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PART 1 

ABSTRACT 

NAP3.116: Predicting growth performance using NIRS 

MLA funding support through NAP3.116 was provided to assist in the development of 
faecal NIRS technology for predicting growth rate in cattle. Specifically, the funding 
was allocated to cover the costs of processing and NIRS analysis of faecal samples 
derived from small herds of growing cattle weighed at regular 4-week or 6-week 
intervals (monitor herds). Faecal samples, bulked within herds, were collected at 
twice the weighing frequency. Growth rates co-incident with the time of faecal 
sampling were calculated from liveweight gain curves and calibration equations for 
predicting growth rate were developed by relating faecal spectra to measured growth 
rates using ISI software and MPLS regression. 

Overall, samples and data from 32 herd-years (one herd year = faecal samples and 
data from one monitor herd over 12 months) comprising 629 faecal samples 
collected over a four year period and from 5 different sites were included in the 
calibration set. Calibration equation statistics were acceptable with respect to the 
Standard Error of Calibration and the Standard Error of Cross Validation. However, 
validation tests carried out during the course of the project indicated a substantially 
larger calibration set will be required to improve predictive accuracy on samples from 
populations not included in the calibration set. Even with a greatly increased 
calibration set it may not be possible to develop a single calibration equation that can 
be applied usefully across all locations and pasture communities of northern 
Australia. The development of a number of “local” equations may offer a practical 
alternative. 

There are sufficient samples and data on hand to double the size of the calibration 
set and to increase sites sampled from 5 to 15. Collection from 18 monitor herds at 
10 different locations is continuing.  
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PART 2 

 
EXECUTIVE SUMMARY 

 
NAP3.116: Using faecal NIRS to predict growth rate in grazing cattle 
 
Previous research conducted in project CS.253 (Predicting diet digestibility and crude 
protein content from the faeces of grazing cattle) provided results that suggested 
faecal NIRS (Near Infrared Reflectance Spectroscopy) prediction of growth rate in 
cattle might be feasible with beneficial applications in the grazing beef industry. An 
initial investigation using faecal samples and liveweight gain data from an 
experimental herd at Lansdown Research Station produced results that strengthened 
such a notion. Further work was deemed worthwhile as the required methodology is 
relatively inexpensive particularly where data and samples could be acquired from 
existing grazing trials.  
 
MLA funding was provided by way of project NAP3.116 to encourage the 
development of the technology, primarily in support of the necessary faecal NIRS 
analyses. Several monitor herds were established on sown pastures at the CSIRO 
Lansdown Research Station near Townsville. In addition cattle in selected treatments 
of Queensland DPI grazing trials at Glentulloch near Injune, Galloway Plains near 
Calliope, Wambiana south of Charters Towers, and Rosebank near Longreach, were 
designated as monitor herds. Sampling requirements and measurements merely 
involved weighing the cattle at regular intervals of 4-6 weeks together with faecal 
sampling on weigh days (rectal grab samples) and mid-way between scheduled 
weigh days (sampling from fresh faecal pats). NIR spectra were obtained from dried, 
ground faecal samples. Reference values for growth rate were calculated from the 
cumulative liveweight gain curves for each monitor herd. 
 
Calibration equations were developed in progression using a step-wise process of 
calibration, validation, expansion and recalibration. The first three calibration 
equations were developed using data from two monitor herds at Lansdown, firstly 
with the herd data kept separate and then by combining the two sets. The results for 
all three equations were most encouraging as indicated below. 
 
Calibration equation statistics for predicting growth rate from faecal NIRS 
Calibration 
Equation 

Herd No. 
samples 

SEC1 
g/d 

SECV2 
g/d 

RSQ Range in ADG 
(g/d) 

ADG(1).EQA Herd 1 95 63 81 0.97 40 – 1500 
ADG(2).EQA Herd 2 94 63 75 0.96 160 - 1500 
ADG(3).EQA 1 + 2 188 50 61 0.98 40 - 1500 
1 Standard error of calibration 
2 Standard error of cross validation 
 
 As data sets (faecal spectra and reference growth rates) from different sites/herds 
became available, each set was used first to test the predictive accuracy of the 
current, existing equation (validation test) and then to expand the calibration set for 
recalibration purposes. In this way the calibration set was built up to the current level 
of 629 samples comprising 32 herd-years (one herd-year represents the samples 
from a single monitor herd of one year’s duration) of information spanning the period 
June 1997 – May 2001 and 5 different sites.  
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None of the calibration equations developed to date has provided accurate 
predictions of growth rate when applied to samples unrelated to those in the 
calibration set (i.e. samples from different locations or different years) but there has 
been a clear trend for the predictive accuracy to improve as the calibration set 
expands. On the other hand, the actual calibration statistics (SEC, SECV, and RSQ) 
deteriorated with the expansion of the calibration set such that the SEC of the most 
recent equation stands at approximately 140 g/d. In the broad context this indicates 
that the probability of predicted growth rate being within 100 g/d or 200 g/d of actual 
growth rate is limited to approximately 60% and 85% respectively.  
 
