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Abstract: Some new foods (sprouts, microgreens and baby leaf) of the brassica genus are appreci-

ated for their nutritional and nutraceutical values. The aim of this experimental trial was to improve 

the nutraceutical traits of these foods by evaluating the effects of the climatic condition, genotype, 

and plant growth stage on the development of greater quality in relation to these new foods. The 

morphometric and glucosinolates (GLSs) traits of three traditional Italian cultivars of Brassica 

oleracea crops, such as broccoli (B. oleracea var. italica), namely the traditional Sicilian landrace ‘Broc-

colo Nero’ (BN) and the commercial ‘Cavolo Broccolo Ramoso Calabrese’ (CR), as well as the com-

mercial kale cultivar ‘Cavolo Laciniato Nero di Toscana’ (CL) (B. oleracea var. acephala DC.), were 

evaluated in an unheated greenhouse in Catania during the end of 2019 and the beginning of 2020. 

Plant growth was studied at different phenological stages—from seeds to sprouts, microgreens, and 

baby leaves—over two growing cycles, one in autumn–winter and the other in spring–summer. 

‘Broccolo Nero’ (BN) broccoli showed more rapid growth and biomass production than the other 

two cultivars evaluated (i.e., weight, hypocotyl length, and leaf width). The GLS profile varied sig-

nificantly (p < 0.05), in relation both to plant’s growth stage and to genotype. The highest amount 

of glucoraphanin was detected for BN microgreens and baby leaves, about 8 µmol g−1 d.w., whereas 

glucobrassicin and its related derivatives were about 14 µmol g−1 d.w. in microgreens and baby 

leaves of CL and about 15 µmol g−1 d.w. and 10 µmol g−1 d.w. for glucoraphanin in CR, respectively. 

These new foods can also be produced at home with simple and cheap equipment 
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1. Introduction 

Over the last 30 years, consumers have shown a preference for natural foods (rich in 

bioactive compounds) while looking for a balanced and healthy diet, and they have 

moved steadily away from the use of artificial chemicals in foods [1]. Consumers choose 

foods based not only on taste but also on health and wellbeing benefits, and food supply 

chains support this trend with new competitive and innovative personalized products, 

such as edible sprouts, microgreens, and baby leaf salads [2]. A current popular strategy 

is the improvement of dietary habits to manage and prevent non-communicable diseases 

by innovating with new products, adding value to the agro-biodiversity at a local level, 
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and thus reducing environmental impacts and providing ready-to-eat options for vegeta-

bles [3]. In addition to fresh vegetable consumption, the food industry aims to produce 

functional new foods for the promotion of health. These products are of great interest due 

to them being sources of antioxidants, such as glucosinolates, phenolic compounds, vita-

mins, and minerals [4]. Edible sprouts (germinating seeds a few days old) and micro-

greens (young vegetables a few weeks old with the presence of true leaves) are healthy 

and novel fresh foods due to their abundance of nutrients and bioactive compounds, and 

they may have positive impacts on human health. In particular, the bioactive compounds 

in cruciferous foods are inducers of cell antioxidant protection against cancer and differ-

ent chronic diseases [5]. These characteristics can be improved by growing sprouts under 

optimal temperature conditions [6–8] or by modulating light conditions (LED lights) and 

temperature regimes [7,9]. 

Another widely consumed product in the human diet is leafy vegetables; these are 

important and sought after because they are highly nutritious and are present in various 

markets with different characteristics (color, taste, and texture). In recent years, several 

leafy vegetable genotypes have become more popular as fresh cut or baby leaves. Since 

the demand for ready-to-eat and convenient fresh foods started to increase [10], species 

belonging to the Brassicaceae family have become globally popular due to ongoing trends 

related to healthy eating and the consumption of vegetables [11,12]. Generally accepted 

as rich sources of health-promoting phytochemicals [13,14], Brassicaceae crops includes 

vegetables that are consumed worldwide, such as broccoli (Brassica oleracea L. var. italica 

Plenck) and kale (Brassica oleracea L. var. acephala DC), both of which are rich in glucosin-

olates (GLSs), minerals, carotenoids, and vitamins [15,16]. 

The GLSs and their degradation products (isothiocyanates, ITCs) have been widely 

studied as important anticancer compounds, but they are also part of plant defense sys-

tems against insects and diseases; they are also, at least in part, responsible for the char-

acteristic ‘flavor’ (pungency, bitter taste, smell, etc.) of these cruciferous vegetables [17–

20]. The chemical structure of the GLSs has a common β-D-glucopyranose residue linked 

through a sulfur atom to A (Z)-N-hydroximinosulfate ester and to a variable side chain 

(R) derived from one of the following amino acids: alanine, valine, leucine. isoleucine, 

phenylalanine, methionine, tyrosine, and tryptophan [21]. 

The production of GLSs, as well as their contents and profiles in several distinguished 

chemotypes, is influenced by genotypes, environmental growth conditions, cultivation 

methods, and interactions among these factors [22]. Individual glucosinolate concentra-

tions also change during plant development and in relation to environmental factors, such 

as temperature regime [23]. The influence of environmental conditions assures interest 

because innovative products, such as sprouts, microgreens, and baby leaves, can be ob-

tained all year around in different climatic and crop conditions. The content of bioactive 

compounds also varies in different phenological phases and in terms of the effects of abi-

otic stresses, such as salinity level [24]. 

Another element that can modify the GLS profile is genotype; in this framework, 

analyses of the GLS composition of underexploited landraces and new varieties of B. 

oleracea crops should be conducted through a more exhaustive evaluation of their agro-

nomic performances and biological value for human health in a wider range of environ-

mental conditions, such as the Mediterranean and Atlantic areas [25,26]. 

In relation to broccoli and kale specifically, we paid attention to three Italian tradi-

tional varieties/landraces within the framework of the H2020 BRESOV project (Available 

online: www.bresov.eu, accessed on 15 June 2021). Two of these were of broccoli typology, 

‘Broccolo nero’, ‘Cavolo Broccolo Ramoso Calabrese’, and one of them was kale, ‘Cavolo 

Laciniato Nero di Toscana’. Recent studies have shown that B. oleracea landraces are often 

characterized by a higher concentration of nutrients than commercial cultivars. The pro-

tection and the enhancement of agro-biodiversity represent a great opportunity for cur-

rent challenges in terms of food security with high quality and composition standards. 
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Nevertheless, the adoption of hybrids such as F1 for these crops, due to their rapid grow-

ing cycles, high productivity, post-harvest duration, and organoleptic and sensory char-

acteristics, has led to a reduction in their nutritional and phytochemical content [27,28]. 

