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Abstract 

This study investigates the total phenolic content and the antioxidant activity of methanolic 
extracts of mustard seeds and evaluates the way these parameters are affected by variety and 
processing. Two types of mustard seeds were taken into study, brown mustard (Brassica juncea) and 
black mustard (Brassica nigra). Seeds were subjected to different levels of processing which resulted in 
sprouts and mustard paste. Total phenolic content was measured using the Folin-Ciocalteu method and 
the antioxidant activity was assessed by DPPH assay. A linear relationship was found between total 
phenolic content and antioxidant capacity in al mustard samples. The results showed that both variety 
and processing degree had influenced the total phenolic content and antioxidant activity. Total phenolic 
content was approximately 1.5 times higher in mustard sprouts than in mustard seeds and paste. 
Therefore, mustard sprouts, as such or as powder, could be used as a source of natural antioxidants in 
food or nutritional supplements. 
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1. Introduction 

Many of the recent studies are focused on natural foods and food-derived antioxidants 
mainly because plant materials contain numerous types of antioxidants with varied activities 
(1). Phenolic compounds have received growing attention because they are known to function 
as chemo-preventive agents against oxidative stress-induced damage (2). 

Brassica vegetables are known for their disease-fighting substances. The health 
improvement has generally been associated with their antioxidant capacity (3). Brassica 
species have also a great importance in agriculture sector like oil, silage, feed, green manure 
and condiments (4). 

In the Brassicaceae family, mustard is highly prized as a medicinal plant and also as 
culinary spice, being used, especially in the Indian cuisine, since earlier times. 

Brassica juncea, is a major oilseed crop of India (5) and it is also known as Indian 
mustard or brown mustard. Originated from China it is currently used as a food spice 
worldwide.  
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In particular, the leaves are used in folk medicines as stimulants, diuretics and 
expectorants as well as a spice (6). It is rich in vitamins, minerals and dietary fibers, but it also 
contains a high amount of phenolic compounds. Several studies revealed that the flavonoids in 
mustard leaf could prevent or treat various diseases such as diabetes and other stress oxidative 
related disorders (7). However, little information is available regarding the phenolic content and 
antioxidant activity of mustard seeds and mustard in different ways of consumption, i.e. sprouts 
or mustard paste.  Phenolic compounds in mustard seeds reported to possess antioxidant 
properties are catechin, epicatechin, gallic acid, myricetin, quercetin, and rutin (8). 

Mustard seed germination is affected by a series of environmental factors such as 
temperature, light, or soil salinity. The germination rate is stimulated by light (9) and reaches 
the optimum at 30°C (10). Mustard is tolerant only to low levels of salinity (11). During 
maturation, mustard seeds undergo pigment losses. Mustard degreening is related to the activity 
of peroxidase (12). 

Brassica nigra, or black mustard is native to the southern Mediterranean region of 
Europe, and it has been cultivated for thousands of years. The plant is mainly grown for the 
seeds, which are primarily used as a spice and condiment (13). In addition to its importance as a 
food-flavoring agent, black mustard has also medicinal uses such as, in the treatment of 
rheumatism and joint pains, in the treatment of indurations of the liver and spleen, and as a 
laxative in the treatment of throat tumors (2). Traditionally the plant is also applied in neuralgia 
and spasms, alopecia, epilepsy, snakebite and toothache (14). 

Since the scientific information regarding total phenolics and antioxidant capacity of both 
Brassica juncea and Brassica nigra remains limited, this paper aims to fill this knowledge gap. 
Therefore, the two varieties of mustard were taken into study and the total phenolics along with 
the antioxidant activity of mustard seeds, sprouts and paste were evaluated. The objectives of 
this work were to: (i) determine the viability of Brassica juncea and Brassica nigra seeds; (ii) 
determine the total phenolic content of mustard seeds, sprouts and paste, and (iii) provide 
evidence for use of mustard sprouts as an ingredient in food or nutritive supplements. 

