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Abstract 
 
This Project provided targeted industry education to encourage adoption of net feed intake (NFI) 
technology and established an on-farm testing facility, standardised testing guidelines and an 
industry database to record NFI test data. Selecting high efficiency bulls can produce calves, steers 
and cows that are more feed efficient on pasture and in the feedlot, but possible unfavourable 
associations with some carcase and maternal productivity traits exist that require further research. 
New testing strategies, including use of the simpler, less-expensive Primegro insulin-like growth 
factor-I (IGF-I) blood test and two-stage selection, were developed to help identify feed efficient bulls 
at least cost.  
 
Evidence for industry adoption of NFI is provided by continuing increase in numbers of seedstock 
cattle with estimated breeding values (EBV) for NFI. Almost 30,000 Angus animals had NFI EBV in 
2006. The Hereford breeds also publish NFI EBV based on NFI test and IGF-I data. The economic 
benefits of adoption of NFI are substantial: $6.55 per breeding cow per year, plus $4.34 per 
breeding cow per year savings in feed costs in a feedlot, for British breed cattle in southern 
Australia. An environmental benefit is the potential reduction in greenhouse-gas emissions by more 
feed efficient cattle. 
 
Subsequent to this project it has become apparent that NFI measured on young cattle postweaning 
and on older cattle during feedlot finishing are not genetically the same trait and the utility of the IGF-
I bloodtest as now being used in seedstock herds for the purpose of genetic improvement is of less 
merit than it appeared during this research project. There is a fresh need to overcome barriers 
(mainly high cost in this time of drought) to more bulls being tested directly for NFI. This might 
include expediting delivery of comprehensive gene marker tests for NFI to facilitate two-stage 
testing, and provision of financial assistance with the high cost of NFI testing to overcome apparent 
market failure to reward to bull breeders who test for, and supply high-efficiency commercial bulls.  
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Executive Summary 
 
Feeding cattle is a major cost of beef production. In southern Australian pasture-based systems, 
around 60 per cent of the variable costs of production are related to feed cost. Supplementary 
feeding with hay, grain and silage adds further to the cost of feeding cattle, and the cost of feed is 
around 70 per cent of the variable cost of operating a feedlot.  
 
This project built on the earlier MRC/MLA DAN.075 Project, and complementary research by the 
Cattle and Beef CRC (CRCI) and the CRC for Cattle and Beef Quality (CRCII), that showed genetic 
variation in net feed intake (NFI) exists. This Project aimed to provide mechanisms for the beef 
industry to be able to identify and optimally utilise feed efficient bulls, and to provide knowledge of 
favourable and possible unfavourable associations with other economically important production 
traits. The project was conducted as a part of the activities of Project 2.2 of the CRC II.  
 
The objectives of this project were: 
♦ To utilise existing scientific information to develop NFI technology for industry application. 
♦ To develop and implement educational and extension strategies to improve the adoption rate of 

NFI technology by industry. 
♦ To evaluate key genetic relationships between NFI and other economically important traits. 
♦ To develop lower cost methods to identify animals that are superior for NFI. 
♦ To develop optimal breeding designs for use by industry. 
 
The achievement milestones for all objectives of this project were met. 
 
An on-farm testing facility and testing guidelines were devised so that cattle breeders can measure 
and monitor their herd with respect to NFI. An industry database to record NFI test data and process 
it for calculation of draft estimated breeding values (EBV) for NFI has been established. The number 
of animals tested for NFI annually by industry grew between the years 1997 to 2002, but has 
declined since 2004, with a total of 3,622 tested by industry to 2005.  
 
Evidence for continuing industry adoption of NFI can now be provided by the continuing increase in 
numbers of seedstock cattle with EBV for NFI. The Primegro insulin-like growth factor-I (IGF-I) 
bloodspot test to identify cattle genetically superior for feed efficiency was launched November 
2003. This test provides a less expensive way to find genetically superior bulls. The impact of the 
test was to rapidly increase the number of bulls with EBV for NFI in the Angus breed, doubling the 
number of animals with reportable NFI EBV in their January 2004 sire summary, and more than 
doubling that number again in 2005, with almost 30,000 Angus animals with NFI EBV in 2006. 
Hereford/Poll Hereford was the next breed in 2005 to use IGF-I data in calculating NFI EBV.  
 
Targeted industry extension to encourage adoption of NFI technology was lead by Mr Steve Exton, 
Livestock Officer with NSW DPI. Steve was supported by other Livestock Officers in NSW and his 
counterparts in the other States, and by the research staff in the Project team. A minimum of 107 
extension-related publications and field-day-type activities were held from 2000 to 2004.  
 
This project analysed data by a number of other projects to provide evidence that selecting high 
efficiency bulls could produce calves, steers and cows that are more feed efficient on pasture and in 
the feedlot. This information has been taken up by the Australian stud cattle industry, and EBV for 
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NFI are now available in the Angus and Hereford Breeds to assist commercial producers introduce 
superior NFI-genetics into their herds.   
 
Further, this project showed that testing of potential sires, or their progeny, for NFI is profitable 
despite the high cost, and provides strategies to optimise testing to ensure accurate information is 
obtained at least cost. This project also provides testing strategies using the simpler, less-expensive 
IGF-I blood test and two-stage selection to further reduce the number of cattle actually required to 
undergo NFI testing.  
 
A comprehensive formal evaluation to estimate the economic, environmental and social benefits of 
the potential adoption of the NFI technology in the Southern Australian beef industry was undertaken 
by (Griffith et al. 2004). This included the impacts of the current Project, together with those from the 
earlier MRC/MLA DAN.075 Project, and complementary research by Beef CRCI and CRCII.  
 
The economic benefits of the widespread adoption of NFI are substantial: $6.55 per breeding cow 
per year, plus $4.34 per breeding cow per year savings in feed costs in a feedlot, for a total 
estimated benefit of $158 million (NPV, 2004) over the period 2003-2020. These benefits are 
predicted on the basis of conservative estimates of industry adoption of NFI technology, and exclude 
benefits in northern Australian cattle that may accrue in the future. Positive potential environmental 
outcomes and social outcomes were also identified, including potential reduction in greenhouse-gas 
emissions by more feed efficient cattle. 
 
The adoption process has commenced, although only at very modest levels to date. This project 
reported weak, and possibly unfavourable, associations with some carcase traits and a measure of 
female fertility. These antagonisms can be managed by appropriate weighting in selection indices 
but they have the potential to both reduce the rate of genetic improvement in NFI, and to reduce the 
confidence of commercial cattle producers in choosing to use a high efficiency bull. They could 
thereby reduce the potential economic benefit.  
 
Further research and on-going industry education is required to ensure adoption of NFI technology. 
In particular there is a need to more accurately measure the associations with measures of female 
productivity in commercial herds. This is one of the aims of the Maternal Productivity Project in the 
recently established CRC for Beef Genetic Technologies. 
 
There are currently approximately two-thousand postweaning NFI test records and three-thousand 
feedlot NFI-test records for Australian cattle, with only a couple of hundred of new records being 
added per year from research herds, and virtually nil records from private seedstock herds likely to 
be added over the next few years. This means that many of the phenotypic and genetic correlations 
between NFI for different classes of cattle, with IGF-I, and with other production traits are estimated 
with large error. There is a need for a co-ordinated effort to ensure at least 500 predigreed and 
performance animals per year are tested on an on-going basis if the accuracy of these correlations 
is to be both improved and for changes following selection to be better predicted.  
 
Subsequent to this project it has become apparent that NFI measured on young cattle postweaning 
and on older cattle during feedlot finishing are not genetically the same trait and the utility of the IGF-
I bloodtest as now being used in seedstock herds for the purpose of genetic improvement is of less 
merit than it appeared during this research project. There is a fresh need to overcome barriers 
(mainly high cost in this time of drought) to more bulls being tested directly for NFI. This might 
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include expediting delivery of comprehensive gene marker tests for NFI to facilitate two-stage 
testing, and provision of financial assistance with the high cost of NFI testing to overcome apparent 
market failure to reward to bull breeders who test for, and supply high-efficiency commercial bulls. 
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1 Background  
 
This project was conducted as a part of the activities of Project 2.2 of the CRC for Cattle and Beef 
Quality.  For a description, objectives, methodology and outcomes of the project, see attached 
document “CRC Project 2.2 Outline - 2000 to 2006”.  The parts to which this contract relates are: 
 Strategy 1 Task 1 Development and maintenance of an industry database 
 Strategy 1 Task 3 Extension targeted to maximise uptake of NFI technology 
 Strategy 1 Task 4 On-farm demonstration trials 
 Strategy 2 Task 1 Analysis of existing data from DAN.75, CRC I and industry herds 
 Strategy 2 Task 3 Evaluation of the relationship between seedstock and steer NFI with cow 
performance at pasture (workshop only) 
 Strategy 3 Task 5 Design of breeding schemes to optimise the use of direct and indirect 
selection for feed efficiency in industry 
 
 
2 Project Objectives  
 
As per CRC Project 2.2 Outline – 2001 to 2006 (Appendix 1) the objectives of this project were: 
 
♦ To utilise existing scientific information to develop NFI technology for industry application. 
♦ To develop and implement educational and extension strategies to improve the adoption rate of 

NFI technology by industry. 
♦ To evaluate key genetic relationships between NFI and other economically important traits. 
♦ To develop lower cost methods to identify animals that are superior for NFI. 
♦ To develop optimal breeding designs for use by industry. 
 
 
3 Methodology  
 
As per CRC Project 2.2 Outline – 2001 to 2006 (see Appendix 1). 
 
Strategy 1 was to foster the roll-out of net feed efficiency technology to industry in its current state, 
and to keep industry abreast of improvements in the technology which will arise from further 
research. 
 
Strategy 2 was to involve the assessment of genetic relationships identified as being key pieces of 
information required. This involved analysis of existing data and collection of new data where 
required.  
 
Strategy 3 was to focus on finding better and more cost-effective ways of implementing NFI 
technology in industry. Three approaches were explored, being an investigation of ways to reduce 
the cost of measurement, a search for indirect selection criteria (including genetic and non-genetic 
markers), and modelling work to examine the optimal design of breeding schemes and provide 
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recommendations to industry as to how (and on what animals) the technology should be 
implemented.   
 
 
4 Results and Discussion  
 
Strategy 1 Task 1 ~ Development and maintenance of an industry database  
 
A database to accept and process feed intake and weight data collected by industry has been 
developed by the CRC for Cattle and Beef Quality. The database now accepts data from NFI tests 
conducted by industry, summarises the information and sends it for loading onto the National Beef 
Recording Scheme (NBRS) database maintained by the Agricultural Business Research Institute. 
Specifications for data to be loaded onto the NBRS database were developed by Jack Allen (ABRI), 
Hans Graser (AGBU) and Jason Archer (NSW DPI). 
 
The relational database is written in Informix and held on a secure NSW DPI server located in 
Orange. The Input specifications for industry data have been written and incorporated into the 
Standards Manual outlining required test procedures for measuring Net Feed Intake (Exton 2001) 
(copy in Appendix 4). Before the milestone achievement date, industry test data from a commercial 
NFI test conducted at the Pastoral and Veterinary Institute, Hamilton, was been successfully loaded 
onto the database, processed and sent to ABRI. Data integrity and processing of industry NFI test 
data continues to be performed by NSW DPI, by Karen Dibley at the Trangie ARC. 
 
 
Strategy 1 Task 3 ~ Extension targeted to maximise uptake of NFI technology  
 
Targeted industry extension was lead by Mr Steve Exton, Livestock Officer with NSW DPI, based at 
the Trangie Agricultural Research Centre, and later in the project at the Wagga Wagga Agricultural 
Institute. Steve was supported by other Livestock Officers in NSW and his counterparts in the other 
States, and by the research staff in the Project team. A minimum of 107 extension-related 
publications and field-day-type activities were held from 2000 to 2004. A list of these is attached in 
Appendix 2. 
 
