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Abstract

Silva Dias.

The genus Brassica comprises six crop species: B. nigra, B. oleracea, B. rapa, B. carinata, B. juncea and B. napus, which provide edi-

ble roots, leaves, petioles, stems, inflorescences and seed. All of these six species can be used and consumed as vegetable, although

B. nigra is most exclusively cultivated as condiment mustard. Of these species, B. oleracea and B. rapa are highly polymorphic dis-

playing a range of vegetable morphotypes. Brassica vegetable crops are a unique and diverse group. They are highly nutritious and

have unique flavor and taste. Brassicas are good sources of dietary fiber, vitamin C, vitamin B6, vitamin K, minerals, and antioxidants

glucosinolates and flavonoids, that exhibit anticarcinogen properties. They can accumulate considerable amounts of selenium when

grown on high selenium content soils. This article highlights the nutritional and health benefits of vegetable Brassicas, as well as ex-

amples of breeding products and attractive product concepts that can stimulate Brassicas consumption and diet diversity.

Keywords: Cruciferae; Nutrition; Phytochemicals; Bioactive Compounds; Glucosinolates; Antioxidants, Diet; Breeding and Selection;

New Attractive Products; Consumption

Introduction

Brassica vegetables are economically considered as the third
most important group of vegetables after Solanaceae and Cucur-
bitaceae.In 2020, their estimated production was 100 million tons,
cultivated in 4 million hectars, where cabbages and other Brassicas
represent % of the production and cauliflower and broccoli repre-
sent % [1]. China is the main producer of Brassica vegetables with
almost 45% of the total production [1].

Following the determination of chromosome numbers, Mori-
naga [2] carried out pioneering cytogenetical investigations invol-
ving hybridizations and the study of chromosome pairing behavior
in Brassica. Morinaga explained that crop Brassicas comprise six
species, of these three are diploids: B. nigra, B. oleracea and B. rapa
(syn. B. campestris); and three are allotetraploids: B. carinata, B.
juncea and B. napus. U [3] represented diagrammatically these cy-

togenetical relationships between the species of Brassica genus, in

a famous triangle, referred to as the triangle of U (Figure 1), where

capital caracters means citoplasmatic genome.

Figure 1: Citogenetic relations between the species of Brassica

genus. Capital caracters means citoplasmatic genome.
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Brassica oleracea and B. rapa are highly polymorphic displaying
a range of vegetable morphotypes comparing with the other Bras-
sica species. All of these six species can be used and consumed as
vegetable, although B. nigra is most exclusively cultivated as condi-

ment mustard.

The objectives of this article are to analyse the diversity and
uses of vegetable Brassicas, their nutritional and health benefits,
and to show examples of innovative markets for their dietary diver-
sity like new or under exposed cultivars with desirable consumer
attributes, products delivering improved or high nutrition content

and products delivering convenience or ready-to-use.

Diversity and uses of Brassicas
Introduction

As referred the Brassica crops contain six species. B. oleracea
and B. rapa are highly polymorphic displaying a range of morpho-
types, although B. nigra is exclusively cultivated as condiment mus-
tard. In next paragraphs we are going to analyse the diversity in the

diferent vegetable Brassicas.

Brassica oleracea

The cultivated B. oleracea are collectively named as “Cole crops”,
aname given in 1901 by Bailey [4]. All coles might have a common
ancestor, a wild Brassica oleracea, and the different coles were de-
rived from this ancestor through mutation, selection and intercros-

ses (Figure 2) [5].

Figure 2: All coles might have a common ancestor, a wild
Brassica oleracea, and the different coles were derived from this

ancestor through mutation, selection and intercrosses [5].
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The breeding selection of the wild Brassica oleracea and inter-
crosses with other wild Brassicas allowed a number of morpholo-
gical forms to develop. Presently, the morphotypes of B. oleracea,
some very popular worldwide, are divided into eight groups. These
are: i) kales (group acephala); ii) cabbages (group capitata); iii)
cawliflower and broccoli (group botrytis and group italica, respec-
tively); iv) kailan or Chinese kale (group alboglabra); v) kohlrabi
(group gongylodes); vi) Brussels sprouts (group gemmifera); vii)
tronchuda cabbages (group costata); and collards (group sabelli-

ca).

Kales (gp. acephala) are leaf vegetable coles grown for their edi-
ble leaves. Kales do not form an head as with headed cabbages.
They are headless coles since the central leaves do not form a head.
They have green or purple leaves. Kales include among others: Ga-
lega kales, marrow stem Kkale, back kale or tuscan kale, borecole
or curly kale, green and dwarf siberian kales, etc. They are used
to be grown for edible foliage and are very popular in some Euro-
pean and Africa markets as “fresh leaves”. Once cut and cleaned, the
leaves are typically cooked by boiling, steaming or stir frying. Kale
leaves thinly sliced in soup with pureed potatoes, or sautéed with

garlic and olive oil is very popular in Portugal.

Cabbages (gp. capitata) are characterized by folding of the lea-
ves into “heads”. They include “white-green” head cabbages, and
savoy and red cabbages, They have pale to dark green and red lea-
ves. Savoy cabbages are characterized by crimped or crispy leaves.
Red cabbages have smooth red leaves. Head cabbages can be loo-
se-headed that are commonly sliced and steamed or firmt-headed
used in pickling sauerkraut. Smooth-leafed, firm-headed white-
-green cabbages are the most common. Respecting the shape of the
head it could be round, pointed or shaped. Once cut and cleaned,
the cabbage leaves are typically cooked by boiling, steaming, stir

frying, slow cooking, or roasting.

Cauliflower (gp. botrytis), broccoli and sprouting broccoli (gp.
italica) are inflorescence coles. Cauliflower and broccoli produce
edible forms made up of modified inflorescences. In cauliflower,
the undifferentiated mass of inflorescence meristems form a struc-
ture called curd. Broccoli has large inflorescences, commonly cal-
led heads. The flower heads of broccoli are usually dark green, ar-
ranged in a tree-like structure branching out from a thick stalk. The
mass of flower heads is surrounded by leaves. Broccoli resembles

cawliflower. Both were domesticated in Italy. It is now largely ac-
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cepted that cauliflower was originated from broccoli. A single ma-

jor gene mutation in broccoli produced cauliflower [6].

Broccoli comprise distinct heading forms: the standart broccoli,
described before, with a single large terminal inflorescence made
up of a mass of fully differentiated flower buds; and the sprouting
broccoli, also called “calabrese” that is different from the standard
broccoli since the inflorescence is branched and it produces small

florets.

The most known cauliflowers are white curded. Although new
vegetable morphotypes with green, yellow, violet and purple heads
are now in the market, along with romanesco cauliflower, charac-
terized by striking and unusual fractal patterns. Orange colour curd
is a recent mutation. This mutant was first found in the Bradford
Marsh, north of Toronto (Canada), in 1970.

Broccolis inflorescences are also green, violet or purple.

Kailan or Chinese kale (gp. alboglabra) is a leaf cole with glos-
sy blue-green leaves with thick stems, and smaller florets (much
smaller than sprouting broccoli). It doesn’t need vernalization to
flower, and so it flowers early. It is widely cultivated in Southeas-
tern Asian countries where the edible flower buds, flower stalk and
young leaves are consumed. Once cuted and cleaned, the leaves and
flower buds are typically cooked by boiling, steaming, slow cooking

and stir frying.

Kohlrabi (gp. gongylodes) with an enlarged basal stem is grown
for its bulbous edible stem particularly in Vietnam in Asia, and in
Germany and Austria in Europe. It can be eaten cooked, pickled and
raw. In Germany and Austria, where is very popular, traditionaly
the edible stem of kohlrabi is cooked (boiled, roast or in puree). In
Vietnam, people eat it raw in salad or slaws, pickle it in kimchee,

drop it into soup, and stir-fry it too.

Kohlrabi leaves are edible and can be used similarly to kale, but
can take longer to cook. In Sicily (Italy) there are a landrace almost
without stem that is used for their edible leaves, which are eaten
boiled as a vegetable side dish with a dressing of extra virgin olive
oil and a squeeze of lemon juice. The leaves can also be cooked with

pasta, as a wet pasta dish.

Brussel sprouts (gp. gemmifera) which have a proliferation of

heading buds, are grown for its edible buds which resemble to mi-
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niature cabbages. “Gemmiferous” means bud-producing. The most
common method of preparing Brussels sprouts for cooking begins
with cutting the buds off the stalk. Once cut and cleaned, the buds
are typically cooked by boiling, steaming, stir frying, grilling, slow

cooking, or roasting.

Tronchuda cabbage (gp. costata) landraces are a unique but
diverse class of vegetables very relevant in portuguese diet. They
can only be found in Portugal and in Galicia (Northwestern Spain).
They were never previously submitted to selection and breeding.
It is a short stem cole. Its inner leaves have a close rosette aspect,
rarely compacted, and usually surrounded by well developed open
outer leaves. This is one of the arguments why they are conside-
red as midway coles, between kales and cabbages [5]. This caused
some systematic confusion among authors. Some of them include

tronchuda cabbages in kale group.

