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ABSTRACT: Broccoli (Brassica oleracea var. italica) a cruciferous vegetable growing in Bangladesh was 
investigated to determine the fatty acid components, elemental concentrations, ascorbic acid content  and antioxidant 
activity. A total of fifteen compounds were identified from the methylated esters of the fatty acids of flower and stem 
of broccoli when analyzed by GC-MS. The major compounds were linoleic acid, palmitic acid. linolenic acid, oleic 
acid, stearic acid and myrestic acid. Elemental analysis was done by XRF method which showed that both the flower 
and stem contained a significant amount of Na, K, Ca, Mg, Fe, P and Cl. However, heavy metals were not found in 
any of the broccoli samples. The broccoli flower and stem contained 42.20±0.263 mg and 120±0.254 mg of ascorbic 
acid per 100g of fresh samples. The methanol extract of broccoli exhibited the highest DPPH radical scavenging 
activity among methanol, acetone and water extracts. The indegenous broccoli was found to have highest   DPPH 
radical scavenging activity (> 90%) which was comparable to standard ascorbic acid (98.22±1.122%) and BHA 
(96.01±0.983 %). Methanol extract of flower and stem exhibited highest ferrous ion chelating ability ((91.85±0.951 
and 97.38±1.241) respectively whereas the ascorbic acid and BHA hardly demonstrated any ferrous ion chelating 
ability. These results clearly indicated that Bangladeshi broccoli has a significant potential for uses as nutrients and 
antioxidant suppliments. 
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INTRODUCTION 

 Broccoli (Brassica oleracea var. italica) belongs 
to the Cruciferous family. It is a biennial vegetable 
originated from Italy some 2000 years ago.1,2 
Broccoli has been considered as a unique valuable 
food among Italians.3 Broccoli grows best when 
exposed to an average daily temperature between 18-
25°C.4 It is now growing successfully in some areas 
of Bangladesh. The typical broccoli phytochemicals 
are sulphur containing compounds, including 
glucosinolates, dithiolthiones, indoles, glucoraphanin,  
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S-methyl cysteine sulfoxide, isothiocyanates, and 
indole-3-carbinol etc.5,6 Sulphoraphane found in this 
cabbage protects from bacteria, cancer and diabetes.6-9  

Broccoli is a nutritious food and it is a good source of 
vitamin  and minerals.10,11 It prevents certain types of 
cancer, diabetes, heart disease, osteoporosis, 
Alzheimer's disease, joint inflammation   and  high 
blood pressure.12-14 Researchers in different part of 
the world have indicated that broccoli possessed high 
antioxidant capacity.15-18    

 So far, no research has been carried out on 
chemical constituents and antioxidant properties of 
broccoli from Bangladesh. The present investigation 
was designed to evaluate the levels of different fatty 
acid components, nutrients, trace elements, ascorbic 
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acid (vitamin C) content and antioxidant activity 
from flower and stem of broccoli growing in 
Bangladesh.  

 

MATERIALS AND METHODS 

 Collection of raw materials. B. Oleraceae var. 
was collected randomly from a garden of Tejgaon, 
Dhaka, Bangladesh during the year 2006-2007. After 
harvesting the edible part of broccoli, flower and 
stem were separated and washed with clean water, 
cut into small pieces, grounded and freeze-dried. The 
freeze-dried samples were taken in an airtight 
container and stored in a cool place.  

 Determination of the percentage of dry 
matters. A calculated amount of the fresh samples 
(stem and flower part) of broccoli were taken and 
after cleaning it was cut into small pieces. The 
broccoli samples were then dried under shade 
followed by oven drying at 40°C and finally it was 
heated at 60°C until a constant weight was obtained. 
This experiment was repeated thrice and the mean of 
the results was taken. Dry matter contents was then 
calculated and expressed in table I. 

 Determination of ash content. Accurately 
weighed powdered vegetable samples (dry weight 
basis) were burnt according to the methods described 
in literature.19 Three sets of experiment were carried 
out for each of the samples and the mean of the 
results is expressed in Table 1. 

 Estimation of elemental concentrations in the 
ash. The elemental concentrations in the ash of 
broccoli flower and stem were determined with the 
help of X-Ray Fluorescence spectrometry (X-RF).   