The number of animals tested by industry was 546 in 2003 (the final year for this activity in this 
Project), bringing to 2,910 animals tested by industry to date. The number of cattle being tested 
appears to have plateaued (Figure 1). NFI test data for industry cattle continued to be submitted to 
NSW DPI at Trangie. The data collected during NFI tests is checked and processed, with 
summarised information sent to clients and to ABRI for loading on the NBRS database. The number 
of animals tested by industry was 163 in 2005, bringing to 3,622 animals tested by industry to date. 
Factors contributing to this less than anticipated level of animal testing have previously included the 
restricted test facility capacity available for private testing, the strong spring/autumn calving in 
southern Australian herds and the impact of drought on money available to spend on private testing.   
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Figure 1. Numbers of cattle tested for net feed intake by industry to 2005 

 
The Primegro insulin-like growth factor-I (IGF-I) bloodspot test to identify cattle genetically superior 
for feed efficiency was launched November 2003. This test provided a less expensive way to find 
genetically superior bulls. The impact of the test was to rapidly increase the number of bulls with 
EBV for NFI in the Angus breed, doubling the number of animals with reportable NFI EBV in their 
January 2004 sire summary, and more than doubling that number again in 2005 (Figure 2). 
Hereford/Poll Hereford was the next breed in 2005 to use IGF-I data in calculating NFI EBV. 
 
Evidence for industry adoption of NFI can now be provided by looking at the increase in numbers of 
seedstock cattle with EBV for NFI as shown in Figure 2.   
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Figure 2. EBV for NFI for all Angus and Hereford cattle (accuracy >19%) and for sires (accuracy 
>49%). IGF-I data was first used for EBV published for Angus in 2004 and for Hereford in 2005. 

  
Angus and Hereford/Poll Hereford remain the only breeds to publish NFI EBV. Over the same period 
the number of new animals with NFI test data has declined (Figure 1). However, IGF-I data alone 
cannot produce an accuracy of 50% or better: this being the level required for a sire EBV to be 
published in Breedplan. Feed intake and NFI records on individual sires and/or relatives are still 
required if higher accuracy EBV are to be produced.  
 
Strategy 1 Task 4 ~ On-farm demonstration trials  
 
The original proposal to purchase two Ruddweigh Feed Intake Recorders in early 2000 to enable 
testing to begin 2000/2001 was severely delayed by complications with signing of the contract. Two 
Feed Intake Recorders were purchased in January 2001 and seedstock breeders that had 
expressed interest in collaborating were contacted.  
 
The earliest any of these herds would have bulls ready for testing was Spring 2001. The 1st on-farm 
demonstration trial was conducted from September to December 2001, at Toolangatta Herefords, 
Tambar Springs, with 11 bulls completing the test and having Trial EBVs for NFI calculated.   
 
Three further trials were confirmed to be conducted from December 2001 to March 2002, April to 
July 2002 and September to December 2002. The 2nd trial began at Injemira Herefords, Holbrook in 
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January 2002, but was discontinued within two weeks due to a significant number of the bulls 
contracting pneumonia. The rapid change in diet and the unusually dry, dusty and windy seasonal 
conditions are suspected to have pre-disposed the bulls to infection. A 2nd trial at Toolangatta was 
conducted between March and May 2002, with 18 bulls completing the test. The 3rd trial was 
commenced at Kenny’s Creek Angus, Boorowa, in June, and completed in September 2002, with 19 
bulls completing the test.  
 
Since the 4th trial it was not possible to find clients prepared to conduct a test on their property. 
Early in 2003 approximately 60 NSW Angus and Hereford/Poll Hereford studs were individually 
contacted.  Nine expressed interest in conducting a test in the next 18 months.  Five eventually 
declined due to drought, labour restrictions, time, etc. Each of the final 4 clients scheduled to 
conduct tests withdrew at short notice and it was not been possible to find alternate clients. The 
reason given was that they will use the new, cheaper IGF-I test and do not wish to spend the time 
and money to conduct the NFI tests.   
 
Our extension team, particularly Mr Steve Exton, has spent a considerable amount of time and 
energy in trying to facilitate these tests.  Four of the eight on-farm tests that were to be conducted as 
part of BFGEN005 were completed. In hindsight, it was clear that a combination of drought, the 
strong spring and autumn calving pattern in southern Australian herds and the large amount of time 
required to be committed by a bull owner to conduct an on-farm test, and then the imminent 
availability of the less-expensive IGF-I bloodtest, all unforeseen, lead to the remaining four tests not 
being conducted. Funds allocated for these tests were re-allocated within CRC Project 2.2 to 
facilitate collection of large numbers of bloodspot cards from cattle in research and industry herds. 
This provided additional data for the development of the IGF-I test and demonstration to industry of 
the method of collecting bloodspot cards.  
 
Strategy 2 Task 1 ~ Analysis of existing data from DAN.75, CRC I and industry herds 
 
The analysis was completed and submitted to AGBU for incorporation into BREEDPLAN. A scientific 
paper on the results was published in the Journal of Animal Science, entitled “Genetic and 
phenotypic variance and covariance components for feed intake, feed efficiency, and other 
postweaning traits in Angus cattle” (Arthur, Archer et al. 2001). An abstract on the results is provided 
below, and a copy of the full paper is in Appendix 4. 
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from (Arthur, Archer et al. 2001) 
 
 
Milestone 10. Analysis of steer feedlot NFI data from CRC-I together with industry data on 
BREEDPLAN traits collected on young animals completed.  
 
The analysis was completed and submitted to AGBU for incorporation into BREEDPLAN. A scientific 
paper on the Beef CRC-I results was published in the Livestock Production Science (Robinson and 
Oddy 2004). An abstract from the paper is provided below, and a copy of the full paper is in 
Appendix 4. Additional analysis of this data is reported by (Robinson 2005; Robinson 2005). 
 
Heritabilities for feed intake traits related to feed efficiency were lowly to moderately heritable and 
sufficient genetic variation exists to expect reasonable genetic progress will be made through 
selection. The amount of genetic variation for NFI from the Beef CRC’s progeny test in steers and 
heifers at Tullimba is similar to that reported from young bulls in a performance test at Trangie, 
suggesting that both progeny tests and performance tests will yield similar genetic progress. 
 
Net feed intake was not phenotypically correlated with liveweight maintained or average daily gain 
over the feedlot test period (as expected by definition of NFI). However, NFI was negatively 
genetically correlated with liveweight maintained. Daily feed intake was positively correlated with 
average daily gain and also with NFI. This suggests that selection reducing NFI (ie. improving 
efficiency) will result in a genetic reduction of daily feed intake, but with no correlated change in 
average daily gain over the period in the feedlot. The relationships between daily feed intake and 
NFI with carcase attributes show that measures of feed intake were positively correlated with fatness 
traits and negatively correlated with retail beef yield percentage, meaning that favourable responses 
in NFI (ie. decreased feed intakes) were associated with reduced subcutaneous fat cover and 
marbling and increased retail beef yield percentage. The estimates suggest that selection for 
increased DFI will result in genetically faster growing, heavier and fatter animals whilst selection for 
reduced NFI will result in genetically leaner, more muscular, and heavier animals.  
 



Improving the efficiency of feed utilization for beef production 

 
 
 

 Page 13 of 173 
 

The correlated responses in feedlot performance of steers from lines selected for high and low NFI 
from the Trangie feed efficiency herd were reported by (Herd, Archer et al. 2003). The summary 
from that publication is provided below, and a copy of the full paper is in Appendix 4. Results 
confirmed that selection for low NFI produced steers that ate less per unit gain, with no adverse 
effects on growth and retail beef yield. Feeding low-NFI steers for slaughter should therefore be 
more profitable than feeding high-NFI steers.  
 
For breeders of cattle finished in feedlots, the improvement in feed efficiency is desirable. The 
genetic associations of NFI with subcutaneous fatness, eye-muscle area, dressing percentage and 
intramuscular fat percentage (marbling) suggest these traits should be monitored to ensure that 
selection for NFI does not have an undesired negative impact on meeting market specifications for 
these carcase traits. 
 

 
from (Robinson and Oddy 2004) 
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from (Herd, Archer et al. 2003) 
 
 
Milestone11. Analysis of relationships between NFI and cow performance using data from Trangie 
and industry completed  
 
The analysis has been completed and submitted to AGBU for incorporation into BREEDPLAN. The 
results have been published in one conference paper (Archer, Reverter et al. 2002) and one journal 
(Arthur, Herd et al. 2005). The abstracts of the two published papers appear below and the full 
papers are in Appendix 4. 
 
 
 
 
A summary of the results of these analyses follows: 
 
Analyses were conducted to examine the genetics of cow performance, including feed intake, 
efficiency, weight, fertility and milk production, and the relationship of these traits with post-weaning 
performance including net feed intake and related traits.  Records of mature cow weight from 
industry Angus herds extracted from the NBRS database were also used in the analyses to account 
for sampling of sires within the experiment.  Results from the analyses showed that: 

• Considerable genetic variation in net feed intake of mature cows exists. 

• There is a strong genetic correlation between post weaning net feed intake and the feed intake 
and efficiency of cows, such that selection for improved efficiency (ie. lower postweaning net 
feed intake) will lead to correlated improvements in efficiency of the breeding herd. 

• Selection for lower post-weaning net feed intake will lead to slightly heavier cows which eat less, 
and are also slightly leaner (as assessed by subcutaneous fat depths). The correlation with fat 
depth is low (around 0.2), and so ample scope exists to select efficient cows with adequate fat 
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coverage. There is no relationship between post-weaning net feed intake and eye muscle area of 
cows. 

• Selection for lower net feed intake post-weaning may have a small unfavourable effect upon 
fertility (as assessed by the trait “days to calving”), but too little data is available to draw a firm 
conclusion, and more data collection is required.   

• Selection for lower postweaning net feed intake does not appear associated with weight or calf 
born per cow exposed, milk production of cows or weight of calf weaned. Milk production was 
assessed by the weigh-suckle-weigh method, which measures how much milk a calf suckles 
from its dam. These relationships need to be further monitored because there appears to exist a 
weak genetic correlation (approximately 0.25) between postweaning net feed intake and the 
maternal component of weaning weight. Again, the weak correlation implies scope exists to 
select cattle which break this relationship. 

• It is proposed that the data be re-analysed using recent statistical genetic methodologies for 
estimation of genetic parameters and the results published in a scientific journal. 

 

 
from (Archer, Reverter et al. 2002) 
 

 
from (Arthur, Herd et al. 2005) 
 
Strategy 2 Task 3 ~ Evaluation of the relationship between seedstock and steer NFI with cow 
performance at pasture (workshop only)  
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Milestone 12. Workshop on measurement of feed intake at pasture completed and 
recommendations for future research determined  
 
A workshop to examine techniques for measuring intake at pasture was held in Armidale on 25th and 
26th October 2000. The proceedings of the workshop and recommendations for further research and 
development of this technology (Herd 2000) is attached in Appendix 3. The meeting identified 
several opportunities for further improvement of technology for measuring intake at pasture, 
particularly where the technology was to be used as a research tool. 
 
Possible application of the technology were to be considered by the CRC when developing 
operational plans for the coming years, in particular its application to assessing whether groups of 
animals with low EBVs for net feed intake use feed more efficiently at pasture compared to their 
contemporaries with high EBVs. Subsequently alkanes released by intra-ruminal controlled-release 
devices were used in such studies, reported by (Herd 2002; Herd 2004). However, the workshop 
participants agreed that, within the life of the current CRC, the technology for measuring pasture 
intake was unlikely to be developed to sufficient accuracy to be used as a routine measure for 
genetic evaluation of individual animals. 
 
Strategy 3 Task 5 ~ Design of breeding schemes to optimise the use of direct and indirect selection 
for feed efficiency in industry 
The work proposed consisted of modelling work to investigate the best use of resources by industry 
for genetic improvement, including measurements of feed intake and correlated traits. Issues which 
needed to be determined included the use of progeny testing versus measuring the seedstock trait 
on bulls, the potential impact of genetic and non-genetic markers for feed efficiency, and the use of 
reproductive technologies to maximise the benefits obtained from genetic improvement. Funds were 
used to support a PhD student (Ben Wood at UNE) to work on design and economic assessment of 
breeding programs incorporating new quantitative traits which are expensive or difficult to measure 
(eg. feed intake) and gene markers. 
 
Milestone 13. Economic analysis of breeding programs incorporating feed intake measurements at 
the industry level using Zplan model completed. 
 
Zplan is a model of investment in breeding programs which operates at an industry level (ie. across 
seedstock and commercial breeding sectors). Investment in measurement is compared to returns 
generated after genetic gain (based on multiple trait indices) and flow of superior genetics into 
commercial populations have been calculated. The model has been previously used to assess the 
value of incorporating ultra-sound scanning and reproductive measures into BREEDPLAN (Graser, 
Nitter et al. 1994). 
 
