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SINTESI IN ITALIANO 

I tre anni di ricerca hanno avuto come tematica principale l‘investigazione della 

qualità nutrizionale, sensoriale e organolettica di verdure appartenenti alla famiglia delle 

Brassicaceae, commercializzate in prima gamma evoluta con marchio ―Zeroscarti®‖, fornite 

dall‘azienda agricola Valli di Marca, che ha co-finanziato il dottorato Eureka. Lo studio ha 

riguardato tutti i fattori che influenzano e determinano la qualità del prodotto sia in pre che in 

post raccolta; la conoscenza acquisita permette di migliorare e incrementare la qualità del 

prodotto fresco ma anche di trovare nuove strategie di conservazione per sviluppare nuove 

tipologie di prodotto da proporre al consumatore.  

Inizialmente si è partiti dall‘esigenza di individuare le componenti della qualità delle 

brassiche ricercandone le innumerevoli proprietà benefiche a livello salutare, con la 

caratterizzazione delle specie di brassiche ed erbe spontanee maggiormente commercializzate 

dall‘azienda come prodotto fresco. L‘obiettivo è stato quello di individuare e definire la 

qualità nutrizionale del prodotto finito, evidenziandone le componenti antiossidanti.  

Dalla necessità di risolvere delle problematiche aziendali, quali la gestione del surplus, 

scarti ed eccedenze di produzione, si è sviluppata una linea di ricerca sui metodi di 

conservazione, quali disidratazione e liofilizzazione, utili ad incrementare la shelf life del 

prodotto, ponendo particolare attenzione all‘impatto di questi sul profilo qualitativo e 

antiossidante delle brassiche. Infine è stato anche realizzato un panel test per valutare e 

confrontare la qualità sensoriale dei prodotti trattati. Dai risultati emerge come un prodotto 

liofilizzato possieda una maggiore ritenzione di componenti fitochimiche rispetto ad un 

prodotto disidratato, sebbene abbia costi più elevati.  

Da questo studio è nata una nuova tipologia di prodotto disidratato dalle caratteristiche 

nutrizionali ed antiossidanti elevate, utilizzato tal quale per arricchire la dieta dei consumatori. 
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ENGLISH SUMMARY 

The general aim of this PhD course was an investigation about the nutritional and 

sensorial quality of Brassicaceae species provided by the agricoltural company Valli di Marca 

that produce fresh vegetables in first evolved range ―Zeroscarti®‖ brand; this work wants to 

deepen the knowledge on the phytochemical compounds content of those vegetables, and to 

investigate the factors that could affect them. 

The research begun with a characterization of the nutritional and sensorial quality of 

fresh and raw vegetables belonging to Brassicacee family; these kinds of vegetables are 

produced in first evolved class, and represented new products for the consumers. The main 

aim is to confirm the high nutritional quality of fresh brassica products, highlighting the 

antioxidant compounds that exert healthy properties in the human diet. 

Subsequently, the research concerned the effects of the post-harvest processes, like 

air-drying and freeze-drying, applied for increase the shelf life of vegetables, and that allowed 

the uses of the production waste and surplus. An investigation about the impact of process on 

nutritional quality was made. For evaluating the sensorial quality of final products, fresh, 

dried and freeze dried samples were submitted to a panel test. The freeze dried process results 

the best to maintain and preserve the nutritional and sensorial quality of Brassicas, but is the 

most expensive. 

This study aimed to be an instrument for obtaining products with high nutritional 

quality, optimizing the pre-harvest factors and the post-harvest processes.  

This study demonstrated and confirmed the higher nutritional, sensorial and healthy value of 

Brassicacee vegetables, and the possibility to produce and provide to the consumers high 

quality fresh products in first evolved class. Indeed, a new typology of brassica products was 

proposed, the air dried product, to use like an additive for enrich consumers‘ diet and preserve 

their health. 
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Azienda agricola Valli di Marca Ss e Agrinovana Srl 

L‘azienda Agricola Valli di Marca Ss insieme alla Società commerciale Agrinovana 

Srl hanno richiesto questo progetto di ricerca per indagare sulle qualità nutrizionali ed 

organolettiche della vasta gamma di prodotti da loro commercializzati. Il desiderio di voler 

fornire al consumatore un prodotto dalle elevate capacità antiossidanti e nutrizionali li ha 

spinti ad investire su un dottorato per investigare sui fattori che determinano la qualità del 

prodotto finale e come questi possano essere controllati per migliorare l‘intero processo 

produttivo. 

La ricerca ha portato non solo a confermare le capacità antiossidanti dei prodotti già 

disponibili, ma ha avuto tra gli obiettivi, quello di svilupparne dei nuovi. 

L‘azienda Valli di Marca ss si occupa dell‘intero processo produttivo, dalla 

coltivazione alla commercializzazione di verdure appartenenti alla famiglia delle 

Brassicaceae o Crucifere quali broccoli, cime di rapa, cavolo nero, kale, verze, cavolfiore e 

altre erbe spontanee come pimpinella, borraggine, papavero, bietola selvatica, rapa rossa, 

ravanello selvatico, tarassaco, di elevata qualità mantenuta grazie all‘adozione della prima 

gamma evoluta che permette il mantenimento delle caratteristiche organolettiche e 

nutrizionali. Le due aziende, insieme, hanno creato e registrato il marchio Zeroscarti
®
 che 

denota l‘interesse verso le problematiche ambientali, alla riduzione dello spreco e degli scarti; 

il prodotto cioè non necessita di ulteriori lavorazioni o preparazioni da parte del consumatore 

che deve solo lavare e cuocere l‘intero contenuto della confezione. Il marchio Zeroscarti
®

 

prevede un protocollo di produzione peculiare che si contraddistingue già dalla raccolta 

manuale della sola porzione edule della pianta, costituita dai getti ascellari più teneri. Segue 

un‘ulteriore lavorazione e selezione in magazzino dove la materia prima viene mondata, 

tagliata, confezionata, etichettata e conferita alla GDO nazionale ed internazionale. Il prodotto 

realizzato ha insito la valorizzazione del territorio, la tutela della biodiversità con la scelta di 

ecotipi e varietà locali e con la riscoperta delle erbe spontanee marchigiane; affiancando al 

discorso produttivo anche un discorso di tutela dell‘ambiente e di difesa della tradizione. 
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1. INTRODUCTION 

Brassicaceae family are among the oldest crops cultivated in the world (Snowdon et 

al., 2007). Brassica vegetables had countless uses thanks its large and wide diversification of 

crops; they are used for biofuel, edible oil, biofumigants, human food, and animal feed. Their 

strength is their great adaptability to different environments and climatic conditions, with a 

temperature optimum between 14 and 21°C and minimum and maximum temperature of 4 

and 30°C, depending on the varieties (Wurr et al., 1996). Brassicaceous are cultivated during 

cold season in temperate regions, or at high altitudes in tropical and sub-tropical regions.  

Brassica genus assumed great importance in European context thanks its wide genetic 

variability provided by countless species and varieties. This wide biodiversity reported in 

Europe suggests that the centre of origin and diversification of these species resides in the 

Mediterranean area (Vavilov, 1926). This theory is confirmed also by Branca and co-authors 

(2013) that observed a wide variability of cultivated types of B. oleracea in this area, as well 

as a wide range of wild species of Brassica (n = 9), suggesting the presence of a centre of 

diversity of B. oleracea. It may also be a center of origin, challenging the earlier theory that 

domestication was initiated along the Atlantic coast of central and northern Europe. 

The high variability found in the species of Brassica genus is linked to their prevalent 

self-incompatibility; which is why cross pollination and fertilization are almost obligatory for 

many genotypes of the species. Also the presence of several spontaneous species of the genus 

Brassica characterized by the same chromosomal set favour the high variability.  

 

1.1. Brassicas as healthy vegetables  

In recent years, the increasing incidence of cardiovascular, degenerative diseases and 

different form of cancers is stimulating the interest of the consumers to healthy and unhealthy 

foods. One of the main factors of this phenomenon is the change of lifestyle and diet habits, 

as a consequence of the abandonment of the Mediterranean diet which, in contrast to other 

eating regimes, has taken as a model of healthy eating for years. 

Epidemiological studies carried out all over the world demonstrated the efficiency of several 

compounds of natural origin in preventing the onset of malignant neoplasms (Kaur and 

Kapoor, 2001). This fact brought to modifying eating habits to increasing portion of fruits and 

vegetables consumed in the diets.  

Fruits and vegetables, in fact, contain phytochemicals that act as protective factors for 

human body, as they are able to prevent DNA damage from oxidative degeneration, to inhibit 

the metabolic activation of carcinogens, to modulate the activities of detoxifying enzymes, to 
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inhibit inflammatory processes, and to direct cancer cells to cell cycle arrest or apoptotic 

death. 

Among vegetables, Brassicas in the last years received a lot of attention for the 

phytochemical compounds content and antioxidant capacity that confer nutraceutical value to 

the product. The main healthy benefits given by the habitual intake of Brassica vegetables in 

the diet are: 

- Reduction of the risk of age-related chronic diseases (cardiovascular and other 

degenerative diseases); 

- Reduction and prevention of a lot of types of cancer, as mouth, larynx, esophagus, 

stomach, intestines and prostate cancers (Cohen, et al., 2000; Cartea & Velasco, 2008; 

Jahangir et al., 2009; Dinkova-Kostova, 2012; Rodriguez-Mateos et al., 2014; 

Bjorkman et al. 2011); 

- Protection of DNA from oxidation; 

- Protection from chronic inflammatory bowel disease or hypothyroidism; 

- Alleviation of muscle and joint pain; 

- Antioxidant activity: the antioxidant potential of Brassicaceae, in particular Brassica 

oleracea species, is higher than other vegetables family (Zhou and You 2006). 

The interest for these characteristics allowed to define the product as functional food. 

This term defines the food products that, in addition to carrying out the traditional food 

function, perform preventive and/or therapeutic effects against various human diseases, in 

particular chronic-degenerative diseases (Dauchet et al., 2006; He et al., 2006).  

This healthy potential, in Brassicas, is bounded to their phytochemical compounds. 

The main responsible of the healthy function are phenolic compounds, vitamins (C, B9, K), 

provitamin A (β-carotene), lutein and different types of glucosinolates (Farnham et al., 2004). 

 

1.2. Consumption and production 

Brassica vegetables, mainly cultivated in temperate regions of the Northern 

hemisphere, are among the top 10 economic crops in the world (FAOSTAT 2011); in table 1, 

reported below, are indicated the main cultivated and consumed in the world: 
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Table 1- Main species and varieties of Brassica crops cultivated and produced in the world  

Brassica species Spp./variety Common name/ Italian name 

Brassica oleracea L. italica Broccoli 

 capitata 

capitata f. rubra 

capitata f. alba 

Cabbage 

Red cabbage 

White cabbage 

botrytis Cauliflower  

 acephala sabellica 

acephala laciniata  

acephala 

Curly Kale, Red, Green and Russian curly kale 

Black Cabbage, Italian or Tuscan cabbage 

Collards 

gemminifera Brussels sprouts  

 gongylodes Kohlrabi 

sabauda Savoy cabbage 

Brassica rapa L. rapa Turnip  

sylvestris Turnip top, broccoli raab/cima di rapa, friarielli 

 peckinensis Chinese cabbage 

chinensis Pak-choi 

Brassica napus L.  Rapeseed 

Raphanus sativus L. 

Raphanus raphanistrum L. 

 Radish 

Wild radish 

Sinapis alba L.  Mustard/Senape bianca 

Nasturtium officinale R. BR.  Watercress/Crescione d‘acqua 

Eruca sativa Mill. 

Eruca vesicaria L. 

Diplotaxis tenuifolia L. 

Diplotaxis muralis L. 

 Rocket/Rucola 

Rocket Ruca, ruchetta 

Wild rocket/Rughetta selvatica 

Wall rocket 

Francisco et al., 2017; Ciancaleoni 2014; FAOSTAT 2011 

Food and Agriculture Organization (FAO) reported a global production of Brassica 

crops of 92 million tons in 5.4 million hectares of cultivated surface in 2012, while in 2016 

the production decreased to 71.2 million tons in 2.5 million ha of cultivated surface 

(FAOSTAT 2018). 

The 70% of total world production of Brassicas is obtained in Asia. China is the main 

producer, followed by India, Korea and Russia. For what concern broccoli and cauliflower, 

China is again the main producer followed by Spain, Mexico, Italy, France and USA 

(FAOSTAT 2011). In Italy, the cultivation and production of cabbage and other brassicas 

suffered of a strong variation from 2006 to 2016, with a decrease of 24% of the cultivated 

area. In the same time frame, there was a reduction of 18% of the production quantity, but 
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with an increase of 8% of yield. This yield increase resulted by an improvement of efficiency 

and effectiveness of cultivation practices, by the creation of new more productive varieties 

obtained in breeding programs, and by the optimization of fertilizer and pesticides use 

(FAOSTAT 2018). 

In detail, in Marche region, from 2005 to 2015, 

a decrease of 48% of cultivated area destined to 

cabbage and other brassicas was registered, with a 

consequent production decrease of 38%. From 2010 to 

2011, only in the Fermo province an increase of 3% in 

the cultivated area was registered (Istat 2018). 

 

1.3. The commercialization classes 

Vegetables are classified into four commercialization classes, depending on the types 

of processes to which they were subjected. Generally, fresh vegetables, commercialized 

unprocessed, like bench vegetables, belong to the first class; if they, are stabilized (like 

canned) or frozen (like legumes), they belong to the second and third class, respectively. 

Finally, if they are commercialised as ready-to-eat vegetables, like fresh salads, they belong to 

the fourth class (Baldi and Casati 2009). 

During the past 10 years, the increasing consumer awareness of the strict correlation 

between vegetable consumption and their health (Florindo, et al., 2015), together with a 

frenetic urban lifestyle trends in Western populations, led to constant increase of the demand 

for products that can be consumed without home labour, like ready-to-eat (RTE) vegetables. 

In particular, leafy vegetable production was increasing thanks to innovation and new storage 

technology that increased and extended the quality of RTE foods, delaying their perishing. 

The increased consumer demand caused companies which produced RTE food to adapt to a 

dynamic market by optimizing cultivation techniques and focusing on product quality and 

innovation. The virtuous market competition has decreased production cost, increasing the 

power of purchase of the consumers (Baldi and Casati, 2009). 

 

1.4. First Evolved Class “Zeroscarti
®
” (Zero Waste) Brand 

The agricultural company that provided all the plant material used in this research 

choose to produce and commercialize vegetables in the so called First Evolved Class; this 

products category comprises fresh vegetables, cut, packaged and ready to eat after washing by 

the consumer: an intermediate solution between the fresh (first class) and the ready to eat 
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products (RTE- fourth class). The characteristic of this kind of packaged product is the 

maintenance and preservation of nutritional and organoleptic quality thanks the protection of 

plastic films, but only if the cold chain is respected.  

Valli di Marca agricultural company invented and registered its brand called 

Zeroscarti
®
 that means zero waste. The concept is that all the content of the purchased 

package is available for consumption without other selection cuts of vegetables from the 

consumer, so without waste. The product only needs to be washed and cooked by the 

consumer. 

The Zeroscarti
® 

chain starts in the field with the hand harvesting of younger jets and 

shoots, more tender and tastier. The topic of beneficial effects of the younger plant portion 

harvest is widely described in following chapter. 

The production chain continues with the selection, cutting and cleaning of the 

harvested vegetables. When fresh vegetables are cut for selection and preparation of a first 

evolved class product, a multitude of reactions are triggered by enzymes that change the 

bioavailability of phenol compounds. At the beginning, enzymatic oxidation brought to a 

phenol‘s degradation; however, fresh-cut vegetables possess living tissues, physiologically 

active and capable to synthesize new phenol compounds during shelf life, counteracting the 

oxidation products. This useful stress response was studied and reported in several fresh-cut 

vegetables like carrots (Alegria et al., 2016) and broccoli florets, where there was an increase 

of phenolic content of 53.2 % after 24h of storage; the percentage of the phenolic increase 

depended by the cutting styles adopted (Torres-Contreras et al., 2017). 

After this step, vegetables are packaged, labelled and conferred to the distribution 

channel (GDO). The final product, of which an example is shown in figure 1, is particularly 

tender, tasty and rich of phytochemical compounds, as reported by several authors (Guo et al., 

2001; Fernandes et al., 2007). The choice of use the plastic film packaging is supported by 

several studies that reported a retention of 100% of ascorbic acid in packaged broccoli stored 

at room temperature for 3 days, and a non-significant reduction after 5 days, has been 

demonstrated (Serrano et al., 2006; Cefola et al., 2010 a). 

 

 

 

 

  

Figure 1 -―Cime di rapa‖ or turnip top produced in First Evolved 

Class by Valli di Marca and Agrinovana companies following 

Zeroscarti
®
 protocol. 
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2. FACTORS INFLUENCING THE BRASSICACEE QUALITY  

2.1. Brassicaceae quality 

 

 

Figure 2- Factors that influences the quality of the final product 

 

The concept of quality of a product derives from a combination of agronomical (plant 

yield efficiency), organoleptic/sensorial (color, sugar, acidity, pH, aroma) and nutritional 

(antioxidant, vitamins, etc.) attributes (Di Vittori et al., 2018). In the actual study, when 

proposing a new Brassica product to the consumers, sensorial and nutritional qualities are the 

main factors to keep in mind (schematized in figure 2), and strictly related to each other. This 

aspect could be easily explained by the fact that some particular bioactive compounds, such as 

phenolic compounds, could contribute not only to the health properties, but also to the sensory 

attributes of Brassicas. 

 

2.1.1. Nutritional quality  

The term nutritional quality, in the strict sense, could be defined as the amount of 

healthy bioactive compounds present in the fruits and vegetables matrix (Diamanti et al., 

2014). Those compounds could belong to the class of antioxidant compounds (e.g. phenols, 

vitamin C, etc.), exerting their health effects through the ability of scavenge free radicals, or 

to non-antioxidant compounds (e.g. minerals, glucosinolates, etc.) that exert their function 

through direct mechanisms in the human metabolism different from the scavenger activity.  

GENETIC FACTORS 

-  species 

- varieties 

- plant portion  

ENVIRONMENTAL FACTORS 

- climate 

- rainfall 

- temperature 

-soil composition 

AGRICULTURAL FACTORS 

- irrigation 

- fertilization 

-population density  

- harvest time   

POST-HARVEST 

- storage 

-cooking 

-  treatment and processing 

QUALITY OF 

PRODUCT 
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2.1.1.1. ANTIOXIDANT CAPACITY 

Total antioxidant capacity (TAC) is the ability of a food to preserve an oxidizable 

substrate, inactivating the radical species or reducing an antioxidant. The TAC is considered a 

fundamental parameter for the description of fruits and vegetables nutritional quality; it is an 

indicator of the presence of bioactive substances belonging to the antioxidants group. Each 

antioxidant compound performs its protecting activity with different mechanisms and with 

different efficiency depending on its chemical structure and on the matrix it acts. For this 

reason, an evaluation of TAC is usually preferred than a measurement of the single 

concentration of each antioxidant, mainly if the objective of the study is a general screening 

of the health effects of different vegetables. 

In bibliography exists a lot of fast screening methods to investigate the TAC, based on 

spectrophotometric measurements: the mainly used are TEAC (Trolox Equivalent Antioxidant 

Capacity) (Miller & Rice-Evans, 1997), FRAP (Ferric Reducing Antioxidant Power) (Benzie 

and Strain, 1996), DPPH (Radical Scavenging Activity) (Lim, Lim & Tee, 2007) and ORAC 

(Oxygen Radical Absorbance Capacity) (Huang et al., 2002). In any case, all the methods 

measure the scavenging capacity of antioxidants against radical solutions, and not their 

preventive action aimed at preventing their formation (Huang, 2005).  

Brassica vegetables, broccoli and kale, showed higher antioxidant potential than other 

vegetable crops like spinach, carrot, potato, been and onion. In general, among Brassica 

vegetables, Brussels sprouts, broccoli, and red cabbage belong to the group of the highest 

antioxidant capacity products. Common cabbage possesses the lowest antioxidant capacity 

(Cao et al., 1996; Ou et al., 2002; Zhou and You 2006). For what concerns cauliflower, 

contrasting results were reported by Azuma et al. (1999) and Wu et al. (2004). The analysis of 

the TAC is influenced by the extraction method and the type of reactive species in the 

reaction mixture (Azuma et al., 1999).  

A lot of scientific authors studied and identified the main antioxidant molecules 

present in Brassicaceae. It is possible to divide those antioxidant compounds in two main 

groups: water-soluble antioxidants and lipid-soluble antioxidants (Podsedek, 2005; Soengas et 

al., 2011). Kurlich et al. (2002) and Wu et al. (2004) reported that hydrophilic antioxidants are 

responsible for 80-95% of the TAC of the Brassicaceae using the ORAC method for the 

measurement, while lipo-soluble antioxidants account only for the 5-20%. 

 

2.1.1.1.1. Water-Soluble Antioxidants 

2.1.1.1.1.1. Phenolic compounds 
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Phenolic compounds are the most widespread antioxidant family present in the 

vegetables. This large group of compounds is particularly present in the Brassica vegetables 

and constituted the main source of antioxidants in these plants (Jahangir et al., 2009 a; 

Podsedek, 2007). The plants produce them as secondary metabolites for protection from pests 

and insects attack. 

Their importance on human health is related to their anti-oxidative properties, 

donating electrons to scavenge reactive oxygen species (Rice-Evans et al., 1996). Among 

Brassica species, kale and broccoli resulted with the highest quantity of total polyphenols 

(Vallejo, 2003a; Moreno, 2006; Heimler et al., 2006).  

Flavonoids represent the widespread phenolic compounds in Brassicas; they possess a 

lot of biological properties, e.g. antioxidant activity, a capillary protective effect, and an 

inhibitory effect elicited in various stage of tumor (Cartea et al., 2011; Czeczot 2000; 

Podsedek 2007). They are characterized by numerous subclasses, but the most important in 

Brassicas are the following: 

1) Flavonols: together with anthocyanins, they are the main represented flavonoids in 

Brassica species; they can be found in internal and external part of leaves, seeds, shoots and 

sprouts leaves (Ferreres et al., 2009; Sousa et al., 2007). The most represented flavonols in 

Brassica vegetables are quercetin, kaempferol and isorhamnetin. Quercetin, mainly 

represented in broccoli, is characterized by a strong antioxidant power (higher than vitamin 

C); it exerts its activity against free radical oxygen and acts on the prevention of 

cardiovascular diseases and cancer, atherosclerosis and chronic inflammation, and the 

induction of enzymes that detoxify carcinogens (Ackland et al., 2005; Kim et al., 2004). 

Kaempferol 3-O-sophoroside is the main represented flavonol in broccoli florets; its high 

intake is linked with a lower risk of coronary heart disease (Calderon-Montano et al., 2011). 

Kaempferol and quercetin, and in less amount myricetin, are the main represented flavonols in 

B. rapa subsp. sylvestris. 

2) Flavones: apigenin and luteolin are the only flavones detected in the hydrolysed 

extracts of different Brassica vegetables, except for broccoli (Bahorun et al., 2004). 

3)  Anthocyanins were detected in Brassica vegetables and described by several authors 

(Wu et al., 2004; Jahangir et al., 2009b; Moreno et al., 2010; Lo Piero et al., 2013). They are 

present only in species and varieties with bright colour, red, orange and purple pigmentation, 

like some kales, purple broccoli, and red and black cabbage. These compounds show an 

interesting antioxidant activity. The 80% of anthocyanins present in Brassica species are in 

the acylated form, more stable and easily absorbable by the organism. The main represented 
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anthocyanins in cruciferous are cyanidin derivatives. In particular, red cabbage possesses 15 

types of anthocyanins, all acylglycosides of cyanidin; cyanidin-3-diglucoside is the most 

represented (Dyrby et al., 2001). In broccoli, more than 17 anthocyanins were detected 

(Moreno et al., 2010). 

Among phenolic compounds, even if they are not hydro soluble, are to be mentioned 

the lignans, diphenolic compounds that possess several biological activities, through their 

antioxidant and oestrogenic properties. Lignans may reduce the risk of certain cancers and 

cardiovascular diseases (Soengas et al., 2011). Some studies reported that lignans are mainly 

present in kale family, broccoli and Brussel sprouts with lariciresinol and pinoresinol being 

the most abundant (Milder et al., 2005; Soengas et al., 2011). 

 

2.1.1.1.1.2. Vitamin C and vitamin B9 (Folic Acid) 

Vitamin C is a powerful antioxidant widely present and studied in the fruits, but a lot 

of recent works were focused on the importance of vitamin C in vegetables, mostly in 

Brassicaceae family. In Brassica vegetables the vitamin C concentration varies a lot among 

species and subspecies, and it is strictly genotype- and environment-dependent (Kurilich et 

al., 1999; Vallejo et al., 2002). Vitamin C, or ascorbic acid, performs countless biological 

activities in human body and represents a nutritional compound fundamental for health. 

Ascorbic acid is a radical scavenger, an enzyme cofactor and a donator/acceptor in electrons 

transport at the plasma membrane level; its role is fundamental in the regeneration of α-

tocopherol, and in the prevention and treatment of malignant and degenerative diseases 

(Davey et al., 2000, Kurilich et al., 1999). 

Among Brassica genotypes, broccoli and cauliflower seem to possess the highest 

content of vitamin C, followed by Brussel sprouts and kale, while white cabbage possesses 

the lowest amount (Podsedek, 2007).  

Vitamin B9 (Folic acid) is an important vitamin present in Brassicas, mainly in raw 

broccoli, cauliflower and cabbage, that acts as a coenzyme in many single carbon transfer 

reactions, in the synthesis of DNA and RNA and of protein components. Furthermore, it 

reduces the level of homocysteine in the blood, a risk factor for cardiovascular diseases. 