 Preparation of tablet for X-RF analysis. The 
ash of broccoli samples was powdered and sieved 
through 100 mash screens and dried at 110°C in an 
electric oven. Dry ash powder (about 4.0 g) in 
association of 0.4 g stearic acid as binder and 8.0g 
boric acid as base powder were mixed 
homogeneously. Then tablet of this mixture was 
prepared by using pressure machine disc for X-RF 
analysis. Elemental analyses were carried out by     
X-RF in which calculation and fixed calculation 

methods were used in X-ray fluorescence 
spectrometer (Philips Analytical). Average of three 
samples is shown in Table 1.  

 Determination of crude fat and fatty acid 
components. Crude fat of the broccoli samples were 
extracted by soxhlet apparatus using n-hexane as 
solvent. 

 Soxhlet extraction of fat. About 10 g of dry 
sample of broccoli was extracted for 16 hours at 70 
°C with n-hexane using soxhlet apparatus. The 
extract was evaporated to dryness and the residue 
was collected. An average of three experimental 
results was recorded (Table 2). 

 Fatty acid analysis by GC/MS spectroscopy. 
200 mg of extracted fat was saponified with 
methanolic sodium hydroxide (10 ml) and the dried 
saponified material was esterified with BF3-MeOH 
(complex). The methylated ester of the fatty acid was 
isolated by partitioning with n-hexane and water. The 
n-hexane soluble part was dried and the analysis was 
done by GC-MS electron impact ionization (E1) 
method. The compounds were identified by 
comparing with NIST library data (Table 2). 

 Estimation of ascorbic acid (Vitamin C) 
content.  Vitamin C contents of stem and flower 
from broccoli were determined following the method 
of Ranganan, which is based on the reduction of 2, 6-
dichlorophenol-indophenol visual titration method.20    

 Antioxidant activity. The antioxidant activity of 
broccoli samples (flower and stem) was determined 
by DPPH radical scavenging activity, reducing power 
and ferrous Ion Chelating ability test. 

 Preparation of sample extracts. Freeze dried 
samples of broccoli stem and flowers (100-1000 mg) 
were weighed, 50 mL of methanol, acetone and water 
were then added separately and allowed to stand for 
24 hours with occasional stirring. The ratios of 
sample weight to solvent volume were 2, 4, 8, 12, 16 
and 20 mg/mL. The extracts were then vacuum 
filtered and used as stock solutions for the following 
tests.  

 Test for DPPH radical scavenging activity. 
DPPH radical scavenging activity of broccoli 
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samples was studied by the method of Shimada et al. 
was followed.21 During this experiment the test 
samples methanol, water and acetone extracts           
of broccoli (5 mL) accompanied with standard com-
pounds Ascorbic acid and BHA methanolic solutions 
(5mL) were separately mixed with freshly prepared 
DPPH methanolic solution (1 mM, 1 mL). The 
reaction mixture was then vortex for few minutes and 
allowed to stand at dark place at 25°C for 30 min. 
The absorbance of samples was read against a blank 
at 517 nm. The percentage of DPPH scavenging 
activity is expressed by [{1-(test sample 
absorbance/blank sample absorbance)} x 1000]. An 
average of three experimental results was recorded 
and is presented in Figure 1a-b.  

      

 Test for ferrous ion chelating ability. The 
ferrous Ion Chelating ability of broccoli sample was 
determined following the method established by 
Decker and Welch.22  Test samples of broccoli 
extracts, BHA and Ascorbic acid solutions (each 
5mL ) were spiked with ferrous chloride (0.1mL, 2 
mM ) and ferrozine solutions (0.2 mL, 5 mM). The 
reaction was allowed to stand for 10 minutes and the 
absorbance of was recorded at 562 nm. The 
percentage of ferrous ion chelating ability is 
expressed by [{1-(absorbance of the 
sample/Absorbance of the blank sample)} x 100]. All 
the samples were tested for thrice and the mean of the 
results are expressed in Figure 2a-b).  

 Test for reducing power. The reducing powers 
of broccoli samples were determined following the 
methods developed by Oyaizu.23 Test samples of 
broccoli extracts (10 ml) accompanied with ascorbic 
acid and BHA methanolic solutions (10 mL) were 
spiked separately with phosphate buffer (2.5 mL, 
0.2M, pH 6.6) and 1% potassium ferricyanide (2.5 
mL).  The mixture was then incubated at 50°C for 20 
minutes, then cooled rapidly, again spiked with 
trichloroacetic acid (2.5 mL, 10%), and centrifuged at 
3000 rpm for 10 minutes. The supernatant (5 mL) 
was then mixed with distilled water (5 mL) and ferric 
chloride (1 mL, 0.1%). The mixture was then allowed 
to stand for 10 minutes and the absorbance was 
recorded at 700 nm. The experiment was repeated 

thrice and the mean of the results is presented in 
Figure 3a-b.  