Tronchuda cabbages are used in Portugal, mainly in popular
dishes as “Cozido-a-Portuguesa” (meat and vegetables stew; por-
tuguese method) and “Codfish with tronchuda cabbage”. Once cut
and cleaned, the leaves are typically cooked by boiling with other
vegetables. Its choice is due to their sweet flavour and the succu-
lence of the whole leaves (including the petioles which are quite
tender despite their thickness). Due to the tenderness of the leaves

it is a fast cooking comparing to kales.

Collards (gp. sabellica) is a tronchuda like type with short
stem and a hardly compacted rosette of green leaves. It is grown
in Southern USA. Like tronchuda cabbages they are considered as
midway coles, between kales and cabbages. Some authors included
them in kales group. They are used in Southern braises and stews,
as the hearty leaves can old up to longer cooking times. More re-
cently collard greens have become increasingly popular to use as

wraps in veggie based diets.

Brassica rapa

Because of foliar multiplicity, much confounding arose in na-
ming the diversified morphotypes of B. rapa. At presente they are
also divided into eight groups: i) Chinese cabbage (gp. pekinensis);
ii) Pak-choi (gp. chinensis) iii) Choy sum (gp. parachinensis; iv)
Mizuna or Mibuna (gp. nipposinica sin. japonica); v) Komatsuna
(gp. perviridis); vi) Tatsoi or Tsa-tsai (narinosa sin. rosularis); vii)

Turnip (gp. rapifera); and viii) Broccoleto (gp. utilis).
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Pak-choi (gp. chinensis) with broad green leaves and a wide
green-white petiole was the first B. rapa vegetable to evolve in cen-
tral China. Pak-choy does not form head; it is headless. This is the
most primitive form from which originated group parachinensis.
Once cuted and cleaned, the leaves are typically cooked by boiling,

steaming, slow cooking and stir frying.

Chinese cabbage (gp. pekinensis), in oposition to pak-choy is
characterized by the folding of the leaves into “heads”. There are
loose-leaved and compact head forms, formed by tightly over-
lapping light green large leaves with large white petioles. They pre-

sent also different shapes.

The vegetable morphotypes of Chinese cabbage are extensively
cultivated in Japan, in China and in other Southeastern Asian coun-
tries. They are eaten fresh as raw salad, boiled or pickled in kim-

chee.

Choy-sum (gp. parachinensis) or flowering pak-choy was origi-
nated from pak-choy and is characterized by their distinct yellow
flowers. The choy-sum is a green leafy B. rapa consumed by their
flower buds and leaves. Flowering normally appears when plants
are about 7 to 8 leaves. Edible plant, when it is near the flowering
stage, consists of a single or branched leafy structure. The height of
the plant varies on the growing conditions and on the cultivars. It is
ordinarily used in Chinese cuisine. They are eaten boiled, steamed

or stir fryed.

Mizuna or Mibuna (gp. nipposinica sin. japonica) it is a uni-
que vegetable, that thoughout farming was selected by japanese
growers. It possesses many basal branches and leaves. Forms large
stump with many narrow thin leaves. There are two outstanding
morphotypes: Mibuna with slight entire leaves and Mizuna with
deeply dissected leaves. It can be harvest at any stage from micro-

-greens to mature plant.

Komatsuna (gp. perviridis) is a leafy B. rapa vegetable, with
green-yellow leaves. I tis mainly grown in Japan where is extremely
popular and readily available at local markets. It can be harvest at
any stage from micro-greens to mature plant. Even the flower buds
and yellow blooms are edible. Leaves can be used in salads, stir
frying and soups. Flavor is mild and sweet with just a touch of zesty

pungency characteristic of mustards.
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Tatsoi or Tsa-tsai (gp. narinosa sin. rosularis) appears like pak-
-choi but diverge from typical pak-choi morphotypes by its flat
appearance and many dark green leaves. It can be harvest at any
stage from micro-greens to mature plant. Leaves can be used in sa-

lads and stir frying.

Turnip (gp. rapifera) in opposition to the B. rapa previously de-
scribed turnip is of European origin. There are selections of turnips
for roots, for leaves and for tops. The root production morphotypes
are grown worldwide. Turnip tops and turnip greens have a deep
tradition of usage in Portugal, Northwestern Spain and Southern
Italy, being part of very popular recipies and festivities. Turnip
forming roots are usually boiled. Turnip leaves and tops once cuted
and cleaned, the leaves and flower buds are cooked by boiling, used

in soups, steaming, and stir frying.

Broccoletos (gp. utilis) are turnip top morphotypes grown in
Southern Italy where they are known by “cima di rapa” (turnip
tops). Some authors include it in turnip group. Broccoletos are simi-
lar in appearance to sprouting broccoli since is green stem is topped
with florets of flower buds. Although the stem of broccoleto is thin
and tender in oposition to sprouting broccoli that is thick and tight.
Additionally, instead of high packed florets, broccoleto has looser
crowns of flower buds. Broccoletos once cuted and cleaned, the lea-

ves and flower buds are cooked with pasta or boiled or steaming.

Brassica nigra

As menthioned B. nigra is almost exclusively cultivated as con-
diment mustard. Although since antiquity it is also collected from
the wild, in the initial stages, as edible pungent leaves or for medi-
cinal purposes. In Greece people consume its inflorescences boiled

like we saw in turnip tops and broccoletos.

Brassica juncea

Brassica juncea is a root, stem and leaf vegetable in China, whe-
re these different morphotypes have a long history of cultivation.
Root (gp. megarrhiza) and stem mustard (gp. tsatsai) morphotypes
evolved independently from leaf mustard (gp. multiceps) forms.
They are less important as vegetables than leafy mustards. In leafy
mustards there are two diferente morphotypes: those with deeply
dissected leaves that branched early during vegetative growth; and
those headed forms with broad leaves and thick petioles. They are

widely grown and consumed as root, stem and salt-pickled leaves
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as kimchee in China and in other Southeastern Asian countries. The

leaves are charecterized by having a hot spicy flavour.

Brassica napus

Two vegetable forms of B. napus are now in cultivation: i) root
forming swede or rutabaga; and ii) leafy vegetable rape morpho-
types. Its root variants, swede or rutabaga, are grown as vegetable,
particularly in Scandinavian countries and in England. Leafy rape
vegetable morphotypes are grown and consumed in Portugal and

in Northwestern Spain.

The rutabagas include two morphotypes, one with yellow flesh
and the other with white flesh. Both are used as root vegetable, and
consumed boiled as alternative to potato and turnip. Leafy rape is

also used as alternative to turnip greens and turnip tops.

Brassica carinata

B. carinata, the Ethiopian mustard, is also used as vegetable
mainly in Ethiopia where the poor farmers produce the crop for
several uses (vegetable, medicinal, and oil). As vegetable young
tender leaves are eaten raw in salads while older leaves and thi-
ck stems are cooked and eaten like turnip greens, tronchudas or
collards. Flowering inflorescences may be cooked and eaten like

sprouting broccoli.

Nutritional and health benefits of vegetable Brassicas
Introduction

The Brassica vegetables are higly nutritious. They are good
sources of dietary fiber, vitamin C, vitamin B6, vitamin K and mi-
nerals (mainly calcium, potassium, magnesium, manganese, sulfur
and iron). In addition they have glucosinolates, flavonoids, antho-
cyanins, terpenes, and other compounds, beneficial for human
health, since they show anticancer, antioxidant and anti-inflamma-
tory properties. Like other vegetables they are low calorie, gluten
free, cholesterol free, and very low in sodium. Brassicas are capable
of accumulating considerable amounts of selenium (antioxidant)

when grown on high selenium content soils.

Nutritional benefits
Dietary Fiber

All Brassica vegetables contain significant amounts of dietary
fiber [7]. Dietary fiber content of cauliflower was estimated to be

around 5% of fresh weight or about 50% of dry weight, consisting
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of about 40% non-starch polysaccharides [8]. Cellulose and lignin
concentrations in Brussels sprouts were estimated to be 36% and
14.5%, while in cauliflower they were estimated to be around 16%

and 13% of dry matter, respectively [9].

Vitamins

Brassica vegetables are also rich in vitamins, including carote-
nes, tocopherols, vitamin C, and folic acid that have the potential to
prevent and treat several diseases related to oxidative stress like

cancerous and degenerative diseases [7].

Cao,, et al [10] studing the antioxidant capacity among 22 com-
mon vegetables observed that green leafy kale rated as the second
highest among the vegetables tested. Brussels sprouts and broccoli
were also graded high in their vitamin content comprising signifi-
cant amounts of -carotene and vitamins C and E [11]. Evaluation
of a and B-, a-, and y-tocopherols, and vitamin C in broccoli, Brus-
sels sprouts, cabbage, cauliflower, tronchuda, and kale, showed
significant variations between and within these Brassicas [11,12].
Vitamin C is the most abundant vitamin in all five Brassicas tested
[11]. Kale had the highest amount of these vitamins, followed by
broccoli, Brussels sprouts, cabbage and cauliflower. Research in-
dicated that 79% of -carotene, 82% of a-tocopherol, and 55% of
vitamin C variability in broccoli were associated with genetic fac-
tors [11].