 
2. Materials and methods 
2.1.  Sampling 
2.2.1. Seeds: Commercially available seeds of brown mustard (Brassica juncea) and black 
mustard (Brassica nigra) were purchased from trade companies and divided into three 
groups: group one - the unprocessed (raw) seeds; group 2 - the seeds subjected to 
germination; and group 3 - the seeds processed into mustard paste.Seeds from group 1 were 
lyophilized, mill ground into a fine powder and stored at refrigeration temperature (4°C) until 
further analysis. 
2.2.2. Germination process: Seeds from group 2 were germinated for up to seven days 
following the method of S. PEREZ-BALIBREA's & al. (15), with slight modifications. Five 
grams of seeds were washed with bi-distilled water, immersed in 0.07% sodium hypochlorite 
for 2 h, drained, then washed three times and soaked overnight in bi-distilled water. The 
hydrated seeds were lined in germination trays (containing vermiculite, distilled water and filter 
paper). The trays were placed in a growth chamber (MLR-350, Sanyo Electric Co., Japan) 
under alternating light-dark cycles (16 h light at 25ºC and 8 h dark at 20ºC) for 7 days. The 
lighting system for producing photosynthetically active radiation (PAR) consisted of 15 
fluorescent lamps (FL40SS W/37). The amount of PAR received each day was 400 
μmol·m−2·s−1. Sprouts were rapidly and gently collected on day 3, 5 and 7, lyophilized, mill 
ground toa fine powder and stored at refrigeration temperature (4°C) until further analysis.The 
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germination rate was assessed by the percentage of the seeds that were germinated at the giving 
time points of samples collection, according to SR 1634:1999 method (16). 
2.2.3. Preparation of mustard paste: Seeds from group 3 were used to obtain a mustard 
paste. The ingredients used in the manufacture of the mustard paste were: mustard seeds, 
vinegar, white wine, bi-distilled water, honey, salt, and spices (cinnamon, coriander, nutmeg, 
clove, pimento, and ginger). Mustard seeds were crushed in a coffee grinder, blended with the 
ingredients and left to macerate for 48 h at room temperature. The mustard paste thus obtained 
was transferred into a glass jar and left to stabilize at room temperature for 2 weeks. 
2.2.  Determination of moisture (water) and dry matter: The dry matter content (%) was 
determined by weighing the sample before and after lyophilization with an Edwards’s freeze-
dryer (Modulyo, West Sussex, UK). 
2.3.  Preparation of methanolic extracts: All powders (seeds, sprouts and mustard paste) 
were subjected to the extraction of phenolic compounds with methanol containing 0.03% 
hydrochloric acid. An amount of 500 mg freeze-dried powder was mixed with 10 mL acidified 
methanol, sonicated for 20 min using a Bandelin Sonorex ultrasonic bath (RK100H, Berlin, 
Germany), and then left to macerate overnight (~ 16 h). Further, the macerate was centrifuged 
at 6000 rpm for 20 min at room temperature using a Hettich centrifuge (EBA20, Tuttlingen 
Germany). The supernatant was collected and the pellet was re-extracted twice with 10 mL of 
acidified methanol. All supernatants were combined and the solvent was removed at 40ºC under 
vacuum using a Heidolph rotary evaporator (Laborota 4010, Schwabach, Germany). The dry 
extract was recovered in 3 mL methanol, transferred into Eppendorf tubes and stored at -20ºC 
for further analysis. 
2.4.  Assay of total phenolic compounds: Measurement of total phenolic content was based 
on the Folin-Ciocalteu method described by S.A. SOCACI & al. (17). A 100 μL aliquot of the 
methanolic extract was placed into a 20 mL glass test tube with a screw cap, then 6 mL distilled 
water and 0.5 mL Folin-Ciocalteu reagent was added and immediately vortexed. After 4 min, 
1.5 mL of sodium carbonate aqueous solution (7.5%, w/v) and 1.9 mL distilled water were 
added to the mixture. The test tube was kept in dark for 2h at room temperature. The 
absorbance value was measured at 750 nm against blank (prepared in the same way during the 
same analytical run, but replacing the sample with distilled water) by using a double-beam UV-
VIS spectrophotometer (UV-1700 Pharma Spec, Kyoto, Japan). The standard curve range was 
0.25-1.25 mg/mL gallic acid (r2 = 0.9989). The results were expressed as mg of gallic acid 
equivalents (GAE)/ g dry weight (DW). 
2.5. Assay of antioxidant activity: The antioxidant activity was determined using DPPH 
method according to OMS-OLIU& al. (18). A 10 μL aliquot of the methanolic extract was 
placed in a 10 mL glass test tube with a screw cap, then 90 μL of distilled water and 3.9 mL of 
DPPH solution in methanol (0.025 g/L) were added and immediately vortexed. The test tube 
was kept in dark for 30 min at room temperature. The absorbance value was measured at 515 
nm against methanol as blank by using a double-beam UV-VIS spectrophotometer, model UV-
1700 Pharma Spec from Shimadzu (Kyoto, Japan). Three replicates were run per sample. 
Negative control was prepared with 10 μL methanol, 90 μL distilled water and 3.9 mL DPPH 
solution. Positive control was prepared with 10 μL gallic acid aqueous solution (0.5 mg/mL), 90 
μL distilled water and 3.9 mL DPPH solution in methanol and was used as standard antioxidant. 
Positive and negative controls were treated in the same manner as the sample. The DPPH free 
radical scavenging activity (RSA) was calculated using the following equation (EC 1): 