‘Broccolo Nero’ (BN) is a neglected landrace grown in two towns located on the slope 

of Mt. Etna Sicily [29,30]. This variety is characterized by the absence of plant apical dom-

inance; young shoots provide tender leaves and small inflorescences, and the stem, leaves, 

and inflorescences are rich in anthocyanins that turn the stems and the leaf midribs and 

veins a dark violet color, thus making its vegetative and reproductive organs black. ‘Ca-

volo Lacinato Nero di Toscana’ (CL), also known as ‘Tuscan Kale’ or ‘Lacinato Kale’, is a 

well-known landrace of kale used in the Italian gastronomic tradition. ‘Cavolo Broccolo 

Ramoso Calabrese’ (CR) is a cultivar that produces wide branched inflorescence. All of 

these cultivars represent rich dietary sources of antioxidants for use in innovations in veg-

etable production. 

In this framework, the objective of this work was to evaluate variations in plant mor-

phometric parameters and the GLS profiles of three studied genotypes, namely BN, CL, 

and CR, in relation to three plant growth stages and two growing cycles during the au-

tumn-winter and spring-summer seasons. Moreover, we sought to individuate the cli-

matic conditions, genotype, and plant growth stage that were optimal for improving the 

nutraceuticals traits of these proposed new foods. 

2. Materials and Methods 

2.1. Plant Material and Experimental Conditions 

We compared two cultivars of broccoli, namely the Sicilian landrace of sprouting 

broccoli (Brassica oleracea L. var. italica Plenck) ‘Broccolo Nero’ (BN) of the Di3A active 

collection of Catania University and the standard commercial cultivar of broccoli ‘Cavolo 

Broccolo Ramoso Calabrese’ (CR) provided by the SAIS s.p.a. seed company (S.A.I.S Se-

menti S.p.a., Cesena (FC), Italy). We also examined one kale cultivar (B. oleracea L. var. 

acephala), which was represented by ‘Cavolo Lacinato Nero di Toscana’ (CL). They are 

listed in the vegetable germplasm repository of the Department of Agriculture, Food and 

Environment (Di3A) at the University of Catania (BN = UNICT 4939 BR 354; CR = UNICT 

4960 BR 325; CL = UNICT 4961 BH86). 

The cultivars were utilized for two established growing cycles, the first of which 

started during the autumn season (November 2019), while the second began in spring 

(April 2020). Seeds were sown in cellular trays using organic substrate (Terri® Bio, Agro-

chimica S.p.A., Bolzano, Italy) placed in an unheated greenhouse in Catania (South Italy, 

37°31′10′′ N 15°04′18′′ E; under natural light, 4.6 to 9.2 MJ m–2 d–1 during the first growing 

cycle and the second growing cycle). The mean temperature registered during the first 

cycle was 15.4 ± 5.8 °C, from November to January, and, during the second cycle, the mean 

temperature was 22.6 ± 11.4 °C from April to June. The plants were collected at three dif-

ferent stages of their growth: sprouts were collected at the cotyledon disclosure without 

coats and roots; microgreens were collected at the appearance of the first leaf; and baby 

leaves were collected at the 3–4th true leaf growth phase. After harvesting, plant samples 

were frozen at −80 C° and they were freeze-dried and ground to obtain a fine powder. 

Then, they were stored in glass jars at −20 C° for glucosinolate analysis. 

2.2. Morphometric Parameters 

The seed lots, previously characterized in [7], were utilized for the two growing cy-

cles, and the plants were characterized for their main morphometric parameters (weight 

of 10 individuals, hypocotyl length, and cotyledon length, as well as width of the sprouts). 

In addition, the length and width of the microgreens, as well as the number, length and 

width of the true leaves, were determined for the baby leaves. 

  



Agronomy 2021, 11, 1685 4 of 14 
 

 

2.3. Glucosinolate Analyses 

2.3.1. HPLC-DAD Analyses 

Intact glucosinolates analyses were carried out at the CEBAS CSIC laboratory, in the 

Department of Food and Science Technology (Murcia, Spain). The freeze-dried samples 

of BN, CL, and CR were used for the extraction of glucosinolates. For each freeze-dried 

sample, we utilized 100 mg of powder, which was dissolved in 1.5 mL 70% MeOH 

(Sigma–Aldrich Chemie GmbH, Steinheim, Germany) at 70 °C for 30 min, mixed by vortex 

every 5 min to facilitate the extraction, and then centrifuged (10,000 rpm, 15 min, 4 °C). 

Supernatant was collected, and the methanol was completely removed using a rotary 

evaporator under vacuum at 37 °C. The dry material obtained was dissolved again in 1 

mL of ultrapure water and filtered through a 0.22 µm pore size PVDF syringe filters. 

2.3.2. HPLC-DAD-ESI-MSn Analysis of GLSs 

For identification and quantification of glucosinolates, we used a HPLC-PDA-ESI-

MSn system (Agilent 1200 HPLC-DAD, Barcelona, Spain) coupled with a Bruker MS Ion 

Trap (Bremen, Germany). Chromatographic conditions and identification and quantifica-

tion techniques are available elsewhere [31]. 

2.4. Statistical Analysis 

The experimental split plot design considered 3 main plots (genotypes) and 2 sub 

plots (growing cycle) with 3 replications. A multifactorial ANOVA was performed to eval-

uate the effects of genotype and growing cycle on morphometric plant characteristics. The 

mean values associated with the main factors, as well as their interactions, were evaluated 

using Tukey’s test (p < 0.05). The significance of differences between glucosinolate com-

pounds for each genotype was evaluated by one-way analysis of variance (ANOVA). Data 

were reported as mean ± standard error (S.E.). All statistical analyses were performed us-

ing CoStat release 6.311 (CoHort Software, Monterey, CA, USA). 