The Zplan model was used for three major studies, being: 
 

1. Evaluation of performance testing of young bulls for feed intake. 
2. Comparing performance testing of bulls with a combination of performance and progeny 

testing, including feed intake measurement. 
3. Evaluation of IGF-1 as a potential indirect selection criterion to improve feed efficiency, with 

and without direct measurement of feed intake. 
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These studies have been written up for publication in Australian Journal of Experimental Agriculture 
(Archer et al. 2004), the Association for Advancement of Animal Breeding and Genetics 2001 
Conference proceedings (Archer and Barwick 2001), and the 7th World Congress on Genetics 
Applied to Livestock Production (August 2002; Wood et al. 2002) respectively. The abstracts of 
these papers appear below and copies of the full publications are attached in Appendix 4. 
 
The main recommendations arising from the work were: 
1. Performance testing of bulls for feed intake is profitable when between 10 and 25% of bulls are 

selected for measurement of intake, based on information available at weaning. 
2. Bulls to be tested for feed intake should be in the top 25% of the breed, and be a potential 

seedstock sire. For measuring feed intake to be economically viable, animals identified as 
superior (for a multiple trait index including feed intake) should be used as sires in seedstock 
herds to disseminate the improved genetics as widely as possible. 

3. Using a combination of performance and progeny testing is not as profitable as performance 
testing alone, as evaluated using Zplan. However, progeny-testing including feed intake 
measurement was more profitable than schemes without feed intake measurement, and other 
considerations (such as the need for high accuracy breeding values on AI sires) might mean that 
progeny testing is still justified. 

4. IGF-1 shows considerable potential as a useful indirect selection criterion to improve feed 
efficiency and fatness traits. It will be most profitably used in combination with direct 
measurement of feed intake, but will significantly reduce the number of bulls which should be 
tested to generate maximum profit. 

 
Subsequent to this project it has become apparent that NFI measured on young cattle postweaning 
and on older cattle during feedlot finishing are not genetically the same trait and the utility of the IGF-
I bloodtest as now being used in seedstock herds for the purpose of genetic improvement is of less 
merit than it appeared during this research project (Johnston 2007). There is a fresh need to 
overcome barriers (mainly high cost in this time of drought) to more bulls being tested directly for 
NFI. This might include expediting delivery of comprehensive gene marker tests for NFI to facilitate 
two-stage testing, and provision of financial assistance with the high cost of NFI testing to overcome 
apparent market failure to reward to bull breeders who test for, and supply high-efficiency 
commercial bulls. 
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from (Archer et al. 2004) 
 

 
from (Archer and Barwick 2001) 
 

 
from (Wood, Archer et al. 2002) 
 
Milestone 14. Framework for simulation studies to assess breeding program design and investment 
using phenotypic trait measurements developed. Alternate breeding program designs incorporating 
measurement of feed intake evaluated. 
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In the report against milestone 13 above we described progress and publications on our use of the 
Zplan model to assess the value of performance testing bulls with a combination of performance and 
progeny testing, and to evaluate IGF-I as a potential indirect selection criterion to improve feed 
efficiency.  
 
Zplan is a very useful, deterministic model of investment in breeding programs but does not account 
for risk or for inbreeding. To redress this deficiency, CRC PhD student Ben Wood developed a 
stochastic model to account for risk and inbreeding which he then used to evaluate alternate 
breeding program designs incorporating measurement of feed intake and the use of IGF-1 as an 
indirect selection trait. Ben also added a multi-trait selection index selection program concurrently 
with the stochastic program to consider selection criteria measurement. He concluded that response 
at the asymptote rather than the response in the first generation should be considered when 
assessing breeding programs and programs used earlier such as Z-plan while not incorrect might 
have overestimated the possible gains achievable without taking into account decreases in variance 
due to selection. 
 
This evaluation was subsequently redone using updated parameter estimates for IGF-I with other 
traits, and a much more comprehensive journal paper prepared for submission by end 2002 (Wood, 
Archer et al. 2004). The abstract of this paper appears below and a copy of the full paper is in 
Appendix 4.  
 
The primary outcomes were that IGF-I continues to show potential as a useful indirect marker for 
feed efficiency and fatness traits. It is recommended that IGF-I be used as a first-stage selection 
criterion to reduce the number of animal required for feed intake testing. The number of bulls 
required to be tested could be reduced from 20% down to 5% to still have accurate selection and 
gains in NFI.  
 
Improvements in profitability resulting from IGF-I testing came from a decrease in the number of 
animals needing to be placed into feed tests, increased returns from lower feed costs and 
improvements in carcass characteristics in the case of the Japanese market objective. In contrast, 
its impact on profitability for the Domestic objective did not come from decreased first-stage 
selection percentages, but from increased profitability through higher accuracy of first and second-
stage selection. Improvements in NFI traits and the growth and sale weight traits resulting from the 
use of IGF-I also increased overall profitability. The optimal scenario for both objectives was the use 
of IGF-I as a first-stage selection criterion to screen animals for further feed intake tests. 
 

 
from (Wood, Archer et al. 2004) 
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Milestone 15. Framework for evaluating QTL in breeding programs developed. Alternative breeding 
programs incorporating existing or potential gene-markers for feed intake and other traits evaluated.  
 
Using modified gene flow principle the value of existing gene markers was evaluated with respect to 
commercial breeders. GeneSTAR Marbling and GeneSTAR Tenderness are both currently 
commercially available so the value to a commercial breeder was assessed. Two breeding schemes 
were analysed, one for the producer using bulls as terminal sires and, more importantly, bulls being 
used in a self-replacing herd. Benefits using GeneSTAR Marbling were quantified and ranged from 
$200-$500 depending on the on the initial gene frequencies assumed. At frequencies consistent with 
those found in the Australian Angus population benefits are in the higher range. 
 
A journal paper quantifying the benefits to the Australian producer was published in the Australian 
Journal of Agricultural Research (Wood, van der Werf et al. 2004). See abstract below, copy of the 
paper is appended.  
 

 
from (Wood, van der Werf et al. 2004) 
 
This framework then allowed the value of potential gene markers for NFI to be modelled (see next 
Milestone).  
 
Milestone 16. Framework for decision criteria and tactical decision-making concerning trait 
measurement and genotyping developed. General recommendations for breeding program design in 
beef cattle populations formulated.  
 
This work mainly consisted of the deterministic model in development and the analysis of various 
trait and genotype measurement scenarios. With this framework the value of potential gene markers 
for NFI was modelled. The use of markers for NFI is attractive due to the high cost of NFI 
measurement of individual animals. A number of assumptions were considered such as the mode of 
inheritance and gene frequencies in modelling the value an NFI QTL.  
 
This study showed the potential to increase the selection response by using marker-assisted 
selection and by selecting more young sires on an index not containing all potential phenotypic 
measures. Annual response was decreased by between 6.3%-10.8% if delaying sire selection until 
after two years of age and the benefits of marker-assisted selection were decreased even more if 
early sire selection was not practiced. The study was reported to the 2005 Conference of the 
Association for Advancement of Animal Breeding and Genetics (Wood, van der Werf et al. 2005). 
The summary of that paper appears below, and the full paper is in the appendix. 
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from (Wood, van der Werf et al. 2005)  
 
A prototype of selection index in visual basic has been completed and will be further developed to 
include genetic markers. This is available from Dr Julius van der Werf through his website: www-
personal.une.edu.au/~jvanderw/ 
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5 Success in Achieving Objectives  
 
The achievement milestones for all objectives of this project were met. 
 
This project built on the earlier MRC/MLA DAN.075 Project, and complementary research by the 
Cattle and Beef CRC and the CRC for Cattle and beef Quality. The project was conducted as a part 
of the activities of Project 2.2 of the CRC for Cattle and Beef Quality which consistently ranked 
among the top achieving projects judged at the annual external scientific and industry reviews 
conduced by the CRC. 
 
An on-farm testing facility and testing guidelines were devised so that cattle breeders can measure 
and monitor their herd with respect to NFI. An industry database to record NFI test data and process 
it for calculation of draft EBV for NFI has been established. The number of animals tested for NFI 
annually by industry grew between the years 1997 to 2002, but has declined since 2004, with a total 
of 3,622 tested by industry to 2005.  
 
Evidence for continuing industry adoption of NFI can now be provided by continuing increase in 
numbers of seedstock cattle with EBV for NFI. The Primegro insulin-like growth factor-I (IGF-I) 
bloodspot test to identify cattle genetically superior for feed efficiency was launched November 
2003. This test provided a less expensive way to find genetically superior bulls. The impact of the 
test was to rapidly increase the number of bulls with EBV for NFI in the Angus breed, doubling the 
number of animals with reportable NFI EBV in their January 2004 sire summary, and more than 
doubling that number again in 2005, with also 30,000 Angus animals with NFI EBV in 2006. 
Hereford/Poll Hereford was the next breed in 2005 to use IGF-I data in calculating NFI EBV.  
 
Targeted industry extension to encourage adoption of NFI technology was lead by Mr Steve Exton, 
Livestock Officer with NSW DPI, based at the Trangie Agricultural Research Centre, and later in the 
project at the Wagga Wagga Agricultural Institute. Steve was supported by other Livestock Officers 
in NSW and his counterparts in the other States, and by the research staff in the Project team. A 
minimum of 107 extension-related publications and field-day-type activities were held from 2000 to 
2004.  
 
This project analysed data by a number of other projects to provide the evidence that selecting high 
efficiency bulls could produce calves, steers and cows that are more feed efficient on pasture and in 
the feedlot. This information has been taken up by the Australian stud cattle industry, and estimated 
breeding values for NFI are now available in some breed societies to assist commercial producers 
introduce NFI-superior genetics into their herds.   
 
Further, this project showed that testing of potential sires, or their progeny, for NFI is profitable 
despite the high cost, and provides strategies to optimise testing to ensure accurate information is 
obtained at least cost. This project also provides testing strategies using the simpler, less-expensive 
IGF-I blood test, and two-stage selection to further reduce the number of cattle actually required for 
NFI testing.  
 
A comprehensive formal evaluation of the economic benefits of the widespread adoption of NFI 
showed them to be substantial: $6.55 per breeding cow per year, plus $4.34 per breeding cow per 
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year savings in feed costs in a feedlot, for a total estimated benefit of $158 million (NPV, 2004) over 
the period 2003-2020. These benefits are predicted on the basis of conservative estimates of 
industry adoption of NFI technology, and exclude benefits in northern Australian cattle that may 
accrue in the future. Positive potential environmental outcomes and social outcomes were also 
identified, including potential reduction in greenhouse-gas emissions. 
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6 Impact on Meat and Livestock Industry – now & in five years 

time  
Feeding cattle is a major cost of beef production. In southern Australian pasture-based systems, 
around 60 per cent of the variable costs of production are related to feed cost. Supplementary 
feeding with hay, grain and silage adds further to the cost of feeding cattle, and the cost of feed is 
around 70 per cent of the variable cost of operating a feedlot. 
 
The scenario for the cattle industry without access to the NFI technology would be that productivity 
gains would improve based on past and easily forecast rates of genetic gain. The NFI technology is 
taken to provide an additional improvement above that already filtering through from past R,D&E.  
 
This project brought together results from previous projects and provided new research and 
extension efforts that have laid the foundation for industry adoption of NFI. Adoption has 
commenced and it is expected that the rate of adoption will increase with the availability of gene 
markers and new knowledge of associations with carcase traits and maternal productivity from on-
going Beef CRC research.  
 
A comprehensive formal evaluation to estimate the economic, environmental and social benefits of 
the potential adoption of the NFI technology in the Southern Australian beef industry was undertaken 
by (Griffith, Alford et al. 2004). This included the impacts of the current Project, together with those 
from the earlier MRC/MLA DAN.075 Project, and complementary research by the Cattle and Beef 
CRC (CRCI) and the CRC for Cattle and beef Quality (CRCII).  
 
The main outcomes of this research, development and extension (R,D&E) effort to date have been 
economic. Genetic variation in net feed intake exists, the trait is moderately heritable (around 0.4), 
and selecting high efficiency bulls will produce calves, steers and cows that are more feed efficient 
on pasture and in the feedlot. Further, where it has been formally measured, there does not seem to 
be significant adverse implications for other traits of commercial importance. Thus breeders can 
select for NFI and growth and meat quality and not have to make any significant tradeoffs. 
 
This information has been taken up by the Australian stud cattle industry, and NFI EBV have been 
made available in some breed societies to assist commercial producers introduce superior NFI-
genetics into their herds. The adoption process has commenced, although only at very modest 
levels to date. 
 
