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Abstract:  

Broccoli contains sulforaphane, an isothiocyanate which is formed by the action of myrosinase enzyme on 

glucoraphanin. This sulforaphane has anticancer properties and can also help in treating many diseases like 

kidney disorders, skin diseases etc. The present paper highlights the development of UV and TLC method, which 

will be used in further research. The paper highlights the development of UV method in three media namely- 

Distilled water, phosphate buffer 7.4 and HCl buffer 2.3. This paper also highlights the Development of TLC 

method for the identification of sulforaphane in Broccoli extract. 
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INTRODUCTION: 

Vegetables are good sources of natural antioxidants 

and biologically active components.  They help in 

supplying certain constituents that are deficient in 

other foods thereby playing an important role in 

human nutrition [1]. Brassicaceous vegetables such 

as broccoli, red cabbage contains high 

concentrations of minerals, vitamins and a special 

group of phytochemicals called glucosinolates[2]. 

Broccoli is a type of cruciferous vegetable which is 

classified under the italic cultivar group of species 

Brassica oleracea. It belongs to family Brassicaceae 

and was originated in Italy about 2000 years 

ago[3]. Glucosinolates, on hydrolysis by the 

endogenous enzyme myrosinase (thioglucoside 

glucohydrolase) yields a variety of bioactive 

products. Formation of these bioactive products 

like sulfate, D-glucose, oxazolidine-2-thiones, 

thiocyanates, nitriles, isothiocyanate depends on 

the chemical structure of glucosinolates and other 

factors like temperature and pH during enzmymic 

cleavage [4-6]. 

Sulforaphane (SFN) (4-methylsulfinylbutyl 

isothiocyanate) was first identified in broccoli 

extracts as a product of enzymatic- or acid 

hydrolysis of the corresponding co- 

(methylsulfinyl)-alkyl-glucosinolate 

(Glucoraphanin). Glucoraphanin is the inert 

glucosinolate precursor of sulforaphane which is 

hydrolysed by an enzyme called Myrosinase into 

biologically active isothiocyanate. This 

sulforapahne has been a great deal of interest and 

known to possess anticancer properties. Myrosinase 

enzyme is present in fresh broccoli as well in 

broccoli sprouts. It is also found in the microbial 

flora of the lower intestine of humans and animals, 

hence as the Glucoraphanin fully passes the GIT 

system, a significant amount of Glucoraphanin is 

expected to be hydrolyzed by myrosinase enzyme 

and become bioavailable as sulforaphane[7-9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1:Structure of sulforaphane and 

glucoraphanin[10] 

 

Sulforaphane has huge cancer chemopreventive 

potential and it modulates cell sycle, cell death, 

invasion and metastasis, susceptibility to 

carcinogens and also possesses antioxidant 

properties [11]. It was found that sulforaphane can 

protect against carcinogens and other toxic 

electrophiles [7, 12, 13]. It was also found that 

sulforaphane exhibits anti-cancer, antimicrobial 

and anti diabetic properties in experimental models 

[14]. It can also reduce the incidence of number of 

forms of tumors, hence sulforaphane is a promising 

chemoprotective agent and hence has attracted 

many reseacher’s interest [15-19]. 

 

Ultraviolet Spectroscopy 

Technique insight  
UV-Visible spectrophotometry is one of the most 

frequently employed techniques in pharmaceutical 

analysis. The amount of ultraviolet or visible 

radiation absorbed by a substance in solution is 

measured by this instrument. Instrument which 

measures the ratio, or function of ratio, of the 

intensity of two beams of light in the U.V-Visible 

region are called Ultraviolet-Visible 

spectrophotometers. 

Spectrophotometric technique is simple, rapid, 

moderately specific and applicable to small 

quantities of compounds. The fundamental law that 

governs the quantitative spectrophotometric 

analysis is the Beer –Lambert law. 

Beer’s law: It states that the intensity of a beam of 

parallel monochromatic radiation decreases 

exponentially with the number of absorbing 

molecules. In other words, absorbance is 

proportional to the concentration. 

Lambert’s law: It states that the intensity of a beam 

of parallel monochromatic radiation decreases 

exponentially as it passes through a medium of 

homogeneous thickness. A combination of these 

two laws yields the Beer-Lambert law. 