Among the several health activities that folic acid performs, it is strongly important the 

prevention of megaloblastic anemia, neuropsychiatric disorders and various forms of cancer 

in the fetus during pregnancy, also reducing the risk of neural tube defects (Jahangir et al., 

2009b; Kurilich et al., 1999, Bailey et al., 2003). Furthermore, low folate intake is one of the 

main causes of the insurgence of anemia. 
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2.1.1.1.2. Lipid-Soluble Antioxidants 

Despite the low incidence of lipo-soluble antioxidants on the TAC of Brassicas, as 

stated in the chapter 2.1.1.1, several studies confirm the high content of lipid soluble 

antioxidant in kale and broccoli, moderate in Brussels sprouts, and low amount in cauliflower 

and cabbage (Kurilich et al., 1999). Among lipo-soluble antioxidants, carotenoids and vitamin 

E are the most important found in Brassica vegetables. 

 

2.1.1.1.2.1. Carotenoids 

Carotenoids are responsible of the orange, yellow and red pigmentation of several 

fruits and vegetables, mainly carotens and xanthophylls. The most represented carotenoids in 

Brassica vegetables are β-carotene, that the organism transforms in vitamin A, and lutein and 

zeaxanthin (Podsedek, 2007). β-carotene prevents from the insurgence of cancer and 

cardiovascular diseases, and decreases the risk of myocardial infarction among smokers, of 

immune dysfunction and age-related macular degeneration (Rice-Evans et al., 1997; Kurilich 

et al., 1999). Muller (1997) analysed the total carotenoid content of several Brassica species 

and reported them in decreasing order: Brussel sprouts (6.1 mg/100 g), broccoli (1.6 mg/100 

g), red cabbage (0.43 mg/100 g) and finally white cabbage (0.26 mg/100 g). In Brassica 

oleracea genus, kale possesses the higher content of carotenoids with over 10 mg/100 g of 

edible portion (Muller, 1997).  

The Brassica vegetable with the highest content of lutein and zeaxanthin is kale (3.04-

39.55 mg/100 g); interesting content were found also in broccoli and Brussels sprouts 

(Podsedek, 2007). In B. rapa species, 16 carotenoids were identified by Wills and Rangga 

(1996); in B. chinensis, parachinensis and pekinensis lutein and β-carotene are the most 

abundant carotenoids (Soengas et at., 2011). 

 

2.1.1.1.2.2. Vitamin E  

Vitamin E is formed by groups of compounds called tocopherols and tocotrienols; in 

detail, α-tocopherol is the main represented in Brassica vegetables, with the exception of 

cauliflower, that contains mainly γ-tocopherol (Podsedek, 2007; Piironen, 1986). Vitamin E 

performs a protective activity against coronary heart disease through the inhibition of LDL 

oxidation (Stampfer and Rimm, 1995). A high intake of vitamin E helps in the prevention of 

cancers, cardiovascular diseases, neurological disorders and inflammatory diseases (Kurilich 

et al., 1999). The content of vitamin E in Brassica species was studied in literature, and here is 

reported in decreasing order: broccoli (0.82 mg/100 g), Brussels sprouts (0.40 mg/100 g), 
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cauliflower (0.35 mg/100 g), Chinese cabbage (0.24 mg/100 g), Red cabbage (0.05 mg/100 

g), and white cabbage (0.04 mg/100 g) (Piironen et al., 1986) 

 

2.1.1.2. MICRO- AND MACRO-ELEMENTS  

Macro-elements, also called macronutrients, are those nutrients that the plants need in 

greater quantities; essentially play a structural and energetic role. They are indispensable 

elements for the growth and development of the metabolic functions of plants. The 

fundamental nutrients are represented by nitrogen (N), phosphorus (P) and potassium (K). 

Minerals such as Boron (B), Copper (Cu), Cobalt (Co), Iron (Fe), Manganese (Mn), 

Zinc (Zn), Selenium (Se), are present in plants in very small quantities and are known as 

microelements. Their characteristic is to be essential to plants, but only in small quantities. 

Although trace elements are present in small quantities in plants, they play key roles in plant 

life; this is also demonstrated by the symptoms associated with deficiency phenomena. Their 

availability depends on the conditions of the land. 

However, micro- and macro-elements exert important roles also in the human body. 

The elements K, Ca, Mg, Fe, Zn, Se, and Mn are fundamental in the regulation of many 

metabolic activities, in bones and teeth health, in cancer prevention, in the production of red 

blood cells, and participating as enzyme co-factors. 

Brassicaceae are a good source of calcium, indispensable for teeth and bones health, 

in particular for vegetarian and vegan people. The calcium shortage brings to a series of 

disturbances, like insomnia, nervousness, muscle cramps, hypertension, and lower back pains 

(Moreno et al., 2006; Jahangir et al., 2009a). 

 

2.1.1.3. GLUCOSINOLATES (GLS) AND ISOTHIOCYANATES (ITCs) 

Glucosinolates (GLS) are one of the most important Brassicaceae secondary 

metabolites derived from amino acid biosynthesis (Podsedek, 2007). GLS are glucosidic 

compounds containing sulphur present in Brassica leaves, compartmentalised in the vacuole, 

at concentration such as to be able to prevent the development of pathogens, diseases and 

pests (Sisti et al., 2003). Their concentration varies among Brassica species (Branca et al., 

2013a) according to the developmental stage, the tissue type, the exposure to salt stress, 

environmental factors, or plant signalling molecules, including the treatment with salicylic 

acid (SA), jasmonic acid (JA) and methyl-jasmonic acid (MeJA) (Velasco et al., 2007; Cole, 

1997; Burrow et al., 2008; Lopez-Berenguer et al., 2008; Vallejo et al., 2003a; Mikkelsen et 
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al., 2003; Mithen, 2001). GLS can be divided into three chemical classes: aromatic, indole 

and aliphatic, based on their amino acid precursor (aromatic amino acid, tryptophan and 

methionine, respectively) like reported in table 2 (Giamoustaris and Mithen, 1995). In 

Brassica vegetables, the most important GLS belong to the methionine-derived ones (Mithen 

et al., 2003).  

GLS have not direct functions of human health: the health effects are exerted by their 

hydrolysis breakdown products, the isothiocyanates (ITCs). Those are aromatic volatile 

compounds containing sulphur, derived from the hydrolytic action of the enzyme myrosinase 

on GLS. The plant myrosinase acts in the human gut and hydrolyse GLS in ITCs during 

human ingestion. However, during the cooking of the vegetables, the exposure to heat 

treatment can inactivate the plant myrosinase, so the ITCs are obtained thanks to action of 

myrosinase producted by the human gut flora. Unfortunately, its activity and efficiency is 

lower than plant myrosinase (Angelino et al., 2015). It is possible to obtain many ITCs, and 

their production strictly depends by the original GLS, the substrate, the pH conditions, the 

availability of ferrous ions, and the level of activity of the ESP (epithiospecifier protein), a 

specific protein factor (Grubb and Abel, 2006; Mithen, 2001).  

ITCs are the main responsible of the bitterness, spicy and typical flavour and smell of 

Brassica vegetables (Padilla et al., 2007). ITCs possess protective and preventing effects 

against several kinds of cancer like prostate, intestinal, liver, lung, breast, and bladder, chronic 

inflammation and neurodegeneration, acting on the apoptotic phase of cell developmental 

cycle; they are effective also in the cholesterol reduction (Keum et al., 2004; Moreno et al., 

2006; Cartea and Velasco, 2008; Clarke et al., 2011; Angelino and Jeffery, 2014). 

The most studied ITCs in medical research is the sulforaphane (Fahey et al., 2002; 

Rose et al., 2005; Dinkova-Kostova and Kostov, 2012), mainly represented in broccoli and 

Brussel sprout. It is the most important ITCs considering its healthy value, and derived from 

the glucoraphanin (Matusheski and Jeffrey, 2001). The sulforaphane is an indirect 

antioxidant, because it acts as a catalyst in the stimulation of the cellular antioxidant system. 

In particular, sulforaphane stimulates some enzymes active against tumoral cell proliferation 

(Padilla et al., 2007; Kim et al., 2003; Rosa, 1997). 
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Table 2- Principal glucosinolates identified in leaves of Brassica vegetable crops 

 

 

2.1.1.3.1. Anti-nutritional effects 

Beyond to be considered positive for the health, some GLS produces also breakdown 

products considered damaging for the human and animal health; their presence in seeds of 

cruciferous for oil (B. napus, B. rapa, B. juncea) greatly reduces the quality of flour and of 

flour produced by the residues of oil extraction; indeed these product are used as feed 

(Griffiths et al., 1998.). However, some ITCs can cause goitrogenic and growth retardation 

activities also in animals. The most damaging ITCs is the degradation product of progoitrin, 

the oxazolidine-2-thione (Rosa et al., 1997). It causes goiter, harmfull effects on nutrition, 
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depressed growth, poor egg production and liver damage in animals. These effects were not 

found in humans (Mithen, 2001). Plant breeders find a solution to this problem, selecting and 

improving breeding lines without (or with a low amount of) GLS (progoitrin) and erucic acid, 

e.g oilseed crop ―Canola 00‖ (Anilakumar et al., 2006; Cartea and Velasco, 2008). Terzo and 

co-authors (2018), studying Sicilian black broccoli extract, reported that not all breakdown 

GLS products show more toxicity than their precursors; in fact, GRA (glucoraphanin) and 

GNT (gluconasturtiin) showed less toxicity than their breakdown products whereas opposite 

results were obtained with GBS (glucobrassicin) and GBN (glucobrassicanapin). The GLS 

covertion into ITCs is necessary to exert anticancer activity. 

 

2.1.2. Sensorial and organoleptic quality 

The quality of vegetables for the consumer not concerns only the nutritional aspects, 

but includes also the organoleptic and sensorial parameters that can be measured with 

different methods. 

The principal sensorial parameters are: 

 firmness, that indicates the resistance of vegetables to mechanical damages; it assumes a 

great importance during the post-harvest management; 

 colour, that indicates the freshness of the product and the quality of the storage 

conditions; it attracts visually the consumers (Bonasia et al., 2013); 

 sweetness, that is linked to the presence of glucose, fructose and sucrose, and indicated the 

sweet sensation to the consumer; 

 acidity, that indicates the acid sensation that the product stimulates in the consumer, it is 

usually expressed as % of citric acid. 

For what concern Brassica vegetables quality, fundamental sensorial parameters are 

those related to taste and flavor, and that can be investigated through the implementation of a 

panel test. In particular, they are of considerable importance the after-taste and the off-odors, 

because through these parameters is possible to evaluate the typical sulphurous and pungent 

flavor given by GLS, ITCs and sulphured amino acids. Also, green note is a particularly 

important characteristic to recognize in Brassicas and is conferred by alcohols and aldehydes 

formed by the enzymatic degradation of free fatty acids. 

Also, bitterness is particularly accentuated in Brassicas; this sensation is caused by 

ITCs sinigrin, gluconapin, progoitrin, glucobrassicin, neoglucobrassicin in different intensities 

(Rosa et al., 1997; Schonhof et al., 2004; Francisco et al., 2011). Several studies affirm that 

the GLS and their breakdown products aren‘t the only responsible of the bitter taste and 
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Brassica flavour, but these resulted from a synergic activity of various phytochemicals (indole 

hydrolysis products, flavonoids, etc.), (Drewnowski et al., 2001; Baik et al., 2003; Padilla et 

al., 2007). 

 

2.2. Genetic factors influencing Brassica quality 

As previously stated in chapter 2.1, Brassica quality is influenced by several factors, 

but the principal is represented by the genotype characteristics. Many breeding programs are 

working for the creation and selection of new productive and qualitative genotypes. Those 

processes are particularly implemented in the Mediterranean Area, where many spontaneous 

and wild Brassicas provide genetic diversity and variability, allowing to develop new 

breeding programs. In particular, in Italy and Spain is it possible to find countless ecotypes 

and populations of Brassica oleracea and Brassica rapa species, handed down by generations 

of farmers (Branca et al., 2013a).  

 

2.2.1. Influence of the genotype 

The antioxidant potential of Brassica oleracea and Brassica rapa crops have been 

widely studied and showed a wide diversity among species. 

For Brassica oleracea group, a lot of studies reported the nutritional quality and the 

high phytochemicals content, in particular in broccoli, Brussels sprouts, kale, tronchuda and 

red cabbage; lower amounts were detected in white cabbage, cauliflower, and Savoy cabbage 

(Wu et al., 2004). Kale seems to be the ancestor of several B. oleracea vegetable crops 

because it is very similar to B. oleracea wild type and to several wild Brassica species (n=9) 

(Branca et al., 2013).  

Brassica rapa included turnip tops and leaves (cima di rapa and friariello), turnip, pak 

choi, Chinese cabbage, choy-sum and mizuna. From the countless scientific works in this 

topic, emerges the wide variability among close species (Bahorun et al., 2004; Singh et al., 

2007), and varieties of the same species (Francisco et al., 2009). The problem sometimes is 

the comparison of data, because exist a lot of different analytic methodologies for extraction 

and measurement of nutritional parameters. 

Phenolic compounds are mainly affected by the effect of environment and genotype-

environment interaction; this means that their variability strictly depends by the 

environmental conditions; and they possess low heritability. 

The indolic GLS are most influenced by environment, while aliphatic GLS are mainly 

influenced by genotype (Francisco et al., 2011). 
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2.2.1.1. BRASSICA OLERACEA SPECIES 

Inside this species, several differences among varieties were reported, e.g., the highest 

content of total phenolic was found in curly kale that showed a concentration 10 times higher 

than cauliflower and white cabbage (Nilsson et al., 2006; Jagdish et al., 2009; Sikora et al., 

2008). Although the methodologies of analysis used in many studies were different, all of 

them agree about the lower content of phytochemicals in white cabbage, in respect to 

broccoli, Brussel sprouts, curly kale and red cabbage. About cauliflower, there are 

controversial results because it showed a high activity in liposomal phospholipid suspension 

system, but low activity in oxygen radical absorption capacity (ORAC method) (Podsedek, 

2007; Soengas et al., 2011). 

As mentioned above, the variability it is also expressed among genotypes of the same 

varieties in broccoli (Kaur et al., 2006; Pérez-Balibrea et al., 2011), cauliflower (Volden et al., 

2009a), cabbage (Kim et al., 2004); in general, the higher content of antioxidants is detected 

in the varieties with red or purple pigmentation. Broccoli are important for their cancer-

protective compounds, in particular for their content of glucoraphanin, and its active form 

sulforaphane. Broccoli had the highest levels of phenolics (63.4 mg /100g fw), vitamin C 

(52.9 mg/100g fw), β-carotene (0.81 mg/100 g/fw), lutein (0.68 mg/100 g fw), and α-

tocopherol (0.47 mg/100 g fw), followed by Brussels sprouts (Singh et al., 2007). 

Sicilian landraces of violet cauliflower, characterized by high plant rusticity and 

adaptability to Mediterranean climatic condition, could be considered environmental friendly 

crops, by containing the use of pesticides and fertilizers (Branca et al., 2013b). 

 

2.2.1.2. BRASSICA RAPA SPECIES AND OTHER CRUCIFEROUS CROPS 

Choy sum, a Brassica rapa variety, showed the highest antioxidant potential compared 

with broccoli, cabbage, and cauliflower (Wachtel-Galor et al., 2008). Some studies described 

the higher antioxidant potential of watercress than salad rocket; however, those 2 varieties, 

together with wild rocket and mizuna, are good sources of antioxidants (Martìnez Sànchez et 

al., 2008; Martìnez-Villaluenga et al., 2010). In B. rapa, the aliphatic GLS is the predominant 

form, with the gluconapin as the most abundant, followed by glucobrassicanapin (Francisco et 

al., 2011). B. rapa varieties shown a high concentration of isorhamnetin, irrespective of the 

plant organs considered (Jeffery et al., 2003). 
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2.2.2. Influence of plant portion and plant developmental stage  

The variation of nutritional and phytochemical content does not differ only among 

species and varieties of the same species, but can change during growth period (Francisco et 

al., 2017) and based on plant portion (Velasco et al., 2007), as reported below. 

 

2.2.2.1. PLANT PORTION 

Sometimes, the more interesting parts of the plant from the point of view of the 

nutritional quality are not consumed. For example, seeds seem to possess the highest content 

of phytochemical compounds but are not usually consumed and appreciated by consumers; 

this aspect is confirmed in kale, where seeds possess higher antioxidant content than leaves 

(Ferreres et al., 2009). In turnip, flower buds registered the highest antioxidant content, in 

respect to leaves, stems and roots (Fernandes et al., 2007).  

Also, GLS content differs based on plant portion. Seeds possess the highest 

concentration of GLS, followed by inflorescences, siliques, leaves, roots, stems and petioles 

(Rosa et al., 1997; Brown et al., 2003). Indeed, the concentration of aliphatic GLS in kale (B. 

oleracea acephala) leaves increases during time, from seedling to early flowering stages; At 

that stage, the aliphatic GLS content in leaves of B. oleracea declined drastically over time as 

the content in the flower buds increased. The highest contents of indolyl glucosinolate 

(glucobrassicin) and of the aromatic glucosinolate occurred in leaves harvested at the 

optimum consumption stage while flower buds contained the highest concentration of 

aliphatic glucosinolates, especially sinigrin (Velasco et al., 2007).  

Bjӧrkman et al. (2008) found a 2.6-time higher total GLS level in white cabbage 

foliage compared to roots. In contrast to these results, Van Dam et al. (2009) gathered and 

comparison a multitude of studies of GLU in roots and shoots of 29 plant species concluded 

that roots have higher concentration and a greater diversity of GLS than shoots. 

Variation in plant portion is reported also in Kohlrabi (Brassica oleracea L. var. 

gongylodes), where the GLS profile of the stems and leaves were similar, though stems 

showed a lower GLS amount and the presence of glucoerucin. The total polyphenols and 

ascorbic acid content were slightly higher in the leaves than in the stems. The leaves generally 

showed higher antiradical activity in terms of DPPH quenching compared to skins and stems 

(Branca et al., 2013c).  

A comparison study about turnip tops and turnip greens also reported several and 

appreciated differences in phytochemicals compounds. Turnips top measured a higher value 

of GLS (26.02 μmol/g dw) than turnip greens (17.78 μmol/g dw). The opposite trend was 
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reported for total phenolic, where turnip greens showed a higher content (43.81 μmol/g dw) 

than turnip tops (37.53 μmol/g dw). The content varies also according to the type of GLS, as 

reported in table 3 (Francisco et al., 2011). 

 

Table 3- Principal GLS content in B. rapa varying in based on plant organ (Francisco et al., 

2011) 

GLS  turnip greens turnip tops 

Gluconapin (84%) 10.21 μmol/ g dw (68%) 17.39 μmol/g dw (78%) 

Glucobrassicanapin (7.2%) 1.90 μmol/g dw (5-15%)   2.38 μmol/g dw (5+15%) 

 

Sometimes it is possible to appreciate and detect differences into the same portion of 

plant, and several studies confirm this thesis. In tronchuda cabbage, the mainly consumed 

portion is the internal leaves, used for salad or cooked, but these have an antioxidant capacity 

lower than the external ones, normally thrown away (Ferreres et al., 2009). The same results 

were found in Chinese cabbage, where the variation in bioactive compounds is evident also 

among different layers of the same head cabbage; phenolic acids and flavonoids were higher 

in the outer leaves, followed by the mid- and inner leaves. This result could be explained by 

the higher exposure of outer leaves to sunlight, which stimulates the production of 

antioxidants (Seong et al., 2016). 

 

2.2.2.2. PLANT DEVELOPMENTAL STAGE 

The growth stage can influence the content and concentration of phytochemical 

compounds in Brassicas, and the knowledge of this aspect is fundamental to choose the 

proper harvest moment for obtaining products with the highest quality. Seeds possess the 

highest antioxidant content, but during the germination process a decrease of this content 

occurs, because the antioxidant compounds are used for the growth and for the activation of 

the metabolism of the new plant. Indeed, the juvenile cabbage possesses more flavonols than 

the mature one (Kim et al., 2004). More precisely, a study about the harvesting date of 

Chinese cabbage showed that the higher antioxidant content was found within the 8
th

 and 12
th

 

week from germination, followed by a gradual decrease (Samec et al., 2011); this is probably 

due to a greater metabolic activity in the first few months. 

Also, total GLS content varies in function of growth stage, and increase from 

vegetative to reproductive stages and maturity (Fieldsend and Milford, 1994). Consequently, 

the highest content is found in flower buds, or in leaves harvested at the optimum 

consumption stage, 180 days after sowing in kale (Velasco et al., 2007). In broccoli heads, the 
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highest glucoraphanin content was also observed 180 days after sowing, with a following 

decline during flowering (Rybarczyk et al., 2014). In Chinese cabbage sprouts, the maximum 

of GLS concentrations was registered during the growth stage (Guo et al., 2013). In turnip, 

the eight days-old sprouts were ideal for the maximum amount of GLS, in respect to their 

mature stage (Baenas et al., 2014). Fahey et al. (1997) found that young broccoli and 

cauliflower sprouts (3 days-old) contained 10-100 times higher levels of glucoraphanin per 

gram compared to the corresponding mature plants. Studying broccoli, cauliflower and white, 

red and Savoy cabbages, it was found also that the concentration of total aliphatic GLS 

decreased, whereas that of glucobrassicin increased, during a seven-days sprouting period 

(Bellostas et al., 2007).  

Vallejo et al. (2003 b) found an increase of ascorbic acid and phenol compounds 

during the development of the inflorescence in three broccoli cultivars. 

Carotenoids are also affected by plant developmental stage. In kale, the highest 

content of lutein was registered in 1 to 2 weeks-old leaves, and the highest content of β-

carotene was found in 2 to 3 weeks-old leaves (Lefsrud et al., 2007). 

Francisco et al. (2009) reported that total levels of phenolic compounds was higher in 

turnip leaves (B. rapa var. rapa), harvested during the vegetative period (51.71 µmol/g dw), 

compared to the fructiferous stems with flowers, buds and surrounding leaves (38.99 µmol/g 

dw), and that flavonoids were the main phenolic compounds. On the contrary, harvest date 

had a minimal effect on flavonoid concentration in kale, with total flavonoid levels unchanged 

in 6 out of 8 harvested kale varieties (Schmidt et al., 2010). 

The amount of waxes in A. thaliana was 25-fold higher in flowering stems compared 

to leaves; their content varied during developmental stage and differed in plant organs (Jenks 

et al., 1995, 1996). 

Reassuming, some of the health-promoting factors may be present 10 times higher in 

sprouts than in mature vegetables. Sprouting resulted in an overall increase in the total 

phenolic content and antioxidant capacity and although germination time was not a 

discriminating factor, longer germination times resulted in lower antioxidant capacity of the 

sprouts (Vale, 2014). 

All this information is useful for developing new products according to the final users‘ 

needs and the final purpose of consumption, considering the different content of 

phytochemicals in plant portion and developmental stage. 
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2.3. Environmental factors 

Seasonal variation, light exposure, temperature, water availability, soil fertility (De 

Pascale et al., 2007), phytosanitary measures, sowing date and harvest period (Renaud et al., 

2014) are all factors linked to environmental conditions that can influence the quality, in 

particular the nutritional content and profile, of Brassica vegetables (Francisco et al., 2017). 

Different responses to seasonal variations were reported in several Brassica plants like 

broccoli, kale and turnip (Rosa and Rodrigues, 2001); this effect is determined mainly by 

temperatures and day length during period before harvest.  

Countless studies agree that spring season plants, grown at intermediate temperatures, 

high light intensity, longer days and dry conditions (or low average of rainfall) during their 

vegetation period, contain an increased total GLS and phytochemicals concentration 

(Engelen-Eigles et al., 2006; Velasco et al., 2007; Francisco et al., 2011; Lo Scalzo et al., 

2013; Renaud et al., 2014). For examples, in canola (Brassica napus) was found that GLS 

concentration increased with a temperature of 40°C maintained for 4 h on 5 successive days, 

giving a total of 15 degree-days of stress (15 DD/40°C) (Aksouh et al., 2001). Some authors 

reported that higher and lower temperatures, rather than intermediate temperatures, brought to 

an increase of GLS concentration; e.g., grown temperatures comprised between 7 and 13°C 

brought to an increase of glucoraphanin and lutein in broccoli; furthermore, act as a trigger for 

biosynthetic pathways (Schonhof et al., 2007). Moreover, broccoli sprouts grown at constant 

high (29-33°C) or low (11-16°C) temperatures had higher antioxidant content than sprouts 

grown at intermediate temperature (21.5°C) (Pereira et al., 2002). The same author confirms 

that the main antioxidants content is shown in sprouts that grow with a strong temperature 

range 30/15°C day/night. 

Autumn/winter season plants, grown at lower temperature, lower light intensity, 

shorter days and higher water availability, tend to have the lowest total GLS and other 

phytochemicals concentration (Rosa et al., 1997; Vallejo et al., 2003a, Zhang et al., 2008; 

Cartea and Velasco, 2008; Bjӧrmark et al., 2011). An exception is represented by turnip that 

produces higher flavonoids and vitamin C content in autumn/winter season; this crop 

accumulates and produces the main phytochemicals with low/moderate temperature and 

considerable radiation, mainly in turnip tops (Aires et al., 2011; Francisco et al., 2012). More 

precisely, in Brassica rapa the correlation with temperature is bound also to plant portion; 

indeed, the number of days with a minimum temperature under 0°C was negatively correlated 

with total GLS content in turnip greens. In turnip top, GLS content was positively correlated 

with the number of days with a maximum temperature over 20°C. For what concern 
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phenolics, no correlation was found between climatic factors and turnip greens, while in 

turnip tops total flavonoids and total phenolics content seem to be correlated with the number 

of days with a minimum temperature under 0 and 10°C, respectively (Francisco et al., 2011). 

In broccoli, the freezing temperature can positively influence the concentration of 

sulforaphane (Pék et al., 2013). 