Kurilich., et al. [13] found that broccoli extracts are protective
against reactive oxygen species (ROS) apparently due to the pre-
sence of vitamin C, quercetin, kaempferol, lutein, zeaxanthin, a-to-
copherol, y-tocopherol, and 3-carotene [14]. Bioavailabilty is a cri-
tical factor in the determination of the role of these compounds in
human health. Granado., et al. [15] observed that when 200 g of
broccoli was consumed by healthy volunteers, significant modifi-
cations in the serum of both men and women were observed for
lutein, whereas for y-tocopherol a significant change was detected
in women only, whereas no changes were observed for - tocophe-

rol, B-carotene, and retinol.

Carotenoids present in dark green leafy vegetables might be
involved in the prevention of several diseases related to oxidati-
ve stress. Miyazawa,, et al. [16] found that carotenoids content in
some B. rapa, like komatsuna, is two-fold higher than in spinach.
Sixteen carotenoids were identified in pak-choi, choy-sum and Chi-

nese cabbage, out of which lutein and -carotene were the most
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abounding [17]. Lutein has also been isolated from extracts of fresh
raw kale, and high levels of other carotenoids, mainly 3-carotene,
were also detected [11,18]. Brussels sprouts and white cabbage,
have been also described to contain significant amounts of trans-

-B-carotene and cis-f3-carotene [19].

The main tocopherol in all vegetable Brassica vegetables is
a-tocopherol with the exception of white cauliflower, which do-
minantly contains y-tocopherol [20]. High levels of vitamin C have
been observed in the most important coles and in Chinese cabbage.
Goldoni,, et al. [21] reported that the content of vitamin C in diffe-
rent cultivars of head cabbages for sauerkraut ranges from 12.0 to
112.5mg/100g.

Brassica vegetables are also an excellent source of folic acid, a
limited but important vitamin which deals as a coenzyme in many
single carbon transfer reactions in the synthesis of DNA, RNA, and
in protein contents [7]. Folic acid reduces the risk of neural tube
defects and may be associated with the reduced risk of vascular
disease and cancer [22], while low folate intake has been identi-
fied as a main cause of anaemia [23]. Brussels sprouts and broccoli
were rated among the highest vegetable sources for folate, contri-
buting about 110 to 135 and 70 to 90 pug/100g, respectively [24].

Cauliflower and green-white cabbage contain also folic acid [25].

Vitamin K are associated to a group of fat-soluble vitamins that
play a role in regulating blood calcium levels, bone metabolism,
and blood clotting. The humans need vitamin K because without
it, the human body can not produce prothrombin, that is essential
and necessary for blood clotting and bone metabolism. There are
a correlation between low intake of vitamin K and osteoporosis.
Phylloquinone or vitamin K1, is the main vitamin K originated from
plants. Kale and all other Brassica vegetables are good sources of

vitamin K.

Minerals

Brassica vegetables are rich in many minerals [7]. Among all the
green leafy Brassica vegetables, kale is an outstanding source of mi-
nerals accumulating high levels of K, P, Ca, S, Fe, Cl, S, Cr, Mn, Se, and
Zn [26]. Besides kales, different other Brassicas such as cauliflower,
broccoli, white cabbage, Brussels sprouts and Chinese cabbage are
reported to have high essential minerals and trace elements con-
tents [27]. Interestingly is that all these Brassica vegetables exhibit

excellent calcium bioavailability [28].
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All Brassicas are capable of accumulating considerable amounts
of selenium (antioxidant) when cultivated and grown on high se-
lenium soils content. Finley [29] found that broccoli accumulates
selenium to concentrations often found in soil, which remarkably
increase its health-promoting properties. Banuelos and Meek [30]
reported that broccoli grown on selenium enriched soil accumu-
lated seven-fold more selenium than cabbage, collards and Swiss
chard. Broccoli plants grown outdoors on a sphagnum, peatmoss,
and vermiculite medium and fertilized with sodium-selenate and
selenite accumulated 278 mg/g dry weight selenium, in the edible
florets, compared to the non-fertilized control, which accumulated
only 0.13 mg/g dry weight [31]. In broccoli, selenium is stored as
selenocysteine [7], which is immediately absorved by human tis-
sue. Selenium-enriched broccoli was found to reduce colon cancer
and mammary tumors in animal models [7,31,32]. Cabbage sprou-
ts and fully developed heads also accumulated selenium and the
accumulation was higher in the sprouts than in the mature heads
[33].

Aggregate Nutrient Density Index

Aggregate Nutrient Density Index (ANDI) is a scoring system
based on nutrient content, rated on a 1-1,000 scale, that was pro-
posed by Dr. Fuhrman [34]. This index assignes scores to a vari-
ety of vegetables based on how many nutrients they deliver to our
body in each calorie consumed. It was calculated by evaluating the
content of dietary fiber, vitamins, minerals, phytochemicals, anti-
oxidant capacities, etc. It is an index that estimates the nutritional
quality of vegetables [7]. It guides on increasing the nutrient den-
sity of the diet. The higher the ANDI score, and the greater percent-
age of those vegetables in the diet, the better our health [7].

Leafy Brassica vegetables have the highest ANDI scores. Kale,
collard, tronchudas, turnip greens and mustard greens have an
ANDI score of 1,000; pak-choy of 865; Chinese cabbage of 714;
Brussels sprouts of 672, cabbage of 481; turnip of 473; broccoleto
of 455; kohlrabi of 352; cauliflower of 315; and rutabaga of 296
[72]. Kales, as well as tronchudas and collards, contain a higher
content of fiber, calcium, and sulfur when compared to broccoli, the

reference within Brassica vegetables [7].

A recent meta-analysis found that greater leafy green vegetables
intake was associated with 14% decrease in risk of type 2 diabetes
[36]. Another previous study reported that each daily serving of
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leafy green vegetables produces a 9% decrease in risk of type 2 dia-
betes [37]. Khan,, et al. [38] saw that oral feeding of B. juncea diet
(10% w/w) for 60 days to normal rats led to significant hypogly-
cemic effect. This effect was attributed to stimulation of glycogen
synthetase (leading to increase in hepatic glycogen content) and
suppression of glycogen phosphorylase and other gluconeogenic

enzymes.

Health benefits

Introduction

Brassica vegetables contain about 50 different glucosinolates, a
group of secondary plant metabolites found mainly in the Brassi-
caceae family. Glucosinolates are associated to disease protection.
Epidemiological data show that a diet rich in Brassicas can reduce
the risk from distinct and diverse forms of cancers and that the risk
can be substantially reduced by an intake of at least 10g per day
[39-43]. Epidemiological studies have reported that diets rich in
broccoli, may reduce the risk of prostate cancer, and consumption
of one or more portions of broccoli per week can reduce the in-
cidence and the progression from localized to aggressive types of
prostrate cancer [42]. The evidence regarding the anticarcinogenic
effect of phytochemicals in Brassicas are those from in vivo studies,
mainly with broccoli, using human volunteers and animal models
[42-44]. In order to provide evidence of the relationship between
whole broccoli and cancer prevention, Farnham,, et al. [46] investi-
gated the diversity of induction of the phase II detoxification enzy-
me quinone reductase, in murine hepatoma cells, by 71 inbred and
5 hybrid lines of broccoli. They found that the rate of induction of
quinone reductase in hepa 1c1c7 by the broccoli inbred lines ran-
ged from 0 to 15,000 units and that the rate of induction was highly
correlated (r = 0.85) to the concentration of glucoraphanin in each
broccoli inbred. Besides broccoli, kale and Brussels sprouts, exhi-
bited also protection against prostate cancer, breast cancer, lung

cancer and chemically induced cancers [39-43].

Among the effects that the consumption of Brassica vegeta-
bles and glucosinolates has on human health, they rank and rise
for their anti-cancer, antioxidant, anti-inflammatory, anti-diabetic,
anti-microbial, anti-parasiticidal, anti-mutagenicity, antiglycation,
antifibrotic, antispasmodic, bone formation and cholinesterase

inhibitory activities [47].

Higher antioxidant potential of Brassica vegetables is also due

to their higher content of phenolic bioactive compounds [48]. This
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higher content of phenolics has been associated with beneficial
health effects, such as reduced risk of age-related chronic disea-
ses, and advantageous manipulation of gut microbiota [49]. In this
article we will analyse only the flavonoids since they are the most

common and widely group of Brassica phenolics.

