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 Summary
The present study investigates yield and leaf 

glucosinolate (GLS) content of 10 wild rocket (Diplo-
taxis tenuifolia) accessions collected from different 
regions of Slovenia. Accessions are compared with 
two commercially available rocket cultivars. Plants 
were grown in rock wool flakes (soilless floating 
system) and on peat (conventional system). The 
yield was significantly higher on the floating system 
(1,169.6 ± 54.5 g m-2) in comparison with the conven-
tional system (361.6 ± 54.5 g m-2). Leaf extracts were 
analysed using a high performance liquid chroma-
tography – HPLC system with a diode array detector 
and peak identification was performed on a mass 
spectrometer – MS. A significantly higher content 
of total glucosinolates (GLSs) per dry matter (DM) 
has been measured on the floating system (7.81 ± 
0.59 g kg-1 DM) compared to the conventional sys-
tem (4.91 ± 0.59 g kg-1 DM), but the results per fresh 
matter (FM) did not differ significantly between the 
two systems analysed. Five GLSs have been identi-
fied in wild rocket leaves – glucoraphanin, gluco-
alyssin, gluconapin, glucosativin and glucoerucin. 
Glucoraphanin was the most abundant GLS with an 
average content of 6.85 ± 0.51 g kg-1 DM in the soil-
less and 3.68 ± 0.51 g kg-1 DM in the conventional sys-
tem. No significant differences in total GLSs content 
have been detected among wild rocket accessions. 
Two cuts were performed on a soilless system and 
no significant differences in total GLSs have been 
determined between the first and second cut. More-
over, no interactions between the sample origin and 
growing systems have been noted.
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Significance of this study
What is already known on this subject?
• Glucosinolates levels vary according to species, envi-

ronmental factors, geographic location, developmen-
tal stage or type of tissue. The correlation between 
their content and different growing techniques is 
important, since floating system production of baby 
leaf vegetables has often been associated with a 
lower quality of produce.

What are the new findings?
• The results are in support of the hydroponic pro-

duction of wild rocket as fresh leafy vegetables as 
it enables much higher yields and comparable total 
glucosinolates content. Several individual glucosi-
nolates were affected by the harvest time but total 
glucosinolates content was comparable between the 
first and second cut.

What is the expected impact on horticulture?
• The topic could be of great interest for horticultur-

ists dealing with “health food” and interested in 
interactions between growing techniques and 
content of different secondary metabolites in edible 
plants, since new growing techniques can produce 
soilless crops without quality losses.
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Introduction
Plant species of the Brassicaceae family play a major 

role in worldwide vegetable production and consumption. 
The family includes major vegetable crops such as broc-
coli, head cabbages and Brassica greens like salad rocket 
(Eruca sativa L.) and wild rocket [Diplotaxis tenuifolia (L.) 
DC]. More than 30 species have been identified in the Diplo-
taxis genus so far and several have reportedly been used as 
food crops. Diplotaxis tenuifolia, the wild rocket, is a well-
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known wild-growing plant traditionally consumed in Italy, 
France and other European countries. It is generally char-
acterized by a more pungent taste than Eruca sp. – salad 
rocket, slower vegetative growth and a distinct winter rest. 
Diplotaxis tenuifolia, D. erucoides (white wall rocket) and D. 
muralis (wall rocket) are consumed in salads or prepared 
as a side dish (D’Antuono et al., 2009). Seed companies ob-
tained the first seed stocks from wild populations of the Po 
valley and within 15 years the cultivation of D. tenuifolia 
increased significantly (D’Antuono et al., 2009), pointing to 
a steady economic potential of these crops (Villamil et al., 
2002; Bennett et al., 2007; Pasini et al., 2012; Durazzo et al., 
2013). Rocket species have spread from the Mediterranean 
area to other latitudes as they gained an increasing interest 
for use in salads (Bennett et al., 2007). This can be ascribed 
to the detection of dietary glucosinolates (GLSs) in the 
Brassica family (Mohn et al., 2007). GLSs are a class of ni-
trogen and sulfur containing secondary metabolites, which 
are characteristic of the Brassicales plant order (Mohn et 
al., 2007). More than 120 GLSs with different side-chains 
have been identified so far (D’Antuono et al., 2008). Among 
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them, glucoraphanin attracted highest attention after dis-
covery that its degradation product sulforaphane has anti-
carcinogenic properties (Rosa and Rodrigues, 2001). GLSs 
have been detected in all plant parts, but their occurrence 
and content levels vary according to species, environmen-
tal factors, developmental stage or type of tissue (Mohn 
et al., 2007). The glucosinolate (GLS) profile variability of 
edible D. tenuifolia may represent a basis for breeding of 
promising horticultural cultivars (D’Antuono et al., 2008). 
The distinctive taste of many minor horticultural crucifer-
ous greens is linked to their GLS content. Many intact GLSs 
have a bitter taste, some isothiocyanates produce a burn-
ing sensation, and other enzymatic degradation products 
(nitriles, thiocyanates, epithiocyanates, epithionitriles 
and oxazolidines) have an unpleasant sulfur or rotten cab-
bage taste and smell (Mohn et al., 2007; D’Antuono et al., 
2009). Rockets (Eruca and Diplotaxis species) accumulate 
glucoerucin (4-methylthiobutyl GLS) (Fahey et al., 2001; 
Traca and Mithen, 2009) and the degradation process 
yields isothiocyanates. These compounds are extremely 
efficient and have showed remarkable ability to suppress 
carcinogenesis by affecting all three phases: tumor initia-
tion, promotion, and progression (Traca and Mithen, 2009). 
Specifically, the cancer chemopreventive properties of cer-
tain breakdown products, such as sulforaphane derived 
from glucoraphanin (4-methylsulfinyl butyl GLS) (Mohn et 
al., 2007). Moreover, they have proved effective during the  
final steps of carcinogenesis, i.e., angiogenesis and meta- 
stasis (Traca and Mithen, 2009). 

