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Abstract    

This study aimed to profile the phytochemical components of the hexane and dichloromethane (DCM) extracts 

obtained from the fresh Egyptian Broccoli leaves (Brassica oleracea L. var. italica), together with their biological 

activity. The extracts were analyzed by GC-MS, whereby 25 and 12 compounds were obtained from the hexane and 

DCM extracts, respectively. The major constituents of the hexane extract were 3-methyloctacosane (58.76%) 

followed by 15-methyltriacontane (15.09%) while the major constituents of the DCM extract were 3, 3, 17, 17-

tetraethylnonadecane (33.71%), benzyl isothiocyanate (16.44%) and 13-methylnonacosane (13.38%). The two 

extracts were investigated for anti-Helicobacter pylori and antimicrobial activities using the agar-well diffusion 

method. The hexane and DCM extracts possessed significant antimicrobial activities against H. pylori, with an 

activity index of 1.25 and 1.35, respectively, and a minimum inhibitory concentration (MIC) of 7.8 µg/mL for both 

extracts. The hexane extract showed strong activity on Escherichia coli (ATCC8739) and Staphylococcus aureus 

(ATCC6538) (with MIC = 62.5 and 31.125 µg/mL, respectively), moderate activity on Bacillus subtilis 

(ATCC6633), Klebsiella pneumoniae (ATCC13883) and Candida albicans (ATCC10221) (with a MIC = 15.62 

µg/mL) for the three strains. While DCM extract showed strong activity against S. aureus and E. coli (MIC =1.38 

and 1.36 µg/ mL, respectively), moderate activity on B. subtilis, K. pneumoniae, and C. albicans (MIC = 3.9, 62.5 

and 7.8 µg/mL, respectively). Both extracts showed low activity against Aspergillus niger with an activity index of 

0.57 and 0.66, respectively. 
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1. Introduction 

The Brassicaceae or Cruciferae is a medium-

sized family of flowering plants classified into 

338 genera with 3,709 species [1-2]. The family 

is commonly known as the mustards, the 

crucifers, or the cabbage family. The tribe 

Brassicaceae is one of the 13-19 tribes which 

were recognized within the family, [3-5]
 
and the 

most important economically [5-7].
 

Plants 

belonging to Brassicaceae have a large 

worldwide distribution but are not found in 

Antarctica [8]. The genus Brassica is one of 51 

genera in the tribe Brassicaceae [9]. It is the most 
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economically important genus within this tribe 

[10]. It contains 37 different species [6]. Brassica 

is a genus of pungent herbs and isothiocyanates 

(ITCS) are responsible for their pungent taste 

[11]. The Brassicaceae family is a rich source of 

bioactive phytochemicals such as terpenes, 

Phyto-steroids, glucosinolates, phenolics, and 

tocopherols [11] in both edible and non-edible 

parts.  

Glucosinolates and their byproducts obtained 

after enzymatic hydrolysis have shown potent 

anticancer, [12] antifungal [13], and 

antimicrobial activities [14]. B. oleracea L. 

variety italica commonly known as broccoli has 

flower heads, usually dark green, arranged in a 

tree-like structure branching out from a 

thick stalk while sprouting Broccoli produces 

multiple heads and thinner stalks. The mass of 

flower heads is surrounded by leaves. Phenolic 

components from leaves and seeds have reported 

antioxidant activity [15-16]. Flavonoids (mainly 

flavonols) and glucosinolates (mainly 

glucoraphanin) are the most predominant 

components of B. oleracea [17]. The main 

flavonols are kaempferol and quercetin, both of 

which exist as glycosides [18]. Broccoli was 

commonly used in traditional Chinese medicine 

for the treatment of dyslexia, fibromyalgia, sore 

throat, hyperlipidemia, and hypercholesterolemia.   

The demand for safe and effective natural 

antimicrobial compounds has increased recently 

due to the increase in bacterial resistance to 

antibiotics. Many plant-derived compounds have 

been investigated for their antibacterial and 

antifungal actions [19]. Previous literature 

showed that hexane and DCM are the solvents of 

choice for successive extractions of the leaves 

from B. oleracea L. sprouts
 
[20, 21]. Esters and 

alcoholic compounds from B. oleracea L. 

extracts have a potent antimicrobial effect against 

pathogenic fungi and bacteria [19]. The hexane 

extract of B. oleracea L. has a potent effect 

against H-pylori [20]. Broccoli is produced in 

large quantities but a high percentage of harvest 

(mainly leaves) is considered waste. This study 

aims to profile the phytochemical components of 

B. oleracea L. leaves and investigate their 

antimicrobial effects.  

