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Abstract 
The analytical potential of Near-Infrared Spectroscopy (NIRS) for predicting the chemical composi-
tion and the amino acid contents of grain legumes was evaluated. Pea and bean samples from field 
trials of different organically-managed experimental locations in Germany were analysed with ref-
erence methods. The reference data were used for developing calibration equations for the main 
ingredients and for the estimation of the amino acids. The calibration equations were validated on 
a remaining sample set. The statistics of NIRS calibrations showed that the predictions were suc-
cessful or satisfactory for all main ingredients. The predictions of the essential amino acids were 
successful and respectively, for cystine in beans satisfactory as well. The obtained results indicated 
that the NIRS could be successfully used for the prediction of the main ingredients and amino acids 
in field beans and peas and therefore to evaluate the feed quality quickly and easy. The exact calcu-
lation of feed rations seems to be possible if the samples are analysed by NIRS directly after har-
vesting. 
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Introduction 
The quality evaluation of organic feeds, especially the quick and easy determination of the main 
ingredients and the amino acid pattern in locally grown legumes, is very important to fulfil the re-
quirements regarding the protein and amino acid supply of organically fed animals, especially mo-
nogastric animals. The analytical data of organic feeds, as compared with conventional table values, 
shows a clear deviation of protein and amino acids between conventional and organic feeds. The 
standard tabular values (DLG 1991) are not sufficient for the calculation of the feed rations in or-
ganic monogastric nutrition. Therefore the ability of NIRS to predict the chemical composition and 
the amino acids of organically grown legumes was tested. 

Material and methodology  
Pea and bean samples from field trials of different organically managed experimental locations in 
Germany, collected over two years, were used for the investigations. The main ingredients of the 
beans were determined according to VDLUFA methods (VDLUFA 1997) and amino acids by 
HPLC (EG 1998, Cohen and Michaud 2004). NIRS analysis was carried out with the ground sam-
ples using the Fourier-Transform NIR spectrometer (NIRLab N-200, Fa. Büchi, Essen) in the spec-
tral range from 1000 to 2500 nm. Spectral data were exported to the NIRCal chemometric software 
(Fa. Büchi, Essen) and different mathematical pre-treatments were performed. Calibration equations 
for crude nutrients and each amino acid were developed by partial least square regression (PLS) on 
about two-thirds of the pea or bean samples using the results from the analytical reference methods. 
The calibration equations were than validated on the remaining sample sets (1/3 of pea or bean 
samples). The performance of the calibrations was evaluated in terms of standard error of prediction 
and coefficient of determination. 
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Results 
The statistical summary of the best calibration and prediction for the main ingredients in peas and 
beans is shown in Table 1.  

Table 1.  NIRS calibration statistics for prediction of main ingredients in field peas and 
beans 

 Field Peas (n=350) Field Beans (n=233) 
 content of ingredient 

(g/kg DM) 
NIRS perfor-
mance data 

content of ingredient 
(g/kg DM) 

NIRS performance data 

Ingredient mean min max RK  SEP  mean min max RK  SEP  
crude 
protein 

229 180 267 0.96 3.7 292 247 355 0.98 4.8 

crude fat 20.3 16.6 27.8 0.86 0.83 18.3 14.1 25.7 0.86 0.96 
crude fiber 69.0 50.3 87.9 0.89 3.3 95.0 79.8 117 0.78 3.9 
crude ash 30.9 23.4 36.7 0.94 0.90 38.1 24.3 52.9 0.86 2.1 
starch 522 474 553 0.92 5.9 434 360 530 0.91 7.6 
sugar 74.2 62.5 86.5 0.93 1.8 53.4 44.4 69.1 0.88 2.1 
DM: dry matter 
RK: regression coefficient of calibration, SEP: standard error of prediction 
 

The statistics of NIRS calibrations for the main ingredients in peas showed that the predictions were 
successful for protein, minerals, starch and sugar. The prediction accuracy for fat and fiber was sat-
isfactory. For field beans the predictions were successful for protein and starch and satisfactory for 
fat, fiber, minerals and sugar.  
The statistical summary of the best calibration and prediction for the amino acids in peas and beans 
is shown in Table 2.  