In the present study, wild rocket was grown on a soil-
less system, a so called floating system, where polystyrene 
trays continuously float on a water bed or nutrient solution 
(Nicola et al., 2005). Such cultivation offers many advan-
tages to traditional vegetable growing systems. It is an in-
expensive and easy hydroponic technique mainly used to 
produce small-size leafy or ready-to-use vegetables and 
offer packed and pre-washed vegetables to an expanding 
market of modern consumers (D’Anna et al., 2003). Using 
a soilless culture system, soil contamination of the leaves 
is avoided, the harvest of clean produce is facilitated, and 
consequently surplus washing treatments can be avoided 
(Nicola et al., 2004). Moreover, the short growing cycle of 
greenhouse-grown vegetables reduces the chances of para-
site attacks and disease spread throughout the crop (Fahey 
et al., 2001; Traca and Mithen, 2009). The floating system in 
this study was compared to growing on a peat substrate in 
plug trays with fertigation, which simulated conventional 
growth.

The aim of this study is to evaluate wild rockets from 
ten different regions of Slovenia and compare their growth 
in two different systems: a floating system and a conven-
tional production on peat. In addition to yield assessment 
of wild rockets, the intact GLS content has also been eval-
uated to determine the potential influence of geographic 
origin and growing system on their accumulation. To date, 
this aspect is only partially understood as few publications 
investigated compositional differences in wild rocket GLSs 
between the floating and conventional system. It is known 
that the content of bioactive compounds can be influenced 
by several factors such as genetics, degree of ripeness, 
agronomic and environmental conditions during growth 
(Durazzo et al., 2013). The correlation between the content 
of GLSs and different growing techniques is important for 
large-scale production of rocket, since floating system pro-
duction of baby leaf vegetables has often been associated 

with a lower quality of produce (Gruda, 2009). The main 
reason is a better availability of water and nutrients on a 
soilless system, which leads to a faster growth, and more 
fresh matter (FM) production of plants than when grow-
ing on soil. Leaves turn out to be more aqueous (Nicola et 
al., 2005) and sometimes less tasteful, although it has been 
shown that it is possible to produce soilless crops without 
quality losses (Gruda, 2009).

Materials and methods
The experiment was conducted at the Department of 

Agronomy at the Biotechnical Faculty in Ljubljana (Central 
Slovenia, 46°N, 300 m a.s.l., mean annual T 10°C), in a non- 
heated glasshouse without artificial lightening.

Plant material and growing conditions
Seeds of wild rocket (Diplotaxis tenuifolia) accessions 

were obtained from the Slovene Plant Genebank collection 
maintained at the Agricultural Institute of Slovenia. Ten 
seed samples originating from different regions of Slovenia 
were planted: from the western region with a sub-Mediter-
ranean climate were samples 1 (Ajdovscina – Planina) and 
2 (Ajdovscina – Godovic), from the northern region with an 
Alpine climate was sample 3 (Bled), from central Slovenia 
were samples 4 (Ljubljana), 5 (Vrhnika) and 6 (Zagorje ob 
Savi) and from the eastern region with a moderate conti-
nental climate were samples 7 (Bis), 8 (Ptuj), 9 (Race) and 
10 (Pragersko). Additionally, two commercially available 
seed samples obtained from seed companies (Franchi Se-
menti – C1, Sementi Dotto – C2) were tested. 

