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Abstract

In the present study we address the development of a rapid technique –NIRS– for the evaluation of organically produced feedstuffs in Trenthorst (Germany). The exclusive use of organically produced animal feedstuffs is fixed in the EU-VO 2092/91 for the year 2011. The differences of the contents of crude nutrients between the data of conventionally and organically analysed feedstuffs, as well as the possible differences of the contents from year to year, point out that a satisfying calculation of feed rations needs an exact knowledge of the chemical constituents of the feed components used. Therefore, well-defined material from field trials of the experimental station of the Institute of Organic Farming in Trenthorst of the years 2002-2005 was used for the determination of the contents of crude nutrients and energy in different grain legumes and cereals. All samples were analysed by classical chemical methods and also scanned by NIRS. Predictions of crude protein, crude ash, ether extract, starch, sugar and energy contents for pigs and dairy cattle showed satisfactory accuracy. The correlation coefficients for crude protein, ether extract and starch were 0.98, respectively. Standard error of prediction was below 0.1 MJ ME (pig) kg-1  DM and below 0.08 MJ NEL kg-1 DM. The prediction accuracy for crude fiber, fiber fractions and AMEN was poor. The prediction accuracy should be improved during further growing seasons.

Introduction 

The exclusive use of organically produced animal feedstuffs is fixed in the EU-VO 2092/91 for the year 2011. But special approvals exist for the use of conventional feed components up to 2011. Nevertheless, all possibilities and resources should be used to evaluate feedstuffs for optimised feed rations to meet the recommendations of the German Society of Nutrition Physiology (GfE, 1999, 2001, 2006). The differences in the contents of crude nutrients from year to year, as well as the local differences of the contents, point out that a satisfying calculation of feed rations needs an exact knowledge of the contents of the feed compounds used. 

Feed evaluation requires comprehensive and expensive analytical work. A strong demand for a fast and easy method to determine of the main ingredients exists. Therefore the potential of NIRS should be tested for predicting the chemical composition of organically grown grain legumes and cereals and also for predicting the energy values for dairy cattle, pig and poultry. In order to obtain robust NIRS calibrations, a large and variable set of samples is required with chemical composition determined by standardised methodologies. 

The present study addresses the development of calibration equations to predict the chemical constituents and energy values of organically grown feedstuffs at the experimental station of the Institute of Organic Farming in Trenthorst. 

Materials and methods

Over the past years (2002 to 2005), mixed cropping field trials with different grain legumes (blue and white lupines, peas, field beans) and cereals (barley, wheat, oat) were  conducted at the experimental station of the Institute of Organic Farming in Trenthorst. In addition plot trials were carried out to test the cultivation ability of blue lupins. Samples from these trials were used for the investigations. At first samples were dried, purified and ground to 1mm. Afterwards the samples were analysed both by chemical analysis and by NIR-spectroscopy. 

The chemical constituents of the feedstuffs were determined according to the methods of VDLUFA (1993). The energy values were calculated according to the formulas developed by the German Society of Nutrition Physiology as net-energy for lactation (NEL) for dairy cattle (GfE, 2001), as metabolizable energy for pigs (ME) (GfE, 2006) and as nitrogen-corrected apparent metabolizable energy (AMEN) for poultry (GfE, 1999) using the data from chemical analysis.

NIRS analysis was carried out on the ground samples using the Fourier-Transform NIR spectrometer (NIRLab N-200, Fa. Büchi, Essen) in the spectral range from 1000 to 2500 nm with a step of 1 nm. Each sample was scanned three times and the spectra were averaged. Spectral data were exported to the NIRCal software (Fa. Büchi, Essen) and different mathematical pretreatments (derivation, smoothing) were performed. Calibration equations for crude nutrients and energy contents were calculated by partial least square regression (PLS) on about two-thirds of the samples (n=286). The calibration equations were than validated on the remaining 125 samples. Calibration equations were evaluated in terms of standard error of calibration (SEE) and coefficient of determination (rcal), validation equations were evaluated in terms of standard error of prediction (SEP) and coefficient of determination (rval). 
Results and discussion