An on-farm testing facility and testing guidelines have been devised so that cattle breeders can 
measure and monitor their herd with respect to NFI. Unfortunately, such a facility is costly to 
purchase and there is a high opportunity cost in allocating breeding stock to intensive feeding trials. 
However, the simpler IGF-I blood test provides a way of differentiating between NFI efficient and 
inefficient breeding stock.  
 
The economic benefits of the widespread adoption of this technology throughout the southern 
Australian cattle herd was estimated to be an improvement in cow/calf productivity of $6.55 (net 
present value (NPV) in 2004) per breeding cow per year over the base herd, evaluated at a discount 
rate of 4 per cent. This per cow benefit was multiplied by the number of breeding cows in the 



Improving the efficiency of feed utilization for beef production 

 
 
 

 Page 25 of 173 
 

southern Australian beef herd, and then by the assumed adoption rate of the technology to generate 
an aggregate value of $128.6 million for the cow-calf component of the southern herd.  
 
For the feedlot sector, it was estimated that the savings in feed costs in a feedlot in southern 
Australia due to the introduction of NFI efficient cattle would be $4.34 per breeding cow per year, or 
an aggregate value of $29.4 million.  
 
Adding these components together, the total estimated benefits from the adoption of the NFI 
technology were calculated to be $158 million (NPV, 2004) over the period 2003-2020. Of course 
not all this benefit can be ascribed to the current project alone.  
 
Contributors to the cost of this R,D&E included NSW Agriculture/NSW Department of Primary 
Industries (NSW DPI), MRC/MLA, the Commonwealth Government and Industry partners through 
the Beef CRCs and a number of breed societies. The total cost of all inputs was $20.6 million (NPV 
in 2004) using a 4 percent real discount rate. The total cost of NSW DPI inputs was estimated as 
$13.9 million, on a similar basis, this being 67.5 per cent, or more than two-thirds. 
 
Comparing the benefits to all recipients in southern Australia relative to the costs incurred by all 
R,D&E suppliers resulted in a NPV of $137.4 million, an internal rate of return of 13 per cent and a 
benefit cost ratio of 7.7. These benefits are predicted on the basis of conservative estimates of 
industry adoption of NFI technology, and exclude benefits in northern Australian cattle that may 
accrue in the future.   
 
In addition, the NFI technology has some quite positive potential environmental outcomes. If a cattle 
producer introduces genetics with superior NFI, then over time the herd will require less feed to 
maintain the same herd size and farm income. This may result in a lower stocking rate and may 
provide some environmental benefits to the farm in terms of better ground cover, greater water 
holding capability and less grazing pressure on preferred pasture species. Superior NFI cattle will 
also produce less manure and urea and more easily cope with drought conditions. More promising 
though is the potential reduction in greenhouse-gas (GHG) emissions from more feed efficient cattle. 
Selecting for improved NFI will reduce GHG. 
 
Social outcomes are more difficult to identify and to quantify. Because the technology has been 
developed in Australia, the beef industry will be less dependent on imported genetics. This may 
result in more vibrant breed societies and industry organizations, and perhaps greater export 
opportunities. Since cattle selected for NFI can cope more readily with dry conditions, the beef 
industry would not be as adversely affected by droughts and this may provide some social benefits 
during such times. 
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7 Conclusions and Recommendations  
 
This project built on the earlier MRC/MLA DAN.075 Project, and complementary research by the 
Cattle and Beef CRC and the CRC for Cattle and Beef Quality. This other research showed that 
genetic variation in net feed intake exists, that the trait is moderately heritable (around 0.4), and that 
selecting high efficiency bulls had the potential to produce calves, steers and cows that are more 
feed efficient on pasture and in the feedlot. This project aimed to provide mechanisms for the beef 
industry to be able to identify and optimal utilise feed efficient bulls, and knowledge of favourable 
and possible unfavourable associations with other economically important production traits. 
 
An on-farm testing facility and testing guidelines were devised so that cattle breeders can measure 
and monitor their herd with respect to NFI. An industry database to record NFI test data and process 
it for calculation of draft EBV for NFI has been established. Unfortunately, NFI testing is costly and 
there is a high opportunity cost in allocating breeding stock to intensive feeding trials.  
 
This project has shown that testing of potential sires, or their progeny, for NFI is profitable despite 
the high cost, and provides strategies to optimise testing to ensure accurate information is obtained 
at least cost. This project also provides testing strategies using the simpler, less-expensive IGF-I 
blood test, and two-stage selection to further reduce the number of cattle actually required for NFI 
testing. 
 
Further, this project analysed data by a number of other projects to provide the evidence that 
selecting high efficiency bulls could produce calves, steers and cows that are more feed efficient on 
pasture and in the feedlot. This information has been taken up by the Australian stud cattle industry, 
and NFI EBV have been made available in some breed societies to assist commercial producers 
introduce NFI-superior genetics into their herds.   
 
The economic benefits of the widespread adoption of NFI are substantial: $6.55 per breeding cow 
per year, plus $4.34 per breeding cow per year savings in feed costs in a feedlot, for a total 
estimated benefit of $158 million (NPV, 2004) over the period 2003-2020. These benefits are 
predicted on the basis of conservative estimates of industry adoption of NFI technology, and exclude 
benefits in northern Australian cattle that may accrue in the future.   
 
The adoption process has commenced, although only at very modest levels to date. This project 
reported weak, and possibly unfavourable, associations with some carcase traits and a measure of 
female fertility. These antagonisms can be managed by appropriate weighting in selection indices 
but they have to potential to both reduce the rate of genetic improvement in NFI, and to reduce the 
confidence of commercial cattle producers to choosing to use a high efficiency bull. They could 
thereby reduce the potential economic benefit.  
 
The rate of adoption is expected to increase with the availability of gene markers and new 
knowledge of associations with carcase traits and maternal productivity from on-going Beef CRC 
research. 
 
The IGF-I test was developed as a more convenient, less expensive method to screen young cattle 
in a two-stage selection process to reduce the number of animals required to undergo the more 
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expensive NFI test. More recently it has been used as an indirect physiological marker to calculate 
EBV for NFI, albeit less accurately then using actual NFI test data. This use has resulted in an 
exponential increase in the number of cattle with NFI EBV in the Angus and Hereford breeds which 
have approved its use for this purpose. 
 
There are currently approximately two-thousand postweaning NFI test records and three-thousand 
feedlot NFI-test records for Australian cattle, with only a couple of hundred of new records per year 
from research herds, and virtually nil records from private seedstock herds likely to be added over 
the next few years. This means that many of the phenotypic and genetic correlations between NFI of 
different classes of cattle, with IGF-I, and with other production traits are estimated with large error. 
There is a need for a co-ordinated effort to ensure at least 500 predigreed and performance animals 
per year are tested on an on-going basis, to ensure the accuracy of these correlations is both 
improved and change following selection is better predicted.  
 
NFI technology has some quite positive potential environmental outcome and no negative social 
outcomes: 
• a lower stocking rate leading to better ground cover, greater water holding capability and less 

grazing pressure on preferred pasture species 
• cattle that produce less manure and urea and more easily cope with drought conditions 
• potential reduction in greenhouse-gas emissions. 
. 
Subsequent to this project it has become apparent that NFI measured on young cattle postweaning 
and on older cattle during feedlot finishing are not genetically the same trait and the utility of the IGF-
I bloodtest as now being used in seedstock herds for the purpose of genetic improvement is of less 
merit than it appeared during this research project. There is a fresh need to overcome barriers 
(mainly high cost in this time of drought) to more bulls being tested directly for NFI. This might 
include expediting delivery of comprehensive gene marker tests for NFI to facilitate two-stage 
testing, and provision of financial assistance with the high cost of NFI testing to overcome apparent 
market failure to reward to bull breeders who test for, and supply high-efficiency commercial bulls. 
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9 Appendices 
9.1 Appendix 1 

 
 

CRC Project 2.2 Outline - 2000 to 2006 
 
 
Improving the Efficiency of Feed Utilisation for Beef 
Production 
 
 

EXECUTIVE SUMMARY 
 

The activities planned for CRC Project 2.2 reflect the agreed priorities set at a CRC-sponsored 
workshop on feed efficiency held on 23rd and 24th May 2000.  The activities encompass research, 
industry development and extension aimed to assist the beef industry to adopt selection for 
improved feed efficiency of cattle.  The major strategies and tasks are: 
 
Strategy 2.2.1 Development and extension of net feed efficiency technology to industry 
This strategy aims to foster the roll-out of net feed efficiency technology to industry in its current 
state, and to keep industry abreast of improvements in the technology which will arise from further 
research. The tasks listed under this strategy include: 
♦ Task 1 - Development and maintenance of an industry database 
♦ Task 2 - Production of BreedPlan EBVs for NFI and incorporation into BreedObject 
♦ Task 3 – Extension targeted to maximise uptake of NFI technology 
♦ Task 4 - On-farm demonstration trials 
 
Strategy 2.2.2 Evaluation of key genetic relationships between net feed intake and other 
economically important traits for beef production. 
This strategy will involve the assessment of genetic relationships identified as being key pieces of 
information required.  This will involve analysis of existing data and collection of new data where 
required.   As part of this, the animal resource and measurements of feed intake and efficiency 
required for strategy 3 will also be provided. The tasks for strategy 2.2.2 are: 
♦ Task 1 - Analysis of existing data from DAN.75, CRC I and industry herds. 
♦ Task 2 - Create a cattle resource with measurements of feed intake to estimate the correlation 

between the seedstock and steer measures of feed efficiency, and to provide the resource 
population for other tasks within strategies 2 and 3. 

♦ Task 3 - Evaluation of the relationship between seedstock and steer NFI with cow performance at 
pasture. 

♦ Task 4 - Objective and sensory evaluation of meat from high and low NFI steers. 
 
Strategy 2.2.3 Cost-effective ways to identify animals genetically superior for NFI. 
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This strategy will focus on finding better and more cost-effective ways of implementing NFI 
technology in industry. Three approaches will be explored, being an investigation of ways to reduce 
the cost of measurement, a search for indirect selection criteria (including genetic and non-genetic 
markers), and modelling work to examine the optimal design of breeding schemes and provide 
recommendations to industry as to how (and on what animals) the technology should be 
implemented.  The tasks within strategy 2.2.3 are: 
♦ Task 1 - Reducing the cost of measuring feed intake and efficiency by using automated weighing 

systems. 
♦ Task 2 - Genetic markers for feed efficiency (linked to CRC Project 2.1). 
♦ Task 3 - Evaluation of the IGF axis as an indirect marker for feed efficiency. 
♦ Task 4 - Evaluation of hind-gut fermentation and faecal NIR technology as sources of variation in 

feed efficiency of steers in feedlots. 
♦ Task 5 - Design of breeding schemes to optimise the use of direct and indirect selection for feed 

efficiency in industry. 
 
 
PROJECT OUTLINE 
 
Project Leader: Dr Jason Archer (NSW Agriculture) 
 
Mission 
To reduce the cost of beef production through genetic improvement in efficiency of feed utilisation. 
 
Background 
Feed costs are a major part of total production costs for the Australian Beef Industry.  The poultry 
and pork industries have made significant gains in feed efficiency over 30 years.  The beef industry 
has made far less genetic progress than the intensive monogastric industries. 
 
Net feed intake (NFI) refers to the variation in feed intake of animals after accounting for the 
requirements for growth and maintenance of body tissue.  It is a useful way of assessing variation in 
feed efficiency that is independent of (ie. net of) size and growth rate.  NFI is defined as actual feed 
intake minus expected feed intake calculated based on body weight and average daily gain. 
 
The outcomes from feed efficiency research by the former CRC for the Cattle and Beef Industry and 
by NSW Agriculture and the MLA at Trangie has proved the important principles that: 
• there is large variation among individuals and among sire progeny groups for NFI measured 

post-weaning and during feedlot finishing 
• NFI is moderately heritable, and 
• NFI responds to selection, with demonstrated improvement in feedlot feed efficiency. 
 
A workshop on feed efficiency was held in May 2000 at Robb College, University of New England, 
under the auspices of the Cattle and Beef Quality CRC.  The objectives of the workshop were i) to 
review information on feed efficiency in beef cattle as well as other species that is available world-
wide and ii) to make recommendations on areas of research, development and extension that are 
required for an effective industry application.  It was attended by 35 leading national and 
international scientists with expertise in the area, representing the scientific disciplines of genetics, 
nutrition and physiology.  Proceedings of the workshop are available through the CRC secretariat.  
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The portfolio of this project has thus been developed to reflect the recommendations of the 
workshop. 
 