2. Experimental Section 

2.1. Plant Material 

Fresh leaves of   B. oleracea L sprouts were 

obtained from Obour market, located about 30 

Km outside of Cairo, Egypt. The plant was 

identified by the taxonomists at National 

Research Center (N.R.C), Egypt. A voucher 

specimen (PHG-P-Bo-236) was kept in the 

herbarium of the Pharmacognosy Department, 

Faculty of Pharmacy, Ain Shams University. 

2.2. Preparation of Hexane Extract 

The intact fresh leaves (0.5 kg) of B. 

oleracea L. sprouts were cut into small pieces 

and then extracted with one liter of absolute 

hexane till exhaustion. The hexane extract was 

filtered through the Whatman filter paper.  The 

filtrate was completely evaporated in a vacuum ≈ 

at 40 °C till dryness using a rotary evaporator 

apparatus. The process finally yielded about 

24.92 g. 

2.3. Preparation of the DCM Extract  

The plant marc remained after hexane 

extraction was macerated in one liter of DCM for 

7 days, and then washed 3 successive times with 

DCM. The DCM macerate was evaporated in a 

vacuum≈ at 40 °C till dryness using a rotary 

evaporator apparatus to yield the DCM powder 

extract (≈ 1.73 g). 

2.4. Analysis of Hexane and DCM Extracts by 

GC-MS 

GC Analysis was carried out using a GC HP 

5890 Hewlett Packard equipped with FID and 

Rtx-5MS fused silica capillary column (30 m × 
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0.25 mm internal diameter (I.D.), film thickness 

0.25 μm) using a sample volume of 0.03 µL. The 

oven temperature was programmed from 50 °C to 

280 °C at 3 °C/min, the injector temperature was 

set at 250 °C, the detector temperature was 280 

°C, carrier gas, He (1.0 mL/min), automatic 

sample injection (Autosampler) is 0.02 µL of the 

extract; split: 1:30 for hexane and 1: 15 for DCM. 

The relative proportions of the active constituents 

were expressed as percentages obtained by peak 

area normalization. GC/MS analysis was 

performed on a PerkinElmer quadrupole MS 

system (Model 5) coupled with the GC HP 5972, 

equipped with an Rtx-5MS capillary column. The 

oven temperature was programmed from 50 °C to 

280 °C at 3 °C/min, injector temperature was set 

at 250 °C, carrier gas, He (0.5 mL/min); 

Autosampler, 0.02 μL of the extract; split: 1:30 

for hexane and 1:15 for DCM. The MS operating 

parameters were as follows: interface 

temperature: 280 °C, ion source temperature: 220 

°C, EI mode: 70 eV, scan range: 35–500 amu. 

2.5. Identification of Compounds 

Mass spectra of the individual GC peaks 

were identified by comparison of their mass 

spectra and Kovats indices with those reported in 

the literature (Adams 2007) and GC libraries 

(NIST). 

2.6. Antimicrobial Activity and H. pylori 

Activities of B. oleracea Extracts 

The susceptibility of B. oleracea L. extracts 

against gram-negative, and gram-positive 

bacteria and fungi were determined using the 

agar well diffusion method, the agar plate surface 

was inoculated by spreading a volume of the 

microbial inoculum over the entire agar surface. 

Then, a hole with a diameter of 6 to 8 mm was 

punched aseptically with a sterile cork borer or a 

tip, and a volume (20–100 µL) of extract solution 

at the desired concentration was introduced into 

each well. Then, the agar plates were incubated 

under suitable conditions depending on the tested 

microorganism.  The diameter of the inhibition 

zones was measured to the nearest mm. The anti-

H. pylori activities were determined by the agar 

diffusion method. Briefly, a total volume of 100 

μL of H. pylori suspension (1.0×10
8
 colony 

forming units (CFUs/mL) was spread onto 

Mueller Hinton agar plates (BBL) containing 

10% sheep blood. Then, a hole with a diameter of 

6 to 8 mm is punched aseptically and a volume 

(100 µL) of the antimicrobial agent or extract 

solution at the desired concentration was 

introduced into the well.  DMSO was used as a 

negative control and antibiotics amoxicillin [27] 

(0.05 mg/mL), clarithromycin [28] (0.05 

mg/mL), and metronidazole (0.8 mg/mL) was 

used as a positive control. After 72 h of 

incubation at 37 °C under a microaerophilic 

condition. The inhibition zone was determined. 

