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ABSTRACT 

BACKGROUND: Eruca sativa (rocket) contains a wide range of compounds with 

nutraceutical and organoleptical properties. These research has been aimed at 

characterizing the nutraceutical interest of four rocket accessions by analysis of 

glucosinolates, isothiocyanates, phenolics, carotenoids and carbohydrates. Different 

methods based on chromatographic separation with ultraviolet absorbance or mass 

spectrometry detection were used.  

RESULTS: The total content of glucosinolates ranged from 14.02 to 28.24 µmol g-1 of 

dry weight. Glucoraphanin represented up to 52% of the total glucosinolates in leaves 

of one accession. Accessions showed differences in the hydrolysis of glucoraphanin to 

the isothiocyanate sulforaphane. No correlation between these compounds was 

observed, which insisted differences in the myrosinase activity within accessions. 

Rocket leaves had variable phenolic profiles represented by quercetin-3-glucoside, 

rutin, myricetin, quercetin and ferulic and p-coumaric acids. A high variability was 

observed for the total carotenoids ranged from 16.2 to 275 µg g-1 with lutein as the 

main carotenoid. Glucose was the predominant sugar representing >70% of the total 

soluble carbohydrates. 

CONCLUSIONS: Some accessions could be candidates for future breeding programs 

because of their pattern of beneficial compounds for human health. However, further 

research is essential to evaluate the biological activity of these accessions before 

designing functional food. 
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INTRODUCTION 

Many studies associate a highly significant cancer risk reduction with increasing 

Cruciferae consumption.1 The term “rocket” refers mainly to Eruca and Diplotaxis 

genera within the Cruciferae. Eruca sativa contains a wide range of health-promoting 

phytochemicals including isothiocyanates (one of the degradation products of 

glucosinolates), phenolic compounds and carotenoids.2–8  

When glucosinolates are exposed to myrosinase (thioglucoside glucohydrolase) 

during tissue damage, glucose and an unstable intermediate are formed. This 

intermediate degrades to produce a sulfate ion, and a variety of products including 

isothiocyanates, nitriles and, to a lesser extent, thiocyanates, epithionitriles and 

oxazolidines. The relative proportion of these hydrolysis products depends on the 

plant species studied, on the glucosinolate itself (as side chain substitution), and 

reaction conditions like pH, metal ions or epithiospecifier protein.9  

 Phenolics are the most abundant antioxidants in human diet. Considerable 

evidence indicates that some of the protective effects of phenols on fruits and 

vegetables may be due to flavonoids.10 Carotenoids constitute one of the more 

important classes of plant pigments. Their antioxidant behaviour depends on the 

concentration and localization in the target cells, tissues or cellular compartments, as 

well as on other factors.11  

No data on alditols and saccharides in Eruca sativa have been published yet, 

despite their contribution to organoleptical properties. The present work is part of an 

ongoing breeding program to obtain varieties of rocket with potential health benefits. 

The material for this work has been acquired from different European gene banks. 

After a previous screening of the material for glucosinolates, four accessions, 

covering a wide range of these compounds, were selected for an investigation to 



identify different bioactive compounds, apart from glucosinolates, such as 

isothiocyanates, phenolic compounds, carotenoids and carbohydrates. The profiles 

may provide evaluation parameters for breeding programs and before planning 

strategies to design functional foods for improving consumer’s health. 

 

MATERIAL AND METHODS 

Plant material and greenhouse experiments  

Accessions of rocket used in this study were named according to the total content of 

glucosinolates: Low Glucosinolate content from 14 to 20 µmol g-1 (LGC1 and LGC2), 

and High Glucosinolate content from 27 to 30 µmol g-1 (HGC1 and HGC2). These 

accessions are part of a germplasm collection located at the IFAPA-La Mojonera, 

Almería (Southern Spain). Seeds of Eruca sativa LGC1, LGC2, HGC1 and HGC2 

were obtained from Tozer Seeds Ltd. (Cobham, Surrey, U.K.), Faculté des Sciences 

Agronomiques (Gembloux, Belgium, accession number 187), Dipartimento di Scienze 

Botaniche (Palermo, Italy, accession number 122) and Botanischer Garten der 

Universität Karlsruhe (Germany, accession number 195), respectively. Seeds were 

germinated in Petri dishes for 48 h at 25ºC. Pots were placed in a greenhouse in 

December 2008 under natural light at 27/18ºC (day/night) and a relative humidity of 

50/70% (day/night). When the plants reached 8–12 cm, they were transferred to a 

field in Córdoba, Spain (37"51'42'N, 04'48'00'W; 220m asl). The experiment was 

designed as a randomized complete block consisting of three replicate 5 m rows for 

each accession. 

