Intake of milk replacer and calf starter was measured daily and helped to determine the health of 

each calves. The amount of feed offered and refused at each feeding was also recorded.  

Amounts of feed offered and refused were weighed using an individual scale (Ohaus ES Series 

Model ES30P; Pine Brook, NJ). If calves consumed the total amount of feed offered for 3 

consecutive days, calves were increased by 0.11 kg per calf per day.  

Body weights were obtained using an individual scale (Paul Livestock Scale; Duncan, 

Ok) fitted with an electronic indicator (IQ Plus 390DC). Certified 22.7 kg weights were used 

(45.4 kg) to verify body weights. Weights were obtained on d 0, 7, 14, 28, 35, 41, 48, 55, and 66 

after the 0600 feeding. 

Weekly ingredient samples, diet and milk samples were collected and dried at 100° C.  

Dry matter was obtained on samples by drying in a forced air oven (100° C) for 18 h; ash was 

determined by burning the samples in a muffle furnace (550° C) for 4 h; and NDF and ADF were 

determined using a fiber analyzer (Ankom200 Fiber Analyzer; Ankom Technologies; Macedon, 

NY).  Crude protein, NEm and NEg were calculated using National Research Council (1996) 

values.   

Health, as aforementioned, was monitored closely.  Health and fecal scores were 

determined daily for each calf on trial (Tables 4 and 5).  Incidence of any illness was recorded 

daily for each animal.  Death losses were also recorded.   Documentation of death was done by 

recording animal number and date of death. Calves that showed signs of morbidity were treated 
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immediately.  Treatment regimen consisted of administering tulathromyocin (Draxxin; Phizer 

Animal Health; New York, New York) at a rate of 1.1 mL/45.3 kg (2.5 mg/kg) at first sign of 

morbidity.  The calf was then monitored closely; if no improvement was seen the calf would be 

given 1.5 mL/45.3 kg (6.6 mg/kg) of ceftiofur crystalline free acid (Excede; Phizer Animal 

Health; New York, New York).  All treatments (day of treatment, type of treatment, amount or 

dosage per calf per treatment, cost of treatment) were carefully recorded. 

       Calves were bled on d 0, 28, 55 and 66.  Jugular blood was collected in vacuum tubes (BD 

Vacutainer ; Ref:366430; Lot:7096560; Franklin Lakes, NJ) and serum separated by 

centifugation (2,000 x g for 20 min).  Serum sampling was conducted after the evening feeding.  

Serum was stored frozen until analysis.  

Serum samples were analyzed for β-hydroxybutyryate concentrations.  Commercial beta-

Hydroxybutyrate assay kits were used (BioVision; Cat.# K632-100;  Mountain View, CA).  In 

brief, the β-Hydroxybutyrate assay was conducted by following the procedure provided with the 

assay kit.  First, the standard curve was prepared at the following concentrations: 0, 4, 8, 12, 16 

and 30 μL.  Then the samples were prepared by taking 20 μL of the each serum sample and 

bringing well volume up to 50 μL .  The reagents were added to the wells and the plate was 

incubated for 30 min.  After 30 min., the plate was read by a plate reader at 450 nm. Pooled 

serum samples from calves were used for quality control.  Inter and intra-assay CV was 6.88% 

and 3.84%, respectively for the β-Hydroxybutyrate assay.     
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Calculations and Statistical Analysis 

 Performance, health, and blood data were analyzed using PROC MIXED of SAS (SAS 

Inst. Inc., Cary, NC).  The model included effects for housing, feeding and housing x feeding.  

Day 0 was used as a covariate for analysis of housing data since d 0 body weights differed. The 

experimental unit was either individual animal or the average of group pens. Body weight CV 

was calculated in an Excel spreadsheet and data were analyzed using the same model.  All the 

data are reported at least square means + SEM and are considered significantly different when P 

< 0.10. 
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RESULTS 

Overall Performance data are presented in Table 5. No housing x feeding interactions (P 

> 0.11) were noted for performance data except final BW (P < 0.01), d 35 to 41 ADG (P < 0.06), 

and d 55 to 66 feed:gain.  Main effect means are presented in Table 5.   