3. Results 

3.1. Plant Characteristics 

The morphometric characteristics of the sprouts are showed in Table 1. The weight 

of the sprouts did not show any significant difference with regard to either genotype or 

growing cycle. Hypocotyl length was significantly affected by genotype, as well as by the 

interaction between growing cycle and genotype. The highest value was observed for CR 

during the spring growing season (45.32 ± 0.12 mm), while the lowest value was observed 

for CL during both growing cycles (29.2 ± 3.61 and 31.34 ± 0.40 mm, respectively, for the 

first and second growing cycle). Cotyledon length was significantly affected by both 

growing cycle and genotype, as well as by their interaction. The highest values were ob-

served for CR during the spring growing cycle (16.34 ± 0.23 mm), whereas the lowest val-

ues were registered for BN and CL during the first growing cycle (10.61 ± 0.24 and 10.30 

± 0.81 mm, respectively). Cotyledon width reached its highest values for CR during the 

second growing cycle (18.34 ± 0.16 mm), while the lowest value was observed for CL dur-

ing the first growing cycle (12.2 ± 0.81 mm). 
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Table 1. Morphometric characteristics of the sprouts of ‘Broccolo Nero’ (BN), ‘Cavolo Lacinato Nero di Toscana’ (CL), and 

‘Cavolo Broccolo Ramoso Calabrese’ (CR), according to the “cycle” and “genotype” factors, as well as their interactions. 

Data are reported as mean ± S.E. (n = 3). W = weight of 10 individuals (g); HL = hypocotyl length (mm); S = cotyledon 

length (mm); CW = cotyledon width (mm). 

  W (g) HL (mm) S (mm) CW (mm) 

Cycle (C)      
 I 1.20 ± 0.11 35.97 ± 2.25 b 11.71 ± 0.76 b 14.37 ± 0.73 b 
 II 1.38 ± 0.09 38.79 ± 2.03 a 13.89 ± 0.64 a 16.67 ± 0.51 a 
  n.s. * *** *** 

Genotype (G)      
 BN 1.12 ± 0.12 40.91 ± 0.64 a 11.35 ± 0.36 b 14.81 ± 0.18 b 
 CL 1.28 ± 0.10 30.27 ± 1.69 b 11.77 ± 0.75 b 14.37 ± 1.09 b 
 CR 1.47 ± 0.13 40.96 ± 2.20 a 15.28 ± 0.72 a 17.37 ± 0.66 a 
  n.s. *** *** ** 

C × G      

I BN 1.03 ± 0.11 42.1 ± 0.75 ab 10.61 ± 0.24 de 14.5 ± 0.23 bc 
 CL 1.16 ± 0.17 29.2 ± 3.61 d 10.30 ± 0.81 e 12.2 ± 0.81 c 
 CR 1.41 ± 0.28 36.6 ± 2.31b cd 14.22 ± 1.22 bc 16.40 ± 1.10 ab 

II BN 1.22 ± 0.23 39.71 ± 0.17 abc 12.09 ± 0.17 bc 15.13 ± 0.11 bc 
 CL 1.40 ± 0.12 31.34 ± 0.40 cd 13.24 ± 0.12 bc 16.53 ± 0.75 ab 

 CR 1.52 ± 0.07 45.32 ± 0.12 a 16.34 ± 0.23 a 18.34 ± 0.16 a 

  n.s. * ** *** 

The mean values associated with the two factors and their interaction were evaluated according to Tukey’s test. Values 

(mean ± S.E.) within each column followed by the same letter do not significantly differ at p < 0.05 according to Tukey’s 

test; n.s. not significant; * significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001. 

The morphometric characteristics of the microgreens are shown in Table 2. The 

weight of the microgreens did not show any significant differences in relation to either 

genotype or experimental growing cycle factors. Hypocotyl length showed a significant 

interaction between genotype and growing cycle. The highest value was recorded for BN 

during the second cycle and the lowest values were recorded for CL and CR during the 

spring cycle. Cotyledon length was only affected by genotype, while BN showed the high-

est value (33.36 ± 0.49 mm). Leaf length was significantly affected by both experimental 

factors, as well as by their interaction. The highest value was measured in BN in the sec-

ond cycle (38.59 ± 1.45 mm). Leaf width increased significantly during the second cycle. 

Table 2. Morphometric characteristics of the microgreens of ‘Broccolo Nero’ (BN), ‘Cavolo Lacinato Nero di Toscana’ (CL), 

and ‘Cavolo Broccolo Ramoso Calabrese’ (CR), according to the “cycle” and “genotype” factors, as well as their interaction. 

Data are reported as mean ± S.E. (n = 3). W = weight of 10 individuals (g); HL = hypocotyl length (mm); S = cotyledon 

length (mm); CW = cotyledon width (mm); LL = leaf length (mm); LW = leaf width (mm). 

  W (g) HL (mm) S (mm) CW (mm) LL (mm) LW (mm) 

Cycle (C)        
 I 2.99 ± 0.22 33.91 ± 2.63 b 27.19 ± 1.43 19.50 ± 1.14 25.51 ± 1.25 b 17.68 ± 0.87 b 
 II 3.49 ± 0.22 42.97 ± 3.83 a 28.61 ± 1.54 20.84 ± 1.43 31.29 ± 2.01 a 20.75 ± 0.39 a 
  n.s. *** n.s. n.s. ** ** 

Genotype (G)        
 BN 3.48 ± 0.22 50.31 ± 3.15 a 33.36 ± 0.49 a 24.45 ± 0.63 a 32.10 ± 3.15 a 18.97 ± 1.32 
 CL 2.81 ± 0.19 30.49 ± 1.32 b 24.29 ± 0.91 b 17.91 ± 0.99 b 24.82 ± 1.04 b 18.50 ± 0.64 
 CR 3.43 ± 0.36 34.51 ± 2.94 b 26.05 ± 0.77 b 18.16 ± 1.18 b 28.27 ± 1.44 ab 20.17 ± 1.08 
  n.s. *** *** *** ** n.s. 

C × G        

I BN 3.42 ± 0.46 43.30 ± 0.64 b 32.40 ± 0.40 23.10 ± 0.35 25.62 ± 2.36 b 16.43 ± 1.50 
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 CL 2.72 ± 0.41 29.54 ± 2.62 d 23.47 ± 0.20 17.60 ± 0.98 23.70 ± 1.73 b 17.58 ± 0.95 
 CR 2.82 ± 0.28 28.90 ± 3.18 d 25.70 ± 1.62 17.80 ± 2.18 27.20 ± 2.66 b 19.02 ± 2.07 

II BN 3.53 ± 0.17 57.33 ± 0.23 a 34.31 ± 0.35 25.81 ± 0.17 38.59 ± 1.45 a 21.51 ± 0.17 
 CL 2.90 ± 0.12 31.44 ± 0.99 cd 25.10 ± 1.85 18.21 ± 1.96 25.94 ± 1.09 b 19.42 ± 0.52 

 CR 4.03 ± 0.46 40.12 ± 1.33 bc 26.41 ± 0.46 18.52 ± 1.45 29.34 ± 1.49 b 21.32 ± 0.46 

  n.s. * n.s. n.s. * n.s. 