 

Sample pre-treatment and storage 

Leaves from 10 randomly selected plants per replicate were harvested eight weeks 



after transplanting and on the same day. They were washed, weighed to assess their 

biomass, and placed in Ziploc-type freezer bags at –80ºC for post-harvest storage. 

Immediately before analysis, the samples were freeze-dryed. 

 

Glucosinolate analysis by liquid chromatography with ultraviolet absorbance 

detection (HPLC–UV) 

An aliquot of freeze-dried sample (100 mg) was heated at 75ºC for 15 min in 70:30 

methanol–water (2.5 mL) and 10 mM sinigrin (200 µl) as an external standard (Fluka, 

Seelze, Germany) according to the ISO norm.12 The extract was centrifuged (5 min, 

5000 
g) and the pellet re-extracted with 70:30 methanol-water (2 ml). An aliquot (1 

ml) of the combined glucosinolate extracts was pipetted onto the top of an ion-

exchange column containing Sephadex DEAE-A25 (1 ml, 40-125 µm bead size, 

30000 Da exclusion limit). Desulfation was carried out by addition of purified 

sulfatase (type H-1 from Helix pomatia) (Sigma-Aldrich) solution (75 µl). Desulfated 

glucosinolates were eluted with Milli-Q (Millipore) ultrapure water (2.5 ml) and 

analyzed with a 600 HPLC instrument (Waters) equipped with a model 486 UV 

tunable absorbance detector (Waters) fixed at a wavelength of 229 nm. Separation 

was carried out using a Lichrospher 100 RP-18 in Lichrocart column (125 mm × 4 

mm i.d., 5 µm particle size, Merck).  A gradient method was programmed for analysis 

of desulfo-glucosinolates using water (mobile phase A) and acetonitrile (mobile phase 

B) as chromatographic phases at flow rate 0.4 ml min-1. The initial chromatographic 

conditions were set at 2% mobile phase B and then, linearly varied to 25% mobile 

phase B in 35 min. After analysis, the system was equilibrated for 10 min. The 

chromatograms were compared to the desulfo-glucosinolate profiles provided by three 

certified reference materials recommended by the U.E. and ISO (CRMs 366, 190 and 



367) and using a pure standard GLS for the glucosativin (Commission of the 

European Communities, report EUR 13339 EN, 1-75).13 

 

Sulforaphane, iberine and sulforaphane nitrile determination by liquid 

chromatography and mass spectrometry detection (HPLC–MS) 

Freeze-dried leaves (40 mg) were hydrolyzed in phosphate buffered saline (PBS) (1 

mL), incubated at 37°C for 2 h, and then centrifuged (13,000 g, 30 min at 4ºC) to 

generate isothiocyanates from glucosinolates. The supernatant was directly analyzed 

using liquid chromatography with photometric and mass spectrometric detection with 

a diode array detector and a single quadrupole mass spectrometry detector. The 

chromatographic mobile phases were 0.1% formic acid (v/v) in deionized water 

(mobile phase A) and 0.1% formic acid (v/v) in acetonitrile (mobile phase B). The 

chromatographic column was a Phenomenex Luna C-18 (150 mm × 4.6 mm i.d., 3 µm 

particle size). The chromatographic gradient was linearly programmed from 0% to 

30% mobile phase B in 30 min and, finally, re-equilibration to 0% B for 10 min. The 

flow rate was set at 0.3 ml min-1. 