Performance 

Calves were randomly placed in housing groups on arrival.  Unexpectedly, calves 

assigned to group housing treatments were heavier (P < 0.00) than individually-fed calves on d-

0.  Therefore, d 0 BW was used as a covariate in subsequent analyses. The initial weights of 

group-housed calves were significantly higher than the individual housed calves, but the final 

BW were not different (P > 0.20) between the two treatments.  There was an overall interaction 

between housing and feeding for d 66 BW and the simple effect means were as follows: group 

bottle 72.6 kg + 1.8,  group bucket 72.4 kg + 1.8, single bottle 69.7 kg + 1.7, and single bucket 

69.5 kg + 1.92. 

  Average daily gains were similar for d 0 to 7 (P > 0.56); d 8 to 14 (P > 0.34);  d 15 to 21 

(P > 0.26);  d 22 to 28 (P > 0.93); d 29 to 35 (P > 0.54); d 36 to 41 (P > 0.30); d 42 to 48 (P > 

0.54); d 49 to 55 (P > 0.72); and d 55 to 66 (P > 0.17).  Likewise, cumulative gain data did not 

differ between treatments; d 0 to 14 (P > 0.13); d 0 to 21 (P > 0.96); d 0 to 28 (P > 0.96); d 0 to 

35 (P > 0.74); d 0 to 41 (P > 0.48); d 0 to 48 (P > 0.39); d 0 to 55 (P > 0.34); and d 0 to 66 (P > 

0.20).  There was an overall interaction for ADG observed in period of d 35 to 41 (P < 0.05).  

The group bucket (0.63 + 0.10) had a significant advantage over the group bottle (0.45 + .09) and 

showed an approach to significance from d 35 to 41 (P > 0.16).  The main effects ADG mean of 

single bucket was 0.51 + 0.10 and single bottle was 0.32 + 0.09.  There was an interaction 

between group bottle and single bottle (P < 0.04) and significance between means. 
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  By design, all calves received 0.45 kg/d milk replacer except for the last period (weaning) 

where each calf received 0.225 kg/d.  For total intake of milk replacer plus dry feed (Table 6), no 

differences were noted between treatments during d 7 to 14 (P > 0.35); d 15 to 21 (P > 0.62); d 

22 to 28 (P > 0.95); d 29 to 35 (P > 0.67); d 36 to 41 (P > 0.19); and d 42 to 48 (P > 0.11).  

However, there were differences observed during the last two periods d 49 to 55 (P < 0.09) and d 

55 to 66 (P < 0.04).     

Efficiency of gain (Table 6) was similar during d 14 to 21 (P > 0.23); d 22 to 28 (P > 

0.78); d 29 to 35 (P > 0.42);  d 36 to 41 (P > 0.22);  d 42 to 48 (P > 0.73); d 49 to 55 (P > 0.35); 

and d 56 to 66 (P > 0.47).   There was a housing-by-feeding interaction that resulted in the 

weaning and post weaning period from day 55 to 66 (P < 0.04).  The simple effect means for this 

period were group bottle 3.89 + 0.53; group bucket 4.73 + 0.52; single bottle 4.24 + 0.50; and 

single bucket 5.32 + 0.56.  There was no significance between means of group bottle and group 

bucket (P>0.24). 

 The coefficient of variance for body weight (Table 8) was significant for d 0 (P < 0.05).  

However, for day 7 (P > 0.51); d 14 (P > 0.78); d 21 (P > 0.81); d 28 (P > 0.93); d 35 (P > 0.93), 

d 41 (P > 0.73); d 48 (P > 0.71); d 55 (P > 0.82); and d 66 (P > 0.95) no  significant differences 

were observed and BW CVs were similar. 