Beer-Lambert law: When beam of light is passed 

through a transparent cell containing a solution of 

an absorbing substance, reduction of the intensity 

of light may occur. Mathematically, Beer- Lambert 

law is expressed as 

A=a b c 

Where, A=absorbance or optical density 

a=absorptivity or extinction coefficient 

b=path length of radiation through sample (cm) 

c=concentration of solute in solution. 

Both b and a are constant so a is directly 

proportional to the concentration c 

When c is in gm/100 ml, then the constant is called 

A (1%, 1 cm) [20] 
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MATERIALS AND INSTRUMENT: 

 

 
Fig 2: SCAIN-2301 double beam Ultraviolet 

spectrophotometer 

The instrument used was SCAIN-2301 double 

beam Ultraviolet spectrophotometer. Broccoli 

extract was purchased from Connell Bros. 

Company (INDIA) private limited. Standard 

broccoli sprout tablet was purchased from 

Nutradeal from amazon.  Acetonitrile (HPLC 

grade), Methanol (HPLC grade) , Dichloromethane 

and water of HPLC grade were purchased from SD 

fine Chemicals, India. All other chemicals used in 

the process were of analytical grade. 

 

Method 

Preparation of dilutions 

The sample solution was prepared by dissolving 1g 

of broccoli sprout extract in 10mL of distilled 

water. 1mL of this sample solution was taken and 

9mL was distilled water was added. The solution 

formed contained 10mg/mL drug. Further dilutions 

were made from this 10mg/mL sample stock 

solution.  0.5mL of this sample stock solution was 

taken in a measuring cylinder and distilled water 

was added to make up the volume up to 100mL. 

The solution formed is of 50ppm. Similarly 

solutions with 100ppm, 150ppm, 200ppm, 250ppm 

were made. 

Dilutions of same concentration were made using 

phosphate buffer 7.4 and hydrochloride buffer 2.6 

instead of distilled water.   

Different aliquots were taken and λ max was found 

by UV (Perkin Elmer). It was found to be 240nm, 

215nm, and 235nm for distilled water, phosphate 

buffer and HCl respectively. Absorbance was 

measured. The calibration curve was prepared by 

plotting absorbance versus concentration. 

 

Thin Layer Chromatography 

Technique Insight 

Thin layer chromatography is a simple and a cost-

effective method which has been used for several 

decades to routinely separate chemical and 

biochemical compounds [21].  

It is used to separate non-volatile mixtures and is 

performed on a sheet of glass, aluminium foil or 

plastic which is coated with a thin layer of 

adsorbent material such as silica gel, cellulose or 

aluminium oxide (alumina). The layer of adsorbent 

is called stationary phase [22 ,23 ].  

TLC is used for identifying compounds in a given 

mixture, progress of a reaction and to determine the 

purity of the compound. For example, it is used for 

identification of medicinal plant and their chemical 

constituent, detection of pesticides or insecticides 

in water and food sample, assaying the 

radiochemical purity of radiopharmaceuticals and 

many more.  

The results are quantified by finding the retention 

factor or Rf. Rf is calculated by – 
 

Rf = Distance travelled by the substance being considered 

    Distance travelled by the mobile phase or the solvent 

front 

Those substances which resemble the mobile phase 

will have higher retention factor and those who 

have similar structure to stationary phase will have 

low retention factor [24].  

 

Materials 

TLC plate was purchased from MERCK Company 

and 20X20 cm in size. Methanol (HPLC grade), 

acetic acid, Dichloromethane were purchased from 

SD fine chemicals, India. 

 

Method 

Various solvent system were made for 

identification of broccoli extract. Different ratios of 

DCM and methanol were tried. Further to improve 

this combination, acid was added and the final 

solvent mixture was prepared by mixing 

Dichloromethane, methanol and acetic acid in 

following ratios- 9.5 : 0.5 : 0.5. 10mL of both 

methanol and acetic acid was mixed together with 

190mL of Dichloromethane and the mixture was 

added to the TLC tank. The sides of TLC tank were 

lined with filter paper and the tank was covered 

using the lid.  The filter paper was made wet and 

was allowed to cover the bottom of tank. This setup 

was allowed for saturation. TLC plate was marked 

with a help of sharp pencil and a line 1cm from the 

bottom was made [25]. 

