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Executive summary

A total of 270 spring-born, dairy-origin calves were sourced from dairy farms in Northern Ireland.  The immune status of the calves prior to purchase was measured by undertaking Zinc Sulphate Turbidity (ZST) analysis on blood samples taken within one week of birth.  Calves with ZST levels of greater than 20 units were classified as having adequate immune status.  On arrival at AFBI Hillsborough the calves were allocated to either a Low Labour Input or a Standard rearing regime.  The Low Labour input regime involved feeding calves milk in groups once per day; the Standard regime involved feeding calves milk individually twice per day using buckets.  After weaning, calves were allocated to one of four rearing/finishing regimes.  The regimes included: bulls reared and finished on ad libitum concentrates (2.6 tonnes concentrates/head), bulls reared on forage (grass/grass-silage)/concentrate-based system (1.7 tonnes concentrates/head), steers reared on a forage (grass/grass silage)-based system with either medium (1.5 tonnes concentrates/head) or low (0.8 tonnes/concentrates/head) concentrate input.  Results from the trial demonstrated that calves with low immune status (ZST less than 20 unit) required a greater number of antibiotic treatments in the pre-weaning period, had 17% lower liveweight gains in the period up to 3 months, were on average 17 days older at slaughter and in monetary terms produced a lower margin over feed.  Relative to Standard calf rearing systems, Low Labour systems reduced labour inputs by up to 60% whilst producing similar lifetime performance.  Rearing dairy-origin bulls on a forage/concentrate-based diet reduced lifetime liveweight gain and carcass value relative to bulls reared and finished on ad libitum concentrates.  However, feed costs per kg carcass gain were lower, although the relationship depended on concentrate price.  For dairy-origin steers, reducing concentrate inputs from 1.5 tonnes to 0.8 tonnes per head and making best use of forage reduced lifetime performance and carcass value.  However, feed costs per kg carcass gain were lower for the low concentrate input system which increased margin over feed costs.  However, the differential between the two systems decreased as concentrate price increased.  Beef rearing and finishing systems based on dairy-origin bulls slaughtered at 16 months of age produced greater lifetime carcass gains, were more efficient at converting food to carcass gain and had lower feed costs per kg carcass gain relative to dairy-origin steers slaughtered at 26 months of age.  The relative different in the two systems in terms of margin over feed costs was determined by concentrate price; as concentrate price increased the differential between the two systems decreased.  Under a relatively low concentrate input system, early and late maturing cross Holstein steers had similar lifetime performance and feed costs per kg carcass gain.  Holstein steers had the lowest carcass value and consumed 9% more feed than the other breeds, had the highest feed costs per kg carcass gain, but produced a similar margin over feed to Angus and Limousin cross Holstein steers.  This was attributed to the lower purchase price of Holsteins.  A greater proportion of Belgian Blue steers were of fat class 2, indicating that a more intensive feeding regime is required for this late maturing breed.  Meat from bulls slaughtered at 16 month of age had higher pH and was less tender than meat from steers slaughtered at 26 months of age.  This was mainly related to management of the bulls prior to slaughter.  In general breed effects on meat quality were small, although meat from Angus cross Holstein steers produced lighter colour meat which was attributed to the greater amount of marbling fat.  
INTRODUCTION

Currently 52% of prime cattle slaughtered in Northern Ireland come from the suckler herd and 48% from the dairy herd.  The proportion of beef from the dairy herd is predicted to increase due to a decrease in suckler cow numbers following the decoupling of subsidies from agricultural production.  In addition, one of the key findings of the Red Meat Task Force Report (2007) was that there may be viable models of production based on dairy-origin beef that break even on a full economic profitability basis assuming aggressive cost efficiencies and an increase in farm-gate price.  One of the mechanisms by which this may be achieved is to make best possible use of available resources and to adopt rearing/finishing regimes which are efficient in terms of carcass gain per unit input costs over the lifetime of the animal.  Feed costs represent a significant (up to 80%) component of total input costs (variable costs) on rearing and finishing beef systems (DARD, Farm Business Data 2009).  Concentrate inputs in particular can have a major impact on overall gross margins.  For example, DARD (2009) data demonstrate that on farms categorised as achieving ‘high’ gross margins, concentrate costs, as a proportion of total variable costs, were lower relative to farms categorised as having ‘typical’ gross margins (15% versus 30% respectively for a 28 month steer beef system).  Therefore, strategies which aim to reduce feed costs per unit carcass gain will improve the profitability of the enterprise.  

Research has consistently demonstrated that bulls grow faster, utilise food more efficiently and produce leaner carcasses than steers when given both high concentrate (Anderson and Ingvartsen, 1984) and high-forage diets (Steen, 1995).  More recently, Lively et al. (2009) have shown that there is potential to reduce the costs of bull-beef systems by substituting 50% of an all concentrate diet (dry matter (DM) basis) with high quality grass silage with no detrimental effects on animal performance.  In addition while considerable research has been undertaken to evaluate the performance of dairy-origin bulls and steers and the interaction with plane of nutrition during the finishing phase (Steen, 1995), limited research has evaluated lifetime performance from birth to slaughter.  Given this background the first objective of the current research project is to assess the lifetime performance of spring-born, dairy-origin cattle reared as either bulls or steers on a range of dietary regimes with the key aim of establishing optimum rearing regime to maximise economic returns.  