One of the difficulties with developing robust calibration equations for predicting 
growth rate is that of determining valid reference values from the regular weighing of 
cattle. Gut-fill and total body water account for a high proportion of the liveweight of 
cattle and changes in tissue weight (growth) that occur between successive 
weighings will generally be confounded to a greater or lesser degree by 
disproportionate changes in gut fill and body water. This means that “measured 
growth rates” used as reference values in developing calibration equations are likely 
to include a substantial error component and this will contribute to poor calibration 
statistics. Thus, the calibration equations are almost certainly somewhat better than 
the statistics indicate (Coates 2002).  Similarly, validation tests are likely to 
exaggerate prediction errors. 
 
Some other problem areas were identified. When cattle were in a compensatory 
growth phase, predicted growth rate was usually under-estimated. Conversely, when 
cattle were in a phase of rapid weight loss, predicted growth rate was often over-
estimated (i.e. predicted weight loss was under-estimated). There was also an 
interaction between animal age/weight and the prediction errors. The errors were 
greater in older or heavier cattle, least in weaners. It is logical, too, that condition 
would also have an effect since the higher the condition score the greater will be the 
rate of weight loss when nutritional status declines. In a test case involving steers at 
Lansdown, predicted growth rates at points in time were often markedly different from 
measured growth rates, but calculated cumulative liveweight gain over an extended 
period was agreeably close to observed liveweight gain. 
 
The weight of cattle relative to mature size has an effect on potential liveweight gain. 
Thus, annual liveweight gain of young cattle is usually greater than that of older, 
heavier cattle grazing the same pasture. It was satisfying to observe that faecal NIRS 
apparently coped with this age/weight/maturity effect on growth rate. Where weaner, 
yearling, and 2-year-old steers grazed the same pasture, predicted growth rates were 
usually highest for the weaners and lowest for the 2-year-old steers and the 
differences, when converted to cumulative liveweight gain, were consistent with the 
observed differences.  
 
Faecal NIRS for predicting growth rate in cattle is not yet sufficiently developed to be 
considered a useful tool for beef producers. Validation tests to date have 
demonstrated an unacceptable level of predictive accuracy for samples unrelated to 
those in the calibration set. Although validation tests have shown a trend for 
continued improvement in predictive accuracy as the calibration set expands, it 
appears that substantial further expansion will be needed to develop a robust, useful, 
calibration equation. At this stage it cannot be determined whether an expanded 
calibration set will, in fact, meet the predictive accuracy required for the technology to 
be of practical benefit to the industry.  Current indications are that a single calibration 
equation for use across all localities and vegetation types may be beyond the scope 
of the technology. However, “local” equations for application in designated situations 
may provide a useful alternative. It is estimated that there are sufficient samples and 
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data on hand to almost double the current calibration set and to increase the sites 
covered from 5 to 15. Moreover, collection from 18 monitor herds at 10 different 
locations is continuing. 
 



CONTENTS 
                  Page 
 
BACKGROUND …………………………………………………………… 1 
 
OBJECTIVES ……………………………………………………………….         2 
 
METHODOLOGY  …………………………………………………………           2 
 
RESULTS …………………………………………………………………..           4 
 
CONCLUSIONS  …………………………………………………………..         14 
 
RECOMMENDATIONS  ………………………………………………….          15 
 
SUCCESS IN ACHIEVING OBJECTIVES  ………………………………       15  
 
INTELLECTUAL PROPERTY  ……………………………………………        15 
 
TECHNOLOGY TRANSFER  ……………………………………………..        15 
 
FUNDING  ………………………………………………………………….         16 
 
IMPACT  ……………………………………………………………………          16 
 
ACKNOWLEDGEMENTS  ………………………………………………..         16 
 
REFERENCES  ……………………………………………………………..        16 
 



 1

 
BACKGROUND 
 
Project CS.253 (1995-98) established that faecal NIRS could be used to predict dietary 
attributes (dietary crude protein, digestibility and dietary non-grass proportions) in free 
grazing cattle. The benefits of a simple, rapid and inexpensive technology that enables diet 
quality of free grazing cattle to be estimated with reasonable accuracy are quite obvious and 
a range of applications has been suggested (Coates 1999, 2000). Some applications depend 
on deriving an estimate of animal performance via a nutritional model using the predicted diet 
quality and other factors that influence performance. With respect to dietary attributes, most 
nutritional models are driven by protein and digestibility data. At present however, there is no 
nutritional model for calculating growth rate from diet quality attributes that is suitable for 
cattle grazing pastures in the northern half of Australia.  
 
If one accepts that faecal NIRS analysis can reliably predict the protein and energy status of 
the diet (and this necessarily demands that faecal composition is highly correlated with diet 
composition), and if dietary protein and energy are the major nutritional determinants of 
growth rate, then it follows that it may be possible for growth rate of grazing cattle to be 
predicted directly by faecal NIRS analysis rather than inputting faecal NIRS derived dietary 
attributes into a nutritional model. Obviously there are other nutritional factors, as well as a 
range of non-nutritional factors, that influence growth rate (Table 1). Therefore, any 
prediction of growth rate by faecal NIRS analysis would most likely presuppose a given 
context in which the prediction may be considered valid. The “given context” would be one in 
which (i) there were no external limitations (nutritional or non-nutritional) to performance 
other than the protein and energy status of the diet and (ii) the prediction applied to a specific 
class of animal with respect to growth potential (genotype, sex, weight, age and condition). 
 