The mean values associated with the two factors and their interaction were evaluated according to Tukey’s test. Values 

(mean ± S.E.) within each column followed by the same letter do not significantly differ at p < 0.05 according to Tukey’s 

test; n.s. not significant; * significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001. 

The morphometric characteristics of the baby leaves are shown in Table 3. The weight 

of the microgreens varied according to the genotype, and BN showed the highest value 

(8.97 ± 0.49 g). Stem length was also significantly influenced by genotype fluctuations 

(123.55 ± 2.47 mm for CR and 128.97 ± 3.46 mm for CL). Leaf number was influenced only 

by growing cycle (Table 3). The leaf length was affected by genotype, and the highest 

value was measured for BN and CR (125.02 ± 1.03 and 122.02 ± 0.98 mm, respectively). 

The leaf width was affected the genotype–growing cycle interaction; the highest value 

was observed for BN harvested at the end of the growing cycle (48.31 ± 0.87 mm) (Table 

3). 

Table 3. Morphometric characteristics of the baby leaves of ‘Broccolo Nero’ (BN), ‘Cavolo Lacinato Nero di Toscana’ (CL), 

and ‘Cavolo Broccolo Ramoso Calabrese’ (CR), according to the “cycle” and “genotype” factors, as well as their interaction. 

Data are reported as mean ± S.E. (n = 3). W = weight of 10 individuals (g); SL = stem length (mm); N = number of true leaf 

(n); LL = leaf length (mm); LW = leaf width (mm). 

  W (g) SL (mm) N (n) LL (mm) LW (mm) 

Cycle (C)       
 I 7.63 ± 0.40 118.59 ± 3.88 3.38 ± 0.14 b 119.43 ± 1.86 36.82 ± 1.58 b 
 II 8.24 ± 0.39 122.26 ± 3.49 4.68 ± 0.10 a 121.56 ± 1.59 39.33 ± 2.34 a 
  n.s. n.s. *** n.s. * 

Genotype (G)       

 BN 8.97 ± 0.49 a 108.76 ± 2.36 b 4.01 ± 0.28 125.02 ± 1.03 a 45.42 ± 1.49 a 
 CL 7.27 ± 0.40 b 128.97 ± 3.46 a 4.21 ± 0.30 114.45 ± 1.05 b 32.92 ± 0.62 c 
 CR 7.57 ± 0.2 ab 123.55 ± 2.47 a 3.87 ± 0.38 122.02 ± 0.98 a 35.88 ± 0.60 b 
  * ** n.s. *** *** 

C × G       

I BN 8.42 ± 0.64 107.77 ± 3.84 3.51 ± 0.23 124.32 ± 2.08 42.53 ± 1.41 b 
 CL 7.05 ± 0.83 125.53 ± 6.90 3.61 ± 0.29 113.28 ± 1.77 32.61 ± 0.87 c 
 CR 7.42 ± 0.52 122.47 ± 5.34 3.03 ± 0.04 120.71 ± 1.50 35.31 ± 0.86 c 

II BN 9.52 ± 0.69 109.74 ± 3.47 4.50 ± 0.29 125.72 ± 0.68 48.31 ± 0.87 a 
 CL 7.50 ± 0.23 132.41 ± 0.75 4.82 ± 0.06 115.63 ± 1.04 33.23 ± 1.04 c 

 CR 7.71 ± 0.16 124.63 ± 0.87 4.71 ± 0.11 123.33 ± 0.92 36.44 ± 0.87 c 

  n.s. n.s. n.s. n.s. * 

The mean values associated with the two factors and their interaction were evaluated according to Tukey’s test. Values 

(mean ± S.E.) within each column followed by the same letter do not significantly differ at p < 0.05 according to Tukey’s 

test; n.s. not significant; * significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001. 

3.2. Glucosinolate (GLS) Profile 

The analysis of the GLS profiles of the three different genotypes was carried out dur-

ing the two growing cycles, accounting for seeds, sprouts, microgreens, and baby leaves. 

The GLSs identified were as follows: aliphatic glucoraphanin (GRA), glucoiberin (GIB), 

and glucoerucin (GER), the indoles 4-hydroxy glucobrassicin (HGB), glucobrassicin 

(GBS), 4-methoxyglucobrassicin (MGB), and neoglucobrassicin (NGB). The total content 

of GLSs is presented as the addition of the individual identified GLSs. 
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In relation to seeds, total GLSs showed the highest value in CR and CL, whereas the 

lowest value was observed in BN (Figure 1). MGB and NGB were not detected in the 

seeds. The major GLS present in the different studied varieties was GRA, while GIB and 

GBS showed the lowest values. The highest value of total GLSs was found in the sprouts 

of the second growing cycle of BN, whereas the lowest value was quantified in the micro-

greens of the first growing cycle (Figure 2). For the sprouts, in both growing cycles, GRA 

(6.30 ± 0.07 and 7.40 ± 0.03 µmol g−1 d.w., respectively, for the first and the second cycle) 

was the predominant compound. GIB, MGB, and NGB were not detected in the sprouts 

of the first cycle. 

For microgreens, the most representative GLSs were the indolic GBS and NGB in 

both growing cycles (3.00 and 2.80, and 4.80 and 3.90 µmol g−1 d.w. for the first and the 

second growing cycle, respectively). For baby leaves, as in the microgreens, GBS and NGB 

(6.00 and 5.00, and 5.01 and 7.00 µmol g−1 d.w. for the first and the second growing cycle, 

respectively) showed the highest amount among the detected GLSs. For sprouts and mi-

crogreens, GIB was not detected in either growing cycle. MGB was not detected in sprouts 

or microgreens in the first growing cycle, and nor was it observed in baby leaves during 

the second growing cycle. Finally, NGB was not detected in microgreens during the sec-

ond growing cycle (Figure 2). 