 The target analytes were monitored by LC–MS with positive ionization mode 

using selected ion monitoring (SIM). The targeted ions were m/z 178.0, m/z 164.3 and 

m/z 146.0 for sulforaphane, iberin and sulforaphane nitrile, respectively. The target 

analytes were identified based upon their retention times and quantified with 

calibration curves generated using standards (LKT Laboratories, Inc., USA) with 

linear regression coefficients >0.99.  

 

Erucin determination by gas chromatography/mass spectrometry analysis (GC–



MS)  

The solution of isothiocyanates in PBS (0.5 ml) was added to the same volume of 

dichloromethane (CH3Cl2) for extraction of erucin. The organic phase was isolated 

and centrifuged at 13,000 g for 30 min at 4°C. The erucin content was measured by 

gas chromatography–mass spectrometry (GC–MS) with identification based on 

comparison to GC retention time and mass spectrum provided by erucin standard 

(LKT Laboratories, Inc., USA). GC–MS analysis was performed using a Trace GC 

Ultra™ (Thermo Scientific) operated in SIM mode with positive ionization by electron 

impact (EI+). Separation was carried out using a ZB-5mS (Phenomenex®, 

Netherlands), 30 m × 0.25 mm × 0.25 µm capillary column. The injection volume was 

1 µl in splitless mode with a splitless time of 45 s and injector temperature of 250°C. 

The oven temperature program was linear with a ramp from 40°C min to 250°C at 

10°C min-1. The source and transfer line temperatures were 200 and 250ºC, 

respectively. The ions monitored for erucin identification (ER) were m/z 146, 161, 61 

and 115.  

 

Determination of the total phenolic fraction 

The concentration of total phenolic compounds was estimated by a modified version 

of the Folin–Ciocalteu method14 using gallic acid as standard, for which a calibration 

curve was run with solutions of 50, 100, 200, 300, 400, 500 and 600 mg l-1 of this 

compound. A 0.06 ml aliquot of extract 1.58 ml of distilled water, 0.1 ml of Folin–

Ciocalteu reagent and 0.3 ml of Na2CO3 (20% w/v) were mixed and heated at 50ºC 

for 5 min. After 30 min, the absorbance was measured at 765 nm against a blank 

similarly prepared, but containing 70:30 ethanol–water mixture (pH 3.2) instead of 



extract. Sodium carbonate (Panreac), Folin–Ciocalteu reagent and gallic acid (both 

from Sigma–Aldrich) were used to determine the total phenol fraction. The 

absorbance was measured with a ThermoSpectronic UV–visible Spectrometer 

(Thermo Fisher Scientific, USA). 

 

Analysis of the phenolic fraction by liquid chromatography tandem mass 

spectrometry (HPLC–MS/MS) 

Freeze-dried shoots (200 mg) were agitated overnight in 30 ml of 70:30 ethanol–water 

mixture at pH 3.2 fixed with formic acid.15 Prior to HPLC–MS analysis, 100 µl of 

extract was evaporated to dryness and reconstituted in 100 µl of initial mobile phase 

for injection of 10 µl in the chromatograph coupled to an Agilent 6410 triple 

quadrupole (QqQ) mass analyzer with an electrospray ionization (ESI) source. The 

data were processed using a MassHunter Workstation Software from Agilent for 

qualitative and quantitative analysis. An Inertsil ODS-2 C18 analytical column (4.0 

mm i.d.× 250 mm; 5 µm particle size, GL Sciences Inc., Tokyo, Japan) was used for 

chromatographic separation. Separation of the phenolic compounds was performed in 

71 min, being the mobile phases A and B 0.4% aqueous formic acid and 50:50 (v/v) 

acetonitrile–methanol, respectively. The flow rate and the column oven temperature 

were set at 1 ml min-1 and 35ºC, respectively. The chromatographic method was as 

follows: the initial mobile phase was set at 4% of B, which was increased to 50% in 

40 min and then to 60% B in 5 min. Finally, it was gradually changed to 100% mobile 

phase B in 3 min and maintained for 17 min. A re-equilibration step of 6 min was 

programmed after each chromatographic run. Analyses were carried out in selected 

reaction monitoring (SRM) negative ionization mode with nitrogen as drying and 



nebulizing gas. The operating conditions of the ESI–QqQ, were: flow rate and 

temperature of drying gas 10 ml min-1 and 325ºC, respectively, nebulizer pressure 40 

psi, capillary voltage 2700 V and dwell time 200 ms. The quantification transition and 

fragmentation conditions for each phenolic compound are shown in Supplementary 

Table 1.  