Calf mortality represent a significant cost to the UK dairy and beef industry both in terms of veterinary costs associated with treating sick animals plus the losses associated with poor performance and death of animals.  Within the dairy industry in Northern Ireland and England mortality values in the first month of life have been observed to range from 0 to 13% with a mean value of 3.4% (Bricknell et al., 2007) and Jenny et al. (1981) demonstrated that the first month in particular is a critical period for survival.  Limited comparable information is available on the mortality of calves sourced from the dairy herd for dairy-origin beef systems and the impact of immune status on subsequent performance.  The second objective of the current study is to assess the immune status of spring-born, dairy-origin calves sourced from farms in Northern Ireland.
Due to the increasing proportion of farmers with alternative off-farm employment and the significant labour input required for rearing calves, labour inputs represent a major limitation for many farmers who wish to consider dairy-origin beef rearing enterprises.  Therefore the third objective of the current study is to evaluate mechanisms by which labour inputs and costs, particularly associated with feeding milk to beef cross calves, can be reduced.

There have been conflicting reports in research literature on the quality of meat from dairy-origin animals.  Previous research has demonstrated that meat from Holstein steers is more tender relative to Charolais steers sourced from the suckler herd (Lively et al., 2005) or Simmental cross Angus steers (Thonney et al., 1991).  However, Sinclair et al. (2001) noted that purebred Holstein steers achieved poorer sensory ratings relative to Angus steers.  The final objective of this study is to evaluate the effect of lifetime rearing and finishing systems for dairy-origin cattle on instrumental meat quality 
MATERIALS AND METHODS

Animals 

A total of 270 spring (February/March) born bull calves were sourced from 12 dairy farms throughout Northern Ireland in 2006 and 2007.  The calves were allocated to one of four lifetime rearing regimes outlined below.  The calves were of four genotypes – Holstein-Friesian and Aberdeen Angus, Limousin and Belgian Blue cross Holstein-Friesian.  An additional 90 calves were sourced in 2008 for a separate study and provided additional data on health status of calves sourced from farms in Northern Ireland
Purchase procedures

Prior to purchase all dairy farms were assessed for their herd health status including TB, Brucellosis and BVD status.  Detailed information was obtained from each farm on vaccination policy and genetic background of herd.  Records were also obtained on genetics of sire of calves either from AI records or bull pedigree data.  

Treatments

Pre-weaning treatments

On arrival at AFBI, Hillsborough the calves were allocated to one of two pre-weaning treatments balanced for live weight, age and genotype.  The two treatments were:

(1)  Low Labour – calves were housed  in groups of up to 20 calves and fed milk replacer once per day using a group feeder designed to fed up to 20 calves
(2)  Standard treatment – calves were housed in groups of 4 to 6 calves and fed individually using buckets or buckets fitted with a teat
In both treatments calves were offered 700 g milk replacer per day.  Calves in the Low Labour group were offered 700 g of milk replacer reconstituted in 4 litres of water and fed once per day in the morning.  Calves in the Low Labour system were initially fed in smaller groups of 5 to 10 calves through a group feeder to ensure they were feeding prior to moving to the bigger group.  Calves in the Standard treatment group were offered 350 g milk replacer reconstituted in 3 litres of water twice per day.  
All calves were offered concentrates and forage (straw or grass silage) from arrival at AFBI, Hillsborough.  Calves were weaned at 8 weeks of age provided concentrate intake was at least 700 g/day.  After weaning calves were offered ad libitum access to grass silage and 2 kg concentrate/head/day.  

Post-weaning to slaughter
After weaning calves were allocated to one of four lifetime dietary treatments balanced for pre-weaning treatment, genotype, live weight and age.  The treatments imposed are summarised in Figure 1.  
Figure 1.  Lifetime rearing regimes for spring-born dairy-origin cattle
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Measurements

Calf health and immunity

In 2007 and 2008, all calves (240 in total) sourced from dairy farms for the research project were blood sampled within one week of birth to determine their immune status.  A Zinc Sulphate Turbidity test (ZST) was undertaken on each blood sample to determine the immunoglobulin status of the calves i.e. if they had received sufficient colostrum.  
Throughout the lifecycle of each animal, detailed records were also taken of incidence of disease and treatments administered.  
Feed intake

In 2006 and 2007, the quantities of silage and concentrates offered were recorded daily throughout the experiments and refusals were removed and recorded twice per week.  Refusals were assumed to be entirely silage dry matter (DM) as there were no visible signs of any concentrates in them.  Silage DM intake were calculated using daily oven DM determinations and were converted to an alcohol corrected toluene DM basis using a correction factor which was calculated from the oven and alcohol corrected toluene DM determination made twice weekly on the same composite samples.  
Animal performance

Animals sourced in 2006 and 2007 (270 in total) were weighed every 2 weeks throughout the experiments to monitor performance.  They were also weighed on 2 consecutive days at the beginning and end of each phase, and live weight gains calculated by difference using the mean of the two values.

Carcass characteristics 

After slaughter the channel, cod and kidney fats were removed from both sides of each carcass and weighed.  The carcasses were graded visually for fatness and conformation using the five-point scale of the European Carcass Classification Scheme as described by Kempster et al. (1982).  After chilling they were divided between the 10th and 11th ribs and the depth of subcutaneous fat over the longissimus dorsi muscle was measured at points quarter, half and three quarters way across the maximum width of the muscle on both sides of each carcass as described by Kempster et al. (1986).  The amount of marbling fat in the cut surface of the longissimus dorsi was assessed using the eight-point scale of the United States Department of Agriculture photographic standards (ARC, 1965).  A photograph was taken of the cut surface of the longissimus dorsi on both sides of each carcass and its area (eye muscle area) was determined using a Delta-T device leaf area machine (Model AM2).  