Like the housing treatments, feeding treatments were also assigned to calves randomly on 

arrival.  Day 0 BW were similar (P>0.42) between feeding treatments.  Average daily gains 

;when comparing bottle vs. bucket-fed calves were similar for the periods d 0 to 7 (P > 0.73), d 8 

to 14 (P > 0.29); d 15 to 21 (P > 0.42); d 22 to 28 (P > 0.93); d 29 to 35 (P > 0.52); d 36 to 41 (P 

> 0.97); d 42 to 48 (P > 0.64); d 49 to 55 (P > 0.34); and d 55 to 66( P > 0.16).  Cumulative gain 

data likewise did not differ on d 0 to 14 (P > 0.19); 0 to 21 (P > 0.78); 0 to 28 (P > 0.72); 0 to 35 
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(P > 0.82);  d 0 to 41 (P > 0.87);  d 0 to 48 (P > 0.96); d 0 to 55 (P > 0.70); and d 0 to 66 (P > 

0.91). 

Feeding method did not have an effect on daily intake.  Average daily intake (with added 

consumption of milk replacer) was comparable between feeding methods for d 7 to 14 (P > 

0.90);  d 15 to 21 (P > 0.64);  d 22 to 28 (P > 0.38); d 29 to 35 (P > 0.66); d 36 to 41 (P > 0.93);  

d 42 to 48 (P > 0.62); d 49 to 55(P > 0.56); and d 55 to 66 (P > 0.33).  

Calves that were fed via bucket vs. bottle showed no significant advantage in their gain, 

nor was feed ratio different between bottle-fed calves vs. the bucket-fed calves.   Gain to feed 

ratios for the corresponding periods were d 14 to 21 (P > 0.96); d 22 to 28 (P > 0.88);  d 29 to 35 

(P > 0.19); d 36 to 41 (P > 0.74);  d 42 to 48 (P > 0.84);  and, d 49 to 55 (P > 0.39).  The last 

period, d 56 to 66 showed that calves that were fed by bottle had a lower G:F ratio (P < 0.07). 

The coefficient of variance for body weight (Table 8) was not different due to feeding 

methods.  The data values were d 0 (P < 0.30); d 7 (P > 0.35); d 14 (P > 0.83);  d 21 (P > 0.52);  

d 28 (P > 0.62);  d 35 (P > 0.48);  d 41 (P > 0.81);  d 48 (P > 0.90);  d 55 (P > 0.87); and d 66 (P 

> 0.60).  

 

Health and Fecal Scores 

Calves were thoroughly vaccinated at the start of the trial, as noted in the Material and 

Methods.  Average health scores were all 1 for all periods.  Average fecal scores are presented in 

Table 7.   There were two housing –by-feeding interaction in respect to fecal scores.   The first 

housing-by-feeding interaction was observed on day 14 to 21 (P<0.07).  The simple effect means 

were analyzed ( group bucket 2.10 + 0.23; group bottle 1.58+ 0.23; single bucket 1.30 + 0.23; 

and single bottle 1.64 +0.23) and it was determined that there was an approach to significance 
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between group bottle vs. group bucket (P>0.11); however, there was a significant difference 

between the group bucket calves vs. the single bucket calves (P<0.02).   

The second housing –by-feeding interaction was on day 41 to 48 (P<0.03).  The simple 

effects means were group bottle 1.04 + 0.05;  group bucket 1.18 + 0.05; single bottle 1.12 + 0.05; 

and single bucket 1.04 + 0.05.  There was a significant difference observed between group 

bucket and group bottle (P < 0.05).  There also was a significant difference seen in the feeding 

treatment on day 55 to 66 (P < 0.06). The bottle calves showed a slightly higher fecal score.  

Also, there was an approach to significance for the housing treatment for day d 14 to 21 (P < 

0.11) and d 55 to 66 (P < 0.13).   

 

β-Hydroxybutyrate Concentrations 

 Calves were bled four times over the course of the trial (d 0, 28, 55 and 66).  The d 0 

samples were pooled and very minimal levels of was β-Hydroxybutyrate was detected.  There 

were no overall housing x feeding interactions (P > 0.14).  Concentration of β-Hydroxybutyrate, 

with respect to housing, was similar for d 28 (P > 0.55), d 55 (P > 0.34) and d 66 (P > 0.64). 

