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Abstract

Different lupin species (blue lupins, L. angustifolius;
yellow lupins, L. luteus; white lupins, L. albus) were
analyzed for the protein content in the growing seasons
2010 and 2012. As a reference method for the determi-
nation of the protein content, the Kjeldahl method was
used. Based on these data a high-throughput screening
method for whole lupin seeds was developed using
NIRS analyses on a Bruker Multi Purpose Analyzer.
The best calibration, cross validation, and prediction
of independent samples was observed for whole seeds
of blue lupins (RMSECV=0.924, R*=0.82) followed by
yellow (RMSECV=1.05, R*=0.67) and white lupin seeds
(RMSECV=1.08, R*=0.65).
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Introduction

The high protein content in lupin seeds is important for
animal feed as well as for human nutrition. Yellow and
white lupins have a higher protein content than blue lupins,
but still need to be improved with respect to agronomic
performance (WEHLING et al. 2012). For all lupin species
a high protein content is an important breeding goal. Up to
now NIRS methods using ground whole meal (JANSEN et
al. 2006, BERK et al. 2008) and whole seeds are described
(JANSEN et al. 2006, JANSEN and KUHLMANN 2007).
To be able to screen efficiently for the protein content within
lupin breeding programmes, NIRS methods facilitating a
precise determination of the protein content in different
lupin species have to be developed.

Material and methods

Plant material

Seeds of two varieties (‘Boruta’ and ‘Haags Blaue”) and six
breeding lines of blue lupin grown at the location Bocksee in
four replications, sixteen breeding lines grown in Steinach
in two replications and eight breeding lines grown in Grof3
Liisewitz in two replications were analysed in 2010. Seeds
of twelve varieties (‘Taper’, ‘Borena’, ‘Boresa’, ‘Borsaja’,
‘Juno’, ‘Pootallong’, ‘Popiel’, ‘Parys’, “Wasch’, ‘Bosch’,
‘Amulett’ and ‘Piast’) and four breeding lines of yellow

lupin grown in three locations (Grof3 Liisewitz, Steinach
and Triesdorf) in three replications were analyzed in 2012.
The seeds of blue and yellow lupins were provided by
Saatzucht Steinach.

Seeds of two varieties (‘Amiga’ and ‘Feodora’) and fifteen
breeding lines of white lupin grown at three locations (Grof3
Liisewitz, Steinach and Triesdorf) in three replications were
analyzed in 2012. Seeds of white lupins were provided by
Landwirtschaftliche Lehranstalten, Pflanzenbau und Ver-
suchswesen Triesdorf.

Methods

The chemical determination of raw protein content was con-
ducted using the Kjeldahl method (KJELDAHL 1883). For
the development of a high-throughput screening method for
the determination of the protein content in different lupin spe-
cies, a NIRS method was used. Seed samples were scanned
in duplicate with a Bruker-Fourier-Transform-Spectrometer
Multi Purpose Analyzer (MPA, Bruker Optik GmbH, Ettlin-
gen, Germany) equipped with the OPUS software package
(Version 6.5). Absorption spectra were recorded between
800 and 2500 nm, using 32 scans per sample. To develop
calibration models, the OPUS Quant multivariate calibration
software of Bruker Optik incorporating Partial Least Squares
(PLS) regressions was used to develop calibration models.

Results and discussion

The mean value and the variation in the protein content
of different lupin species is described by JANSEN and
BALKO (2012). In the present study yellow lupins had the
highest seed protein content followed by white lupins and
blue lupins. The variation and mean values of the investiga-
ted lupin seeds using the Kjeldahl-method is shown in Table
1. Assuming moisture content of the seeds of approximately
10% the values are similar to those already reported. The
protein content of the investigated blue, white and yellow
lupin seeds varied between 27 and 40% (mean: 33%), 32
and 43% (mean: 39%) and 38 and 48% (mean: 43%), res-
pectively, in whole dry seeds.

Table 1: Protein content (% in DM) of different lupin species

Species n Mean Variation
L. angustifolius 79 33 27-40
L. albus 147 39 32-43
L. luteus 144 43 38-48
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Table 2: Results of calibration and validation data of protein prognosis on different whole lupin seeds

Species Parameter Calibration Validation Test-Set-Validation
L. angustifolius R? 0.93 0.82 0.76
RPD 3.86 2.36 2.08
Error RMSEE 0.585 RMSECV 0.924 RMSEP 1.14
L. luteus R? 0.70 0.67 0.63
RPD 1.83 1.73 1.65
Error RMSEE 1.01 RMSECV 1.05 RMSEP 1.13
L. albus R? 0.76 0.65 0.57
RPD 2.04 1.68 1.52
Error RMSEE 0.908 RMSECV 1.08 RMSEP 1.15

R?, coefficient of determination; RMSEE, root mean square error of calibration; RMSECYV, root mean square error of cross validation; RMSEP, root
mean square error of prediction; RPD, ratio of sample standard deviation to standard error of prediction

An effective NIRS-method for determining the protein con-
tent in L. angustifolius with high precision was described
by JANSEN and KUHLMANN (2007) using single seeds
as a matrix (transmission measurements, Infratec® 1255,
Fa. Foss). Another method was presented by JANSEN et
al. (2006) using whole meal and whole seeds (reflection
measurements, NIRS™ 5000, Fa. Foss). Reflection mea-
surements on whole seeds were also applied in this paper.
Data concerning quality of the calibration and validation
experiments are presented in Table 2.

Best results were obtained for the prediction of the pro-
tein content in whole seeds of blue lupins, which RM-
SECV=0.924 and R*=0.82. The use of NIRS-methods for
the determination of protein content is well known in other
species. An overview about applications in e.g. wheat quality
control (breeding, production, trade, milling) is given by
POJIC et al. (2012). NIRS methods have been accepted as
standard methods by the ISA, AACC, AOAC and ICC. A
calibration for predicting protein in single kernel of barley
(Validation R*=0.84) was reported by FOX et al. (2011).
MIKA et al. (2003) described the prediction of the protein
content in whole rape seed (Validation R*=0.83, VDLUFA
network).

In experiments to predict the digestible protein of lupin
kernel meal GLENNCROSS et al. (2008) determined a
RMSECV=2.7% and R*=0.47. In comparison to these
experiments it may be concluded that the NIRS calibration
developed in this study can be efficiently used for screening
the protein content in lupin breeding programs.
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