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Introduction

White mustard (Sinapis alba L.), also known as yellow or 
light mustard, is an annual oilseed plant with great economic 
value due to its drought tolerance and resistance to plant 
diseases. Mustard is a herbaceous plant with yellow flow-
ers that belongs to the cruciferous family and whose seeds 
are used as spices. Among the mustard varieties, three of 
them are known as spices and are widely used. The known 
and widely used mustards are white, black, and red mustard 
[1–3]. Its seed is also used directly as a condiment, spice, 
and salad dressing oil [2]. There are major and alternative 
oil plants used for different purposes today, among the oil 
plants that have high nutritional value, high oil quality and 
have been modified to adapt to environmental conditions 
[3]. Since additional studies have shown that mustard seed 
oil may contain high levels of erucic acid, mustard seed oil 
should not be consumed as food [4–6]. On the other hand, 
many researchers have begun to work on the breeding of 
varieties with low or zero erucic acid content. White mustard 
(Sinapsis alba L.) seeds, known as one of the oldest condi-
ments, have a high oil content of up to 47%, rich in erucic 
acid, and the fatty acid profile of each mustard variety is 
different [7, 8]. The oil of mustard seed is widely used in 
cooking, mostly in Asian countries, due to its spicy and bit-
ter taste, and its seeds contain various phenolic compounds 
[9]. The cake of mustard seed remaining after oil extraction 

is rich in phenolic compounds, and it may be possible to 
recover these compounds considered as nutraceuticals and 
food ingredients with potential applications [9, 10]. Roasting 
is the most important process causing substantial physical, 
chemical, structural and sensory changes in seed processes. 
Also, roasting has a controversial impact on the stability of 
the seeds that were defaced faster than fresh seeds. Roasting 
treatment disrupts the integrity of the cellular components 
and breaks the covalent bonds between the phenolic com-
pounds and cell wall thereby promote the release of bound 
phenolic and flavonoid compounds [11]. Roasting treatment 
is the most common thermal treatment applied to oil seeds 
prior to oil extraction and approved to enhance the yield 
and nutritional quality oil [12]. Roasting can alter the tex-
ture, color, flavor, and appearance of the grains, whereas 
the resulting product develops unique features of crispness 
and taste as compared to the raw kernels [13]. In Europe, 
white mustard is generally grown as seed or green manure 
and mustard seeds are often used as a spice plant. Also, 
its leaves and seeds can also be used in the preparation of 
various dishes [7, 14]. Since the oil extracted from mus-
tard seeds contains a high amount of erucic acid (approxi-
mately 40–45%) which has a potentially harmful effect on 
the human body, mustard varieties with reduced erucic acid 
content (such as Bamberka and Warta) began to be grown 
in Poland in 2006. These varieties have begun to be con-
sumed safely due to their lower erucic acid and glucosinolate 
contents than other traditional varieties [15, 16]. Phenolic 
compounds, which are thought to be associated with anti-
oxidant activity by contributing to various biological proper-
ties, have accumulated as secondary metabolites in differ-
ent parts of plants [17]. Roasting, which causes significant 
physico-chemical and sensory changes in the processing of 
food products, causes many thermal and chemical reactions 
that increase the overall quality of the food product [8]. The 
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aim of the present study was to investigate the effects of 
conventional oven and microwave roasting systems on color 
values, total phenols, flavonoids, antioxidant capacity, fatty 
acids, phenolic compounds, and biogenic element results in 
white mustard seeds and oils.

Materials and methods

Materials

The seeds of white mustard (Sinapis alba L.) were purchased 
from a market in Ankara district in Turkey in 2023. The for-
eign substances in the seeds were removed before analytical 
procedures.

Methods

Heat treatment

Mustard seeds were spread homogeneously on both oven 
and microwave Teflon trays with a thickness of 3 mm, and 
the seeds were roasted in an oven and in a microwave oven 
at 220 °C for 10 min and at 900 W for 15 min, respectively. 
After the roasted seeds were cooled in the desiccator, the 
seeds were ground using a grinder before analysis.