The biotic and abiotic factors that characterize the surrounding environment, can 

influence the quality of Brassicaceae. For what concern the biotic sphere, aphid infestation 

brought to an increased production of primary metabolites, including amino acids, as well as 

some secondary metabolites, as a plant defence mechanism against these pathogens (Cole, 

1997). For what concern abiotic factors, water stress condition and metal exposure produce an 

initial increase of photosynthetic pigments, proteins, free amino acids and sugar content, 

followed by a subsequent decrease (Singh and Sinha, 2005). In details, a relation between 

copper stress and the production of amino acids was found because free amino acids 

production takes part to the detoxification from copper excess (Xiong et al., 2006). In 

Brassica juncea, accumulation of metals produces an increase of 35% of oil content (Singh 

and Sinha, 2005). A moderate salinity in water or soil affects the myrosinase-GLS system in 

broccoli, inducing the production of GLS; also, phenolic compounds increase in this stressful 

condition, but in case of strong salinity both GLS and phenolics decrease (Farnham et al., 

2004; Rodriguez-Hernandez et al., 2014). 

Ragusa and co-author (2016) investigate the effect of different germination 

temperatures (10, 20 and 30 °C) on the phytochemical content as well as on reducing and 

antioxidant capacity of broccoli and rocket sprouts. In both seeds and sprouts, the total GLS 

and ascorbic acid contents did not differ between vegetables, while broccoli exhibited 

exceptionally higher polyphenols and greater reducing and antioxidant capacity compared to 

rocket. In both species, an increase in germination temperature positively affected the 

glucosinolate content. Ascorbic acid increased during germination without a difference among 

the three tested temperatures. The phenol content increased in broccoli sprouts when they 

were grown at 30 °C, but the amount decreased at the highest temperatures in rocket. The 

reducing and antioxidant capacities increased with germination, and higher indexes were 

detected at 10 °C, particularly in rocket.  
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2.4. Agricultural factors  

2.4.1. Cultivation system and soil composition  

Cultivation system choice can influence the quality of vegetable product, in particular 

the concentration of primary and secondary metabolites in Brassica vegetables.  

Some authors reported a higher antioxidant (phenolic compounds, in particular 

flavonoids) and GLS concentration in Brassicas growth in organic cultivation system than in 

conventional (Yang et al., 2000; Sousa et al., 2008; Naguib et al., 2012), as demonstrated in 

early harvested tronchuda cabbage (Vrchovska et al., 2006). This result could be linked to the 

fact that, under organic cultivation, crops are subjected to more biotic and abiotic stress; these 

stressing conditions cause an increase in the production of secondary metabolites as a 

mechanism of defence, and consequently allow to obtain vegetables with higher nutritional 

and antioxidant potential than in conventional system.  

Several studies described an opposite situation and contrasting evidences about 

phytochemical enhancement in organic vegetables (Dangour et al., 2009; Hoefkens et al., 

2010). Instead, Conversa et al. (2016) reported that the choice of cultivation systems does not 

modify the antioxidant properties of raw and processed products, but differences can be found 

in chlorophylls and carotenoids content of organic ―cima di rapa‖ landraces. The lipophilic 

antioxidant content was improved in organic product while the hydrophilic component, that 

constituted the 99% of total antioxidant capacity, was not affected by the different crop 

management in ―cima di rapa‖. However, organic system influenced the quality of products 

during storage: after 7 days of storage at 5°C, the organic ―cima di rapa‖ maintained the best 

colour with high chlorophyll levels, probably due to a higher availability of nitrogen in 

organic management; but after 14 days of storage, the quality declined with a higher 

production of strong off-odour than conventional products.  

Nitrate content was reported to be lower in organic than in conventional products (Koh 

et al., 2012). 

Regarding the soil composition effect on Brassica quality, it was reported that the 

highest GLS and phenolic compounds content were detected in locations with the highest soil 

pH (around 5.5-5.6) and available potassium; the content can be also influenced by nitrogen 

and sulfur application in turnip (Francisco et al., 2011). On the contrary, in B. rapa L. Subsp. 

Sylvestris, flavonols (kaempferol and quercitin derivatives) were reduced by sulphur 

availability (De Pascale et al., 2007). Organic soil increases the total antioxidant content (Ju et 

al., 1980). 
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2.4.2. Irrigation 

It was reported that a moderate water stress increases the concentration of bioactive 

compounds in Brassica, in partly due to an increased concentration per unit of dry weight; if 

the stress become intensive, the secondary metabolites production should decrease (Khan et 

al., 2011a). Phenolic compounds and GLS content increase in absence of irrigation, as a result 

of a reduction of vegetative growth, mainly in turnip, cabbage and broccoli (Zhang et al., 

2008; Francisco et al., 2017; Bell and Wagstaff, 2017). The association between low 

availability of water in the soil during plant growth and postharvest cold storage brought to 

the best maintenance of antioxidant activity in Brassica (Cogo et al., 2011). Water stress 

condition affects also sugar contents, which increases in cabbage (Sasaki et al., 1998). 

 

2.4.3. Plant density, intercropping and trap cropping 

Plants density seems to affect the plant morphology and the phytochemical compound 

content: a higher density decreases the head size but increases the GLS content, because the 

competition for nutrients, in high density conditions, causes a stress on plants, stimulating the 

secondary metabolites production (Rosa et al., 1997). 

Intercropping and trap cropping are strategies that allow weeds and pests control 

(Hooks and Johnson, 2003), but the presence of another crop can generate a stressing 

condition like plant competition for light, nutrients and water, decreasing their availability and 

affecting in different ways the production of phytochemicals by Brassicas. 

The effect of intercropping depends by the choice of plants to be cultivated next to the 

main crops (Finch et al., 2003); e.g., intercropping white cabbage with red clover (Trifolium 

pratense) reduced the GLS content in white cabbage, but decreased the oviposition of D. 

Floralis (Bjӧrkam et al., 2008). 

Trap crop must be naturally more attractive than the main crop, for attract and control 

insects; it can belong to the same or another species and variety or can differ for the growing 

stage. A particular type of trap crop is the so called ―dead end‖: it is highly attractive for 

insect‘s oviposition, but the larvae could not survive on the plants. On this type of crops 

belongs the weed winter cress (yellow rocket, B. vulgaris), exerting its effect on P. xylostella 

(Badenes-Pérez et al., 2004). 

The combination of intercropping and trap cropping is called ―push-pull‖ and gives a 

synergic and powerful effect in pests and weeds control; it is also known as stimulo-deterrent- 

diversionary strategy that can use also the insect pathogenic fungi for reducing pest 

population (Cook et al., 2007).  
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2.4.4. Fertilization Practices 

A correct fertilization plan is fundamental for obtaining high quality, healthy and safe 

vegetables. The nutritional and sensorial profile of Brassicas is conditioned by the availability 

of fertilizers and nutrients because they determine the biosynthesis of secondary metabolites. 

Countless studies took care about the effect of sulphur fertilization on phytochemical 

concentration, mainly on GLS production considering their sulphur nature (Booth et al., 1991; 

Kim et al., 2002; Kopsell et al., 2003). There is a correlation between the increase of sulphur 

supply and the higher levels of total GLS (Kaur et al., 1990; Rosen et al., 2005; Li et al., 

2007), in turnip (Kim et al., 2002), kale (Kopsell et al., 2003) and in broccoli, mainly if 

associated with reduction in water, at the expense of yield (Schreiner, 2002). Vallejo and co-

authors (2003a) suggested that the effect of sulphur application on GLS varies with the 

development stage of broccoli plants and differs for each kind of GLS; in fact, they found an 

increase in total GLS content at the start of the inflorescence development, followed by a 

rapid decrease. Increasing sulphur fertilization brought to a positive impact in the synthesis of 

polyphenols, like flavonols and phenolic acids, increasing the total antioxidant activity in 

turnip top (B. rapa ssp. sylvestis) (De Pascale et al., 2007), and broccoli (Vallejo et al., 

2003b). Sulphur fertilization in pre-harvest (from 2.6 mmol/L to 6.5 mmol/L) increases the 

lipophilic and hydrophilic antioxidant activity, but do not affect the nitrate and chlorophyll 

contents in ready-to-eat friariello product (Barbieri et al., 2009). Sulphur deficiency brought 

to an increased vulnerability of Brassica crops to diseases and fungal pathogens (Dubuis et al., 

2005). Sulphur fertilization, besides improving the antioxidant activity, it is associated with a 

genotype-dependent significant reduction of leaf nitrate content, because enhances the 

incorporation of nitrogen into organic compounds and consequently it reduces the leaf nitrate 

concentration (De Pascale et al., 2007). 

Nitrogen is the main constituent of chlorophyll structure, so its availability influences 

the content of carotenoids like lutein and β-carotene, indeed high NO3-N:NH4-N ratio led to a 

higher content of both (Kopsell et al., 2007). Consequently, also colour and pigmentation of 

leafy vegetables are improved (Conversa et al., 2016). Nitrogen fertilisation brought to a 

decrease of total GLS content (Rosen et al., 2005; Kim et al., 2002), but it acts differently 

according to the GLS type; in fact, abundant nitrogen applications increase progoitrin and 

decrease sinigrin concentration in Brassica napus (Zhao et al., 1994). A reduced nitrogen 

fertilisation brought to an increase of the bioactive compound content, mainly phenolics, 

because nitrogen stress triggers the gene expression of flavonoid pathway enzymes (Sousa et 
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al., 2008). Combined fertilisation with NO3
-
:NH4

+
 is the optimal solution to maintain plant 

growth and increase the total GLS content (Robbins et al., 2005). 

An optimal balance between nitrogen and sulphur fertilisation influences the 

biosynthesis of secondary metabolites (Zhu et al., 2009; Cartea et al., 2011). GLS, for 

example, can be enhanced by the presence of low nitrogen and high sulphur fertilizers: this 

balance influences the quantity and the quality of GLS produced, according to the 

corresponding amino acids synthetized (Rosa and Heaney, 1996). Some authors reported the 

effect of different nitrogen/sulphur combinations on GLS content in Brassicas, with 

increasing amount of nitrogen (80-320 kg/ha) applications. When enough sulphur was 

available (60 kg/ha), there weren‘t any effects on total GLS content, but their production 

moved to indolics; when the combination was with a low concentration of sulphur supply (10-

20 kg/ha), the aromatic and aliphatic GLS decreased (Li et al., 2007). Increased 

nitrogen/sulphur ratio pushes the plants toward the vegetative growth, at the expense of GLS 

production (Kim et al., 2002). Fabek et al. (2012) showed that the type of fertilisation may 

influence the mineral composition in plants: nitrogen fertilisation was negatively associated 

with potassium (K) and calcium (Ca) content in broccoli, while sulphur fertilisation increased 

manganese (Mn) and zinc (Zn), and decreased copper (Cu). Applications of sodium selenate 

(Na2SeO4) produced an increase of GLS (Robbins et al., 2005). 

Also salts availability can influence the phytochemical concentration in Brassicas, 

with salts stress increasing GLS content (Lopez-Berenguer et al., 2008). In details, selenium 

seems to increase the GLS content (in particular sulfuraphane), when applied up to a certain 

dose; above this level, it decreases the GLS production (Robbins et al., 2005). 

In conclusion, there is a large possibility to improve the nutritional quality of Brassica 

vegetables through the implementation of the appropriate agronomic practices, but the effects 

of the treatments are strictly genotype-dependent, so a good choice of the genotype before 

starting the cultivation is needed (De Pascale et al., 2007). 

 

2.4.5. Signalling molecules, biocontrol agents and biostimulants 

Besides the classical fertilizers, in the last years new proposal products that bring 

several beneficial on crops, like improving safety, enhancing growth and production, 

improving the defence against weeds and pests and nutritional quality, were developing. 

Among these, signalling molecules, biocontrol agents, and biostimulants are increasing their 

spread and their application. 



34 
 

During growth, plants are exposed to various biotic (herbivory, fungal, bacterial and/or 

viral infection) and abiotic (metals, UV, temperature) stresses. Those factors lead to gene 

expression and biochemical changes, which finally result in an enhancement of the synthesis 

of primary and secondary metabolites. In this process, a number of signaling pathways are 

activated as Brassica defense responses, including SA (salicylic acid), JA (jasmonic acid), 

ethylene and ABA (abscisic acid) pathways (Jahangir et al., 2009a). Presence of signalling 

molecules clearly affects the GLS content in these species; indeed, GLS content analysis in 

leaves and cotyledons of B. napus, B. rapa and B. juncea revealed that content of 

glucobrassicin increased up to 20-fold after treatment with JA or MeJA (Methyl Jasmonate) 

(Bodnaryk, 1994). In contrast, treatment with ABA resulted in low levels of indole GLS in B. 

napus (Mollers et al., 1999).  

Summing up, levels of hormones such as JA, SA and ABA seem to be related to the 

regulation of GLS and of other bioactive compounds content (Schreiner et al., 2011; Guo et 

al., 2013; Thiruvengadam et al., 2016). Consequently, hormonal elicitation can be a useful 

tool to induce the synthesis of bioactive compounds interesting for human health. 

Concerning the application of biocontrol agents, Gallo et al. (2013) reported the effect 

of Trichoderma genus microbes on quality parameters of Brassica rapa sylvestris var 

esculenta Hort., for increasing GLS content and promoting growth. They used strains of 

beneficial microorganisms (biocontrol agents) of Trichoderma harzianum TM10, T. 

atroviride P1, and their metabolites: harzianum acid and 6-pentyl-α-pyrone. The results 

affirmed that the use of Trichoderma and its metabolites brought to an increase of GLS in 

plants, probably due to their capability of inducing resistance mechanisms, stimulating the 

synthesis of salicylic and jasmonic acids and the cascade of events leading to the production 

of various metabolites; only the ascorbic acid was lower compared to control plants. 

Trichoderma spp. are free-living fungi available in soil and root ecosystems. They are 

opportunistic, avirulent plant symbionts, and parasites of other fungi; they are biocontrol 

agents (BCAs) used as biopesticides and antiobiotics.  

In agriculture, besides biocontrol agents, also the utilisation of seaweeds extract, 

mycorrhizae, control pathogens and nematodes (Muelchen et al., 1990), humic acids like 

vermicompost foliar sprayed (Pant et al., 2009), and protein hydrolysates is growing under the 

term ―biostimulants‖, useful to increase the production of crops. Several studies associate 

their adjuvant properties also with the increase of bioactive compounds synthesis. Lola-Luz et 

al. (2013) showed an increasing effect of the application of a commercial extract of brown 
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seaweed Ascophyllum nodosum on flavonoids and total phenolics concentration in cabbage, 

without relevant effect on crop yield. 

Brassica species are able to contrast the main soil-borne agents thanks their secondary 

metabolites that act as biofumigants. A study reported the effectiveness of the flour of dry 

plants of Brassica juncea, Eruca sativa, Raphanus sativus and Brassica macrocarpa, in 

nematodes control (Meloidogyne spp.) on tomatoes. Tritated flour was distributed before 

planting (60 and 90 g m-2) and was successful for the sinigrin presence (Argento et al., 2013).  

 

2.5. Post-harvest factors 

Fresh vegetables are very perishable and sensible to post-harvest management that can 

strongly affect weight, firmness, colour, sensorial and organoleptic parameters and 

phytochemical compound contents. The packaged vegetables, like those in first evolved class, 

had a minor weight loss and an increasing shelf life than unpackaged fresh cut products.  

The main studied Brassica vegetables during post-harvest are broccoli, considering the 

high perishability of their heads and florets; cold storage, modified atmosphere and post-

harvest processes reduced the decrease of antioxidant potential (Lemoine et al., 2010). 

 

2.5.1. Post-harvest treatments 

In general, post-harvest treatments are useful for reduce and decrease the decay of 

antioxidant potential that normally occur after harvest. The most important post-harvest 

treatments are cold storage, modified and controlled atmosphere. Blanching is a pre-storage 

treatment, applied before freezing and other processes (Soengas et al., 2011). 

 

2.5.1.1. COLD STORAGE 

The main important action to do when fresh vegetables are harvested, and cut is the 

rapid reduction of their internal temperature; the most applied solution is the pre-cooling that 

consists in the application of ice over vegetables, or in putting them inside a fridge in the 

field, immediately after harvest. The short life of those vegetables can be increased by storing 

them at refrigerating temperatures. However, this strategy can assure quality standards only 

for a few days (Oliveira et al., 2015). Several studies confirmed that the best storage 

conditions for preserve vegetables and brassicas quality are: 

- Relative humidity near the saturation level (98-100%); 

- Cold temperature (4-5°C), e.g. in broccoli (Rodrigues and Rosa, 1999). 
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The storage at ambient temperature brought to rapid losses of phytochemical 

compounds like ascorbic acid, while some authors reported that storage at 4°C or 5°C for 7 

days did not affect ascorbic acid (Favell, 1998) and flavonols contents (Leja et al., 2001). 

Storage of ready-to-eat cima di rapa at 5°C brought to an increase (by 1.5 times) of flavonols 

and total antioxidant content during 14 days of storage, probably given by the trigger of 

phenylalanine ammonia lyase (PAL), the enzyme necessary for phenols synthesis (Mittler, 

2002). Higher antioxidant activity was observed in broccoli plants, kept at 4°C for 21 days, in 

respect control samples (Lemoine et al., 2007). Conversely, Conversa et al. (2016) reported a 

decrease in vitamin C (-56%) and in nitrate during storage period characterized by cold 

temperature (5°C), after packaging in heat-sealed bags of polypropylene (OPP) film, during 

the first 7 days of storage. A solution for decrease nitrate content in ready-to-eat friariello is to 

apply a storage period of 9 days at 4°C under light exposure; those conditions led to a 

decrease of nitrate content than in darkness storage. In fact, in darker storage, the weight loss 

is relevant, but the antioxidant capacity and nitrite content are not affected by light exposure 

(Barbieri et al., 2009). The content of individual and total GLS decreased in brassica 

vegetables (broccoli, Brussel sprouts, cauliflower and green cabbage) when stored in domestic 

refrigerator at 4-8°C for 7 days (Song and Thornalley, 2007). 

Freezing is a common practice used in the food industry for extending the life cycle of 

fresh-cut vegetables; its main advantage is to preserve the nutritional quality and to minimize 

the loss of phytochemicals. Freezing is one of the best methods to preserve the nutritive 

constituents of raw Brassica vegetables (Gebczynski and Lisiewska, 2006). The vitamin C 

and polyphenols, non-essential and essential amino acids are greater retained in frozen than in 

canned product; vitamin C level remains stable for a storage period of 12 months at -20°C in 

broccoli and cauliflower (Korus 2012). Other works reported higher losses of vitamin C (up 

to 30%) at the same storage conditions (Puupponen-Pimia et al., 2003). Storage vegetables at 

-85°C could cause significant losses of GLS due to freeze-thaw fractures of plant cells, 

leading to enzymatic conversion of GLS to ITCs during thawing (Song and Thornalley, 

2007).  

For obtaining high-quality frozen vegetables, freezing process needs a pre-treatment, 

called blanching, as a steam or boiling heat treatment, for deactivating the main degradative 

enzymes like myrosinase, which destroys GLS during thawing (Rosa et al., 1997; Mithen et 

al., 2000). Freezing effect on GLS content is minor than blanching and boiling. Comparing 

freezing with fresh vegetables, the loss of phenolics, fiber and mineral is very small (Bouzari 

et al., 2015); the main losses are due to blanching pre-treatment rather than freezing process 
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(Mahn & Reyes, 2011). Blanching, followed by long term frozen storage, brought to a 

reduction of phenolics and phytochemicals content, and antioxidant potential, in cauliflower. 

In general freeze storage slightly affects the antioxidant potential over time (Volden et al., 

2009 a, b). 

 

2.5.1.2. BLANCHING 

Blanching is a thermal pre-treatment applied before freezing and other post-harvest 

processes, used for deactivating degradation enzymes that brought, during storage, changes in 

texture, colour and odour of vegetables, affecting also the nutritional compounds; it was 

necessary for preserve quality during time. Blanching is a heat treatment that it can be done in 

different ways: steam, boiling water and microwave.  

If, on one hand, the blanching pre-treatment is useful for deactivate enzymes like 

myrosinase, on the other it brought to losses of a high content of phytochemicals, mainly the 

heat sensible like vitamin C, and the hydrophilic (like polyphenols) in case of blanching in 

boiling water (Tanongkankit et al., 2010). Losses during blanching are plant-species 

dependent. E.g., steam blanching of broccoli florets decreased ascorbic acid concentration by 

30% to 50% (Howard et al., 1999; Murcia et al., 2000). Viña et al. (2007) evaluated the 

effects of some pre-blanching treatments, like immersion in hot water (50°C) and microwave 

heating, in Brussels sprouts prior to blanching; they obtained an increase in radical 

scavenging activity. 

For what concern the myrosinase deactivation, approximately the 90% of this enzyme 

is lost during blanching at 60°C for 10 min (Van Eylen et al., 2007). A solution for obtain the 

GLS hydrolysis during blanching is the addition of exogenous plant-based myrosinase, which 

guarantees the obtainment of ITCs during thawing (Matusheski et al., 2004; Dosz and Jeffrey, 

2013). Another solution for obtain more ITCs is to deactivate the myrosinase cofactor (ESP), 

that become inactive at a minor temperature than myrosinase; blanching vegetables at 60°C 

for 5 minutes is useful for block ESP and obtain more ITCs. In normal conditions, ESP 

favoured nitrile production starting from GLS, removing them by ITCs useful production 

(Matusheski et al., 2004; Wang et al., 2012). 

 

2.5.1.3. MODIFIED AND CONTROLLED ATMOSPHERE  

Modified and controlled atmosphere are packaging strategies useful for preserve the 

nutritional and organoleptic quality during time and increase their shelf-life. Packaged 

vegetables show better phytochemical compounds retention than unpackaged ones. This result 
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is due to the low oxygen content and the reduction of respiration rate in the package, and the 

reduction of cellular broken (cellular integrity is fundamental for preventing the mixing of 

GLS with myrosinase, so avoid their degradation) (Jones et al., 2006). In broccoli heads 

packaged with micro-perfored and non-perfored films, bioactive compounds concentrations 

remain similar to fresh vegetable, differently from the decrease in unpackaged controls 

(Serrano et al., 2006).  

Several studies reported that a low oxygen atmosphere guarantees the maintenance of 

the original nutritional quality and phytochemicals concentration during the cold storage. 

Cefola and co-authors (2010a), studying ready-to-use vegetables, investigated the effects of 

four different atmosphere compositions (air, 3% O2 in nitrogen, 3% O2 + 10% CO2 in air, and 

10% CO2 in air) on broccoli raab quality. They found that storage at low oxygen 

concentration and cold temperature (5°C) led to a better preservation and maintenance of 

nutritional parameters up to 17 days. In details, the initial phenolic, antioxidant and vitamin C 

contents were maintained during the entire cold storage in 3% O2 in nitrogen. In a study of 

2016, the same author reported the best combination of storage conditions; using PP/PA 

(microperforated polypropylene/polyamide) in A‐MAP (active atmosphere achieved) with the 

use of CO2‐absorbing sachets, reached an equilibrium condition very close to the optimal one 

for broccoli raab (5% O2 and ≤5% CO2) (Cefola et al., 2016b). A comparison between 

packaged and left-open packaged fresh cut ―radicchio‖, confirmed the beneficial effect of 

modified atmosphere in slowing the respiration rate of fresh cut vegetables, and in increasing 

the sensorial quality (Cefola et al., 2016a). 

The objective of the use of modified atmosphere is to contrast the vegetables 

senescence, that consists in colour and firmness change, loss of chlorophyll, yellowing, 

flowering, visual quality deterioration, increasing in respiration and ammonia accumulation. 

Some studies find a relation between senescence and production of ethylene: brassica florets 

produce a higher ethylene quantity than leaves (Pogson and Morris, 1997). To favour the 

contrasting and inhibition of brassica senescence, it can be use 1-methylcyclopropene (1-

MCP) for 24 h, particularly in fresh cut brassicas; applied in pre-processing, before to 

package the fresh material, it extends the shelf life and improves quality (Cefola et al., 

2010b). 

Ragusa and co-authors (2013) working with kale shoots found the best method to 

reduce the post-harvest senescence using 70% N2:30% CO2 modified atmosphere at 4°C: the 

product was kept in good condition for seven days of storage. 
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2.5.1.4. EDIBLE COATINGS 

In recent years, studies on edible coatings and their application in pre and post-harvest, 

e.g. chitosan application, are increasing. Chitosan is a high molecular weight polymer, non-

toxic, bioactive, useful for its fungicidal effect that helps the defence mechanism of plants 

accumulating antifungal hydrolates and phytoalexins. Chitosan had the same effects of MeJa 

on firmness, texture and antioxidants and phenolics contents of vegetables (Moreira et al., 

2011). Chitosan films have a selective permeability to gasses (CO2 and O2) and good 

mechanical properties. However, the fact that chitosan films are highly permeable to water 

vapor limits their use; in fact, an effective control of moisture transfer is a desirable property 

for most foods, especially in moist environments. 

Resuming, the positive effects of chitosan applications are: 

- Counteract browning, restrain phenolic compounds and ascorbic acid increasing 

nutritional value; 

- Help to incorporate functional ingredients like antimicrobials, minerals, antioxidants 

and vitamins. These combinations can either increase the effects of chitosan or reinforce the 

nutritional value of raw materials; 

- Eco-packaging function: the film act as a barrier for oxygen and possesses a good 

resistance to breaking; the addition of essential oil increases the antimicrobial activity of 

chitosan. 

- Antibacterial activity against foodborne pathogens (Alvarez et al., 2013). 

Some authors found that not only chitosan, but also other edible coatings like 

carboxymethyl-cellulose, seemed to have a beneficial impact on quality retention of 

minimally processed broccoli, by retarding their weight loss, browning and yellowing 

processes, reducing stem hardening, microbial growth and improving total chlorophyll and 

ascorbic acid retention. Moreover, both edible coatings were able to inhibit the floret opening, 

which is an important quality characteristic for broccoli (Ansorena et al., 2011). Finally, both 

edible coatings and modified atmosphere packaging (MAP) treatment cause changes in 

atmosphere composition and respiration rate of lotus root slices, allowing the control of 

browning and improving the storage life of this fresh-cut vegetables (Elsabee et al., 2013). 