 The panel of phenolic compounds was composed of benzoic acid derivatives 

(protocatechuic, vanillic and syringic acids), methyl and ethyl esters from gallic acid, 

cinnamic acids (p-coumaric, ferulic and caffeic acids), stilbene (trans-resveratrol), the 

flavonols (kaempferol-3-O-rutinoside, quercetin, quercetin 3-ß-D-glucoside and 

myricetin) and the flavonol glycoside rutin hydrate, which were purchased from 

Sigma–Aldrich (St. Louis, MO, USA). The flavanols [(+)-catechin, (−)-epicatechin 

and procyanidins B1, B2 and A2] were from Extrasynthese (Genay Cedex, France). 

 

Analysis of the carotenoid content by liquid chromatography with ultraviolet 

absorbance  detection (HPLC–UV) 

Carotenoids were extracted using a modification of the method described by Tadmor 

et al.
16 400 mg of sample were rehydrated with 5 ml ethanol containing 1 mg ml-1 

butylated hydroxytoluene (BHT) using a Polytron homogenizer. One ml of a 40% 

(w/v) KOH methanolic solution was added to each tube, and the samples were 

saponified for 10 min at 85ºC, cooled in an ice bath, then 2 ml of ice-cold water was 

added. The suspensions were extracted twice with 2 ml of hexane by vigorous 

vortexing followed by a 2000 g centrifugation for 10 min at room temperature. The 

upper hexane layers were pooled and evaporated to dryness and resuspended. The 

carotenoids were dissolved before injection in 800 µl of an acetonitrile–methanol–

dichloromethane (45:20:35 v/v) solution, filtered through a 0.22 µm PTFE syringe 



filter (Millipore) directly to sample vials, and 10 µl were injected into the 

chromatograph. The analyses were carried out with a Waters Symmetry C18 column 

(4.6 mm × 150 mm, 5 µm particle size) and a dual λ absorbance detector (model 

2487). 

The initial mobile phase consisted of acetonitrile–methanol (97:3, v/v) 

containing 0.05% (v/v) triethylamine. A linear gradient of dichloromethane from 0 to 

10% in 20 min at the expense of acetonitrile was used, and then, the dichloromethane 

was kept constant at 10% until run completion. The flow rate was 1.0 ml min-1 and the 

column temperature was 30ºC. An absorbance detector was used to detect coloured 

carotenoids at 450 nm. The compounds were identified by comparison of retention 

times, co-injection with known standards, and comparison of their UV-visible spectra 

with authentic standards purchased in Sigma-Aldrich. 

Quantification was carried out by external standardization. Full standard 

curves were made in triplicate with five different concentrations for each carotenoid. 

The curves, which passed through or very near to the origin, were linear and 

bracketed the concentrations expected in the samples.  

 

Analysis of the sugar fraction by gas chromatography with mass spectrometry 

detection 

Two hundred mg of freeze-dried shoots was extracted by overnight agitation in 30 mL 

of 70:30 ethanol–water mixture at pH 3.2 fixed with formic acid as in the 

determination of the phenolic fraction.15 A 150 µl aliquot of this extract was 

evaporated to dryness and reconstituted in 150 µl of derivatization solution, which 

consisted of 50-µl pyridine from Merck (Darmstadt, Germany), 98-µl 

N,O−Bis(trimethylsilyl)trifluoroacetamide (BSTFA) and 2 µl trimethylchlorosilane 



(TMCS) from Sigma–Aldrich. The reaction mixture was vortexed at room 

temperature for 1 h, before the GC–MS analysis with a Factor Four capillary column 