Table 1. List of nutritional and non-nutritional factors that may influence growth rate 
 

Nutritional factors 
Protein 
Energy (digestibility and voluntary intake) 
Other essential nutrients (e.g. vitamins and minerals) 
Amount and accessibility of forage on offer 
Toxic compounds in the diet 
Water quality 
 
Non-nutritional factors 
Disease and parasites 
Climatic stressors (e.g. temperature, humidity, wind, rain etc ) 
Class of animal (genotype, sex, age, weight, condition, temperament) 
 

 
There is the possibility, however, that the “given context” could be of lesser importance if 
there were, in the faeces, an endogenous compound with a concentration related to growth 
rate.  
 
The hypothesis that faecal NIRS can be used to predict growth rate in grazing cattle can be 
readily tested. The only requirement is to physically measure growth rate and collect faecal 
samples at regular intervals over any chosen period so that appropriate reference values for 
growth rate can be assigned to faecal NIRS spectra for calibration and validation purposes. 
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OBJECTIVE 
 
To develop faecal NIRS calibration equations for predicting growth rate in grazing cattle and 
to assess the predictive reliability of equations. 
 
METHODOLOGY 
 
Sites 
Monitor herds were established at sites at different locations in Queensland (Table 2). Each 
monitor herd consisted of a small group of growing cattle (steers or heifers) grazing a specific 
pasture type at the relevant site. No specific mineral deficiencies were suspected at any of 
the sites except for a phosphorus deficiency in some paddocks at Lansdown; this was 
remedied by phosphorus supplementation.   
 
Management of cattle  
 
For each herd, grazing was continuous over the trial period. Stocking rate was light so that 
low dry matter on offer would not limit growth rate, i.e. growth rate would be determined by 
quality of feed on offer, not quantity. Normal husbandry measures were applied so that 
growth would not be significantly influenced by disease or parasites.  
 
Measurements 
 
Rainfall records were maintained at each site. Cattle were weighed at regular 4-week or 6-
week intervals and faecal samples were collected per rectum on weigh days. Faecal 
collections were made between weigh days by sampling fresh faecal pats in the paddock. On 
each sampling occasion faecal samples were bulked within herds. Where separate age 
groups were present, bulking was confined to within age group on weigh days.  
 
Faecal samples were processed using the standard protocol of drying in a forced draft oven 
at 65 °C and grinding through a Tecator Cyclotec cyclone mill fitted with a 1mm screen. 
Faecal NIR spectra were derived and stored by scanning 65 °C oven-dry samples in a 
NIRSystems 6500 spectroscope fitted with a spinning sample cup module.  
 
Cumulative liveweight gain curves were plotted for each monitor herd (or age group within 
herd) using the average of recorded liveweights. Growth rates (Average Daily Gain (ADG) in 
grams per day) coinciding with the time of faecal sampling were calculated from the 
cumulative liveweight gain curves to provide the appropriate reference values for calibration. 
Where liveweight change was unduly confounded with change in gut fill so that the 
calculated reference value was deemed to be invalid, the relevant faecal sample was 
discarded from the calibration set. This occurred most frequently at the beginning of each 
growing season when the diet changed from dry to green. 
 
Calibration equations were developed with ISI (Infrasoft International) software; math 
treatment 1,4,4,1 with SNV and detrend in the band width 700 –2500 nm. ; and modified 
partial least squares (MPLS) regression. 
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Table 2. Particulars of monitor herds used for generating data for predicting growth rate in cattle 
(Project NAP3.116)  
 
Herd Site Pasture type Breed Sex Age groups Duration 
1 Lansdown Urochloa/stylo DM Hfrs Weaner June 97 – Dec 98 
2  Urochloa/stylo DM Hfrs Weaner June 97 – Dec 98 
3  Urochloa/stylo DM Hfrs Weaner July 98 – Aug 99 
4  Urochloa/stylo DM Hfrs Yearling June 98 – Aug 99 
5  Urochloa/stylo DM Steers Weaner June 98 – Sep 99 
6  Urochloa/stylo DM Steers Yearling June 98 – Sep 99 
7  Uro/stylo/siratro DM Steers Weaner Nov 98 – Aug 99 
8  Urochloa/stylo DM Steers Weaner Sep 99 – July 00 
9  Urochloa/stylo DM Steers Weaner Aug 99 – July 00 
10  Urochloa/stylo BR Steers Weaner Nov 99 – July 00 
11  Urochloa/stylo DM Steers Yearling Sep 99 – July 00 
12  Uro/stylo/siratro DM Steers Weaner Sep 99 – June 00 
13  Uro/stylo/siratro DM Steers Yearling Sep 99 -  June 00 
14  Buffel/stylo DM Steers Weaner Nov 98 – Oct 99 
15  Buffel/stylo DM Steers Yearling Nov 99 – June 00 
       