 

2.5.2. Post-harvest processing 

2.5.2.1. AIR-DRYING PROCESS 

Drying is an ancient processing technique that evolved along years. It began with the 

sunlight drying, and through many intermediate steps, it finally evolved until the modern 
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high-pressure drying process. This technique is cheaper than freeze-drying process, but 

possesses a lot of disadvantages, mainly because can strongly negatively affect the nutritional 

quality and the phytochemicals contents in vegetables. The efficiency of the process depends 

by the perfect combination between heat temperature (degree) and duration of process 

(minutes-hours). Many studies on the effect of air-drying process reported losses of 60% in 

phytochemical compounds content, mainly the thermo-labile compounds like vitamin C and 

phenolic content. When the blanching was made in boiling water, besides thermo-labile 

compounds, also all the hydrophilic compounds were lost (Biondi et al., 2018). 

However, several authors reported an opposite trend on the effect of air-drying 

process, detecting a relevant increase of total antioxidant capacity. In broccoli, high 

temperature and short time of drying process maximised the antioxidant activity (Mrkic et al., 

2006). Increase of antioxidant activity and high phenolic content was confirmed also by 

Lemoine and co-authors (2010) that combined UV-C germicidal lamps and hot air treatment 

at 48°C for 3 h, followed by storage condition of 0°C for 21 days. They found a diminished 

respiratory activity, indicating high tissue integrity, and after the storage period, treated 

samples showed higher levels of total sugars and total proteins than control. 

The effect of increasing antioxidant capacity is a result of several situations in air-

drying process: 

- Increased extractability and release of compounds from the matrix after broken of 

tissue, or hydrolysis of phenolics (Mrkic et al., 2006); 

- Production of new molecules with higher antioxidant potential than the primary and 

original compounds; 

- Polymerization of phenolics, that led to the formation of macro-molecules with an 

higher oxidation state and consequently higher antioxidant potential than the original 

ones. 

- Formation of novel compounds having antioxidant activity as products of Maillard‘s 

reaction, which takes place when vegetables and fruits are submitted to high heat 

temperature and prolonged storage (Nicoli et al., 1999). 

 

2.5.2.2. FREEZE-DRYING PROCESS 

Freeze-drying (FD), also known as lyophilisation, is a gentle dehydration technique 

representing the ideal process to produce high-value dried products. This technique is well-

known for its ability to maintain the product quality (colour, shape, aroma and nutritional 
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value) greater than any other drying method (Karam, 2016). Strength points of this technique 

are the low processing temperature (-20 to -80°C) and the absence of air oxygen (under 

vacuum) during processing, which minimize degradation reactions. The drying happens by 

sublimation (Oikonomopoulou and Krokida, 2013). 

Freeze-dried materials are characterized by the lowest values of apparent density and 

the highest porosity (Ratti, 2001), minimal shrinkage, and negligible collapse (less than 10%); 

however, some authors have reported a decrease in β-carotene concentration by 26% and 43% 

in freeze-dried mango and watermelon respectively (Shofian et al., 2011). In addition, many 

authors have reported a maximal (up to 94% in certain cases and in all cases higher than 60%) 

ascorbic acid retention. Besides, the antioxidant activity was found to be increased by at least 

13% (till 82%) in several freeze-dried products (Sablani et al., 2011; Shofian et al., 2011). 

Finally, it is important to highlight that unfortunately, this technique appears as a very lengthy 

and expensive preservation method, because of the low drying rates spawned by refrigeration 

and vacuum systems that increases energy costs (Liapis et al., 1996; Ratti, 2001). 

 

2.5.2.3. COOKING 

Cooking is the main post- harvest process applied by industries and by consumers and 

is strongly impacting on nutritional quality. The parameters most responsible of the 

nutritional profile modifications are: type of cooking, time and temperature of the process; 

indeed, it is possible to maintain unaltered sensorial attributes optimizing the cooking process 

(Bongoni et al., 2014). For what concern cooking of Brassica vegetables, there are a lot of 

different works in literature, with conflicting results. In general, the better method to cook 

Brassica vegetables minimizing losses of phytochemical compounds content is steaming, in 

respect to blanching, boiling, microwave cooking and stir-frying process (Vallejo et al., 2002, 

2003; Moreno et al., 2006, 2007; Sikora et al., 2008; Volden et al., 2009b; Francisco et al., 

2010). Borowski et al. (2005) proposed the best method to maintain desirable sensory 

attributes and greatest firmness, cooking broccoli in steam oven at 125°C, with 90% steam 

saturation for 8 min.  

Vitamin C content strongly depends by cooking methods, because is a very thermo-

labile compound and represent an indicator of the quality of the cooking process (Czarniecka-

Skubina, 2002). In literature, a lot of opposite and contrast results of vitamin C content were 

found: 

- High retention in microwave oven; 

- Losses from 3.7% to 10.6%. with steam pressure cooker; 
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- Low retention with traditional cooking and microwave in broccoli (Zhang and 

Hamauzu, 2004); 

- Canning is the worst preservation method for vitamin C retention in Brassica 

vegetables; indeed, Brussels sprouts blanched and canned show a reduction of 66% 

(Czarniecka 2002); Murcia and co-authors (2000) reported that canned broccoli 

retained only the 16% of original vitamin C. 

For what concerns GLS, the methods that greatly affect their contents in Brassica 

vegetables are boiling (Pereira et al., 2002), steaming, pressure cooking, microwaving 

(Vallejo et al 2002, but Verkerk and Dekker, 2004, affirmed the contrary) and stir-fry 

methods. All of them reduced the intake of GLS approximately by 30–60% (Rodrigues and 

Rosa, 1999; Verkerk and Dekker, 2004). GLS can be also leached in cooking water for 

enzymatic or thermal breakdown, around by 40 to 80% (Rosa and Heaney, 1993). The higher 

bioavailability of ITCs may be achieved by avoiding boiling of vegetables, because high 

temperature denatures myrosinase leading to a little production of ITCs. Jones et al. (2006) 

reported that the best way to maintain or reduce the loss of GLS is steaming for 2 min. 

however, also stir-frying can be useful, because the temperature of cooking oil was not so 

high and the frying process is rapid (3-5 min). This brought to a rapid inhibition of 

myrosinase without a degradation of GLS (Song and Thornalley, 2007). Indeed, the steam-

blanching process results in an increase of GLS and antioxidant capacity (Carvajal et al., 

2015). 

In scientific literature, there are conflicting notions and results about the effect of 

cooking on the total antioxidant capacity. Some authors explain that these differences can be 

due by the analysed crop, indeed boiling broccoli and cauliflower led to an apparent higher 

increase in antioxidant capacity than cabbage. This is mainly explained with the production of 

redox-active secondary plant metabolites or breakdown products, the release of antioxidants 

from intracellular proteins, changes in plant cell wall structure, matrix modification, and more 

efficient release of antioxidants during homogenization (Wachtel-Galor et al., 2008). Several 

studies reported also an important effect of cooking method on the behaviour of antioxidant 

compounds. For example, cooking at moderate temperature (50-80°C) for a suitable period of 

time and subsequently cooking in boiling water led to a greater firmness than a direct cooking 

without precooking (Lin and Chang, 2005). Pellegrini et al. (2010) reported that in fresh 

broccoli, boiling and oven steaming generally led to an increase of antioxidant potential, 

while microwaving has a detrimental effect. Fresh Brassica retained phytochemicals and 

antioxidant activity better than frozen samples, more evidently in broccoli. Carotenoids are 
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better retained with boiling in water than steaming and frying (Miglio et al., 2008; Ng et al., 

2011). Roy et al. (2009) found that steaming increased the extractability of bioactive 

compounds and the antioxidant potential in broccoli.  

In conclusion, boiling showed controversial and opposite results depending on crops 

studied. Steaming seems to be the best method for cooking Brassica vegetables without losing 

nutritional quality, followed by frying; the microwave process showed the worst effects. It is 

to cite that the fermenting process is frequently used for sauerkraut, the most famous 

fermented Brassica; this method brought to a decrease during storage of ITCs (Ciska and 

Pathak 2004). Also canning when used to store some Brassica vegetables, leads to a 

significant reduction of GLS contents (Dekker and Verkerk 2003).  
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3. RESEARCH SECTION  

3.1. Aim of the study 

The general aim of my PhD period was an investigation about factors determining 

brassica nutritional quality. The research has involved the study of many phytochemical 

compounds that constitute the nutritional quality of brassicacee vegetables, and of the factors 

that can influence and modify the quality of the final product. Once understood and known 

the factors that modified nutritional quality and phytochemical compounds content, it is 

possible to improve the nutritional quality of the first evolved class fresh products already 

commercialized by the company, but it is also possible to create and market new products 

with high nutritional value. 

 

The specific objectives were divided for each research lines addressed: 

Research line 1): 

- Characterization of the nutritional quality and the antioxidant potential of Brassica 

vegetables and field grass for the first evolved class ―Zeroscarti®‖ products; 

- Investigation about the genotype-environment interaction on nutritional quality; 

- Define a high-quality product, favouring the vegetables intake considering their 

simplicity of preparation and use. 

Research line 2): 

- Testing of the variation of phytochemicals content according to plant portion, 

developmental stage and harvest time of Brassicas. 

Research line 3): 

- Evaluation of the effect of post-harvest processes on nutritional quality of Brassica 

vegetables; 

- Identification of the best process to maintain unaltered the nutritional quality of the 

very perishable fresh vegetables; 

- Define new kind of Brassica products with high nutritional potential. 

Research line 4): 

- Testing the sensorial quality of Brassica vegetables subjected to different treatments; 

- Investigation about the consumer‘s quality perception of Brassica products. 
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4. RESEARCH LINE I: CHARACTERIZATION AND COMPARISON OF RAW 

BRASSICA AND FIELD HERBS VEGETABLES NUTRITIONAL QUALITY 

 

4.1. Introduction 

Brassica vegetables and field herbs represent rustic and wild species characterized by a 

strong capacity of adaptation in hostile environments. They can be easily cultivated in the 

South of Marche Region where the pedoclimatic conditions are ideal and optimal for their 

growth, like mild climate and clay soils. In this area is very easy to find Brassica and grass 

fields as wild and spontaneous species. 

The cultivation of these typical vegetables represents a good economic opportunity for 

the growers. In fact, in Italy the vegetables and fruits consumption is increased of the 3.1% 

from 2015 to 2016, as reported by Report Istat 2016 (https://www.istat.it/it/archivio/217356); 

this data confirm the healthy trend registered during the last years, that highlights the 

increasing attention of the consumers to healthy foods; so the farmers choice to cultivate 

Brassica and other vegetables is supported by an increasing demand for those products. 

As previously affirmed, the first evolved class is an innovative production system that 

consists of the hand-harvesting of the edible younger portion of the vegetable product 

(constituted by new shoots and apical part of the plants) that is packaged, to provide to 

consumers a new product proposal of high antioxidant property that maintains and preserves 

the sensorial and nutritional quality during time. The hand harvest of plant portion allows also 

a reduction of soil compaction and an enrichment of soil organic matter during time, because 

the 80% of the plant remains on the ground acting as a cover and reducing the erosion risk. At 

the end of production time, the plants are milled and incorporated into the ground. Brassica 

crops play an important role as soil improvers; furthermore, they have a disinfesting action to 

soilborn pests and pathogens. This function is possible thanks to the biofumigation process, 

through the production of volatile sulphur compounds (Larkin and Griffin, 2007).  

A lot of studies confirm the high quality of the younger portion. The antioxidant 

capacity and the concentration of phytochemical compounds strictly depend by the maturation 

stage of the plant; Kim et al. (2004) found that cabbage at juvenile phase has higher flavonols 

content than the mature phase. In detail, flower buds were found to be the most active part 

followed by leaves and steams (Fernandes et al., 2007; Soengas et al., 2011). For this reason, 

in this research were harvested only the younger jets of each Brassica species cultivated, for 

obtaining the highest antioxidant first evolved class products. 

https://www.sciencedirect.com/science/article/pii/S0261219406003140#!
https://www.sciencedirect.com/science/article/pii/S0261219406003140#!
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The importance of Brassica vegetables and field grass intake for humans is linked to 

their high concentration of phytochemical compounds and to their potential health protection. 

A strong attention for these vegetables was given by several biomedical studies, that shown 

the high capacity to prevent and reduce some chronic illness and cardiovascular and 

degenerative diseases, reporting anticancer activities (Herr and Buchler, 2010; Bjorkman et 

al., 2011; Soengas et al., 2011; Manchali et al., 2012).  

The main aim of this research line was to investigate the sensorial and nutritional 

quality of several vegetables belonging to Brassicacee family and others, which constitute the 

raw material of the first evolved class fresh products, with the goal of provide to consumers 

high quality products and improve the vegetables intake because of their simplicity of 

preparation and use. 

 

4.2. Materials and methods 

4.2.1. Plant material 

Vegetables characterization trial has been carried out in two years: 2016 and 2017. 

The fresh materials were provided by the agricultural company ―Valli di Marca Agricultural 

Society‖, that realized the cultivation in different production areas. The first area is situated in 

the south of Marche Region (Italy), in a typical area specialized in Brassica cultivation called 

Valdaso (136 m.a.s.l.), where the vegetables were cultivated for both years; the second is 

Fucino upland (680 masl) area, located in Abruzzo region (Italy), in Mid–Adriatic climatic 

conditions where the vegetables were cultivated only for the second year (2017). The 

vegetables were cultivated in open field, following the agriculture cultivation system typical 

of this area. The fresh materials were sampled, harvesting only the edible portion (the younger 

shoots and leaves), according to ―First evolved class and No-waste protocol‖ adopted by the 

company. The samples were selected, sliced and packaged. The table below (Tab. 4) shows 

the main species characterized in this study. In the first year all the species were analyzed, 

while in the second year the most commercially interesting Brassicas were repeated with the 

addition of two other brassicas (turnip top and black cabbage). 200 g of fresh material for 

each species were sampled and immediately frozen at -20°C, and subsequently analyzed. 

Table 5 reported the genotypes details of samples and the DAS (Day After Sowing) at harvest 

time; while in figure 3 are reported the climate graphs of the cultivation areas interested during the 

two years of trials. 

 



Table 4- Plant material analyzed during two years of trials belongs to Brassicaceae family and other field herbs (*I: 1
st
 year;**II: 2

nd
 year). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species Vegetables PROVENENCE SSC-TA-pH TAC-TPH-ACY VITAMIN C 

Brassica rapa subsp. sylvestris Turnip top Valdaso  

Fucino 

II 

II 

II 

II 

I-II 

II 

Brassica oleracea L. var. acephala subvar. 

laciniata L. 

Black cabbage Valdaso  

Fucino 

II 

II 

II 

II 

I-II 

II 

Brassica oleracea L. var. acephala subvar. 

sabellica L. 

Green Curly kale Valdaso  

Fucino 

I-II 

II 

I-II 

II 

I-II 

- 

 Red Curly kale   

 

Valdaso  

Fucino 

I-II 

II 

I-II 

II 

I 

II 

 Russian Curly kale Valdaso I-II I-II - 

Brassica oleracea L. var. italica Broccoli Valdaso  I I I 

Brassica oleracea L. convar. botrytis var. cymosa  ―Spigariello‖ broccoli 

 

Valdaso  

Fucino 

I-II 

II 

I-II 

II 

I-II 

- 

 ―Getti e foglie‖ broccoli Valdaso  

Fucino 

I-II 

II 

I-II 

II 

I 

II 

Brassica oleracea L. var. sabauda  Savoy Cabbage Valdaso I I - 

Beta vulgaris var. cicla Red Beet 

Green Beet 

Valdaso I I - 

Cichorium intybus L. Chicory Valdaso I I - 

Raphanus raphanistrum L. subsp. microcarpus 

(Lange) 

Radish-―Rapastrello‖ Valdaso I I - 

Borago officinalis L. Borage Valdaso I I - 



Table 5- Details of the samples harvested: Genotypes and DAS (Day After Sowing) 

Vegetables analyzed Genotypes,Varieties/ Seed company Prov. Sowing date Harvest time DAS 

Turnip top Var. Aprilatica /Larosa Valdaso 

Fucino 

1
st  

08/10/2015; 2
nd

 10/10/2016 

2
nd 

16/05/2017 

1
st
 6/04/2016; 2

nd
 15/04/2017 

2
nd 

16/09/2017 

1
st
 181; 2

nd
 187 

2
nd

 123 

Black cabbage Var. Laciniato palmizio di Toscana/ Four Valdaso 

Fucino 

1
st 

 13/09/2015; 2
nd

 01/10/2016 

2
nd

 25/04/2017 

1
st 

02/12/2015; 2
nd

 03/01/2017 

2
nd

 14/06/2017 

1
st 

 80; 2
nd

 94 

2
nd

 50 

Green Curly kale Kale dwarf green curled/ Maraldi Valdaso 

Fucino 

1
st 

 28/08/2015; 2
nd

 05/09/2016 

2
nd

 21/05/17 

1
st 

26/11/2015; 2
nd

 04/12/2016 

2
nd

 10/07/2017 

1
st 

90; 2
nd

 90 

2
nd

 50 

Red Curly kale  Curly kale reddy/ Maraldi Valdaso 

Fucino 

1
st 

 28/08/2015; 2
nd

 07/09/2016 

2
nd

 24/06/2017 

1
st 

26/11/2015; 2
nd

 06/12/2016 

2
nd

 13/08/2017 

1
st 

90; 2
nd

 90 

2
nd

 50 

Russian Curly kale Kale red russian/ Maraldi Valdaso 1
st 

 28/08/2015; 2
nd

 07/09/2016 1
st 

26/11/2015; 2
nd

 06/12/2016 1
st 

90; 2
nd

 90 

Broccoli Broccoli sprouts var.Santee/ Bejo Italia Valdaso 1
st 

 31/08/15 1
st 

 19/11/2015 1
st 

 80 

―Spigariello‖ broccoli Cavolo broccolo a getti di Napoli/ Larosa Valdaso 

Fucino 

1
st 

 28/08/2015; 2
nd

 10/09/2016 

2
nd

 24/06/2017 

1
st 

26/11/2015; 2
nd

 09/12/2016 

2
nd

 23/08/2017 

1
st 

 90; 2
nd 

90 

2
nd

 60 

―Getti e foglie‖ broccoli Broccoli getti e foglie / Larosa Valdaso 

Fucino 

1
st 

 30/08/2015; 2
nd

 28/08/2016 

2
nd

 24/06/2017 

1
st 

18/11/2015; 2
nd

 26/11/2016 

2
nd

 13/08/2017 

1
st 

 80; 2
nd

 90 

2
nd

 50 

Savoy Cabbage Famosa F1/Bejo Italia Valdaso 1
st
 01/09/2015 1

st
 10/12/2015 1

st
 100 

Red Beet 

Green Beet 

Selec. Eolo/Four Valdaso 

Valdaso 

1
st
 27/08/2015 

1
st
 27/08/2015 

1
st
 25/11/2015 

1
st
 25/11/2015 

1
st
 90 

1
st
 90 

Chicory Wild species/ Ingegnoli Valdaso 1
st
 15/09/2015 1

st
 14/12/2015 1

st
 90 

Radish-―Rapastrello‖ Wild species / Self production Valdaso 1
st
 18/11/2015 1

st
 28/03/2016 1

st
 131 

Borage Borago officinalis/Four Valdaso 1
st
 29/10/2015 1

st
 16/02/2016 1

st
 110 
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Figure 3- Climate graphs of the cultivation areas interested during the two 

years of trials. The graphs reported the total rainfall (mm) and the average of 

Temperature (°C) measured during the period of growth of the plants sampled. 

a) Valdaso climate graph of the 1
st
 year of trial; b) Valdaso climate graph of 

the 2
nd

 year of trial; c) Fucino climate graph referred to the 2
nd

 year of trial. 



4.2.2. Chemicals 

Methanol (99%, ACS-ISO) was purchased from Carlo Erba Reagents (Milan, Italy). 

Folin-Ciocalteu reagent, sodium carbonate (anhydrous), potassium chloride, sodium acetate, 

chloridric acid, glacial acetic acid, ferric chloride hexahydrate 2,4,6-tris(2-pyridyl)-striazine 

(TPTZ, 99%), 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), ferrous 

sulphate heptahydrate, 3,4,5-trihydroxybenzoic acid (gallic acid), vitamin C, were purchased 

from Sigma-Aldrich (Sigma-Aldrich s.r.l., Milan, Italy). 

 

4.2.3. Vegetables sensorial quality 

Vegetable materials were characterized for the soluble solid content, titratable acidity 

and the pH value; sensorial quality was performed at 20.0 ± 0.5 °C on fresh material. 

Soluble solid content (SSC) - Vegetables soluble solid content was measured on fresh 

materials using a hand-held refractometer (Atago, Italy); results are expressed as °Brix. 

Titratable acidity (TA) and pH - Vegetables titratable acidity and pH were measured 

with an automatic titrator (HI 84532 Fruit Juice Titratable Acidity- Hanna Instruments). To 5 

ml of vegetables juice, extracted with a centrifuge and filtered, was added distilled water until 

reaching 50 ml of final volume, and TA was measured (1:10, v/v). Results are expressed in % 

citric acid. The instrument measured also the vegetables pH. 

 

4.2.4. Vegetables nutritional quality 

4.2.4.1. VEGETABLES EXTRACTION 

4.2.4.1.1. Total Antioxidant Capacity, Total Phenol Content and Total Anthocyanin 

Content 

The samples stored at -20°C were powdered by liquid nitrogen (1L for 100g) to obtain 

10 g placed into test-tubes. The extraction goes on with the addition of 100 ml of extracting 

solution constituted by 20:80 water:methanol and 1% of acetic acid. Samples were 

homogenized using an Ultraturrax T25 homogenizer (Janke and Kunkel, IKA Labortechnik, 

Staufen, Germany). The homogenized suspensions were placed in a fridge at 4°C in the dark. 

After 48 hours, the suspensions were centrifuged at 2500 rpm for 15 min (Thermo Fisher 

Scientific Heraeus Megafuge 16R Centrifuge, Germany) and the recovered supernatants were 

collected and stored in six amber vials (for each sample), of 4 mL each, at -20°C waiting for 

analysis (Wang et al., 2000; Diamanti et al., 2012). The obtained samples were suitable for 

the analysis of Total Antioxidant Capacity, Total Phenol Content, and Total Anthocyanin 

Content. 
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4.2.4.1.2. Total Vitamin C Content 

Total vitamin C (or ascorbic acid) was extracted and measured as described by 

Helsper et al. (2003) and Tulipani et al. (2008), with slight modifications. Briefly, total 

vitamin C of fresh samples was extracted by sonication of 1 g of raw product in 8 ml of 

extracting solution, composed of ice-cold water with 5% of metaphosphoric acid and 1 mM 

diethylenetriaminepentaacetic acid (DTPA). This step was followed by centrifugation at 4000 

rpm for 15 min at 4°C, and then samples were filtered with 0.45 µm NY filters and 

immediately analyzed on an HPLC system.  

 

4.2.4.2. VEGETABLES ANALYSES 

4.2.4.2.1. Total Antioxidant Capacity (TAC) 

The total antioxidant capacity of vegetables was evaluated using the FRAP (Ferric 

Reducing Antioxidant Power) assay. The reduction of ferric tripyridyltriazine (Fe+3 –TPTZ) 

was measured by the method of Benzie and Strain (1996) modified by Deighton et al. (2000) 

and optimized for Brassica vegetables. The FRAP reagent was freshly prepared by mixing 

10:1:1 (v/v/v) of sodium acetate (300 mM acidified with acetic acid until pH 3.6), ferric 

chloride (20mM) and TPTZ (10mM in 40mM HCl). Briefly, the extract was diluted 1:5 and 

vortexed. This solution was further diluted 1:10 adding the FRAP solution previously 

prepared, vortexed and put in darkness for 4 min; the absorbance at 593 nm was measured by 

spectrophotometer (UV-1800 Shimadzu, UV Spectrophotometer, Kyoto, Japan). The results 

were expressed as mM Trolox Equivalent per kg of fresh weight. 

 

4.2.4.2.2. Total Phenol Content (TPH) 

Total phenols were evaluated using the Folin-Ciocalteu reagent method (Slinkard and 

Singleton, 1977), with gallic acid as the standard for the calibration curve. Briefly, each 

sample extract was diluted 1:3 in a glass test-tubes mixed with Folin-Ciocalteu reagent. After 

3 min, the solution was added with sodium carbonate (20 %), vortexed and stored in the dark. 

The absorbance of the samples was measured at 760 nm after 60 min by spectrophotometer 

(UV-1800 Shimadzu, UV Spectrophotometer, Kyoto, Japan). The data were calculated and 

expressed as mg gallic acid per kg fresh sample, using a standard curve with the range of the 

standards ranging from 5 mM to 70 mM of gallic acid/L.  

 

 

 



52 
 

4.2.4.2.3. Total Anthocyanin Content (ACY) 

Total anthocyanins were measured using the pH differential shift method (Giusti and 

Wrolstad, 2001). This assay is based on the characteristic change in intensity of the hue of the 

anthocyanins according to the pH shift. Briefly, the samples extracts were diluted 1:1 (except 

kale family diluted 1:3) with potassium chloride (pH 1) and, separately, with sodium acetate 

(pH 4.5) and the corresponding maximum absorbance for both solutions was measured 

(respectively at λ = 520 nm, and λ = 700 nm). The data were expressed as mg cyanidin 3-

glucoside (the most representative anthocyanin in pigmented brassicas) per kg of fresh 

weight. 