Moisture content

The sample amount used for moisture determination of each 
sample was 0.450 g. The moisture amounts of white mus-
tard seeds were recorded by the infrared moisture analyzer 
(KERN & SOHN GmbH; 60 g/200 °C) [19].

Determination of protein contents of mustard 
samples

Protein results of the seeds were determined according to the 
report pointed out in AOAC method [19].

Color values

Minolta Chroma meter CR 400 (Konica Minolta, Inc. Osaka, 
Japan) was used to determine the color values of mustard 
seeds. After the device was calibrated according to the white 
surface calibration plate before the device measurement, L*, 
a* and b* values were determined according to the CIELab 
color scale [20].

Extraction process

Extraction of mustard seed samples was carried out with 
partial modifications according to the report published 
by Lee et al. [21]. After adding 10 ml methanol:water 
(80:20, v/v) to 1 g of ground sample, the resulting mix-
ture was kept in an ultrasonic bath for 30 min. At the end 
of this period, the mixture was centrifuged at 6000 rpm 
for 10 min, and then the collected supernatant was filtered 
through a 0.45 µm membrane filter and made ready for 
analysis.

Total phenolic amount of mustard seeds

The Folin–Ciocalteu (FC) chemical was used to report 
total phenolic amounts of mustard seed extracts accord-
ing to the study revealed by Yoo et al. [22]. FC (1 ml) and 
 Na2CO3 (10 ml) were added to extract and mixed with 
vortex. The deionised water was added until the final vol-
ume was 25 ml and kept at dark for 1 h. The absorbance 
of each sample was read at 750 nm. The results obtained 
were recorded as mg gallic acid equivalent (GAE)/100 g.

Total flavonoid amount of mustard seeds

In line with the study conducted by Hogan et al.[23], the 
total flavonoid content of mustard seed extract was investi-
gated. After 1 mL of mustard seed extract was added with 
0.3 ml  NaNO2, 0.3 mL  AlCl3 and 2 mL NaOH, respec-
tively, the solution was mixed thoroughly with the help of 
a vortex (2 min). Then, the solution was stored in the dark 
for 15 min and the absorbance value of each sample was 
determined at 510 nm. Results are given as mg quercetin 
equivalent (QE)/100 g.

Antioxidant activity

The antioxidant capacity results of mustard seed sample 
were measured using DPPH (1,1-diphenyl-2-picrylhydra-
zyl) according to the study explained by Lee et al. [24]. 
After preprocessing, the absorbance of each sample was 
read at 517 nm. The results are stated as mmol trolox 
equivalent (TE)/kg. % DPPH radical scavenging effect 
values were calculated according to the equation below:

DPPH radical scavenging effect (%) = [ (A control–A 
sample)/A control] × 100 A Control = Absorbance of the 
control.

A sample = Absorbance of sample or standards.
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Determination of phenolic constituents

HPLC (Shimadzu) mounted with a PDA detector and an 
Inertsil ODS-3 (5 µm; 4.6 × 250 mm) column was used 
for chromatographic separation of phenolic compounds of 
mustard seed extracts. The mobile phase was a mixture of 
0.05% acetic acid in water (A) and acetonitrile (B) with 
the flow rate of 1 ml/min at 30 °C. The injection volume 
was 20 µl. The peaks were taken at 280 using a PDA 
detector. The elution program was employed: 0–0.10 min 
8% B; 0.10–2 min 10% B; 2–27 min 30% B; 27–37 min 
56% B; 37–37.10 min 8% B; 37.10–45 min 8% B. The 
total running time per sample was 60 min [25].

Oil content

Soxhlet system was used for oil extraction of mustard 
seeds. After 10 g of ground mustard powder were weighed 
into the Soxhlet cartridge, the mouth of the cartridge 
was tightly closed with cotton and placed in the Soxhlet 
extractor. After adding 250 mL of petroleum ether to the 
Soxhlet flask, extraction was carried out at 50 °C for 5 h. 
At the end of this period, the solvent in the micelle in the 
flask was evaporated with a rotary evaporator and the 
solvent was collected in a separate flask. remaining crude 
oil was calculated (%) [19].