Additionally, there were no differences noted for feeding treatments, and values for d 28 (P > 

0.98), d 55 (P > 0.20) and d 66 (P > 0.67) were alike. 
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DISCUSSION 

Overall, no housing x feeding interactions was found for ADG, feed intake and gain 

efficiency in our experiment.   A significant difference was observed when looking at housing x 

feeding interaction in terms of final BW, with day 0 body weight as the covariate.  Calves that 

were group fed were weaned at heavier weights than individually housed calves.  Likewise, 

Richards et al. (1988) found that group housed calves had heavier final body weights.  They 

attributed this difference to increased gut fill (due to increased consumption of milk) and the 

increased milk consumption itself.   Chua et al. (2002) also concluded that pair housed calves 

remained healthier and gained weight quickly before and after weaning.   

Although these authors found that group housed calves gained quickly, they reported that 

there were no differences in weight gains, except for after weaning, whereby individual calves 

gained less and pair-housed continued at pre-weaning levels (Chua et al., 2002).  In our 

experiment, ADG was similar for the housing treatment and feeding treatment and it steadily 

increased as trial continued.  Anderson et al. (1987) also found that the calves ADG increased 

with age and believed that this was associated with increased consumption.  However, Richard et 

al. (1988) showed that the individual housed calves had a slightly higher ADG in comparison to 

the group-housed calves.  These authors suggested that the differences could be attributed to 

competitive environment that was created in a group housed system. 

Additionally, we observed that intake was similar throughout the trial; however, we 

found that during the weaning and post-weaning period, the group calves had a higher intake 

than the individually housed calves. Similarly, DeVreis and VonKeyserlingk (2009) found that 

when looking at heifers fed individually vs. group,  that there was no difference in total DMI, but 
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rather a difference in hourly DMI.  Calves that were fed in groups tended to visit the bunk more 

times, but have shorter feeding times (DeVreis and VonKeyserlingk, 2009)   

On the contrary, VonKeyserlingk et al. (2004), suggested that when calves are put in a 

competitive environment, it actually reduces their intake. This was also supported by Kung et al. 

(1997) who found that calves raised in hutches consumed more starter than group housed calves 

and felt that this was due to the group housed calves having less accessibility to the grain.   

Further, it was observed that all calves in the trial had an increase in feed intake from day 55 to 

day 66.  The elimination of milk as the cause can be attributed to these findings.  

Looking at the data for efficiency of gain, it was found at the start of the trial calves that 

were group fed needed more kilograms of feed to put on one kilogram of gain (1.53 vs. 3.65 kg + 

1.06).  However, as the study continued, there was little to no significant differences between the 

two housing treatments.  In terms of the feeding treatments, the data proved to be very similar for 

both bottle fed and bucket fed calves; however, when looking at the last period of data (weaning 

and post weaning), calves that were bottle-fed had a slight advantage over bucket fed calves.   

This observation is contrary to what Kopp et al. (1986) reported in terms of behavior.  They 

found that calves that were fed out of a bucket, spent more time with the desire to graze and eat, 

whereas bottle fed calves spent more time sucking on the empty teat (Kopp et al., 1986). 

 As hypothesized, calves fed from a trough or bucket would have less variation in their 

overall intake.  The results from this trial showed that, in fact, calves that are fed individually 

have a lower coefficient of variance in body weight than those who are group fed.  Similarly, 

Jensen and Budde (2006) found the difference between the minimum and maximum milk intake 

was larger in group housing vs. pair housing.  However, the variation that was observed in our 
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group-housed calves was very large at the beginning and reduced as the trial continued.  This 

could suggest that calves adapt to the housing system, and variation is much like the individually 

housed calves after they have adapted.   

 Similarly, VonKeyserlingk et al. (2004) found that group-housing causes crowding, 

which can lead to a negative response of lowering the number of attempts to drink milk replacer, 

thus causing the duration of those attempts to be longer.  This could indicate that calves are 

adapting to a competitive environment.  O’Driscoll et al. (2006) conducted an experiment 

looking at the effects of mixing individually-housed calves into a group-rearing system and 

found that when calves are mixed initially, intake is reduced by 50%; thereafter significant 

increases in subsequent feedings occur in order to compensate. 

