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ABSTRACT: The evaluation of factors that affect glucosinolates (GLS) concentrations in 
the roots, leaves, and inflorescence of broccoli plants is important in the improvement of 
the concentration of bioactive compounds and thus in the enhancement of the nutritional 
properties. In this work, the yield and the concentration of GLS of seven broccoli cultivars 
(Brassica oleracea var. italica) grown under salinity in field conditions were studied during 
three different seasons (autumn, winter, and spring). The results show that, generally, salin-
ity did not alter significantly the inflorescence yield during any of the seasons, indicating a 
high tolerance of the cultivars tested. Yield was reduced only in cultivar Gea in autumn and 
in cultivar Parthenon in spring. The distribution of the GLS showed that their accumulation 
was greater in inflorescences and leaves, with higher concentrations in autumn and spring. 
The activation of GLS synthesis by salinity was restricted to several cultivars and depended 
on the season, with no reductions compared to control plants. In this study, we discuss the 
appearance of a Cinnamoyl-indol-GLS derivative in some of the cultivars and seasons with 
higher incidence in NaCl-treated plants. 
Keywords: Cinnamoyl-indol-GLS, water relations, inflorescence yield, mineral nutrients
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Introduction

The provision of plants and plant products with 
enhanced nutritional and medicinal qualities is becom-
ing a great challenge (Raskin and Ripoll, 2004). Poten-
tial health-promoting compounds, which have been 
widely described, are glucosinolates (GLS) and their 
degradation products from Brassica species (Brandt et 
al., 2004; Moreno et al., 2006). Glucosinolates - and 
products of their metabolic breakdown, the isothio-
cyanates - found in Brassica vegetables have been 
described as potent modulators of xenobiotic-metab-
olizing enzymes that protect DNA from damage (Ger-
hauser, 2013). Therefore, high intake of cruciferous 
vegetables is associated with a reduced risk of cancer, 
particularly lung and gastrointestinal (Lund, 2003), 
cardiovascular diseases (Angelino and Jeffery, 2014), 
and, to a lesser extent, prostate cancer (Kristal and 
Lampe, 2002). Glucosinolates are chemically defined 
compounds, all GLS characterized, and share a similar 
basic structure consisting of a B-D-thioglucose group. 
Glucosinolates are converted into isothiocyanates or 
indoles by the activity of myrosinase (Martinez-Balles-
ta and Carvajal, 2015). 

Salinity is one of the most prevalent limiting fac-
tors for crop production (Zhu, 2001). Previous stud-
ies focused on the adaptation mechanisms of broccoli 
(Brassica oleracea L. var. italica) to salinity (Zaghdoud 
et al., 2012; 2016). In addition, changes in the GLS 
concentration in response to salinity have been related 
to their participation in signaling mechanisms (López-
Berenguer et al., 2009). Hence, quantitative and quali-
tative changes in the GLS profile occur in response to 
environmental changes, although their specific func-

tions are still unknown. This is of particular impor-
tance in the case of broccoli cultivars, where different 
GLS are involved in plant defense against abiotic stress 
(Martinez-Ballesta et al., 2013). The GLS response to 
salinity may vary according to the experimental condi-
tions, such as temperatures (Schonhof et al., 2007), the 
type of glucosinolate, and plant genotype (Dominguez-
Perles et al., 2011; López-Berenguer et al., 2009).

The aim of this work was to determine the GLS 
profile of seven broccoli cultivars grown under the 
current environmental conditions of the Mediterra-
nean semiarid zones of production (Murcia, southeast 
Spain), during the autumn, winter, and spring seasons. 
Through the analysis of all organs of the plants (root, 
leaves, and inflorescence), the effect of irrigation with 
saline water was determined in terms of suitability of 
using this abiotic stress to stimulate GLS synthesis. 
Moreover, the detection of novels molecular species, 
feruloyl-indol-glucosinolates (F-GLS), in some of the 
cultivar-treatment combinations is reported.

Materials and Methods

Plant material and growth conditions 
Seven commercial broccoli cultivars were used: 

Parthenon, Naxos, Heraklion, Triton, Marathon, Gea, 
and Mykonos. All the seedlings were obtained from a 
commercial nursery for horticultural plants in Mur-
cia (Spain). Three experiments were conducted dur-
ing different seasons, in the field on an experimental 
farm in Murcia (Spain), under a semiarid Mediterra-
nean climate (geographic coordinates: 37°47’52.7” N, 
0°52’00.7” W, 15 m asl). The first crop was planted in 
October and harvested in December, while the second 
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crop was planted in January and harvested in March, 
and the third crop was planted in April and harvested 
in June.