3. Results and Discussion 

3.1. Analysis of Hexane and DCM Extracts 

The hexane and DCM extracts obtained from 

the fresh Egyptian Broccoli leaves (B. oleracea 

L.) were subjected to GS/MS analysis (Fig. 1). 

The yield/kg of plant material was 49.84 and 

3.46, respectively. 37 compounds were identified 

from both extracts representing 96.18% (Table 1) 

and 89.75% (Table 2) of the total detected 

components, respectively. The major constituents 

of the hexane extract were 3-methyloctacosane 

(58.76%) followed by 15-methyltriacontane 

(15.09%). The hexane extract was characterized 

by the predominance of long-chain alkanes and 

fatty acids derivatives as well as triterpenes 

hydrocarbons, while the DCM extract was 

characterized by monoterpenes, long-chain 

alkanes derivatives, and benzyl isothiocyanate. 

The major constituents of the DCM extract were 

3,3,17,17-tetraethylnonadecane (33.71%), benzyl 

isothiocyanate (16.44 %), and 13-

methylnonacosane (13.38%).  
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Fig. 1. GC/MS chromatogram of the fresh Egyptian Broccoli leaves (B. oleracea L.var. italica) hexane; A and DCM; B extracts 

on a DB-5 column 

Table1.Tentative identified components of the hexane extract of fresh Egyptian Broccoli leaves. 

 

NO. 

 

Molecular 

weight 

 

 

Formula 

 

Compounds 

 

Area [%] a 

 

KI 

 

Calculated Reported 

1 212 C14H28O n-Tetradecanal 0.07 1597 1601 

2 226 C15H30O n-Pentadecanal 0.06 1699 1695 

3 268 C17H32O2 Palmitoleic acid, methyl ester 0.15 1881 1879 

4 270 C17H34O2 Palmitic acid, methyl ester 0.07 1905 1910 

5 294 C19H34O2 Linoleic acid, methyl ester 0.08 2076 2076 

6 - - u.i. 0.65 2083 - 

7 310 C22H46 6,6-Diethyloctadecane 0.54 2095 2094 

8 310 C22H46 3-Ethyl-3-methylnonadecane 0.09 2159 2158 

9 326 C21H42O2 Arachidic acid, methyl ester 0.14 2333 2333 

10 - - u.i. 0.06 2354 - 
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11 366 C26H54 11-Methylpentacosane 0.40 2528 2529 

13 366 C26H54 3-Ethyl-3-methyltricosane 0.11 2566 2565 

14 - - u.i. 0.12 2570 - 

15 380 C27H56 3,3-Diethyltricosane 0.85 2668 2673 

16 394 C28H58 2-Methylheptacosane 0.98 2762 2761 

17 408 C29H60 3,3,19,19-Tetraethylhenicosane 0.20 2795 2795 

18 - - u.i. 0.07 2801 - 

19 - - u.i. 0.01 2820 - 

20 408 C29H60 3-Methyloctacosane 58.76 2868 2871 

21 400 C29H52 Nonacos-1-ene 0.02 2884 2884 

22 422 C30H62 4,8-Dimethyloctacosane 0.08 2895 2890 

23 - - u.i. 0.23 2920 - 

24 - - u.i. 0.08 2926 - 

25 422 C30H62 13-Methylnonacosane 0.07 2933 2931 

26 394 C27H54O Heptacosanal 1.14 2942 2944 

27 - - u.i. 0.09 2950 - 

28 - - u.i. 0.57 2982 - 

29 - - u.i. 0.14 3008 - 

30 436 C31H64 15-Methyltriacontane 15.09 3025 3025 

31 436 C31H64 9-Methyltriacontane 6.66 3031 3034 

32 408 C28H56O Octacosanal 7.20 3040 3039 

33 - - u.i. 0.54 3051 - 

34 - - u.i. 0.20 3064 - 

35 - - u.i. 0.22 3068 - 

36 386 C27H46O Cholesterol 0.07 3075 3075 

37 - - u.i. 0.12 3116 - 

38 450 C32H66 4-Methylhentriacontane 2.71 3162 3158 

39 - 

 

- u.i. 

 

0.20 3271 - 

 

40 - - u.i. 0.30 3320 - 

41 - - u.i. 0.12 3360 - 

42 424 C30H48O α-Amyrone 0.64 3377 3373 

 

Functional group 

 

 

Total peak [%] 

 

No. of identified compounds 

Monoterpene hydrocarbons  - - 

Sesquiterpene hydrocarbons - - 

Triterpene hydrocarbons 0.64 1 

Oxygenated monoterpenes - - 

Oxygenated sesquiterpenes - - 

Oxygenated triterpenes 0.64 1 

Total hydrocarbon compounds 86.56  

Total oxygenated compounds 9.62  

        Total 96.18  

u.i., unidentified. a Values are expressed as relative area percentages; the major components are highlighted in bold. (Values 

were expressed as relative area percentages to the total identified components). 
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Table 2. Tentative identified components of the DCM extract of fresh Egyptian Broccoli leaves. 