RESULTS AND DISCUSSIONS 

 A comparative study on different edible parts of 
broccoli from Bangladesh revealed that the flower 
and stem part contained 12.00 ± 0.088 and 10.50 ± 
0.117 g, respectively of dry matter per 100g fresh 
samples. Crude fat contents were found to be 12.00 ± 
0.088 & 10.50 ± 0.117 g and ash content 11.09 ± 
0.187 & 11.12 ± 0.148 g in the flower and stem, 
respectively per 100g of dry samples. 22 elements 
were estimated in this study. The result of elemental 
analysis is presented in Table I. Elemental analysis 
was done by XRF method. Both the flower and stem 
part were found to be contained a good amount of 
Na, K, Ca, Mg, Fe, P and Cl (Table 1).  Na, K and Cl 

content was found to be higher in stem part where as 
the flower part contained higher amount of Ca, Mg, 
Fe and P than the stem part. Sulfur was found to be 
present in stem part only (988 ± 0.714 mg/100g dry 
stem). Cu, Cr, Mn, I, Br were not detected in any of 
the samples of broccoli.  Heavy metals including 
some radioactive elements Al, Ni, As, Rb, Ba, Ti, U, 
Zr, & Y was not detected in any of the samples of 
broccoli during this study except Ti and Y at trace 
amount in stem part only (Table 1). 

 Methylated fatty ester of broccoli samples was 
analyzed by GC-MS. A total of fifteen compounds 
were identified in the fatty ester of flower and stem 
part of broccoli. The major components were 
palmitic, linoleic, stearic, oleic, linoleinic and 
myrestic acids and the other components were found 
as ecosanoic, lauric, heneicosanoic, margaric, 
isostearic, 9-hexadecanoic, nonadecanoic and 7-
hexadecanoic acids (Table 2).  The relative 
percentage of the major components in flower and 
stem parts were palmitic (16.42 ± 0.017 & 15.26 ± 
0.002), linoleic (15.41 ± 0.007 & 15.43 ± 0.002), 
oleic (4.13 ± 0.021 & 5.51 ± 0.004), stearic (7.69 ± 
0.027 & 3.50 ± 0.012), Linoleinic (3.26 ± 0.016 & 
24.76 ± 0.004) and myrestic acids 3.04 ± 0.006 & 
6.52 ± 0.003), respectively. 
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 Our indigenous broccoli was found to possessed 
42.20 ± 0.263mg and 120 ± 0.254 mg of ascorbic 
acid or vitamin C per 100 gram of fresh flower and 
stem, respectively. The stem contained three times 
more vitamin C than the flower part. 
 
Table 1. Elemental concentrations in different edible parts of 

broccoli 
 

No. Elements mg/100g flower mg/100g stem 
1 Na 60.99 ± 0.414 69.40 ± 0.843 
2 K 3692.97 ± 1.754 4514.72 ± 0.954 
3 Ca 1449.46 ± 2.047 589.36 ± 0.548 
4 Mg 649.87 ± 0.501 166.80 ± 0.318 
5 Fe 26.62 ± 0.041 10.01 ± 0.201 
6 Cu ND ND 
7 S ND 988.57 ± 0.714 
8 P 1366.29 ± 0.243 359.18 ± 0.342 
9 Cl 258.40 ± 0.145 930.74 ± 0.543 
10 Cr ND ND 
11 Mn ND ND 
12 I ND ND 
13 Rb ND 5.84 ± 0.216 
14 Ni ND ND 
15 Ba ND ND 
16 As ND ND 
17 Ti ND << 
18 U ND ND 
19 Zr ND ND 
20 Br ND ND 
21 Y ND << 
22 Si ND 31.13 ± 0.327 

Dry matter content: 12.00±0.088 (flower), 10.50±0.117 (Stem);  
Ash content: 11.09±0.187 (flower), 11.12±0.148 (Stem).  
All the calculations were done on dry wt. basis; <<Indicates for 
trace amount, ND indicates for not detected. The values are 
expressed as mean ± standard deviation (n=3). 