Fatty acid composition

Mustard seed oil was esterified according to the method 
of Ahmed et al.[25]. Fatty acid methyl esters of mustard 
seed oils were analyzed by gas chromatography (Shimadzu 
GC-2010) equipped with flame-ionization detector and cap-
illary column. Nitrogen gas with a flow rate of 1.51 ml/min 
was used as the mobile phase, and the total flow rate and 
division rate were 80 ml/min and were applied as 1/40.

Mineral results of mustard seeds

After powdered mustard seeds (0.5 g) was incinerated using 
5 ml of 65%  HNO3 and 2 ml of 35%  H2O2 in a microwave, 
the volume of samples was completed to 20 ml with distilled 
water. ICP-OES was used for biogenic element amounts of 
white mustard seeds [26].

Statistical analyses

The sample results were subjected to analysis of vari-
ance by averaging the triple analysis data. Duncan's Mul-
tiple Range Test was applied for significant differences in 
results between control, oven and microwave roasting types 
(p < 0.05). To examine the correlation between phenolic con-
stituents, and between biogenic element amounts of mustard 
seeds roasted in different ways, a multivariate cluster analy-
sis was performed using the PAST statistical program to 
perform principal component analysis (PCA) [27].

Results and discussion

Physicochemical properties of raw and roasted 
mustard seeds

The moisture and oil results, color values, bioactive com-
pounds and antioxidant capacity results of raw (control) 
and roasted white mustard seeds are displayed in Table 1. 
The results obtained regarding physicochemical and bioac-
tive properties exhibited some differences based on roast-
ing types compared to the control (unroasted seeds). The 
moisture and oil amounts of raw and roasted mustard seeds 
were reported to be between 2.78 (oven) and 6.75% (con-
trol) to 12.05 (control) and 16.30% (oven), respectively. It 
can be seen that while the moisture amounts of the seeds 
decreased with the applied heat treatment, the oil content 
of the seeds increased. There were significant fluctuations 

Table 1  Some physicochemical 
and bioactive properties of raw 
and roasted mustard seeds

*Standard deviation
**Small letter values within each column followed by different letters are significantly different at p < 0.05

Sample Moisture content (%) L* a* b*

Control 6.75 ± 0.11*a 65.52 ± 0.54a 5.33 ± 0.80c 32.75 ± 1.79a
Conventional oven 2.78 ± 0.24c** 35.04 ± 1.55c 8.63 ± 0.58a 10.74 ± 1.49c
Microwave 3.04 ± 0.03b 49.80 ± 0.85b 8.23 ± 0.11ab 16.92 ± 0.57b
Sample Oil content (%) Total phenolic con-

tent (mg/100 g)
Total flavo-

noid content 
(mg/100 g)

Antioxidant 
activity 
(mmol/kg)

Control 12.05 ± 0.07c 473.90 ± 6.55c 345.48 ± 10.03c 6.97 ± 0.00b
Conventional oven 16.30 ± 0.28a 569.96 ± 3.27a 479.76 ± 5.95a 6.71 ± 0.00c
Microwave 14.80 ± 0.42b 550.64 ± 4.50b 422.14 ± 2.86b 6.90 ± 0.01a