Housing method had no effect on the calf’s health or fecal consistency.  However, during 

the milk feeding phase there was no effect by feeding method but during the post-weaning phase, 

calves that were fed by bottle showed a higher fecal score.  This could be a result of the calf’s 

intake of solid feed increasing replacing the consumption of milk.  Beharka et al. (1998) found 

that calves that consume ground corn diet have an increased rate of passage which can result in 

an increase in fecal scores. Additionally, Wise and LaMaster (1967) found that calves that were 

fed with an open pail system vs. a nipple pail system had a higher incidence and longer duration 

of scouring.     

The opposite effect however was found in this study: calves that were bottle fed showed a 

higher rate of scouring than those that were bucket-fed.  This is consistent with the feed 

efficiency results that were observed: calves that were fed by bottle had a lower feed:gain ratio, 
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indicating that calves that were bottle-fed were consuming more and therefore the rate of passage 

was increased resulting in increased scouring.  

   Chua et al. (2002), in a trial using 30 calves, observed that there was little to no sign of 

disease (scouring) and there was no difference between individual housing and pair housing.  

Rather, Chua et al. (2002) associated health issues more with sanitation of the facility and its 

maintenance.  However, Warnick et al. (1977), in a study using 36 calves, found that 

individually-housed calves were freer of disease when compared to isolated rearing and group 

rearing.  They felt that this could be a result of many factors but, the chief of these being 

environmental.  In addition to the these findings, Kung et al. (1997) found that group housed 

calves had a higher incidence of disease and the authors believed that this was due to managing 

and monitoring of the calves rather than the spread of disease itself.     

In this experiment, we looked at β-hydroxybutyrate as a gross indicator of ruminal 

development.  This VFA and its form was chosen because it is easily detected in the blood and 

isn’t metabolized as quickly as the other VFAs (propionate and acetate).  Overall, we found no 

significance difference in the concentration of β-hydroxybutyrate between housing and feeding 

systems. Ruminal development in the neonatal ruminant is dependent on the stimulation of the 

rumen that the animal is provided with, which includes the ingredients of the diet, texture of the 

diet, and time diet is offered.  Quigley et al. (1985) found that when calves are offered a solid 

feed source from week one of life adult, VFA concentrations are reached at around 8 weeks of 

age.  

 However, Kristensen et al. (2004) found that by week 2 of life, calves have the same 

VFA concentrations of a lactating dairy cow.   Further, when calves are weaned earlier (4 weeks 
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vs. 8 or 12 weeks), they have mature rumen function sooner as a result of a significant increase 

in intake of solid feed (Quigley et al., 1985) and the level of butyrate were higher in these calves 

(Anderson et al., 1987) .  Lastly, Quigley et al. (1985) noted that when calves were fed a high 

roughage source, they reached mature rumen function as early as 3 weeks of age.    

The components of the diet play an important role in the development of the digestive 

systems as well as the calf’s overall nutritional and heath status.  Beharka et al. (1998) found that 

ruminal pH is influenced by the physical form of the diet and calves that are fed a ground diet 

with little forage tended to have a lower ruminal pH when compared to calves that were fed a 

pelleted feed with a forage source. Additionally, calves that were fed a ground diet had higher 

concentrations of VFA which the authors attribute to several factors (Beharka et al. 1998).  

Beharka et al. (1998) believe that the calves that were fed the pelleted diet had lower 

concentrations of VFAs because they had more mature ruminal epithelilum which allowed for 

greater absorption of VFAs.   

In this study, concentrations peaked prior to weaning and then decreased to significantly 

post-weaning.  Initially, it was thought that had consumption had decreased and in turn, that is 

why concentration levels decreased, but looking at intake data calves continued to eat steadily.    