16 Glentulloch Native BX Steers Weaner Nov 97 – Aug 98 
17  Native BX Steers Weaner Nov 97 – Aug 98 
18  Native BX Steers Weaner Nov 97 – Aug 98 
19  Native BX Steers Weaner Nov 97 – Aug 98 
       
20 Galloway 

Plains 
Native BX Steers Yearling Aug 99 – May 00 

21  Native BX Steers Yearling Aug 99 – May 00 
22  Native/stylo BX Steers Yearling Aug 99 – May 00 
23  Native/stylo BX Steers Yearling Aug 99 – May 00 
       
24 Wambiana Native BX Steers Yearling June 98 – May 99 
25  Native BX Steers Yearling June 98 – May 99 
26  Native BX Steers Yearling May 99 – May 00 
27  Native BX Steers Yearling May 99 – May 00 
28  Native BX Steers Yearling May 00 – May 01 
29  Native BX Steers Yearling May 00 – May 01 
       
30 Rosebank Mitchell/Flinders BX Steers Yearling Apr 99 – July 00 
31  Mitchell/Flinders BX Steers Yearling Apr 99 – July 00 
32  Mitchell/Flinders BX Steers Yearling Apr 99 – July 00 
 
DM Droughtmaster 
BR Brangus 
BX Brahman cross 
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RESULTS 
 
The assigned growth rates for the 32 monitor herds are presented in Appendix 1. 
 
Calibration equations 
 
First calibration 
The first calibration equation, ADG(1) was developed on 1997-98 data from a Lansdown 
monitor herd of heifers grazing a Urochloa dominant grass/stylo pasture (Urochloa 
mosambicensis in association with Stylosanthes hamata cv. verano and S. scabra cv. Seca). 
There were 95 faecal samples in the calibration set (Appendix 1, Herd 1) and the calibration 
statistics (Table 3) surpassed expectations. 
 
Second calibration 
A separate calibration equation, ADG(2), was developed using data from another Lansdown 
herd (Appendix 1, Herd 2) grazing a similar pasture but with stylo dominance. Calibration 
statistics were similar to those from Herd 1 (Table 3).  
 
Table 3. Calibration equation statistics for predicting growth rate from faecal NIRS 
Calibration 
Equation 

Herd No. 
samples 

SEC1 
g/d 

SECV2 
g/d 

RSQ Range in ADG 
(g/d) 

ADG(1).EQA Herd 1 95 63 81 0.97 40 – 1500 
ADG(2).EQA Herd 2 94 63 75 0.96 160 - 1500 
ADG(3).EQA 1 + 2 188 50 61 0.98 40 - 1500 
1 Standard error of calibration 
2 Standard error of cross validation 
 
Predictions using equation ADG(1) on Herd 2 samples, and equation ADG(2) on Herd 1 
samples were also promising (Table 4) but this was to be expected considering cattle in 
Herds 1 and 2 were similar (breed, sex and age), the pastures were similar except for grass : 
legume proportions,  and the data were collected in the same year. 
 
Table 4. Validation statistics for prediction of growth rate from faecal NIRS 
 
Calibration equation 

 
Herd 

 
SEP1 

 
RSQ 

ADG(1).EQA Herd 2 113 0.90 
ADG(2).EQA Herd 1 100 0.92 
1 Standard error of prediction 
 
Third calibration 
Calibration equation ADG(3) was developed by combining samples from Herds 1 and 2 and 
the calibration statistics were an improvement on those for the separate equations (Table 3). 
 
Fourth calibration 
All samples in the calibration set of ADG(3) were from heifers grazing stylo-based pastures at 
Lansdown. Dietary energy status rather than dietary protein was probably the primary limiting 
factor with respect to growth for much of the year. With grass-only pastures, whether native 
or introduced, dietary protein is usually the primary limiting factor. Therefore, applying the 
equation ADG(3) to samples from cattle grazing grass pastures would be unlikely to provide 
accurate predictions of growth rate. Such a validation test was conducted on samples from 
monitor herds 16-19 from Glentulloch west of Injune. Indeed, predicted growth rate was 
poorly related to measured growth rate such that only 35% of the predictions were within 200 
g/d of measured growth rate.  
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However, when the samples from Glentulloch were combined with the samples from 
Lansdown Herds 1 and 2, the calibration statistics of the resultant calibration equation, 
ADG(4), were again very satisfactory (Table 5). 
 