1566 European Food Research and Technology (2024) 250:1563–1572

between the analysis values of seeds roasted in oven and 
microwave based on the heat treatment applied (p < 0.05). 
These differences may be due to the roasting process time as 
well as the heat intensity and the intermolecular transfer of 
heat within the seed. Total phenolic and flavonoid amounts 
of raw and roasted white mustard seeds were recorded to 
be between 473.90 (control) and 569.96 mg GAE/100 g 
(oven) to 345.48 (control) and 479.76 mg/100 g (micro-
wave), respectively. Antioxidant capacity results of raw and 
roasted wild mustard seeds were measured to be between 
6.71 (oven) and 6.97 mmol/kg (control). Total phenolic and 
flavonoid contents of oven-roasted seeds were higher than 
control and microwave-roasted seeds. This may be due to the 
fact that the non-enzymatic browning and Maillard reaction 
occurring in the seeds during roasting in the oven occurs 
more frequently than in the microwave. Because the roasting 
time is short due to the rapid distribution of heat between 
molecules in the microwave depending on the time, it may 
be due to the lack of non-enzymatic browning and Maillard 
reaction products. Mustard seeds contained 8.02% moisture 
[28]. In previous studies, the fat amounts of the mustard 
seeds varied between 2.5 and 43.85% [29–31]. The total 
phenolic compound content in mustards has been reported 
to vary between 3.26 ± 0.25 and 404.33 ± 2.52 mg GAE/g 
[32]. In previous studies, the flavonoid amounts of Korean 
mustard seeds were found to be between 4.02 and 395.33 mg 
QE/g [32, 33]. Total phenol, flavonoid and antioxidant 
activity (DPPH assay) values of raw mustard seeds were 
10.03 mgGAE/g, 0.36 mgCE/g and 1.72 mgAE/g, respec-
tively [13]. Total phenol, flavonoid and antioxidant capacity 
values (DPPH assay) of white mustard seeds (NS Bela cv) 
were determined as 11.09 mgGAE/g (dw), 5.59 mgQE/g 
(dw) and 2.39 mg AAE/g (dw) [3], respectively. Antioxi-
dant capacity, total phenolic, and total flavonoid results of 
mustard seeds were reported as 87.07%, 13.21 mg GAE g/1 

dw and t 14.50 mg QE g/1 (dw) [34]. When our results were 
compared with the results of the last study, some differences 
were detected. These differences are likely due to factors 
such as mustard variety, growing conditions, and harvest 
time.

Color results of mustard seeds

L* values of mustard seeds were measured to be between 
35.04 and 65.52. Heat treatment caused a decrease in L* 
values, and the lowest L* value was observed in the sample 
roasted in conventional oven (Table 1). The a* and b* values 
were detected as 5.33–8.63 and 10.74–32.75, respectively. 
Heat application caused an increase in a* values, while a 
reduction in b* values was found after heating. The mustard 
seeds heated in conventional or microwave ovens showed 
higher a* value than the control sample. The lowest b* 
result was observed in sample heated in conventional oven. 
Chahbani et al. [35] pointed out that L* and b* results of 
peas reduced from 72 to 45; from 41 to 20 after microwave 
drying, while a* values increased from -21 to -2. The long 
drying time caused differences in color values because of the 
enzymic and nonenzymic browning reactions [36]. The color 
values of raw and roasted mustard seeds differed depending 
on the roasting type and control. L* and b* results of heat-
treated seeds were determined to be lower than the control. 
When the color of the seeds turned brown during roasting, 
the brightness and b* results of the seeds decreased sig-
nificantly. This decrease could possibly be due to non-enzy-
matic browning or the Maillard reaction during roasting.

The phenolic compound profiles of mustard seeds

The phenolic compound profiles and quantitative results of 
raw and heated mustard seeds are given in Table 2. Catechin, 

Table 2  Phenolic compounds of 
raw and roasted mustard seeds

*Standard deviation
**Small letter values within each row followed by different letters are significantly different at p < 0.05

