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Abstract

Yellow seeded Brassica is one of the most important oilseed crop cultivated in many parts of the world. 
The oil is consumed predominantly as edible oil and the defatted meal cake is utilized as animal/poultry 
feed. In the present study, intact seeds and defatted meal of 12 yellow-seeded Brassica genotypes 
evaluated for the presence of anti-oxidative and anti-nutritive factors. The maximum phenolic, ortho-
dihydroxy phenols, flavonoid contents observed for Bio 39(16.946 mg/g), Bio 30(2.38 mg/g) and Bio 
39(8.282 mg/g) repectively. The crude fibre, phytic acid and glucosinolate contents were found to be 
minimum in Bio 21 (6.95%), Bio 2 (3.632%) and Bio 38 (54.324 µmole/g) respectively. Vitamin C content 
was maximum in Bio 36 and Bio 3. The α-tocopherol content was observed to be maximum Bio 2 (61.875 
mg/100g). The total antioxidant activity varied from 5.95 mg AAE/g in Bio 28 to 14.395 mg AAE/g in Bio 
39. The DPPH radical scavenging activity was observed to be maximum in Bio 30 and reducing power 
was found to be maximum in Bio 21(0.867 ± 0.023). The present findings may be utilized for determining 
the quality status to ascertain their potential for development of better cultivar.

Highlights

•	 Evaluation for antioxidative and antinutritional characters of yellow- seeded Brassica genotypes.
•	 The minimum contents of antinutritional factors such as crude fiber, phytic acid and glucosinolates 
were observed in Bio21, Bio 2 and Bio 38 respectively.

•	 Maximum antioxidant level observed in Bio2, Bio 28, Bio 30 and Bio 21.
•	 Present finding will be useful for understanding quality status for the development of better 
cultivars.
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Rapeseed-mustard belongs to the family Brassicaceae 
or Cruciferae, consisting 350 genera and 3,500 species 
(Sasaki and Takahashi 2002). It is an important 
oilseed crop and currently ranked as the world’s 
third important oil crop in terms of production and 
area. The annual production of Rapeseed-mustard 

is 63.04 million tons of seed from an area of 34.33 
million hectares (FAO 2013). India is among the 
largest producer and consumer of vegetable oils in 
the World. Indian vegetable oil economy is the fourth 
largest in the world next to USA, China and Brazil 
(Singh et al. 2012). Oilseeds are next to food grains 
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in terms of area, production and value accounted 
for almost 5% of Gross National Product (GNP) in 
2006. The oil content in rapeseed is around 40%, and 
the defatted meal is rich in protein and usually used 
as animal feed (Yue et al. 2014). Rapeseed meal has 
high protein content (~ 40%) and nutritional value, 
it is still underutilized and mainly used as fertilizer 
(Hashmi et al. 2010). Plants have played a significant 
role in providing the human race with remedies 
(Kaur et al. 2014), and rapeseed-mustard is not an 
exception. The defatted meal is used as rich source 
of proteins and minerals to the animals and poultry 
with a well-balanced amino acids and vitamin E. 
The major anti-oxidants present are vitamins E and 
C, carotenoids, and phenolic compounds, especially 
flavonoids. Flavonoids, as well as vitamin C showed 
a protective activity to α-tocopherol in human LDL, 
and they can also regenerate vitamin E, from the 
α-chromanoxy radical (Davey et al. 2000). These 
anti-oxidants scavenge radicals and inhibit the chain 
initiation or break the chain propagation (the second 
defense line). However, its utilization in animal food 
is restricted due to the presence of different anti-
nutritional factors such as glucosinolates, phytic acid 
and crude fibres. Therefore, it is imperative to screen 
the different yellow-seeded Brassica genotypes for 
their proper utilization as a rich source of nutrient 
for the animal as well as human consumption.

Materials and Methods

Preparation of defatted meal

For the preparation of a defatted meal, the thimble of 
muslin cloth was used for packing of crushed seeds. 
This thimble placed in Soxhlet and in the presence 
of petroleum ether, as a solvent, defatting was done 
at 50°C. The extraction of oil with solvent and the 
defatted meal, which is retained in the thimble, was 
used for different biochemical analysis.

Preparation of methanolic extract

The defatted meal (0.1 g) mixed with 2.0 ml of 80% 
methanolic solution was added to it, after that this 
mixture was homogenized properly, and then it 
was centrifuged at 3000 rpm. The supernatant was 

collected, and the final volume was made up to 2.0 
ml.