Glucosinolates

Brassica vegetables are the richest sources of glucosinolates in
the human diet. Research studies of glucosinolate profiles reveal
significant quantitative and qualitative differences among acces-
sions within each Brassica group, developmental stages, plant par-
ts, climatic conditions, and agronomic practices [43]. Kushad., et
al. [50] found in 65 cultivars of brocolli, that glucoraphanin was
the main glucosinolate and that there was more than 27-fold dif-
ference between the highest concentration in ‘Brigadier’ and the
lowest concentration in ‘EV6-1’. Fahey, et al. [51] evaluated glu-
cosinolate content of broccoli sprouts and found that they have
20- to 50-fold higher glucosinolates contente than tissue from ma-
ture plants. In broccoli heads, the most significant glucosinolates
are glucoraphanin, glucobrassicin, progoitrin, and gluconasturtiin
[7,50,52,53].

Hansen., et al. [54] also reported in their survey with 21 culti-
vars of red cabbage and 6 green-white cabbages, that there was a
remarkable variation in the concentration of the individual gluco-
sinolates between the cultivars investigated. Red cabbage cultivars
were found to have substantially higher concentrations of glucora-
phanin in comparison to green-white ones. There were also signi-
ficant differences within the red cabbage cultivars. In the red cul-
tivars investigated ‘Rodima’ contained the highest concentration
with 7.4 mg/g dry weight glucoraphanin whereas ‘Primero’ contai-
ned the lowest concentration containing only 0.6 mg/g dry weight.
The green-white cabbage cultivars had substantially higher levels
of glucoiberin in comparison to red ones. The green-white cabbage
‘Bartolo’ had the highest level of 7.4 mg/g dry weight, whereas the
‘Candela’ contained the lowest level of 1.7 mg/g dry weight. The
red cultivars ranged from approximately 3 mg/g dry weight to 0.3
mg/g dry weight. The red cabbages cultivars were also found to
have substantially higher concentration of gluconasturtiin in com-
parison to the green-white ones. The ‘Amager Garo’ contained the
highest concentration whereas ‘Primero’ contained the lowest, 1

and 0.1 mg/g dry weight, respectively.

A great number of glucosinolates have been identified in green-

-white cabbages, namely glucoraphanin, glucoiberin, gluco-
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brassicin, progoitrin, gluconasturtiin, sinigrin, epiprogoitrin,
gluconapoleiferin, glucoalisin, gluconapin, 4-hydroxybrassicin, glu-
cobrassicanapin, methoxyglucobrassicin, and neoglucobrassicin
[43,55]. In cauliflowers, Brussels sprouts, kohlrabi, collards, kales
and tronchudas the main glucosinolates are glucobrassicin, pro-
goitrin and sinigrin [43,52,55,56]. Brussels sprouts also contained

substantialy amounts of gluconapin [43,50].

Identical variations were also detected in turnips and rutaba-
gas. Carlson.,, et al. [57] analysed for fourteen glucosinolates 29
cultivars of turnips and 12 rutabagas. The major glucosinolates in
turnip roots were progoitrin, gluconasturtiin and glucobrassicin. In
rutabaga roots besides these three glucosinolates there was glu-
coerucin. In another study Carlson,, et al. [58] compared the gluco-
sinolates levels in tops and roots of 21 selected cultivars of turnip:
14 cultivars recommended for human consumption of either tops
or tops and roots; 5 cultivars recommended for consumption of
roots; and 2 cultivars used for animal feed. The research showed
substantialy lower levels of progoitrin and 1-methylpropyl gluco-
sinolates in tops and roots of cultivars used as vegetables, compa-
ring to those grown for animal feed. Contents of 1-methylpropyl,
gluconapin, and glucobrassicanapin glucosinolates were higher in
turnip tops than in roots; while progoitrin, glucoerucin, glucoeru-
cin, gluconapoleiferin, glucoalyssin, gluconasturtiin, glucobrassicin

glucosinolates and total glucosinolates were all higher in the roots.

Yang and Quiros [59] made a survey to study the aliphatic, in-
dolic and aromatic glucosinolates variation in young leaves of 82
cultivars of B. rapa made up of the following crops: Chinese ca-
bbage, pak-choy, mizuna, komatsuna, turnip, broccoleto and rape-
seed. They identified 14 distinct glucosinolates present. They do
not found distinct glucosinolates but their amount varied largely
among cultivars and morphotypes, with the exception of the Chi-
nese cabbages that have a tendency to contain similar amount and
glucosinolate profile. glucobrassicanapin, gluconapin (aliphatic),
glucobrassicin, neoglucobrassicin (indolic), and gluconasturtiin
(aromatic) are the main glucosinolates in most of the cultivars
investigated. It was found in three turnips (‘Kenshin Kabu’, Kamo
Kabu’ and ‘Royal Crown’ - all from Japan) two glucosinolates not
commonly found in B. rapa and in other Brassica species (2-me-
thyl-2propenyl and n-butyl). The absence of glucoraphanin (the
most common glucosinolate in broccoli) was found in all the 82
accessions of B. rapa surveyed which indicates that only functio-

nal Brgsl-Alk alleles are present in B. rapa.
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Turnip contain higher total glucosinolates than Chinese cabba-
ge and rapeseed, but the variation between the last two crops was
not significant. The mean total aliphatic glucosinolates in turnip,
Chinese cabbage, and rapeseed was significantly different (P < <
0.01). Total aliphatic glucosinolates of Chinese cabbage was sig-
nificantly lower than that of turnip and rapeseed (P = 0.05). The
methylsufinylalkyl/alkenyl means were also significantly different
in these three Brassicas (P < 0.05), but the variation was only sig-
nificant between that of Chinese cabbage and turnip (P < 0.05).
Overall, aliphatic glucosinolates amount in Chinese cabbage is
significantly lower than indolic glucosinolates amount (P < 0.01).
Pak-choi does not have a high content of aliphatic glucosinolates
either, although its aliphatic glucosinolates amount is higher than
its indolic glucosinolates amount. Turnip, broccoleto, and rapeseed
all have significantly higher aliphatic glucosinolates amount than

indolic glucosinolates amount (P < < 0.01).

Turnip ‘Tokyo Top’ contained the highest amount of total (7.452
umol/g fresh weight leaf tissue) and aliphatic glucosinolates
(6.823 pmol/g fresh weight leaf tissue). In opposition, Chinese ca-
bbage ‘Matsushima’ contain only 0.011 pmol/g fresh weight of ali-
phatic glucosinolates and an unknown cultivar of Chinese Cabbage
from Taiwan, lacked aliphatic glucosinolates. Turnip ‘Tokyo Top’,
had also the highest content of 5-C side-chain glucosinolate (3.324
umol/g fresh weigh leaf tissue), while its 4-C side-chain glucosino-
late amount (3.499 pmol/g fresh weigh leaf tissue) was also rather

high in comparison to other B. rapa evaluated.

All these results put forward that there are considerable diffe-
rences in the health benefits among Brassicas species and cultivars,
which is important not only from a health perspective, but also as
a marketing mechanism to advocate and promote a particular cul-

tivar.

Glucosinolates and their hydrolysis products, are also responsi-
ble for the bitter taste, sulfurous aroma and pungency of Brassica
species. These taste and flavor sensory perceptions depend if Bras-
sicas are consumed raw or cooked and they can be objected and
disapproved or appreciated and valued by consumers. In sensory
perception panels bitter and pungent notes are, in general related
with increase values of total glucosinolates. In broccoli Schonhof.,
et al. [60] reported that the genotypes with the highest total glu-

cosinolate values ( > 400 mg/100g fresh weight) had most intense
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and bitter sensory notes than those with total glucosinolate con-

centrations below 20 mg/100g fresh weight.

Flavonoids

Flavonoids are importante in the maintenance of good health
and in the prevention of multiple diseases associated to oxidative
stress such as cancer, coronary heart disease and atherosclerosis
[43].

Miean and Mohamed [61] examined the flavonoid amount of 62
vegetables and detected that broccoli, cauliflower, kailan, green-
-white cabbage, and Chinese cabbage, had between 148 and 219
mg/kg of flavonoids. Broccoli had myricetin, quercetin, and luteo-
lin; cauliflower had myricetin and quercetin; kailan had quercetin
and apigenin; and green-white cabbage had only myricetin. In a
complementary research, Hertog,, et al. [62] calculated the meta-
nol-extracted flavonoids from edible part of 28 vegetables and no-
tice that quercetin levels, of most of them, were below 10mg/kg,
except in broccoli (30 mg/kg), in kale (110 mg/kg), and in onion
(486 mg/kg). Turnip, broccoli, and kale had 48, 72, and 211 mg/kg
of kaempferol, respectively. Kaempferol had also been identified in

green-white and tronchuda cabbage leaves [63,64].

Moreno,, et al. [65] found that the major flavonol in broccoli flo-
rets are quercetin and kaempferol, representing up to 90% of the
total flavonoids amount. The favonoids amount in 'Marathon' and
'Lord' broccoli florets was 6 mg/100g fresh weight. Gliszczynska-
-Swiglo., et al. [66] report that quercetin and kaempferol contents
in broccoli inflorescence varied from 1.4 to 8.1 mg/100mg fresh
weight and from 3.6 to 21.3 mg/100g fresh weight respectively.