Carcass gain was determined as the weight difference between the predicted carcass weight at the start of the study and the actual carcass weight recorded at slaughter divided by the study duration.  The predicted carcass weight was determined using the equation:

Predicted carcass weight = -24.82 + 0.5867 live weight
(Keady and Kilpatrick, 2005)
Instrumental meat quality 

All carcasses were hung tender stretch and chilled under standard commercial conditions.  Meat quality assessment was undertaken on longissimus dorsi muscle obtained from the fore-rib joint.  A 3 cm steak of longissimus dorsi (removed at the 11th rib) was measured at 7 days post mortem by reflectance spectra (380-800 nm) at 1 nm intervals using the Monolight Spectrophotometer, Model 6800 Controller fitted with a 0/45o  Reflectance head (Monolight Instruments Ltd., Weybridge).  CIELAB values were derived by the Colour Analysis Software supplied by Monolight Instruments Ltd.

A 1 gram sample of longissimus dorsi muscle was homogenised in 10ml of distilled water and the pH of the homogenate measured using a Sentron pH meter, 7 days post mortem.

Cooking loss and shear force were assessed at 7 days post mortem on a 3 cm thick steak of the longissimus dorsi cut transversely to the muscle fibre direction from the posterior end of the fore-rib.  The steak was weighed, placed in a polythene bag and cooked by placing in a water bath at 75oC for 50 minutes.  Subsequently the steaks were cooled in an ice water bath for 1 hour.  Excess liquid was removed by gently patting the steak with absorbent paper towelling.  The steak was re-weighed to calculate cooking loss.  Ten 1.3 cm diameter cores were drilled from each steak along the muscle bundle long axis and sheared transversely on a Warner Bratzler shear device fitted to an Instron Universal Testing Instrument (Model 6021).

Statistical analyses

For all the statistical analyses animal data from each experiment were analysed using breed and initial live weight as co-variates.  Carcass data were analysed using breed, initial live weight and fat classification as covariates.  
RESULTS and discussion
Calf health and immunity

Of the 240 calves sourced, 15% of calves had inadequate immune status i.e. ZST levels were less than 20 units.  However, there was significant variation between farms.  On average 14% of calves per farm had ZST levels less than 20 units, although the range was from zero to 57% of calves with inadequate immune status per farm.  In Figure 2, the blue part of each column represents the percentage of calves which had poor immune status i.e. ZST levels were less than 20 units.  The green part of the column represents the percentage of calves which had adequate immune status i.e. ZST levels greater than 20 units.  For example on farm 1, 20% of the calves had ZST levels less than 20 units and 80% of the calves had ZST levels greater than 20 units.  On farms 5, 6, 7, 8 and 13 all calves had ZST levels greater than 20 units.  
Figure 2.  Effect of farm of origin on percentage of calves with immune status less than 20 ZST units.



Effect of immune status on animal health and performance
Immune status had a significant effect on the proportion of calves receiving veterinary treatment in the pre-weaning period.  A greater proportion of calves with ZST levels in the 0 to 20 category were treated with antibiotics in the pre-weaning period (48% versus 37% for animals in the 0 to 20 and >20 categories respectively) (P=0.08) (Table 1).  In almost all cases treatment was for pneumonia-type diseases.

Table 1.
Effect of immune status category on animal health and performance from arrival at AFBI Hillsborough to slaughter

	
	Immune status category (ZST units)
	
	

	
	0-20
	>20
	s.e.m.
	Sig

	Percentage of calves receiving antibiotic pre-weaning
	48
	37
	5.5
	P=0.08

	Liveweight gain (kg/day)
	
	
	
	

	Start to 3 months 
	0.64
	0.77
	0.033
	*

	Start to 12 months
	0.95
	0.98
	0.016
	*

	Start to slaughter
	1.00
	1.01
	0.017
	NS

	Age at slaughter (months)
	20.1
	19.5
	0.252
	**

	Margin/feed† (£)
	121
	138
	
	


Results averaged over bulls and steers

† Margin/feed calculated from carcass value – (purchase value - treatment costs – feed costs)

Liveweight gain from arrival at AFBI Hillsborough to 3 months and 12 months of age was lower in calves which had ZST levels less than 20 units relative to calves with ZST levels greater than 20 units (P<0.05).  However, liveweight gain from the start of the trial until slaughter was similar for animals in both ZST categories, although animals in the 0 to 20 category were on average 17 days older at slaughter (P<0.01).  In monetary terms, taking into account the greater treatment costs and the greater feed requirements due to lower performance and older age at slaughter for calves with ZST levels less than 20 units, ensuring calves have adequate immune status (ZST >20 units) has the potential to increase margin over feed by up to £17/animal.

Effect of Low Labour calf rearing systems on animal health and performance
Rearing system had only small effects on performance of steer calves.  Results presented in Table 2 indicate that steers reared on the Low Labour System were 7 kg lighter at 12 months of age and at slaughter and had 0.6 kg lower carcass weight than calves reared on the Standard System although these results were not statistically significant.  Similarly, liveweight gains from start to 12 months and from start to slaughter were marginally lower (0.02 kg/day) for steers reared on the Low Labour System relative to the Standard System (P>0.05).  However, when labour inputs were considered, up to 60% less time was spent feeding calves on the Low Labour System relative to those on the Standard System (P<0.05).  Assuming a labour cost of £12/hour and a 6-week rearing period, this is equivalent to a reduction in labour cost of £1273 for a 50-calf rearing system over the 6-week period.