 

4.2.4.2.4. Total vitamin C content 

The HPLC system (Jasco Inc, Easton, USA) was equipped with a C18 column, 15 cm x 

0.46 cm, 5 μm particle size, and an Autosampler (Jasco Inc, Easton, USA). The mobile phase 

(aqueous solution of 50 mM phosphate buffered solution, pH 3.2) was slid into isocratic 

stream at a rate of 0.8 ml/min for 15 minutes. The HPLC system was coupled to a UV/VIS 

detector (Jasco Inc, Easton, USA) fixed at 244 nm wavelength, that is comprised in the range 

of best absorption of total vitamin C, and to which total vitamin C can be clearly identified as 

in our previous studies (Zhong et al., 2017). Total vitamin C quantification was made through 

a standard calibration curve, prepared by running increasing standard concentrations of 

vitamin C and measured in duplicate at the beginning and at the end of the analysis. Results 

were expressed as milligrams of total vitamin C per 100 grams of fresh weight. For each 

sample were made three replications. 

 

4.2.5. Statistical analysis 

The vegetable nutritional qualities were analyzed in triplicate for each sample. The 

data for TAC, TPH, ACY and total vitamin C were all analyzed with Statistica 7 (Stat Soft, 

Tulsa, OK – USA), using one-way analysis of variance (ANOVA), with each genotype as an 

independent variable. Significant differences within genotypes were calculated according to 

Student‘s Newman-Keuls tests, and differences at p < 0.05 were considered as significant. 

 

4.3. Results and discussion 

The results are referred to samples collected in fields located in the Valdaso area 

(Marche Region) in 2 consecutive years (2016 and 2017); data are reported as means of each 

year of study, and as means of the two years in the same area. Finally, the environment x 
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genotype interaction is studied by analysing plant samples of the same genotypes grown in the 

second year (2017) in two different cultivation areas: Valdaso (Marche Region) and Fucino 

(Abruzzo Region). During the second year, the most commercially interesting brassicas were 

repeated with the addition of two other brassicas (turnip top and black cabbage). 

 

4.3.1. Vegetables sensorial quality 

The results showed a remarkable difference among the vegetables for each of the 

parameters analyzed, suggesting that both genus and species had a great influence in the 

sensorial parameters. Considering the SSC, samples belonging to Brassicacee family stand 

out for the highest contents in both years of study and in their average values (tables 6, 7 and 

8), the curly kale group. In the first year of study, in addition to Brassica vegetables like 

broccoli, savoy cabbage, ―getti e foglie‖, kales and ―spigariello‖, the green beet showed an 

interesting value for SSC. ―Getti e foglie‖ is the sample which presents the second highest 

value for SSC and the highest for TA in the first year of study (table 6), that confer to this 

vegetable a balanced taste.  

 

Table 6- Mean values of sensorial parameters of vegetables cultivated during 1
st
 year (2016) 

in Valdaso area 

Vegetables 1
st
 year-

Valdaso 

SSC
1
 

(°Brix) 

TA
2
 

(% citric acid) 

pH 

Red Beet 5.93 ± 0.07 b 0.10 ± 0.00 cd 6.60 ± 0.06 b 

Green Beet 8.07 ± 0.59 a 0.12 ± 0.01 bcd 6.50 ± 0.15 bc 

Borage 4.33 ± 0.24 c 0.09 ± 0.01 d 6.93 ± 0.09 a 

Broccoli 9.52 ± 0.11 a 0.15 ± 0.00 bc 6.41 ± 0.03 bc 

Savoy Cabbage 8.93 ± 0.07 a 0.11 ± 0.00 cd 6.37 ± 0.03 bc 

Chicory 5.93 ± 0.07 b 0.10 ± 0.00 cd 6.00 ± 0.00 c 

Getti e foglie 9.33 ± 0.35 a 0.19 ± 0.01 a 6.13 ± 0.03 bc 

Red Curly Kale 8.33 ± 0.85 a 0.13 ± 0.01 bcd 6.43 ± 0.03 bc 

Green Curly Kale 9.13 ± 0.18 a 0.13 ± 0.00 bcd 6.33 ± 0.09 bc 

Radish 6.80 ± 0.12 b 0.11 ± 0.01 cd 6.07 ± 0.03 bc 

Russian Kale 9.27 ± 0.37 a 0.13 ± 0.01 bcd 6.23 ± 0.03 bc 

Spigariello 8.27 ± 0.44 a 0.16 ± 0.03 ab 6.37 ± 0.32 bc 

In table are reported the average of 1SSC: Soluble Solid Content; 2TA: Titratable Acidity and pH ± their standard 

deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n=3 

 

Comparing results of brassicas samples analysed during the first and second year of 

study (tables 6 and 7), emerges that the variation of sensorial parameters wasn‘t strictly 
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related to the genotype but is dependent also to other variables like year of cultivation. This 

means that environmental factors that can change from one year to another, like rainfall, 

temperature, global radiation and photoperiod length, could influence the sensorial parameters 

of genotypes cultivated at the same location for different years. 

Indeed, the species with the higher values in the 1
st 

year don‘t confirm the same trend 

in the 2
nd

 year: e.g., ―getti e foglie‖ sample, showed in table 7, had the lowest SSC, while in 

the first year it was among the highest. In table 7 are reported the results of the second year 

where curly and red kale possess the highest SSC and TA contents, this confer to this 

vegetable a balanced taste.  

 

Table 7-Mean values of sensorial quality parameters of vegetables cultivated during 2
nd

 year 

(2017) in Valdaso area 

Vegetables 2
nd

 

year-Valdaso 

SSC
1
 

(°Brix) 

TA
2
 

(% citric acid) 

pH 

Black Cabbage 10.80 ± 0.20 b 0.31 ± 0.07 ab 6.37 ± 0.12 a 

Turnip Top 7.80 ± 0.12 d 0.24 ± 0.02 b 5.97 ± 0.03 b 

Getti e foglie 8.87 ± 0.13 c 0.23 ± 0.02 b 6.13 ± 0.03 ab 

Red Curly Kale 10.53 ± 0.18 b 0.26 ± 0.01 b 6.20 ± 0.12 ab 

Green Curly Kale 12.00 ± 0.46 a 0.47 ± 0.10 a 5.70 ± 0.06 c 

Russian Kale  11.60 ± 0.20 a 0.39 ± 0.05 ab 5.67 ± 0.03 c 

Spigariello 9.60 ± 0.35 c 0.19 ± 0.01 b 6.23 ± 0.03 ab 

In table are reported the average of 1SSC: Soluble Solid Content; 2TA: Titratable Acidity and pH ± their standard 

deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n=3 

 

 

The average of sensorial values of plant samples collected in Valdaso area for two 

years, reported in table 8, underline a balanced taste in all vegetables analysed, because there 

Table 8- Mean values of sensorial parameters analyzed for two production cycles (2016/2017) in 

Valdaso area.  

Valdaso Vegetables 

average 2016/2017 

SSC
1
 

(°Brix) 

TA
2
 

(% citric acid) 
pH 

Getti e foglie 9.10 ± 0.20 b 0.21 ± 0.01 ab 6.13 ± 0.02 ab 

Red Curly Kale 9.43 ± 0.63 b 0.20 ± 0.03 ab 6.32 ± 0.07 a 

Green Curly Kale 10.57 ± 0.68 a 0.30 ± 0.09 a 6.02 ± 0.15 ab 

Russian Kale  10.43 ± 0.55 a 0.26 ± 0.06 ab 5.95 ± 0.13 b 

Spigariello 8.93 ± 0.39 b 0.18 ± 0.01 b 6.30 ± 0.15 a 

In table are reported the average of 1SSC: Soluble Solid Content; 2TA: Titratable Acidity and pH ± their standard deviation. 

Values with the same letter were not significantly different (Test SNK p≥0.05). n=6 
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was a good ratio between SSC and TA. The greatest genotypes appreciated during two years 

of trial belong to kale family, with the most interesting SSC and TA contents detected. 

 

When the cultivation area change, e.g. comparing plants grown in the two different 

environments (Fucino and Valdaso), the differences in the same genotype become more 

remarkable depending to the location of grow. Indeed, the content of SSC detected in green 

curly kale, turnip top and ―spigariello‖ samples from Valdaso cultivation was statistically 

higher than those of the same plants but cultivated in Fucino area, while values of the other 

parameters measured were more constant and similar independently to the area of growth 

(table 9). Green, red curly kale and black cabbage belong to Brassica oleracea acephala 

species and showed the highest SSC, TA and pH during two years of trial. Higher pH level 

was detected in ―spigariello‖ and ―getti e foglie‖ too. The 2 years cultivation of the in Valdaso 

area provided samples having higher concentration of SSC than the values detected from 

samples grown in the Fucino area. All other parameters resulted the same independently to the 

area of cultivation. 

 

Table 9-Means values of sensorial parameters collected during the 2
nd

 year of trials in different 

environments (Fucino vs Valdaso area)  

Vegetables Areas 
SSC

1
 

(°Brix) 

TA
2
 

(% citric acid) 
pH 

Black Cabbage Fucino 9.73 ± 0.28 cd 0.30 ± 0.01 abc 6.07 ± 0.03 ab 

 Valdaso 10.80 ± 0.20 abc 0.31 ± 0.07 abc 6.37 ± 0.12 a 

Turnip Top Fucino 4.23 ± 0.12 g 0.13 ± 0.02 c 6.03 ± 0.13 b 

 Valdaso 7.80 ± 0.12 e 0.24 ± 0.02 bc 5.97 ± 0.03 bc 

Getti e foglie Fucino 7.73 ± 0.50 e 0.24 ± 0.01 bc 5.93 ± 0.03 bc 

 Valdaso 8.87 ± 0.13 de 0.23 ± 0.02 bc 6.13 ± 0.03 ab 

Red Curly Kale Fucino 11.13 ± 0.72 ab 0.30 ± 0.01 abc 5.97 ± 0.03 bc 

 Valdaso 10.53 ± 0.18 bc 0.26 ± 0.01 bc 6.20 ± 0.12 ab 

Green Curly Kale Fucino 9.53 ± 0.48 cd 0.38 ± 0.09 ab 6.07 ± 0.03 ab 

 Valdaso 12.00 ± 0.46 a 0.47 ± 0.10 a 5.70 ± 0.06 c 

Spigariello Fucino 6.07 ± 0.07 f 0.23 ± 0.00 bc 6.20 ± 0.00 ab 

 Valdaso 9.60 ± 0.35 cd 0.19 ± 0.01 bc 6.23 ± 0.03 ab 

Fucino - 8.07 ± 0.59 B 0.26 ± 0.02 N.S. 6.04 ± 0.03 N.S. 

Valdaso  - 9.93 ± 0.34 A 0.28 ± 0.03 N.S. 6.10 ± 0.06 N.S. 

In table are reported the average of 1SSC: Soluble Solid Content; 2TA: Titratable Acidity and pH ± their standard deviation. 

Values with the same letter were not significantly different (Test SNK p≥0.05). N.S: not significant n=3; N=18 
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4.3.2. Vegetables nutritional quality 

4.3.2.1. TOTAL PHENOL CONTENT, TOTAL ANTHOCYANIN CONTENT, AND 

TOTAL ANTIOXIDANT CAPACITY 

The nutritional data showed how environment and genotype influenced the 

phytochemical compounds content. In the tables reported below, it is possible to appreciate 

several differences among genotypes. According to table 10, in the first year of cultivation in 

Valdaso area, the highest values of antioxidant capacity was detected in borage, species that 

do not belong to Brassicacee family, followed by red curly kale and chicory. The same trend 

is reported for TPH where borage, chicory and radish had the highest antioxidant capacity. 

Interestingly, literature data for TPH of borage is 5210 mg GA/kg fw for wild species, while 

2370 mg GA/kg fw for the cultivated ones (Abu-Qaoud et al., 2018), a very similar value to 

this study. 

For what concern chicory and radish, a lot of studies verified their nutritional potential 

and phytochemical compounds presence, measuring their antioxidant capacity in correlation 

with total phenolic and flavonoid content. These studies introduced those species in the 

modern diet as a healthy alternative to the vegetables normally consumed (Kücükboyaci et al., 

2012; Jancic et al., 2017). 

Red curly kale, in the first year of trial in Valdaso area (table 10), expressed the 

highest content of anthocyanins, followed by broccoli and russian kale. All these genotypes 

are constituted by red and purple pigmentation. For the others genotypes the anthocyanins 

content isn‘t relevant due to their prevailing green colour. 

As previously stated, during the second year the most commercially interesting 

Brassicas were repeated with the addition of two other brassicas (turnip top and black 

cabbage) (table 11). The results showed that green curly kale had the higher content of TAC 

and TPH followed by red curly kale for TAC and ―spigariello‖ for TPH. Data from second 

year harvest showed higher values of TAC, TPH and ACY in kales than the first ones, except 

for red curly kale TPH. Red curly kale confirmed its ACY highest content also in the second 

year, followed by Russian kale that expressed some red and purple pigmentation. 
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Table 10 - Phenolics, anthocyanins contents and antioxidant capacity of different type of 

vegetables analysed during 1
st
 year in Valdaso. 

Vegetables 1°year-

Valdaso 

TAC
1
 

(µM Trolox/g fw) 

TPH
2
 

(mg GA/kg fw) 

ACY
3
 

(mg CYA-3-GLU/kg fw) 

Red Beet 2.92 ± 0.14 e 1111.04 ± 37.65 cd 0.00 ± 0.00 e 

Green Beet 2.03 ± 0.04 e 715.48 ± 24.83 e 0.24 ± 0.11 e 

Borage 11.94 ± 0.19 a 2239.61 ± 5.20 a 3.61 ± 0.85 e 

Broccolo 8.34 ± 0.10 c 1744.37 ± 29.71 b 51.05 ± 0.71 b 

Savoy Cabbage 2.58 ± 0.16 e 869.70 ± 60.70 de 2.00 ± 0.14 e 

Chicory 10.30 ± 0.76 b 2493.13 ± 151.72 a 1.78 ± 0.33 e 

Getti e foglie 4.09 ± 0.04 d 1125.49 ± 6.44 cd 0.54 ± 0.24 e 

Red Curly Kale 10.51 ± 0.22 b 2210.15 ± 11.94 a 207.32 ± 1.16 a 

Green Curly Kale 4.86 ± 0.16 d 1427.28 ± 50.51 c 0.50 ± 0.12 e 

Radish 8.43 ± 0.08 c 2349.92 ± 23.07 a 33.29 ± 1.76 d 

Russian Kale 5.43 ± 0.20 d 1824.30 ± 85.90 b 43.03 ± 1.64 c 

Spigariello 5.05 ± 0.58 d 1255.81 ± 95.06 c 1.52 ± 0.31 e 

In table are reported the average of 1TAC: Total Antioxidant Capacity; 2TPH: Total Phenols Content; 3ACY: Total 

Anthocyanins Content ± their standard deviation. Values with the same letter were not significantly different (Test SNK 

p≥0.05). n=3 

 

 

The average data of the two-years trial in Valdaso area (table 12) confirmed the results 

already found in each of the two years of study. In fact, kales family confirmed its highest 

content of TPH or ACY, according to the species considered. Consequently, both Red Curly 

and Green Curly Kales registered a high TAC value, as also reported in many studies 

Table 11 - Phenolics, anthocyanins contents and antioxidant capacity of different type of 

vegetables analyzed during 2
nd

 year in Valdaso. 

Vegetables 2
nd

 year-

Valdaso 

TAC
1
 

(µM Trolox/g fw) 

TPH
2
 

(mg GA/kg fw) 

ACY
3
 

(mg CYA-3-GLU/kg fw) 

Black Cabbage 8.43 ± 0.24 d 1597.99 ± 27.12 c 10.36 ± 1.00 c 

Turnip Top 4.53 ± 0.09 e 860.21 ± 26.16 d 0.73 ± 0.29 c 

Getti e foglie 4.21 ± 0.08 e 701.39 ± 10.07 e 2.97 ± 0.57 c 

Red Curly Kale 11.97 ± 0.24 b 1582.49 ± 27.73 c 347.21 ± 5.89 a 

Green Curly Kale 19.36 ± 0.69 a 2788.77 ± 27.51 a 3.09 ± 1.18 c 

Russian Kale  4.27 ± 0.14 e 750.56 ± 27.10 e 48.91 ± 7.55 b 

Spigariello 9.70 ± 0.13 c 1706.96 ± 35.20 b 5.23 ± 0.32 c 

In table are reported the average of 1TAC: Total Antioxidant Capacity; 2TPH: Total Phenols Content; 3ACY: Total 

Anthocyanins Content ± their standard deviation. Values with the same letter were not significantly different (Test 

SNK p≥0.05).  n=3 
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(Heimler et al., 2006; Olsen et al., 2012, Becerra Moreno et al., 2014). Therefore, the effect of 

the genotype resulted persistent independently of the year.  

 

Table 12 - Phenolics, anthocyanins contents and antioxidant capacity of different type of vegetables 

analyzed during the two years of trials in Valdaso. 

Valdaso Vegetables 

average 2016/2017 

TAC
1
 

(µM Trolox/g fw) 

TPH
2
 

(mg GA/kg fw) 

ACY
3
 

(mg CYA-3-GLU/kg fw) 

Getti e foglie 4.18 ± 0.06 c 807.41 ± 48.02 e 2.36 ± 0.51 c 

Red Curly Kale 11.61 ± 0.24 a 1739.41 ± 73.17 b 312.24 ± 16.24 a 

Green Curly Kale 12.11 ± 1.55 a 2108.02 ± 144.71 a 1.79 ± 0.64 c 

Russian Kale  4.85 ± 0.17 c 1287.43 ± 120.30 d 45.97 ± 3.83 b 

Spigariello 7.38 ± 0.57 b 1481.38 ± 68.33 c 3.37 ± 0.44 c 

In table are reported the average of 1TAC: Total Antioxidant Capacity; 2TPH: Total Phenols Content; 3ACY: Total Anthocyanins 

Content ± their standard deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n=6 

 

The 2 cultivation conditions (Valdaso and Fucino) highly influenced the 

phytochemical composition of the different genotypes tested in the second year of study. Data 

confirm the highest nutritional value of kales, given by the high values of TAC, TPH and 

ACY of green and red curly kale. For what concern TAC and TPH, Green curly kale 

cultivated in Valdaso showed the highest values. The TPH data obtained in this trial were 

similar to those previously obtained by Lafarga et al. (2018) (900-1600 mg GAE/kg fw), 

while were lower than those obtained by Olsen et al. (2012) (4240-5622 mg GAE/kg).  

ACY results confirmed the high presence of anthocyanins group in Red curly kale 

variety, mainly in Fucino vegetables. Olsen et al. (2012) reported that in green curly kale the 

concentration of anthocyanins is negligible, while red curly kale possessed a higher ACY 

concentration than shown in this trial.  

Summarizing, it is possible to affirm that the variation of phytochemical compounds 

content is explained by the interaction Environment x Genotype. In Brassica genus, the 

differences were evident among and within the species. Environmental factors like biotic and 

abiotic stress can also change the phytochemical contents, as demonstrated by the statistical 

differences of TAC, TPH and ACY mean values between Fucino and Valdaso vegetables 

(Table 13). The first two parameters were higher in Valdaso cultivation conditions, while the 

latter was higher in Fucino environment. Also the cultivation year could influence the 

phytochemical contents in the same growing area, as demonstrated in the Valdaso cultivation 
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(table 10, 11). The importance of cultivation year and area has been confirmed by many 

studies (Cartea et al., 2011; Podsedek, 2007). 

 

Table 13 – Effect of vegetable genotype x environment interaction on 2
nd

 year Valdaso and Fucino 

samples on vegetables nutritional value. 

Vegetables  Areas TAC
1
 

(µM Trolox/g fw) 

TPH
2
 

(mg GA/kg fw) 

ACY
3
 

(mg CYA-3-GLU/kg fw) 

Black Cabbage Fucino 4.92 ± 0.09 f 961.11 ± 35.19 e 3.92 ± 0.62 c 

 Valdaso 8.43 ± 0.24 e 1597.99 ± 27.12 d 10.36 ± 1.00 c 

Turnip Top Fucino 3.03 ± 0.19 h 1038.06 ± 57.57 e 1.60 ± 0.12 c 

 Valdaso 4.53 ± 0.09 f 860.21 ± 26.16 f 0.73 ± 0.29 c 

Getti e foglie Fucino 3.46 ± 0.08 gh 705.41 ± 13.85 g 3.54 ± 0.51 c 

 Valdaso 4.21 ± 0.08 fg 701.39 ± 10.07 g 2.97 ± 0.57 c 

Red Curly Kale Fucino 13.68 ± 0.38 b 1966.52 ± 32.90 b 437.29 ± 22.64 a 

 Valdaso 11.97 ± 0.24 c 1582.49 ± 27.73 d 347.21 ± 5.89 b 

Green Curly Kale Fucino 8.86 ± 0.33 e 1559.07 ± 53.34 d 0.00 ± 0.00 c 

 Valdaso 19.36 ± 0.69 a 2788.77 ± 27.51 a 3.09 ± 1.18 c 

Spigariello Fucino 5.13 ± 0.06 f 1002.40 ± 26.71 e 3.92 ± 0.41 c 

 Valdaso 9.70 ± 0.13 d 1706.96 ± 35.20 c 5.23 ± 0.32 c 

Fucino - 6.51 ± 0.45 B 1205.43 ± 52.78 B 75.05 ± 19.57 A 

Valdaso  - 9.70 ± 0.62 A 1539.63 ± 81.15 A 61.60 ± 15.19 B 

In table are reported the average of 1TAC: Total Antioxidant Capacity; 2TPH: Total Phenols Content; 3ACY: Total Anthocyanins 

Content ± their standard deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n=3; N=18 

 

4.3.2.2. TOTAL VITAMIN C CONTENT 

Data obtained in this study confirmed that Brassica plants are a rich source of vitamin 

C, but the different species analyzed revealed a wide range of variation; indeed, vitamin C 

was strongly influenced by environment and genotype. The results illustrated below in fig. 4 

and 5 are related to the content of vitamin C obtained in the first and second years of study, 

respectively.  

In the first year of trial, are analyzed only the vegetables coming from Valdaso area, 

where the higher vitamin C content was detected in broccoli species, followed by kales group 

with green and red curly kale.  

In the second year of trial a comparison between Valdaso and Fucino areas was made; 

the results indicated that Valdaso area was major brought to favour the vitamin C production 

in vegetables than Fucino; except for its turnip top that was the highest of second year. 
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Comparing the same genotypes during the two years in the same area emerged higher 

value during the second year expect for black cabbage, in Valdaso. Broccoli, turnip top and 

black cabbage possess the highest vitamin C content. 

The amount of vitamin C registered for some vegetables is lower than reported in 

literature; e.g. Valdaso turnip top measured 7.30 and 10.50 mg/100g fw in the first and second 

year respectively, lower than 25-29 mg/100g fw reported by Conversa et al. (2016). Similarly, 

green and red curly kale registered in our study values of 4.26 and 17.57 mg/100g fw in 

Valdaso during the first year of cultivation, lower than 52 and 67 mg/100g fw reported by 

Olsen et al. (2012). Other kales analyzed in literature showed values comprised between 83 

and 104 mg/100g of fw (Podsedek, 2007; Armesto et al., 2015). 

However, several other vegetables analyzed in this study showed a higher 

concentration of vitamin C than reported in literature: e.g., Fucino turnip top, with 36.18 

mg/100g fw, was better than those reported in Conversa et al. (2016). Similarly, Broccoli 

(80.35 mg/100g fw) showed a value slightly higher than found by Bahorun et al. (2004) (74.8 

mg/100g fw). This variability in vitamin C concentration can be bound to genetic aspects and 

to climatic conditions of the cultivation areas. The vitamin C level was found to be widely 

variable in broccoli (4-fold) and in kale (2-fold) also in literature (Podsedek, 2007, Kaur et al., 

2006; Nicoletto et al., 2016). Furthermore, several studies reported that the concentration of 

vitamin C varied also considering the plants portion: Lafarga et al., (2018) described a higher 

concentration in the inflorescences/leaves than stems in some varieties, while other studies 

found the opposite trend (Zhang and Hamauzu, 2004).  

 

 

Figure 4- Average of Vitamin C (mg/100g fw) content in samples analyzed during the 1
st
 year ± 

standard deviation. n=3 
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Figure 5- Average of Vitamin C content (mg/100g fw) in samples analyzed during the 2
nd

 year ± 

standard deviation. n=3 

 

4.4. Conclusions  

In this study was confirmed the high sensorial, nutritional and antioxidant potential of 

Brassicacee plants and field herbs. It was reported the great variation among and inside the 

species influenced by the genotype and the environment (Podsedek, 2007). Several genotypes 

showed interesting and appreciated concentrations of phytochemical compounds like green 

and red curly kale, borage and chicory; instead, others presented lower contents like beets, 

―getti e foglie‖ and turnip top. For what concern the other species like chicory, borage, and 

radish, this study proved that the cultivated vegetables possess minor content of 

phytochemicals than the wild ones (Abu-Qaoud et al., 2018), and that they represented a wide 

source of antioxidants and phenols and can be used as alternative for the consumers.  

For what concern the cultivation area, Valdaso promoted higher TAC values 

associated with higher TPH contents in vegetables than Fucino. About ACY, the red curly 

kale reached the highest value among all in Fucino. Considering the DAS (day after sowing) 

of samples harvested, emerged that those coming from Fucino were collected earlier than 

those of Valdaso area. This fact is explained with the increase of light during spring and 

summer season that accelerate the transition to the reproductive phase, reducing the life cycle 

length and anticipating the harvest time. 

From the two years of research carried out, emerged the strongly predominance of 

curly kale group in terms of phytochemical compounds contents and nutritional property, in 
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details the green for TAC and TPH and the red one for ACY; they possess interesting balance 

taste between SSC and TA analyzed too. 