 

Figure 1. Glucosinolate compounds (µmol g−1 d.w.) in seeds of of ‘Broccolo Nero’ (BN), ‘Cavolo Lacinato Nero di Toscana’ 

(CL), and ‘Cavolo Broccolo Ramoso Calabrese’ (CR). Data are reported as mean ± S.E. Bars with the same letters are not 

significantly different, as determined by Tukey’s test (p < 0.05); nd = not detected compound. GIB, glucoiberin; GRA, 

glucoraphanin; HGB, 4-hydroxyglucobrassicin; GBS, glucobrassicin; GER, glucoerucin; MGB, 4-methoxyglucobrassicin; 

NGB, neoglucobrassicin; total GLS, total glucosinolates. 
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Figure 2. Glucosinolate compounds (µmol g−1 d.w.) of ‘Broccolo Nero’ (BN) at different growth stages and during two 

growing cycles. Data are reported as mean ± S.E. Bars with the same letters are not significantly different, as determined 

by Tukey’s test (p < 0.05); nd = not detected compound. GIB, glucoiberin; GRA, glucoraphanin; HGB, 4-hydroxyglucobras-

sicin; GBS, glucobrassicin; GER, glucoerucin; MGB, 4-methoxyglucobrassicin; NGB, neoglucobrassicin; total GLS, total 

glucosinolates. 

For CL, the highest total GLSs value was observed for the microgreens obtained in 

the second growing cycle, whereas the lowest content was obtained in baby leaves har-

vested during the winter cycle (Figure 3). For sprouts, GBS (5.54 ± 0.48 µmol g−1 d.w.) 

dominated during the spring cycle. 

The highest amounts of GBS (3.33 ± 0.31 14.76 ± 0.15 µmol g−1 d.w., respectively) were 

shown in microgreens in both growing cycles. For baby leaves, GBS showed the highest 

value (13.75 ± 0.69 µmol g−1 d.w.) during the spring cycle (Figure 3). 
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Figure 3. Glucosinolate compounds (µmol g−1 d.w.) for ‘Cavolo Lacinato Nero di Toscana’ (CL) at different growth stages 

and during two growing cycles. Data are reported as mean ± S.E. Bars with the same letters are not significantly different, 

as determined by Tukey’s test (p < 0.05); nd = not detected compound. GIB, glucoiberin; GRA, glucoraphanin; HGB, 4-

hydroxyglucobrassicin; GBS, glucobrassicin; GER, glucoerucin; MGB, 4-methoxyglucobrassicin; NGB, neoglucobrassicin; 

total GLS, total glucosinolates. 

For CR, the highest value of GLSs was observed for the sprouts obtained by the 

spring growing cycle, whereas the lowest ones were observed for microgreens and baby 

leaves for the spring growing cycle (Figure 4). In the sprouts harvested during the winter 

growing cycle, NGB (12.28 ± 1.51 µmol g−1 d.w.) dominated; however, in the second cycle, 

a higher amount was observed for GBS (12.43 ± 0.54 µmol g−1 d.w.). GIB and MGB were 

not detected in the sprouts of the first growing cycle. 

The microgreens in both growing cycles showed 3.13 ± 0.34 and 14.37 ± 0.57 µmol g−1 

d.w. of GLSs, respectively. For the baby leaves collected during the first growing cycle, 

GBS, MGB, and NGB were detected (5.12 ± 0.10, 2.37 ± 0.19 and 3.13 ± 0.10 µmol g−1 d.w., 

respectively). During the second cycle, the highest amount was observed for the GBS 

(14.18 ± 1.20 µmol g−1 d.w.) (Figure 4). 
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Figure 4. Glucosinolate compounds (µmol g−1 d.w.) for ‘Cavolo Broccolo Ramoso Calabrese’ (CR) at different growth 

stages and during two growing cycles. Data are reported as mean ± S.E. Bars with the same letters are not significantly 

different, as determined by Tukey’s test (p < 0.05); nd = not detected compound. GIB, glucoiberin; GRA, glucoraphanin; 

HGB, 4-hydroxyglucobrassicin; GBS, glucobrassicin; GER, glucoerucin; MGB,4- methoxyglucobrassicin; NGB, neogluco-

brassicin; total GLS, total glucosinolates. 

4. Discussion 

Various typologies of vegetables and herbs, including sprouts, microgreens, and 

baby leaves, are becoming popular due to their simple production techniques and high 

nutritional and nutraceutical values [32]. However, increased interest in these new foods 

is also supported by our results, showing that climatic conditions and plant growth stage 

could offer the best performance in terms of yield and of GLSs content and profile [6,7]. A 

considerable variability in the total amount and profile of GLSs was evidenced in this 

study. 

Regarding the plant morphometric characteristics related to the three analyzed 

growth stages, the results show an increased plant biomass of about 24 times from seeds 

to sprouts for BN, 32 times for CL and 35-fold for CR, respectively. Comparing sprouts 

and microgreens, we also observed an increase in plant biomass of three-fold for BN and 

two-fold for CL and CR. The weight of baby leaves increased during growth by seven- 

and two-fold for CL and CR, respectively. The baby leaves’ biomass increased three-fold 

for BN and CL and two-fold for CR in comparison to the microgreens, showing similar 

variation reported by several authors [2,7]. The differences observed among the examined 

genotypes showed a faster plant growth for BN and CL than for CR. For BN, cotyledon, 

hypocotyl, and leaf size determined its difference in relation to the other genotypes stud-

ied [6,7,24]. Plants during the second growing cycle (spring-summer) showed morpho-

metric characteristics and quantities of total GLSs that were higher than in the first grow-

ing cycle (autumn-winter). Several studies have shown that external factors influence 

GLSs content and composition in Brassicaceae species, thereby enhancing the health-pro-

moting properties of these compounds, which are dependent on quantity and quality [24]. 

The traditional Sicilian cultivar of BN and the commercial cultivar of CR showed faster 



Agronomy 2021, 11, 1685 11 of 14 
 

 

growth in comparison to CL, as demonstrated by the weight of the baby leaves in both 

genotypes. 

Morphometric traits at the different phenological growth phases were associated 

with the GLSs profiles to favor the availability and consumption of vegetables as sources 

of health nutrients that can combat cancer and chronic degenerative diseases. The total 

amount of GLSs was highest (about 55 µmol g−1 d.w.) in the seeds of the three cultivars 

studied, and their values were reduced to less than half in the sprouts, microgreens, and 

baby leaves, except for the baby leaves of the ‘Cavolo Broccolo Ramoso Calabrese’ (CR) 

that was grown during the spring–summer season. 