Table 2.
Effect of rearing regime on performance of spring-born Holstein and beef x Holstein steers

	
	Low Labour
	Standard
	sed
	Sig
	Diff Low Labour vs Standard

	Live weight (kg)
	
	
	
	
	

	Weaning 
	77
	76
	1.0
	NS
	

	12 months
	339
	346
	8.6
	NS
	

	Slaughter
	668
	675
	9.6
	NS
	

	Liveweight gain (kg/day)
	
	
	
	
	

	Start to weaning 
	0.67
	0.67
	0.031
	NS
	

	Start to 12 months
	0.81
	0.83
	0.025
	NS
	

	Start to slaughter
	0.78
	0.80
	0.014
	NS
	

	Carcass weight (kg)
	333.5
	334.1
	3.10
	NS
	

	Labour input (mins/calf/day)
	2.1
	5.2
	0.34
	***
	

	Labour input (hours/week/50 calves)
	12
	30
	
	
	-18 hours

	Labour costs (£)*
	890
	2163
	
	
	-£1273

	Value of cattle at slaughter (£)†
	44,000
	44,100
	
	
	-£100


*
assume labour cost of £12/hour (DARD Farm Business Data, 2009), 6-week rearing period, rearing 50 calves

†
assume carcass value = cold carcass weight x £2.64/kg

Effect of lifetime rearing regime on animal performance

(1)  Dairy-origin bulls

The lifetime liveweight gains of bulls observed in the current study are similar to those reported by other workers (Keane et al 2003).  Lifetime liveweight gain and carcass gain of bulls reared and finished on ad libitum concentrates (Intensive bulls) were 14% and 16% greater respectively than bulls turned out to grass in their first summer and offered 50:50 silage:concentrate (DM basis) from housing until slaughter (forage/concentrate-based bull system) (P<0.001) (Table 3).  Intensive bulls were also 1.5 months younger at slaughter and carcass weight was 11 kg greater relative to forage/concentrate-based bulls (P<0.001).  Due to a combination of the greater carcass weight and carcasses achieving a greater proportion of R and O+ grades, the carcass value of intensive bulls was £33 greater than that of the semi-intensive bulls.  However, when economics were considered, as intensive bulls consumed 0.9 tonnes more concentrates than forage/concentrate-based bulls, feed costs were £0.14 per kg carcass gain greater and margin over feed costs were £26 (lifetime) or 2 p/day lower than for forage/concentrate-based bulls.  Margin over feed per day were similar in both systems.

Table 3.
Comparison of the performance of dairy-origin bulls reared and finished under Intensive or Forage/concentrate-based systems

	
	Lifetime rearing regime
	
	

	
	Intensive bull system
	Forage/ concentrate-based bull system
	sed
	Sig

	Lifetime liveweight gain (kg/day)
	1.22
	1.07
	0.021
	***

	Lifetime carcass gain (kg/day)
	0.67
	0.58
	0.011
	***

	Age at slaughter (months)
	15.0
	16.4
	0.30
	***

	Carcass weight (kg)
	309
	298
	3.1
	***

	% U grades
	13
	12
	2.8
	***

	% R grades
	42
	32
	7.9
	*

	Carcass value (£)†
	821
	788
	
	

	Total concentrate input (t fresh)
	2.6
	1.7
	
	

	Total silage input (t DM)
	0.27
	0.86
	
	

	Grazing area (ha/animal)
	0
	0.05
	
	

	Food conversion ratio 
	
	
	
	

	kg DMI/kg liveweight gain
	4.9
	4.7
	
	

	kg DMI/kg carcass gain
	8.6
	8.5
	
	

	Margin/feed (lifetime) ‡ (£)
	189
	215
	
	

	Margin/feed/day (p/day)
	44
	46
	
	

	Feed costs/kg carcass gain (£/kg)
	1.82
	1.68
	
	


†
Purchase price based on prices in Farm Business Data (2009) £116.25/calf.  Beef price based on average prices from Jan to July 2009 Steers - U3 = 277 p/kg, R3 = 272 p/kg and O3 = 263 p/kg; Young bulls – U3 = 276 p/kg, R3 = 270 p/kg, O3 = 259

‡
Concentrate price £180/t fresh, silage £100/t DM, grazing £681/ha; milk replacer cost £1400/tonne, average intake 17.85 kg/calf

Sensitivity analysis demonstrated that as concentrate price decreased, the relative difference in margin over feed costs between the intensive bull and forage/concentrate-based bull system decreased so that at concentrate prices less than £149/tonne fresh, the intensive bull system produced a greater margin over feed cost relative to the forage/concentrate-based bull system (Figure 3).

Figure 3.
Sensitivity analysis for the relationship between margin over and feed (£) and concentrate price (£/tonne fresh) for bulls reared and finished under intensive or forage/concentrate-based systems
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As beef price decreased the relative difference in margin over feed costs remained the same for the intensive bull and forage/concentrate-based bull systems (Figure 4).