( EC 1 )                     Where: 
 

AbsDPPH is the absorbance of DPPH free radical solution in methanol; 
Abssample is the absorbance of DPPH free radical solution mixed with sample/standard. 
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2.6. Statistical analysis: The paired t-test was used to compare the means of germination 
rates, moisture and dry matter, respectively in sprouts. The effects of variety (V), and 
processing level (PL), and their first- degree interaction (V x PL) on total phenolic content 
and antioxidant activity were performed by Analysis of Variance (ANOVA) test using the 
general linear model. Tukey’s honest significance test was carried out at a 95% confidence 
level (p< 0.05). The percentage contribution of each factor and interaction was calculated 
using eta-square. The Pearson’s correlation (ɑ=0.05) with two-tailed probability values was 
used to estimate the strength of association between total phenolic content and antioxidant 
capacity. Statistical analysis of the data was performed by Minitab Statistical software version 
16.1.0 (LEAD Technologies, Inc.). 
 
3. Results and Discussions 
3.1. Germination process: Table 1 presents the germination capacity of brown mustard 
(Brassica juncea) and black mustard (Brassica nigra) seeds, as well as the moisture and dry 
matter content of all samples. 

The germination capacity, expressed as the percent of germinated seeds, showed an 
increase from day 3 to day 7 in both mustard varieties. In brown mustard, the germination rate 
was significantly higher (p = 0.05) than in black mustard. However, both Brassica juncea and 
Brassica nigra seeds had a good viability. Seeds germination is very specific and dependable 
on various factors, especially temperature and light conditions (19). This means that the 
chosen germination conditions were suitable for the two mustard varieties. 

The highest content of moisture was found in sprouts, regardless the mustard variety. 
No significant differences (p> 0.05) were found in moisture and dry matter content between 
brown and black mustard sprouts. 
 
Table 1.Germination capacity, moisture and dry matter in mustard samples 

Variety Processing level Germination rate (%) Moisture (%) Dry matter (%) 

Brown 
(Brassica juncea) 

Seeds - 4.02±0.45 95.98±0.45 

Sprouts-day 3 95.75±1.06 76.21±1.86 23.79±1.86 

Sprouts-day 5 96.75±1.77 83.37±0.04 16.63±0.04 

Sprouts-day 7 97.25±1.77 87.56±1.34 12.44±1.34 
Mustard paste - 50.28±0.18 49.72±0.18 

Black 
(Brassica nigra) 

Seeds - 4.95±0.50 95.05±0.50 
Sprouts-day 3 86.75±4.60 76.75±1.42 23.25±1.42 
Sprouts-day 5 88.75±3.89 87.29±0.10 12.71±0.10 
Sprouts-day 7 90.25±3.89 90.23±1.46 9.77±1.46 
Mustard paste - 48.87±1.18 51.13±1.18 

Note: Values are expressed as mean± standard deviation of two replicates. 
 

3.2. Total phenolic content: Total phenolic content ranged between 8.1 and 13.8 
mg GAE/g DW in brown mustard and between 5.9 and 16.1 mg GAE/g DW in black mustard 
samples. The statistical analysis showed that it was influenced by both treatments and their 
first-degree interaction (Table 2). Processing level (61.3%) was the most influential factor on 
total phenolic content, followed by variety x processing level interaction (30.5%) and variety 
(8.2%). 
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Among samples, the highest level of total phenolic content was found in black mustard 
variety. In terms of processing level, the highest content of total phenolics was noticed in 
sprouts-day 7, followed by sprouts-day 3, sprouts-day 5, seeds and mustard paste. 