The temperature and relative humidity were re-
corded every 10 min using dataloggers (Table 1). We 
planted 360 plants, 180 per treatment (control and sa-
linity), in a 300 m2 plot, with a randomized block de-
sign. We planted 360 plants, 180 per treatment (control 
and salinity), in a 300-m2 plot, with a randomized block 
design. All plants were drip-irrigated with fertirrigation 
with CaNO3 (3.7 g m2 in autumn and winter and 7.5 
g m2 in spring) and K2NO3 (2.2 g m2 in autumn and 
winter and 5.2 g m2 in spring). In the salinity treat-
ment, 80 mM NaCl was added to the nutrient solution 
(7.3 dS m–1). The plants were harvested when inflores-
cences reached commercial size. The cultivars Naxos, 
Heraklion, and Mykonos were harvested 79 days after 
transplanting the seedlings, while Parthenon, Triton, 
Marathon and Gea after 86 days of transplanting. The 
inflorescences were separated from the rest of the plant 
and weighed. We analyzed the GLS of the inflorescenc-
es, leaves, and roots.

Intact glucosinolates analysis 
Freeze-dried fine powders (100 mg) of inflores-

cences, leaves, and roots were extracted in 1 mL of 70 
% methanol at 70 °C during 30 min, vortexing every 5 
min (Dominguez-Perles et al., 2011). Afterwards, the 
samples were placed in ice bath to stop the reaction 
and then centrifuged for 15 min at 13000 rpm, at 4 °C. 
The supernatants were collected and the methanol was 
removed using a rotary evaporator. Each dried residue 
was re-dissolved in ultrapure Milli-Q water to the ini-
tial volume of the supernatant and filtered through a 
0.2-µm polyethersulfone membrane filter. 

The HPLC-DAD analyses were carried out in a 
binary capillary pump equipped with an autosampler, 
a degasser, a sample cooler, and a photodiode array de-
tector. The compounds were separated in a Luna C18 
column (25 cm × 0.46 cm, 5 µm particle size). The 
mobile phase was a mixture of water/trifluoroacetic 
acid (99.9:0.1, v/v) (A) and acetonitrile/trifluoroacetic 

acid (99.9:0.1, v/v) (B). The flow rate was 1 mL min–1 
in a linear gradient, starting with 1 % B for 5 min and 
reaching 17 % B at 15 min (maintained for 2 min), 25 % 
B at 22 min, 35 % B at 30 min, 50 % B at 35 min, and 
99 % B at 40 min. The monitored compounds eluted 
off the column in 35 min. The identification of the glu-
cosinolates was carried out according to their UV-Vis 
spectra, retention times and comparison with authentic 
standards. Compounds were quantified using sinigrin 
(SIN) and glucobrassicin (GBS) as external standards of 
aliphatic and indole GLS, respectively. The concentra-
tions were expressed as mg g–1 of DW.

Statistical analysis
The data were analyzed using the software SPSS 

Release 18 for Windows. Duncan’s test at p ≤ 0.05 was 
chosen to determine the significance of differences be-
tween groups.

Results

Regarding the results of inflorescence yield (Fig-
ures 1A, B and C), during the autumn season, the values 
were higher for cultivar Gea under control conditions. 
When salinity was applied, there was a significant yield 
increase in Triton and Marathon and a significant de-
crease in Gea. In the rest of the cultivars (Parthenon, 
Naxos, Heraklion, and Mykonos), no differences in 
yield between control and NaCl-treated plants were ob-
served. During the winter season, there were no signifi-
cant differences among the seven cultivars studied and 
Triton, Marathon, Gea, and Mykonos showed values 
slightly lower than in autumn. Salinity did not signifi-
cantly affect any of the cultivars. In the spring season, 
Parthenon and Mykonos had higher yields than in the 
rest of the seasons while the other cultivars showed 
yields similar to those in winter. Salinity affected Par-
thenon negatively and Triton positively, but it did not 
produce significant differences in Naxos, Heraklion, 
Marathon, Gea, or Mykonos. No variation was found 
in % water between cultivars, seasons and treatments 
(ranged from 88-91 %, data not shown).