Objectives 
 
The objectives of Project 2.2 are: 
 
♦ To utilise existing scientific information to develop the NFI technology for industry application. 
♦ To develop and implement educational and extension strategies to improve the adoption rate of 

NFI technology by industry. 
♦ To evaluate key genetic relationships between NFI and other economically important traits. 
♦ To develop lower cost methods to identify animals that are superior for NFI. 
♦ To develop optimal breeding designs for use by industry.  
 
Linkages with other Projects 

This project is operationally linked to Program 2 project on Genetic Markers (Project 2.1), the 
Northern Australia project (Project 2.3) and Program 1 Project 1.1 (Biophysical mechanisms that 
affect eating quality of beef). 
 
 
Strategy 2.2.1 ~ Development and Extension of NFE Technology to Industry  

 
Economic analyses indicate that the southern Australian beef industry stands to reap financial 
benefits from genetic improvement of NFI.  This benefit will be captured through the use of cattle 
with superior genetics for NFI, which will be produced by the seedstock sector.  It has been planned 
that delivery of the technology to industry will be through BreedPlan and BreedObject.  Trial EBVs 
(estimated breeding values) are currently being produced for cattle tested for NFI in Australia.  It is 
planned that BreedPlan EBVs for this trait will be developed, and the trait incorporated into 
BreedObject. 

The research and development program will be supported by a comprehensive national extension 
program, aimed at fostering industry testing of sufficient numbers of animals with adequate genetic 
linkages to enable the development and subsequent industry adoption of  BREEDPLAN EBVs for 
NFI. Seedstock breeders, the commercial sector and the feedlot industry will require specific 
educational programs to enable NFI technology to be utilised in profitable beef production systems. 
 
Strategy 2.2.1 will aim to achieve a 2% per annum adoption rate across the industry in southern 
Australia.  This aim can be objectively quantified as the number of calves born in seedstock herds 
which are by sires with EBVs for NFI published.  Thus the specific aim is that by 2007, 14% of the 
calves registered in southern British-breed seedstock herds will be by sires with published NFI 
EBVs.  As these sires will likely be AI sires, achieving this aim will represent a significant proportion 
of the potential genetic gain available under the current industry structure. 
 
 
Task 1 ~ Development and maintenance of industry database 
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The data generated from industry testing will need to be stored in a central database, and processed 
to provide a summarised performance record for each animal for loading on the breed society’s 
national database held at ABRI.  This record will then be used to calculate BreedPlan EBVs.  An 
appropriate database will be created and maintained (by NSW Agriculture) for the first 4 years, after 
which the arrangements will be reviewed in consultation with all relevant parties. 
 
Task 2 ~ Production of BreedPlan EBVs for NFI and incorporation into BreedObject 

An essential part of the strategy for implementing selection for NFI in the industry is to incorporate 
facilities to calculate and publish an EBV for NFI in Breedplan, and to expand BreedObject software 
to incorporate the new EBV.  This task will be managed separately by the Animal Genetics and 
Breeding Unit and will not form part of the CRC budget, but is included in the operational plan for 
project 2.2 as it forms the central part of the strategy for industry implementation. 
 
Task 3 ~ Extension targeted to maximise uptake of NFI technology 
 
An extension program targeted to maximise the uptake of NFI technology will be conducted, with 
technical input from staff of relevant institutions including NSW Agriculture, Beef CRC, Agriculture 
WA, Agriculture Victoria, ABRI, AGBU and Breed Societies currently enrolled in GROUP 
BREEDPLAN.  The program will support the implementation of NFI technology, while maintaining 
the perspective that NFI is one of several traits for consideration in balanced breeding programs.  
The program will: 

• Ensure significant adoption of NFI testing by influential seedstock breeders, through continued 
education and support programs, including assistance with technical issues concerning 
measurement of the trait and use of the data. 

• Facilitate increased use of NFI-tested bulls by the commercial breeding sector. 
• Provide revised protocols for implementation of NFI by industry, including test protocol, 

accreditation programs and auditing procedures to ensure the integrity of data generated and 
increased industry adoption. 

• Integrate appropriate information on NFI technology into existing education programs 
supported by the Beef CRC and other education programs concerned with cattle selection and 
breeding. 

• Provide support programs for client education for seedstock breeders who implement NFI 
measurement in their herds, including client awareness days for producers measuring NFI on-
farm. 

• Increase industry access to latest results by establishing a NFI web-site to augment the 
existing extension publications. 

• Ensure that appropriate staff from appropriate organisations involved in advancing NFI 
technology are suitably trained to support increased industry adoption. 

 
Task 4 ~ On-farm Demonstration Trials 
 
Develop on-farm demonstration trials of testing for NFI utilising commercially developed testing 
units. In order to implement testing procedures at least cost and maximum flexibility within their 
breeding programs, several seedstock producers have expressed interest in evaluating the 
commercially available on-farm NFI testing units. To date, these units have been used under 
research conditions at existing Government facilities.  They have not been evaluated “on-farm”, and 
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the practicalities of establishing these units and managing the program for the duration of the test 
are not known. 
 
Therefore, two Ruddweigh Feed Intake Recorders and weighing systems will be purchased and tests 
will be conducted at 3 influential British breed studs each year. At the completion of each of these tests, 
we would conduct a field day aimed at education of both commercial and seedstock producers 
regarding testing for NFI, and subsequent development and use of EBVs generated from this testing. 
 
Outcomes (Strategy 2.2.1) 

♦ Systems for implementing NFI technology in industry established (by June 2001). 
♦ Breedplan EBVs for NFI published (by date set in AGBU workplan). 
♦ NFI incorporated into BreedObject (by date set in AGBU workplan).  
♦ Seedstock and commercial breeders educated as to how to implement NFI technology and 

interpret results (ongoing until June 2004). 
♦ Seedstock breeders using on-farm and off-farm facilities to measure NFI (ongoing until June 

2003). 
♦ By 2007, 14% of calves born in southern British-breed seedstock herds will be sired by bulls with 

published EBVs for NFI. 
 
Resources 

 
Physical Computer facilities at NSW Agriculture and AGBU, Trangie Research Centre, 

Rutherglen Research Institute, PVI Hamilton and Vasse Research Institute. 

 
Human  Jason Archer, Paul Arthur, Karen Dibley, Steve Exton, Brian Sundstrom, Brian 

Cumming, David Burton (NSW Agriculture), Hans Graser, David Johnston, 

Steve Barwick (AGBU), Geoff Tudor (Agriculture WA), Extension Officers from 

Vic, SA and WA, breed society technical staff. 

Strategy 2.2.2 Evaluation of key genetic relationships between net feed intake and other 
economically important traits for beef production. 
 
Beef producers and seedstock breeders investing in genetic improvement programs must know and 
understand the impact of their selection decisions on the traits which economically influence beef 
production.  Whilst work to date has provided a good basis of information, there are still several gaps 
in knowledge of the full genetic parameter matrix required.  Of these gaps, key pieces of information 
have been identified, following the CRC Feed Efficiency Workshop held in May 2000, as a priority for 
further research.  This information is required for a number of reasons.  Firstly, the information will 
be used to better understand and predict correlated responses to selection, thereby improving 
industry (and scientific) confidence in the value of including net feed intake as a selection criterion.  
Secondly, knowledge of the full genetic relationship matrix is required to derive economically optimal 
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selection indices (such as those provided by BreedObject) and to determine appropriate balances 
between individual traits in selection programs.  Thirdly, in some cases, knowledge of relationships 
between traits is required as an input for the prediction of breeding values from more than one 
source of information.  Specifically, combining information on feed intake and efficiency from 
seedstock tests and steer progeny tests to produce an EBV requires knowledge of the genetic 
relationships between these traits.  Finally, as genetic improvements in feed efficiency for animals 
fed on pasture will never be directly observed by producers, there is a real need for clear, 
unequivocal evidence that the improvement claimed is real and of economic significance not only for 
feedlot cattle but also for cattle on pasture. 
 
Strategy 2 will focus on providing information on relationships identified at the Feed Efficiency 
Workshop as being key ones.  Existing data from CRC-I and DAN.75 projects will be used to 
estimate relationships where possible, but collection of additional data will be required to estimate 
particular relationships. Additional data on the relationship between the seedstock measure of NFI 
with feed intake and performance of steers in feedlots is required.  The second area requiring 
additional data are the relationships between NFI of young animals (seedstock and steer feedlot) 
with feed intake, maternal and reproductive performance of cows on pasture.   Other information for 
relationships of lesser importance will be able to be estimated from data collected by industry over 
time. 
 
Task 1 ~ Analysis of data from DAN.75, CRC I and industry herds. 
Analysis of existing data from DAN.75, CRC I and industry herds will be required to investigate 
associations between feed efficiency and other traits related to whole-herd productivity. Traits will be 
analysed where sufficient data already exists to allow at least preliminary estimates to be calculated 
(eg. carcase and meat quality traits, female reproductive and maternal performance) and as 
additional data are obtained from tasks 2 and 3. 
 
Outcomes 

• Knowledge of phenotypic and genetic relationships of feed efficiency with other traits.   
 
Resources 

Physical: AGBU computing facilities, Trangie, CRC-I and industry  
databases. 

Human: Jason Archer, Paul Arthur, Robert Herd (NSW Agriculture), 
David Johnston, Dorothy Robinson (AGBU) 

 
Task 2 ~ Create a cattle resource with measurements of feed intake to estimate the correlation 
between the seedstock and steer measures of feed efficiency, and to provide the resource 
population for other tasks within strategies 2 and 3. 
 
Design requirements:  A core cattle resource is required to 1) estimate the correlation between the 
seedstock and steer measures of feed efficiency; and 2) Provide the animals with intake 
measurements essential to the tasks within strategies 2 and 3, including the search for cheaper tests 
and alternative selection criteria. To estimate the relationship between seedstock and steer feed 
efficiency, sires are required with progeny measured using the seedstock test and progeny 
measured for the required traits during finishing in feedlots.  Approximately 1000 seedstock and 
1000 steer progeny are required, with around 15 progeny per sire.  Current plans are to continue to 
use the population at Trangie which has the most extensive records on the seedstock measure, and 
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to generate steers to provide information on steer efficiency.  Existing data on steers which fit these 
criteria include 150 steers measured as part of CRC-I, and 200 steers bred at Trangie and currently 
being measured at Tullimba feedlot.  It is planned that the additional data will be obtained by 1) 
Using bulls over Trangie cows to produce progeny which will be tested for the seedstock trait, and 
the same bulls will also be used over Hamilton and Struan cows to produce steers which will be 
tested for NFI and other traits during feedlot finishing; and 2) Using steers from existing industry 
progeny testing programs which are by sires which also have progeny measured using the 
seedstock test, where available.  The cost-effectiveness and feasibility of these two data sources will 
be assessed to determine the optimum design. 
 
 
 
Outcomes 
♦ Knowledge of genetic relationship between seedstock NFI measure and steer feedlot 

performance by June 2006. 
♦ Animals with phenotypic data and pedigree structure required to evaluate genetic and non-

genetic markers for feed efficiency under strategy 3. 
 
Resources 

Physical: Cow herds and facilities at Trangie, Hamilton and Struan,  
Facilities for intake measurement at Trangie, Tullimba, 
Rutherglen and Struan. 

Human: Jason Archer, Paul Arthur, Robert Herd (NSW  
Agriculture), Bruce Knee, Brendan Tatham (DNRE), Peter Speck, Mick 
Deland (SARDI), John Thompson (UNE). 

 
Task 3 ~ Evaluation of relationship between seedstock and steer NFI with cow performance at 
pasture. 
 
Design requirements:  Data already collected at Trangie includes records on feed intake of 800 dry, 
non-pregnant cows fed on a pelleted ration using an automated feed intake recording system.  Extra 
information required includes an estimate of appropriate variances for feed intake of cows at pasture 
(ideally over a complete production cycle), along with convincing evidence to demonstrate that 
selection on NFI will alter the feed requirements of cows at pasture.   
 