This study strengthens the commercial diffusion and proposal of the first evolved class 

vegetables; this product will satisfy the consumer‘s needs, maintaining high sensorial and 

nutritional quality, together with an ease of preparation and use. 
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5. RESEARCH LINE II: VARIATION OF NUTRITIONAL QUALITY DEPENDING 

ON HARVESTED PLANT PORTION OF BROCCOLI AND BLACK CABBAGE 

 

5.1.  Introduction 

Italy is known in the word for its high-quality products and crops; among these, 

Brassica vegetables cover an important part of the market, with a total production of 828.258 

t in 2017. However, Brassica Italian crops production suffered of a decreasing of 15% since 

2010. The same percentage of decreasing is reported for the Marche Region, where the actual 

study was conducted, from 1.991 ha in 2010, to 731 ha in 2017, focusing on savoy cabbage, 

cauliflower and broccoli crops. By the way, an increase of other cabbage production was 

registered for this region (Istat- tav. C08-C09, 2010-2017). 

A lot of studies showed a relation between the high consumption of Brassica 

vegetables and the reduction of the risk of age-related chronic illness such as cardiovascular 

and other degenerative diseases (Kris-Etherton et al., 2002); they reduced also the risk of 

several types of cancer (Bjorkman et al., 2011). Broccoli and black cabbage are among the 

vegetable food with the highest antioxidant potential (Zhou and Yu, 2006). The antioxidant 

and antiradical activity in Brassica vegetables is mainly represented by the large group of 

polyphenols, constituted by flavonoids (mainly flavonols and anthocyanins) and 

hydroxycinnamic acids. These secondary metabolites have several functions in the plant, like 

UV protection, pigmentation, and disease control, as glucosinolates (Pereira et al., 2002). In 

Brassica genus, the main represented flavonols are quercetin, kaempferol and isorhamnetin. 

Anthocyanins, besides to confer the blue and red pigmentation in broccoli sprouts and red 

cabbage, possess high antioxidant activity (Moreno et al., 2010); among them, cyanidin-3-

glucoside is the mainly represented in Brassica crops (Lo Scalzo et al., 2008).  

Several studies describe the variation of the antioxidant activity and phenolics content 

in the plant portion: e.g. in turnip plants, flower buds are the most active portion, followed by 

leaves and stems, while roots seem to have less interesting phenolic concentration (Fernandes 

et al., 2007). Ferreres et al. (2009) revealed that kale seeds had higher antioxidant potential 

than kale leaves, but leaves were the richest in phenolics. In Brassica rapa, Francisco et al. 

(2009) reported that phenolic compounds content is higher in leaves harvested during 

vegetative period than fructiferous stems (with flower, buds, and surrounding leaves), and 

flavonoids were the main represented compounds. These findings are confirmed by Francisco 

and collaborators (Francisco et al., 2011), who found that total phenolic content is higher in 

green turnip than in turnip top. On the contrary, Schmidt et al. (2010) found that harvest date 
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has only a minimal influence on flavonoid concentration in kale. Broccoli cultivars have an 

increase of phenolic compounds during the inflorescences development, with an interesting 

antioxidant activity in flower, stem and leaf (Vallejo et al., 2003 b; Guo et al., 2001). 

The aim of this work is to investigate the content of phytochemical compounds in 

different Brassica plant portions at different development stages for providing high 

antioxidant products to consumers. For this reason, broccoli plants were divided into heads 

and stems, while for black cabbage leaves and seeds were chosen. A comparison study 

between different varieties of broccoli was made too, to investigate the interaction between 

genotype and plant portion. Developmental stage was also kept in consideration, analyzing 

first and second harvest of product.  

 

5.2. Materials and methods 

5.2.1. Plant material 

Vegetables materials used for these trials were provided by Valli di Marca 

Agricultural Farms that cultivated the raw materials in a typical agricultural area in the south 

of Marche Region (Italy) called Valdaso, situated in the middle Adriatic zone at 136 m. a. s. 

l.. Brassica plants were cultivated in open field conditions, according to the typical cultivation 

system adopted in this area. Broccoli samples belong to Roja and Santee cultivars were 

sowing on 20
th

 November 2015 and were harvested on 8
th

 February 2016, while Roja-II 

(second harvest) was collected on 26
th

 February 2016. After harvesting, samples were 

packaged in 300 g of fresh weight and immediately frozen at -20°C. In a second step, before 

the analysis, broccoli samples were divided into heads and stems (approximately representing 

25% and 75% of total fresh weight, respectively) for analyzing the different antioxidants, 

phenols and anthocyanins content in the two portions; black cabbage seeds and leaves were 

taken too (seeds were sampled during April 2016 while leaves on 10
th

 March 2016). Table 14 

shows the plant materials sampled and the day after sowing (DAS).  

 

Table 14 - Plant materials sampled 

Species Samples (300 g) DAS 

Brassica oleracea L.var. 

italica 

*
Bejo Italia 

5 samples of Broccoli var. Roja
*
 divided into heads and stems 

5 samples of Broccoli var. Santee F1
*
 divided into heads and stems 

3 samples of Broccoli var. Roja
*
 - II harvest- divided into heads and stems 

80 

80 

98 

Brassica oleracea L. 

var. acephala subvar. 

laciniata L.* *Four sementi 

2 samples of black cabbage leaves  

2 samples of black cabbage seeds  

80 

- 
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5.2.2. Chemicals 

Methanol (99%, ACS-ISO) was purchased from Carlo Erba Reagents (Milan, Italy). 

Folin-Ciocalteu reagent, sodium carbonate (anhydrous), potassium chloride, sodium acetate, 

chloridric acid, glacial acetic acid, ferric chloride hexahydrate, 2,4,6-tris(2-pyridyl)-striazine 

(TPTZ, 99%), ferrous sulphate heptahydrate, 3,4,5-trihydroxybenzoic acid (gallic acid), and 

sodium hydroxide, were purchased from Sigma-Aldrich (Sigma-Aldrich s.r.l., Milan, Italy). 

 

5.2.3. Vegetables sensorial quality 

The sensorial quality analysis was carried out on a vegetable juice extract obtained by 

the fresh material and prepared with a centrifuge for food (except for the seeds) and 

developed at 20.0 ± 0.5 °C. The measurement of vegetables soluble solids (SSC) was made 

using a hand-held refractometer (Atago, Italy). The refractive index was recorded as °Brix, 

with the refractometer prism cleaned with distilled water after each sample. Vegetables 

titratable acidity (TA) was determined from 5 ml juice diluted with distilled water (1:10, v/v) 

and automatically titrated by an automatic titrator (HI 84532 Fruit Juice- Titratable acidity- 

Hanna Instruments, Woonsocket, Rhode Island, Stati Uniti). The titratable acidity is 

expressed as % citric acid. This instrument allows also the pH measurement.  

 

5.2.4. Vegetables nutritional quality 

5.2.4.1. VEGETABLES EXTRACTION 

5.2.4.1.1. Total Antioxidant Capacity, Total Phenol Content and Total Anthocyanin Content 

Fresh materials stored at -20°C were sliced for obtaining 10 g of representative 

samples and placed into test tubes. 100 ml of methanol extracting solution, constituted by 

20:80 water: methanol and 1% of acetic acid, were added to the samples. Samples were then 

homogenised using an Ultraturrax T25 homogenizer (Janke and Kunkel, IKA Labortechnik, 

Staufen, Germany). The homogenized suspensions were placed in a fridge at 4°C in the dark. 

After 48 hours, the suspensions were centrifuged at 2500 rpm for 15 min (Thermo Fisher 

Scientific Heraeus Megafuge 16R Centrifuge, Germany) and the recovered supernatants were 

collected and stored in six amber vials (for each sample), of 4 ml each, at -20°C (Wang et al., 

2000; Diamanti et al., 2012). 

 

5.2.4.2. VEGETABLES ANALYSES 

5.2.4.2.1. Total Antioxidant Capacity (TAC) 
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Vegetables total antioxidant capacity (TAC) was evaluated using FRAP (Ferric 

Reducing Antioxidant Power) method; the reduction of ferric–TPTZ was measured by the 

method of Benzie and Strain (1996), modified by Deighton et al. (2000) and optimized for 

Brassica vegetables. The FRAP reagent was freshly prepared by mixing 10:1:1 (v/v/v) of 

sodium acetate (300 mM acidified with acetic acid until pH 3.6), ferric chloride (20mM) and 

TPTZ (10mM in 40mM HCl). Briefly, the vegetable methanolic extract was diluted 1:5 and 

vortexed. This solution was further diluted 1:10 adding the FRAP solution previously 

prepared, vortexed and put in darkness for 4 min; after this, the absorbance was measured at 

593 nm by spectrophotometer (UV-1800 Shimadzu, Kyoto, Japan). 

The results were expressed as mM Trolox Equivalent per kg of fresh weight (mM 

TE/kg fw). Also in this case, the calibration was calculated by linear regression from the dose-

response curve of the Trolox standards. 

 

5.2.4.2.2.  Total Phenol Content (TPH) 

The vegetable total phenol content was evaluated using the Folin-Ciocalteu reagent 

method (Slinkard & Singleton, 1977), with gallic acid as the standard for the calibration 

curve. Briefly, glass test-tubes were filled with 3.5 ml water, and 150 µl diluted vegetable 

methanolic extract (1:3) was added. The absorbance of the samples was measured at 760 nm 

by spectrophotometer (UV-1800 Shimadzu, Kyoto, Japan) after 60 min. The data were 

calculated and expressed as mg gallic acid per kg of fresh weight (mg GA/kg fw).  

 

5.2.4.2.3. Total Anthocyanin Content (ACY) 

The vegetable total anthocyanin content was measured using the pH differential shift 

method (Giusti & Wrolstad, 2001). This assay is based on the characteristic change in 

intensity of the hue of the anthocyanins according to the pH shift method. Briefly, the 

vegetable methanolic extracts were diluted (1:1) with potassium-chloride (pH 1.00) and with 

sodium acetate (pH 4.50); then the corresponding maximum absorbance of both solutions was 

measured at the wavelengths of 520 nm and 700 nm. The data are expressed as mg cyanidin 

3-glucoside (the most represented anthocyanin in broccoli) per kg of fresh weight (mg Cya-

Glu/kg fw). 

 

5.2.5. Statistical analysis 

Vegetable sensorial and nutritional qualities were analyzed in triplicate for each 

sample. The data for the fruit titratable acidity, soluble solids, FRAP, TPH and ACY were all 
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analyzed through the STATISTICA 7 software (Stat Soft, Tulsa, OK - USA), using one-way 

analysis of variance (ANOVA), with each genotype or plant parts as an independent variable. 

Significant differences within genotypes or plant parts were calculated according to student‘s 

Newman-Keuls tests, and differences at p < 0.05 were considered significant. 

 

5.3.  Results and discussion 

5.3.1. Vegetables sensorial quality 

Sensorial quality was analyzed on fresh material considering the whole samples of 

broccoli. The results of sensorial analysis are reported in table 15. Broccoli var. Santee had 

the statistically highest soluble solids concentration. Regarding the Titratable acidity, the 

statistical analysis underlined how black cabbage samples had the highest titratable acidity, 

while Roja-II samples showed the statistically highest pH value. Broccoli data confirm the 

results found by Nicoletto and co-authors (Nicoletto et al., 2016); they reported similar value 

for SSC content (8.2-9.3°Brix), and higher value for what concern the TA (0.40-0.43 % citric 

acid); lower for pH (5.67-5.83).  

Black cabbage belonged to the Brassica oleracea var. acephala group that includes 

kales. A lot of studies regarded the sensorial aspects of kale family; Armesto and co-authors, 

(2016, 2017) and Martinez et al. (2010) reported similar amount of SSC, TA and pH in kale. 

According to those results, it is clear that the sensorial quality is affected by genotype. 

Regarding the development stage, the comparison of Roja with Roja-II did not show any 

significant difference for the SSC and TA parameters. The only significant difference was 

registered for the pH value, with the Roja-II being higher than Roja. 

 

Table 15 - Average of total soluble solids contents, titratable acidity 

and pH of Brassica samples analyzed 

Vegetables SSC
1
  

(°Brix) 

TA
2 

(% citric acid) 

pH 

Black Cabbage 9.55±0.31b 0.23±0.02 a 5.88±0.06d 

Roja-II
3 8.97±0.26b 0.15±0.01b 6.77±0.06a 

Roja
4 9.56±0.21b 0.15±0.01b 6.53±0.07b 

Santee
5 10.62±0.26a 0.16±0.01b 6.35±0.02c 

Average of 1SSC: Soluble Solids Content; 2TA: Titratable Acidity and pH ± standard 

deviation; 3Roja-II: Broccoli var. Roja II°harvest; 4Broccoli var. Roja I°harvest: 5Broccoli 

var. Santee. Values with the same letter were not significantly different (Test SNK 

p≥0.05). n=3 
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5.3.2. Vegetables nutritional quality 

5.3.2.1. BLACK CABBAGE AND WHOLE BROCCOLI NUTRITIONAL VALUE 

In table 16, results about the average values of nutritional parameters for black 

cabbage seeds and leaves are reported. Furthermore, average values of nutritional parameters 

for each variety of broccoli are showed, comprising Roja harvested at two different 

development stages. 

 

Table 16 - Average of total antioxidant capacity, phenolics and anthocyanins content in the 

different vegetables analyzed. 

Vegetables  TAC
1 

(mM Trolox/kg fw) 

TPH
2 

(mg GA/kg fw) 

ACY
3 

(mg CYA-3-GLU/kg fw) 

Black Cabbage Leaves  5.68±0.21b 1444.60±23.82b 3.25±0.24b 

Black Cabbage Seeds  8.39±0.53a 1767.79±12.67a 16.87±0.24a 

     

Santee
4 

 4.65±0.13B 1038.74±26.48B 18.15±2.33B 

Roja
5 

 4.31±0.15B 1046.20±28.73B 23.42±2.75B 

Roja-II
6 

 8.86±0.24A 2021.17±117.64A 72.61±9.05A 

Average of 1TAC: Total Antioxidant Capacity; 2 TPH: Total Phenol Content; 3 ACY: Total Anthocyanin Content ± standard 

deviation; 4 Santee: Broccoli var. Santee; 5 Broccoli var. Roja I° harvest; 6 Roja-II: Broccoli var. Roja II°harvest. Values with 

the same letter were not significantly different (Test SNK p≥0.05). Lowercase letters refer to black cabbage analyses; 

uppercase letters refer to broccoli analyses. n=3; N=3 

 

Black cabbage seeds showed a higher content of both the investigated phytochemical 

compounds than leaves (TPH and ACY) and, consequently, a statistically higher TAC value. 

These results can be confirmed by Ferreres and collaborators (Ferreres et al., 2009), who 

performed characterization trials on kale, analysing the antioxidant activity of kale seeds and 

leaves. They found that seeds are rich in quercetin and isorhamnetin derivatives, not found in 

leaves, and in phenolic acids, conferring them a higher antioxidant capacity than leaves, rich 

in flavonols. This major antioxidant capacity found in seeds is bound to their physiological 

functions as germination, permeability to water, protection by pests and insect attacks, storage 

and protection of lipids from oxidation. 

In our study, the effect of genotype on the phytochemical composition and the 

antioxidant capacity is not evident, giving that Roja (first harvest) and Santee cultivars did not 

show any statistically significant difference. This is due probably to the low amount of 

antioxidant compounds accumulated in the tissues of different cultivars analysed in this study. 

On the contrary, results on the effect of developmental stage on antioxidant capacity and 
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phytochemical composition were very interesting. In fact, Broccoli Roja- II harvest showed a 

statistically higher content of TPH and ACY than Roja (first harvest), showing also a double 

value of antioxidant capacity than the latter. The harvest date can influence the antioxidant 

capacity of plants as reported by Soengas and co-authors (Soengas et al., 2011). Vallejo et al. 

(2003 b) reported that the content of phytochemical compounds, in particular phenolic 

compounds, increased with the exposure to sunlight. In fact, broccoli grow is very sensible to 

climate and light conditions (Bjӧrkman et al., 2011). 

 

5.3.2.2. BROCCOLI‘S HEAD AND STEM NUTRITIONAL QUALITY 

5.3.2.2.1. Total Antioxidant Capacity (TAC) 

In figure 6, FRAP showed contrasting results, because Roja and Santee possess the 

highest concentration of antioxidant in stem, in Roja II samples head value was the highest for 

the antioxidant capacity (9.91 ± 0.16 mM Trolox/kg fw). Similar FRAP results were obtained 

by Kaur et al. (2006) and Pellegrini (2010). 

The total averages of different plant parts showed that stem possessed a higher FRAP 

value than head. In literature, Fernandes et al. (2007) found an opposite trend in turnip, 

reporting that flower buds possess the highest antioxidant capacity, followed by leaves and 

stems, where flavonols were mainly represented.  

 

 

Figure 6- Average and standard deviation of total antioxidant capacity measured by Ferric Reducing 

Antioxidant Power (FRAP) of Broccoli analyzed: Roja, Santee and Roja II harvest divided into head 

and stem, and their average (represented with uppercase letters). Values with the same letter were not 

significantly different (Test SNK p≥0.05). n=3; N=9 

 

 

 

 

5.00 
±0.62 

3.63 
±0.76 

5.14 
±0.68 

4.15 
±0.49 

7.82 
±0.39 

9.91 
±0.55 

5.70 
±1.31 

5.28 
±2.64 

0,00 

2,00 

4,00 

6,00 

8,00 

10,00 

12,00 

Roja Stem Roja 
Head 

Santee 
Stem 

Santee 
Head 

Br Stem  Br Head Average 
Stem 

Average 
Head 

 FRAP (mM Trolox/kg fw) 

Roja-II 
Stem 

Roja-II 
Head 



70 
 

5.3.2.2.2. Total Phenol Content (TPH) 

In the analyzed broccoli, the range of phenol concentration varied from 891.26 to 

2574.77 mg GA/kg of fw, as reported in figure 7. Total phenol content, that is responsible for 

the 80% of total antioxidant capacity, resulted to be highest in the broccoli heads, with an 

average value of 1499.35 mg GA/kg of fw. This trend was confirmed in all the analyzed 

genotypes, where TPH of heads are always statistically higher than the corresponding stems. 

Roja-II had a higher content of phenols in head and stem than Roja (first harvest), probably 

due to stage of development; this could mean that the late harvesting increases the quality of 

product as reported by Samec et al. (2011) and Soengas (2011). Our study confirms that total 

phenolic content depends by genotype and plant development stage; a lot of works reported 

similar findings (Bahorun et al., 2004; Kaur et al., 2006). 

Usually TPH and FRAP results had the same trend, giving that phenolic compounds 

have a great incidence on the total antioxidant capacity of a food matrix. In this case, the 

higher TPH average content of head do not correspond to the average higher FRAP value of 

stem tissues; this result is probably due to the capacity of FRAP method to detect more 

antioxidant compounds over phenols, like ascorbic acid, carotenoids, vitamins and others, 

although the phenolics content represented the 80% of total antioxidant capacity as reported 

by Podsedek (2007). However, in Roja-II, TPH values of head was higher than TPH value of 

stem, and similarly FRAP value was higher in Roja-II head than stem.  

 

 

Figure 7- Average values of Total Phenol Content (TPH) with standard deviation of Broccoli 

analyzed: Roja, Santee and Roja-II harvest divided into head and stem, and their average (represented 

with uppercase letters). Values with the same letter were not significantly different (Test SNK 

p≥0.05). n=3; N=9. 
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5.3.2.2.3. Total anthocyanin content (ACY) 

The highest value of anthocyanins content was detected in broccoli heads, as 

suggested by the slightly violaceous coloration of this part of broccoli (Figure 8). The highest 

concentration of anthocyanins has been registered for Roja-II broccoli head, probably due to 

an increasing of purple color intensity during plant development. However, also the less 

colored part of the plant (Stem) showed a statistically higher ACY content in Roja-II than in 

Roja (first harvest), indicating an increase of this compounds during development also in 

absence of purple coloration. 

Stem showed an average amount of anthocyanins of 78% less than head content. 

Sotelo et al. (2014) found similar values in broccoli (2.2-6.3 mg CYA/kg fw); while 

Rodriguez-Hernandez et al. (2012), made a comparison between inflorescences and leaves, 

finding higher values than the present study.  

 

 

Figure 8- Average of Total Anthocyanin Content (ACY) with standard deviation of Broccoli 

analyzed: Roja, Santee and Roja-II harvest divided into head and stem, and their average (represented 

with uppercase letters). Values with the same letter were not significantly different (Test SNK 

p≥0.05). n=3; N=9.  
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very important during germination when demand of oxygen is high (Sousa et al., 2007; 

Ferreres et al., 2009). For what concern broccoli, heads have a higher content of 

phytochemical than stems, but FRAP method revealed that the total antioxidant capacity 

followed the opposite trend. 

Considering the different values between Roja and Santee, harvested at the same time, 

there are not statistically significant differences of phytochemical compounds content. 

The big differences between Roja-II and Roja (first harvest) samples are probably due 

to development stage and harvesting time, because Roja-II were harvested approximately 20 

days later; so the development stage and harvest time brought some phytochemical 

compounds content differences and suggest to keep on investigation and research about the 

behaviour of their concentration during time.  
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6. RESEARCH LINE III: COMPARISON STUDY ABOUT PROCESSING 

METHODS (POSTHARVEST TREATMENTS) AND THEIR EFFECTS OF THE 

NUTRITIONAL QUALITY OF DIFFERENT BRASSICA VEGETABLES 

 

6.1. Introduction 

Brassicaceae vegetables, also called crucifers, include different genera of cabbages, 

broccoli, cauliflowers, Brussel sprouts, kale, etc., which are consumed all over the world. 

These vegetables possess both antioxidant and anticarcinogenic properties for secondary 

substances content, like phenolics, glucosinolate, ascorbic acid. Several epidemiological 

studies indicate that a high intake of brassicaceous vegetables is associated with a reduced 

risk of several types of cancer, of age-related chronic illness such as cardiovascular diseases, 

diabetes and other degenerative disease (Podsedek, 2007; Mageney et al., 2017). Besides the 

Brassica species that is analyzed, the amount of the antioxidant compounds also depends by 

the plant organ harvested; flower buds were found to be the most active part, followed by 

leaves and stems and turnip roots, showing a significantly lower antioxidant capacity 

(Soengas et al., 2011). For example, young broccoli sprouts contain about 20-fold higher 

glucosinolate amount than the late vegetative stage (Fahey et al., 1997); the increase in 

phenolic compounds and ascorbic acid coincides with the inflorescence development (Vallejo 

et al., 2003 b). Brassica vegetables are characterized by the harvesting of the portion with the 

inflorescence and nearest leaves, or only leaves in acephalous plants, that are cut and prepared 

for obtain the marketable product. Therefore, the main problem of their production is to 

maintain unaltered the nutritional quality of fresh vegetables, very perishable after harvest for 

their high moisture content. Their short life can be increased by storing those vegetables at 

refrigerating temperatures. However, this strategy is able to assure quality standards only for a 

few days (Oliveira et al., 2015). The solutions for improving the shelf life period and the 

marketability of perishable foods are air-drying and freeze-drying processes. 

 

 

This chapter refers to the following article already published:  

Biondi F., Balducci F., Mazzoni L., Di Vittori L., Capocasa F., Mei E., Vagnoni M., Visciglio M., Mezzetti 

B. (2018). Comparison study about processing methods (postharvest treatments) and their effects of the 

nutritional quality of different Brassica vegetables. Acta Horticolturae 1202 ISHS 2018. DOI 

10.17660/ActaHortic.2018.1202.19 
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Drying is an ancient process used to preserve food, it is favored due to low processing 

cost and speed of execution (Ratti, 2001). The basic objective in drying food products is the 

removal of water from the solids to a level at which microbial spoilage and deterioration 

resulting from chemical reactions is greatly minimized; this enables the product to be stored 

for longer periods. However, this process can lead to the degradation of naturally heat-

sensitive substances, such as vitamins, antioxidants, minerals, pigments, and other bioactive 

compounds, due to high temperatures/times exposure (Krokida et al., 2003).  

Freeze-drying, also known as lyophilization, is a better method of moisture removal, 

with final products of higher quality compared with air-drying. This method is based on 

dehydration of the frozen product by sublimation; the absence of liquid water, the absence of 

air oxygen during processing, and the ultra-freezing required for the process (Antal et al., 

2017) stopped most microbiological reactions, giving a final product of excellent quality 

(color, shape, aroma and nutritional value) greater than any other drying method, with 

negligible losses of bioactive compounds (Ratti, 2001). 

The aim of this work is to study the nutritional quality of several Brassica vegetables 

and evaluate the effects of air-drying and freeze-drying postharvest treatments on product 

quality.  

 

6.2. Materials and methods 

6.2.1. Plant material 

In this study were evaluated different species of Brassica vegetables, cultivated during 

two production cycles (autumn 2016 and autumn 2017) in the peculiar open field condition of 

Fucino upland (680 masl) area, located in Abruzzo region (Italy), in Mid–Adriatic climatic 

conditions. In this area, Brassica crops are cultivated only in autumn and spring seasons 

because in winter the average temperature is very low for their cultivation. Cultural 

operations, fertilization, and weed control were made according to local practices. The 

Brassica vegetables analyzed were Black cabbage, Red curly kale, Green curly kale (Brassica 

oleracea L. spp. acephala); ―Getti e foglie‖ and ―Spigariello‖ broccoli (Brassica oleracea L. 

spp. botrytis var. cymosa) in the first year. During the second year was made a repetition of 

the previous species reported above, with the addition of Turnip top (Brassica rapa L. var. 

sylvestris) and Broccoli (Brassica oleracea L. spp. italica). These vegetables were analyzed 

fresh, air-dried and freeze-dried. 

The fresh samples were provided by Valli di Marca Company that selected and cut the 

vegetables preparing 200 g of first evolved class products for each kind of vegetables; the 
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samples were stored at -20°C after packaging in heat-sealed bags and then analyzed to detect 

their nutritional composition. 

Three fresh samples for each type of vegetables analyzed (200 g) were prepared for 

the air-drying process performed by the company Farris srl (FG-Italy). The samples were 

washed with tap water and diced. Then, samples were cooked in boiling water at 100°C for 

few minutes, according to the vegetable species. Finally, samples were dried by oven at 

100°C for some minutes and then the temperature was lowered until 58-60°C for 1.5 h. The 

process finished when the water activity reached 0.35-0.40, and the humidity of the product 

was 6-7%. Then samples were analyzed to determine the nutritional composition. 