Figure 4.
Sensitivity analysis for the relationship between margin over feed (£) and beef price (£/kg carcass weight U3) for bulls reared and finished under intensive or forage/concentrate-based systems
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(2) Dairy-origin steers
Steers on the medium concentrate input system consumed 1.5 tonnes concentrates throughout their lifetime which was almost double that consumed by steers on the low concentrate input system (Table 4).  This resulted in the steers on the medium concentrate input system exhibiting a 8% greater lifetime liveweight gain and 8% greater lifetime carcass gain relative to the steers on the low concentrate input system (P<0.001).  At slaughter the steers on the medium concentrate input system were 33 days younger, produced 12 kg greater carcass weight, a greater percentage of R and O grades and £37 increase in carcass value (P<0.001).  However, when feed costs (concentrate price £180/tonne fresh, silage cost £100/tonne DM) were considered, steers on the low concentrate input system had lower feed costs (-£0.37/kg carcass gain) and produced greater margin over feed costs (+£105/animal (lifetime) or +13 p/day).

Sensitivity analysis indicated that reducing concentrate costs reduced the differential between the two systems, although at a concentrate price of £100/tonne fresh, steers on the low concentrate input system still returned a greater margin relative to  steers on the medium concentrate input system (+£50) (Figure 5).  As beef price decreased the relative difference between steers on the medium and low concentrate input systems remained the same (Figure 6).

Table 4.
Comparison of the performance of dairy-origin steers reared and finished under Medium or Low concentrate input systems

	
	Lifetime rearing regime
	
	

	
	Medium concentrate input steer system
	Low concentrate input steer system
	sed
	Sig

	Lifetime liveweight gain (kg/day)
	0.82
	0.76
	0.021
	***

	Lifetime carcass gain (kg/day)
	0.42
	0.39
	0.011
	

	Age at slaughter (months)
	25.1
	26.2
	0.30
	***

	Carcass weight (kg)
	340
	328
	3.1
	***

	% R grades
	24
	18
	7.9
	*

	% O+ grades
	37
	33
	3.1
	NS

	Carcass value (£)†
	900
	863
	
	

	Total concentrate input (t fresh)
	1.5
	0.8
	
	

	Total silage input (t DM)
	2.2
	2.5
	
	

	Grazing area (ha/animal)
	0.33
	0.26
	
	

	Food conversion ratio
	
	
	
	

	kg DMI/kg live weight gain
	5.5
	5.2
	
	

	kg DMI/kg carcass gain
	10.9
	10.4
	
	

	Margin/feed (lifetime)‡ (£)
	52
	157
	
	

	Margin/feed/day (p/day)
	7
	20
	
	

	Feed costs/kg carcass gain (£/kg)
	2.33
	1.96
	
	


†
Purchase price based on prices in Farm Business Data (2009) £116.25/calf.  Beef price based on average price Jan to July 2009 Steers - U3 = 277 p/kg, R3 = 272 p/kg and O3 = 263 p/kg; Young bulls – U3 = 276 p/kg, R3 = 270 p/kg, O3 = 259

‡
Concentrate price £180/t fresh, silage £100/t DM, grazing £681/ha; milk replacer cost £1400/tonne, average intake 17.85 kg/calf

Figure 5.
Sensitivity analysis for the relationship between margin over and feed (£) and concentrate price (£/tonne fresh) for steers reared and finished under medium and low concentrate input systems
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Figure 6.
Sensitivity analysis for the relationship between margin over and feed (£) and beef price (£/kg carcass weight R3) for steers reared and finished under medium and low concentrate input systems

[image: image6.emf]-50

0

50

100

150

200

257267277287

Beef price (£/kg carcass weight U3)

Margin/feed (£)

Medium

concentrate

input steers

Low

concentrate

input steers


(3) Bulls (16 months) versus steers (26 months)
The performance of bulls on the forage/concentrate-based system (presented in Table 3) was compared with the performance of steers on the low concentrate input system (presented in Table 4).  Bulls exhibited superior lifetime performance (41% greater liveweight gain and 49% greater carcass gain) relative to steers (P<0.001) (Table 5).  At slaughter, bulls produced carcasses which were 30 kg lighter but had a greater proportion of R and O grades and carcass value was on average £75 lower for bulls relative to steers.  However, bulls required 10% less food per kg live weight gained during the life of the animal and 18% less food per kg carcass weight gained.  It is important to highlight that these results are a comparison of two systems of beef production where bulls and steers are reared and finished on different planes of nutrition and slaughtered at different ages.  However, the results compare favourably with those of Steen (1995) who demonstrated that when slaughtered at the same age, bulls had 30% higher carcass gains relative to steers and were 20% more efficient at converting food to carcass gain.  Despite the improved efficiencies observed with bull-based systems, bull-beef production systems require experience of working with this type of animal and market research must be undertaken prior to adopting such a system to ensure outlets for the product.

Table 5.
Comparison of rearing and finishing dairy-origin cattle as bulls 
(16 months) and steers (26 months)

	
	Bulls

16 months
	Steers

26 months
	sed
	Sig

	Lifetime liveweight gain (kg/day)
	1.07
	0.76
	0.021
	***

	Lifetime carcass gain (kg/day)§
	0.58
	0.39
	0.011
	***

	Age at slaughter (months)
	16.4
	26.2
	0.30
	***

	Carcass weight (kg)
	298
	328
	3.1
	***

	% R grades
	32
	18
	7.9
	*

	% O+ grades
	30
	33
	3.1
	NS

	Carcass value (£)†
	788
	863
	
	

	Total concentrate inputs (t fresh)
	1.7
	0.8
	
	

	Food conversion ratio 
	
	
	