All seeds were initially exposed to room temperature 
conditions (22°C) and germinated in Petri dishes on 27 
March 2010. Germinated seeds of each sample were placed 
into a polystyrene plug tray (50 x 32 cm) with 160 cells (18 
mL). Each cell contained only 1 seed to ensure a density 
of 960 plants m-2 (6 plug trays m-2). Cells were filled with 
rock wool flakes (soilless system) or peat substrate (con-
ventional system). A commercial peat substrate was used 
(Huminsubstrat N2 – Klasmann-Deilman GmbH), the latter 
served as a control. Polystyrene trays with inert rockwool 
substrate were randomised floating in an improvised basin 
positioned on a growing table. The basin was 10 m long, 
1.5 m wide and 0.03 m deep and filled with 450 liters of 
water. After seed emergence, nutrients were added and wa-
ter was constantly aerated. The control trays (filled with 
peat) were placed on a “dry” table and regularly irrigated. 
After germination, trays were fertigated twice a week 
with a nutrient solution made from water soluble fertilizer 
(WSF), the same that was used in the floating system (NPK 
18:18:18, micro-nutrients: boron 0.05%, copper 0.02%, 
iron 0.14%, manganese 0.08%, molybdenum 0.008% and 
zinc 0.05%). In 450 L of water 250 g of WSF was dissolved 
to a concentration of 100 mg L-1 N, 100 mg L-1 P and 100 mg 
L-1 K. Each treatment consisted of 12 polystyrene plug trays 
(10 sown with accessions and 2 sown with commercial cul-
tivars), 2 technologies and 2 replications. Temperature (T) 
conditions in the greenhouse were measured 20 cm above 
plants (in average minimum T was 14.5°C and maximum 
T was 29.2°C), as well the temperature of the nutrient 
solution (average T was 19.7°C). In the nutrient solution 
the electrical conductivity (EC) was kept little above 1 mS 
cm-2 and pH level was maintained between 6 and 6.5. Due 
to high pH level of the nutrient solution at the beginning 
of the experiment, 93% H2SO4 was added to drop pH un-
der 7. Plants were cut when 5–10 mature leaves developed. 
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Since the growth of plants was much quicker on the float-
ing system, two cuts of leaves were performed (on May 16th 
and 30th) and only one cut in the conventional system (June 
5th), before plants began to flower because of the longer 
day-length, and the yield was recorded. Around 5 g of fresh 
leaves was stored at -20°C for further analysis of GLSs, and 
the rest (around 30 g) was dried. Dry matter (DM) was 
recorded after drying the samples at 40°C for three days in 
a drying room until constant weight was achieved. 

Preparation of plant samples for glucosinolate analysis
Sample extraction was carried out following the 

method of Gratacós-Cubarsí et al. (2010), with modifica-
tions. An aliquot of 1.5 g frozen rocket leaves was ground 
with liquid nitrogen to minimize enzymatic activities and 
extracted with 7.5 mL of cold (4°C) methanol (Sigma-Al-
drich Chemie GmbH, Steinheim, Germany). Samples were 
heated in a thermostatic water bath (70°C) for 15 min and 
shaken every 5 min to speed up the deactivation of myrosi-
nase. Extracts were cooled in an iced water bath and cen-
trifuged at 10,000 rpm for 10 min at 4°C in an Eppendorf 
centrifuge 5810 R (Eppendorf centrifuge 5810 R, Hamburg, 
Germany). Of the supernatant 4 mL was evaporated to dry-
ness in a rotary evaporator (Büchi Rotavapor R-205 with 
Vacuum controller V-800 and Heating bath B-490; Flawil, 
Switzerland) and dissolved in 2 mL of methanol. The super-
natant was filtered through a 0.2 µm Chromafil AO-45/25 
PTFE filter (Macherey-Nagel, Düren, Germany) into 1.5 mL 
vials.

Glucosinolate HPLC/MS analysis
Peak integration and data elaboration were performed 

using ChromQuest™ software platform [Thermo Scien-
tific™, Thermo Fisher Scientific, Inc. (NYSE:TMO)].