Seed metabolism is activated by germination, which promotes the hydrolysis of car-

bohydrates through the synthesis of secondary metabolites; this process is of interest in 

relation to human health [33]. The GLSs amount decreased during the germination pro-

cess, reaching a high amount until day 4 after cotyledon disclosure, followed by a marked 

decline between days 4 and 12 (in broccoli, rutabaga, turnip greens, and radish), corre-

sponding to a 50–90% loss of individual GLSs [31,34,35]. In fact, our results highlight a 

higher content of GLSs in the BN and CR sprouts during the spring–summer cycle. There-

fore, sprouts, as stated by many authors, have a greater quantity of antioxidant com-

pounds, mainly glucosinolates [4,36]. According to the literature, our research show that 

microgreens and baby leaves also have a high content of glucosinolates, but at a lower 

concentration than that found in sprouts [5,37]. According to several studies, broccoli, 

cabbage, and kale are good sources of glucosinolates, particularly GRA [7,38]. Therefore, 

the results of our study are consistent with those previously reported, and they confirm 

that sprouts are one of the major dietary sources for GRA, which is also present in micro-

greens and baby leaves of BN; however, GBS is the predominant GLS in CL. The total 

content of GLSs is driven by the high presence of GRA (4-methylsulfinybutyl-GLS), the 

precursor of sulforaphane. Moreover, glucoiberin (GIB, 3-methyl-sulfinyl-propyl-GLS) 

and neoglucobrassicin (NGB, 1-methoxy-3-indolyl-methyl-GLS) were also present in the 

studied samples; lower amounts of GER, MGB, GBS and HGB were detected; this is a 

similar trend to that shown in previous studies [39]. 

The aim of this work was to show that the morphometric traits and GLSs profile were 

influenced both by the climatic conditions that characterized different plant growth stages 

and by the genotype taken into consideration [40,41]. In any case, further studies would 

be needed to better define the relationship between environmental conditions and GLSs 

profile. Different studies have shown that the GLSs content increases with high tempera-

tures and radiation. According to Shuai-Qi et al. [42], the present research confirms that 

the GLSs profile is higher in the spring–summer cycle, and therefore increases with high 

temperatures. Schonhof et al. [43] detected the highest level of major glucosinolates in 

broccoli by considering the effect of high temperatures; the major compounds found were 

glucoraphanin and glucobrassicin, confirming what is highlighted in our results. The dif-

ferent GLSs profiles found may be due to the fact that enzymes are influenced by various 

climatic conditions, such as temperature [44]. The obtained products were influenced by 

sensory quality and chemical properties, particularly the intensity of sensory attributes 

such as pungent odor, bitterness and astringency [44]. These characteristics are due to the 

different concentrations of GLSs; the properties responsible for these concentrations were 

correlated to the presence of glucoraphanin, which itself had a high concentration in this 

study. 

5. Conclusions 

Novel foods are becoming more popular for consumers due to their biochemical and 

organoleptic traits. In accordance with the literature, the present work allowed us to study 

information and new data related to new foods, such as sprouts, microgreens, and baby 

leaves, and we confirmed a high amount of antioxidant bioactive compounds, such as 

glucosinolates, in B. oleracea crops. The studied genotypes showed different profiles in 
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relation to the growth cycle (autumn–winter and spring–summer) and phases of the ex-

amined plants. During the spring–summer growing cycle, we obtained the highest yield 

of the three new foods, as well as the highest amount of GLSs. 

The traditional Sicilian cultivar BN and the commercial cultivar CR showed greater 

biomass production in comparison to CL in both of the studied climatic conditions. The 

high-quality value of these genotypes could be of interest for organic food chains, espe-

cially in traditional rural districts, by establishing the specific denomination of origin and 

geographic indication labels. On the other hand, as evidenced in this study, and as con-

firmed by previous works, sprouts showed a greater quantity of GLSs than more devel-

oped plantlets, such as microgreens and baby leaves. The potential interest in their pro-

duction and consumption should be focused on innovative and ecologically sustainable 

production systems, paying particular attention to their sustainability and socioeconomic 

impact on organic food chains, as well as on the health of the consumers. In addition, these 

new products could be grown at home and utilized for fresh consumption and/or home 

processing (beverage, juices, snacks, etc.). 

Author Contributions: Conceptualization, F.B. and D.A.M.; methodology, F.B., D.A.M. and D.R.; 

software, S.T.; validation, F.B., D.A.M. and S.T.; formal analysis, S.T.; investigation, M.C.D.B., S.T. 

and D.A.; resources, F.B. and M.C.D.B.; data curation, M.C.D.B., F.B., S.T. and D.A.; writing—origi-

nal draft preparation, M.C.D.B. and S.T.; writing—review and editing, F.B., D.R. and D.A.M.; visu-

alization, S.T. and D.R.; supervision, F.B. and D.R.; project administration, F.B.; funding acquisition, 

F.B. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was supported by the project BRESOV (Breeding for Resilient, Efficient and 

Sustainable Organic Vegetable production) funded by EU H2020 Programme SFS-07-2017. Grant 

Agreement n. 774244. 

Institutional Review Board Statement:  Not applicable. 

Informed Consent Statement:  Not applicable. 

Data Availability Statement: Main data are contained within the article; further data presented in 

this study are available on request from the corresponding author. 

Acknowledgments: D.A.M. would like to thank also the Fundación Seneca—Murcia Regional 

Agency for Science and Technology, that partially supported the participation in this research 

through the Project Ref. 20855/PI/18. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Saini, P.; Kumar, N.; Kumar, S.; Mwaurah, P.W.; Panghal, A.; Attkan, A.K.; Singh, V.K.; Garg, M.K.; Singh, V. Bioactive com-

pounds, nutritional benefits and food applications of colored wheat: A comprehensive review. Crit. Rev. Food Sci. Nutr. 2020, 1–

14, doi:10.1080/10408398.2020.1793727. 

2. Di Gioia, F.; Renna, M.; Santamaria, P. Sprouts, Microgreens and Baby Leaf Vegetables. In Minimally Processed Refrigerated Fruits 

and Vegetables; Yildiz, F., Wiley, R., Eds.; Springer: Boston, MA, USA, 2017; pp. 403–432, https://doi.org/10.1007/978-1-4939-7018-

6_11. 

3. Renna, M.; Di Gioia, F.; Leoni, B.; Santamaria, P. Due Espressioni dell’agrobiodiversità in orticoltura: Germogli e micro-ortaggi. 

Italus Hortus 2016, 23, 31–44. 

4. Abellán, Á.; Domínguez-Perles, R.; Moreno, D.A.; García-Viguera, C. Sorting out the value of cruciferous sprouts as sources of 

bioactive compounds for nutrition and health. Nutrients 2019, 11, 429, https://doi.org/10.3390/nu11020429. 