 
 

Functional group 

 

 

Total peak [%] 

 

No. of identified compounds 

Monoterpene hydrocarbons  13.88 4 

Sesquiterpene hydrocarbons  - - 

Triterpene hydrocarbons - - 

Oxygenated monoterpenes  13.88 4 

Oxygenated sesquiterpenes - - 

Oxygenated triterpenes - - 

Total hydrocarbon compounds  57.67  

Total oxygenated compounds 15.46  

        Total isothiocyanate (TIC) 16.44 1 

Total 89.57  

Previous literature showed that the cutting, 

chewing, or processing of Brassica parts releases 

the myrosinase enzyme that gives the ITCs [22].
 

The DCM fraction of B. juncea var. raya 

contained several sulfur-nitrogen compounds, 

and most of the sulfur compounds were ITCs
 

[21]. The DCM extract from B. oleracea L. has 

benzyl-isothiocyanate which is one of the most 

important secondary metabolites. Benzyl-

isothiocyanate has a broad-spectrum antibacterial 

effect [23].   

Monoterpenes are common phytochemical 

compounds that occur in cabbage [24]. The 

current work showed that the DCM extract has 

four different monoterpenes (cis-limonene oxide, 

cis-p-mentha-2,8-dien-1-ol, trans-p-mentha-

1(7),8-dien-2-ol and trans-carveol). The results 

were identified by comparison of their mass 

spectra and Kovats indices with those reported in 

the literature (Adams 2007) and GC libraries 

(NIST). Previous literature showed that the 

oxygenated monoterpenes have broad-spectrum 

antibacterial activities depending on the 

susceptibility of tested bacteria [23]. The hexane 

extract in the current study has fatty acids methyl 

esters (FAME). Previous literature showed that 

FAME-containing extracts have the greatest 

antifungal and antibacterial activities among the 

tested extracts [26].  

 

NO. 

 

Molecular 

weight 

 

 

Formula 

 

Compounds 

 

Area [%] a 

 

KI 

Calculated Reported 

1 152 C10H16O cis-Limonene oxide 6.1 1135 1134 

3 - C10H16O cis-p-Mentha-2,8-dien-1-ol 1.92 1146 1149 

4 - - - 0.38 1148 - 

5 152 - - 1.87 1181 - 

6 - C10H16O trans-p-Mentha-1(7),8-dien-2-ol 2.03 1186 1185 

7 152 - - 0.97 1191 - 

8 - C10H16O trans-Carveol 3.83 1198 1196 

9 152 - - 1.34 1220 - 

10 149 C8H8O3 Vanillin  1.58 1381 1382 

11 226 C8H7NS Benzyl isothiocyanate  16.44 1389 1389 

12 380 C16H34 8-Methylpentadecane  4.51 1539 1539 

13 422 C27H56 3,3,17,17-Tetraethylnonadecane 33.71 2592 2592 

14 422 C30H62 13-Methylnonacosane 13.38 2933 2931 

15 436 C30H62 3-Methylnonacosane 1.02 2955 2958 

16 - C31H64 9,15-Dimethylnonacosane 5.05 2967 2967 

17 152 - - 5.87 3252 - 
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3.2. Antimicrobial and H. pylori Activity 

The antimicrobial activities of B. oleracea L. 

var. italica leaves were tested against two gram-

positive bacteria (B. subtilis and S. aureus), three 

gram-negative bacteria (E. coli, K. pneumoniae, 

and H. pylori), and two fungi (C. albicans and A. 

niger). The results of inhibition zones, activity 

indices (AI), minimum inhibitory concentration 

(MIC), minimum bactericidal concentration 

(MBC), and MBC/MIC indices for hexane and 

DCM extracts were shown in Tables 3, 4, 5, and 

6. The extracts were effective against B. subtilis, 

S. aureus, E.coli and K. pneumoniae.  Moreover, 

both extracts showed significant anti-fungal 

activity against C. albicans but they showed low 

activity against A. niger with an activity index 

less than one (with AI= 0.57 and 0.66, 

respectively). These results were evidenced by a 

higher inhibitory zone than that of the reference 

antibiotics and activity indices of more than one. 