Lemeister and Heinrichs (2004) looked at types of corn processing and its effects on ruminal 

development and found, when looking at plasma BHBA levels, that butyrate is converted into 

many forms.  Therefore, they believe that the decreased plasma BHBA levels were due to an 

increase in rumen epithelial butyrate metabolism (Lesmeister and Heinrichs, 2004).  This could 

be a possible explanation for the decrease levels that resulted in this experiment.  Another 

possibility is it was simply a result of a function of the β-hydroxybutyrate assay.   
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SUMMARY AND CONCLUSIONS 

In this experiment, it was hypothesized that calves that were bucket or trough fed would 

have less variation in intake and consequently in body weight.  Results indicate that, in fact, 

calves perform equally whether fed in a group, or individually. Also, it was observed that feeding 

method has no statistically significant influence on calf performance or health.   The results of 

this experiment demonstrate that type of feeding system selected by an industry operation  must 

be selected on the basis of resources available as well as on the goals of the operation.   

This research reveals that further research would enhance comprehensive understanding 

in these areas.  A future study may include looking at the amount of milk fed with the types of 

housing systems available and its effects on calves health and performance.     
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Table 1.   Description of experimental design and treatments
1
 

 
No. of  Calves  No. of Pens   Housing System Milk Feeding Method 

 
 18   5   Group   Bucket  

 20   5   Group   Bottle 

 5   5   Individual  Bucket 

 5   5   Individual  Bottle 

 

 
1
Experimental unit for statistical analysis was no. of pens. 
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Table  2. Chemical composition of milk replacer
1
 

 
Item Guaranteed Analysis 

 
CP 22 % 

Crude Fat 20 % 

Crude Fiber 15 % 

Ash 5.6 % 

Vitamin A 33,000 IU/kg 

Vitamin D 18,700 IU/kg 

Vitamin E     330 IU/kg 

 
 

 
1Lawley’s All Star Milk Replacer; Turlock, CA. 
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Table 3.  Ingredient and chemical composition (DM basis) of concentrate diet offered to 

Holstein bull calves 

 

Item 

 

Ingredient, % 

   Steam-Flaked Corn 59  

   Beet  Pulp 10 

   Molasses   6 

   Commercial protein pellets
1 
 25 

 

Chemical analysis
2
 

    DM, % 89.7 

    CP, %  18.4 

    Ash, % 1.35 

    NEm, Mcal/kg 1.74 

    NEg, Mcal/kg 1.19 

    NDF, %DM  14.4 

    ADF, %DM 5.0 

 
 

 1
 Obtained from 45% crude protein supplement contained vitamins, trace minerals, and 

lasalocid (Bovatec, Alpharma Animal Health;  Bridgewater, NJ). 

 

 
2 

Dry matter, ash, NDF and ADF were analyzed and CP, NEm and NEg were calculated using 

values from National Research Council, 1996). 
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Table 4. Health scores used to determine morbidity in neo-natal Holstein bull calves

 

Health Score            Description 

 
1             Normal respiratory, normal hydration appearance, alert,  

             Normal ears 

2             Rhinitis, sunken eyes, depressed attitude, Head tilt 

3             Coughing, skin tented 5-10s, non-responsive, droopy ears 

4             Heavy thoracic breathing, skin tented > 10s, non-responsive  
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Table 5.  Fecal scores

 

Fecal Score   Description 

 
1    Normal Consistency 

2    Soft does not hold form 

3    Runny, spreads easily 

4    Watery, no form 
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Table 6.  Effects of housing and feeding systems on performance of neo-natal Holstein bull calves    