5. Le, T.N.; Chiu, C.-H.; Hsieh, P.-C. Bioactive Compounds and Bioactivities of Brassica oleracea L. var. italica Sprouts and Micro-

greens: An Updated Overview from a Nutraceutical Perspective. Plants 2020, 9, 946, https://doi.org/10.3390/plants9080946. 

6. Ragusa, L.; Picchi, V.; Tribulato, A.; Cavallaro, C.; Lo Scalzo, R.; Branca, F. The effect of the germination temperature on the 

phytochemical content of broccoli and rocket sprouts. Int. J. Food Sci. Nutr. 2017, 68, 411–420, doi:10.1080/09637486.2016.1248907. 

7. Di Bella, M.C.; Niklas, A.; Toscano, S.; Picchi, V.; Romano, D.; Lo Scalzo, R.; Branca, F. Morphometric characteristics, polyphe-

nols and ascorbic acid variation in Brassica oleracea L. novel foods: Sprouts, microgreens and baby leaves. Agronomy 2020, 10, 

782, https://doi.org/10.3390/agronomy10060782. 

8. Almuhayawi, M.S.; AbdElgawad, H.; Al Jaouni, S.K.; Selim, S.; Hassan, A.H.A.; Khamis, G. Elevated CO2 improves glucosin-

olate metabolism and stimulates anticancer and anti-inflammatory properties of broccoli sprouts. Food Chem. 2020, 328, 127102, 

doi:10.1016/j.foodchem.2020.127102. 



Agronomy 2021, 11, 1685 13 of 14 
 

 

9. Liu, J.; Hirami, A.H.; Li, Z.; Wu, C.; McVetty, P.B.E.; Daayf, F.; Li, G. QTL controlling glucosinolate content in seeds of Brassica 

napus L. Aust. J. Crop Sci. 2016, 10, 152–160. 

10. Martínez-Sánchez, A.; Luna, M.C.; Selma, M.V.; Tudela, J.A.; Abad, J.; Gil, M.I. Baby-leaf and multi-leaf of green and red lettuces 

are suitable raw materials for the fresh-cut industry. Postharvest Biol. Technol. 2012, 63, 1–10, https://doi.org/10.1016/j.post-

harvbio.2011.07.010. 

11. Warwick, S.I. Brassicaceae in Agriculture. In Genetics and Genomics of the Brassicaceae; Warwick, S.I., Ed.; Springer: New York, 

NY, USA, 2010; pp. 33–65. 

12. Mir, S.A.; Shah, M.A.; Mir, M.M. Microgreens: Production, shelf life, and bioactive components. Crit. Rev. Food Sci. Nutr. 2017, 

57, 2730–2736. 

13. Schmidt, R.; Bancroft, I. Genetics and Genomics of the Brassicaceae, 1st ed.; Springer: Berlin/Heidelberg, Germany, 2011. 

14. Weber, C.F. Broccoli microgreens: A mineral-rich crop that can diversify food systems. Front. Nutr. 2017, 4, 7, 

doi:10.3389/fnut.2017.00007. 

15. Ares, A.M.; Nozal, M.J.; Bernal, J. Extraction, chemical characterization, and biological activity determination of broccoli health 

promoting compounds. J. Chromatogr. A 2013, 1313, 78–95, doi:10.1016/j.chroma.2013.07.051. 

16. Ying, Q.; Kong, Y.; Jones-Baumgardt, C.; Zheng, Y. Responses of yield and appearance quality of four Brassicaceae microgreens 

to varied blue light proportion in red and blue light-emitting diodes lighting. Sci. Hortic. 2020, 259, 108857, doi:10.1016/j.sci-

enta.2019.108857. 

17. Abdull Razis, A.F.; Iori, R.; Ioannides, C. The natural chemopreventive phytochemical R-sulforaphane is a far more potent 

inducer of the carcinogen-detoxifying enzyme systems in rat liver and lung than the S-isomer. Int. J. Cancer 2011, 128, 2775–

2782, doi:10.1002/ijc.25620. 

18. De Oliveira, M.R.; de Bittencourt Brasil, F.; Furstenau, C.R. Sulforaphane Promotes Mitochondrial protection in SH-SY5Y cells 

exposed to hydrogen peroxide by an Nrf2-dependent mechanism. Mol. Neurobiol. 2018, 55, 4777–4787, doi:10.1007/s12035-017-

0684-2. 

19. Halkier, B.A.; Gershenzon, J. Biology and biochemistry of glucosinolates. Annu. Rev. Plant Biol. 2006, 57, 303–333, doi:10.1146/an-

nurev.arplant.57.032905.105228. 

20. Petropoulos, S.; Di Gioia, F.; Ntatsi, G. Vegetable organosulfur compounds and their health promoting effects. Curr. Pharm. Des. 

2017, 23, 2850–2875, https://doi.org/10.2174/1381612823666170111100531. 

21. Tian, Q.; Rosselot, R.A.; Schwartz, S.J. Quantitative determination of intact glucosinolates in broccoli, broccoli sprouts, Brussels 

sprouts, and cauliflower by high-performance liquid chromatography–electrospray ionization–tandem mass spectrometry. 

Anal. Biochem. 2005, 343, 93–99, doi:10.1016/j.ab.2005.04.045. 

22. Glawischnig, E.; Mikkelsen, M.D.; Halkier, B.A. Glucosinolates: Biosynthesis and Metabolism. In Sulphur in Plants; Abrol, Y.P., 

Ahmad, A., Eds.; Springer: Dordrecht, The Netherlands, 2003; pp. 145–162. 

23. Velasco, P.; Cartea, M.E.; González, C.; Vilar, M.; Ordás, A. Factors affecting the glucosinolate content of kale (Brassica oleracea 

acephala group). J. Agric. Food Chem. 2007, 55, 955–962, doi:10.1021/jf0624897. 

24. Yuan, G.; Wang, X.; Guo, R.; Wang, Q. Effect of salt stress on phenolic compounds, glucosinolates, myrosinase and antioxidant 

activity in radish sprouts. Food Chem. 2010, 121, 1014–1019, doi:10.1016/j.foodchem.2010.01.040. 

25. Stansell, Z.; Björkman, T. From landrace to modern hybrid broccoli: The genomic and morphological domestication syndrome 

within a diverse B. oleracea collection. Hortic. Res. 2020, 7, 159, https://doi.org/10.1038/s41438-020-00375-0. 