Table 5.  Calibration equation statistics for predicting growth rate from faecal NIRS 
Calibration 
Equation 

No. 
samples 

SEC 
g/d 

SECV 
g/d 

RSQ Range in ADG 
(g/d) 

ADG(4).EQA 255 77 83 0.95 -300 – 1500 
ADG(5).EQA 297 88 99 0.94 -300 – 1500 
ADG(6).EQA 368 99 113 0.92 -300 – 1500 
ADG(7).EQA 565 139 146 0.87 -430 – 1880 
ADG(8).EQA 629 138 146 0.86 -430 – 1880 
 
Fifth and sixth calibrations 
The process of validation followed by expanding the calibration set continued with the 
addition of samples from monitor herds 20-23 from Galloway Plains near Calliope, and herds 
24-29 from Wambiana south of Charters Towers. Predicting samples from Galloway Plains 
with equation ADG(4) was no more successful than predicting samples from Glentulloch with 
equation ADG(3) since only one third of the predictions were within 200 g/d of measured 
growth rate. There was a slight deterioration in calibration statistics when samples from 
Galloway Plains were added to the main calibration set to develop ADG(5) (Table 5). 
Predicting samples from Wambiana with equation ADG(5) showed some improvement 
compared with previous validation tests in that nearly 60% of predictions were within 200 g/d 
of measured growth rate. For all samples where the difference between predicted and 
measured was greater than 200 g/d, growth rate was under-estimated. There was a further 
deterioration in the statistics of calibration equation ADG(6) developed after adding 
Wambiana samples to the main calibration set (Table 5). 
 
Seventh calibration 
Lansdown monitor herds 5-15 provided an additional 200 samples for validation and 
subsequent expansion. Predicted growth rates using equation ADG(6) were still not closely 
related to measured growth rates but there was an improvement compared with previous 
validation tests such that 65% of predictions were within 200 g/d of measured growth rate 
and 35% within 100 g/d. Once again, for the 35% of samples where the difference between 
predicted and measured value was greater than 200 g/d, 55 of the 70 were under-estimated 
and, of those 55, all but 5 had measured growth rates in excess of 800 g/d. This bias towards 
under-estimation at high measured growth rate was clearly associated with compensatory 
growth early in the wet season. Moreover, the under-estimates of greatest magnitude were 
associated with compensatory growth of steers in the early wet season of their second year 
post-weaning (samples from steers in their third year post-weaning were not included). 
 
There was a marked deterioration in the calibration statistics when the extra 200 samples 
were added to the calibration set for the development of ADG(7). SEC and SECV increased 
to 139 and 146 g/d respectively and the RSQ value dropped to 0.87 (Table 5). 
 
Eighth calibration 
Monitor herds 30-33 at Rosebank near Longreach provided samples from yet another 
pasture type quite dissimilar to those contributing to the ADG(7) calibration set, especially 
with respect to the high proportion of non-leguminous forbs in the Rosebank diets. 
Predictions based on equations ADG(6) and ADG(7) were poorly correlated with measured 
growth rate. Only about 50% of the predictions were within 200 g/d of measured growth rate 
and yet again the majority (>85%)were associated with an under-estimation of growth rate. In 
contrast to the Lansdown samples from herds 5-15, the under-estimation did not appear to 
be linked to compensatory gain early in the growing season. In fact, predictions based on 
ADG(6) and ADG(7) for all the Rosebank faecal samples from the winter months June-July-
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August of 1999 were under-estimated by an average of 530 and 370 g/d respectively and 
these accounted for the majority of the underestimates of more than 200 g/d (65% for 
ADG(5) and 75% for ADG(6)). It was noteworthy that the predicted amount of dietary non-
grass during these winter months, presumably forbs resulting from March-April rain, 
averaged more than 50% (range of 35 –76%). 
 
Calibration equation ADG(8) was developed from the expanded calibration set. Calibration 
statistics were similar to those for equation ADG(7) and the plot of predicted ADG against 
measured ADG is shown in Fig. 1. The same data is used in Fig. 2 where relationships are 
plotted for the different sites in isolation. The axis scales are the same for each graph 
enabling a visual comparison between sites to be made. Site statistics for the relationship of 
predicted to measured growth rate are presented in Table 6.   
 
Table 6. Statistical features of predicted values for equation ADG(8) for the different sites (Lansdown 
has been divided into 3 sub-groups: Herds 1-2 for 1997-98 (Lansdown A); weaner cattle for 1998-2000 
(Lansdown B); and yearling cattle for 1998-2000 (Lansdown C)). 
 
Site  

 
SEP (g/d) 

 
Bias (g/d) 

 
RSQ 

 
No. of samples 

Lansdown A 97 -23 0.93 192 
Lansdown B 148 2 0.89 131 
Lansdown C 195 19 0.83 60 
Glentulloch 153 0 0.88 67 
Galloway Plains 192 -13 0.73 46 
Wambiana 141 22 0.83 72 
Rosebank 182 -3 0.39 71 
 