Phenolic compounds (mg/100 g) Control Oven Microwave

Gallic acid 8.47 ± 1.06*c 35.96 ± 5.25b 117.31 ± 8.87a
3,4-Dihydroxybenzoic acid 2.16 ± 0.51c** 10.06 ± 1.69b 11.79 ± 0.71a
Catechin 11.58 ± 2.30c 34.87 ± 4.99b 41.35 ± 4.86a
Caffeic acid 0.85 ± 0.23c 1.56 ± 0.38b 2.65 ± 0.54a
Syringic acid 0.68 ± 0.13c 1.65 ± 0.32b 4.35 ± 0.21a
Rutin 1.02 ± 0.22c 4.52 ± 0.90b 6.03 ± 0.28a
p-Coumaric acid 0.83 ± 0.01c 86.96 ± 5.29a 54.03 ± 3.51b
Ferulic acid 1.57 ± 0.02a 0.78 ± 0.06c 1.38 ± 0.31b
Resveratrol 0.11 ± 0.02c 0.67 ± 0.23a 0.64 ± 0.23ab
Quercetin 0.56 ± 0.04c 11.02 ± 1.15a 4.50 ± 0.07b
Cinnamic acid 0.23 ± 0.02c 2.55 ± 0.03a 1.77 ± 0.03b
Kaempferol 0.29 ± 0.07c 3.09 ± 0.27a 2.85 ± 0.52b
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gallic acid, 3,4-dihydroxybenzoic acid and p-coumaric acid 
recorded in raw and roasted mustard seeds were the major 
phenolic constituents (Fig. 1). As with the bioactive com-
ponents of the seeds, the phenolic component amounts of 
heated mustard seeds increased significantly compared to 
the control (p < 0.05). This increase may be due to the rela-
tive increase in the concentrations of phenolic constituents 
in the seeds due to water loss (about 55–58%) in the seeds, 
the resistance of the components to heat or the products 
of the Maillard reaction. While gallic acid amounts of raw 
and roasted mustard seeds vary between 8.47 (control) and 
117.31 mg/100 g (microwave), 3,4-dihydroxybenzoic acid 
amounts of mustard seeds were reported to be between 2.16 
(control) and 11.79 mg/100 g (microwave). While catechin 
contents of raw and roasted mustard seeds ranged from 11.58 

(control) to 41.35 mg/100 g (microwave), p-coumaric acid 
amounts of raw and roasted seeds were found to be between 
0.83 (control) and 86.96 mg/100 g (oven). Quercetin and 
kaempferol amounts of raw and roasted mustard seeds were 
determined to be between 0.56 (control) and 11.02 mg/100 g 
(oven) to 0.29 (control) and 3.09 mg/100 g (oven), respec-
tively. In general, the phenolic component amounts of mus-
tard seeds roasted in the microwave were higher than those 
roasted in the oven. The p-coumaric acid and quercetin 
amounts of the seeds were significantly higher than both the 
control and microwave roasted seeds (p < 0.05). White mus-
tard seeds contained 80.53 p-hydroxybenzoic acid, 0.093 
protocatechuic acid, 0.037 vanillic acid, 0.044 syringic acid, 
0.018 gallic acid, 0.009 chlorogenic acid, 0.324 p-coumaric 
acid, 0.636 ferulic acid, 0.072 caffeic acid, 6.12 sinapic acid, 
13.78 4-vinylsyringol, 2.76 methyl sinapate, 0.181 epicat-
echin, 0.012 naringenin, 0.652 quercetin, 0.077 kaempferol 
and 0.076 mg/kg rutin [9]. It has been stated that factors 
such as species, variety, processing method and detection 
method can have a significant impact on the phenolic con-
stituents of mustard [32]. The final differences may have a 
critical role in this regard, as can differences in oilseed crops 
due to the different genetic potential, as well as different 
growing conditions and cultivation practices [3]. 

Pearson correlation (r) between phenolic 
compounds

Pearson correlation (r) between phenolic compound con-
tents in different drying states of mustard (control, conven-
tional dried, and microwave dried) is given in Fig. 2. As 
can be seen from the examination of Fig. 2, although there 
are positive relationships between the phenolic compound 
contents of mustard seeds in different drying conditions, 
it was determined that the relationship between the gallic 
acid phenolic compound and the syringic acid phenolic 
compound was a significant and highly positive relation-
ship (p < 0.05, r > 0.70). It was stated that the relationships 
between 3,4-dihydroxybenzoic acid, one of the phenolic 
compound contents of mustard, and catechin contents were 
significant and highly positive relationships. This study 
revealed that there are significant and highly positive rela-
tionships between resveratrol and kaempferol.

