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Introduction

Brassica nigra belonging to genus Brassica and

species Brassicaceae is commonly called as black

mustard,  an annual weedy  plant, 2-8' tall, usually

grown for its seeds, which are used in seasoning and

also taken as a tonic, appetite stimulant.  The seeds are

small, hard and vary from dark brown to black in

color. The Mustard seed is often used in herbal medicine,

especially as a rubefacient poultice. Oil prepared

from mustard seed called as allyl isothiocyanate is used

in commercial cat, dog repellent mixtures and in

stimulating hair growth. Decoction of seeds are used in

the treatment of liver, spleen indurations, cancers of

throat, imposthumes, alopecia, epilepsy, snakebite,

toothache. Mustard seed paste applied on the skin

reduces rheumatism, congestion in internal organs by

drawing the blood to the surface as in head afflictions,

neuralgia, spasms and also exhibit antibacterial,

antifungal, anti-tussive  activity. Since, Brassica nigra

seeds have valuable, huge therapeutic  applications it

was decided to study its phytochemicals technically

in order to validate. Hence, Phytochemical analysis,

FT-IR, GC-MS, Secondary metabolites, antioxidant

activities, phytonutrients were carried out for better

understanding about its properties.

Materials and Methods

Sample collection

Brassica nigra seeds were purchased from a local

market and it was identified through online source.  The

ethanol extract was used for the GCMS study.
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Extract preparation

Aqueous extract was prepared by dissolving 15g

of powdered  sample – Brassica nigra seed in 200ml

of  distilled water. The mixture was heated on a hot

plate with continuous stirring at 30-40°C for 20min.

Then the water extract was filtered through filter paper

and used for qualitative, antioxidant, phytonutrient

analysis (Harborne, 1984 and Kokate et al., 1995).

Test for carbohydrate

Molisch’s test : To the extract added a few drops of

alcoholic alpha napthol solution and a few drops of

concentrated Sulphuric acid along the sides of the test

tube. Positive result gives purple or violet colored ring

at the junction.

Fehlings test : To the extract added an equal amount of

Fehlings A and B solution and heated the tubes in a

boiling water bath. Brick red precipitation of cuprous

oxide is formed, indicating the presence of sugar.

Benedicts test : To the extract added Benedicts reagent,

and the tubes were heated in a boiling water bath. Red

precipitation indicates a positive result.

Test for alkaloids

Wagners test : To the extract added a few drops of

iodine solution in potassium iodide. Reddish brown

precipitate showed positive results.

Hagers test : To the extract added a few drops of a

saturated solution of picric acid. Yellow colour

precipitation signified positive result.

Test for steroids and sterols

Libermann-Burchard test : To the extract added 2ml

of chloroform, 10 drops of acetic anhydride and 2 drops

of  concentrated sulphuric acid. Bluish red to a cherry

red color in chloroform layer showed positive results.

Salwoski test: To the extract added a few drops of

chloroform and concentrated sulphuric acid. Bluish red

to cherry  red color indicated the presence of steroids.

Test for Glycosides

Legal test: To the extract added pyridine and sodium

nitroprusside. Positive result showed pink red color.

Baljet test : To the extract added picric acid.

Appearance of orange color signified positive result.

Test for saponins

Foaming test : Foams produces when the extract was

mixed with water.

Test for tannin and phenolic compounds

Ferric chloride test : To the extract added ferric

chloride. Formation of greenish black color showed

positive results.

Potassium dichromate test : To the extract added

potassium dichromate solution. Positive result showed

brown precipitate formation.

Gelatin test : To the extract added 1% gelatin solution

containing 10% sodium chloride. Appearance of white

precipitation confirms the presence of gelatin.

Test for protein and amino acids

Biuret test : To the extract added 4% sodium hydroxide,

and a few drops of 15% copper sulphate. Appearance

of purple color confirms the presence of protein.

Ninhydrin test: Bluish violet color forms when a

solution of ninhydrin and extract mixture was heated.

Heat test : Protein coagulation showed a positive result

when test solution was heated on a boiling water bath.

Test for fixed oil

Copper sulphate test : Blue colour formed when the

extract was mixed with 1ml of 1% copper sulphate  and

10% sodium hydroxide.

Fourier transform infrared analysis

Sample  preparation

For FT-IR analysis, the Brassica nigra  seeds

were ground in a mortar and pestle to reduce the

average particle size to 1 or 2 microns. About 0.1mg of
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finely ground Brassica nigra seed  sample was mixed

with ground potassium bromide. This mixture was then

placed onto the face of a KBr plate, and the second

window was placed on top. With a gentle circular and

back-and-forth, rubbing motion of the two windows,

the mixture was evently distributed between the plates.