 Housing
1
  Feeding

 2
  P < 

3
 

Item Indiv. Grp SE Bottle Bucket SE H F      HxF 

Body weight, kg 

 Initial (d 0)  37.9 43.6 1.6 41.4 40.4 1.1 0.01 0.42 0.67 

 d 7 41.2 41.6 0.43 41.3 41.5 0.37 0.55 0.74 0.85 

 d 14 41.5 42.3 0.35 41.6 42.2 0.30 0.13 0.19 0.72 

 d 21 44.2 44.2 0.37 44.1 44.3 0.31 0.97 0.79 0.68 

 d 28 46.8 46.7 0.64 46.7 46.9 0.55 0.97 0.83 0.67 

 d 35 52.3 52.8 0.84 52.7 52.5 0.72 0.74 0.83 0.61 

 d 41 54.9 54.1 1.01 55.6 55.4 0.87 0.48 0.87 0.65 

 d 48 59.7 61.4 1.19 60.5 60.6 1.03 0.39 0.96 0.97 

 d 55 64.4 66.3 1.22 65.0 65.6 1.05 0.34 0.70 0.92 

 Final (d 66) 69.6 72.5 1.4 71.2 71.0 1.20 0.21 0.92 0.01 

 

ADG, kg  

 d 0 to 7 0.07 0.12 0.06 0.08 0.11 0.05 0.54 0.73 0.81 

    d 7 to 14 0.03 0.10 0.04 0.03 0.09 0.04 0.34 0.29 0.94 

 d 14 to 21 0.40 0.27 0.07 0.37 0.30 0.06 0.26 0.42 0.93 

   d 21 to 28 0.37 0.36 0.07 0.36 0.37 0.62 0.93 0.93 0.81          

 d 28 to35 0.79 0.86 0.07 0.86 0.80 0.06 0.54 0.52 0.17        

 d 35 to 41 0.42 0.54 0.07 0.48 0.48 0.06 0.30 0.97 0.05 

 d 41 to 48 0.69 0.76 0.07 0.70 0.75 0.06 0.54 0.64 0.43 

 d 48 to 55 0.66 0.70 0.06 0.64 0.72 0.05 0.72 0.34 0.88 

 d 55 to 66 0.47 0.56 0.04 0.55 0.48 0.03 0.17 0.16 0.87 

 

 

Daily Intake, kg 

 I7 to14 0.62 0.65 0.02 0.63 0.64 0.02 0.35 0.91 0.87  

I14 to 21 0.83 0.85 0.02 0.83 0.85 0.02 0.62 0.64 0.99 

 I21 to 28 0.97 0.97 0.06 0.94 1.00 0.05 0.95 0.38 0.92 

 I28 to 35 1.17 1.13 0.06 1.14 1.17 0.05 0.67 0.66 0.90 
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 I35 to 41 1.12 1.26 0.07 1.19 1.19 0.06 0.19 0.93 0.68 

  I41 to 48 1.50 1.69 0.07 1.57 1.61 0.06 0.11 0.62 0.94 

  I48 to 55 1.58 1.91 0.07 1.72 1.77 0.06 0.01 0.56 0.87 

  I55 to 66 1.90 2.16 0.07 1.98 2.07 0.06 0.05 0.33 0.72 

 

F:G, kg 

 E14 to 21 1.53 3.65 1.06 2.56 2.62 0.92 0.23 0.96 0.56 

 E21 to 28 2.96 2.77 0.43 2.82 2.91 0.37 0.78 0.88 0.74 

 E28 to 35 1.54 1.37 0.13 1.35 1.56 0.11 0.42 0.19 0.18 

 E35 to 41  3.61 2.46 0.57 3.15 2.92 0.49 0.22 0.74 0.12 

 E41 to 48 2.41 2.26              0.27 2.30 2.37 0.23 0.73 0.84 0.38 

 E48 to 55 2.49 2.86 0.24 2.80 2.54 0.21 0.30 0.39 0.83 

 E55 to 66 4.78 4.31   0.40 4.10 5.02 0.34 0.47 0.07 0.04 

   

 
1
 Calves were fed individually (n = 10 calves) or in groups (n = 10 pens of 3 or 4 calves). 

2
 Milk replacer was fed with a 2 L bottle or in buckets (troughs) during the 55 day milk feeding period. 

3
 Observed significance level 

4
 Housing Interaction 

5 
Feeding Interaction 

6 
Housing x Feeding Interaction 
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Table 7. Effects of Feeding systems on the Fecal Scores of Neo-natal Bull Calves.                                               
                                                    

 