The fatty acid compositions of the mustard seed oils

The fatty acid compositions of the oils extracted from raw 
and roasted mustard seeds are illustrated in Table 3. The 
fatty acid found in the highest amounts in mustard seed oil 
was erucic acid (Fig. 3). It is understood from here that heat 
treatment did not have a positive effect on the reduction 
of erucic acid. However, statistically significant changes 
were monitored between the fatty acid compositions of 
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Fig. 1  Phenolic chromatograms of raw and roasted mustard seeds
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oils extracted from mustard seeds (p < 0.05). While the 
myristic, oleic, and linoleic acid contents of the oils par-
tially decreased by roasting the seeds, the arachidic, lino-
lenic, behenic and erucic acid amounts of the oils increased 
(Fig. 3). Palmitic and stearic acid contents were higher 
in the oil obtained from seeds roasted in the oven than in 
the control and microwave. Erucic acid amounts of raw 
and roasted mustard oils were found between 41.38 (con-
trol) and 42.81% (microwave). While oleic acid amounts 

of mustard oils changed between 26.06 (microwave) and 
26.90% (control), linoleic acid results of the oils were deter-
mined to be between 13.08 (oven) and 13.98% (control). 
Also, linolenic acid results of the oils obtained from mustard 
seeds were detected between 11.14 (control) and 11.46% 
(oven). The highest palmitic (3.87%) and stearic (1.24%) 
acids were recorded in the oil sample extracted from mus-
tard seeds roasted in oven system. Results exhibited some 
changes based on roasting types compared to the control. 
Mustard oil contained 4.1% palmitic, 1.7% stearic, 17.4% 
oleic, 15.8% linoleic, 18.2% linolenic, 42.8% erucic acids 
[37]. Wendlinger et al. [29] determined 1.5–4.3% palmitic, 
1.0–2.0% stearic, 9.2–61.0% oleic, 9.8–15.1% linoleic, 
7.8–15.2% linolenic and 0.3–50.8% erucic acids in nine dif-
ferent mustard oils. Stojanovi´c et al. [3] determined 2.24% 
palmitic, 0.72% stearic, 19.28% oleic, 8.93% linoleic, 6.45% 
linolenic, 9.79% 20:1 and 46.13% erucic acids in the oil of 
white mustard seeds (NS Bela cv). Mustard oil contained 
4.51% palmitic, 2.78% stearic, 38.21% oleic, 25.31% lin-
oleic, 11.30% linolenic, 10:86% arachidonic, 11.35% erucic 
acids [38]. Mustard seeds contained approximately 24–40% 
oil and this oil was defined by the presence of higher levels 
of erucic acid [37]. It has been shown that mustard oil con-
tains low amounts of saturated fatty acids and high levels 
of erucic acid (42.8%) and linolenic acid (18.2%) [37]. The 
mean daily intake of erucic acid based on the mustard sam-
ple ranged from 13 to 86 mg [29]. In another study, white 
and black mustard oils from the Brassicaceae family were 

Fig. 2  Pearson correlation (r) between phenolic compound contents 
(Gallic acid, 3,4-dihydroxybenzoic acid, catechin, caffeic acid, syrin-
gic acid, rutin, p-coumaric acid, ferulic acid, resveratrol, quercetin, 

cinnamic acid and kaempferol)) in different drying states of mustard 
(control, conventional dried and microwave dried)

Table 3  Fatty acid composition of the oils extracted from raw and 
roasted mustard seeds (%)

*Standard deviation
**Small letter values within each row followed by different letters are 
significantly different at p < 0.05