The statistics of NIRS calibration for chemical characteristics are listed in Table 1. The data set was split to predict the protein contents in a set containing the protein feedstuffs and another containing the cereals. The prediction accuracy for crude protein was satisfactory for both data sets, with SEP of 0.71 and 1.08 %, respectively. The coefficients of prediction were just as good for ether extract and crude ash. The strong absorption of fat in the NIR region is well known (Shenk et al., 1992). Therefore SEE and SEP for ether extract were low (0.32 and 0.34 %, respectively). Although the coefficient of determination for NIRS prediction of crude fiber was satisfactory, the SEE and SEP were high and the prediction accuracy was poor. The NDF and ADF prediction accuracy was fairly low, the SEE and SEP values were too high. To predict the starch content, the data set was split in the range of 30 %. NIRS prediction of starch showed high coefficients of determination in both data sets. The prediction accuracy of starch (SEP = 1.33 and 1.38 %, respectively) was very good and is comparable to results from Xiccato et al. (2003) with SEP of 1.6 %. The sugar calibration was satisfactory with a SEP of 0.74 %. 

NIRS prediction of ME concentration showed satisfactory results, the SEE and SEP were low (0.09 and 0.1, respectively). NEL concentration in feedstuffs was very well predicted (SEE = 0.08, SEP = 0.08 MJ kg-1 DM). Simply the prediction accuracy for AMEN was poor. The SEE and SEP were high with 0.69 and 0.65 MJ kg-1 DM, respectively. Similarly poor results for AMEN prediction were reported by Valdes and Lesson (1992) with SEE of 0.4 MJ kg-1 DM. An explanation for the different prediction accuracy among the energy values could not currently be found. Amazingly, the prediction of energy values containing nutritive values (ME and NEL) were successful in contrast to AMEN even though the prediction is more complex because animal response to feeding is involved.
Tab. 1: Standard errors of calibration (SEE ) and validation (SEP) and coefficients of determination in calibration (rcal)  and validation (rval) obtained by PLS to predict the chemical composition and energy contents in organically grown feedstuffs 
	Crude nutrients  (% DM) and energy contents
	Range  (%)
	Calibration

 SEE
	rcal
	Validation

SEP
	rval

	Crude protein (low)
	5.6-19.1
	0.68
	0.98
	0.71
	0.98

	Crude protein (high)
	19.4-46.7
	1.09
	0.98
	1.08
	0.98

	Ether extract
	1.4-13.7
	0.32
	0.99
	0.34
	0.99

	Crude ash
	1.7-10.8
	0.47
	0.94
	0.50
	0.94

	Crude fiber
	2.5-39.7
	1.93
	0.97
	1.93
	0.96

	NDF
	12.9-70.5
	3.14
	0.98
	3.33
	0.98

	ADF
	3.5-50.6
	2.61
	0.96
	2.60
	0.96

	Starch (high)
	29.5-70.3
	1.18
	0.99
	1.33
	0.98

	Starch (low)
	3.7-27.6
	1.40
	0.96
	1.38
	0.96

	Sugar
	1.8-15.2
	0.68
	0.96
	0.74
	0.95

	ME (MJ kg-1 DM)
	15.26- 16.55
	0.09
	0.93
	0.10
	0.90

	NEL (MJ kg-1 DM)
	8.16-9.66
	0.08
	0.95
	0.08
	0.95

	AMEN (MJ kg-1 DM)
	8.86-15.27
	0.69
	0.92
	0.65
	0.92


ADF = acid detergent fiber, NDF= neutral detergent fiber

Conclusions 
NIRS showed good reliability in the prediction of most chemical constituents and energy values of organically grown grain legumes and cereals in Trenthorst. This was particularly true for crude protein and ether extract, whereas the prediction of fiber and fiber fractions was less satisfying, partly due to the low reproducibility of the reference methods. NIRS analyses permitted the prediction of the energy concentrations of organically grown feedstuffs for pigs and dairy cattle. The prediction accuracy, especially for the fiber fractions and AMEN, should be improved during further seasons. Further studies are necessary to validate the obtained calibration equations with independent samples from other locations.
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