	

	kg DMI/kg liveweight gain
	4.7
	5.2
	
	

	kg DMI/kg carcass gain
	8.5
	10.4
	
	

	Margin/feed (lifetime)‡ (£)
	215
	157
	
	

	Margin/feed/day (p/day)
	46
	20
	
	

	Feed costs/kg carcass gain (£/kg)
	1.68
	1.96
	
	


†
Purchase price based on prices in Farm Business Data (2009) £116.25/calf.  Beef price based on average price Jan to July 2009 Steers - U3 = 277 p/kg, R3 = 272 p/kg and O3 = 263 p/kg; Young bulls – U3 = 276 p/kg, R3 = 270 p/kg, O3 = 259

‡
Concentrate price £180/t fresh, silage £100/t DM, grazing £681/ha; milk replacer cost £1400/tonne, average intake 17.85 kg/calf

§
Initial carcass weight predicted from Keane and Fallon (2001)

At a concentrate price of £180/tonne and silage cost of £100/tonne DM, bulls slaughtered at 16 months of age had a greater margin over feed (£58 (lifetime) or 26 p/day) and lower feed costs per kg carcass gain (-£0.28/kg carcass gain) relative to steers slaughtered at 26 months of age despite the greater concentrate inputs.  The greater margin and lower feed costs were attributed to the lower grazing and silage requirements and younger age at slaughter in bulls relative to steers.  

Sensitivity analysis indicated that as concentrate price increased the relative difference in margin over feed costs of bulls slaughtered at 16 months compared to steers slaughtered at 26 months decreased (Figure 7).  However, as beef price decreased the differential between the two systems remained the same (Figure 8).

Figure 7.
Sensitivity analysis for the relationship between margin over and feed (£) and concentrate price (£/tonne fresh) for bulls (slaughtered at 16 months) and steers (slaughtered at 26 months)
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Figure 8.
Sensitivity analysis for the relationship between margin over and feed (£) and beef price (£/kg carcass weight U3) for bulls (slaughtered at 16 months) and steers (slaughtered at 26 months)
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Effect of dairy-origin breed on performance

Figure 9 demonstrates that 30% of dairy-origin cattle slaughtered between 2005 and 2009 were purebred Holstein (i.e. Holstein with dairy dams) the remainder (70%) being beef cross dairy.  Of the beef cross dairy cattle slaughtered the predominant breeds were late maturing (Limousin and Belgian Blue) and early maturing (Angus).  On this basis, in view of the importance of beef cross dairy animals for the Northern Ireland beef industry, AFBI research has investigated the lifetime performance of late maturing cross Holstein (Limousin and Belgian Blue), early maturing cross Holstein (Angus) and purebred Holstein male calves.  Results have been presented for the performance of each of the breeds reared and finished as steers under the medium and low concentrate input systems combined.  

There were no significant interactions between breed and rearing/finishing regime indicating that the relative difference between the breeds was the same in the two systems investigated.  

Figure 9.
Predominant breeds sourced from dairy dams slaughtered between 2005 and 2009 (Source: Carson et al., 2009).
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Comparison of the performance of Holstein and beef cross Holstein steers

The results presented in Table 6 demonstrate that when reared and finished as steers with a relatively low lifetime concentrate input (1.1 tonnes concentrate/head) the early maturing (Angus) and late maturing (Belgian Blue and Limousin cross Holstein) steers had similar lifetime liveweight gains (0.79 kg/day), carcass gains (0.42 kg/day) and slaughter ages (25.6 months) (Table 6).  The early maturing breed had lower carcass weights and killing out % relative to the late maturing breeds, while Holstein had the lowest carcass gains and killing out % and were older at slaughter relative to the other breeds.  The similar liveweight and carcass gains of the early and late maturing breeds observed in the current study are contrary to those obtained from industry data (Carson et al 2009).  This may be explained by the relatively low plane of nutrition offered during the life of the animals which did not allow the late maturing breeds, particularly the Belgian Blue cross Holstein, to realise their full growth potential.  This is reflected in the fact that 16% of the Belgian Blue steers were fat class 2 despite reaching the target slaughter weight, compared with 4% of Limousin and zero for Holstein and Angus steers.  Keane and Moloney (2009) and Keane and Drennan (2008) observed that Belgian Blue cross Holstein steers finished on a ‘low input’, grass-based 

Table 6.
Comparison of the performance of Holstein, early maturing cross Holstein and late maturing cross Holstein steers (results averaged over medium and low concentrate input steers systems)

	
	Holstein
	Early maturing (Angus)
	Late maturing
	
	

	
	
	
	Belgian Blue
	Limousin
	sed
	Sig

	Lifetime liveweight gain (kg/day)
	0.78
	0.80
	0.77
	0.80
	0.036
	NS

	Lifetime carcass gain (kg/day)
	0.39a
	0.41ab
	0.41ab
	0.43b
	0.018
	*

	Age at slaughter (months)
	26.2b
	25.2a
	25.7ab
	25.9ab
	0.49
	*

	Carcass weight (kg)
	322a
	332ab
	335bc
	349c
	5.2
	***

	Killing out %
	47.7a
	47.9a
	51.3ab
	51.9b
	2.03
	*

	% R grades
	0
	0
	38
	38
	
	

	% O+, O & O- grades
	86
	100
	62
	62
	
	

	% P grades
	14
	0
	0
	0
	
	

	% Fat class 2
	0
	0
	16
	4
	
	

	Carcass value (£)†
	832
	873
	893
	932
	
	