  Housing
1
        Feeding

2
                           P <

3 

Item         Individual Group  Bottle
 
      Bucket       SE  H

4
  F

5
           HxF

6
                 

      

Avg. Fecal Score 

 d 7 to 14  1.16  1.27  1.18 2.25 0.08  0.36 0.56 0.36 

 d14 to 21  1.47  1.84  1.61 1.70  0.15 0.11 0.69 0.07 

 d21 to 28  1.73  1.80  1.75 1.78  0.15 0.75 0.89 0.55 

          d28 to 35  1.28  1.23  1.26 1.25  0.08 0.68 0.93 0.68 

          d35 to 41  1.20  1.16  1.18 1.18  0.05 0.59 1.00 0.59 

 d41 to 48  1.08  1.10  1.08 1.11  0.03 0.54 0.54 0.03 

 d48 to 55  1.28  1.31  1.31 1.28  0.02 0.20 0.20 0.66 

 d55 to 66  1.41  1.48  1.49 1.40  0.03 0.13 0.06 0.27 

      

 

1
 Calves were fed individually (n = 10 calves) or in groups (n = 10 pens of 3 or 4 calves). 

2
 Milk replacer was fed with a 2 L bottle or in buckets (troughs) during the 55 day milk feeding period. 

3
 Observed significance level 

4
 Housing Interaction 

5 
Feeding Interaction 

6 
Housing x Feeding Interaction 
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Table 8. Coefficient of variation for body weight of calves housed individually or in groups and offered milk replacer in a 

bottle vs. bucket  

 

 

   Housing
1
           Feeding

2
            SE            P<

3 

Item              Individual     Group         Bucket              Bottle              SE                    H
4
                     F

5
             HxF

6
  

 d 0 5.73 10.21 7.28 8.66 1.26 0.05  0.30 0.26 

d 7 6.08 9.44 8.32 7.20 0.64 0.51  0.35  0.85 

d 14 4.14 8.75 6.48 6.41 0.13 0.78  0.83 0.79 

 d 21 5.79 9.38 6.81 8.36 0.20 0.81     0.52 0.88 

 d 28      7.42 10.21 8.42 9.20 0.06 0.93 0.62  0.81 

 d 35 8.25 9.51 7.94 9.82 1.13 0.73             0.48  0.72  

 d 41 8.64   9.38 8.89 9.13 0.83 0.66             0.81 0.88 

 d 48 9.19 9.93 9.47      9.65     0.70 0.71             0.90   0.88 

 d 55 9.71 9.71 9.54 8.88 0.37 0.82   0.87   0.89 

 d 66 8.38 9.59    10.03 7.94     0.41 0.95    0.60 0.88         
  

 

 
1
 Calves were fed individually (n = 10 calves) or in groups (n = 10 pens of 3 or 4 calves). 

2
 Milk replacer was fed with a 2 L bottle or in buckets (troughs) during the 55 day milk feeding period. 

3
 Observed significance level 

4
 Housing Interaction 

5 
Feeding Interaction 

6 
Housing x Feeding Interaction 
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Table 9.  β-Hydroxybutyrate concentrations in the blood serum of neonatal bull calves housed individually or in groups and 

fed milk replacer with a bottle or bucket 

 

 

 Housing  Feeding  P> 

Item Indv.  Grp.  SE Bottle Bucket  SE H  F      HxF 

BHB Conc., nM 

               D28  13.47  12.07 1.64 12.80 12.74  1.65 0.5549  0.9791 0.9394 

               D55 16.99  18.23 0.88 18.45 16.77  0.89 0.3411  0.2008 0.1446 

               D66 14.11  13.58 0.77 13.60 14.09  0.78 0.6384  0.6659 0.7560 

       
1
 Calves were fed individually (n = 10 calves) or in groups (n = 10 pens of 3 or 4 calves). 

2
 Milk replacer was fed with a 2 L bottle or in buckets (troughs) during the 55 day milk feeding period. 

3
 Observed significance level 

4
 Housing Interaction 

5 
Feeding Interaction 

6 
Housing x Feeding Interaction 
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