(VF-5ms 30 m × 0.25 mm, 0.25 µm) from Varian (Palo Alto, USA). Thus, after 

derivatization, 1 µl of the analytical sample was injected into the chromatograph. The 

injector temperature was fixed at 280°C, and the injection was in the split/splitless 

mode. Helium at a constant flow-rate of 1.3 ml min-1 was used as carrier gas. The 

oven temperature program was as follows: initial temperature 65°C (held for 2 min), 

increased at 6°C min-1 to 300°C (held for 30 min). The ion-trap mass spectrometer 

was operated in the electron impact ionization (EI) positive mode, for which the 

instrumental parameters were set at the following values: filament emission current 

80 µA; transfer line, ion trap and manifold temperatures were kept at 280, 200 and 

50°C, respectively. The MS/MS process was carried out by collision-induced 

dissociation (CID) in non-resonant excitation mode. Supplementary Table 2 shows the 

optimal MS/MS parameters for each compound. Carbohydrate standards D-(-)-

arabinose, D-(+)-mannose, D-(-)-fructose, D-(-)-galactose, D-(+)-glucose, D-(+)-

sucrose, and D-(+)-melazitose (the latter used as internal standard) were purchased 

from Sigma-Aldrich (St. Louis, MO, USA). 

 

RESULTS AND DISCUSSION 

Glucosinolate content in rocket leaves 

Thirteen glucosinolates (Fig. 1) were detected in rocket leaves belonging to the three 

chemical classes: seven aliphatic compounds (glucoerucin, gluraphanin, gluconapin, 

glucoiberverin, progoitrin, gluconapoleiferin, glucobrassicanapin and glucosativin), 

one aromatic (gluconasturtiin) and four indole compounds (4-hydroxyglucobrassicin, 

4-methoxyglucobrassicin, glucobrassicin and neoglucobrassicin). The GL profile 



found in these four accessions was similar to the profiles reported by other authors in 

rocket leaves.9, 17, 18  

 The LGC1, LGC2, HGC1 and HGC2 accessions showed total GL content of 

14.02, 19.4, 28.24 and 27.65 µmol g-1, respectively (Table 1). In this work, the most 

abundant glucosinolates (i.e. glucoraphanin, glucosativin or glucoerucin) were 

identified in the four accessions ranging from 3.64 to 12.64 µmol g-1 dry weight (dw) 

for glucoraphanin, from 0.14 to 4.03 µmol g-1 dw for glucosativin and from 8.10 to 

11.40 µmol g-1 dw for glucoerucin (Table 1). The highest contents of total GL and 

glucoraphanin were observed in HGC1 and HGC2 accessions, while the highest 

content of glucoerucin was also found in the HGC2 accession (Table 1). 

In comparison to previous studies, higher levels of total GL, glucoerucin and 

glucosativin have been reported in rocket leaves in previous studies (55.4, 32.0 and 

31.3 µmol g-1 dw, respectively).9, 17 However, the concentrations of glucoraphanin 

(6.1 µmol g-1 dw) and glucobrassicanapin (0.2 µmol g-1 dw) found in the current 

survey were higher than those detected in previous characterizations. 

 

Isothyocianate content in rocket leaves 

The isothiocyanates detected were 1-ITC-4-(methylsulfinyl)-butane (sulforaphane), 

sulforaphane-nitrile, 3-methylsulphinylpropyl-ITC (iberin) and 4-(methylthio)butyl-

ITC (erucin) (Table 1). Sulforaphane is derived from glucoraphanin and erucin is 

obtained from hydrolysis of glucoerucin, but also through in vivo reduction of the ITC 

sulforaphane.19 The in vivo inter conversion of these two isothiocyanates and their 

structural similarity has suggested a similar biological activity. Iberin is formed from 

glucoiberin, which was not detected in these accessions. Accessions showed 

differences in the hydrolysis of glucoraphanin and formation of sulforaphane ranging 



from 4.12% (LGC1 accession) to 97.35% (LGC2 accession). Pearson’s correlation of 

glucoraphanin and sulforaphane was not significant in leaves of rocket (–0.38, P 

>0.05), which suggested differences in the hydrolysis activity of related enzymes 

within accessions.  