Total Phenol Content

The method developed by Singleton and Rossi 1965 
followed for the total phenol content. The absorbance 
read at 765 nm. The standard curve was established 
using various concentrations of gallic acid, and 
results were expressed as gallic acid equivalent.

Ortho-dihydroxy phenol content

Ortho-Dihydroxy phenols in the extract were 
determined by Arnow’s method. A Standard curve 
prepared from catechol at different concentrations, 
and the amounts were calculated with the help 
of calibration curve and expressed in mg/g of the 
sample.

Flavonoid Content

The total flavonoid content estimated by the 
method of Choi et al. (2006). The absorbance of color 
developed at 510 nm.

Total Antioxidative activity

Total anti-oxidant content was estimated by the 
method of Prieto et al. (1999). The assay based on 
formation of a green phosphate/Mo (V) complex 
under acid condition. The absorbance of the sample 
was measured at 695 nm against a blank. The anti-
oxidant activity was expressed about that of ascorbic 
acid.

Vitamin C content

Vitamin C was estimated by the method of Law et al. 
(1983). The colour intensity read at the absorbance 
of 465 nm. The results expressed as mg ascorbic 
acid/100 g.

Tocopherol content

The tocopherols were estimated according to Backer 
et al. (1980) with some modifications. The absorbance 
of the mixture read at 522 nm, 50 sec after adding 
the ferric chloride solution. The tocopherol used for 
making the standard curve.
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DPPH Free Radical-Scavenging Activity

The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-
scavenging activity of methanolic extracts was 
determined, following the procedure described by 
Yen and Duh, (1993).The absorbance was taken at 517 
nm using UV-spectrophotometer. The percentage 
DPPH Radical scavenging activity was calculated by 
the following equation.

Reducing Power Activity

The reducing power of methanolic extract of the 
defatted meal was measured according to Yen 
and Duh, (1993) with some modifications. The 
absorbance was recorded immediately at 700 nm 
using the spectrophotometer.

Crude Fibre content

Crude fiber content was estimated by the method of 
Ahuja et al. (1999). The absorbance of color developed 
in the reaction mixture read at 590 nm.

Phytic Acid content

The method of Davies and Reid (1979), was followed 
for estimation of Phytic acid. The colour intensity was 
read at 465 nm against amyl alcohol blank after 15 
minutes. The test tubes with different concentrations 
of sodium phytate run along with the sample. The 
results expressed as g /100 g of the defatted meal.

Total Glucosinolate Content

Total glucosinolates estimated by using the 
colorimetric method of Kumar et al. (2004). The 
estimation of glucosinolates based on the formation 
of a complex between hydrolytic products of 
glucosinolates and sodium tetrachloro palladate (II), 
colorimetrically. The intensity of colour measured at 
405 nm using micro scan ELISA Reader.

Amount of Total Glucosinolates was calculated by 
using following regression equations:

A. Total glucosinolate conc. (μmol/g) = (OD405 - 0.046) 
× 82

B. Total glucosinolate conc. (μmol/g) = (OD405 - 0.169) 
× 115.74

If the absorbance of the sample was greater than 
0.8 then equation B will be used for estimating total 
glucosinolate content, otherwise equation A will be 
utilized.

Results and Discussion

It was observed that Bio 39 genotype had higher 
total phenolic content (16.946 mg/g) and Bio 22 
(11.313 mg/g) have the lowest (Figure 1). The phenol 
content varied significantly among the different 
yellow seeded Brassica genotypes. Other genotypes 
having intermediate level of phenol contents were 
such as Bio 30 (14.18 ± 0.17 mg/g), Bio 38 (13.36 ± 
0.12 mg/g), Bio 28 (13.27 ± 0.05 mg/g), Bio 37 (13.23 
± 0.02 mg/g), Bio 36 (13.00 ± 0.07 mg/g). Our results 
were found to be similar to the results of Shahidi 
and Naczk, (1992), who reported the total phenolic 
compounds content in rapeseed meal at the level of 
10.802 – 18.07 mg/g. Phenolics are the most abundant 
secondary metabolites of plant origin which form 
an important part of both human and animal diets 
(Iqbal Muhammad et al. 2015). They are important 
factors when considering rapeseed meal as a source 
of human food-grade protein because they contribute 
to the dark colour, bitter taste, and astringency of 
rapeseed protein products (Shahidi and Naczk 1992). 
Also, phenolics and their oxidized products can form 
complexes with essential amino acids and proteins, 
responsible for decreasing its nutritional potential.