 Antioxidant activity of flower and stem from 
broccoli was evaluated by using the three 
complementary test systems; namely DPPH free 
radical scavenging, reducing power, and ferrous ion 
chelating power ability tests. The DPPH radical 
scavenging activity of different solvent extracts of 
broccoli, ascorbic acid and butylated hydroxyanisole 
(BHA) methanolic solutions at different concentra-
tions are presented in Figure 1a-b. The result of this 
study revealed that ascorbic acid and BHA possessed 
upto 98.22 ± 1.122 and 96.01 ± 0.983 % respectively 
of DPPH radical scavenging activity at a 
concentration of 2 mg/mL. The methanol extract of 
both the flower  and  stem  of  broccoli was  found  to  
 

Table 2. Contents of different Fatty acid components in flower 
and stem parts of Broccoli (analyzed by GC/MS) 

 
No. Name of the fatty 

acids 
Relative % 

in flower part 
Relative % 
In stem part 

1 Palmitic acid 16.42 ± 0.017 15.26 ± 0.002 
2 Oleic acid 4.13 ± 0.021 5.51 ± 0.004 
3 Stearic acid 7.69 ± 0.027 3.50 ± 0.012 
4 Linoleic acid 15.41 ± 0.007 15.43 ± 0.002 
5 Linoleinic acid 3.26 ± 0.016 24.76 ± 0.004 
6 Linolelaidicacid 0.02 ± 0.002 1.23 ± 0.007 
7 Myrestic acid 3.04 ± 0.006 6.52 ± 0.003 
8 Lauric acid 0.72 ± 0.001 0.03 ± 0.001 
9 Ecosanoic acid 2.37 ± 0.013 0.85 ± 0.007 
10 Heneicosanoic acid 1.67 ± 0.005 1.29 ± 0.010 
11 Margaric acid 0.04 ± 0.002 0.04 ± 0.002 
12 Iso stearic acid 1.72±0.012 1.26 ± 0.004 
13 9-Hexadeenolic acid 0.03±0.002 1.05 ± 0.005 
14 Nonadecanoic acid 0.02±0.001 0.85 ± 0.003 
15 7H-exadecanoic acid 0.55±0.011 0.02 ± 0.001 

Crude fat content (dry weight basis): 9.91±0.041 (flower), 
9.14±0.152 (Stem). All the values are expressed as mean±SD 
(n=3). 
possess highest radical scavenging activity than the 
water and acetone extracts. The acetone extract 
exhibited the lowest inhibition 38.34 ± 0.441 and 
9.25 ± 0.681 % for flower and stem,  respectively. 
The activity was found to be increased with the 
increase of concentration but decreased at higher 
concentrations. The methanolic extract of flower 
showed maximum inhibition (91.97 ± 0.733) at 4 
mg/mL concentration (Figure 1a). The stem extract 
showed 90.05 ± 0.433% inhibition at 4 mg/mL 
concentration but exhibited maximum inhibition up 
to 92.74 ± 0.837 % at 8 mg/mL concentration (Figure 
1b). The water extract of flower exhibited maximum 
inhibition 50.29 ± 0.796% at 12 mg/mL whereas the 
stem extract showed maximum inhibition of 56.27 ± 
0.576 % at 16 mg/ mL (Figure 1a-b). Based on the 
above results, our indigenous broccoli is considered 
to have higher DPPH radical scavenging activity than 
the reported activity of mungbean, soybean24 and 
comparable to broccoli of Taiwan.25  

 Figure 2a-b demonstrated the ferrous ion 
chelating ability of the broccoli extracts, ascorbic 
acid and BHA. Ascorbic acid and BHA exhibited 
very low chelating power ability. The maximum 
inhibition was less than 17% in both cases and it was 
due to the structural properties  of  these  compounds. 
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Figure 1a-b: a. DPPH radical scavenging activity of different solvent extracts from flower of   Brassica oleracea (Broccoli). ME: Methanol 

extract; WE: Water extract; AE: Acetone extract; BHA: Butylated hydroxy anisole; AA: Ascorbic acid. All the values are expressed as 
mean ± SD (n=3). b. DPPH scavenging activity of different solvent extracts from stem of Brassica oleracea (Broccoli). ME: Methanol 
extract; WE: Water extract; AE: Acetone extract; BHA: Butylated hydroxy anisole; AA: Ascorbic acid. All the values are expressed as 
mean ± SD (n=3).  