The extracts were analysed using a reverse phase-
high performance liquid chromatography – HPLC system 
(Thermo Finnigan Surveyor, Thermo Scientific, San Jose, 
USA) with a diode array detector. A Phenomenex (Torrance, 
CA, USA) HPLC column C18 (150 x 4.6 mm, Gemini 3u) pro-
tected with a Phenomenex security guard column operat-
ing at 40°C was used. The injection volume was 10 µL and 
the flow rate maintained at 0.8 mL min-1. The elution sol-
vents were aqueous 0.1% formic acid with 3% acetonitrile 
in double distilled water (A) and 0.1% formic acid with 3% 
double distilled water in acetonitrile (B). All solvents were 
HPLC-grade. Samples were eluted according to a linear gra-
dient from 100% to 50% A in the first 15 min, followed by 
a linear gradient from 50% to 75% A for 3 min and a linear 
gradient to 100% A for additional 2 min before recondi-
tioning of the column; total analysis time was 23 min. 

Peaks were identified using a mass spectrometer – MS 
(Thermo Scientific, LCQ Deca XP MAX). Analysis was car-
ried out using electrospray ionization (ESI) in negative ion 
mode, in acquisition mode scan. ESI interface parameters 
were as follows: spray voltage 2.6 kV; sheath gas (N2) 20; 
auxiliary gas (N2) 5; and capillary temperature maintained 
at 270°C. The analysis was carried out using full-scan data 
dependent scanning from m/z 100 to 500. The MS spectra 
and their MS2 fragmentation patterns were compared to 
literature data (Bennett et al., 2006), which enabled a full 
identification of all separated individual GLS peaks. Peak 
integration and data elaboration were performed using 
the ChromQuest™ software platform [Thermo Scientific™, 
Thermo Fisher Scientific, Inc. (NYSE:TMO)].

The content of individual GLSs was assessed from peak 

areas and quantified using a sinigrin (Sigma Aldrich Che-
mie GmbH, Steinheim, Germany) calibration curve (at m/z 
358 in negative ion mode), from 2 to 2,000 mg L-1, at four 
concentration levels.

Statistical analysis
The collected data were subjected to analysis of vari-

ance (ANOVA) and LSD Multiple Range Test at the 95% con-
fidence level. Statistical analyses were performed using 
St�t�r�phics Plus 4.0 statistic software. Different letters 
in figures and tables represent statistically significant dif-
ferences.

Results and discussion

Comparison of yields on two growing systems
The average yield (g m-2) differed significantly between 

the two systems analysed (Figure 1A). Two cuts were per-
formed on the floating system (rock wool) with a total av-
erage yield of 1,169.6 ± 54.5 g m-2. Contrary, plants culti-
vated on a conventional system (peat) were characterized 
by a slower growth and therefore, only one cut was per-
formed. Consequently, the average yield of conventionally 
cultivated wild rocket accessions and cultivars was 361.6 
± 54.5 g m-2 (Figure 1A). These differences could proba-
bly be ascribed to the constant availability of water and 
nutrients on the floating system in comparison to plants 
grown on peat, where greater oscillations of temperatures 
and humidity of the substrate occurred. Similarly, up to 
75-80% higher yields of Eruca sativa have been reported 
on a floating system compared to the conventional system 
by Nicola et al. (2005) and Jakše et al. (2013). Additionally, 
premature flowering of plants on the conventional system 
has been observed, which may be linked to less optimal T 
and water conditions, since the day-length was the same. 

Average DM of wild rocket accessions and cultivars was 
significantly higher on the conventional system (21%) than 
on the floating system (11%) (Figure 1B). Jakše et al. (2013) 
reported similar results for Eruca sativa. A 13.7% of DM 
was recorded in leaves harvested from a floating system 
compared to significantly higher DM levels of leaves grown 
on peat (19.1%). Correspondingly, Nicola et al. (2005) re-
ported higher DM content of rocket leaves on a conven-
tional system (15.9%) than on a floating system (11.2%).

Permanent contact of plants with a nutrient solution 
and a smaller variation of the substrate temperature poten-
tially lead to lower DM of the plants cultivated on a floating 
system (Nicola et al., 2005; Jakše et al., 2013). These plants 
are namely not exposed to water deficiency or temperature 
stress likely occurring in a conventional system. The prov-
enance of the samples had no significant effect on DM con-
tent and no interactions have been recorded between the 
accessions/cultivars and growing systems analysed.