 Sulforaphane mean content ranged from 0.15 to 5.90 µmol g-1 dw (Table 1) 

and sulforaphane nitrile was found ranging from 0.15 (HGC1 accession) to 0.97 

(LGC2 accession) µmol g-1 dw. This last compound has been found to be ineffective 

as an inducer of some detoxification enzymes. The selection of accessions with low 

levels of the epithiospecifier protein might provide higher conversion of sulforaphane 

than sulforaphane nitrile with improved potency as anticarcinogenic food. LGC2 

accession showed the maximum level for iberin (1.55 µmol g-1 dw). Erucin could be 

quantified only in the LGC2 accession (0.01 µmol g-1 dw). Our data are in accordance 

to those reported by Melchini et al.,19 who reported values of sulforaphane and erucin 

of 3.46 µmol g-1 and 0.05 µmol g-1 dw, respectively. Although it has been previously 

published that erucin is the major ITC in rocket leaves,20 other authors have stated that 

the most abundant ITC in rocket is sativin.2 

 

Phenolic compounds in rocket leaves 

Quercetin derived compounds such as quercetin-3-β-glucoside (isoquercetin) or rutin 

(quercetin-3-O-rutinoside) were the most abundant flavonoids found in the rocket 

accessions (Table 2). HGC1 accession (Figure 2) showed the maximum mean value 

for quercetin-3-β-glucoside (1680.0 µg g-1 dw). Rutin was found ranging from 12.00 

to 27.00 µg g-1 dw in rocket accessions (Table 2).  

Differences were found among the accessions of rocket in their mean flavonol 

contents. Thus, quercetin was only detected in HGC1 accession (13.50 µg g-1 dw). 



This flavonol is a recognized supplement that could increase the nutraceutical value of 

rocket. Myricetin was found in the rocket leaves of the HGC1 and LGC2 accessions 

(3.00 µg g-1 dw) (Table 2).  

Previous studies have shown discrepancies in phenolic content of rocket 

accessions. Thus, some works have shown that kaempferol di-O-glycoside was the 

major flavonoid in young Eruca leaves,17 while other authors have reported 

kaempferol, isorhamnetin and quercetin as the predominant flavonoids.21 Quercetin 

disinapoyl tri-O-glycoside has also been identified as predominant flavonoid in rocket 

accessions,22 but it is worth mentioning that plants analysed were not E. sativa or they 

were an Italian ecotype with a very different leaf flavonoid profile to common 

commercially available E. sativa.9 The variability observed in the phenolic profile 

between studies and plant varieties could be the result of multiple factors, including 

methodology (all reports used different approaches for extraction, chromatography, 

and quantification), sample characteristics and conditions, including variables such as 

growth.23 

 Among the phenolic acids, ferulic acid was identified varying from 30.60 

(LGC2) to 48.00 µg g-1 dw (HGC1) in the rocket accessions (Table 2). This important 

phenol has been widely used as an immune-promoting agent in the treatment of blood 

deficiency diseases. 

 Our results showed variability for the mean content of total phenolic 

compounds (4474.5 to 32700 µg g-1 dw) between rocket accessions and demonstrated 

that rocket leaves, especially from LGC1 and HGC2 accessions, are an excellent 

source of these compounds. Both accessions reached higher values than those found 

in other sprouting species such as broccoli (27962.5 µg g-1 dw approximately)24 and 

even richer than the commercial broccoli florets.25 Nevertheless, LGC2 and HGC1 



were the accessions that provided more qualitative variability regarding the phenols 

studied.   

 
Carotenoid content in rocket leaves 

Lutein was the principal carotenoid, followed by β-cryptoxanthin, β-carotene, 

zeaxanthin and violaxanthin (Table 3). Neoxanthin was found in lower proportions 

(less than 1% of total carotenoid content). The total carotenoid content ranged from a 

minimum mean value of 19.51 µg g-1 dw (LGC1 accession) to a maximum mean 

value of 263.91 µg g-1 dw (LGC2 accession). HGC1 and LGC1 accessions showed the 

maximum and minimum mean values for lutein (124.30 and 8.30 µg g-1 dw), 

respectively. LGC2 exhibited the highest β-carotene concentration with a mean 

content of 20.71 µg g-1 dw. All the rocket accessions had zeaxanthin and β-

cryptoxanthin, and this is the first report on quantitative analysis of both carotenoids. 