Innovative markets for dietary diversity
Introduction

Breeding trends within Brassicas can be broadly divided into
three categories: i) Crop improvement: addressing the needs of
the growers including increased yields, stability in performance,
timely maturity, disease and pest resistance; ii) Product improve-
ment: aimed at meeting consumer demands which include com-
plex character traits like appearance, storage quality, taste, flavor
and enhanced nutritional values; and iii) Attractive product con-
cepts that can stimulate Brassicas consumption like new or under
exposed cultivars with desirable consumer attributes, products de-
livering improved or high nutrition content, and products deliver-

ing convenience or ready-to-use.
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Because yield and quality are the important traits to the produc-
er, Brassica breeders have historically applied significant selection
pressure to these traits. Besides it is unusual farmers to be paid
for nutritive components. So there have not been monetary mo-
tivation for producers to give attention to dietary traits. Although
nowadays consumers are becoming more aware of these dietary
and nutritional traits and their health benefits and so breeders and

producers need to fullfill this demand.

Breeding for healthy glucosinolates

Introduction

Brassica breeding objectives should include increase of healthy
glucosinolates content. Although breeding Brassicas for improved
glucosinolate content is a hard target that need know-how and
skills in many disciplines, such as, breeding, biochemistry, sensory
panels, and soil science. Two case studies of breeding for hight con-

“e

tent healthy glucosinolates are presented in this article: “Benefor-
té’ a super healthy broccoli bred” and “Selection of baby turnips

with high content of healthy glucosinolates”.

‘Beneforté’ a super healthy broccoli bred

‘Beneforté’ broccoli is a product of conventional breeding
(no genetic manipulation), developed by British scientists at the
John Innes Centre and the Institute of Food Research, as a cross
between a standard broccoli and a glucosinolate-rich wild specie
Brassica villosa from southern Italy. The development and com-
mercialisation of ‘Beneforté’ broccoli can be considered in three
phases. Fistly, the development of hybrids between the wild specie
B. villosa and a standard broccoli. Secondly the mapping of quanti-
tative trait loci (QTLs) in segregating backcross populations deve-
loped from these F1 hybrids and the identification of a major QTL
on linkage group 2 that determined the levels of methionine-de-
rived glucosinolates. Thirdly, the development of high quality F1
hybrid cultivars containing the high glucoraphanin trait and large-
-scale field trials to certify the high glucoraphanin phenotype over
many year in diferente environments. The development program-
me has led to the commercialization of high glucoraphanin broccoli
hybrids with the trade mark ‘Beneforté’ broccoli [67].

In other words, ‘Beneforté’ broccoli is a new form of broccoli
that contains a single Myb28 allele derived from the wild specie B.
villosa that accumulates 3-fold higher level of the glucosinolate glu-

coraphanin in its florets than common broccoli cultivars grown in

Citation: Jodo Carlos da Silva Dias. “Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity". Acta

Scientific Nutritional Health 6.2 (2022): 73-88.


https://www.healthpedian.org/genetically-modified-foods-benefits-and-risks/

Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity

the same condition. And have levels of other health glucosinolates,

minerals and vitamins similar to other broccolis.

When consumed glucoraphanin is degraded by hydrolysis into
the bioactive isothiocyanate sulforaphane. Studies have confirmed
that eating ‘Beneforté’ broccoli results in two to four times higher
level of sulforaphane in the blood compared with standard brocco-
li. Sulforaphane possess multiple anti-cancer effects, such as acting
as inhibitors, blocking phase 1 enzymes that convert procarcino-
gens to carcinogens, regulating phase 2 detoxification enzymes and
thus promoting the body’s ability to get rid of potential carcino-
gens, reducing chronic inflammation and perhaps most critically,
through the induction of cytoprotective enzymes an antioxidant

gene expression.

As the evidence in favour of ‘Beneforté’ broccoli is mounting,
we are beginning to see that these benefits may not be only limi-
ted to potential for cancer protection. One recent study found that
glucoraphanin-rich ‘Beneforté’ broccoli can help re-tune our meta-
bolism, activating natural defences to make sure that our metabolic
system - mitochondria - functions well. By doing this, ‘Beneforté’
could perhaps offer protection against conditions associated with
ageing, such as diabetes type 2, cardiovascular disease along with

some forms of cancer [67].

Following successful preliminary studies, it looks as though the
active broccoli component sulforaphane has the ability to block
specific destructive chemicals, called metalloproteinases, as well as
blocking inflammation, thus protecting against cartilage destruc-
tion. Based on this finding, researchers are now undertaking a hu-
man trial with ‘Beneforté’ broccoli to see what impact it will have
on the joints of patients with arthritis. It looks increasingly likely
that sulforaphane, so abundant in broccoli ‘Beneforté’, favourably
regulates certain key signalling pathways relevant to preventing

various chronic diseases associated with ageing.

Selection of baby turnips with high glucosinolate content

As referred in B. rapa turnips and broccoletos have higher con-
tent of aliphatic glucosinolates than Chinese cabbages and pak-
-choys and some turnips, like ‘Tokyo Top’ have much higher total
glucosinolate content than other turnips and oriental Brassicas
[59]. So the development of new cultivars of turnips with health
benefits derived from high glucosinolate content is real. Breeders

can be effective in meeting this target if selection is successful and
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if there is an accessible technique to measure the content of the

glucosinolates, which is the case.

Attractive product concepts that can stimulate Brassicas con-
sumption
Introduction

In this section are presented six case studies of attractive pro-
duct concepts that can stimulate Brassicas consumption: i) Greens
revolution with Brassicas baby leaf; ii) Gluten free veggie wraps
and rolls with flat shape white cabbage; iii) Kohlrabi raw veggie sti-
cks; iv) Detox Brassicas juice; v) Brassica sprouts and micro-greens;

and vi) Brassicas as vehicle for selenium supplementtion.

Greens revolution with Brassicas baby leaf

Baby leaf greens are young, freshly grown salad vegetables har-
vested when they are 15 to 25 days old and ready-to-use. They are
more tender, tasty and bite-sized. The blends of baby leaf greens
with Brassicas besides fiber, glucosinolates, polyphenols and other
anti-oxidants they are an excelent source of minerals, of vitamin
K, and they offer more vitamin C than one orange or an apple, and

more available calcium than enriched milk.

There are “ocidental” and “oriental” Brassica blends of baby leaf
greens ready-to-use. In the ocidental blends we can found besi-
des baby kale and baby mizuna, baby spinach, baby green and red
Swiss chards, baby green and red oak, baby romaine and baby red
lola rosa leaf lettuces, and baby green and red radicchio leaf chico-
ry. The chicory leves gaves the pleasant bitterness. The vegetables
of the oriental Brassica blends of baby leaf greens are pack-choy,
tatsoi, mizuna, choy sum, and Chinese mustard (B. juncea). Tatsoi
is the ‘gourmet’ in the oriental blend. It has a agreeable and syrupy
flavor like a mild mustard flavor. When is mixed with other baby
leaf it augment the flavor and nutritional value. Mizuna has succu-
lent green leaves with a light oriental flavor. The taste of the oldest
leaves are similar to leaf chicory but without the bitterness. Chine-

se mustard gaves the hot bit-spicy flavor in the oriental blend.

Looking for the blends of Brassica baby vegetables we found
only three families: i) Brassicaceae, with kale, pack-choy, tatsoi,
mizuna, choy-sum and Chinese mustard; ii) Chenopodiaceae with
Swiss chard and spinach; and iii) Asteraceae with lettuce and chic-
ory. The vegetables of the Chenopodiaceae family are among the

greater oxalate dense vegetables, but also excellent sources of fi-
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ber, vitamins, carotenoids and flavonoids, calcium and manganese.
Those of the Asteraceae family are rich in conjugated quercetin,
flavonoids, and tocopherols. All those vegetables have high ANDI
[7,68].

Because each Brassica and each vegetable contains an unique
combination of minerals and nutraceuticals a great diversity of
Brassicas and other vegetables is good in the blends of baby leafy

greens [43]. Besides they all give different textures and flavors.

Gluten free veggie wraps and rolls with flat shape white cab-
bage

“Cabbage wraps and rolls” is a concept based on a square cab-
bage leaf from specifically selected flat shape, thin vein, and fine
leaf structure white cabbage cultivars with a mild flavor and hight
glucosinolate and vitamin C contents. The flat shape white cabbage
makes it easy to cut. These leaves can be used as a roll or a wrap.
They are healthier than the traditional Chinese rolls or Mexican
tortillas wraps and suitable for use in a low calorie, gluten free, cho-
lesterol free diet. These leaves of the flat shape cabbage can also
be used for sushi, lasagna, or as part of a healthy gluten free veggie

sandwich.

Kohlrabi raw veggie sticks

Kohlrabi as a cole crop, has healthy glucosinolates, high vitamin
C and anti-oxidant content. It is a precious vegetable because of its
crunch stem. It has a taste and consistency analogous to that of a

broccoli stem, but with a flavor that is sweeter and less sulfurous.