The mixture should appear slightly translucent, when

properly prepared. Place the sandwiched plates in

the Spectrometer and obtain a spectrum. The Fourier

transform infrared spectrum was recorded using Bruker

Tensor 27 Spectrometer in the wavelength range 400-

4000 cm-1 by the potassium bromide pellet technique

with a resolution and scanning speed of 4 cm-1 and 2

mm /sec respectively.

Gas Chromatography-Mass Spectrophotometry
25gm of powdered seed was extracted with

ethanol. The extracted sample was used for phyto-

chemical analysis through Gas Chromato- graphy-Mass

Spectrophotometry. Gas Chromato graphy - Mass

Spectrophotometry  was performed on a Scion 436-GC

Bruker carrying Triple quadruple mass spectrophoto-

meter with fused silica capillary column BR-5MS (5%

Diphenyl95% Dimethyl poly siloxane), and 30m x

0.25mm ID x 0.25m df. The column oven temperature

program was as follows: 80°C hold for 2 min, Up to

160°C at the rate of 20°C/min-No hold, Up to 280°C at

the rate of 5°C / min-No hold, Up to 300°C at the rate

of 20°C/min-10 min hold, Injector temperature 280°C,

Total GC running time was 36 min. The inlet

temperature was set at 280°C, source temperature

250°C; ionization mode, ionization at 70-eV ionization

energy; For single scan analysis, the scan range was set

from m/z 40 to 600; Solvent Delay: 0-3.5 min; and the

injection volume was 2μl. The GC-MS/MS was

performed by the Institute of Crop Processing

Technology at Tanjavur.

Secondary Metabolites
The phenol and flavonoid content of aqueous

seed extract was analysed.

Determination of Total phenol content

Total phenolic content was determined by Folil-

ciocalteau method. The extract samples 0.1ml were

mixed with the Folinciocalteau reagent (5 ml, 1:10

diluted with distilled water) for 5 min and aqueous

NaCO3 (4ml, 1M) were added. The mixture was allowed

to stand for 15min and the phenols were determined by

colorimetric method at 765 nm. The standard curve was

prepared. Total phenol values were expressed in terms

of Gallic acid equivalent (mg/g of dry mass), which is a

common reference compound.

Estimation of flavonoids

The aluminium chloride method was used for the

determination of the total flavonoid content. Extract

solution were taken and then 0.1ml of AlCl3 (10%)

were added sequentially. The test solution was

vigorously shaken. Absorbance at 415 nm was recorded

after 30min of incubation. A standard caliberation plot

was generated at 415nm using known concentration of

quercetin. The concentration of flavonoid in the test

samples were calculated from the calibration plot and

expressed as mg quercetin equivalent/g of sample.

Antioxidant Assays

Nitric oxide scavenging assay, reducing power,

total antioxidant assay, metal chelating activities  were

performed.

Nitric oxide scavenging activity

This was estimated by the method of

Ebrahimzadeh et al. (2009d).  The procedure is based

on the principle that, sodium nitroprusside in aqueous

solution, at physiological pH spontaneously generates

nitric oxide which interacts with oxygen to produce

nitrite ions that can be estimated using Griess reagent.

Scavengers of nitric oxide compete with oxygen,

leading to reduced production of nitrite ions. For the

experiment, sodium nitroprusside (10mM) in phosphate

buffered saline was mixed with extract and incubated at
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room temperature for 150 min. After the incubation

period 0.5ml of Griess reagent was added. The

absorbance of the chromophore formed was read at

546nm.  Quercetin was used as positive control.

Reducing power assay

Reducing power assay was performed according

to the method of Yen and Chen (1995). Aqueous

extract was mixed with phosphate buffer (2.5ml, 0.2M,

pH 6.6) and potassium ferriccyanide (2.5ml %). The

mixture was incubated at 500c for 20min. 1.0 ml of

trichloro acetic acid (10%) was added to stop the

reaction, which was then centrifuged at 3000rpm for

10min. The upper layer of solution (1.5ml) was

mixed with distilled water (1.5ml) and  FeCl3 (0.1ml,

0.1%) after  mixing, the contents  were incubated for

10 min and the absorbance was measured at 700nm.

The increased absorbance of the reaction mixture

indicated increased reducing power. Vitamin C was

used as positive control.