Fatty acids Control Oven Microwave

Myristic 0.12 ± 0.00*a 0.11 ± 0.00ab 0.08 ± 0.00c
Palmitic 3.76 ± 0.00b** 3.87 ± 0.08a 3.36 ± 0.10c
Stearic 1.22 ± 0.02ab 1.24 ± 0.03a 1.19 ± 0.02c
Oleic 26.90 ± 0.43a 26.60 ± 0.75b 26.06 ± 0.51c
Linoleic 13.98 ± 0.22a 13.08 ± 0.38c 13.54 ± 0.27b
Arachidic 0.75 ± 0.00b 0.78 ± 0.00a 0.76 ± 0.01b
Linolenic 11.14 ± 1.08b 11.46 ± 0.14a 11.45 ± 0.50a
Behenic 0.66 ± 0.04c 0.68 ± 0.03a 0.67 ± 0.03b
Erucic 41.38 ± 1.70c 42.11 ± 1.36b 42.81 ± 1.36a
Arachidonic 0.09 ± 0.00a 0.07 ± 0.00b 0.09 ± 0.00a
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distinguished by their high erucic acid content of 46.13% 
and 41.82%, respectively. Other studies have also confirmed 
that the level of erucic acid in mustard oil varied between 
35.7% and 51.4%, respectively [39, 40]. This description 
agrees with the amount of erucic acid we obtained [41] 
while mustard oil, which is a rich source of erucic acid, is 
still frequently used to prepare meals in Asian cuisine [4]. 
The findings obtained with the fatty acids of mustard seed 
oil were similar to the fatty acids obtained in high amounts 
as a result of the studies of Stojanovic et al. [3], Abdul Alim 
et al. [37], and Wendlinger et al. [29]. However, there are 
minor differences in the amounts of fatty acids in each study. 
These changes may probably be due to the climate where 
mustard grows, soil structure, variety, harvest time and 
extraction processes.

The protein and mineral contents of mustard seeds

The protein and mineral contents of mustard seeds roasted 
by microwave and oven systems are displayed in Table 4. 
Protein and element contents of mustard seeds were affected 
by the roasting process. The roasting in the oven had the 
most effect on the mineral and protein contents of the mus-
tard seeds, followed by the microwave and control (untreated 
seed) in decreasing order. Because, as a result of roasting in 
the oven, the element and protein contents of the seeds were 
found to be lower than in the microwave. However, the bio-
genic element and protein contents of mustard seeds roasted 
in both systems were found to be higher compared to the 
control. This may be due to the relative increase in element 
and protein concentrations in the dry matter due to water 
loss in the grain as a result of the roasting process. P and K 
contents of raw and roasted mustard seeds were established 
to be between 7072.85 (control) and 8424.89 mg/kg (micro-
wave oven) to 6967.01 (control) and 9024.81 mg/kg (micro-
wave), respectively. While Ca amounts of the seeds varied 
between 377,789.05 (microwave oven) and 398,394.95 mg/
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Fig. 3  Fatty acid chromatograms of the oils extracted from raw (con-
trol) and roasted mustard seeds

Table 4  Protein (%), N, macro and micro biogenic element contents (mg/kg) of oven and microwave roasted mustard seeds

a,b: p < 0,01; A,B: p < 0,05
a,b: p < 0,01; A,B: p < 0,05

Samples Protein N P K Ca Mg S

Control 31.70 ± 0.547 b 50,722.67 ± 875.19 
b

7072.85 ± 408.83 b 6967.01 ± 532.01 398,394.95 ± 52,102.91 3617.64 ± 251.11 b 11,482.90 ± 674.56 B

Oven 32.56 ± 0.097 a 52,100.58 ± 154.89 
a

8424.89 ± 233.90 a 9024.81 ± 1993.03 386,008.65 ± 30,160.61 4224.11 ± 65.66 a 12,999.10 ± 531.47 A

Microwave 31.97 ± 0.252 c 49,546.90 ± 403.03 
c

7837.26 ± 215.64 a 7977.57 ± 201.43 377,789.05 ± 4637.99 3925.67 ± 82.34 ab 12,669.94 ± 194.01 A

