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Abstract Using partial least square regression, calibration
for non-destructive estimation of erucic acid and glucosi-
nolate contents in seeds of rapeseed-mustard by Fourier
transform near infrared reflectance spectroscopy (FT-NIRS)
was developed. The calibration developed showed a very
close relationship between the reference method for erucic
acid (gas chromatography) and glucosinolate content
(palladium complex formation) and NIR spectral data from
7502.1 to 5444.6 cm.

−1 The coefficients of determinations
were 97.16% and 98.34% for erucic acid and glucosinolate
contents, respectively.
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Rapeseed-mustard

Rapeseed-mustard is an important source of edible oil in
Indian diet especially in Eastern and North-Western India.
The major fatty acids of rapeseed-mustard oil are oleic,
linoleic, linolenic, eicosenoic and erucic acid. Erucic acid in
oil of Indian rapeseed-mustard varieties is quite high
(Chauhan et al. 2007). High amount of erucic acid in
edible oils has been reported to impair myocardial
conductance, causes lipidosis in children and increases
blood cholestrol (Gopalan et al. 1974; Renard and
McGregor 1976; Ackman et al. 1977). Rapeseed-mustard
cultivars grown in India also have high level of glucosino-
late content (Chauhan et al. 2007). Glucosinolates, a group
of plant thioglucosides, found principally among members

of family Brassicaceae are responsible for the characteristic
pungency of rapeseed-mustard oil. The glucosinolates are
broken down by the enzyme thioglucoside glucohydrolase
commonly known as myrosinase to yield sulphate, glucose
and other aglucon products. Cleavage products from
hydrolysis are detrimental to animal health as they reduce
the feed palatability and affect the iodine uptake by the
thyroid glands thus reducing feed efficiency and weight
gains (Bille et al. 1983; Fenwick et al. 1983; Bell 1984)
especially in non-ruminants such as pigs and poultry.

Because of the adverse effects of high erucic acid in oil
(35.7–51.4%) and glucosinolates in seed meal (49.9–
120.3 μmole/g defatted seed meal) of Indian rapeseed-
mustard varieties (Chauhan et al. 2007), rapeseed-mustard
varietal improvement programme in India aims at reducing
erucic acid level up to 2% and glucosinolate content up to
30 μmoles/g defatted seed meal. Internationally accepted
norms necessitate screening of a large number of samples
with limited seed availability especially in early segregating
generations. Erucic acid in oil is currently being analysed in
most of the breeding programmes in the country by gas-
liquid chromatography, an expensive, time consuming and
destructive method. Glucosinolate content can be accurately
estimated by chromatographic as well as colorimetric
methods. But these methods are cumbersome, time con-
suming, expensive and destructive in nature and hence are
not suitable for screening a large number of breeding
materials with limited seed quantity in early segregating
generations. Palladium complex method (Kumar et al.
2004) based on the formation of a complex between
hydrolytic products of glucosinolates and sodium tetra-
chloro palladate (II) has been extensively used at the
DRMR, Bharatpur and several other research centres in the
country. Although this method is rapid as compared to
colorimetric methods but is destructive in nature. Further-
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more, inadequacy of the selfed seeds (seeds produced by
covering part of flowering raceme with cloth bag to avoid
out crossing to maintain purity of seeds) especially from
single plants in F2 generation limits the effectiveness of
these methods. Therefore, rapid and non-destructive method
for mass screening with small quantity of seeds is needed to
facilitate and accelerate the pace of rapeseed-mustard quality
breeding programme.