	Concentrate inputs (t fresh/animal)
	1.2
	1.1
	1.1
	1.1
	
	

	Total feed inputs (t DM/animal)#
	3.5
	3.1
	3.2
	3.3
	
	

	Food conversion ratio 
	
	
	
	
	
	

	kg DMI/kg liveweight gain
	5.6
	5.0
	5.3
	5.2
	
	

	kg DMI/kg carcass gain
	12.0
	10.2
	10.3
	10.2
	
	

	Margin/feed‡ (£)
	111
	115
	83
	110
	
	

	Margin/feed/day (p/day)
	15
	16
	12
	15
	
	

	Feed costs/kg carcass gain (£/kg)
	2.33
	2.10
	2.11
	2.06
	
	


Means within rows with same superscripts are not significantly different (P>0.05)

†
Purchase price based on prices in Farm Business Data (2009) £116.25/calf.  Beef price based on average price Jan to July 2009 Steers - U3 = 277 p/kg, R3 = 272 p/kg and O3 = 263 p/kg; Young bulls – U3 = 276 p/kg, R3 = 270 p/kg, O3 = 259; bonus for Angus not included

‡
Concentrate price £180/t fresh, silage £100/t DM, grazing £681/ha; milk replacer cost £1400/tonne, average intake 17.85 kg/calf;  # Silage plus concentrate inputs

system were under finished and while, the carcass weight and conformation were commercially acceptable, carcass fatness was not.  The authors recommended that a more intensive production system based on higher levels of concentrates, particularly during the finishing period, would be needed for Belgian Blue cross Holstein steers to increase carcass weight and improve the finish.  

In terms of economics, despite the lower carcass value and higher feed costs (feed costs per kg carcass gain were 11% greater for Holstein steers relative to the other breeds) Holstein steers had a similar margin over feed costs to Angus and Limousin cross Holstein.  This is attributed to the lower purchase cost of Holstein relative to the other breeds.  Sensitivity analysis demonstrated that the relative difference between breeds in terms of margin over feed remained the same irrespective of concentrate or beef price, although as expected the margin over feed decreased as concentrate cost or beef price increased (Figures 10 and 11).

Figure 10.
Sensitivity analysis for the relationship between margin over and feed (£) and concentrate price (£/tonne fresh) for Holstein and Angus, Belgian Blue and Limousin cross Holstein
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Figure 11.
Sensitivity analysis for the relationship between margin over and feed (£) and beef price (£/kg carcass weight U3) for Holstein and Angus, Belgian Blue and Limousin cross Holstein
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Effect of rearing/finishing regime for bulls and steers on instrumental meat quality

Results presented in Table 7 demonstrate that the ultimate pH (pHu) of meat from bulls was relatively high and was significantly higher relative to meat from steers (P<0.001).  Higher pH generally produces darker meat colour, reduced storage life and, in the range 5.8 to 6.2 tougher meat (Chrystal and Daley, 1996).  Fogarty et al. (2000) quoted a critical pH value of 5.8 above which problems occur with meat quality.  Meat with pHu greater than 5.8 should not be vacuum packed as it will be more liable to spoilage and development of off odours.

Table 7.
Effect of rearing/finishing regime on instrumental meat quality from dairy-origin bulls and steers

	
	Lifetime rearing regime
	
	
	
	

	
	Bulls
	Steers
	
	Significance

	
	Intensive system 
	Forage/ concentrate-based system
	Medium concentrate input system
	Low concentrate input system
	sed
	Within bulls
	Within steers
	Bulls vs steers

	pH
	6.1c
	5.7b
	5.5a
	5.5a
	0.07
	***
	NS
	***

	Warner Bratzler Shear Force (kg)
	4.6b
	4.9b
	4.0a
	4.2a
	0.19
	NS
	NS
	***

	Cooking loss (%)
	29.1a
	33.3b
	28.7a
	29.2a
	0.94
	***
	NS
	**

	Sarcomere length (µm)
	2.6
	2.7
	2.5
	2.6
	0.08
	NS
	NS
	NS

	CIELAB colour parameters
	
	
	
	
	
	
	

	L*
	37.1
	37.8
	37.2
	35.1
	1.24
	NS
	NS
	NS

	a*
	14.9a
	15.6a
	21.2b
	21.5b
	0.80
	NS
	NS
	***

	b*
	12.3b
	10.9a
	14.3c
	14.1c
	0.67
	NS
	NS
	***

	C*
	19.4a
	19.0a
	25.6b
	25.7b
	0.99
	NS
	NS
	***

	Hue angle
	39.2b
	34.5a
	34.0a
	33.3a
	0.89
	***
	NS
	***


Instrumental meat quality measurements undertaken on a 3 cm steak of the Longissimus dorsi removed at the 11th rib.  All animals hung by pelvic suspension

Means within rows with same superscripts are not significantly different (P>0.05)