Total antioxidant capacity

Total antioxidant capacity by phospho-

molybdenum   method assay is based on the reduction

of Mo (V1) to Mo (V) by the sample analyte and the

subsequent formation of green phosphate/Mo (V)

complex at acidic pH. The phosphomolybdenum

method is quantitative since the total antioxidant

activity is expressed as the number of equivalents of

ascorbic acid. The assay was carried out according to

the method of Prieto et al. (1999).

Metal chelating activity

The chelating ability of ferrous ion was estimated

by the method of Ebrahimzadeh (2008a). To the

extract a solution of  2mM FeCl2 (0.05ml) was added.

The reaction was initiated by the addition of 5mM

Ferrozine (160µl) and the mixture was shaken

vigorously and left standing at room temperature for

10min.  Absorbance of the solution was then measured

Spectrophotometrically at 562nm. A standard curve

was plotted using ascorbic acid. Distilled water (1.6ml)

instead of sample  solution was used as a control.

Distilled water (160µl) instead of ferrozine was used as

a blank, which is used for error correction because of

the unequal color of sample solution.

For all estimations, readings were taken  using

UV Spectrophotometer Schimadzu Model 1800.

Standard graph was plotted for all experiments using

their respective standards and the samples were plotted

against the standard by taking a concentration in X

axis and OD in Y axis.

Analysis of phytonutrients

Total carbohydrates, proteins, aminoacids were

performed according to the standard prescribed

methods.

Estimation of carbohydrate

The total carbohydrate was estimated by Anthrone

method (Hedge and Hofrelter, 1962).

Estimation of protein

The total protein was estimated by Lowry’s
method Lowry et al. (1951).

Estimation of aminoacids

The amino acid was estimated by Ninhydrin

method Yemm et al. (1955).

Statistical analysis

Mean and standard deviation was calculated

statistically.

Results and Discussion

Table 1  showed   the   results   of   qualitative

analysis  of Brassica nigra seeds.

Table – 1. Qualitative analysis of phytochemicals in
Brassica nigra seeds

S.No Name of the test Results
1. Test for carbohydrate

a) Molisch’s  test
b) Fehlings test

+++
+++

2. Test for alkaloids
a) Wagners test
b) Hagers test

---
+++
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According to the obtained results, the seeds

were found to contain carbohydrate,  alkaloids, steroids,

sterols, glycosides, saponins, tannin, phenolic compounds,

proteins, amino acids and fixed oil. This led to further

study the functional group present in it through FT-IR.

Fourier transform infrared analysis

Fig.-1 Depicts the results of FT-IR spectrum of

Brassica nigra seeds.

In FT-IR most, of the molecules absorb light in

the infra-red region of the electromagnetic spectrum.

Here, the background emission spectrum of the IR

source is first recorded, followed by the emission

spectrum of the IR source with the Brassica nigra seed

powder in place. The ratio of the sample spectrum to

the background spectrum is directly related to the sample's

absorption spectrum. The consequential absorption

spectrum from the bond natural vibration frequencies

indicates the presence of chemical bonds, functional

groups present in Brassica nigra seed powder. FT-IR is

particularly useful for the identification of organic

molecular groups and compounds as range of

functional groups, side chains, cross-links involved will

have characteristic vibrational frequencies in the infra-

red range. Infrared absorption below 1000cm-1

corresponds to C-H bending vibrations. The characteristic

absorption from 1000-1300cm-1 corresponds to C-O

ether group. Absorptions from 1400-1600cm-1 reflects

aromatic domain, N-H bending vibrations. The

absorptions from 1600-1760 cm-1 shows bending

vibrations of N-H from aminoacids, C=O stretching

from aldehydes, ketones, esters. The absorption from

2800-2900cm-1 attributed to C-H stretching vibrations

specific to CH3 and CH2 from lipids, methoxy

derivaties and C-H aldehydes from cis double bonds,

carboxylic acids. Carboxylic acids are reported for

its antimicrobial, antifungal activities (Sultana et al.,

2010). The absorption from 3350-3600 cm-1 corresponds

to OH groups from alcohol, water, phenol, carbohydrates

as well as from amides. Natural  resources containing

phenolic compounds show antifungal activity (Soundara-

rajan et al., 2012). Apart from these, FT-IR finger print

also helps in ensuring consistency and standard quality

in extracts.