Quantitative analysis of total GLSs in wild rocket on 
two growing systems

All intact GLSs contain at least two sulphur atoms and 
therefore, a characteristic molecular ion isotope pattern. 
This facilitates the detection of sulphur atoms and conse-
quently, GLSs (Mellon et al., 2002). Direct analysis of intact 
GLSs is important because it can reflect the specificity of 
each GLS (Millán et al., 2009). Five GLSs have been iden-
tified in the leaves of wild rocket using electrospray ion-
ization in negative ion mode (Table 1): glucoraphanin (A) 
(4-methylsulphinylbutyl GLS), glucoalyssin (B) (5-meth-
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Figure 2. Typical negative ion EIS chromatogram of intact GLSs. Peak A = glucoraphanin, B = glucoalyssin, C = glu-
conapin, D = glucosativin, E = glucoerucin. Other peaks are phenolic or other substances. 
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Figure 1. (A) Average yield of wild rocket leaves [g m-2] on a floating (two cuts) and conventional (one cut) growing 
system; (B) DM [%] of wild rocket leaves grown in two growing systems. Different letters (a, b) denote significant 
differences between treatments by LSD test at P<0.05. 
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Figure 3. Average total GLSs content of first cut fresh leaves [g kg-1 FM] (A) and dry leaves [g kg-1 DM] (B) of 12 
samples of wild rocket grown on two growing systems. Different letters (a, b) denote significant differences between 
growing systems by LSD test at P<0.05. 
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Figure 3. Average total GLSs content of first cut fresh leaves [g kg-1 FM] (A) and dry leaves [g kg-1 DM] (B) of 12 samples 
of wild rocket grown on two growing systems. Different letters (a, b) denote significant differences between growing  
systems by LSD test at P<0.05.
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ylsulfinylpentyl GLS), gluconapin (C) (3-butenyl GLS), 
glucosativin (D) (4-mercaptobutyl GLS) and glucoerucin 
(E) (4-methylthiobutyl GLS) (Figure 2). All are aliphatic 
GLSs mainly derived from methionine, alanine, leucine and 
valine (Kliebenstein et al., 2001; Millán et al., 2009).

The average content of total GLSs in first-cut fresh 
leaves grown on a floating system was 0.90 ± 0.11 g kg-1 

FM and on conventional system 1.01 ± 0.11 g kg-1 FM. No 
significant differences in total GLSs content have been de-
tected between the two systems (Figure 3A). These results 
are in support of the hydroponic production of wild rocket 
as fresh leafy vegetables as it enables higher yields and 
comparable total GLSs content, despite the faster growth 
on floating system and earlier cutting of technologically 
mature leaves than on conventional system. Data obtained 
in the present study are contrary to the report of Kim et 
al. (2006) who linked different stress factors such as wa-
ter stress and high plant density with increased GLS levels 
in Eruca sativa, but this can be attributed to the variation 
in experimental design. Total GLSs content expressed on a 
FM basis did not differ significantly among wild rocket ac-
cessions/cultivars and no interact ions have been recorded 
between sample origin and growing system analysed. 

Contrary to our expectation, on a DM basis, the average 
total GLSs content was significantly higher in leaves grow-
ing on a floating system after the first cut (7.81 ± 0.59 g kg-1 
DM) compared to the conventional system (4.91 ± 0.59 g 
kg-1 DM) (Figure 3B). Again, there was no interaction be-

tween the samples and the growing systems. The data are 
comparable with other publications on total GLSs content 
in leaves of Diplotaxes (4.18 g kg-1 DM) and Eruca accessions 
(from 0.25 to more than 70 g kg-1 DM) (D’Antuono et al., 
2008).

Statistical differences between samples origin were 
not recorded neither on FM neither on DM basis. Average 
content of total GLS on both systems together in samples 
was 0.960 ± 0.055 g kg-1 FM and 6.355 ± 0.412 g kg-1 DM. 
Total and individual GLSs contents in samples on FM ba-
sis are presented in Table 2. Contrary, Bennett et al. (2007) 
reported that geographical origin significantly affects 
GLS profiles and their levels in rocket species. Potentially, 
the relatively close geographical origin of Slovenian wild 
rocket accessions groups them as a single provenance and 
not multiple regions. In our case all samples were grown 
at the same environmental conditions, which are known to 
affect accumulation of bioactive compounds (Durazzo et 
al., 2013).

Quantitative analysis of glucoraphanin 
Glucoraphanin (C12H23NO10S3) is hydrolysed after tissue 

disruption by the enzyme myrosinase to yield sulforaphane 
as its breakdown product. The latter is believed to exhibit 
beneficial effects on human health through a variety of 
mechanisms (it is considered the most active phase II en-
zyme inducer among analogues) and one of promising nat-
ural anti-cancer compound (Barillari et al., 2005; Bennett 

Table 1. Molecular weight and MS2 ions of identified GLSs in Diplotaxis tenuifolia in order of their retention [min] –RT.
* = glucosinolate, Glc = glucose.