In the current study 32% of bulls produced meat with pH greater than the critical value of 5.8.  Kirkland et al (2007) also observed a high pH in meat from Holstein and Norwegian bulls (6.04 and 5.80 for Holstein and Norwegian bulls respectively), while Purchas and Grant (1995) noted that meat from Friesian cross bulls had pH of 6.07 compared with 5.64 for Friesian cross steers.  The higher pH observed in bulls is likely due to the greater aggressive nature of bulls and mounting behaviour during the pre-slaughter period (from loading on the farm, through lairage to slaughter).  Due to experimental design, for example killing animals at specified live weights, there are occasions when for research purposes, it is necessary to mix animals from different groups prior to slaughter.  It is well established that mixing of bulls together from different groups should be avoided and every attempt is made to minimise stress during pre-slaughter handling of bulls at AFBI Hillsborough.  Delays between animals leaving the farm and being slaughtered may also increase the likelihood of high pHu meat being produced.  An assessment of the time interval between bulls being loaded at AFBI Hillsborough and slaughter was undertaken between June and August 2008.  These results demonstrated that bulls were slaughtered on average 2 hours 45 minutes after leaving AFBI Hillsborough, with an average lairage waiting time of 1 hour 30 minutes.  A reduction in lairage time may help to reduce the problems of high pH obtained with bulls.  The higher Hue angle in the meat from the intensive bulls relative to bulls from the forage/concentrate-based system indicates that, in line with the higher pH, the meat is ‘less red’ and may result in a greater proportion of dark cutting beef samples.  The reason for the lower pHu and improved colour (lower Hue angle) observed in bulls on the forage/concentrate-based system compared to intensive bulls is not clear.  

For steers, rearing system had no significant effect on any instrumental meat quality parameters (Table 7).  The ultimate pH of steers (average 5.5) was in the normal range and Warner Bratzler Shear Force (tenderness) and colour were similar for both medium and low concentrate input systems.  Overall steers produced meat of improved colour relative to bulls as indicated by greater values for L*, a*, b* and C* and lower value for Hue angle.  The colour differences observed between bulls and steers in this study are of a magnitude that would likely be perceived by consumers.

Effect of breed on instrumental meat quality

Holstein versus beef x Holstein

Breed had no significant effect on tenderness (Warner Bratzler Shear Force), cooking loss or sarcomere length.  However, meat from Angus cross steers had higher values for L*, b* and Hue angle relative to the other breeds indicating that the meat is lighter and more ‘yellow’ (higher b* value) than that from the other breeds.  This may be related to the degree of marbling in the muscle which for Angus cross steers had a value of 4 compared with and average of 2.8 for the other breeds.  The lack of a breed effect on Warner Bratzler Shear Force (Table 8) may be related to method of hanging, since Lively et al. (2005) showed that the difference in eating quality between Charolais and Holstein breeds was less marked when pelvic suspension was used.

Table 8.
Comparison of Holstein and beef x Holstein steers on instrumental meat quality

	
	Breed
	
	

	
	Holstein
	Angus
	Belgian Blue
	Limousin
	sed
	Sig

	Warner Bratzler Shear Force (kg)
	4.0
	3.9
	4.1
	4.3
	0.25
	NS

	Cooking loss (%)
	27.7
	29.6
	28.9
	29.2
	1.30
	NS

	Sarcomere length (µm)
	2.6
	2.5
	2.5
	2.5
	0.11
	NS

	CIELAB colour parameters
	
	
	
	
	

	L*
	34.1a
	39.0a
	35.9ab
	35.7ab
	1.22
	***

	a*
	20.4
	21.5
	22.0
	21.1
	1.15
	NS

	b*
	13.3b
	15.4a
	14.6ab
	13.3b
	0.97
	*

	C*
	24.5
	26.5
	26.4
	25.0
	1.43
	NS

	Hue angle
	33.3ab
	35.7a
	33.6ab
	32.3b
	1.28
	*

	Marbling score†
	3.2a
	4.0b
	2.7a
	2.6a
	0.28
	***


† Measured on a scale of 1 to 8 where 1 = low marbling and 8 = high marbling

Conclusions
Calf rearing

1. The clear relationship between calf immune status and subsequent performance demonstrates that calves must be sourced from farms with known good colostrum management.

2. There is potential to reduce labour inputs associated with calf rearing by up to 60% by group feeding calves once per day through mobile group feeders.

Rearing and finishing systems

1. Rearing and finishing systems for dairy-origin bulls or steers which increase the contribution of forage in the diet will reduce lifetime liveweight gain by 12% (bulls) and 7% (steers) and carcass value by £33 (bulls) and £37 (steers). 

2. The relative performance of the different systems evaluated in terms of margin over feed costs is influenced by concentrate cost.  Based on performance figures and input costs given in the studies reported, at concentrate prices above £149/tonne, bulls on the forage/concentrate-based system produced a greater margin over feed costs relative to bulls on the intensive bull system.  At concentrate prices below £149/tonne the situation was reversed and bulls on the intensive system produced a greater margin over feed costs.  For steers, while the differential between the medium and low concentrate input systems decreased with decreasing concentrate cost, the low concentrate input system continued to produce a greater margin over feed costs.  

3. Beef systems which rear and finish dairy-origin cattle as bulls and slaughter at 16 months of age demonstrate superior performance and the potential for greater margin over feed costs relative to steers slaughtered at 26 months of age.  However careful consideration must be given to market outlets for the product and the technical skill required for operating such a system.

Breed choice

1. Under relatively low inputs of concentrates, early maturing (Angus) and late maturing (Belgian Blue and Limousin) cross Holstein steers have similar performance and produce similar margin over feed costs.

Meat quality

1. Meat from bulls (slaughtered at 16 months) had higher pH and was less tender than meat from steers (slaughtered at 26 months).  This is mainly related to management of bulls prior to slaughter and best practice should be adopted when slaughtering bulls.  

2. In general, breed effects on meat quality were small, although meat from Angus cross Holstein steers produced lighter colour meat which was attributed to the greater amount of marbling fat.
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