Statistical parameters like RSQ are influenced by the range of values within the sample 
group. Thus the RSQ for the Rosebank samples was very low at 0.39 but the SEP was 
smaller than for the Lansdown C and Galloway Plains sample groups where the RSQ values 
were much higher. A more practical guide to the reliability of predictions within the ADG(8) 
calibration set for the different sites is presented in Table 7. Predictions within 100 g/d of 
actual growth rate may be considered a reasonable practical limit to attainable accuracy (100 
g/d is equivalent to only 3 kg/month) and the results in Table 7 indicate a 60% probability of 
predictions being with the 100g/d threshold while 86% of predictions were within 200 g/d of 
measured growth rate. However, the 14% of predictions outside the 200 g/d threshold 
present a problem. Moreover, the results in Table 6 and Table 7 relate to the calibration set 
and predictions on samples outside the calibration set are likely to be less reliable.  
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Figure 1. Relation between predicted average daily gain (ADG) and measured ADG for samples in  
the calibration set of ADG(8). 
Rosebank:   steers grazing Mitchell grass downs 1999-00 
Ldn 1&2:    heifers grazing Urochloa/stylo pastures at Lansdown 1997-98 
Glen:           steers grazing native pasture at Glentulloch 1997-98 
Gal Plns:     steers grazing native pasture (NP) or NP/stylo at Galloway Plains 1999-00 
Wamb:       steers grazing native pasture at Wambiana 1998-99 
Ldn Wean:  weaner steers and heifers grazing sown grass/legume pastures at Lansdown 1998-00 
Ldn ylng:    yearling steers and heifers grazing sown grass/legume pastures at Lansdown 1998-00 
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Table 7. The relationship between predicted and measured growth rates within calibration  
set AGD(8) showing the percentage of predicted values within 100 g/d  or 200 g/d of measured growth 
rate. 

Site % within 100 g/d 
 

% within 200 g/d 

Lansdown A 73 95 
Lansdown B 56 82 
Lansdown C 43 73 
Glentulloch 50 89 
Galloway Plains 53 73 
Wambiana 56 85 
Rosebank 50 84 
Total 59 86 

 
 
Reliability of predictions. The process of calibration, validation and expansion carried out 
to date indicates that further expansion of the calibration set is needed if reliable predictions 
of growth rate are to be achieved. In the step-wise process used so far, predicted daily gains 
using the most up-to-date equation on batches of samples from new monitor herds have 
been poorly related to measured growth rate. Nevertheless, there has been a definite trend 
for the accuracy of the predictions on new samples to improve as the calibration set 
continues to expand in both number and diversity of samples (sites and years). On the down 
side, calibration statistics have deteriorated as the calibration set expanded (Tables 3 and 5).  
 
Considering the diversity of factors that influence growth rate (Table 1), many of which are 
unrelated to diet quality and/or have little or no direct influence on faecal composition, the 
chances of making consistently accurate predictions of growth rate by means of faecal NIRS 
may be considered overly optimistic. Apart from the non-nutritional factors affecting growth 
rate, there are also various nutritional factors that may have little or no effect on faecal 
composition per se, or on the NIR spectral characteristics of dried and ground faeces, or, 
more specifically, on those parts of the NIR spectra of importance to the current growth rate 
calibration equation. Of particular significance to this latter category would be (i) nutritional 
limitations to intake other than limitations due to protein or energy deficits (eg. mineral 
deficiencies and toxic or inhibitory compounds) and (ii) physical limitations to intake such as 
dry matter on offer and sward structure. Conversely, there may well be various compounds, 
hormonal or non-hormonal, that stimulate intake.  
 
Specific problem areas. Some of the non-nutritional factors became very apparent during 
the course of this work. The 1999-2000 season at Lansdown provided some insight into 
some such factors. There was a long dry season in 1999 from April to October. Substantial 
weight losses were recorded in growing cattle from the end of June to early November (50 
and 75 kg/hd in No. 8 and No.7 steers respectively). Good rain was received in November 
(117 mm), December (122 mm) and January (43 mm) and compensatory gains were evident. 
February and March were characterized by excessively wet conditions (680 mm in February 
and 260 mm in March) when cattle growth rates declined dramatically despite an abundance 
of green feed. When the excessively wet period ended there was a return to good growth 
rates and compensatory gains were again evident during April and May.  
 
Growth rates for the period November to May are presented in Fig. 3 for steers of three 
different age categories – No.9, No.8, and No.7 steers ( approximately 10, 22 and 34 months 
old in November 1999). The three age groups grazed as one mob and so had equal feed 
opportunities.  
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Fig.3 clearly illustrates problems of faecal NIRS predictions of growth rate in relation to: 
(i) compensatory gain following periods of nutritional stress 
(ii) limitations to weight gain caused by weather conditions 
(iii) the interaction of age/weight with (i) and (ii) above. 

   
When compensatory growth is marked it is clear that faecal NIRS predictions of growth rate 
are under-estimated, at least in older cattle. This was most pronounced in the early wet 
following severe weight losses during the dry season.  It occurred to a lesser extent following 
the period when weight gains were apparently limited by excessively wet conditions. 
Conversely, when growth rate is limited by non-nutritional stressors such as protracted 
inclement weather, growth rates tend to be over-estimated. It may be reasonably inferred, 
therefore, that faecal NIRS predictions of growth rate are influenced primarily by those faecal 
characteristics that are determined by diet quality.  
 
The magnitude of either over-estimation or under-estimation of growth rate by faecal NIRS 
was clearly influenced by age. There was minimal effect in the youngest group of steers 
where predicted and measured growth rates were similar throughout the entire period. 
Conversely, the effect was most pronounced in the oldest group of steers where the 
differences between predicted and measured growth rates were, on occasion, in orders of 
magnitude. The effect in the steers of intermediate age, while quite pronounced, was 
considerably less than in the oldest steers. 
 