3. Test for steroids and sterols
a) Libermann - Burchard test
b) Salwoski test

++
++

4. Test for Glycosides
a) Legal test
b) Baljet test

++
+

5. Test for saponins
Saponin test +

6. Test for tannin and phenolic
compounds
a) Ferric chloride test
b) Potassium dichromate test
c) Gelatin test

+++
++
+

7. Test for protein and amino
acids
a) Biuret test
b) Ninhydrin test
c) Heat test

+
+++

+

8. Test for fixed oil
a) Copper sulphate test +++

+++ - Strong, ++ Moderate, + -low

Fig.-1. FT-IR spectrum of Brassica nigra seeds
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Fig.-1. FT-IR spectrum of Brassica nigra seeds
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GC-MS Analysis

The results of phytochemicals in the ethanol

extract of Brassica nigra seeds obtained through GC-

MS was shown in Table - 2.

Results of GC-MS analysis (Table - 2) showed

that Brassica nigra seeds contain 12 compounds.  The

compound 9,12-Octadecadienoic acid (Z,Z)- showed

highest  peak area percent of  22.14 and having a

molecular formulae of C18H32O2, molecular weight 280,

at retention time of 18.23. The compound Erucic

acid also showed next highest peak area percent of

16.86 having molecular formulae C22H42O2, molecular

weight 338, at retention time of 24.12. The compound

Ethanone, 1-(3,4-dimethoxyphenyl)- showed higher

peak area percent of 15.35, having molecular formulae

C10H12O3 , molecular weight 180, at retention time of

10.73. The compounds showing moderate activity are

as follows: Tetracaine having molecular formulae

C15H24N2O2 and molecular weight 264 showed peak

area percent as 9.62 at retention time of 23.38. 5-

Hydroxymethylfurfural having molecular formulae

C6H6O3 and molecular weight 126, showed peak

area percent as 7.52 at retention time of 5.94. Campesterol

having molecular formulae  C28H48O, molecular weight

400 with peak area percent as 6.31 at retention time of

35.10. n-Hexadecanoic acid with molecular formulae

C16H32O2 and molecular weight 256 showed peak area

percent as 5.40 at retention time of 15.64. Stigmasterol

with molecular formulae C29H48O and molecular weight

412 with peak area percent as 5.01 at retention time of

33.57. The compound cis-13-Eicosenoic acid having

molecular formulae C20H38O2 and molecular weight

310 with peak area percent as 3.66 at retention time of

21.07. 9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxyl

methyl) ethyl ester showed peak area percent as 3.07

with molecular formulae C21H40O4 and molecular

weight  356 and retention time of 26.18. γ-Tocopherol

with molecular formulae C28H48O2 and molecular

weight 416 and peak area percent as 2.71 at retention

time of 31.39. Octadecanoic acid with molecular

formulae C18H36O2 and molecular weight 284  showed

peak area percent as 2.34 at retention time of 18.48.

The pharmaceutical applications of the obtained

compounds were taken from reports and  are discussed

below: 5-Hydroxymethylfurfural helps in biofuel

production as well as in wide range of chemicals like

maleic anhydride preparation (Rosatella et al., 2011).

N-Hexadecanoic acid  is a palmitic acid acts as a

potent antioxidant, hypochloesterolemic, nematicide,

pesticide, lubricant, antiandrogenic, hemolytic and 5-

alpha reductase inhibitor. 9,12-Octadecadienoic acid

(Z,Z) exhibited properties similar to N-Hexadecanoic

acid including anti-coronary, anti-arthritic, hepato-

protective, anti-histaminic, insectifuge, anti-eczemic

and anti-acne  activity. Octadecanoic  acid was used

as a flavouring a agent and also nematicide. cis-13-

eicosenoic acid is a rare omega 7 fatty acid  present

only in Sapindaceae family of Paulliniaelegans and

identified in Brassica nigra seeds. Tetracaine is a

strong local anesthetic of the ester group used in

ophthalmology and also as an antipruritic. It also alters

the function of calcium release channels that control

the release of calcium from intracellular stores.

Erucicacid an important raw material in oleochemical

industry and plays a major role in the production of

pharmaceuticals, soaps, detergents, cosmetics, plastics,

lubricants, rubbers and coatings (Carlson, 1992 and

Erickson et al., 1997). In addition to these, it too have

slipping, softening, antifoaming, emulsifying and

corrosion inhibiting property. γ-Tocopherol other-

wise called as vitamin E is a very good antioxidant.

Stigmasterol have antimicrobial, anti-cancer, anti-arthritic,

anti-asthmatic, diuretic and anti-inflammatory activity.

Campesterol reduces the absorption of cholesterol in

the human intestine by competing with cholesterol.
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Secondary metabolites and Antioxidant assays

The results of secondary metabolites and anti-

oxidant activities are shown in Table - 3.

