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Abstract 
Canola production in Australia has increased dramatically leading to an increase in canola meal. Limits 

have been placed on the intake of canola meal as an animal feed due to its high levels of anti-nutritional 
components. Sinapine, one such component, is the major phenolic compound found in canola meal. Previous 
studies have suggested that sinapine concentrations may be lowered through a breeding program. Analysis 
HPLC analysis was performed on selected canola meal samples to determine the range of sinapine 
concentrations in Australian canola. A NIR calibration was developed from these samples to allow non-
destructive screening of breeding program lines. The calibration has a range of 5.2-9.6 g/kg with a standard 
error of prediction of 1.2. From this initial calibration breeding trial samples have been selected to extend the 
calibration limits and improve its accuracy.  
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Introduction 
Canola production in Australia has increased 

dramatically over the last decade with a subsequent 
increase in the production of canola meal. Oil free 
meal contains approximately 38�40% protein 
making it a desirable animal feed. However, due to 
anti-nutritional components in the meal, limits have 
been placed on the recommended intake levels for 
various livestock and poultry. Sinapine is one such 
anti-nutritional component which will affect the 
palatability of the meal due to its bitter and 
astringent taste. In addition, consumption of canola 
meal with sinapine levels greater than 0.1% by 
brown egg laying hens may result in the eggs having 
a fishy odour and taste (Goh et al. 1979). Sinapine 
concentrations need to be reduced in order to 
eliminate these problems and make the use of canola 
meal more attractive to the feed industry.  

Sinapine, a choline ester of sinapic acid, is the 
major phenolic compound found in canola. It 
presently constitutes 1�4% of the oil free meal (Blair 
and Reichert 1984). Ideally sinapine concentrations 
below 0.1% are desirable making current levels up to 
40 times higher than recommended. Physically 
removing sinapine from meal is an expensive process 
and therefore not commercially viable (Pokorny and 
Reblova 1995). Previous studies have shown that 
environmental conditions and the cultivar have an 
influence on sinapine concentrations (Bouchereau et 
al. 1991) suggesting that levels may be decreased 
through a plant breeding program. 

Near infrared spectrophotometery (NIR) is a 
non-destructive, fast and accurate method for 
determining the concentration of components in 
whole seed with little or no sample preparation. 
Existing breeding programs scan thousands of 
canola samples every year by NIR to determine the 
quality of the seed. An NIR calibration once 
established for sinapine would provide additional 
information to the breeders to allow for selection of 
low sinapine types. 

Materials and methods 

Seed samples 
A total of 137 Brassica napus samples representing 

13 cultivars, three years, two sites from each year and 
where possible two replicates were selected for NIR 
calibration. These samples were chosen to reflect the 
range of sinapine concentrations in commercial 
cultivars and current breeding program lines under 
different growing conditions.  

Sample preparation 
All samples were analysed for sinapine using the 

method as described in Mailer et al. (1993). 
Canola seed (5 g) was ground using a Knifetec® 

grinder and the oil removed by Goldfische extraction 
with petroleum ether (40�60°C) over 16 hours. The 
oil free meal was dried at 37°C then stored at room 
temperature prior to use. The meal (0.04 g) was 
accurately weighed and extracted by shaking on an 
end-over-end shaker with 1 mL of 70% methanol 
for 1 hour. The sample was centrifuged (13,000 rpm) 
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for 5 minutes and the solution filtered through a 
nylon syringe filter. 

High performance liquid chromatography analysis 
The extract was analysed on a Waters HPLC 

system consisting of two 515 pumps, a 717 
autosampler, column heater and UV detector 
controlled by Empower software. A reverse phase 
Vydac C18 protein and peptide column was used 
with solvent A-water with 0.1% trifluoroacetic acid 
(TFA) and solvent B-acetonitrile with 0.1% TFA was 
used. A program starting with 100% solvent A for 
five minutes and then using a linear gradient from 
100% solvent A to 62.5% solvent A over 50 minutes 
was used. A wavelength of 330 nm was used as this 
provided the best detector response. 