The analysis of GLS in inflorescences in the au-
tumn season (Table 2) showed that the glucoraphanin 
(GRA) and glucobrassicin (GBS) concentrations were 
higher than in the rest of the GLS (4-hydroxygluco-
brassicin (HGB), metoxiglucobrassicin (MGB), neoglu-
cobrassicin (NGB). In addition, in control conditions, 
the levels of GLS were only significantly higher in Gea 
(Figure 2). Salinity increased significantly the total GLS 
concentrations in cultivars Triton and Marathon, main-
ly due to increases in GRA, while the GBS concentra-
tion rose in Parthenon, Heraklion, and Triton (Table 2). 
No significant differences were found for the rest of 
the GLS. 

In leaves, also, the most abundant GLS were GRA 
and GBS (Table 2). In this organ, salinity provoked an 
increase in total GLS in all cultivars and was signifi-

Table 1 – Average values of environmental conditions in each month 
during experiments.

Month Sun Rainfall Temperature Radiation
h L m–2 °C W m–2

Sept 265 7.8 19.94 203.54
Oct 271 31.8 19.06 161.56
Nov 231 28.3 14.81 129.15
Dec 220 6 12.89 98.83
Jan 214 8.6 12.62 109.83
Feb 235 5.4 13.03 142.06
Mar 296 23 13.57 221.07
Apr 321 22.3 15.85 257.62
May 358 3.4 18.4 305.69
June 369 0 22.75 346.88
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cant in Triton, Marathon, and Mykonos (Figure 2). The 
increases were due to GBS in Triton, Marathon, and 
Gea, to MGB in Naxos and Marathon, and to NGB in 
Mykonos. 

In roots of plants grown in autumn, there was an 
increase in total GLS in Heraklion, Triton, and Mara-
thon, in relation to winter and spring (Figure 2). In 
these cases, different GLS appeared, such as gluconapin 
(GNA) and gluconasturtin (PE) (Table 2). The higher to-
tal values observed were due to a higher concentration 
of GRA in Heraklion, of GNA in Heraklion and Gea, 

of GBS in Heraklion, Triton, and Marathon, of MGB in 
Heraklion and Triton, and of NGB in all the cultivars.

When the crop grew in the winter season, the gen-
eral levels of GLS in inflorescences were lower than in 
autumn (Figure 2), while in leaves and roots, the levels 
were similar for both seasons. In this case, the levels 
of total GLS in inflorescences under control conditions 
were higher in Naxos and lower for Gea. The salinity 
treatment did not produce an apparent change in inflo-
rescences and leaves in any of the cultivars; however, in 
roots, there was an increase in all the cultivars except 
for Parthenon. The increases in total GLS in roots were 
due to higher levels of GRA, PE, GBS, MGB, and NGB 
(Table 3).

In the spring season, the total GLS concentration 
was much higher than in the rest of the seasons, nearly 
double in most cultivars (Figure 2). In inflorescences, 
the concentration was higher under saline conditions in 
Heraklion, Gea, and Mykonos and was lower in Naxos, 
with no significant differences in the rest of the culti-
vars. The increases were due to GRA in Heraklion, to 
GBS in Heraklion and Gea, and to NGB in Gea and 
Mykonos (Table 4).

In leaves, an increase in total GLS caused by sa-
linity was observed in Parthenon, Heraklion, and Gea 
(Figure 2). The increases were due to GRA in Heraklion 
and Gea, to GBS in Parthenon and Gea, to MGB in Gea, 
and to NGB in Parthenon, Heraklion, and Gea (Table 4).

In roots, the total GLS concentration was increased 
significantly by salinity only in Parthenon (Figure 2), 
mainly due to increases in GBS and NGB.

The detection of a cinnamoyl-indol-glucosino-
late is shown in Table 5. In leaves and inflorescences 
of plants grown during the autumn season, it only ap-
peared - at low concentrations - in Parthenon Triton, 
and Marathon when salinity was applied and with no 
significant differences between cultivars. However, this 
compound was not observed in roots of any of the culti-
vars or treatments. 

During the winter season, the cinnamoyl-indol-
GLS was not detected in leaves or inflorescences of any 
of the cultivars. However, this complex compound ap-
peared in roots of Parthenon, Marathon, and Gea. In this 
season, the concentrations were also very low and no 
significant differences between cultivars were observed.