RT Systematic names Trivial names Type m/z [M-H]- MS2

A   7.07 4-methylsulphinyl-butyl* Glucoraphanin Alkylthioalkyl 436 259 (Glc-SO3)-

B   8.53 5-methylsulfi nnyl-pentyl* Glucoalyssin Alkylthioalkyl 450 259 (Glc-SO3)-

C   9.23 3-butenyl* Gluconapin Alkenyl 372 (371) 259 (Glc-SO3)-

D 13.50 4-mercaptobutyl* Glucosativin Thioalkyl 406 259 (Glc-SO3)-

E 15.62 4-methylthiobutyl* Glucoerucin Alkylthioalkyl 420 259 (Glc-SO3)-

Table 2. Average content of individual and total GLSs (g kg-1 FM) in first cut leaves of all accessions and cultivars. Data from 
both growing systems are considered.

Sample GRA GAL GNA GSA GER Total GLSs
1 0.615±0.098 0.012±0.002 0.021±0.006 0.077±0.022 0.037±0.015 0.762±0.087
2 0.665±0.061 0.007±0.002 0.021±0.003 0.064±0.018 0.109±0.043 0.866±0.099
3 0.905±0.178 0.010±0.001 0.021±0.005 0.138±0.053 0.069±0.023 1.143±0.216
4 0.334±0.035 0.005±0.002 0.026±0.005 0.122±0.036 0.019±0.002 0.507±0.061
5 1.044±0.368 0.010±0.004 0.024±0.005 0.069±0.027 0.057±0.018 1.203±0.394
6 0.752±0.071 0.010±0.001 0.022±0.007 0.057±0.036 0.037±0.016 0.878±0.108
7 1.029±0.133 0.017±0.001 0.018±0.004 0.054±0.026 0.056±0.020 1.174±0.156
8 0.886±0.138 0.014±0.002 0.033±0.006 0.110±0.049 0.067±0.026 1.110±0.219
9 0.756±0.214 0.013±0.003 0.021±0.006 0.106±0.029 0.023±0.012 0.920±0.226
10 0.957±0.107 0.013±0.001 0.023±0.003 0.059±0.013 0.077±0.022 1.128±0.127
C1 0.742±0.128 0.010±0.001 0.018±0.004 0.131±0.063 0.052±0.023 0.954±0.184
C2 0.665±0.074 0.011±0.001 0.016±0.002 0.132±0.060 0.046±0.010 0.869±0.118
Average 0.779±0.049 0.011±0.001 0.022±0.001 0.093±0.011 0.054±0.006 0.960±0.055

GRA: glucoraphanin, GAL: glucoalyssin, GNA: gluconapin, GSA: glucosativin, GER: glucoerucin, ±SE: standard error. Sample: 1: Ajdovscina
(Planina), 2: Ajdovscina (Godovic), 3: Bled, 4: Ljubljana, 5: Vrhnika, 6: Zagorje ob Savi, 7: Bis, 8: Ptuj, 9: Race, 10: Pragersko, C1: Franchi Sementi, 
C2: Sementi Dotto.
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Figure 4. Average content of glucoraphanin, glucoalyssin, gluconapin, glucosativin and glucoerucin in first cut fresh leaves 
[g kg-1 FM] (A, C, E, G, I) and dry leaves [g kg-1 DM] (B, D, F, H, J) of wild rockets from two growing systems. Different letters 
(a, b) denote significant differences between growing systems by LSD test at P<0.05.
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et al., 2002, 2007). Glucoraphanin was the most abundant 
GLS in both analysed growing systems representing 87.7% 
of total GLSs in DM on a floating system and 74.9% of total 
GLSs in DM on a conventional system. A high percentage 
of glucoraphanin can be ascribed to its aliphatic structure 
which is less affected by environmental stress (Hong et al., 
2011). The proportion of glucoraphanin is similar in broc-
coli, where it also represents the predominant GLS (Tian et 
al., 2005).

The comparison of the average glucoraphanin content 
of 12 wild rocket samples did not reveal any significant dif-
ferences between the two growing systems on a FM basis 
(0.79 ± 0.09 g kg-1 FM floating system and 0.77 ± 0.09 g kg-1 
FM conventional system) (Figure 4A). However, on a DM 
basis, the average glucoraphanin content was significantly 
higher on a floating system (6.85 ± 0.51 g kg-1 DM) com-
pared to the conventional system (3.67 ± 0.51 g kg-1 DM) 
(Figure 4B).