26. Cartea, M.E.; Di Bella, M.C.; Velasco, P.; Soengas, P.; Toscano, S.; Branca, F. Evaluation of Italian and Spanish Accessions of 

Brassica rapa L.: Effect of flowering earliness on fresh yield and biological value. Agronomy 2021, 11, 29, 

https://doi.org/10.3390/agronomy11010029. 

27. Davis, D.R.; Epp, M.D.; Riordan, H.D. Changes in USDA food composition data for 43 garden crops, 1950 to 1999. J. Am. Coll. 

Nutr. 2004, 23, 669–682, https://doi.org/10.1080/07315724.2004.10719409. 

28. Ebert, A.W. High value specialty vegetable produce. In Handbook of Vegetables; Peter, K.V., Hazra, P., Eds.; Studium Press: LLC, 

Houston, Texas, USA, 2015; pp. 119–143. 

29. Ciancaleoni, S.; Negri, V. A method for obtaining flexible broccoli varieties for sustainable agriculture. BMC Genet. 2020, 21, 51, 

https://doi.org/10.1186/s12863-020-00846-2. 

30. Terzo, M.N.; Russo, A.; Ficili, B.; Pezzino, F.M.; Tribulato, A.; Russello, D.; Branca, F.; Travali, S. Neglected Sicilian landraces of 

black broccoli (Brassica oleracea var. italica Plenck) and health benefits: An in vivo study. Acta Hortic. 2020, 1267, 91–96, 

doi:10.17660/ActaHortic.2020.1267.15. 

31. Baenas, M.; Moreno, A.D.; Garcia-Viguera, C. Selecting Sprouts of Brassicaceae for Optimum Phytochemical Composition. 

Agric. Food Chem. 2012, 60, 45, 11409–11420, https://doi.org/10.1021/jf302863c. 

32. Avato, P.; Argentieri, M.P. Brassicaceae: A rich source of health improving phytochemicals. Phytochem. Rev. 2015, 14, 1019–1033, 

https://doi.org/10.1007/s11101-015-9414-4. 

33. Cáceres, P.J.; Martínez-Villaluenga, C.; Amigo, L.; Frias, J. Maximising the phytochemical content and antioxidant activity of 

Ecuadorian brown rice sprouts through optimal germination conditions. Food Chem. 2014. 152, 407–414, doi:10.1016/j.food-

chem.2013.11.156. 

34. Lafarga, T.; Bobo, G.; Viñas, I.; Collazo, C.; Aguiló-Aguayo, I. Effects of thermal and non-thermal processing of cruciferous 

vegetables on glucosinolates and its derived forms. J. Food Sci. Technol. 2018, 55, 1973–1981, doi:10.1007/s13197-018-3153-7. 



Agronomy 2021, 11, 1685 14 of 14 
 

 

35. Mewis, I.; Schreiner, M.; Nguyen, C.N.; Krumbein, A.; Ulrichs, C.; Lohse, M.; Zrenner, R. UV-B irradiation changes specifically 

the secondary metabolite profile in broccoli sprouts: Induced signaling overlaps with defense response to biotic stressors. Plant 

Cell Physiol. 2012, 53, 1546–1560, doi:10.1093/pcp/pcs096. 

36. Drozdowska, M.; Leszczyńska, T.; Koronowicz, A.; Piasna-Słupecka, E.; Domagała, D.; Kusznierewicz, B. Young shoots of red 

cabbage are a better source of selected nutrients and glucosinolates in comparison to the vegetable at full maturity. Eur. Food 

Res. Technol. 2020, 246, 2505–2515, https://doi.org/10.1007/s00217-020-03593-x. 

37. Guijarro-Real, C.; Rodríguez-Burruezo, A.; Fita, A. Volatile Profile of Wall Rocket Baby-Leaves (Diplotaxis erucoides) Grown 

under Greenhouse: Main Compounds and Genotype Diversity. Agronomy 2020, 10, 802, https://doi.org/10.3390/agron-

omy10060802. 

38. Sasaki, K.; Neyazaki, M.; Shindo, K.; Ogawa, T.; Momose, M. Quantitative profiling of glucosinolates by LC–MS analysis reveals 

several cultivars of cabbage and kale as promising sources of sulforaphane. J. Chromatogr. B Biomed. Appl. 2012, 903, 171–176. 

https://doi.org/10.1016/j.jchromb.2012.07.017. 

39. Li, H.; Qiang, Y.; Zhao, W.; Zhang, S. A green Brassica oleracea L. extract as a novel corrosion inhibitor for Q235 steel in two 

typical acid media. Colloids Surf. A Physicochem. Eng. Asp. 2021, 616, 126077, https://doi.org/10.1016/j.colsurfa.2020.126077. 

40. Paulsen, E.; Moreno, D.A.; Baenas, N.; Heinzen, H. Effect of temperature on glucosinolate content and shelf life of ready-to-eat 

broccoli florets packaged in passive modified atmosphere. Postharvest Biol. Tec. 2018, 138, 125–133, https://doi.org/10.1016/j.post-

harvbio.2018.01.006. 

41. Bell, L.; Lignou, S.; Wagstaff, C. High Glucosinolate Content in Rocket Leaves (Diplotaxis tenuifolia and Eruca sativa) after Mul-

tiple Harvests Is Associated with Increased Bitterness, Pungency, and Reduced Consumer. Foods 2020, 9, 1799, 

doi:10.3390/foods9121799. 

42. Rao, S.-Q.; Chen, X.-Q.; Wang, K.-H.; Zhu, Z.-J., Yang, J.; Zhu, B. Effect of short-term high temperature on the accumulation of 

glucosinolates in Brassica rapa. Plant Physiol. Biochem. 2021, 161, 222–233. https://doi.org/10.1016/j.plaphy.2021.02.013. 

43. Schonhof, I.; Kläring, H.P.; Krumbein, A.; Claußen, W.; Schreiner, M. Effect of temperature increase under low radiation condi-

tions on phytochemicals and ascorbic acid in greenhouse grown broccoli. Agric. Ecosyst. Environ. 2007, 119, 103–111. 

https://doi.org/10.1016/j.agee.2006.06.018. 

44. Johansen, T.J.; Hagen, S.F.; Bengtsson, G.B.; Mølmann, J.A. Growth temperature affects sensory quality and contents of glucos-

inolates, vitamin C and sugars in swede roots (Brassica napus L. ssp. rapifera Metzg.). Food Chem. 2016, 196, 228–235. 

https://doi.org/10.1016/j.foodchem.2015.09.049. 

 