As referred, in Germany and Austria, where kohlrabi is very po-
pular, bulbous stem is cooked before eating. But its sweet flavour
and taste (different from turnip) and crunchy flesh makes it ideal
for eating raw. Instead of fried potatos, kohlrabi raw veggie sticks
can be used (alone or with raw carrots) as a delicious healthy sna-
ck. Besides in oppositition to potato cuted kohlrabi does not oxidi-
se after cutting or discolour when exposed to the air which means

long shelf live.

Detox Brassicas juice

In the British “Daily Mail” Online newspaper of 21 July 2008
there was a new that broccoli juice helped patient Ray Wiseman,
79 years old, to beat a bladder cancer diagnosed him five years ago
[69]. The physicians did not forecast and await him to survive. But
the patient took a broccoli juice every day prepared by his wife

Joan. For each half-tumbler dose she combines a head of broccoli
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with some apples and carrots to improve the taste. Mr. Ray credits
his morning glass of broccoli juice with halting the disease and
his healing. The scans show that his cancer has stopped spreading
and his recovery. This episode confirmed the study of Munday., et
al. [70] of the inhibition of N-butyl-N-(4-hydroxybutyl) nitrosa-
mine induced rat bladder carcinogenesis by broccoli sprouts that
are a rich source of several isothiocyanates, an important group
of breakdown products of glucosinolates. In another study Bhat-
tacharya, et al. [71] observed also the inhibition of proliferation of
bladder carcinoma cell lines in vitro, and in two rat bladder cancer

models in vivo by allyl-isothiocyanate.

There are a lot of research that’s focused on broccoli and the
healing properties that this vegetable cole contains. Besides broc-
coli other Brassicas can be used for juice. The main Brassicas used
are kales, Chinese cabbages and tronchudas. In United States many
juicing companies offer juice-cleanse kale packages. Tronchudas
and Chinese cabbages have superior juice production, less bitter
flavor and equivalente nutritional value than kales. Besides Brassi-
cas the detox juice usually have other vegetables (spinach, celery,
parsley, coriander, fennel, cucumber, zucchini, carrots and ginger),
or fruits (apples, kiwi, orange and lemon) to improve the taste and
to have the maximum minerals and nutraceuticals [7]. The choice
of vegetables and fruits for juice is made according to consumer

preferences.

Brassica sprouts and micro-greens

Technically there are differences between sprouts and micro-
-greens. Sprouts are newly germinated seeds with immature coty-
ledons and tiny roots. They are harvested before the development
of true leaves. When grown in dark conditions without soil and
fertilizers, the seeds are fed solely with clean water and air. The
nutrients are supplied by the seed embryo and cotyledons. When
grown in light conditions the cotyledons are green. Sprouts are ea-
ten as a whole plant including stem, root and immature cotyledons.

Growing period is short, ranging from 3-7 days.

Micro-greens on the other hand are grown in soil or soil subs-
trate with sunlight or grown light. Micro-greens have entirely ex-
panded cotyledons and a pair of very small partly developed true
leaves. Repeated rinsing is done to prevent spoilage. The ideal day
lenght is between 12 and 16 hours. The growing period ranges
from 7 to 14 days. At the time of harvest the micro-greens are cut
above the roots and are eaten along with stem and true leaves but

not the roots.
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Brassica sprouts and micro-greens are nutritious and healthy
food loaded with enzymes, bioavailable minerals, vitamins antioxi-
dants and phytochemicals. There is no aliment in the earth higher
in enzymes than sprouted seeds. To obtain the best benefits of en-
zyme combination and concentration, the sprouts need to be eaten
when the enzyme activity is high which is generally, depending in
the Brassica specie and cultivar, between two and seven days of

sprouting.

Tribulato., et al. [72] made a study of health beneficial compou-
nds in seeds and sprouts of 22 different crops of Brassicaceae inclu-
ding 7 B. oleracea (two broccoli, one Brussels sprouts, one kale and
three savoy cabbages) and 3 B. rapa (all broccoletos) vegetables.
The presence of every glucosinolates was detected in all the 10
Brassica vegetables in seed and sprouts at 0 days (90% of germina-
tion process) and after seven days, demonstrating the persistence
of the glucosinolates following the germination process. Eleven glu-
cosinolates were detected in the 10 Brassicas: glucoiberin, progoi-
trin, sinigrin, glucoraphanin, sinalbin, gluconapin and glucoerucin
(all seven aliphatic); 4-hidroxyglucobrassicin, glucobrassicin, neo-
-glucobrassicin (all three indolic); and gluconasturtiin (aromatic).
From those eleven glucosinolates detected only four, 4-hidroxyglu-
cobrassicin, glucobrassicin, neo-glucobrassicin and gluconasturtiin
were detected in all the 10 Brassicas. The glucosinolates sinalbin
and gluconapin were only detected in the 3 broccoletos evaluated,

but they do not have sinigrin, glucoraphanin and glucoerucin.

Vale,, et al. [73] observed that B. oleracea sprouts of red cabbage,
broccoli, Galega kale and tronchuda cabbage had a higher amount
of aliphatic glucosinolates than indole glucosinolates (opposed
to the profile stated for most of cole crops mature plants), being
sinigrin, glucoiberin, glucoraphanin and progoitrin the major
compounds in the sprouts. Galega kale sprouts had the highest
glucosinolate amount, principally sinigrin and glucoiberin, which
are known for their beneficial health effects. Tronchuda cabbage
sprouts were notably rich in glucoraphanin, who was also one of
the major glucosinolates in broccoli sprouts. Red cabbage exhibit
a higher amount of progoitrin. Light exposure increment sprouts

glucosinolate amount.

Consumption of sprouts of Brassicas are associated with redu-
ced incidence or progression of various cancer diseases. Brocco-
li sprouts inhibit the growth of prostate cancer, urinary bladder

cancer, ovarian cancer, breast cancer, lung cancer and skin tumors
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[7,74,75]. The broccoli sprouts at the age of 3 days contain 10-100
time more glucoraphanin than the mature counterpart [76] due to
which even a small amount of broccoli sprouts reduces the risk of
cancer [77]. The main sprouts of Brassica consumed are broccoli,

cabbage, kohlrabi, broccoleto, turnip and tatsoi.

Looking for micro-greens in a research performed by Xiao., et al.
[78] the red cabage micro-greens had 6 times more vitamin C and

40 times more vitamin E than their mature counterpart.

Brassicas as vehicle for selenium supplementation

As indicated selenium-enriched broccoli reduce colon cancer
and mammary tumors [31,32]. Other distinct researches indicated
an increase danger of cancer with low selenium diet [7]. Selenium
deficiency in human diet are found in Northern Europe which may

increase the risk of several diseases.

The ability of Brassicas to accumulate selenium can also be ex-
ploited as vehicle for nutrient supplementation. Brassica sprouts
and micro-greens can be enriched in selenium using the method
suggested by Bryszewska., et al. [79]. In this approach seeds are
germinated using water with SeO2 addition. Piekarska., et al. [80]
showed that Brassica sprouts of broccoli, green-white cabbage
and mustard are very efficient in accumulating selenium, compa-
ring with rye, when sprouts are sprinkled with water with 10 mg
Se0,/L during germination. In broccoli the increase was of 2.60
ug/g (control) to 400.11 pg/g dry weight (enriched), in white ca-
bbage was 4.05 to 381.95 pg/g and in mustard 3.55 to 138.30 pg/g
dry weight. Such Brassica sprouts may then be used to correct sele-

nium content as a functional food.

Conclusions

Brassica vegetable crops are a unique and diverse group. They
are highly nutritious and have unique flavor and taste. They are
fundamental for balanced diets since they are good sources of
dietary fiber, vitamin C, vitamin B6, vitamin K, minerals, and an-
tioxidants glucosinolates and flavonoids, that exhibit antioxidant
and anticarcinogen properties. They can accumulate considerable
amounts of selenium when cultivate and grown on high-selenium
content soils. Selenium may block and inhibit cancer by increas-
ing immune activity and acting as an antioxidant. In this article
we have highlight the nutritional and health benefits of vegetable
Brassicas.
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Since Brassicas are rich in glucosinolates and therefore good
for health, we presented two real examples of new products from
selection and breeding with high healthy glucosinolates content:

Beneforté’ a super healthy broccoli bred”, and “Selection of baby

turnips with high content of healthy glucosinolates”.

We show also six examples of consumer attractive product con-
cepts, delivering improved or high nutrition and health content,
and products delivering convenience or ready-to-use that can sti-
mulate Brassicas consumption: “Greens revolution with Brassicas
baby leaf”; “Gluten free veggie wraps and rolls with flat shape whi-

», «

te cabbage”;

», «

Kohlrabi raw veggie sticks”; “Detox Brassicas juice”;
“Brassica sprouts and micro-greens”; and “Brassicas as vehicle for

selenium supplementtion”.