Interactions between sample origin and growing sys-
tems have not been determined for glucoraphanin and 
neither for glucoalyssin, gluconapin, glucosativin and glu-
coerucin. Diverse contents of glucoraphanin have been 
reported in Diplotaxis tenuifolia leaves by D’Antuono et al. 
(2008) where the average content was 0.22 mg kg-1 DM, 
but we must notice that D’Antuono et al. (2008) analysed 
desulphoglucosinolates, and the results cannot be directly 
compared. Kim et al. (2006) reported that rocket salad 
leaves contained from 2.18 to 4.38 g kg-1 DM. Contradictory 
results can sometimes be attributed to incomparable data, 
resulting from differences in growth factors such as types 
of fertilizers, climates, plant cultivars and variation in ex-
perimental design (Gruda, 2009).

Quantitative analysis of glucoalyssin
Glucoalyssin (C13H25NO10S3) is a methionine-derived 

component with a sulphur-containing side chain (D’An-
tuono et al., 2008) and the second GLS detected in our 
samples of wild rocket leaves. Significant differences in the 
average content of glucoalyssin in fresh rocket leaves from 
the floating system and from the conventional system have 
not been recorded (0.011 ± 0.001 g kg-1 FM) (Figure 4C). On 
a DM basis, differences were more distinct and the content 
of glucoalyssin was significantly higher in leaves from the 
floating system (0.095 ± 0.007 g kg-1 DM) compared to the 
conventional system (0.053 ± 0.007 g kg-1 DM) (Figure 4D). 
The distinction between the fresh and dry leaves could be 
attributed to higher water percentage of wild rocket grown 
on a floating system compared to the conventional system.

A much lower content of glucoalyssin in Diplotaxis 
tenuifolia leaves reported by D’Antuono et al. (2008) (0.045 
mg kg-1 DM) probably cannot be compared with our re-
sults, since they analysed desulphoglucosinolates. More 
comparable is the content of glucoalyssin (0.181 g kg-1 DM) 
reported by Sun et al. (2011), where leaves of Chinese kale 
were analysed.

Quantitative analysis of gluconapin 
Gluconapin (C11H19NO9S2) is an aliphatic GLS derived 

from methionine and the hydroxylation of its side chain 
produces progoitrin (Hong et al., 2011). The content of glu-
conapin was significantly higher in fresh leaves grown on 
a conventional system (0.029 ± 0.001 g kg-1 FM) compared 
to the floating system (0.015 ± 0.001 g kg-1 FM) (Figure 4E). 
Similarly, no significant differences in the average content 
of gluconapin have been recorded between the growing 

systems on a DM basis (0.13 ± 0.01 g kg-1 DM floating system 
and 0.14 ± 0.01 g kg-1 DM conventional system) (Figure 4F). 
D’Antuono et al. (2008) reported a lower content of gluco-
napin in Diplotaxis erucoides leaves – 0.022 mg kg-1 DM, but 
they analysed desulphoglucosinolates. However, Lee et al. 
(2006) measured a considerably higher level (12.65 mg g-1 

DM) of gluconapin in tinglizi seeds (Lepidium apetalum) 
which also belong to Brassica family and young leaves are 
edible raw or cooked and have a hot cress-like flavour. The 
results from other researchers are different from ours, be-
cause analysed plants are from different species, but their 
use is similar to wild rocket.

Quantitative analysis of glucosativin
The glucosativin (C11H21NO9S3) and its isothiocyanate 

are likely to contribute to the unique odour and flavour of 
rockets (Bennett et al., 2002). Its content was significantly 
higher in fresh leaves grown in peat (0.138 g kg-1 FM) com-
pared to the floating system (0.049 g kg-1 FM) (Figure 4G).

Significant differences in the content of glucosativin 
have not been detected between the two systems analysed 
on a DM basis. Specifically, the average content of this GLS 
was 0.43 ± 0.07 g kg-1 DM (5.5% total GLSs) on the floating 
system and 0.67 ± 0.07 g kg-1 DM (13.6% total GLSs) on the 
conventional system (Figure 4H). The closest report found 
were the results of Kim et al. (2006). They analysed the con-
tent of glucosativin in leaves of rocket salad (Eruca sativa), 
and reported a much higher content of glucosativin (2.00 to 
3.10 g kg-1 DM). Those differences in presented data are re-
lated to diversity of species and possible enzymatic degrada-
tion of GLS during freezing process and sample preparation.