A major limitation in this area is the technology for measuring intake at pasture.  Existing controlled 
release device (CRD) technology suffers from problems with variation in release rates of chromium 
or alkane markers, leading to inaccuracies of the assessments for individual animal intakes at 
pasture.  Moreover, the CRDs only provide an estimate of intake over 10-14 days, while analyses 
from data at Trangie show that even with accurate measurement of intake (using an automated 
feeding system), approximately 35 days are required to obtain a stable estimate of individual intake. 
DNRE has shown that it may be possible to accurately deliver known doses of marker to cattle over 
extended periods using automated self-feeders located in the field.  Use of such a system potentially 
provides a way of overcoming the two deficiencies of the existing CRD technology, and may mean 
that more accurate measurement of intake at pasture over longer periods may be possible. 
 
A preliminary study to determine the feasibility of this alternative approach to delivery of markers in 
being conducted by QDPI in Rockhampton, and will be completed in June 2000, and a report written 
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by July 2000.  In August a meeting of project members will be held to determine whether the 
approach is promising and further technique development should continue in this area.  Subject to a 
positive recommendation from this meeting, work for the remainder of the financial year will focus on 
further refinement of the marker delivery system.   
 
The refined marker technology will be used in future years to estimate pasture intake of cows at 
Trangie and provide the critical information required to demonstrate the benefits of selection for NFI 
to the breeding herd.  The exact approach and design for cow pasture intake studies will be 
dependant upon the refined marker delivery technology and the animal resources available. 
 
Outcomes (these outcomes are contingent upon obtaining accurate methodology for measuring 
feed intake at pasture) 
♦ Improved technology for measurement of pasture intake (for research purposes). 
♦ Knowledge of variances associated with intake of cows at pasture. 
♦ Unequivocal evidence to demonstrate the benefits of selection for NFI on feed requirements of 

the cow herd to seedstock and commercial breeders. 
 
Resources 

Physical: Facilities at Tropical Beef Centre and Brian Pastures, Pastoral  
and Veterinary Institute Hamilton 

Human: Rod Hill, Ron Hendricksen (QDPI), Bruce Knee (DNRE),  
Robert Herd, Roger Hegarty (NSW Agriculture) 

 
Task 4 ~ Objective and sensory evaluation of meat from high and low NFI steers 
 
Previous results have suggested that a relationship between NFI and product quality might exist, but 
the outcomes have been inconclusive.  Further data is required to determine whether selection to 
improve NFI may be associated with changes in the objective and sensory attributes of meat quality, 
and with changes in meat yield that might affect their commercial value of heavy feedlot steers. It is 
proposed that yield, and objective and sensory assessment of meat samples, be done for 124 
Trangie-bred HE and LE steers due to complete a feedlot NFI test in July 2000 and which will meet 
heavy export market specifications. Meat samples will be taken from these animals at slaughter, and 
objective measurements of meat quality will be performed as well as evaluations under the MSA 
grading system. 
 
Outcomes 
♦ Knowledge of possible associations (if any) between improved NFI and meat quality assessed 

using objective measurements and consumer evaluations (by June 2001). 
 
Resources 

Physical: 124 steers on feed at Tullimba, laboratory facilities at  
Armidale. 

Human: Robert Herd (NSW Agriculture), Kerynn Zirkler (CSIRO) 
 
 
Strategy 2.2.3 Cost-effective ways to identify animals genetically superior for NFI. 
Economic analyses have indicated that at the current cost of measuring NFI the technology is 
economically viable for some situations, particularly for high-value markets with animals are fed for 
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long periods.  However, the cost of testing bulls or steers for NFI is high, and the cost and lack of 
other suitable indirect selection criteria remains a significant barrier to adoption of the technology by 
industry.  Strategy 2.2.3 will focus on improving the cost effectiveness of implementing the 
technology in the beef industry.  Three approaches will be explored, being an investigation of ways 
to reduce the cost of measurement, a search for indirect selection criteria (including genetic and 
non-genetic markers), and modelling work to examine the optimal design of breeding schemes and 
provide recommendations to industry as to how (and on what animals) the technology should be 
implemented. 
 
Task 1 ~ Reducing the cost of measuring feed intake and efficiency. 
 
Design requirements:  The use of automatic scales to weigh animals in front of feeders is a possible 
way to reduce test length, and hence cost.  To date, preliminary investigations undertaken by DNRE 
and NSW Agriculture indicate that the use of automatic weighing could reduce the length of NFI test.  
However, to properly assess the potential for this, and to determine appropriate regression 
equations to calculate NFI under this system, data on at least 600 animals with an appropriate 
pedigree structure to estimate variance components are required.  This data can be collected from 
both research animals and animals tested by industry.  Since the success of this task will greatly 
reduce the cost of testing, it is worth completing this task as soon as possible to enhance industry 
adoption.  Therefore it is proposed that measurements on research animals be taken and combined 
with data on animals tested by industry to produce an outcome in as short a time as possible. 
 
Outcomes 
♦ Revised recommendations for test duration implemented (and appropriate regression equations 

estimated) for measurement systems incorporating automated daily measurement of animal 
liveweight ( for seedstock tests by December 2003, and for steer tests by December 2005). 

 
Resources 

Physical: Feed intake measurement facilities at Trangie, Struan, Pastoral  
and Veterinary Institute, Hamilton and Rutherglen 

Human: Jason Archer, Paul Arthur, (NSW Agriculture), 
Bruce Knee, John Graham, Brendan Tatham (DNRE), Peter Speck, Mick 
Deland (SARDI). 

 
 
Task 2 ~ Genetic markers for feed efficiency. 
 
Design requirements:  Regions containing genetic markers for feed efficiency will be obtained from 
Limousin x Jersey cattle used in the University of Adelaide project under Project 2.1.  These markers 
will then need to be evaluated in a population which is industry-relevant to verify that markers found 
are useful in the straight-breeding populations where they will be applied.  With the correct design, a 
genome scan for QTL for feed efficiency in straight-breeding populations may also detect additional 
regions not detected in the previous study.  Project 2.2 will provide the phenotypic measurements, 
the pedigree and DNA samples to be used by Project 2.1 for work in this area.  The design of such a 
population will be agreed between staff in both projects, and will endeavour to provide the most 
efficient use of available cattle resources for multiple tasks in project 2.2 and 2.1. 
 
Outcome 
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♦ DNA database of animals with pedigree and phenotypic records available for use by CRC Project 
2.1 (by December 2003). 

 
Resources 

Physical: Cattle and feed intake measurement facilities at Trangie, 
Laboratory facilities for DNA extraction and storage at CSIRO,  
Brisbane 

Human: Jason Archer, (NSW Agriculture), Blair Harrison (CSIRO) 
 
Task 3 ~ Evaluation of the IGF axis as an indirect marker for feed efficiency. 
 
Design requirements:  The IGF axis has been identified as a marker for feed efficiency in pigs, and 
is the subject of a patent.  Project 2.2 will estimate the genetic correlations between IGF and feed 
efficiency in cattle to verify whether IGF has merit as an indirect selection criterion for feed efficiency 
in cattle.  Data requirements for such a study include measures of IGF (taken at an appropriate time 
in the animal’s lifetime) which are collected on cattle which also have phenotypic and pedigree 
information on feed efficiency, with a minimum of 1000 animals needed to provide estimates of the 
genetic correlations required.  The animals used will be obtained from the cattle resource generated 
by strategy 2.2.2 task 2. 
 
Outcome 
♦ Knowledge of the genetic association between IGF-1 and feed efficiency, and it’s potential as a 

biochemical marker for indirect selection to improve feed efficiency. 
 
Resources 

Physical: Cattle and feed intake measurement facilities at Trangie,  
Hamilton, Struan and Rutherglen, Laboratory facilities for IGF  
assays at Armidale, cattle from Project 2.3. 

Human: Robert Herd, Jason Archer (NSW Agriculture),  
Kerynn Zirkler, Heather Burrow (CSIRO), 
Sean Clearkin (PrimeGro), Brian Luxford (Bunge Meat Industries), Hans 
Graser (AGBU). 

 
Task 4 ~ Evaluation of hind-gut fermentation and faecal NIR technology as sources of variation in 
feed efficiency of steers in feedlots. 
 
Design requirements:  Individual animals may vary in the site of digestion of starch, and hence in 
their susceptibility to acidosis when fed high-grain rations.  This variation might provide a potential 
mechanism which influences feed efficiency of steers in feedlots.  To test this hypothesis, 
measurements of relevant traits including faecal pH and faecal NIR measurements should be made 
on steers from an appropriate pedigree structure while being fed high-energy rations in feedlots.  
Similar design requirements to task 3 apply, with maximum information being gained from using the 
same animal population as other components of Project 2.2. 
 
Outcome 
♦ Knowledge of variation between individuals in site of starch absorption, and its associations with 

acidosis of cattle fed high-grain diets. 
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Resources 
Physical: Cattle and feed intake measurement facilities at Tullimba,  

Struan and Rutherglen, Laboratory facilities at Armidale. 
Human: James Rowe, Andrew Channon (CRC Scholarship), Wendy 

 Brown, Bronwyn Schwartz (UNE). 
 

 
Task 5 ~ Design of breeding schemes to optimise the use of direct and indirect selection for feed 
efficiency in industry. 
 
Requirements:  The work proposed in this area consists of modelling work to investigate the best 
use of resources by industry for genetic improvement, including measurements of feed intake and 
correlated traits.  Issues which need to be determined include the use of progeny testing versus 
measuring the seedstock trait on bulls, the potential impact of genetic and non-genetic markers for 
feed efficiency, and the use of reproductive technologies to maximise the benefits obtained from 
genetic improvement.  Funds will be used to support a PhD student (scholarship and operating) to 
work on design and economic assessment of breeding programs incorporating new quantitative 
traits which are expensive or difficult to measure (eg. feed intake), gene markers and reproductive 
technologies. 
 
Outcomes 
♦ Recommendations to industry regarding the design of breeding programs incorporating the 

strategic use of measurement (including NFI) on seedstock animals and progeny-test animals to 
optimise profitability (by December 2003). 

♦ Economic evaluation of genetic and non-genetic (eg. IGF-1) markers for feed efficiency  in 
selection programs (by December 2003). 

 
Resources 

Physical: Office and facilities at UNE 
Human: Jason Archer (NSW Agriculture), Hans Graser, Steve Barwick  

(AGBU), Julius van der Werf (UNE), Peter Parnell (Angus Society), PhD 
Student (to be appointed). 

 
Cattle Resource base 

A core population of research cattle with phenotypic measurements on the seedstock measure of 
NFI, and a deep pedigree with extensive records on the trait, is currently being maintained at 
Trangie.  Selection for high or low feed efficiency will be practiced within the herd to increase the 
power of the population for studies involving gene markers and cow intake at pasture.  Cow 
resources at Hamilton and Struan will also be used by natural mating following an AI program for 
project 3.3.  Bulls used in the population at Trangie will also be used to breed steer progeny at 
Hamilton and Struan, which will then be finished in research feedlots at Rutherglen and Struan with 
feed intake information collected.  Additional cattle from industry progeny testing programs will be 
used to supplement cattle numbers from the base resource if suitable cattle with appropriate 
structure and measurements can be identified. 
 
Genetic correlations between the seedstock NFI measure and steer feedlot efficiency would use 
data from bulls and heifers at Trangie and steers bred at Struan and Hamilton, and animals from 
industry progeny testing programs where suitable. (Strategy 2.2.2 Task 2).  Cow pasture intake 
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would utilise cows from Trangie (Strategy 2.2.2 Task 3).  Studies to reduce the cost of measuring 
NFI would involve data collected using automatic weigh platforms from Hamilton, Rutherglen and 
Trangie and would include research and industry animals (Strategy 2.2.3 Task 1).  The search for 
genetic markers for feed efficiency would be based on the population at Trangie, with additional data 
on steers by the same sires available from Struan and Hamilton if required (Strategy 2.2.3 Task 2).  
The use of these research cattle will depend on the simulation study to be done by Project 2.1 in 
2000/01 and the cost of alternative designs to achieve the same power.  IGF measurements taken 
on animals at Trangie, Struan and Hamilton would be used to estimate genetic correlations with 
other production traits (Strategy 2.2.3 Task 3.  Faecal samples from steers at Rutherglen and 
Struan, and other industry progeny-testing programs if required, would be used to investigate 
genetic variation in susceptibility to acidosis and possible links (ie. genetic correlations) with feedlot 
performance (Strategy 2.2.3 Task 4). 
 