The Ortho dihydroxy phenols content was found to 
be maximum in Bio 30 (2.38 ± 0.01 mg/g) followed by 
Bio 39 (2.06 ± 0.01 mg/g) and Bio 2 (1.59 ± 0.02 mg/g) 
whereas the minimum content was present in Bio 21 
(1.16 ± 0.02mg/g) (Figure 2).

The flavonoid content is expressed as mg/g and 
varied from 3.898 mg/g in Bio 21 to 8.282 mg/g in 
Bio39. The flavonoid content varied significantly 
among the Brassica genotypes (Fig: 3) under study. 
In other genotypes, content was observed in Bio 
36 (7.31 ± 0.00 mg/g), Bio 3 (6.94 ± 0.12 mg/g), Bio 
30(6.82 ± 0.97mg/g). In Brassica napus var napus 
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inflorescence, the flavonoid content was found to be 
221.01 ± 6.60mg/100 g dry weight (Batista et al. 2011). 
Flavonoids have interesting biological activities due 
to which they are being used in numerous medical 
treatments (Morton et al. 2000), cancer-prevention 
(Birt et al. 2001), cardiovascular system protection 
and inhibition of oxidative damage (Williams et al. 
2004).

The total anti-oxidants content is expressed as mg 
AAE/g varied from 5.95 mg/g in Bio 28 to 14.395 
mg/g in Bio 39. The total anti-oxidants content varied 
significantly among the Brassica genotypes (Fig: 4). 
In Bio 36, Bio 2 and Bio 18, the total anti-oxidants 
content was observed to be 10.56 ± 1.06 mg/g, 10.33 
± 0.50 mg/g and 9.92 ± 0.12 mg/g, respectively. 
The total antioxidant capacity results from the 
contribution expressed by the whole mixture, 
namely phenolic compounds with the flavonoid 
fraction, anthocyanins, glucosinolates and vitamin C 
(De Nicola et al. 2013).

Ascorbic acid content varied from 40.665 mg/100g in 
Bio 2 to 144.665 mg/100g in Bio 36 and Bio 3(Fig5). 
The intermediate vitamin C content was observed 
in Bio 30 (142.66 ± 1.88mg/100g), Bio 38 (138.66 
± 1.88mg/100g), Bio 37(129.33 ± 16.97mg/100g). 
Vitamin C content was found to be 68.3 mg/100 g 
for canola (Funda and Murat, 2011). The Vitamin C 
content influenced various factors, sowing time as 
well as harvesting date (Kim and Ishii, 2007). Block 
et al. (2004) found that vitamin C can reduce levels of 
C-reactive protein (CRP), a marker of inflammation 
and possibly a predictor of heart disease.

Tocopherols are important anti-oxidants and variation 
for its content in 12 yellow-seeded Brassica genotypes 
presented in Figure 6. In the present study, the 
maximum tocopherol content in the defatted meal of 
yellow seeded Brassica genotypes observed in Bio 2 
(61.875 ± 2.411 mg/100g) followed by Bio 38 (44.464 
± 3.482 mg/100g). Gupta et al. (2012) reported that 
the tocopherols in Brassica juncea ranged from 3.229 
to 125 mg/100g. Tocopherols provide the protection 
against free radicals which may be responsible for 
ageing process, cancer, cardiovascular diseases, 

cataract and retard lipid oxidative rancidity in foods 
and increasing the shelf life of oils having poly-
unsaturated fatty acids (Lai et al. 2001).

DPPH scavenging activity of methanolic extracts 
from all 12 yellow-seeded Brassica genotypes 
meal presented in Figure 7.The highest free 
radical-scavenging activity found in Bio 30 (50.251 
± 1.112%) followed by Bio 37 (44.724 ± 0.558%), 
Bio 18 (43.216 ± 1.827%) and Bio 39 (43.150 ± 
0.950%) at the concentration of 200 µg/ml. As 
the concentration of the sample was increased, 
the percentage radical scavenging was also 
increased. Marina et al. (2009) reported that the 
IC50 value for rapeseed meal was 0.009 mg/ml for 
70% methanolic extract. It is well accepted that 
the antioxidant properties of edible portions 
of Brassica species are mainly due to their 
polyphenolic components (Ayaz et al. 2008).There 
is an increasing interest in natural food additives 
that can function as natural antioxidants(Kaur et 
al. 2014).