Three samples of 200 g fresh product, of each species analyzed, were frozen and 

stored at -20°C and lyophilized by Labconco Freezone 12L mod. 78670 (Kansas City, 

Missouri, USA) at -82°C of temperature and 0.1 hPa of pressure, for 5 days. Samples of dried 

brassica vegetables were milled into powder through the utilization of a mortar and were also 

analyzed to determine the nutritional composition. 

Four replies were carried out for each sample analyzed. 

 

6.2.2. Chemicals 

Methanol (99%, ACS-ISO) was purchased from Carlo Erba Reagents (Milan, Italy). 

Folin-Ciocalteu reagent, sodium carbonate (anhydrous), potassium chloride, sodium acetate, 

chloridric acid, glacial acetic acid, ferric chloride hexahydrate 2,4,6-tris(2-pyridyl)-striazine 

(TPTZ, 99%), 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), ferrous 

sulphate heptahydrate, 3,4,5-trihydroxybenzoic acid (gallic acid), ascorbic acid, were 

purchased from Sigma-Aldrich (Sigma-Aldrich s.r.l., Milan, Italy). 

 

6.2.3. Vegetables nutritional quality 

6.2.3.1. VEGETABLES EXTRACTION 

6.2.3.1.1. Total antioxidant capacity, Total phenol content, Total anthocyanin content  

The fresh selected samples stored at -20°C were powdered by liquid nitrogen (1L for 

100g); the extraction of phytochemical compounds was performed on 10 g of powder placed 

into test-tubes with 100 mL of extracting solution (20:80 water and methanol and 1% of 

acetic acid). Samples were then homogenized using an Ultraturrax T25 homogenizer (Janke 

and Kunkel, IKA Labortechnik, Staufen, Germany). The homogenized suspensions were 

placed in a fridge at 4°C in the dark. After 48 hours, the suspensions were centrifuged at 2500 

rpm for 15 min (Rotofix32 centrifuge, Hettich Zentrifugen, Tuttlingen, Germany) and the 
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recovered supernatants were collected and stored in six amber vials (for each sample), of 4 

mL each. The supernatants were collected and stored at -20°C until the moment of analyses 

(Diamanti et al., 2012). The extraction of the air-dried and freeze-dried vegetables was 

performed on 2.50 g of samples instead of 10 g; the protocol applied was the same of the fresh 

material. 

 

6.2.3.1.2. Ascorbic acid content 

Ascorbic acid (or vitamin C content) was extracted and measured as described by 

Helsper et al. (2003) and Tulipani et al. (2008), with slight modifications. Briefly, ascorbic 

acid of fresh samples was extracted by sonication of 1 g of product in 8 mL of extracting 

solution, composed of ice-cold water with 5% of metaphosphoric acid and 1 mM DTPA. This 

step was followed by centrifugation at 4000 rpm for 15 min at 4°C, then samples were filtered 

with 0.45 µm nylon (NY) filters and immediately analyzed on an HPLC system.  

 

6.2.3.2. VEGETABLES ANALYSES 

6.2.3.2.1. Total Antioxidant Capacity (TAC) 

Total Antioxidant Capacity (TAC) was measured by FRAP (Ferric Reducing 

Antioxidant Power) assay. The reduction of ferric tripyridyltriazine (Fe+3 –TPTZ) was 

measured by the method of Benzie and Strain (1996) modified by Deighton et al. (2000), in 

which the FRAP reagent was freshly prepared by mixing 10:1:1 (v/v/v) of sodium acetate 

(300 mM acidified with acetic acid until pH 3.6), ferric chloride (20mM) and TPTZ (10mM in 

40mM HCl). Briefly, the sample extract was diluted 1:5 and vortexed. This solution was 

further diluted 1:10 adding the FRAP solution previously prepared, vortexed and put in 

darkness for 4 min; the absorbance at 593 nm was measured by spectrophotometer. The 

results were expressed as µM Trolox Equivalent per g of fresh weight. 

 

6.2.3.2.2. Total Phenol Content (TPH) 

The vegetable Total Phenol Content (TPH) was evaluated using the Folin-Ciocalteu 

reagent method (Slinkard and Singleton, 1977), that represent a good preliminary 

methodology for the evaluation of total polyphenols in Brassica vegetables (Radošević et al., 

2017), with gallic acid as the standard for the calibration curve. Briefly, each sample extract 

was diluted 1:5 in a glass test-tubes mixed with Folin-Ciocalteu reagent. After 3 min, the 

solution was added with sodium carbonate (20 %), vortexed and stored in the dark. The 

absorbance of the samples was measured at 760 nm after 60 min. The data were calculated 
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and expressed as mg gallic acid per kg fresh sample, using a standard curve built with the 

analysis of absorbance of increasing concentrations of gallic acid.  

 

6.2.3.2.3. Total Anthocyanin Content (ACY) 

The vegetable Total Anthocyanin Content (ACY) was measured using the pH 

differential shift method (Giusti and Wrolstad, 2001). This assay is based on the characteristic 

change in intensity of the hue of the anthocyanins according to the pH shift. Briefly, the 

samples extracts were diluted 1:1 (except kale family diluted 1:3) with potassium chloride 

(pH 1) and, separately, with sodium acetate (pH 4.5) and the corresponding maximum 

absorbance for both solutions was measured (respectively at λ = 520 nm, approximately and λ 

= 700 nm). The data were expressed as mg cyanidin 3-glucoside (the most representative 

anthocyanin in broccoli) per kg fresh weight (mg Cya3Glu/kg FW). 

 

6.2.3.2.4. Ascorbic acid content 

The HPLC system (Jasco Inc, Easton, USA) was equipped with a C18 column, 15 cm x 

0.46, 5 μm and an Autosampler (Jasco Inc, Easton, USA). The mobile phase (aqueous 

solution of 50 mM phosphate buffered solution, pH 3.2) was slid into isocratic stream at a rate 

of 0.8 ml/min for 15 minutes. The HPLC system was coupled to a UV/VIS detector (Jasco 

Inc, Easton, USA) fixed at 244 nm wavelength, that is comprised in the range of best 

absorption of ascorbic acid, and to which ascorbic acid can be clearly identified as in our 

previous studies (Zhong et al., 2017). Ascorbic acid quantification was made through a 

standard calibration curve, prepared by running increasing standard concentrations of ascorbic 

acid and measured in duplicate at the beginning and end of the analysis. Results were 

expressed as milligrams of ascorbic acid per 100 grams of fresh weight (with Standard 

Deviation SD for three replications of each sample). 

In the first year it was analyzed the ascorbic acid only on the fresh material while in 

the second year it was detected in all the samples prepared. 

 

6.2.4. Statistical analysis 

The vegetable nutritional qualities were analyzed in triplicate for each sample. The 

data for FRAP, TPH and ACY and ascorbic acid were all analyzed using one-way analysis of 

variance (ANOVA), with each genotype or each treatment as an independent variable. The 

two-ways analyses were performed keeping the genotypes and the treatments as independent 
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variables. Significant differences within groups were calculated according to Student‘s 

Newman-Keuls tests, and differences at p < 0.05 were considered as significant. 

 

6.3. Results and discussion of first year of trial 

TPH provides a measure of all the phenol derivatives and phenolic compounds content 

in Brassica vegetables; they represent, with ascorbic acid, the 80% of the total antioxidant 

capacity of plants (Podsedek, 2007).  

 

 

Lako et al. (2007) confirmed that phenol compounds are the main phytochemical 

constituents responsible of antioxidant activity in plants. The highest concentration of phenols 

is found in red curly kale, while lower values are found in black cabbage, ―getti e foglie‖ and 

―spigariello‖ (table 17). The fresh samples (F) have the main concentration of phenolic 

compounds, followed by lyophilized samples (L) and air-dryed samples (D) (table 18). The 

lyophilization treatment presents the 70% of phytochemical compounds retention, while air-

drying process only 29%. Table 19 shows the effects of each treatments on the TPH content 

of different vegetables analyzed; the main losses of compounds is detected in air-drying 

process on ―getti e foglie‖ (D), green curly kale (D) and ―spigariello‖ (D). The main content 

of phenol compounds is detected in fresh red curly kale (F). Our results are supported by a 

previous study from Zhang and Hamauzu (2004), who reported the degradation and oxidation 

of polyphenols during thermal treatment as drying process.  

Anthocyanins belong to the flavonoids group of phenolic compounds, and their 

presence in Brassica vegetables was previously demonstrated (Moreno et al., 2010). They are 

responsible of the pigmentation of red cabbage, purple cauliflower and purple broccoli. The 

main anthocyanins represented in Brassica vegetables are cyanidin derivatives. In this study, 

Table 17 - Phenolics, anthocyanins contents and antioxidant capacity in the different type of 

vegetables analyzed during first year of trial. 

Vegetables TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA-3-GLU/Kg fw) 

Black Cabbage  1061.01 ± 351.15 b 4.29 ± 0.72 b 8.30 ± 7.57 a 

Getti e Foglie 771.10 ± 259.00 b 3.08 ± 0.62 b 2.59 ± 1.77 ab 

Red Curly Kale 1829.05 ± 1003.24 a 8.40 ± 4.62 a 5.04 ± 13.46 ab 

Green Curly Kale 1582.28 ± 875.18 ab 6.24 ± 3.18 ab 0.00 b 

Spigariello 935.31 ± 464.14 b 3.39 ± 1.34 b 2.76 ± 1.85 ab 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin Content ± 

standard deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n= 9  
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it was analyzed the total anthocyanin content in different Brassica crops: black cabbage shows 

the higher content of cyanidin-3-glucoside. It is followed by ―getti e foglie‖, red curly kale 

and ―spigariello‖ with values statistically similar each other; no anthocyanins are found in 

green curly kale, as reported in table 17. Clearly, green curly kale hasn‘t these compounds, 

because the leaves of this type of vegetable do not present any purple coloration. There are no 

significant differences between the anthocyanin content of material deriving from different 

processing methods (table 18). Data on fresh material are statistically like those deriving from 

the other treatments data, probably because the treatment of fresh vegetables did not strongly 

affect the average anthocyanins content. The main content of anthocyanins is registered for 

air-dried (D) black cabbage, (Table 19). The lowest anthocyanin content is detected in fresh 

(F) black cabbage, and fresh (F) and freeze-dried (L) green curly kale. According to those 

results, the effect of air-drying and lyophilisation on anthocyanin content is not completely 

understood; more studies and more accurate protocols of analysis are necessary for a better 

comprehension of this issue.  

 

Table 18- Effects of different processing treatments on nutritional parameters in the first year. 

Treatment TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA-3-GLU/Kg fw) 

F
4 

1858.61 ± 19.00 a 7.21 ± 0.74 a 3.53 ± 0.20 n.s. 

L
5 

1306.80 ± 36.01 b 5.39 ± 0.11 a 0.91 ± 0.51 n.s. 

D
6 

541.63 ± 31.07 c 2.63 ± 0.12 b 4.43 ± 1.36 n.s. 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin Content; ± standard 

deviation. 4F=fresh sample; 5L=freeze drying. lyophilization; 6D=air drying processing. 

Values with the same letter were not significantly different (Test SNK p≥0.05). n.s: not significant. n= 15 

 

A lot of studies showed high antioxidant capacity in Brussels sprouts, cabbage, kale, 

cauliflower, and broccoli; e.g. Cao and co-workers (1996) determine that kale is the richer 

vegetable source in terms of antioxidant compounds. In this study the results confirm the high 

content of antioxidants in the different vegetables analyzed, as reported in table 17. The red 

curly kale showed the highest total antioxidant capacity, while the lower were detected in 

black cabbage, ―getti e foglie‖ and ―spigariello‖. The freeze-dried material showed a very 

good recover of the initial TAC of analysed vegetables (table 18), with values statistically 

similar to fresh samples. Air-drying process showed the higher loss of antioxidant capacity 

with a reduction of 64% in respect to the fresh samples. Kaur and Kapoor (2001) explain this 

deterioration of natural antioxidant in food because of thermal processing. In fact, the 

antioxidants are heat sensitive molecules. These losses could be reduced using pre-treatments, 
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like blanching the samples before the thermal process. Korus (2011) described a decrease of 

60% of polyphenol content in air-dried kale but confirmed that blanching kale leaves for 2.5 

min in water at 96–98°C before the convective drying led to the lowest loss of antioxidant 

compounds. In contrast with these results, Mrkìc et al. (2006), found that the antioxidant 

capacity is positively correlated with the drying temperature in broccoli air-dried. A good 

antioxidant activity is preserved using higher processing temperatures and shorter drying 

times. Some foods could maintain or enhance antioxidant properties by the development of 

new form of antioxidants (Nicoli et al., 1997). However, this enrichment is not observed in 

the present work, demonstrating that these applied processes do not lead to the formation of 

new antioxidant compounds. In this trial, the freeze-dried material reported a not significantly 

reduction of 25% in respect of the fresh sample; this limited reduction is explained by the low 

temperatures used during this processing method. The highest antioxidant capacity is detected 

in fresh red curly kale sample, while the lower retentions are found in ―getti e foglie‖ for all 

treatments (F-L-D), air-dried red curly kale and green curly kale (D), freeze-dried and air-

dried ―spigariello‖ (L-D) (table 19). 

 

Table 19 - Effect of genotype x treatment interaction on nutritional parameters in the first 

year of trial  

Vegetables Treatment TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA/Kg fw) 

Black Cabbage F
4 

1442.01 ±  210.90 d 4.92 ± 0.34 d 0.00 c 

Black Cabbage L
5 

1071.20 ± 15.02 ef 4.56 ± 0.05 de 2.48 ± 0.78 abc 

Black Cabbage D
6 

669.15 ± 30.10 gh 3.39 ± 0.1 ef 18.25 ± 1.62 a 

Getti e Foglie F
4 

1058.25 ± 81.23 f 3.46 ± 0.31 f 3.54 ± 1.07 abc 

Getti e Foglie L
5 

784.13 ± 50.11 g 3.48 ± 0.15 f 3.33 ± 2.22 abc 

Getti e Foglie D
6 

471.21 ± 22.61 h 2.28 ± 0.11 f 0.91 ± 0.33 bc 

Red Curly Kale F
4 

2950.00 ± 20.01 a
 

13.68 ± 1.52 a 14.43 ± 22.95 ab 

Red Curly Kale L
5 

1890.01 ± 28.90 c 8.37 ± 0.15 bc 0.54 ± 0.02 bc 

Red Curly Kale D
6 

647.12 ± 11.20 gh 3.15 ± 0.16 f 0.15 ± 0.01 bc 

Green Curly Kale F
4 

2339.31 ± 320.70 b 8.86 ± 1.31 b 0.00 c 

Green Curly Kale L
5 

1949.21 ± 44.70 c 7.73 ± 0.13 c 0.00 c 

Green Curly Kale D
6 

458.00 ± 54.00 h 2.15 ± 0.21 f 2.23 ± 1.29 abc 

Spigariello F
4 

1504.01 ± 160.30 d 5.13 ± 0.22 d 3.92 ± 0.76 bc 

Spigariello L
5 

840.02 ± 41.30 eg 2.85 ± 0.09 f 3.71 ± 1.65 bc 

Spigariello D
6 

463.00 ± 37.80 h 2.19 ± 0.03 f 0.64 ± 0.56 bc 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin Content ± standard deviation. 

4F=fresh sample; 5L=freeze drying. lyophilization; 6D=air drying processing. Values with the same letter were not significantly 

different (Test SNK p≥0.05). n= 3 
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The content of ascorbic acid varies significantly among Brassica vegetables and within 

their subspecies. Podsedek (2007) reported a comparison between several Brassica crops, e.g. 

in broccoli and cauliflower, ascorbic acid levels varied over a 4-fold levels of ascorbic acid, 

while Brussel sprouts and white cabbage varied 2.5-fold, and twice in kale; the lowest amount 

of ascorbic acid was detected in white cauliflower.  

 

Table 20 - Content of Ascorbic acid (mg/100 g fw) in fresh samples in the first year of trial 

 

 

 

 

 

 

 

 

The cause of ascorbic acid content variation is related to differences in genotype 

(Vallejo et al., 2002). Our results (table 20) indicate that Green curly kale is the Brassica 

vegetable with the highest content of ascorbic acid, followed by black cabbage, ―spigariello‖, 

―getti e foglie‖ and red curly kale. Similar results were found by Singh et al., (2007), that 

reported values of ascorbic acid ranging from 5.61 mg/100 g, found in a cabbage cultivar, to 

82.32 mg/100 g found in a broccoli cultivar. 

 

6.4. Results and discussion of second year of trial 

The second-year results reported the same trend obtained during the first year of trial; 

indeed, for what concern the TPH, the main content was detected in kales group, in particular 

in green and red curly kale. The vegetable with the lowest amount of TPH was ―getti e 

foglie‖, as reported in table 21. The comparison between treatments, shown in table 22, 

brought to a better retention of phytochemicals in fresh material (F) followed by lyophilized 

(L) and last air-dried (D) materials, confirming the first-year results. Green curly kale (F) 

retained the higher phenolic contents than others. The main losses of TPH happened in dried 

vegetables (table 23). In general, the values of second year of study are lower than ones 

measured during the first year of trial.  

 

Vegetables Ascorbic acid (mg/100 g) 

Black Cabbage 8.30 ± 0.27 b 

Getti e Foglie 6.41 ± 0.41 d 

Red Curly Kale 6.22 ± 0.37 d 

Green Curly Kale 15.61 ± 0.19 a 

Spigariello 7.63 ± 0.73 c 

Average of ascorbic acid ± standard deviation. Values with the same letter were not 

significantly different (Test SNK p≥0.05). n=3 
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Table 21 - Phenolics. anthocyanins contents and antioxidant capacity in the different type 

of vegetables analyzed for second year of trial. 

Vegetables TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA/Kg fw) 

Turnip Top 828.04 ± 40.16 b 4.77 ± 0.12 bc 1.83 ± 0.22 b 

Broccoli 937.28 ± 55.15 b 4.83 ± 0.09 bc 3.86 ± 0.27 b 

Black Cabbage 929.19 ± 63.21 b 6.52 ± 0.28 b 9.20 ± 0.97 b 

Getti e Foglie 559.93 ± 24.09 c 4.55 ± 0.10 c 3.22 ± 0.29 b 

Red Curky Kale 1404.76 ± 94.99 a 10.91 ± 0.65 a 287.59 ± 24.37 a 

Green Curky Kale 1486.42 ± 129.96 a 10.72 ± 0.93 a 6.28 ± 1.43 b 

Spigariello 892.66 ± 78.36 b 6.17 ± 0.43 bc 3.77 ± 0.30 b 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin Content ± 

standard deviation. Values with the same letter were not significantly different (Test SNK p≥0.05). n= 9 

 

The measurement of ACY content showed that red curly kale strongly and markedly 

stands out (table 21), revealing the higher ACY value in all three treatments, in descending 

order: red curly kale (F), followed by (L) and finally (D) (table 23). The other genotype 

combinations did not report any significantly differences (table 21), neither for all the 

treatments applied (table 23). ACY are best retained in fresh material (F) than other 

treatments, which present the same effects on ACY content (table 22). From the comparison 

with the first-year, it emerges that, although the red curly kale possessed a good level of ACY, 

the best result was obtained in black cabbage genotype. The only explanation is that the 

genotype-environment interaction, e.g. climatic conditions, rainfall, temperatures during 

growth, availability of nutrients, deeply affected the phytochemicals contents in different 

genotypes, as reported by several authors (De Pascale et al., 2007; Francisco et al., 2009; 

Soengas et al., 2011). 

 

Table 22 - Effects of different processing treatments on quality parameters for 

second year. 

Treatments TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA/Kg fw) 

F
4 

1407.12 ± 47.58 a 9.05 ± 0.40 a 70.88 ± 12.77 a 

L
5 

887.13 ± 32.40 b 6.13 ± 0.22 b 32.67 ± 8.06 b 

D
6 

387.63 ± 8.41 c 4.07 ± 0.08 c 15.58 ± 2.31 b 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin 

Content ± standard deviation. 4F=fresh sample; 5L=freeze drying. lyophilization; 6D=air drying 

processing. Values with the same letter were not significantly different (Test SNK p≥0.05). n= 21 
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For what concern the TAC in the second year of trial, are confirmed the results 

obtained in the first one, with the higher content detected in red and green curly kale 

vegetables, while the lower content was measured in ―getti e foglie‖, as reported in table 21. F 

was confirmed as the best way to appreciate the higher retention of antioxidants, followed by 

L and finally D, as shown in table 22. The higher TAC was detected in green and red curly 

kale (F); the lower values were registered in ―spigariello‖ and green curly kale (D) (table 23). 

In the first year, the main antioxidant retention was also reported in red curly kale (F). In 

general, TAC values of second year repetition were slightly higher than the first-year ones. 

 

Table 23 - Effect of vegetable genotype x treatment interaction on nutritional quality in the 

second year of trial  

Vegetables T. TPH
1 

(mg GA/kg fw) 

TAC
2 

(µM Trolox/g fw) 

ACY
3 

(mg CYA/Kg fw) 

Turnip Top F
4 

1024.11 ± 28.36 d 4.98 ± 0.19 cd 2.10 ± 0.18 d 

Turnip Top L
5 

860.21 ± 26.16 de 5.24 ± 0.03 cd 0.54 ± 0.02 d 

Turnip Top D
6 

403.73 ± 8.16 g 3.87 ± 0.03 cd 2.58 ± 0.70 d 

Broccoli F
4 

1284.21 ± 18.19 c 4.22 ± 0.04 cd 4.00 ± 0.41 d 

Broccoli L
5 

1022.97 ± 5.64 d 4.83 ± 0.01 cd 5.36 ± 0.17 d 

Broccoli D
6 

504.66 ± 6.98 fg 5.44 ± 0.06 cd 2.23 ± 0.18 d 

Black Cabbage F
4 

1279.55 ± 69.86 c 7.88 ± 0.39 b 7.64 ± 0.88 d 

Black Cabbage L
5 

711.45 ± 2.52 ef 5.75 ± 0.01 cd 2.76 ± 0.28 d 

Black Cabbage D
6 

446.20 ± 5.27 g 4.59 ± 0.03 cd 18.75 ± 0.41 d 

Getti e Foglie F
4 

705.41 ± 8.38 ef 5.04 ± 0.10 cd 4.04 ± 0.38 d 

Getti e Foglie L
5 

515.07 ± 8.10 fg 4.64 ± 0.04 cd 3.29 ± 0.59 d 

Getti e Foglie D
6 

313.85 ± 4.45 g 3.48 ± 0.03 cd 1.51 ± 0.23 d 

Red Curky Kale F
4 

1966.52 ± 45.23 b 14.88 ± 0.28 a 437.79 ± 14.80 a 

Red Curky Kale L
5 

1254.90 ± 4.91 c 9.53 ± 0.06 b 212.44 ± 2.18 b 

Red Curky Kale D
6 

431.09 ± 3.94 g 4.35 ± 0.04 cd 62.32 ± 1.41 c 

Green Curky Kale F
4 

2173.92 ± 131.52 a 15.31 ± 1.16 a 2.04 ± 0.66 d 

Green Curky Kale L
5 

1292.59 ± 7.23 c 8.89 ± 0.04 b 0.50 ± 0.00 d 

Green Curky Kale D
6 

305.22 ± 9.01 g 3.35 ± 0.05 d 20.53 ± 2.92 d 

Spigariello  F
4 

1354.68 ± 76.57 c 8.62 ± 0.48 b 5.07 ± 0.29 d 

Spigariello  L
5 

552.68 ± 7.31 fg 4.03 ± 0.02 cd 3.79 ± 0.44 d 

Spigariello  D
6 

308.62 ± 6.45 g 3.40 ± 0.01 d 1.16 ± 0.18 d 

Average of 1TPH: Total Phenol Content; 2TAC: Total Antioxidant Capacity; 3ACY: Total Anthocyanin Content ± standard 

deviation. 4F=fresh sample; 5L=freeze drying. lyophilization; 6D=air drying processing. Values with the same letter were not 

significantly different (Test SNK p≥0.05). n= 3 
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Vegetable with the higher ascorbic acid content in the second year of trial was 

broccoli, while the lower was ―getti e foglie‖, as reported in table 24. Values detected during 

the first year were higher than these, while broccoli and turnip top samples were analyzed 

only in the second year of trial.  

 

Table 24 - Content of Ascorbic acid (mg/100 g fw) in fresh samples in the second year of trial 

Vegetables Ascorbic acid (mg/100 g) 

Broccoli 63.72 ± 4.57 a 

Black Cabbage 13.75 ± 2.23 b 

Turnip Top 14.21 ± 2.57 b 

Getti e foglie  3.40 ± 0.45 c 

Red Curky Kale 9.66 ± 1.25 bc 

Green Curky Kale 8.12 ± 1.39 bc 

Spigariello 5.22 ± 0.56 bc 

Average of ascorbic acid ± standard deviation. Values with the 

same letter were not significantly different (Test SNK p≥0.05). 

n=9 

 

 

Table 25 - Effects of different processing treatments on ascorbic acid in the second year of trial 

Treatments Ascorbic acid (mg/100 g) 

F
1 

17.16 ± 3.10 n.s. 

L
2 

17.04 ± 3.93 n.s. 

D
3 

13.12 ± 3.07 n.s. 

Average of ascorbic acid ± standard deviation. 1F=fresh sample; 

2L=freeze drying. lyophilization; 3D=air drying processing. 

Values with the same letter were not significantly different (Test 

SNK p≥0.05). n.s: not significant. n=21 

 

The comparison between treatments did not show any significant difference for the 

vitamin C content (table 25). In table 26, Broccoli (F), followed by broccoli (L) and finally 

broccoli (D), were the samples with the higher retention of ascorbic acid; for the other 

samples, genotype-treatment interaction did not show any significant difference. The freeze-

drying process guarantees a good retention of ascorbic acid, approximately of the 80%, while 

air-drying process maintain only the 60% of vitamin C, as reported also by Ratti (2001). 