The sample solution of broccoli extract was made 

by mixing 1g of sample in 5-10 mL of 0.1M HCl. 

The solution was filtered and was labelled as 

Sample. The standard solution was made by 

crushing 2 tablets of standard and mixing it with 

Dichloromethane. The solution was then filtered 

and labelled as Standard.  

The sample solution of broccoli extract as well as 

the standard solution was spotted using glass 

pipette 1 cm from the bottom of TLC plate. The 

plate was placed in solvent tank and the tank was 

covered with lid. The plate was removed till the 

development was up to 1 cm top. The plate was air 
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dried and viewed under UV. The Rf values were 

calculated and compared with the standard. 

RESULTS AND DISCUSSIONS: 

The UV method was developed in different dilution 

solvents- distilled water, phosphate buffer 7.4, HCl 

buffer 2.3 and was validated according to the 

parameters. In TLC it was seen that the spot clearly 

occurred when DCM, methanol and acetic acid 

mixture were used. This study was done for the 

further research on Broccoli tablets which will be 

published in another paper. The results were under 

the specified limit. 

 

UV spectrophotometry 

 

Table 1: Absorbance of broccoli extract in Distilled water at λ = 240nm 

 

Concentration (mg/ml) Absorbance 

0.2 0.16 

0.4 0.42 

0.6 0.68 

0.8 0.85 

1 1.03 

2 2.17 

 

 
 

Fig 3: Standard graph of broccoli extract in Distilled water at λ = 240nm 

 

Table 2: Absorbance of broccoli extract in Phosphate Buffer 7.4 at λ = 215nm 

 

 

 

 

 

 

 

 

 

 
Fig 4: Standard graph of broccoli extract in Phosphate Buffer 7.4 at λ = 215nm 

 Concentration(ppm) Absorbance 

50 0.165 

100 0.305 

150 0.479 

200 0.651 

250 0.797 
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Table 3: Absorbance of broccoli extract in HCl buffer 2.6 at λ = 235nm 

 Concentration(ppm) Absorbance 

50 0.083 

100 0.155 

150 0.236 

200 0.315 

250 0.409 

 

 
 

Fig 5: Standard graph of broccoli extract in HCl buffer 2.6 at λ = 235nm 

Thin layer chromatography 

 

 
Fig 6: TLC of broccoli extract under UV 

TLC remains to be an important method for 

qualitative analysis as man sample can be analysed 

at the same time and there are many dectection that 

can be used for identification of components. The 

Broccoli extract was first hydrolysed in HCl so that 

sulforaphane can become available. Glucoraphanin 

is present in extract and it only gets converted into 

sulforaphane in acidic medium. TLC was used to 

qualitatively identify the sulforaphane present in 

the extract fraction. It was seen that the spot was 

not clearly visible when the mobile phase of DCM 

and methanol combination was used. The spot was 

clearly visible in UV when DCM : methanol : 

acetic acid combination were used as mobile phase. 

The Rf value of standard was found to be 0.74 and 

the broccoli extract sample was found to be 0.73 by 

the formula mentioned above. Thus we can 

conclude that the given broccoli extract contains 

sulforaphane.  

A 
B 
S 
O 
R 
B 
A 
N 
C 
E 

 

Concentration (ppm) 
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CONCLUSION: 

Thus, it can be concluded that the most important 

analytical parameters of the broccoli extract have 

being developed and validated. Broccoli extract 

contains sulforaphane which offers huge potential 

and this broccoli extract can be used in formation 

of different formulations such as tablets, capsules 

etc. Bioavailability of Sulforaphane from broccoli 

extract can be increased by adding an enhancer 

such as piperine or this sulforaphane can be 

conjugated with other agents such as silver 

nanoparticles, gold nanoparticles and help in 

anticancer drug delivery. This study has being done 

for the reference for the project on “Formulation of 

broccoli tablet by direct compression”. The 

developed ultraviolet spectroscopic method was 

validated and was done in different dilution media 

such as distilled water, phosphate buffer pH 7.4 and 

hydrochloride buffer pH 2.6 which will aid in 

further formulation development and in vitro and in 

vivo studies. The Rf value of Standard and the 

sample (broccoli extract) are very close, concluding 

that sulforphane must be present. Further studies 

will be done on broccoli extract and will be 

published in another article. 
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