All investigated yellow-seeded Brassica have 
reductive capabilities (reducing power) and 
potential antioxidant activity. Maximum reducing 
power activity was found in Bio21 (0.867 ± 0.023) 
followed by Bio36 (0.634 ± 0.008) and Bio19 (0.628 
± 0.015) at the concentration of 2.0 mg/ml, whereas 
the minimum reducing power activity was found in 
Bio18 (0.251 ± 0.010) followed by Bio38 (0.382 ± 0.011) 
and Bio 2 (0.435 ± 0.003) at the concentration of 2.0 
mg/ml (Figure 8). Marina et al. (2009) reported that 
the absorbance of 70% methanolic extract of rapeseed 
meal was 0.484 at the concentration of 0.5 mg/ml.

The Crude fibre content varied from 6.95% (in Bio 21) 
to 13.49% (in Bio 37). The Crude fibre content varied 
significantly among the Brassica genotypes (Figure 9) 
under the present study. Content of crude fiber was 
also observed in Bio 2 (11.67 ± 0.06%), Bio 18 (9.98 
± 0.01%), and Bio 19 (9.56 ± 0.00%). Thanaseelaan 
(2013), reported the level of crude fiber in rapeseed 
meal was 9.14 ± 0.25% on dry weight basis. According 
to AOAC report the crude fiber content was reported 
to be in the range from 7.4 - 13.8% on dry seed 
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basis. The high fiber content reduces the amount 
of metabolizable energy of the rapeseed meal and 
thus decreasing the feed value. The digestibility and 
availability of rapeseed meal nutrients are limited by 
both its composition (high dietary and crude fibre 
level) and processing (toasting) (Pastuszewska et al. 
2003).

In the present study, phytic acid content was found 
to be varied from 3.632% in Bio 2 to 5.404% in Bio 36 
(Figure 10). Phytic acid content was also observed in 

Bio 38 (5.39 ± 0.00%), Bio 37 (5.39 ± 0.01%), and Bio 
18 (5.33 ± 0.005%). Phytate is an antinutrient because 
it chelated divalent minerals and reduced their 
physiological availability (Hurrell 2003).

The glucosinolate content expressed as μ mol/g 
varied from 54.324 µmol/g (Bio38) to 125.28 
µmol/g (Bio36) (Figure 11). Kumar et al. 
(2004) reported the range of glucosinolates in 
rapeseed from 85-250 μ mole/g defatted seed 
meal. Glucosinolates derived from amino acid 

Figure 1: Total phenols content of defatted meal of some yellow-seeded Brassica genotype

Figure 2: Ortho-dihydroxyphenols content of defatted meal of some yellow-seeded Brassica genotypes.
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Figure 3: Total flavonoids content of defatted meal of some yellow-seeded Brassica genotypes.

Figure 4: Total total antioxidants content of defatted meal of some yellow-seeded Brassica genotypes.
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Figure 5: Vitamin C content of defatted meal of yellow-seeded Brassica genotypes.

Figure 6. Total tocopherol content of defatted meal of some yellow-seeded Brassica genotypes.
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Figure 9: Total crude fibre content of defatted meal of some yellow-seeded Brassica genotypes.

Figure 10: Total phytic acid content of defatted meal of some yellow-seeded Brassica genotypes.
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Figure 11: Glucosinolates content of defatted meal of some yellow-seeded Brassica genotypes.

biosynthesis and are important secondary 
metabolites in rapeseed-mustard, involved in plant 
defence against pests and diseases (Zrybko et al. 
1997). The high oil content with low glucosinolate, 
low erucic and saturated fatty acid content, 
preferred for canola type varieties (Tahira et al. 2015). 
Glucosinolates together with phytic acid contribute 
to the anti-nutritional properties of rapeseed meal 
(Tripathi and Mishra, 2007). But, they are playing an 
important role in the prevention of cancer and other 
chronic and degenerative diseases (Fahey et al. 2003).

Conclusion

The genotypes of yellow-seeded Brassica revealed 
different levels of antioxidants based on their 
scavenging activity due to their hydroxyl groups. 
Because variation may arise due to various factors 
such as genotype, agronomic, environmental, 
developmental stage and post-harvest conditions. 
The antioxidative activities of the defatted meal 
determined by DPPH radical scavenging and 
reducing power activity. The defatted meal with the 
lower level of antinutrients but higher antioxidant 
levels can be utilized in the preparation of functional 
foods. The present study may useful for determining 
the quality and nutritional status of the genotypes, to 
ascertain their potential for development of new and 
better cultivar.
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