Near infrared reflectance spectroscopy (NIRS) provides
a rapid, non-destructive, and simultaneous analysis of fatty
acids and glucosinolates of Brassica intact seeds without
the need of sample preparation (Daun and Williams 1995;
Velasco and Becker 1998; Font et al. 2005; Koprna et al.
2006; Niewitetzki et al. 2007), for the analysis of sinapic
acid esters in Brassica species (Velasco and Mollers 1998;
Velasco et al. 1998), fatty acids of soybean flour (Sato et al.
2002); oil, protein and fatty acids in sunflower seed
(Biskupek-Korell and Moschner 2006), oil content in
cotton seed (Kohel 1998) and maize kernel (Orman and
Schumann 1992), essential oil components of cinnamon
and clove (Juliani et al. 2006), rutin and D-chiro-inositol in
tartary buckwheat (Yang and Ren 2008) and free fatty acid
content and peroxide value in virgin olive oils (Bendini et
al. 2007). The NIRS, a non-destructive analytical method
offers a practical solution for the analysis of erucic acid and
glucosinolate contents, the two most commonly used
quality factors besides oil and protein contents. And it will
also greatly help in the identification of desirable segregants
especially in the early segregating generations where
availability of seed is a limiting factor. However, develop-
ment of calibration equation for transforming NIRS spectral
data into chemical information is essentially required. In
India, information of NIRS for oil and meal quality analysis
of Brassica is meagre (Kumar et al. 2003, 2004, 2009). The
objective of the present investigation was to develop
calibration parameters for erucic acid and glucosinolate
content in the seeds of rapeseed-mustard.

A total of 92 previously analyzed genotypes of rapeseed-
mustard having a range of variability in erucic acid (0.5–
57.3%) and glucosinolate content (15–130 μmole/g meal)
were taken. Erucic acid content was determined using gas
liquid chromatograph (Nucon Model 5765, New Delhi,
India) using SP 2300+2310 SS columns. The detailed
method for fatty acid analysis has been described earlier
(Chauhan et al. 2002). Erucic acid was identified on the
basis of comparison of retention time with the standard
samples and expressed as the percentage of total fatty acids
present in the oil. Total glucosinolate content in the seed
meal was estimated by complex formation between gluco-
sinolates and sodium teterachloropalladate solution. The
intensity of the colour produced was measured using
ELISA reader at 405 nm (Kumar et al. 2004). ‘Hyola
401’, a double low hybrid of gobhi sarson (Brassica napus)

and ‘Varuna’, non-canola variety of Indian mustard were
used as checks for the analysis of fatty acid and
glucosinolates. Spectra were also collected in the NIR
regions in reflectance mode (800–2500 nm i.e 12500–
4000 cm−1) at 1 nm interval using NIRS system (Matrix I,
Bruker, Germany). Dry samples were scanned in a small
circular quartz cup. Original reflectance spectra were
corrected prior to calibration by applying mathematical
transformations. Reflectance data were stored as the
logarithm of reflectance; log 1/R. The spectrum of each
sample was the average of 32 successive scans. Spectral
data collection and manipulation were performed using
OPUS software from Bruker, Germany.

The best spectral region for screening erucic acid was
between 7502.1 and 5444.6 cm−1 (1332.98–1836.68 nm),
while for glucosinolates the optimum spectral region was
7502.1–5444.6 cm−1 and 4601.6–4246.7 cm−1 (2173.16–
2355 nm). Accordingly calibration parameters were devel-
oped by using the information from the best spectral region
for erucic acid and glucosinolates and partial least squares
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Fig. 1 Relationship between erucic acid content estimated by gas
chromatograph and FT-NIRS
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Fig. 2 Relationship between glucosinolate content by palladium
complex method and FT-NIRS
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regression. Using stepwise elimination of out liers from the
calibration graph, the efficiency of the method was
gradually improved. Only 32 and 61 samples for erucic acid
and glucosinolates corresponding to 534 and 627 selected data
points, respectively were finally used to develop the calibra-
tion equations which are y ¼ 0:976�þ1:0171 for erucic
acid and y ¼ 0:9846�þ1:1344 for glucosinolates. The
calibration developed showed a very close relationship
between the reference method and NIRS data for both erucic
acid with coefficient of determination (r2) of 97.16% (Fig. 1)
and glucosinolate content with coefficient of determination
(r2) of 98.34%(Fig. 2). The standard error of cross validation
was 2.7% for erucic acid and 4.5% for glucosinolate content.
Velasco et al. (1998) also reported highly accurate (r2=0.98)
calibration between gas chromatograph and NIRS values for
erucic acid.

The present investigation revealed that NIRS is a highly
accurate and powerful technique that could be utilized
successfully for rapid mass screening in early segregating
generations for selecting low erucic acid in oil and
glucosinolates in seed meal of rapeseed-mustard and thus
enhance the effectiveness of quality breeding programme
aiming at developing canola rapeseed-mustard in India.
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