This age effect was also apparent with respect to predicted weight losses during the dry 
season. Weaner steers (No.9) maintained weight during the late dry season in September 
and October and predicted ADG was in good agreement with measured ADG. Yearling 
steers (No.8) suffered moderate weight losses (eg. measured ADGs of –430 and –250 g/d 
for September 9 and October 8 samplings respectively) and predicted ADG under-estimated 
the rate of weight loss. The oldest steers (No.7) suffered weight losses of 600 g/d throughout 
September and October but predicted losses were less than 100 g/d. 
 
Effect of age on growth rate.  As cattle increase in age and weight and draw closer to 
mature size, growth rates decline. This is due not only to there being a limit to mature size 
but also to changes in the partitioning of energy into bone, muscle and fat as cattle mature. 
The effect of steer age on liveweight gain was again well illustrated in the Lansdown 
experiment where the steers of three age groups grazed as one mob. Liveweight change 
during the period of common grazing, September 1999 – June 2000, was 176, 168, and 135 
kg/hd for the young, intermediate and old steers respectively. This being so, can faecal NIRS 
prediction of growth rate cope with this phenomenon? The results presented in Table 8 
provide evidence that faecal NIRS predictions of growth rate do, in fact, differ between 
growing cattle of different ages. Not only do predicted growth rates differ but so do the 
predictions of diet quality (protein and digestibility). The differences in predicted diet quality 
would explain, at least in part, the differences in predicted growth rate. It is possible, 
however, that there may be some endogenous metabolite in the faeces that is influenced by 
either age or actual growth rate and that is influential in the growth rate equation. 
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Table 8. Predicted growth rate, dietary crude protein, and digestibility of steers of three different ages 
grazing as a single mob. No.9 – weaners;  No.8 – yearlings; No.7 – 2-year-olds. 
 Predicted ADG 

(g/d) 
 Predicted diet 

protein 
% 

 Predicted digestibility 
% 

Steer age No.9 No.
8 

No.
7 

 No.9 No.
8 

No.
7 

 No.9 No.8 No.7 

Date            
25-11-99 1536 131

2 
121
8 

 14.6 12.3 11.1  69 62 65 

22-12-99 934 797 797  9.8 9.0 9.0  62 60 59 
18-01-00 877 700 706  9.8 7.9 8.1  61 57 58 
03-03-00 708 586 479  8.0 6.5 6.0  55 52 49 
06-04-00 819 715 598  8.7 7.5 7.1  60 57 56 
04-05-00 967 814 728  9.3 8.4 8.2  61 58 57 
 
Cumulative liveweight change. Results indicate that, even within the calibration set, 
predicted ADG often differed quite markedly from the assigned reference value (measured 
ADG). It has been demonstrated that compensatory gain and non-nutritional stressors can 
contribute to these differences and that the magnitude of such differences can be influenced 
by age or maturity. It also needs to be recognized that the reference or measured growth 
rates may incorporate a substantial error component and that prediction errors are not the 
sole reason for differences between predicted and measured ADG. Measured growth rates 
are determined as the average daily change in liveweight between two weighings. Such a 
procedure represents a true measure of growth (either positive or negative) only if gut fill and 
body water remain constant as a proportion of total weight. Changes in gut fill from one 
weighing to the next are the main cause of error in measured growth rate and the error can 
be substantial. The shorter the interval between successive weighings the greater the 
potential for large errors in measured growth rate. This is because even small changes in gut 
fill can override changes in tissue weight. 
 
Because of the range of factors that can influence the difference between predicted and 
measured ADG at any point in time, an alternative test of the reliability of faecal NIRS 
predictions of growth rate would be to generate a liveweight gain curve over a given period 
and compare it with the comparable measured LWG curve. This process was adopted for the 
steers of different ages in the Lansdown experiment in 1999-2000 (Fig. 4). 
 
Fig. 4 illustrates some of the features already discussed, viz,  

(i) under-prediction of weight losses in older cattle during the late dry season  
(ii) under-prediction of liveweight gain early in the wet season when compensatory 

gains were being made (most apparent during December) 
(iii) over-prediction of liveweight gain during the excessively wet period in February 

and March  
(iv) under-prediction of liveweight gain following the excessively wet period when 

steers again made compensatory gains (most apparent in May) 
 
Despite the short term differences between predicted and measured gains, there was little 
difference between predicted and measured cumulative liveweight gain at the end of the trial 
in June 2000. The biggest difference occurred in the youngest steers even though predicted 
gains tracked closely to measured gains throughout the trial period except during the 
transition period between the dry and the wet in November. In the two older groups where 
short term differences in gain were substantial, the cumulative effect for the entire period was 
negligible. 
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Figure 4. Cumulative liveweight gain curves for weaner (No.9), yearling (No.8) 
and 2-year-old (No.7) steers grazing a Urochloa/stylo pasture at Lansdown, September 1999 to June 
2000. 
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CONCLUSIONS 
 
1. Faecal NIRS for predicting growth rate in grazing cattle has the potential to 
be a useful tool for both research and commercial purposes. 
  