Following the Feed Efficiency workshop in May 2000, the design of the animal resource is currently 
being re-examined to determine whether it is still the optimal design to address the priority issues 
identified at the workshop (see milestone under strategy 2.2.2). 
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MEASURING PASTURE INTAKE 

BY BEEF CATTLE 
 
 
 
 
Report on Beef Quality CRC Project 2.2 Team Meeting 
25-26 October 2000 
Armidale 
 
 
Meeting participants: Robert Herd (Convenor: NSWAg, Armidale), Greg Lee
(NSWAg, Orange), Hugh Dove (CSIRO, Canberra), Bruce Knee (DNRE, Hamilton),
Roger Hegarty (NSWAg, Armidale), Rod Hill and Ron Hendricksen (QDPI
Rockhampton), Jason Archer and Paul Arthur (NSWAg, Trangie). 
 
Funds to convene this meeting were provided to the CRC by Meat and Livestock
Australia. This was the third in this series of meetings and the participants wish to
record their appreciation to MLA for their ongoing support of this area of research. 
 
Report prepared by Robert Herd 30 November 2000. 
 
 
SUMMARY 
 
1. Since 1996 the use of synthetic alkanes administered by controlled-release devices

(CRDs), analysed together with complementary alkanes present naturally in
herbage, has become the internationally accepted method to measure pasture intake
in free-ranging sheep and cattle (approximately 1,600 sheep and 1,300 cattle CRDs
are sold annually). Alkanes have also been used to successfully measure supplement
intake by sheep and dairy cows, and in studies of diet selection and of diet
composition by sheep and undomesticated herbivores. 

 
2. Our confidence in using this methodology has matured over the past 4 years. We

have learnt that the discrepancy between estimated and actual fed intake (FI) can be
reduced by using better estimates of recovery, and by better understanding of the
consequences of faecal sampling routine and of implications of errors in recovery.
The emphasis in research has shifted from technique development to application in
agricultural systems eg studying phosphorus and nitrogen cycling in pasture
ecosystems; diet selection and understanding the basis thereof. 

 
3. Actual intake can be estimated without bias (ie the mean of the estimated FIs = the

mean of the actual FIs) but errors from various sources can result in small
discrepancies between estimated and actual FIs. The meeting concentrated on the
technology-based sources of error, being the ones that the researcher has some
power to control, and excerpts from several presentations are appended to this
report. The technology-based sources of variation discussed included:  
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 variation in dosing of synthetic alkanes 
 errors in estimation of recovery of alkanes 
 schedule of faecal sampling  
 sample preparation 
 lab analytical technique 
 statistical procedures used to estimate diet composition. 

 
Of these areas, estimation of alkane recovery and understanding the biological
factors associated with recovery were perceived to be particularly important for
increased precision of future pasture intake assessment. 
  

1. Within CRC projects, alkane CRDs could be used in projects that need to measure
pasture intake by groups of cattle. Examples might include demonstration of the
correlated response in pasture intake and efficiency of cattle with high and low
EBVs for net feed intake, and measurement of intake and hence cost and efficiency
of pasture usage in different management systems, or by different genotypes, or by
cattle with different previous growth paths. There are many issues of experimental
design that need to be considered. 

 
2. For the purpose of genetic improvement the meeting concluded that, within the life

of the current CRC, the current alkane-CRD and possible new marker delivery
systems were unlikely to deliver a system with sufficient accuracy for individual
animal evaluation of feed intake and efficiency on pasture. 

 
3. The importance of determining diet composition for accurate calculation of feed

intake, and in applications studying diet selection and nutrient cycling, now drives a
need for research into: 
 a better understanding of the biological basis of incomplete recoveries of alkanes
 evaluation of other, complementary plant markers 
 better statistical methods to resolve diet composition. 

 
This is a major deficiency in our knowledge and must be addressed for both
temperate and tropical pastures.  

 
4. Alternate marker delivery systems, used with a feed supplement with a distinct

marker pattern as a natural marker, particularly impressed the meeting with their
potential utility for measuring pasture intake over longer time periods than is
currently possible with CRDs. Further development of this method is strongly
recommended for research projects requiring measurement of pasture intake. 

 
 
Objectives 
 
1. To review progress in the measurement of pasture intake by ruminants using dosed

alkanes since the CRC alkane workshop held in 1996. 
2. To review the magnitude and sources of variation contributing to discrepancy

between estimated and actual feed intake (FI), and to decide how precision can be
further improved.  
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1. To review whether a longer-life alkane controlled-release device (CRD), or other
alkane delivery system, could improve precision and/or increase the utility of this
technique. 

2. To identify areas of strategic research into improving the precision and utility of the
technique with beef cattle. 

3. To make recommendations on possible application of this technology to Beef CRC
research projects. 

 
 
Discussion of each objective 
 
1. Review of progress in the measurement of pasture intake by ruminants 
 
By 1996 experiments had shown use of alkanes could reliably produce unbiased
estimates of actual feed intake. Most of this developmental research used penned sheep,
penned beef cattle and dairy cows where once or twice daily dosing with synthetic
alkanes in gelatine capsules could be routinely performed. 
 
Since 1996 the use of synthetic alkanes administered by CRDs, analysed together with
complementary alkanes present naturally in herbage, has become the internationally
accepted method to measure pasture intake in free-ranging sheep and cattle
(approximately 1,600 sheep and 1,300 cattle CRDs are sold annually). Alkanes are also
being used to successfully measure supplement intake by sheep and dairy cows, and in
studies of diet selection and of diet composition by sheep and undomesticated
herbivores. 
 
Two key elements to the successful application of this technique are firstly, a constant,
known daily dose of synthetic alkane, and secondly, knowledge of the alkane profile of
the diet consumed. The latter can be complicated in the pasture situation where an
animal may choose to eat plant species and their parts in different proportions to those
present. Fortunately many plants have characteristic alkane signatures that allow
estimation of their contribution to the diet to be made and from this, the alkane content
of the diet consumed calculated. The calculation of diet composition based on faecal
alkane profiles requires knowledge of the extent of the relative recovery in faeces of
alkanes present in the diet. Absolute recoveries are not needed, though they clearly
would be the ideal. 
 
Our confidence in using this methodology has matured over the past 4 years. We have 
learnt that, when the natural alkane profile in the consumed diet is calculated from 
estimated diet composition, the discrepancy between estimated and actual FI can be 
reduced by using better estimates of recovery and better understanding of the 
consequences of faecal sampling routine and the implications of errors in recovery. 
Further, we have learnt that the recovery curves for individual animals are similar in 
shape and that this is satisfactory for ratio estimates of FI and for diet composition, 
because relative recoveries are what is used: small systematic variation in absolute 
recoveries is not important. The emphasis in research has shifted from technique 
development to application in agricultural systems eg studying phosphorus and nitrogen 
cycling in pasture ecosystems; diet selection and understanding the basis thereof. 
Nevertheless, new opportunities exist for making the techniques even more useful, 
especially in the area of estimating diet composition.  
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This methodology was developed in temperate regions, using sheep and cattle grazing
or being fed a monoculture or simple grass/legume mix. It has been repeatedly shown to
work very well in estimating FI, supplement intake and diet composition under these
conditions. Several Australian experiments have been conducted with sheep and cattle
consuming such diverse diets as complex temperate pasture, high-digestibility forage,
feedlot grain-ration and tropical grasses. It should not have been surprising that, for
example, at the 1996 meeting we identified situations where our application of this
methodology produced unusual or unexpected results. Experience has shown that if
differences in alkane recoveries can be quantified then unbiased (and believable)
estimates of FI obtained.  
 
 
2. Precision in estimating feed intake 
 
As mentioned above, actual intakes can be estimated without bias (ie. the mean of the
estimated FIs = the mean of the actual FIs) but errors from various sources can result in
small discrepancies between estimated and actual FIs. 
 
Where do the errors come from: 
1. Some are due to animal and plant factors that are intrinsic to the animal and

production system under study, would be difficult to reduce (and perhaps should not
be if a normal part of the production system under study), or are of interest
themselves: 

i. Intake of food and water is not constant and can result in dilution in the rumen of
the dosed alkane marker. Such inconstant intake generates diurnal variation in
alkane excretion patterns of dosed compared to natural marker. 

ii. Mixing of food, water and alkane marker in rumen contents may be incomplete. 
iii. Variation between animals in diet selection, digestion, breakdown and absorption

of feed and alkanes. 
iv. Variation between and within, and over time (days), in herbage alkane content,

digestibility and faecal recovery of alkanes. 
 
2. Technology-based sources of variation include: 

i. Variation in dosing of synthetic alkanes. 
ii. Errors in estimation of recovery of alkanes. 

iii. Schedule of faecal sampling is inappropriate with respect to patterns of variation in
alkane marker concentration in faeces. 

iv. Sample preparation. 
v. Lab analytical technique. 

vi. Statistical procedures used to estimate diet composition. 
 
The meeting concentrated on the technology-based sources of error, and excerpts from
several presentations are appended to this report. 
 
The alkane-CRD  
• In extensive grazing systems, CRDs have become the preferred method for

administering the synthetic alkane dose. They reduce the frequency of mustering,
and hence reduce the disruption to animals’ normal grazing behaviour, and also
reduce the labour requirement (and hence cost) of the experiment.   
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• The release rate of alkane dose from the CRDs has been found to be linear in

numerous studies with sheep and cattle, but the rate of release can vary slightly
between diets (eg. grain-based v pasture) and with level of intake (eg maintenance v
ad libitum). In experiments where unbiased estimates of intake are required (rather
than just a ranking), the implication is that the manufacturer’s stated release rate
should be checked under the conditions of the specific experiment (this is also
recommended by the manufacturer). 

 
• In sheep at least, multiple CRDs in the rumen do not appear to interfere with the

release rate of each other. Further, if handled with care, calibration of release rate by
periodic withdrawal from the rumen of fistulated sheep and measurement of rate of
plunger travel yields the same dose rate as determined from the alkane content of
faeces from penned, normal (ie. non-fistulated) sheep. Thus, measurement of rate of
plunger travel for multiple CRDs in the rumen of a fistulated animal (as is currently
performed by the manufacturer to calibrate the devices) provides a reliable method
of measuring alkane dose rate in a specific experiment. A corollary is that sequential
or multiple dosing with CRDs is plausible, providing distress to the animal is
avoided. 

 
• The release rate of each CRD within a manufacturing batch is very similar, but not

identical. The CV of the release rate of the same batch of CRD, measured across
sheep, is typically 3%, and lower than that for cattle CRDs, typically 5%: range 3 to
9%. This CV for any given batch of CRDs is supplied by the manufacturer. 

 
• The alkane-CRD is a commercial product resulting from a decade of research by

CSIRO and Captec and is manufactured to strict QA standards. Redesign would be
expensive and the likelihood of further reduction in between-device variation in a
comparably priced product is probably low. 

 
Incomplete recovery of alkanes 
• Estimation of diet composition using alkanes is not always needed to calculate FI. In

situations where the herbage being consumed is known (eg monoculture pasture or
forage) or can be estimated (eg from samples of pasture being consumed by
oesophageal-fistulated animals or plucked samples of pasture observed to being
eaten), the alkane content of this herbage can be used in the calculation of FI. 

 
• In more complex situations it may be useful to estimate diet composition using the

alkane signatures of plants present. To facilitate this, adjustment of faecal
concentrations of the different chain-length alkanes for differences in their recovery
in faeces is theoretically required, though may not always be required in practice. 

 
• Recovery in faeces of dosed and herbage alkanes increases with increasing carbon-

chain lengths from about C23 to C31, then plateaus, and in beef cattle at least,
perhaps begin to decline for alkanes C36 and longer. There are also at least 2 data
sets with sheep indicating ‘lower-than-expected’ recoveries for C38 alkane. These
patterns were summarised by G.Lee in 1996. 

 
Because recovery of alkanes in the region of interest ie C31 to C33, and possibly C36, 
have plateaued, it can be possible in a “monoculture” situation (eg a vegetative   
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• winter wheat) to ignore diet composition and recoveries, and just use the ratios to
estimate FI. 

 
• Since 1996 the trend for lower and more variable recoveries of alkanes in cattle,

compared to sheep, continues to be reported. Hugh Dove cautions on the use of C36
and longer alkanes in cattle studies until we understand the basis for their apparent
lower and variable recovery. 

 
• Recovery of C32 is often a little higher than expected: expected being midway

between recoveries for C31 and C33. It is often closer to that for C33 and estimates
of intake based on the C33:C32 pair are often more accurate than those based on the
C31:C32 pair. 