Quantitative analysis of glucoerucin 
Glucoerucin (C12H23NO9S3) is presumably the precursor 

of glucoraphanin (Bennett et al., 2007). Unlike other GLSs 
(e.g., glucoraphanin), glucoerucin possesses potent direct 
as well as indirect antioxidant capacity as it has the abil-
ity to decompose hydroperoxides and hydrogen peroxide 
(Barillari et al., 2005; Kim et al., 2006). The content of glu-
coerucin in fresh leaves was significantly higher on peat 
(0.073 ± 0.008 g kg-1 FM) than on the floating system (0.035 
± 0.008 g kg-1 FM) (Figure 4I) with an exception of sample 
10.

Glucoerucin content levels did not differ significantly 
between the systems analysed on a DM basis (Figure 4J). 
The average content on a floating system was 0.304 ± 0.067 
g kg-1 DM (3.9%) and in peat 0.372 ± 0.067 g kg-1 DM (7.6%).

D’Antuono et al. (2008) reported a lower content of 
glucoerucin in Diplotaxis tenuifolia and D. erucoides leaves 
(0.101 mg kg-1 DM). Contrary, Kim et al. (2006) measured 
considerably higher levels of glucoerucin in Eruca sativa 
leaves (from 2.21 to 4.58 g kg-1 DM). Like in upper cases, 
those differences can be ascribed to different species anal-
ysed and to different experimental methods.

GLS contents of the first and second cut of wild rocket 
leaves 

As mentioned earlier, wild rocket grown on a floating 
system was characterized by a faster development and 
thus two cuts have been performed prior to flowering.

DM was significantly higher on the first harvest com-
pared to the second cut (11.6% and 10.0%) and no interac-
tions between samples and time of cut have been recorded.

Generally, the harvest sequence had little effect on total 
GLSs content (Table 3). However, the level of specific GLSs 
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varied significantly between the first and second cut. In 
plant cells, GLSs are kept separated from the endogenous 
myrosinase, but, when plants are subjected to mechani-
cal wounding or pathogen attack, GLSs and enzymes come 
into contact and produce a number of hydrolytic products 
in situ (Vig et al., 2009). Therefore, the initial harvest/cut 
changed the composition of individual GLSs in wild rocket 
plants (Table 3). After formation of new leaves, intensive de 
novo synthesis of some specific GLSs can occur like phyto-
alexins in plants (Ahuja et al., 2010). Specifically, the con-
tent of glucoalyssin in wild rocket leaves increased signifi-
cantly after the first cut (FM and DM), while the content of 
gluconapin decreased (FM) and the content of glucoerucin 
decreased significantly after the first cut (FM, DM). This 
can be suggested as being a consequence of selective GLS 
metabolism as well as dilution of GLSs concentration dur-
ing new leaves growth (Hong et al., 2011). Authors have de-
scribed antinutritive properties of certain GLSs in animals 
(Vig et al., 2009). Potentially, the increased accumulation 
of glucoalyssin could be linked to the plant’s response to 
cutting as a form of herbivore attack. Concurrently, the 
content of glucoerucin decreased after the first cut and this 
pattern could be ascribed to its marked fungitoxic nature 
(Vig et al., 2009). Sun et al. (2011) reported that glucoeru-
cin is a direct precursor of glucoraphanin, which indicates 
that plants are able to convert their individual GLSs into 
GLSs that are preferred at a specific point of growth. Most 
likely, the conversion can also be triggered by different en-
vironmental factors.

Conclusions
The yield of fresh wild rocket leaves grown on a floating 

system was significantly higher compared to the conven-
tional peat cultivation. Specifically, a 223.5% higher yield 
was recorded in addition to a shorter growing period to the 
first cut (it shortened for 17 days) and a higher water per-
centage compared to plants grown in peat.

Differences in total GLS content levels have also been 
confirmed between the two growing systems analysed on  
a DM basis. Total GLSs content was higher in plants grown 
on a floating system. On a FM basis, total GLSs content 
was comparable between the two systems. It can be con-
cluded that the level of GLSs and the quality of wild rocket 
fresh leaves is not compromised by hydroponic cultivation 
(floating system) and is even improved on a DM basis. No 
significant differences have been confirmed among wild 
rocket samples from different Slovenian regions and be-
tween plants grown from commercially available seeds 
(C1, C2). 

Five individual GLSs have been identified in wild rocket 
leaves (glucoraphanin, glucoalyssin, gluconapin, glucosa-

tivin and glucoerucin). Glucoraphanin was the most abun-
dant GLS in all accessions and cultivars analysed. Several 
individual GLSs were significantly affected by the harvest 
time (first and second cut) but total GLSs content was com-
parable between the first and second cut. The results pro-
vide a basis for future research of the relationship between 
individual GLS content levels and growing techniques.
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