β-Cryptoxanthin has only one-half of the provitamin A activity of β-carotene, but in 

many accessions of rocket (LGC1, LGC2 and HGC1), a higher concentration of the 

former than that of β-carotene has been found. Of the rocket accessions analyzed, 

LGC2 and HGC1 (Figure 3) had the highest concentrations of neoxanthin, 

violaxanthin, lutein, zeaxanthin and β-cryptoxanthin. The LGC1 accession presented 

the lowest levels of these main carotenoids, whereas HGC2 had intermediate 

concentrations.  

 In previous works lutein and β-carotene were reported as the most abundant 

carotenoids with mean contents of 50 µg g-1 for lutein and 30 µg g-1 for β-carotene.5 

The contents of lutein in this research are higher than those found in previous works, 

but lower than the values found for β-carotene. It has been suggested that 6 mg of 

lutein per day may reduce the risk of age related macular degeneration in a percentage 



of 43%.26 This concentration is equivalent to consuming ~7 kg tomatoes, 2 salad 

bowls of spinach, or, as revealed by this study, ~ 320 g of fresh leaves of rocket. 

Although lutein is not a provitamin A, it is a more effective antioxidant than many 

other carotenoids. It inhibits in vitro lipid oxidation in a more efficient manner than β-

carotene, α-carotene or lycopene.  

 

Sugars in rocket leaves  

Glucose, the primary photosynthetic product, was the predominant sugar in leaves 

(Table 4). In fact, this sugar represents >70% of the total soluble carbohydrates in 

rocket leaves. This is not surprising as glucose represents the major transport sugar in 

rocket and contributes significantly to osmotic adjustment. Sucrose, fructose, 

galactose, arabinose, and mannose were found at low concentration (Table 4). The 

capability of supporting prolonged water deficiency is known for rocket.27 The 

activity of these substances is related to their ability to raise the osmotic potential of 

the cell. Similar results were also reported in Eruca by Ashraf,27 who found that salt 

tolerant populations had significantly higher soluble sugars in their leaves that salt 

sensitive populations at varying salt levels of the growth medium. 

CONCLUSIONS 

 In summary, the high myrosinase activity and high levels of isothiocyanates, 

phenols and carotenoids in some of the rocket accessions (LGC2 accession) could be 

transferred through genetic engineering or conventional breeding programs to 

commercial lines such as “LGC1” to increase its potential benefits on human health. 

However, further research is essential to evaluate the biological activity of these four 

accessions, assessing the possible non-desirable effect before planning strategies for 



designing functional food and improving consumer’s health. 
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FIGURE LEGENDS 

Figure 1. General structure skeleton of glucosinolates differing only in the side chain 

-R. 

Figure 2. Selected reaction monitoring chromatograms obtained after LC-MS/MS 

analysis of phenolic compounds in extract from HGC1 rocket leaves. A, Rutin; B, 

Quercetin 3-β-D glucoside; C, Ferulic Acid; D, Quercetin; E, Myricetin. 

Figure 3. HPLC chromatogram obtained after LC-UV analysis of carotenoid 

compounds in extract from HGC1 rocket leaves. 1, Neoxantin; 2, Violaxanthin; 3, 

Lutein; 4, Zeaxanthin; 5, β-Cryptoxanthin; 6, β-Carotene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

TABLE LEGENDS AND TABLES 

Table 1. Glucosinolates and isothiocyanates (mean±standard deviation) isolated from 

rocket leaves. 

Table 2. Phenolic compounds (mean±standard deviation) isolated from rocket leaves. 

Table 3. Carotenoid content (mean±standard deviation) isolated from rocket leaves. 

Table 4. Carbohydrates (mean±standard deviation) isolated from rocket leaves. 

Supplementary Table 1. Retention time, molecular weight and optimization of the 

MS/MS step for qualitative and quantitative determination of phenolic compounds 

from leaves of rocket. 

Supplementary Table 2. Parameters of the GC–MS/MS method. Segment, ion 

preparation mode, retention time, molecular weight, quantifier and qualifier ions, 

excitation storage level and excitation amplitude for identification/quantification of 

sugars. 