The hexane and DCM extracts possessed 

significant antimicrobial activities against H. 

pylori with an activity index of 1.25 and 1.35, 

respectively, and MIC of 7.8 µg/mL for both 

extracts. This was correlated with previous 

literature showing the antimicrobial activity of 

Broccoli is mainly due to isothiocyanates
, 

fatty 

acid esters, oxygenated hydrocarbons, and 

hydrocarbons
  
[29-31]. 

Table 3. Zone of inhibition [mm] of extracts of fresh Egyptian Broccoli leaves regarding reference antibiotics 

Microorganism Hexane DCM Controlc Hexane     

Activity Indexg 

DCM     Activity 

Indexg 

B. subtilis (ATCC6633) e 24± 0.1 27±0 22±0 1.09 1.22 

S. aureus (ATCC6538) e 23± 0.1 25±0.1 18±0.1 1.27 1.38 

E. coli (ATCC8739) d 23± 0 26±0 19±0 1.21 1.36 

K. pneumoniae (ATCC13883) d    25± 0.1 24±0.1 21±0.1 1.19 1.14 

C. albicans (ATCC10221) f 26± 0 26±0 20±0 1.3 1.3 

A. niger f 12± 0.1 14±0 21±0.1 0.57 0.66 

H. pylori 25.33±0.58 27±0 20±1 1.25 1.35 

 The test was done using the agar diffusion technique.  bResults are Mean ± SD of triplicate values. cReference antibiotics used 

were gentamycin for gram-negatived and gram-positive e bacteria, fluconazole for fungif, amoxicillin (0.05 mg/mL), clarithromycin 

(0.05 mg/mL), and metronidazole (0.8 mg/mL) for H. pylori. Activity indexg = (Zone of inhibition of extract/zone of inhibition of 

reference antibiotic. 6–9 mm: no activity; 12–15 mm: low activity; 15–18 mm: good activity; above 18 mm: significant activity. 

Table 4. MIC [µg/mL] of extracts of fresh Egyptian Broccoli leaves regarding reference antibiotics  

Microorganism Hexane DCM   Control a 

B. subtilis (ATCC6633) 15.62 3.9   7.8 

S. aureus (ATCC6538) 31.125 7.8   3.9 

E. coli (ATCC8739) 62.5 7.8   15.52 

K. pneumoniae (ATCC13883) 15.62 62.5   7.8 

C. albicans (ATCC10221) 15.62 7.8   7.8 

H. pylori 7.8 7.8   15.62 

a References antibiotics used were gentamycin for bacteria, fluconazole for fungi, amoxicillin ( 0.05 mg/mL), clarithromycin (0.05 mg/mL), 

and metronidazole ( 0.8 mg/mL). Results are represented as ug/mL. 
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Table 5. MBC of extracts of fresh Egyptian Broccoli leaves regarding reference antibiotics 

Microorganism Hexane DCM   Control a 

B. subtilis (ATCC6633) 62.5 7.8   7.8 

S. aureus (ATCC6538) 62.5 7.8   3.9 

E. coli (ATCC8739) 125 15.62   15.52 

K. pneumoniae (ATCC13883) 15.62 62.5   7.8 

C. albicans (ATCC10221) 31.12 15.62   7.8 

H. pylori 15.62 7.8   15.62 

Reference antibiotics used were gentamycin for bacteria, fluconazole for fungi, amoxicillin ( 0.05 mg/mL), clarithromycin (0.05 mg/mL), 

and metronidazole (0.8 mg/mL). Results are represented as ug/mL. 

 

Table 6.  MBC/MIC of extracts of fresh Egyptian Broccoli leaves concerning reference antibiotics 
a
 

Microorganism Hexane DCM                       Control  

B. subtilis (ATCC6633) 4 2   1 

S. aureus (ATCC6538) 2 1   1 

E. coli (ATCC8739) 2 2   1 

K. pneumoniae (ATCC13883)      1 1   1 

C. albicans (ATCC10221) 1.99 2   1 

H. pylori 2 1   1 

The MBC/MIC index of the samples ≤ 4 suggested their bactericidal activity, while the MBC/MIC index of the samples > 4 demonstrated 

their bacteriostatic activity. 

Conclusions and Future Vision 

The different extracts obtained from Broccoli 

leaves showed a variety of phytochemical 

constituents which might have potential 

antimicrobial activity against H. pylori, B. 

subtilis, S. aureus, E. coli, K. pneumoniae, and C. 

albicans. Further in-depth phytochemical studies 

on hexane and DCM extracts are required to 

determine the active components. 
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