Because each specie and cultivar of Brassicas have a particular
and exclusive miscellany of minerals and nutraceuticals a high and
bulky diversity of Brassicas, as well as of other vegetables, should
be eaten to assure and provide all the nutritional and health bene-
fits.

Conflict of Interest
Author has declared that no conflit of interest exists.

Bibliography

1. FAO (Food and Agriculture Organization of the United Na-
tions). FAOSTAT Database. Top exports of “Cabbages and Oth-
er Brassica s” and “Cauliflower and Broccoli” (2021).

2. Morinaga T. “Interspecific hybridization in Brassica. V1. The
cytology of F1 hybrids of B. juncea and B. nigra”. Cytologia 6
(1934): 62-67.

3. UN.“Genome analysis in Brassica with special reference to the
experimental formation of B. napus and peculiar mode of fer-
tilization”. Journal of Japanese Botany 7 (1935): 389-452.

4. Bailey LH. “The cultivated Brassicas”. Gent Herb 1 (1922): 53-
108.

5. Dias]S. “Taxonomia das Couves Galaico-Portuguesas Utilizan-
do Caracteres Morfoldgicos, Isoenzimas e RFLPs. PhD thesis
(Dissertacdo de Doutoramento)”. Universidade Técnica de Lis-
boa, Lisboa (1992).

6. Crisp P. “The use of an evolutionary scheme for cauliflowers
in the screening of genetic resources”. Euphytica 31 (1982):
725-734.

10.

11.

12.

13.

14.

15.

16.

17.

18.

85
Dias JS. “Minerals and Nutraceuticals in Vegetables and Their
Human Health Benefits”. Highlights on Medicine and Medical
Science 12 (2021): 27-71.

Fermenia A, et al. “Effects of Heat Treatment and Dehydration
on Properties of Cauliflower Fiber”. Journal of Agricultural and
Food Chemistry 47 (1999): 728-732.

Rahn CR, et al. “Chemical Characterization of Vegetable and
Arable Crops Residue Materials: A Comparison of Methods”.
Journal of the Science of Food and Agriculture 79 (1999): 1715-
1721.

Cao G, et al. “Antioxidant Capacity of Tea and Common Veg-
etables”. Journal of Agricultural and Food Chemistry 44 (1996):
3426-3431.

Kurilich A., et al. “Carotene, Tocopherol and Ascorbate Con-
tents in Subspecies of Brassica oleracea”. Journal of Agricul-
tural and Food Chemistry 47 (1999): 1576-1581.

Kushad MK, et al. “Variation in Glucosinolates in Vegetable
Crops of Brassica oleracea”. Journal of Agricultural and Food
Chemistry 47 (1999): 1541-1548.

Kurilich AC,, et al. “Antioxidant capacity of different broccoli
(Brassica oleracea) genotypes using the oxygen radical absor-
bance capacity (ORAC) assay”. Journal of Agricultural and Food
Chemistry 50 (2002): 5053-5057.

Eberhard MV, et al. “Correlation analyses of phytochemical
composition, chemical, and cellular measures of antioxidant
activity of broccoli (Brassica oleracea L. var. italica)”. Journal of
Agricultural and Food Chemistry 53 (2005): 7421-7431.

Granado F, et al. “Bioavailability of carotenoids and tocopher-
ols from broccoli: In vivo and in vitro assessment”. Experimen-
tal Biology and Medicine 231 (2006): 1733-1738.

Miyazawa M., et al. “Volatile components of the leaves of Bras-
sica rapa L. var. perviridis Bailey”. Flavour and Fragrance Jour-
nal 20 (2005): 158-160.

Wills RBH and Rangga A. “Determination of carotenoids in
Chinese vegetables”. Food Chemistry 56 (1996): 451-455.

Lefsrud MG and Kopsell DA. “Kale carotenoids are unaffected
by, whereas biomass production, elemental concentrations,
and selenium accumulation respond to, changes in selenium
fertility”. Journal of Agricultural and Food Chemistry 54 (2006):
1764-1771.

Citation: Jodo Carlos da Silva Dias. “Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity". Acta

Scientific Nutritional Health 6.2 (2022): 73-88.


https://www.fao.org/faostat/en/
https://www.fao.org/faostat/en/
https://www.fao.org/faostat/en/
https://www.cabi.org/ISC/abstract/20057004479
https://www.cabi.org/ISC/abstract/20057004479
https://www.cabi.org/ISC/abstract/20057004479
https://ur.booksc.me/book/5775656/4066d6
https://ur.booksc.me/book/5775656/4066d6
https://ur.booksc.me/book/5775656/4066d6
https://www.2pressrelease.net/minerals-and-nutraceuticals-in-vegetables-and-their-human-health-benefits/
https://www.2pressrelease.net/minerals-and-nutraceuticals-in-vegetables-and-their-human-health-benefits/
https://www.2pressrelease.net/minerals-and-nutraceuticals-in-vegetables-and-their-human-health-benefits/
https://pubmed.ncbi.nlm.nih.gov/10563960/
https://pubmed.ncbi.nlm.nih.gov/10563960/
https://pubmed.ncbi.nlm.nih.gov/10563960/
https://pubs.acs.org/doi/10.1021/jf9602535
https://pubs.acs.org/doi/10.1021/jf9602535
https://pubs.acs.org/doi/10.1021/jf9602535
https://pubmed.ncbi.nlm.nih.gov/10564019/
https://pubmed.ncbi.nlm.nih.gov/10564019/
https://pubmed.ncbi.nlm.nih.gov/10564019/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://pubmed.ncbi.nlm.nih.gov/12188607/
https://pubmed.ncbi.nlm.nih.gov/12188607/
https://pubmed.ncbi.nlm.nih.gov/12188607/
https://pubmed.ncbi.nlm.nih.gov/12188607/
https://pubmed.ncbi.nlm.nih.gov/16159168/
https://pubmed.ncbi.nlm.nih.gov/16159168/
https://pubmed.ncbi.nlm.nih.gov/16159168/
https://pubmed.ncbi.nlm.nih.gov/16159168/
https://pubmed.ncbi.nlm.nih.gov/17138760/
https://pubmed.ncbi.nlm.nih.gov/17138760/
https://pubmed.ncbi.nlm.nih.gov/17138760/
https://www.cabi.org/ISC/abstract/20053041335
https://www.cabi.org/ISC/abstract/20053041335
https://www.cabi.org/ISC/abstract/20053041335
https://www.sciencedirect.com/science/article/abs/pii/030881469500226X
https://www.sciencedirect.com/science/article/abs/pii/030881469500226X
https://pubmed.ncbi.nlm.nih.gov/16506831/
https://pubmed.ncbi.nlm.nih.gov/16506831/
https://pubmed.ncbi.nlm.nih.gov/16506831/
https://pubmed.ncbi.nlm.nih.gov/16506831/
https://pubmed.ncbi.nlm.nih.gov/16506831/

Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity

19. Podsedek A. “Natural antioxidants and antioxidant capacity of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Brassica vegetables: A review”. Lebensmittel-Wissenschaft and
Technologie 40 (2007): 1-11.

Piironen V., et al. “Tocopherols and tocotrienols in Finnish
foods: Vegetables, fruits, and berries”. Journal of Agricultural
and Food Chemistry 34 (1986): 742-746.

Goldoni JS., et al. “Comparative study of vitamin C of cabbage
cultivars (Brassica oleraceae L., var. capitata L.), before and af-
ter their processing in sauerkraut”. Archivos Latinoamericanos
de Nutricién 33 (1983): 45-56.

Bailey LB,, et al. “Folic acid supplements and fortification affect
the risk for neural tube defects, vascular disease and cancer:
Evolving science”. Journal of Nutrition 133 (2003): 1961S-
1968S.

Bollheimer LC,, et al. “Folate and its preventive potential in
colorectal carcinogenesis: How strong is the biological and
epidemiological evidence?”. Critical Reviews in Oncology/He-
matology 55 (2005): 13-36.

Konings EJM., et al. “Folate Intake of the Dutch Population ac-
cording to Newly Established Liquid Chromatography Data for
Foods”. The American Journal of Clinical Nutrition 73 (2001):
765-776.

Melse-Boonstra A., et al. “Influence of processing on total,
monoglutamate and polyglutamate folate contents of leeks,
cauliflower, and green beans”. Journal of Agricultural and Food
Chemistry 50 (2002): 3473-3478.

Tirasoglu E., et al. “Determination of trace elements in cole
(Brassica oleraceae var. acephala) at Trabzon region in Tur-
key”. Journal of Quantitative Spectroscopy and Radiative Trans-
fer 94 (2005): 181-187.

Puupponen-Pimia R,, et al. “Blanching and long-term freezing
affect various bioactive compounds of vegetables in different
ways”. Journal of the Science of Food and Agriculture 83 (2003):
1389-1402.

Heaney RP, et al. “Absorbability of calcium from Brassica veg-
etables: broccoli, bok choy, and kale”. Journal of Food Science
58 (1993): 1378-1380.