Similar values for fresh broccoli were detected by Hrncirik et al. (2001).  
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Table 26 - Effect of vegetable genotype x treatment interaction on ascorbic acid in the second 

year of trial 

Vegetables Treatment 

Ascorbic acid 

(mg/100 g) 

Broccoli F
1 

85.55 ± 0.28 a 

Broccoli L
2 

70.13 ± 0.62 b 

Broccoli D
3 

49.60 ± 0.16 c 

Black Cabbage F
1 

17.69 ± 3.44 d 

Black Cabbage L
2 

14.50 ± 5.25 d 

Black Cabbage D
3 

7.08 ± 0.22 d 

Turnip Top F
1 

17.99 ± 4.57 d 

Turnip Top L
2 

16.90 ± 1.62 d 

Turnip Top D
3 

7.20 ± 1.28 d 

Getti e Foglie F
1 

4.70 ± 0.76 d 

Getti e Foglie L
2 

3.85 ± 0.45 d 

Getti e Foglie D
3 

1.88 ± 0.12 d 

Red Curly Kale F
1 

11.90 ± 2.54 d 

Red Curly Kale L
2 

9.75 ± 1.03 d 

Red Curly Kale D
3 

5.00 ± 1.14 d 

Green Curly Kale F
1 

9.92 ± 2.53 d 

Green Curly Kale L
2 

8.13 ± 0.27 d 

Green Curly Kale D
3 

4.50 ± 0.88 d 

Spigariello F
1 

5.87 ± 0.82 d 

Spigariello L
2 

5.81 ± 1.03 d 

Spigariello D
3 

3.35 ± 0.24 d 

Average of 1F=fresh sample; 2L=freeze drying. lyophilization; 

3D=air drying processing ±standard deviation. Values with the 

same letter were not significantly different (Test SNK p≥0.05). 

n=3 

 

6.5. Conclusions 

The main differences on the phytochemical contents in Brassica tissues regard the 

genotypes and treatments tested, with the red curly kale having the statistically highest TPH 

and TAC values, in the first year of trial. In the same season, black cabbage showed the 

highest ACY contents, while green curly kale the highest content of ascorbic acid. Regarding 

treatments, lyophilization showed statistically higher values than air-drying process for TPH 

and TAC.  

In the second year of trial the antioxidant potential of red and green curly kale was 

confirmed, giving that they possessed the higher value in TAC and TPH, respectively. The 
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red curly kale also showed the highest content in ACY. Broccoli and turnip top, added to the 

analysis in the second year of trial, showed an interesting and relatively high TPH and TAC 

values; moreover, broccoli possessed the highest ascorbic acid content.  

The nature of antioxidant compounds is thermo sensitive; they have a low stability 

during heat treatments and their presence is an indicator of food processing quality. The 

freeze-drying process is considered the best method to maintain unaltered the quality of 

nutritional compounds; the retention of antioxidant capacity and phenolics compounds is 

approximately between 70-80%, even if for some nutritional thermo sensitive compounds, the 

low temperature process can promote their deterioration. The air-drying process lead to the 

depletion of most of the phytochemical compounds, with 70% and 60% of losses of phenolic 

compounds and antioxidant capacity, respectively. For ascorbic acid the depletion can vary 

between 40 and 60%. Those reductions depend by the temperature applied and the length of 

drying process. In this trial, it was also found an increase of total anthocyanins content in the 

air-dried material for some vegetables analyzed.  

Post-harvest treatments are necessary for maintaining the quality of vegetables during 

shelf life. Their use can lead to a reduction of waste and a good management of the surplus 

vegetables, allowing easy transportation and storage of the final products obtained. Processing 

treatment could decrease the nutritional quality of fresh vegetables, with air-drying being 

more negative than the freeze-drying process. However, the main advantage of processing 

treatments, besides the ease of vegetables storage, is that the amount of dried vegetables 

consumed in a single serving corresponded to a 10-fold amount of fresh vegetables, allowing 

a higher intake of phytochemicals to the consumer also with small portion assumed. The 

higher intake of phytochemicals will allow the consumers to better exploit the positive 

healthy effects of those compounds, although a better characterization of the analyzed 

vegetables is recommended for the future. These results provide concrete information on the 

content of bioactive compounds of the different vegetables and on the processing methods 

that guarantee their higher stability. These data can be used to differentiate in the label the 

characteristics of each product depending to the content of bioactive compounds that can have 

a positive effect on consumer health. The higher stability of bioactive compounds in dried 

vegetables, open the possibility to create new products for approaching mostly the young 

consumers to this kind of vegetables, to be used also in combination of meat, pasta and eggs, 

for an new easy to access, healthy diet.   
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7. RESEARCH LINE IV: SENSORIAL ANALYSIS OF BRASSICACEAE 

VEGETABLES 

 

7.1. Introduction 

Sensory evaluation has been defined as a scientific method used to evoke, measure, 

analyze, and interpret those responses to products as perceived through the senses of sight, 

smell, touch, taste and hearing (Stone and Sidel, 2004). 

The sensorial analysis possesses many applications, e.g., the investigation about 

sensorial quality of products sold by the companies, to test the level of appreciation of new 

type of products provided to consumers, to evaluate the effect of different treatments applied 

in post-harvest and the quality perception of consumers. 

The main problems of this approach to measure sensorial quality are due to the 

subjectivity of tasters, that brought to high variable data generated by mood and motivation of 

people, innate physiological sensitivity to sensory stimulation, history and familiarity with 

similar products; therefore, the main problem is the reproducibility (Stone and Sidel, 1993; 

Lawless et al., 1998). 

In the sensorial analysis, flavor is an overall impression of odor, taste and texture, and 

in Brassica vegetables it represents a mark of recognizability of the whole family. Typical 

taste and odor are determined by several compounds, e.g. the bitterness is provided by 

glucosinolates (GLS), more precisely by their hydrolysis products, the isothiocianates (ITCs) 

with sulphurous aminoacids. In particular, sinigrin, glucoiberin and glucoraphanin are also 

responsible of the aftertaste persistence; they confer sulphurous and pungent taste of brassica 

products too. Several studies confirm that the bitterness derives from a synergistic activity of 

various phytochemicals such as the hydrolysis of aliphatic and indolic GLS, the phenolic 

compounds and the flavonoids. Portion of the plant and degree of ripeness can influence the 

GLS content and consequently brassica flavor (Hansen et al., 1997; Baik et al., 2003; Jones 

and Sanders, 2002). 

Typical odor of brassica vegetables is characterized by volatile compounds like 

pentanol, pentanal, hexanal, heptanal and nonanal; these aldehydes and alcohols account for 

90-95% of the total volatiles content, formed by oxidative breakdowns of free fatty acids by 

the action of lipoxygenases. These products can be volatile or not and get free during chewing 

and cooking. Alcohols and aldehydes are responsible of the green or grassy aroma (Buttery et 

al., 1976; Chin and Lindsay 1994; Good, 1998).  
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The sweetness is conferred by glucose, fructose, and sucrose present in the vegetables; 

moreover, a correlation between the sugar and the GLS contents has been reported. If the GLS 

concentration is high, the sweetness sensation decreases in broccoli and cauliflower, and vice 

versa. Salty taste is correlated with quercetin, while acidity with GLS and total phenolics 

contents (Schonhof et al., 2004). 

The aims of this work is to test the variation of the sensorial quality of Brassica 

vegetables subjected to different process, and investigate about the consumer‘s quality 

perception of Brassica products. 

 

7.2. Materials and methods 

7.2.1. Plant material 

Vegetables material was provided by Valli di Marca agricultural company and was 

cultivated in Fucino upland (680 m. a. s. l.) following the first evolved class ―Zeroscarti®‖ 

cultivation protocol and management. The plant material was constituted by the most 

produced and sold vegetables of the company, and mainly appreciated by consumers: 

Broccoli, Turnip top, Black Cabbage, Green Curly Kale, Red Curly Kale, ―Getti e Foglie‖ 

and ―Spigariello‖ broccoli. The fresh material was sampled in packages of 200g, washed, 

cleaned and frozen until the day of preparation and cooking for the sensorial analysis. A 

similar amount of fresh material was frozen and then destined to the freeze-drying process, 

obtaining the freeze-dried samples. The air-dried material was provided by the same 

company, but the air-drying process was applied by Farris srl (Foggia, Italy), a company 

specialized in this sector that conferred the final packaged dried product for the trial. All the 

samples (fresh, air-dried and freeze-dried) were cooked and rehydrated following accurate 

protocols (described below) before the sensorial analysis.  

 

7.2.2. Brassicaceae descriptors definition 

For evaluating the sensorial quality of Brassicaceae vegetables, some main sensorial 

descriptors were identified. Several authors (Jones and Sanders, 2002; Pasini et al., 2011; 

Helland et al., 2016) reported many information about sensorial descriptors for Brassicas, but 

in this trial only the main representative for Brassica vegetables, reported in table 27, were 

chosen.  
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Table 27 - Descriptors chosen for the evaluation of sensorial quality of brassica vegetables 

Aroma:  Aroma intensity 

Pungent 

Sulphurous 

Green/grassy 

Off-flavor 

Abnormal aroma 

Taste: 

 

Bitter 

Pungent   

Sulphurous   

Acid 

Salty 

Sweet 

After-taste 

Untypical taste 

Fibrosity 

 

7.2.3. Panel group choice and training period 

The panel group was composed of 16 young people between 

the ages of 21 and 38. For the panel representativeness and validity, 

the minimum number of participants (11 participants) was always 

guaranteed for all the duration of the test. 

The training period was done following the guide lines and 

the information reported in ISO 3972 (2013); ISO 8586 (2014); ISO 8589 (2014). The 

recognition of main odor and taste were made administrating to panelists the references 

substances reported in table 28 during the training period. The reference substances 

concentrations were retrieved in scientific literature consulting Jones and Sanders (2002), 

adapting to this panel test. 

 

Table 28- Reference substances used for training panelists 

Description Reference 

Vinegar-like, pungent Acetic acid 

Pungent Pepper 

Green-grassy Cis-3-hexenal 

Sweet Sucrose 

Salty Sodium chloride 

Sour, acid Citric acid 

Bitter Caffeine 
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7.2.4. Panel test evaluation 

7.2.4.1. SAMPLES PREPARATION  

Samples for the sensorial analysis were prepared cooking them in 

boiling water (fig. 9) and adding a defined salt concentration; for each 

tasted vegetable material, time and details of cooking procedure are 

reported in table 29. Each vegetable possessed a different code, as 

reported in table 30. The panel group didn‘t know the nature and 

treatments applied of each tested vegetable. 

 

Figure 9 - The boiling cooked of samples. 

 

Table 29 - Cooking protocols and codes adopted for the preparation of samples before panel test 

Vegetables Code Cooking Water 

(ml) 

Salt 

(g) 

Samples weight 

(g) 

Cooking time 

(min) 

Air-dried material 1-7 500 3 20 6 

Fresh material 8-14 1000 6 200 10 

Freeze-dried material 15-21 500 3 20 5 

 

Table 30 - Samples treatment and test codes 

Vegetables Code Air-dried  Fresh-frozen  Freeze-dried  

Broccoli  1 8 15 

Turnip Top  2 9 16 

Black Cabbage  3 10 17 

Green Curly Kale  4 11 18 

Red Curly Kale  5 12 19 

Getti e Foglie  6 13 20 

Spigariello  7 14 21 

 

Below is reported, in figure 10, 11, 12, the preparation scheme of vegetables for the 

sensory analysis, with the images of the starting materials and the corresponding samples 

ready for the panel test.  
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Figure 10- Preparation of air-dried samples; above) the starting air-dried packaged material; below) 

the corresponding air-dried samples cooked and ready for the administration with the specific code. 

 

 

 

Figure 11- Preparation of fresh samples; above) the starting fresh packaged material; below) the 

corresponding fresh samples cooked and ready for the administration with the specific code. 

 

                                                                                                                                       

 

Figure 12- Preparation of freeze-dried samples; above) the starting freeze-dried material; below) the 

corresponding freeze-dried samples cooked and ready for the administration with the specific code. 

 

 

          8                          9                    10                  11                  12                 13                  14  

1                     2                      3                    4                      5                     6                     7    
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7.2.4.2. ADMINISTRATION AND ASSESSMENT: SCALE OF VALUES 

DEFINITION 

To assess the sensorial quality of Brassicas, an evaluation form to be used by panelists, 

was realized. For the analytical test, aroma and taste are identified with the following traits:  

- AROMA: aroma intensity, pungent, sulphurous, green/grassy, off-flavor, abnormal 

aroma. 

- TASTE: bitter, pungent, sulphurous, acid, salty, sweet, aftertaste, untypical taste, 

fibrosity. 

For the hedonic test part, the tasters were asked to express the acceptance of the 

product; moreover, a space for collecting comments/opinion of panelists was added, 

following the panel rules find in ISO 8586 (2014). 

The descriptors previously described are reported in a numerical (integer) scale of 9 

points (Lawless and Malone, 1986). The scale form is divided in aroma descriptors, with a 

minimum value of 1 (none) and maximum value of 9 points (high), and taste descriptors 

starting with 1 (none) and finishing with 9 (high). The panel test was performed in a sensorial 

room (figure 13) specific for food and beverage tastings, according to ISO 8589 (2014). 

 

 
Figure 13- Room specific for the panel test with a group of panelists during the evaluation 

 

7.3. Results and discussion  

For each sample administrated, each member of panelist group was asked to fill the 

evaluation form previously described. At the end of the trial, the results were collected and 

analyzed calculating the average values of aroma and taste descriptors and of acceptance for 

each sample. Data are represented with radar graphs and grouped for vegetables: broccoli (fig. 

14), turnip top (fig.15), black cabbage (fig. 16), green curly kale (fig.17), red curly kale 

(fig.18), ―getti e foglie‖ (fig.19) and ―spigariello‖ (fig.20). In details, in each radar graph are 

reported the comparison of the same vegetable differently treated.  



93 
 

For what concern broccoli samples shown in figure 14, emerged that air-dried broccoli 

reached the best value of acceptance of the whole sensorial test, with an average of 7 points; 

fresh and freeze-dried broccoli reached the same value, lower than air-dried broccoli. The 

fresh material preserved better aroma and flavor than treated broccoli. Pungent and 

sulphurous taste and aroma were not so intense. In general, this vegetable was quite 

appreciated by panel group, because strong off flavor, untypical and abnormal aroma did not 

emerge. The sensorial profile can differ among the varieties of the same species, as indicated 

by Baik and co-authors (2003). They found that sensory and GLS profiles significantly 

differed among broccoli varieties. They also found a little evidence that the GLS were 

responsible for the distinctive flavor notes of cooked broccoli, but only in the fresh ones. 

 

 

Figure 14- Radar chart about the average values of Broccoli panel test results. 

 

In figure 15 is represented the average values of turnip top descriptors, with the best 

acceptance reached by the fresh material (6 points). In this case, the aroma seemed to be 

mainly expressed by the fresh material-derived samples. Sulphurous and bitter tastes were 

quite evident, in particular in freeze-dried-derived material. Turnip top possessed a persistent 

after-taste, probably due to the high sulphurous and bitter taste. The intensity of sulfurous and 

pungent aroma and of the bitter taste are important factors, because they can influence the 

consumers‘ preference about turnip top intake. In fact, if these attributes are to strong and 

intense, the appreciation of consumers decreases, mainly for young people, as studied by 

Jones and Sanders (2002). They developed a preparation method that masked the bitterness in 

turnip leaves and found that bitterness and aftertaste changed with variety and maturity stage 

of plants. Several studies researched and reported the sensorial quality of turnip top and 
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leaves, defining their attributes and the molecules that characterized them (Padilla et al., 2007; 

Francisco et al., 2009; Arias-Carmona et al., 2012). 

 

Figure 15- Radar chart about the average values of turnip top panel test results. 

 

For Brassica oleracea acephala group, the most evident characteristic is the high 

fibrosity, probably due to fact that they are composed only by fleshy leaves, more fibrous than 

the ―heads‖ typical of other species. 

Black cabbage showed its higher acceptance when is presented as air-dried derived 

material (figure 16). Strong aroma intensity was detected in the fresh samples; the freeze-

dried ones accentuated the sweet and sulphurous taste. Off-flavor, abnormal aroma and 

untypical taste were not detected. Despite the cooking, the fresh material remained very 

fibrous. 
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Figure 16- Radar chart about the average values of black cabbage panel test results. 

 

Green curly kale is shown in figure 17. It presented 6 points of acceptance for the air-

dried sample, which represented the most appreciated form for this vegetable. It was also 

detected a relevant fibrosity in freeze-dried derived samples. 

 

 

Figure 17- Radar chart about the average values of Green Curly Kale panel test results. 

 

Red curly kale (figure 18) showed low level of acceptance, between 4 and 5 points, 

with fresh and air-dried materials being the most appreciated. Is it to underline that, in freeze-

dried derived samples, a high level of fibrositis was detected (7 points). 
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Figure 18- Radar chart about the average values of Red Curly Kale panel test results. 

 

―Getti e foglie‖ and ―spigariello‖ broccoli belong to the same species and possess 

similar value for aroma intensity, sulphurous taste and after-taste persistence. Among all the 

samples analyzed in this panel test, they showed the lowest levels of acceptance, with 3 and 2 

points respectively, both for the freeze-dried derived vegetables (figures 19 and 20). The 

peaks registered in freeze-dried material for the aroma intensity, sulphurous taste and odor 

were probably due to the capacity of freeze-drying process to concentrate and exalt the 

phytochemical contents, in particular molecules responsible of flavor and taste.  

―Getti e foglie‖, represented in figure 19, showed its best panel acceptance on the fresh 

material, with 6 points of average. Aroma intensity, sulphurous taste and aroma were mainly 

preserved in freeze-dried samples. 
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Figure 19- Radar chart about the average values of ―Getti e Foglie‖ panel test results. 

 

―Spigariello‖ broccoli was the worst vegetable of this panel test in terms of 

acceptance, with only 4, 4, and 2 average values for air-dried, fresh and freeze-dried 

materials, respectively. In some comments collected, members of panel reported soil and 

burnt odor and taste, probably due to overcooking. 

 

 

Figure 20- Radar chart about the average values of ―Spigariello‖ panel test results. 

 

In figure 21 it was reported a comparison between samples differently treated, 

indicating the average values based on the treatments received by the vegetables before 
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cooking. Radar graph reported a similar trend for all descriptors except for the acceptance, 

with 5, 5, and 4 points for air-dried, fresh and freeze-dried material, respectively. 

 

Figure 21 - Average values of descriptors evaluated by the panelists based on vegetables treatment 

before cooking.  

 

7.4. Conclusions  

These results confirm an interesting sensorial quality of brassicas analyzed. The 

treatments applied for the preparation and storage of vegetables can influence the sensorial 

quality of the final products. The panelist group mainly appreciated the air-dried and fresh 

samples, but the best was air-dried broccoli. The worst was freeze-dried ―spigariello‖. 

These data confirm the importance to investigate the consumer perception of quality 

before the introduction and commercialization of new products, because not always the high 

nutritional quality analyzed in laboratory corresponds to a positive sensorial quality perceived 

by consumers. This because the high concentration of some high nutritional interest 

compounds can also bring changes in quality perception of the product (eg. acidity for higher 

content of vitamins).  

Indeed, many studies confirmed that freeze-drying process is the best post-harvest 

process applicable to maintain unaltered the nutritional quality of vegetables; this process 

subtracts humidity concentrating the phytochemicals compounds and consequently enhance 

flavor, aroma and taste. For this reason, the sensorial characteristics of freeze-dried vegetables 

can be too strong and pronounced for the panel tasters, indeed in this study they resulted the 

less appreciated. In conclusion, the freeze-dried is the best process for maintain high 

nutritional quality, but the risk is to obtain a lower consumer appreciation because with a too 

strong sensorial perception in comparison with the fresh products. Even from this study it can 
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be confirmed that the sensorial analysis, based on programmed panel tests, remain an 

important tool to understand the consumer behavior and preference for any kind of new 

products.   
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8. CONCLUSION OF THE STUDY 

 

An increasing number of medical studies are focusing the attention on the correlation 

between the higher intake of brassica vegetables and the decreased risk of several human 

chronic pathologies. This health-promoting activity of Brassicaceae is mainly due to the 

presence of bioactive compounds characteristic of this genus. This study presented an 

investigation on the presence of those bioactive compounds, analyzing the nutritional quality 

and the factors that can modify their concentration in Brassica vegetables, like genotype, 

environmental conditions and pre-storage treatments. From the correct management and 

application of those factors it is possible to obtain high quality and healthy products, and to 

propose new ones.  

First evolved class ―Zeroscarti®‖ product is a good solution for maintain and preserve 

high nutritional quality and high phytochemical compounds content in the fresh vegetables, 

increasing their shelf life. Moreover, this study highlights the possibility to find interesting 

nutritional quality also in brassicas production waste, surplus, and plant portion normally not 

used for the intake, that can be destined to new commercial proposals, uses or as functional 

foods. 

One of the strengths of brassica vegetables is that they belong to a big family, 

constituted by a wide genetic variability with marked differences among genus, and species. 

This variability brought to a great intraspecific and interspecific differentiation of 

phytochemical compounds contents. Evaluating the genotype-environment interaction, it was 

reported the variation of phytochemicals concentration is strongly influenced by climatic 

condition, temperature, rainfall, nutrients availability etc., thus to differentiate the market 

characteristics of the variety depending to the cultivation environment and system.  

In this study, the genotypes that showed the highest content of phytochemical 

compounds with antioxidant capacity belong to Brassica oleracea acephala species, in 

particular the green curly kale for TPH and TAC, and red curly kale for the ACY contents, 

followed by black cabbage. These vegetables showed also a good balanced taste for what 

concern SSC, TA and pH. Among the analyzed field herbs, borage and chicory possessed the 

highest antioxidant capacity and total phenol contents. Vitamin C, one of the main responsible 

of the samples TAC, was mainly detected in broccoli, followed by black cabbage and turnip 

top.  

Considering portion and development stage of plant, it was demonstrated that seeds 

possess highest antioxidant capacity than leaves. For what concern broccoli, heads have a 
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higher content of phytochemical than stems, but FRAP method revealed that the total 

antioxidant capacity followed the opposite trend. The comparison between two varieties of 

broccoli (Roja and Santee) did not bring statistically significant differences for the antioxidant 

capacity, while the harvested time, in the same variety, affects it (e.g. Roja II-harvest than 

Roja). 

 

The comparison between two cultivation areas defined Valdaso and Fucino showed a 

better TPH and TAC average values in the Brassicas deriving from the first environment, 

while for ACY, Fucino vegetables possessed the highest contents. Several differences were 

appreciated between areas and years of cultivation. 

 

The results observed on the fresh vegetables can be used to characterize only products 

that reach the market as fresh product in first evolved class. For a long-term market, they need 

to store and in this case some treatments are needed, in particular to remove the water from 

the vegetable matrix and prolong the shelf-life of the product. In this study, the effects of two 

treatments, the air-drying and the freeze-drying, on the quality of vegetables were 

investigated, in comparison with fresh products. The best method for preserve the nutritional 

quality and at the same time extend the shelf life resulted the freeze-drying process, even if its 

main disadvantage is the high cost of the process. Freeze-drying process allow a retention of 

antioxidant capacity and phenolics compounds approximately between 70-80%, even if for 

some nutritional thermo sensitive compounds, the low temperature process can promote their 

deterioration. The higher TPH and TAC content was detected in freeze-dried Brassica 

oleracea achepala group constituted by black cabbage, green and red curly kales. The air-

drying process lead to the depletion of most of the phytochemical compounds, with 70% and 

60% of losses of phenolic compounds and antioxidant capacity, respectively (broccoli, black 

cabbage and red curly kale maintained the better nutritional properties). For ascorbic acid the 

depletion can vary between 40 and 60%. Those reductions depend by the temperature applied 

and the length of drying process. In this trial, it was also found an increase of total 

anthocyanins content in the air-dried material for some vegetables analyzed (e.g. black 

cabbage).  

Furthermore, if a company wants to produce a new typology of product to introduce 

into the market, a deep evaluation of the sensorial quality and possible consumer appreciation 

should be performed before its commercialization. This because not always to the high 

nutritional quality corresponds a high sensorial appreciation from the consumers. Panel test is 
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the main tool to be used for having this type of information. For this reason, a panel test was 

performed in this study, which revealed a high appreciation of dried broccoli, despite the air-

drying process is the worst to preserve the nutritional quality. In general, fresh material 

resulted to better exalt aroma and aftertaste persistence of brassicas, while the freeze-dried 

process has been perceived as the worst treatment for the vegetables acceptance by 

consumers.  

Putting together the information deriving from the different research lines of this 

study, the company can carry on different ways: 

- Strengthen the commercial diffusion and proposal of the first evolved class fresh 

vegetables combining the advantages found in this study. The choice of the better genotypes 

(e.g. green and red curly kales for brassicas and borage for field herbs); the harvest of the 

young portion at the correct time and finally, the right management during storage, with 

packaging use and cold temperature (4-5°C), that help to maintain unaltered the nutritional 

and sensorial quality and prolonged the shelf life. 

This product will satisfy the consumer‘s needs, maintaining high sensorial and 

nutritional quality, together with an ease of preparation and use. 

- Start to produce new dried products to use brassicas as an additive in pasta, meat or 

eggs, for added nutritional value in the normal diet. The most challenging future proposal is to 

realize new high-quality freeze-dried products, facing the problem of the low consumer 

acceptance for the aroma intensity typical of brassicas, in particular the freeze-dried ones. 

If the consumer will be informed and made conscious of the healthy potential of the 

phytochemical compounds present in the brassicas, may be willing to accept these products 

despite the aroma. 
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