Table 2. NIRS calibration statistics for prediction of amino acids in field peas and beans 
 Field Peas (n=350) Field Beans (n=233) 
 content of amino acids (g/kg 

DM) 
NIRS perfor-
mance data 

content of amino acids (g/kg 
DM) 

NIRS performance 
data 

amino acids  mean min max RK  SEP  mean min max RK  SEP  
lysine  17.2 14.6 19.6 0.95 0.32 19.4 15.9 25.0 0.93 0.61 
methionine  2.25 1.85 2.67 0.93 0.065 2.15 1.74 2.44 0.90 0.049 
cystine  3.02 2.06 3.78 0.85 0.17 3.40 2.03 4.1 0.94 0.11 
threonine  8.75 7.10 9.84 0.96 0.14 10.4 9.08 11.9 0.96 0.15 
arginine  18.8 12.3 24.1 0.96 0.55 26.9 20.2 34.9 0.98 0.67 
histidine  5.58 4.12 6.47 0.97 0.10 7.33 6.38 8.63 0.98 0.11 
isoleucine 10.1 7.76 11.7 0.97 0.16 12.3 10.3 14.9 0.97 0.23 
leucine  16.6 12.5 19.4 0.98 0.25 21.2 17.5 25.8 0.97 0.37 
phenylalanine  11.2 8.72 13.2 0.97 0.17 12.3 10.9 15.4 0.97 0.20 
valine  11.5 8.95 13.0 0.97 0.17 13.7 11.8 16.2 0.97 0.19 
DM: dry matter 
RK: regression coefficient of calibration, SEP: standard error of prediction 
 
The predictions of the essential amino acids in peas and beans were successful. The prediction ac-
curacy for the sulphur-containing amino acid cystine is satisfactory and should be improved in fur-
ther investigations. 

Discussion 
The deviations in the contents of the main ingredients, described in previous investigations (e.g., 
Böhm et al. 2007), were confirmed in our study.  
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The obtained results indicated that the NIRS could be successfully used for the prediction of the 
main ingredients and amino acids in field peas and bean, and therefore to evaluate the feed quality 
quickly and easilyy. The exact calculation of feed rations seems to be possible if the samples are 
analysed directly after harvesting by NIRS. 

Acknowledgement 
The project was financed by the Federal Office for Agriculture and Food within the Federal Pro-
gram for Organic and Sustainable Farming (BÖLN, FöKz 06OE110).  

References  
Böhm H., Aulrich K., Berk A. (2007): Rohprotein- und Aminosäurengehalte in Körnerleguminosen 

und Getreide. In: Zikeli S., Claupein W., Dabbert S. (Hrsg.) Zwischen Tradition und Globalisie-
rung : Bd. 2. Berlin, Köster, S. 569-572. 

Cohen S.A., Michaud D.P. (1993): Synthesis of A Fluorescent Derivatizing Reagent, 6-
Aminoquinolyl-N-Hydroxy-succinimidyl Carbamate, and Its Application for the Analysis of 
Hydrolysate Amino-Acids Via High-Performance Liquid-Chromatography. Analytical Bioche-
mistry 211: 279-287. 

DLG (1991): DLG-Futterwerttabellen – Schweine. DLG-Verlag, Frankfurt am Main.  
EG (1998): Richtlinie 98/64/EG: Zur Festlegung gemeinschaftlicher Analysemethoden für die Be-

stimmung von Aminosäuren, Rohfetten und Olaquindox in Futtermitteln und zur Änderung der 
Richtlinie 71/393/EWG, Amtsblatt der Europäischen Gemeinschaften L 257/14. 

VDLUFA (1997): Methodenbuch Band III: Die chemische Untersuchung von Futtermitteln. 4. Er-
gänzungslieferung. VDLUFA-Verlag, Darmstadt. 

 
  



21,42LBF_SH_362_U4 LBF_SH_362_U1

Landbauforschung
vTI Agriculture and
Forestry Research

Sonderheft 362
Special Issue

Preis / Price 18 €

Sonderheft 362   
Special Issue

Tackling the Future Challenges
of Organic Animal Husbandry
2nd Organic Animal Husbandry Conference
Hamburg, Trenthorst, 12-14 September, 2012

Gerold Rahmann and Denise Godinho (Eds.)



LBF_SH 362_U2 LBF_SH 362_U3

Bibliographic information published by 
the  German National Library
The German National Library lists this 
publication in the German National 
Bibliography; detailed bibliographic data 
are available in the internet at 
http://www.d-nb.de/

Bibliografische Information 
der Deutschen Bibliothek 

Die Deutsche Bibliothek verzeichnet diese 
Publikation in der Deutschen Nationalbiblio-
grafie; detaillierte bibliografische Daten sind 
im Internet über http:// www.d-nb.de/ 
abrufbar.

2012

Landbauforschung
vTI Agriculture and
Forestry Research

Johann Heinrich von Thünen-Institut
Federal Research Institute for Rural Areas,
Forestry and Fisheries,
Johann Heinrich von Thünen-Institut 
Bundesforschungsinstitut für 
Ländliche Räume, Wald und Fischerei (vTI)
Bundesallee 50, D-38116 Braunschweig, 
Germany

Responsibility for the content rests 
exclusively with the authors.
Die Verantwortung für die Inhalte liegt 
bei den jeweiligen Verfassern bzw. 
Verfasserinnen.

landbauforschung@vti.bund.de
www.vti.bund.de

21,42

Preis / Price 18 €

ISSN 0376-0723
ISBN 978-3-86576-094-4