Samples Fe Zn Cu Mn B

Control 144.90 ± 12.41 b 41.08 ± 2.61 B 5.66 ± 0.139 c 28.56 ± 1.91 B 10.10 ± 0.647 b
Oven 214.33 ± 1.08 a 49.50 ± 2.72 A 7.19 ± 0.387 a 33.56 ± 0.439 A 11.99 ± 0.327 a
Microwave 166.16 ± 17.97 b 45.78 ± 1.97 A 6.39 ± 0.425 b 30.30 ± 1.32 B 10.77 ± 0.120 b
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kg (control), Mg results of mustard seeds were established 
to be between 3617.64 (control) and 4224.11 mg/kg (micro-
wave oven). Also, S contents of mustard seeds changed 
between 11,482.90 (control) and 12,999.10 mg/kg (micro-
wave oven). The highest Fe (214.33), Cu (7.19), Mn (33.56), 
Zn (49.50), B (11.99 mg/kg) and protein (32.56%) were 
determined in mustard seeds roasted in microwave system. 
As seen in Table 4, the highest amount of biogenic element 
in mustard seeds was Ca, followed by S, K, P, Mg, Fe, Zn, 
Mn, B and Cu in decreasing order. Therefore, it can be said 
that mustard seed can be a good source of Ca, P, K, Mg, Fe 
and protein. After the oil contained in mustard seed was 
completely removed due to erucic acid, the remaining pulp 
can be a source of additives in both human food and animal 
rations due to its high concentrations of elements and protein 
content. Mustard seeds contain protein (17–32.4) [28, 30, 
31]. Mustard seeds contained 55 Mn, 7 Cu, 713 Fe, 1277 
Ca, 1804 Mg, 3612 P, 1161 Na, 3511.8 mg/kg K [30]. White 
mustard seed (NS Bela cv) contained 26.72 Na, 1195.04 K, 
508.93 Ca, 229.22 Mg, 3.62 Zn, 3.42 Fe, 2.16 Mn, 0.28 Cu 
907.07 mg/100 g P [3]. The findings revealed that mustard 
seed powder was relatively high in potassium, phosphorus, 
calcium, magnesium and sulfur, and relatively low in cop-
per, manganese and iron. The data are in good agreement 
with the results of Youssef et al. [30] and Stojanovi´c et al. 
[3]. Genetic characteristics may cause plants to absorb and 
accumulate some elements from the soil more than others, 
and the mineral amount of the soil where the oilseed plant 
grows may also affect the mineral profile of plant parts [42].

Pearson correlation between macro and micro 
element contents

Pearson correlation between macro- and micro-nutritional ele-
ment contents and protein contents of mustard seed samples 
roasted in different ways (control, oven and microwave) (r) 
is illustrated in Fig. 4. Although there are positive relation-
ships between the protein content and nutritional elements of 
the mustard samples, it was determined that the relationship 
between the N contents was significant and highly positive 
(p < 0.05, r > 0.70). Although there was a positive relation-
ship between the P contents and other nutritional elements 
of mustard samples dried in different ways, it was found that 
there were significant and highly strong positive relationships 
between the Mg contents and the Zn contents. While a signifi-
cant and highly positive relationship was found between the 
K amounts of the mustard samples and their Mg, Zn and Cu 
contents, a significant and highly positive relationship was also 
determined between their Mg content and Zn and Cu contents. 
In addition, the study determined that there were significant 
positive relationships between Fe and Mn contents of dried 
mustard samples and similarly between Fe contents and Mn 
and B contents, respectively, and Mn contents with B contents.

Conclusion

-The highest total phenol and flavonoid amounts were 
detected in oven-roasted seeds.

Fig. 4  Pearson correlation between macro (N, P, K, Ca, Mg and S) and micro (Fe, Zn, Cu, Mn and B) nutritional element and protein contents of 
mustard samples dried in different ways (control, oven and microwave) (r)
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Roasting in conventional and microwave ovens increased 
the "a" color values of the seeds.
The phenolic component amounts of heated mustard 
seeds increased significantly compared to the control.
Heat treatment did not have a positive effect on the reduc-
tion of erucic acid.
The roasting in the oven had the most effect on the min-
eral and protein contents of the mustard seeds, followed 
by the microwave and control (untreated seed) in decreas-
ing order.
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