Calculated results of Brassica nigra seeds showed

Total  Phenolic content of 7.23 ± 1.84mg/g and total

flavonoid content of 3.56 ± 0.40mg/g. When phyto-

chemical compounds react with a free radical, it is the

delocalization of the gained electron over the phenolic

antioxidant, the aromatic nucleus that prevents the

continuation of free radical chain reaction called

“Radical scavenging” but polyphenolic compounds
inhibit oxidation through a variety of mechanisms

(Cuvelier, 1992).

The phenolic derivatives are fundamental anti-

oxidants, exhibit scavenging efficiency on the free

radicals, reactive oxygen species. The chemical

composition, structures of active extract components

govern the usefulness of natural antioxidants.

Secondary metabolites in plants dictate biological,

pharmacological activities like anti-oxidative, anti-

allergic, antibiotic, hypoglycemic and anti-carcinogenic

Borneo (2008). The concentration as well as inter/intra-

cellular locations of flavonoids in leaves exposed to

increased light stress are best suitable for antioxidant

activities (Agati et al., 2012) as in response to excess

light stress (presence/absence of UV-radiation) the

biosynthesis of antioxidant flavonoids is enhanced

(McClure et al., 1968; Agati et al., 2009; Jenkins et al.,

2009; Agati et al., 2011).

The antioxidant activity of Brassica nigra seeds

showed higher activity with Nitric oxide scavenging

assay (8.00 ± 2.10mg/g), followed by reducing power

assay showing 5.23±0.80mg/g, metal chelating

activity 2.30 ± 0.17mg/g. The antioxidant activity of

phenolic compounds is mainly due to their redox

properties, which can play important role in absorbing

and neutralizing free radicals, quenching singlet

(Tomczyk et al., 2010) and triplet oxygen, or

decomposing peroxides. Flavonoids and tannins seem to

be a most promising polyphenolic compounds. Reducing

power  activity reflects  the  antioxidant  activity (Oktay

et al., 2003).

Compounds with reducing power show that

they could act as  electron  donors  and  thus ease the

oxidized  intermediates  of  lipid  peroxidation  processes

due to its primary and  secondary antioxidant nature.

Table -2. Phytochemicals of Brassica nigra seeds extracted with  ethanol

S.No RT Name of  the compound Molecular Fomulae MW Peak area %
1. 5.94 5-Hydroxymethylfurfural C6H6O3 126 7.52
2. 10.73 Ethanone, 1-(3,4-dimethoxyphenyl)- C10H12O3 180 15.35
3. 15.64 n-Hexadecanoic acid C16H32O2 256 5.40
4. 18.23 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 22.14
5. 18.48 Octadecanoic acid C18H36O2 284 2.34
6. 21.07 cis-13-Eicosenoic acid C20H38O2 310 3.66
7. 23.38 Tetracaine C15H24N2O2 264 9.62
8. 24.12 Erucic acid C22H42O2 338 16.86
9. 26.18 9-Octadecenoic acid (Z)-, 2-hydroxy-1-

(hydroxymethyl) ethyl ester
C21H40O4 356 3.07

10. 31.39 γ-Tocopherol C28H48O2 416 2.71
11. 33.57 Stigmasterol C29H48O 412 5.01
12. 35.10 Campesterol C28H48O 400 6.31

MF- Molecular Formulae, MW- Molecular Weight, PA-Peak area percent
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However, the antioxidants prevent chain initiation,

binding of transitionmetal ion catalysts, decomposition

of peroxides, prevention of hydrogen abstraction,

reductive capacity and radical scavenging (Yildirim

et al., 2000).

Phytonutrients

The Protein content of Brassica nigra seeds was

higher and reported as 4.36 ± 2.82mg/g. The carbohydrate

content reported was 1.80±0.00mg/g, The aminoacid

content was 1.30±0.00mg/g. Protein is a vital nutrient

essential for building, maintaining, and repairing

tissues, cells, organs throughout the body. Amino

acids are precursors of phytohormones and growth

substances.

Conclusion
Having  diverse range of bioactive molecules,

makes medicinal plants a richest source for drugs that

determine the therapeutic nature of Brassica nigra

seeds. Correlation between phytoconstituents, anti-

oxidants, bioactivity of plant are advantageous in order

to know the synthesis of compounds with specific

activities and its synergistic effect in improving health.

Hence, the Brassica nigra seeds were found to be a

good source of antioxidants, phytochemicals which

contain a novel  compound helps in curing disease,

promoting rapid healing and formation of new tissues.
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