Because we have not found any other reports referring to the total phenolic content in 
mustard spouts and paste, these results were not comparable. In studies conducted on mustard 
leafs, other authors have found a total phenolic content of 6.67 mg/g GAE in Brassica nigra 
(14) and 23.1mg GAE/100 g in Brassica juncea (20). In Brassica junceapotherb mustard, Z. 
FANG & al. (21) reported a total phenolic content of 7.95 mg/g DW. 

Regarding the mustard seeds we have also found lower levels of phenolic compound in 
our previous work, but the seeds samples and the extraction method were different (22).  
 
Table 2. Effects of variety, processing level and their first- degree interaction on total 
phenolic content and radical scavenging activity in mustard 

Factor Total phenolic content 
(mg GAE/g DW) Radical scavenging activity(%) 

Variety (V)   
Brown 10.3b 38.8b 

Black 12.0a 47.4a 
p/contribution (%) < 0.001***/8.2 < 0.001***/7.8 

Processing level (PL)   
Seeds 8.5c 29.1c 

Sprouts-day 3 12.8b 48.3b 

Sprouts-day 5 12.6b 55.7a 

Sprouts-day 7 13.8a 59.0a 

Mustard paste 8.1c 23.5c 

p/contribution (%) < 0.001***/61.3 < 0.001***/87.1 
V x PL   

BrownxSeeds 7.7±0.10f 26.5±1.64d 

BrownxSprouts-day 3 11.5±0.37d 43.6±3.99c 
BrownxSprouts-day 5 10.4±0.29d 50.2±1.84c 

BrownxSprouts-day 7 11.5±0.08c 50.2±0.45c 

BrownxMustard paste 10.4±0.27d 23.7±0.31d 

BlackxSeeds 9.3±0.31e 31.8±3.38d 

BlackxSprouts-day 3 14.2±0.02b 53.0±5.15bc 

BlackxSprouts-day 5 14.7±0.14b 61.1±0.72ab 

BlackxSprouts-day 7 16.1±0.34a 67.7±0.01a 

BlackxMustard paste 5.9±0.01g 23.4±0.42d 

p/contribution (%) < 0.001***/30.5 < 0.01**/3.8 
Note: Values are expressed as mean± standard deviation of two replicates for each variety x vegetative stage. 
Different letters in the same column indicate statistically significant differences (Tukey’s test p< 0.05). 
Significant differences are denoted by asterisks: *p< 0.05; **p < 0.01; ***p< 0.001; p ≥ 0.05, non-significant. 
 
3.3.  Antioxidant activity: Concerning the antioxidant activity, significant differences 
were observed in the radical scavenging activity level (Table 2)depending on processing level 
(87.1%), variety (7.7%), and variety x processing level interaction (3.8%). 

The highest antioxidant activity was found in the black mustard variety. Radical 
scavenging activity ranged between 23.7 and 50.2% in brown mustard and between 23.4 and 
67.7% in black mustard samples. 

Sprouting has increased the antioxidant activity and the manufacture of mustard paste 
has diminished it. The highest antioxidant activity was noticed in sprouts-day 5 and 7, 
followed by sprouts-day 3 and the lowest in seeds and mustard paste. 
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The results also showed that there is a strong correlation between total phenolic content 
and radical scavenging activity in mustard samples (r=0.890; p=0.000). This indicates that 
antioxidant activity can be attributed to the content of total phenols in mustard samples. 
 

3. Conclusions 
Given the lack of reports regarding the antioxidant activity and phenolic compounds of 

mustard samples, this study shows promising results. Mustard represents a valuable source of 
antioxidants that can be used in the development of innovative food products with beneficial 
effects on human’s health. 

The results of the present study reveal that mustard sprouts exhibited the highest total 
phenolic content and antioxidant capacity. In order to benefit from their maximum antioxidant 
potential, the sprouts should be collected in day 7 of germination. Because of their high 
moisture content, sprouts can be used as an ingredient in dietary products. Instead, the powder 
of lyophilized sprouts can be used in food supplements.  
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