 

 

 

 

 

 

 

 

 

 
Figure 2a-b: a. Ferrous ion chelating ability of different solvent extracts from flower of Brassica oleracea (Broccoli). ME: Methanol 
extract; WE: Water extract; AE: Acetone extract; BHA: Butylated hydroxy anisole; AA: Ascorbic acid. All the values are expressed as 
mean ± SD (n=3). b. Ferrous ion chelating ability of different solvent extracts from stem of Brassica oleracea (Broccoli). ME: Methanol 
extract; WE: Water extract; AE: Acetone extract; BHA: Butylated hydroxy anisole; AA: Ascorbic acid. All the values are expressed as 
mean ± SD (n=3).  

 

All the solvent extracts of broccoli samples except 
the acetone extracts of the stem exhibited good 
ferrous ion chelating ability (Figure 2a-b). Among 
the three different solvent extracts, the methanol 
extract possessed the highest chelating power ability 
followed by water and acetone extracts. The 
methanol extract of flower exhibited the highest 
ferrous ion chelating ability (91.85 ± 0.951) at 2 
mg/mL (Figure 2a). Whereas the methanolic stem 
extract showed ferrous ion chelating ability by 96.12 
± 1.047 at 2 mg/mL and it gave the best chelating 
ability up to 97.38 ± 1.241 at 4 mg/mL concentration 

(Figure 2b). These results revealed that our 
indegenous broccoli possessed a higher ferrous ion 
chelating ability than soybean, mungbean and radish 
sprouts24 and comparable to broccoli of Taiwan.25  

 Figure 3a-b expressed the reducing power of 
broccoli extracts, ascorbic acid and BHA. At a 
concentration of 2 mg/mL, relatively high reducing 
powers of both ascorbic acid and BHA were 
observed than the broccoli extracts. The reducing 
power of all the samples including BHA and ascorbic 
acid was found to be increased by increasing the 
sample concentrations. Among the three solvent 

a b

a b 
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extracts methanol and water extracts exhibited higher 
reducing power than the acetone extract. At 
concentration higher than 2 mg/mL the water flower 
extract showed higher reducing power than BHA 
(Figure 3a). The maximum absorbance of methanol 
extracts of broccoli flower were up to 1.88 ± 0.0024  
& 2.11 ± 0.0019 and that for stem were 2.02 ± 0.0036 
& 1.88 ± 0.0038 respectively compared to 3.78 ± 
0.0033 and 1.85 ± 0.0024 for ascorbic acid and BHA 
respectively. At higher concentrations the reducing 
power of methanol and water extracts of broccoli 

samples were comparable to BHA. The methanol 
extract of stem part showed higher reducing power 
than the flower whereas the water extract of flower 
possessed higher reducing power than the stem 
(Figure 2a-b). The results of reducing power of 
methanol and water extracts from flower and stem of 
broccoli cultivated in Bangladesh revealed that it 
possess higher reducing power than several edible 
plants consumed by Chinese people26 and comparable 
to broccoli of Taiwan.25  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3a-b: a. Reducing Power assay of different solvent extracts from flower of Brassica oleracea. ME= Methanol extract; WE= Water 
extract; AE= Acetone extract; AA: Ascorbic acid; BHA: Butylated hydroxy anisole. All the values are expressed as mean ± SD (n=3).         
b. Reducing Power assay of different solvent extracts from stem of Brassica oleracea. ME= Methanol extract; WE= Water extract; AE= 
Acetone extract; AA: Ascorbic acid; BHA: Butylated hydroxy anisole. All the values are expressed as mean ± SD (n=3).  

 

CONCLUSIONS 

 In the present investigation for evaluation of 
antioxidant activity the concentration is expressed by 
the ratio of crude sample per solvent volume instead 
of extract weight per solvent volume. Based on this 
concentrations our indegenous broccoli is estimated 
to have higher DPPH radical scavenging activity and 
higher ferrous ion chelating ability than the reported 
activity of mungbean, soybean and radish sprouts24 

and comparable to the broccoli of Taiwan. From the 
results of reducing power of methanol and water 
extracts of flower and stem parts it was observed that 
the indegenous broccoli also possessed higher 
reducing  power than the several edible plants26 and 
comparable to broccoli from Taiwan.25  Our broccoli 
also contained good amount of vitamin C, different 
essenential and nutritional elements and fatty acids. 

These results clearly indicated that broccoli from 
Bangladesh has a significant potential to be used as 
nutritional suppliments and as natural antioxidant. 
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