 
• Where recoveries for alkanes for a particular diet (and perhaps between animals

consuming the same diet) appear a little higher or lower than expected, the
recoveries for all the alkanes consumed appear to increase or decrease together. This
has at least two benefits: firstly, as absolute recoveries are not needed to calculate
FI, then even if recovery of both alkanes in the C33:C32 pair increase, their ratio
will still yield an unbiased estimate of FI; and secondly, if you can calculate the
recovery of one alkane then it may be possible to extrapolate from the form of usual
recovery curve to get recovery values for the other alkanes.  

 
Faecal sampling and sample preparation 
• The importance of faecal sampling and sample preparation to the final value for

alkane concentration reported has been established for a number of years but should
not be overlooked.  

 
• Diurnal patterns in the concentration of dosed alkane marker in faeces have been

reported when marker dosing has been one or twice daily dosing. Such variation is
much reduced using CRDs, but can still be present due to patterns of feed ingestion
and water consumption. Herbage and faecal sample preparation can affect the
measured alkane concentrations eg freeze-drying versus various oven-drying
treatments, fineness of grinding especially for micro-analysis of alkanes. 

 
Lab analytical technique 
• The analytical method developed by Mayes and Dove, and now widely used, was 

designed for samples with alkane contents typical of temperate pasture species. It is 
possible that some samples containing much higher alkane loads may fail to have 
their alkanes completely extracted and as a consequence their content of alkane may 
be underestimated. This could be a problem with some tropical pasture species, and 
requires exploration. 

 
• Hugh Dove suggested that it is generally good practice to analyse feed samples first, 

before faecal samples, as problems eg alkenes, contaminants, unusual concentrations
of particular alkanes, often first become apparent in the feed samples. Moreover, 
preliminary analyses of herbage samples without the addition of internal standard 
can alert the analyst to situations in which the intended internal standard is naturally 
present in appreciable quantities in the sample (eg, unexpectedly high levels of C34 
in tropical pasture species). 
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Statistical procedures used to calculate diet composition 
• In situations where many pasture species are present it is legitimate to use any

information that allows particular species to be excluded (eg known to be
unpalatable or observed not to be grazed), or to place bounds on its dietary
contribution (eg observed to be highly-preferred, perhaps at least 50% of DM
consumed). 

 
• There can be variation between sites, between plants within a site, within parts of a

plant, and within plants over time (days). The strategy for sampling pasture will be
important. 

 
• Care is required when using shorter-chain alkanes in estimating diet composition

because errors in correcting for differences in recovery are likely to be greater than
for longer-chain alkanes. Avoid using herbage alkanes present at less than 10ppm in
faeces as their values can have large CVs about them, and recoveries calculated for
them can be very imprecise. 

 
• There is a folklore, based on a comment in a single publication, about not using

herbage alkanes present at less than 50ppm in calculations for FI, but Hugh Dove
assured the meeting that this belief is wrong and that alkanes present at lower
concentrations can be used and have been used in the estimation of intake. 

 
• When it is considered necessary to estimate diet composition using alkane

signatures Hugh Dove cautions that the diet should be estimated both before
(without) and then after (with) adjustment for alkane recoveries to examine the
sensitivity of the estimated diet composition to the use of specific values for
recoveries. 

 
• The statistical procedures commonly used to calculate diet composition are 

insufficient. They: (i) can fail to find unique or even sensible solutions, and (ii) the 
“sum-of-squares of residuals” used to measure “goodness-of-fit” is not a good 
enough measure of the actual error term associated with the estimate of diet 
composition. Better statistical methods and understanding, such as better knowledge 
of the factors contributing to components of variance in alkane concentrations, 
canonical variates or similar methods of grouping species of like alkane profiles, 
and understanding of error structures are needed to resolve diet composition. This is 
especially true if there is an intent to use data from more than one kind of wax 
marker, or more than one method, to estimate diet composition (see below). 

 
• When there are more wax markers than diet components the main issue is to devise

an accepted, non-arbitrary procedure for identifying which markers to use in
computations. 

 
• When there are more diet components than markers the main issues are first, the

definition of error structures involved to improve techniques for combining species
in groups, and second, further development of a new wax-based markers. Long
chain alcohols show great promise. 
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• Resolution of these issues should allow us to move from measuring “diet
composition” to studying “diet selection”. Further, the need for and use of
oesophageal-fistulated animals will be reduced. 

 
 
Improving precision 
• Actual intakes can be estimated without bias (ie. the mean of the estimated FIs = the

mean of the actual FIs) but errors from various sources can result in small
discrepancies between estimated and actual FIs of individual animals. Improving
precision refers to reducing the errors from various sources that result in small
discrepancies between estimated and actual FIs. 

 
• In 1996 Robert Herd suggested that the CV of the difference between estimated and

actual FIs was about 10% in cattle, and still believes this is about right. He suggests
about half is due to the CV of 5% for alkane release rate from cattle CRDs (factor 2i
above), and perhaps half from factors 2ii to 2vi above. 

 
• If correct, the above implies that the advent of a novel marker delivery device, that

could be produced in quantity to deliver an identical and known linear release rate,
might reduce the CV of the discrepancy in cattle to perhaps 5%. Further reduction
would require reduction in variation due to factors 2ii to 2vi.  

 
• Hugh Dove claims the CV for this discrepancy in sheep is a little lower (5 to 10%),

perhaps not surprising given that sheep CRDs typically have a lower CV in release
rate (~3%). Hugh reported on an experiment he recently completed that tried to
quantify the contributions to variation in estimated FI made by many of the above
factors – this should be in print soon. 

 
 
1.    Alternate alkane delivery systems to improve precision and/or increase utility 
 
• The following attributes for alternate alkane delivery systems were sought: 

 Longer life to facilitate measurement of feed intake over longer periods. 
 Very low, ideally zero, variation between devices. 

 
• The currently available Captec cattle CRDs release alkane markers over 20 to 21

days. FI is typically estimated from faecal samples taken 2 or 3 times a week for two
weeks, starting about one week after insertion of the CRD. Therefore FI is estimated
on 4 to 6 occasions over two weeks, from the alkane content of faecal grab samples.
As described above, the between-device variation in release rate has a CV of about
5%, and estimates of the discrepancy between estimated FI compared to actual FI
have a CV of up to 10% in cattle. 

 
• Captec advise that they could make a longer-life CRD: perhaps twice as long as the

current devices, even longer if the daily release rate (dose) of alkane was reduced.
But at a greater cost (both of the CRD and from the additional pasture and faecal
samples to be analysed) and Captec emphasises that calibration and checking of the
performance of such novel devices (eg linearity over time) would be the
responsibility of the user. 
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• In principle, the same result ie a longer period of alkane dosing, could be achieved
by sequential dosing with the existing CRDs. Again, at a greater cost and with
greater potential for loss of data, through increased risk to the animal and from
capsule failures. 

 
• An additional concern over a longer-life CRC includes abuse through use in

“changeover” experiments (eg used to measure FI on pasture and then on grain) can
result in loss of linearity or complete failure of the capsule, giving the CRDs a bad
name. 

 
• Whilst not tested, it is difficult to envisage that use of these “longer-life” CRDs

would yield estimates of FI that have less variation from actual FI than the current
CRDs. 

 
 
• Alternate alkane delivery systems were presented: 
 

 Bruce Knee described how a modified “Bunge” pig feeder had been used to
accurately meter out daily small (2kg) amounts of feed pellets to cattle grazing
pastures. This machine is being commercialised by a Queensland company
called Agricultural Requirements, and is sold as an “Electronic Feeder”. 

 
 Potentially naturally occurring alkanes present in the supplement could be used

with diet composition methods to estimate what portion of each animal’s diet
consisted of these pellets. Since the quantity of pellets consumed is already
known, intake of the remainder of the diet could be calculated. Depending upon
the alkane profiles of the pellets and the pasture, the pellets may not need to
contain synthetic alkanes. This approach has been evaluated by Hugh Dove and
Bob Mayes using existing data sets, but has yet to be explicitly tested. 
 

 Rod Hill described an experiment that confirmed the potential for a molasses
mixture to deliver synthetic alkanes to cattle. A suitable delivery system to meter
out this mixture to cattle in the paddock is still to be developed. 

 
 The impact of the proportion of the diet that the supplement formed on the error

in FI estimation, and of consequences to grazing behaviour, need to be
examined. 
 

 Until the systems are fully developed and tested it cannot be concluded if either
will offer an improvement in precision over the existing CRDs. However, if they
can more accurately deliver the alkane dose/supplement to each animal, than the
current CRDs, then potentially their use would yield estimates of FI that have
less variation from actual FI, perhaps with a discrepancy CV closer to 5% than
the 10% with the current CRDs.  

 
 Alternate marker delivery systems, used with a feed supplement with a distinct

marker pattern as a natural marker, particularly impressed the meeting with their
potential utility for measuring pasture intake over longer time periods than is
currently possible with CRDs,. Further development of this method is strongly
recommended for research projects requiring measurement of pasture intake.  
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4. Strategic research to improve precision and utility 
 
• A better understanding of the biological basis of incomplete recoveries of

alkanes is now needed because of their central importance for determining diet
composition to accurate calculation of feed intake, and in applications studying diet
selection and nutrient. Use of “generic” recovery values based on “old” recovery
curves is no longer good enough. This is a major deficiency in our knowledge and
must be addressed for both temperate and tropical pastures. It was clear that there is
much to be learnt from conducting parallel experiments of temperate and tropical
pastures. 

 
• Other plant markers, especially alkenes, alcohols and fatty acids, require research

and are needed because of the central importance of determining diet composition.
These markers would not necessarily replace alkanes but would rather complement
them. 

 
• Better statistical methods to resolve diet composition are needed, such as use of

variance components and canonical variates, together with a better understanding of
the consequences of error structures. Resolution of these issues should allow us to
move from measuring “diet composition” to studying “diet selection”. 

 
• The use of a feed supplement as a marker, perhaps without the need for synthetic

alkanes (eg C32, C36), has been proposed by Bob Mayes of the UK. The principle
has been shown to work in studies with penned animals. Intake of the supplement
could be measured by machines as described by Bruce Knee or by inclusion of an
intake marker (eg lithium). There will be a need to consider the amount of
supplement fed relative to the amount of base diet consumed, because of possible
changes to intake of the base diet (substitution; with less supplement being
preferable) and consideration of errors that might increase as the amount of
supplement given is reduced. On the other hand, one great value of the approach
would actually be to measure substitution routinely (since it involves the estimation
of both supplement and herbage intake). 

 
• Alternate marker delivery systems, used with a feed supplement with a distinct

marker pattern as a natural marker, particularly impressed the meeting with their
potential utility for measuring pasture intake over longer time periods than is
currently possible with CRDs. Further development of this method is strongly
recommended for research projects requiring measurement of pasture intake. 

 
 
5. Application of this technology to Beef CRC research projects 
 
Within Project 2.2 – Improving the efficiency of feed utilization 
 
The application is in genetic improvement: 

i. Demonstration of the correlated benefit. 
ii. Individual animal evaluation and improvement 
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For (i), advances in our understanding and use of alkanes CRDs mean that it should be
possible to do a better job, than in CRC1, in measuring differences in pasture intake
between groups of animals. One application might be demonstration of the correlated
response in pasture intake and efficiency of cattle with high and low EBVs for net feed
intake. 
 
For (ii), the current alkane CRD technology is neither sufficiently accurate nor estimates
FI over a sufficiently long period. Whether development of new systems that deliver
marker/supplement over longer periods will also be more accurate remains to be tested.  
For the purpose of genetic improvement the meeting concluded that, within the life of
the current CRC, the current alkane-CRD and possible new marker delivery systems
were unlikely to deliver a system with sufficient accuracy for individual animal
evaluation of feed intake and efficiency on pasture. 
 
Consideration to both the size of the expected difference in mean intake between the
groups evaluated as well as to the sample size of the groups will be important (ie the
power of proposed experiments to detect a minimum difference in FI should be
checked). Issues of choice of pasture, pasture and faecal sampling, diet composition,
CRD calibration, recovery values, lab and data analyses will need to be addressed. 
 
Within other CRC projects 
 
Alkane CRDs could be used in projects that need to measure pasture intake by groups of
cattle. Examples might include measurement of intake and hence cost and efficiency of
pasture usage in different management systems, or by different genotypes, or by cattle
with different previous growth paths. The same precautions on experimental design as
given above in Project 2.2 (ii) would apply. 
 
 
 
Attachments 
• Meeting program 
• Presenter’s overheads and slides. 
 
  
 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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