In the spring samples, the presence of the cin-
namoyl-indol-GLS was more intense in the roots, leaves 
and inflorescences of Parthenon, Triton, and Marathon, 
in untreated (control) and NaCl-treated plants. For 
Mykonos, it was only detected in NaCl-treated plants. 
In leaves, the occurrence according to the cultivar and 
treatment was similar to that in inflorescences. How-
ever, in this organ, the concentrations in NaCl-treated 
plants were always higher than in the control. In roots, 
the cinnamoyl-indol-GLS was observed in all cultivars 
and in both treatments (control and NaCl), but the con-
centration in NaCl-treated plants was higher than in the 
control.

Figure 1 – Inflorescence yield of different broccoli cultivars grown 
in control and saline conditions, in the field, during the (A) autumn, 
(B) winter, and (C) spring seasons. Bars with different letters show 
significant differences according to the Duncan’s test at p < 0.05. 
Values are means ± SE (n = 5).
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Figure 2 – Total GLS concentrations in different organs of broccoli plants grown in control and saline conditions, in the field, during the autumn, 
winter, and spring seasons. For each glucosinolate, different letters show significant differences according to the Duncan’s test at p < 0.05. 
Values are means ± SE (n = 4).

Discussion

Growth reductions in broccoli has been reported 
to depend on the duration of stress application. Thus, a 
two-phase growth decrease in response to salinity has 
been recorded (López-Berenguer et al., 2006). The first 
phase of growth reduction was reported to be due to 
water stress, while the second phase was derived from 
internal damage due to salt (Na+) accumulation. Lower 
reduction of growth during the second phase was re-
ported to be related to vacuolar compartmentalization of 
Na+ and Cl– (Munns, 1993), in which the regulation of 
aquaporin functionality is key (López-Berenguer et al., 
2006). In our work, the fact that there were only sig-
nificant reductions in inflorescence yield with salinity in 
two cultivars and in specific seasons indicates that salin-
ity was not the dominant stress at this salinity level (80 

mM) in field conditions. Recently, irrigation with saline 
water for only part of the crop cycle (until the appear-
ance of the broccoli head or from the appearance of the 
broccoli head) or during the entire autumn growing sea-
son decreased the total broccoli yield by 20 % and 24 %, 
respectively, compared to the control (Gioia et al., 2018). 
This observation is in line with our findings in previous 
experiments with hydroponic culture (Dominguez-Perles 
et al., 2011). However, in the present field experiment, 
the application of 80 mM NaCl through soil irrigation 
only reduced significantly the inflorescence weight in 
cultivar Gea in autumn (by 27 %) and in Parthenon in 
spring (by 28 %). For the rest of the cultivars, inflores-
cence yield was not altered significantly during any of 
the seasons, indicating their high tolerance of salinity 
together with the buffer effect of the soil. In this regard, 
other studies revealed salt-induced permanent modifica-
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tions of soil physical-chemical properties, affecting yield 
of broccoli cultivar Marathon grown during the winter, 
in agreement with our results (De Pascale et al., 2005).

In addition, the effect of the season was dependent 
on the cultivar: Triton, Marathon, and Gea had higher 
inflorescence weights during the autumn, whereas Par-
thenon and Mykonos had higher yields in spring. For all 
the other cultivars and seasons, the weight was around 
400 to 450 g per inflorescence, with no significant differ-
ences. It has been reported that when multiple abiotic 
stresses were applied to different Brassica oleracea L. 
crop types, no relevant differences were found among 
them, which is promising for the development of more 
environmentally robust lines (Beacham et al., 2017). 
Therefore, if we consider the different temperatures 
and day lengths of the seasons as additional stresses to 
salinity, this can explain the differing responses of the 
cultivars studied.

The GLS determined here (GRA, GBS, HGB, 
MGB, NGB) had a profile different from that of broc-
coli cultivars studied previously (in which glucoiberin 
was present), which were grown under different (crop 
chamber and greenhouse) conditions (Dominguez-
Perles et al., 2011; López-Berenguer et al., 2009), sug-
gesting that field conditions orientated the secondary 
metabolism through different pathways. Still, other ex-

Table 5 – Cinnamoyl-indol-GLs in different organs of broccoli plants grown under control and saline stress in the field during the autumn, winter, 
and spring seasons. Different letters in a column and treatment show significant differences according to the Duncan’s test at p < 0.05. Values 
are means ± SE (n = 4).