Standard preparation 
 Sinapine was extracted from white mustard as 

sinapine bisulphate as described by Cladinin (1961).  
The melting point was found to be 184°C�188°C 

which corresponds well with the reported values of 
187�188°C by Clandinin (1961). An external 
calibration curve of 200�1000 mg/L was used to 
quantify the sinapine content of the sample extracts.  

Calibration of NIR spectrophotometer 
The whole seed samples were scanned into a 

FOSS NIR Systems 6500 Near Infrared 
Spectrophotmeter (NIR) with spinning cup module 
and WINISI software. The instrument was used in 
reflectance mode at 400�2500 nm.  

 
Table 45: Brassica napus samples used in the NIR calibration for sinapine 

 1994 1995 1999 
Variety Wagga Horsham Bool Lagoon Horsham Kybybrolite Horsham 
Barossa 2 1 2 2 2 2 
Dunkeld 2 1 2 2 1 1 
Eureka 2 1 2 0 2 2 
Maluka 2 1 2 2 2 2 
Midas 2 1 2 2 1 2 
Oscar 2 1 2 1 2 2 
Rainbow 2 1 2 2 2 2 
Shiralee 2 1 2 2 2 2 
Wesbell 2 1 2 2 2 2 
Wesbrook 2 1 2 2 2 2 
Wesreo 2 1 2 2 2 2 
Wesway 2 1 2 2 2 2 
Yickadee 2 1 2 2 2 2 

 

Results 

Reference method 
The concentration range of sinapine by reference 

method was 9.1�15.5 g/kg in meal with an average 
of 12.0 g/kg. This range equates to 5.2�9.6 g/kg in 
whole seed with an average of 7.2 g/kg. A meal 
sample with an average sinapine concentration of 
12.8 g/kg was independently prepared and analysed 
six times and the standard lab error of 0.5g/kg 
calculated. This is similar to reported values of 0.8 
g/kg (Velasco et al. 1998).  

NIR calibration 
An NIR calibration was developed from the 

using modified partial least squares regression from 
the second derivative of the log 1/R of the spectra.  

The calibration was used to predict the sinapine 
concentration of an independent validation set of 30 
Brassica napus samples. The samples were selected to 
represent the range of sinapine concentrations found 
in the calibration.  

 

 Table 46: NIR calibration and cross validation statistics 
for analysis of sinapine content using a calibration set of 

137 samples  

Range (g/kg) SEC R2 SECV
5.2�9.6 0.45 0.79 0.50 

SEC= Standard error of calibration 
SECV= Standard error of cross validation 

 

Table 47: Prediction statistics for an independent 
validation set of 30 Brassica napus samples.  

Range (g/kg) R2 SEP
6.3�9.9 0.52 1.20

SEP= Standard error of prediction 
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Improvement of Calibration 
The calibration was used to evaluate the current 

concentrations of sinapine in the S2, S3 and S4 
breeding program lines for the 2001 and 2002 
seasons. Using the NIR predictions, samples were 
selected to extend the range and variability 
represented in the calibration. Brassica juncea samples 
from several sites across Australia have been selected 
with the intention of improving the calibration. 

Conclusion 
Sinapine is an anti-nutritional component 

affecting the quality of canola meal. Current sinapine 
levels are up to 40 times higher than recommended 
with previous studies indicating concentrations may 
be decreased through breeding programs. A NIR 
calibration has been developed to provide a non 
destructive method for quantifying sinapine 
concentrations in canola. This calibration was used 
to predict the sinapine levels of the 2001 and 2002 
S2, S3 and S4 breeding program samples. From this 
samples have been selected to improve the range and 
accuracy of the calibration. The improvement of this 
calibration will allow rapid and accurate screening of 
breeding lines leading to the selection of low 
sinapine varieties. 
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