2. The predictive reliability of the most recent equation (based on a calibration 
set of 629 samples sourced from 32 monitor herds at five different locations 
and spanning a 4-year period June 1997 to May 2001) is not considered to be 
adequate for widespread use and the calibration set needs to be expanded to 
incorporate samples from more localities, pasture types and years. 
 
3. Regardless of the magnitude of any future expansion of the calibration set, 
present indications are that there will always be situations where predicted 
growth rate will differ substantially from actual growth rate. Such situations 
would include (i) times of marked compensatory gain (e.g. early wet season 
gains following a long dry season) when predicted growth rate will under-
estimate actual growth rate, (ii) times when growth rate is limited by non-
nutritional stressors such as protracted, inclement weather when predicted 
growth rate will over-estimate actual growth rate, and (iii) situations where 
growth rate is limited by mineral deficiency, minor essential nutrients or toxic 
substances, when predicted growth rates will over-estimate actual growth rate. 
 
4. Although untested as yet, it would be reasonable to assume that faecal NIRS 
predictions of growth rate would be unable to differentiate between animals of 
different genetic potential for liveweight gain. 
 
5. When cattle of different ages (maturity) graze the same pasture, measured 
liveweight gains generally decrease with increasing maturity except when 
compensatory gains occur. At any given sampling occasion where cattle graze 
in common, faecal NIRS consistently predicts lower growth rates for the older 
cattle.  
 
6. With the current equation, animal age has a marked effect on differences 
between predicted and measured growth rate. Differences associated with 
compensatory gain, non-nutritional stressors, and periods of weight loss are 
much more pronounced in older, heavier cattle. There may be some potential 
to reduce large, age-related differences by developing separate calibration 
equations for different age categories but this would be impractical in the 
foreseeable future.  
 
7. Although untested as yet, predictive reliability may be improved by 
developing calibration equations specific to certain pasture types e.g buffel 
grass pastures, Mitchell/Flinders grass communities; native speargrass 
pastures; sown grass/legume pastures.  
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8. Work to date has been confined to growing cattle and no attempt has been 
made to predict weight change in breeding cows. 
  
 
RECOMMENDATIONS 
It is quite clear that faecal NIRS analysis for predicting growth rate requires further 
development to improve predictive reliability to the level where it can be beneficially applied 
as a management tool. One cannot conclude from the results to date whether the required 
predictive reliability will be achieved simply by increasing the number and diversity of 
samples in the calibration set or whether “local”1 equations offer a better alternative, at least 
in some situations, to a “universal”2 equation. The perceived requirement at present is to 
continue the validation and expansion procedure with samples from new monitor herds and 
to evaluate progress on a continuing basis. 
 
This requirement has, in fact, been accommodated in project NAP3.121 (Improving reliability 
of faecal NIRS calibration equations for predicting diet quality and productivity in cattle) and 
there are currently 18 monitor herds at 10 different locations across Queensland. In addition 
there are data on hand from other monitor herds still to be processed. 
 
SUCCESS IN ACHIEVING OBJECTIVES 
 
The objective of developing faecal NIRS calibration equations for predicting growth rate in 
grazing cattle and of assessing the predictive reliability of such equations has been achieved. 
The contractual agreement with MLA was actually based on the processing and analysis of 
samples from the equivalent of 10 monitor herds in each of 2 years, i.e. 20 herd years. The 
data included in this report was derived from a total of 32 herd-years.  
 
INTELLECTUAL PROPERTY 
The intellectual property arising out of NAP3.116 is represented in (i) the calibration 
equations for predicting growth rate, (ii) the faecal NIR spectra files and matching reference 
values (measured growth rates) and (iii) the calibration set of faecal samples being held in 
storage. The calibration equations are not static and will be subject to continued expansion 
and refinement.  Equations can only be transferred to other users if the NIRS instruments are 
cross-standardised. Other users could generate their own calibration equations if they had 
access to both the faecal samples for scanning on their own instruments and the relevant 
reference values for relating to the spectra. In other words, the intellectual property can only 
be shared, transferred or sold by agreement between relevant parties and by following a 
protocol of agreed procedures. 
 
TECHNOLOGY TRANSFER 
 
There is already widespread awareness amongst beef producers, extension officers, 
research personnel, consultants and agribusiness of faecal NIRS technology in general and 
of faecal NIRS predictions of growth rate as part of that technology. However, that 
awareness would not, at present, include a proper understanding of the current limitations 
with respect to predictive reliability and specific areas of difficulty. The widespread 
distribution of this report, or part thereof, will improve that understanding. 
 
 
1 local equation:  equation specific to a defined situation such as a region or pasture type 
2 universal equation: equation for broad application; no restriction on the origin of the sample to be 
tested 
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FUNDING 
 
MLA provided funding support of $25,000 to NAP3.116. The CSIRO contribution to 
the project was estimated to be in the order of  $100,000.  
 
 IMPACT 
 
At the present time, the technology is not sufficiently developed to actively promote the use 
and benefits of this aspect of faecal NIRS technology so it is premature to make an 
assessment of impact.  
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