Autumn Cultivars
Cinnamoyl-indol-GLS (mg g–1 DW)

Inflorescence Leaves Roots
Control Salinity Control Salinity Control Salinity

Parthenon tr 0.006 ± 0.001 tr 0.010 ± 0.002 tr tr
Naxos tr tr tr tr tr tr

Heraklion tr tr tr tr tr tr
Triton tr 0.010 ± 0.001 tr 0.010 ± 0.001 tr tr

Marathon tr 0.010 ± 0.001 tr 0.030 ± 0.001 tr tr
Gea tr tr tr tr tr tr

Mykonos tr tr tr tr tr tr
Winter        

Parthenon tr tr tr tr 0.020 ± 0.007 0.030 ± 0.005
Naxos tr tr tr tr tr tr

Heraklion tr tr tr tr tr tr
Triton tr tr tr tr tr tr

Marathon tr tr tr tr 0.010 ± 0.002 0.020 ± 0.007
Gea tr tr tr tr 0.005 ± 0.001 0.006 ± 0.002

Mykonos tr tr tr tr tr tr
Spring        

Parthenon 0.010 ± 0.001a 0.020 ± 0.001ab 0.020 ± 0.001b 0.030 ± 0.001bc 0.020 ± 0.003ab 0.040 ± 0.001c

Naxos tr 0.010 ± 0.001a tr tr 0.010 ± 0.001a 0.020 ± 0.003ab

Heraklion tr tr tr tr 0.010 ± 0.001a 0.020 ± 0.001b

Triton 0.020 ± 0.001ab 0.040 ± 0.001b 0.010 ± 0.001a 0.020 ± 0.001b 0.010 ± 0.001a 0.030 ± 0.001bc

Marathon 0.030 ± 0.001b 0.040 ± 0.002b 0.010 ± 0.001a 0.040 ± 0.001c 0.020 ± 0.02ab 0.040 ± 0.002c

Gea tr tr tr tr 0.010 ± 0.001a 0.010 ± 0.001a

Mykonos tr 0.010 ± 0.001a tr 0.020 ± 0.002b 0.010 ± 0.001a 0.020 ± 0.001ab

Cinnamoyl-indol-GLS concentrations are expressed as: mg g–1 DW; tr = trace values.

periments carried out in field conditions showed differ-
ent profile in similar cultivars as Marathon (Vallejo et 
al., 2003) pointing that GLs should be investigated for 
each individual condition. The results in previous work 
showed a marked increase in GLS abundance in young 
leaves with salinity, higher with the 40 mM NaCl treat-
ment than with 80 mM NaCl; however, in inflorescenc-
es, GLS abundance increased regardless of the NaCl 
concentration applied (López-Berenguer et al., 2009). 
Moreover, the three cultivars studied previously and 
grown in perlite under greenhouse conditions - ‘Nu-
bia’, ‘Naxos’, and ‘Parthenon’ - showed an increase in 
GLS due to NaCl application (40 mM NaCl), which was 
apparently co-influenced by the growth temperature 
(Dominguez-Perles et al., 2011). Furthermore, under 
the field conditions of our experiment the increase in 
GLS levels due to salinity depended on the season and 
cultivar, influenced more by the temperature increase 
than by salinity for most cultivars. Other authors re-
ported that the spring-summer climatic conditions in-
creased directly the concentration of GLS (Aires et al., 
2011), leading to higher antioxidant activity in broccoli 
inflorescences and kale leaves. In our experiment, ad-
ditional enhancement by salinity and higher tempera-
tures was only observed in Heraklion, Gea, and Myko-
nos. 
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for cultivars Gea, in autumn, and Parthenon, in spring. 
In addition, the total GLS concentration was increased 
by salinity in cultivars Parthenon, Heraklion, Triton, 
and Marathon, in autumn, and in Heraklion and Gea, in 
spring, representing a good technique for stimulation of 
GLS synthesis. The spring conditions led to much higher 
GLS accumulation, with an additional effect of salinity 
only in cultivars Heraklion, Gea, and Mykonos. Inter-
estingly, the appearance of cinnamoyl-indol-GLS under 
stress-induced conditions and acting as signal molecule 
deserves further investigation.
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