Finley JW. “Reduction of cancer risk by consumption of sele-
nium-enriched plants: enrichment of broccoli with selenium
increases the anticarcinogenic properties of broccoli”. Journal
of Medicinal Food 6 (2003): 19-26.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

86
Banuelos G and Meek D. “Selenium Accumulation in Selected
Vegetables”. Journal of Plant Nutrition 12 (1989): 1255-1272.

Finley JW, et al. “Cancer-Protective Properties of High Sele-
nium Broccoli”. Journal of Agricultural and Food Chemistry 49
(2001): 2679-2683.

Finley JW, et al. “Selenium from High Selenium Broccoli Pro-
tects Rats from Colon Cancer”. The Journal of Nutrition 130
(2000): 2384-2389.

Bibak A, et al. “Concentration of 63 Elements in Cabbage and
Sprouts in Denmark”. Communications in Soil Science and Plant
Analysis 30 (1999): 2409-2418.

Fuhrman J. “The End of Diabetes: The Eat to Live Plan to Pre-
vent and Reverse Diabetes”. Harper Collins Publishers, New
York (2013).

Dias JS and Imai S. “Vegetables Consumption and Its Benefits
on Diabetes”. Journal of Nutritional Therapeutics 6 (2017):
1-10.

Carter P, et al. “Fruit and vegetable intake and incidence of
type 2 diabetes mellitus: systematic review and meta-analy-
sis”. BMJ] 341 (2010): c4229.

Bazzano LA, et al. “Intake of fruit, vegetables and fruit juic-
es and risk of diabetes in women”. Diabetes Care 31 (2008):
1311-1317.

Khan BA., et al. “Hypoglycemic action of Murraya Koeingii
(curry leaf) and Brassica juncea (mustard): mechanism of ac-
tion”. Indian Journal of Biochemistry and Biophysics 32 (1995):
106-108.

Verhoeven DTH.,, et al. “Epidemiological studies on Brassica
vegetables and cancer risk”. Cancer Epidemiology, Biomarkers
and Prevention 5 (1996): 733-751.

Kohlmeier L and Su L. “Cruciferous vegetables consumption
and colorectal cancer risk: meta-analysis of the epidemiologi-
cal evidence”. FSEB Journal 11 (1997): 369.

Brennan P, et al. “Effect of cruciferous vegetables on lung can-
cer in patients stratified by genetic status: a mendelian ran-
domisation approach”. Lancet 366 (2005): 1558-1560.

Traka M. “Broccoli consumption interferes with prostate can-
cer progression: mechanisms of action”. Acta Horticulturae
867 (2010): 19-25.

Citation: Jodo Carlos da Silva Dias. “Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity". Acta
Scientific Nutritional Health 6.2 (2022): 73-88.


https://www.sciencedirect.com/science/article/abs/pii/S002364380500188X
https://www.sciencedirect.com/science/article/abs/pii/S002364380500188X
https://www.sciencedirect.com/science/article/abs/pii/S002364380500188X
https://pubs.acs.org/doi/10.1021/jf00070a038
https://pubs.acs.org/doi/10.1021/jf00070a038
https://pubs.acs.org/doi/10.1021/jf00070a038
https://pubmed.ncbi.nlm.nih.gov/6625831/
https://pubmed.ncbi.nlm.nih.gov/6625831/
https://pubmed.ncbi.nlm.nih.gov/6625831/
https://pubmed.ncbi.nlm.nih.gov/6625831/
https://pubmed.ncbi.nlm.nih.gov/12771346/
https://pubmed.ncbi.nlm.nih.gov/12771346/
https://pubmed.ncbi.nlm.nih.gov/12771346/
https://pubmed.ncbi.nlm.nih.gov/12771346/
https://pubmed.ncbi.nlm.nih.gov/15927841/
https://pubmed.ncbi.nlm.nih.gov/15927841/
https://pubmed.ncbi.nlm.nih.gov/15927841/
https://pubmed.ncbi.nlm.nih.gov/15927841/
https://pubmed.ncbi.nlm.nih.gov/11273852/
https://pubmed.ncbi.nlm.nih.gov/11273852/
https://pubmed.ncbi.nlm.nih.gov/11273852/
https://pubmed.ncbi.nlm.nih.gov/11273852/
https://pubmed.ncbi.nlm.nih.gov/12033813/
https://pubmed.ncbi.nlm.nih.gov/12033813/
https://pubmed.ncbi.nlm.nih.gov/12033813/
https://pubmed.ncbi.nlm.nih.gov/12033813/
https://www.sciencedirect.com/science/article/abs/pii/S0022407304004042
https://www.sciencedirect.com/science/article/abs/pii/S0022407304004042
https://www.sciencedirect.com/science/article/abs/pii/S0022407304004042
https://www.sciencedirect.com/science/article/abs/pii/S0022407304004042
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1589
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1589
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1589
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1589
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb06187.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb06187.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1993.tb06187.x
https://pubmed.ncbi.nlm.nih.gov/12804017/
https://pubmed.ncbi.nlm.nih.gov/12804017/
https://pubmed.ncbi.nlm.nih.gov/12804017/
https://pubmed.ncbi.nlm.nih.gov/12804017/
https://pubs.acs.org/doi/abs/10.1021/jf60134a018
https://pubs.acs.org/doi/abs/10.1021/jf60134a018
https://pubmed.ncbi.nlm.nih.gov/11368655/
https://pubmed.ncbi.nlm.nih.gov/11368655/
https://pubmed.ncbi.nlm.nih.gov/11368655/
https://academic.oup.com/jn/article/130/9/2384/4686439
https://academic.oup.com/jn/article/130/9/2384/4686439
https://academic.oup.com/jn/article/130/9/2384/4686439
https://www.tandfonline.com/doi/abs/10.1080/00103629909370382
https://www.tandfonline.com/doi/abs/10.1080/00103629909370382
https://www.tandfonline.com/doi/abs/10.1080/00103629909370382
https://www.goodreads.com/book/show/15820014-the-end-of-diabetes
https://www.goodreads.com/book/show/15820014-the-end-of-diabetes
https://www.goodreads.com/book/show/15820014-the-end-of-diabetes
https://www.researchgate.net/publication/316631106_Vegetables_Consumption_and_its_Benefits_on_Diabetes
https://www.researchgate.net/publication/316631106_Vegetables_Consumption_and_its_Benefits_on_Diabetes
https://www.researchgate.net/publication/316631106_Vegetables_Consumption_and_its_Benefits_on_Diabetes
https://pubmed.ncbi.nlm.nih.gov/20724400/
https://pubmed.ncbi.nlm.nih.gov/20724400/
https://pubmed.ncbi.nlm.nih.gov/20724400/
https://pubmed.ncbi.nlm.nih.gov/18390796/
https://pubmed.ncbi.nlm.nih.gov/18390796/
https://pubmed.ncbi.nlm.nih.gov/18390796/
https://pubmed.ncbi.nlm.nih.gov/7642200/
https://pubmed.ncbi.nlm.nih.gov/7642200/
https://pubmed.ncbi.nlm.nih.gov/7642200/
https://pubmed.ncbi.nlm.nih.gov/7642200/
https://pubmed.ncbi.nlm.nih.gov/8877066/
https://pubmed.ncbi.nlm.nih.gov/8877066/
https://pubmed.ncbi.nlm.nih.gov/8877066/
https://pubmed.ncbi.nlm.nih.gov/23211939/
https://pubmed.ncbi.nlm.nih.gov/23211939/
https://pubmed.ncbi.nlm.nih.gov/23211939/
https://pubmed.ncbi.nlm.nih.gov/16257343/
https://pubmed.ncbi.nlm.nih.gov/16257343/
https://pubmed.ncbi.nlm.nih.gov/16257343/
https://www.researchgate.net/publication/282579578_Broccoli_consumption_interferes_with_prostate_cancer_progression_Mechanisms_of_action
https://www.researchgate.net/publication/282579578_Broccoli_consumption_interferes_with_prostate_cancer_progression_Mechanisms_of_action
https://www.researchgate.net/publication/282579578_Broccoli_consumption_interferes_with_prostate_cancer_progression_Mechanisms_of_action

Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

DiasJS. “Nutritional quality and effect on disease prevention of
vegetables”. Food and Nutrition Sciences 10 (2019): 369-402.

Fowke JH., et al. “Urinary Isothiocyanate Levels, Brassica, and
Human Breast Cancer”. Cancer Research 63 (2003): 3980-
3986.

Joseph MA, et al. “Cruciferous Vegetables, Generic Polymor-
phism in Glutathione S-Transferases M1 and T1, and Prostate
Cancer Risk”. Nutrition and Cancer 50 (2004): 206-213.

Farnham MW, et al. “Capacity of Broccoli to Induce Mamma-
lian Chemo Protective Enzyme Varies Among Inbred Lines”.
Journal of the American Society for Horticultural Science 125
(2000): 482-488.

Maina S., et al. “Human, animal and plant health benefits of
glucosinolates and strategies for enhanced bioactivity: A sys-
tematic review”. Molecules 25 (2000): 3682.

Soengas P, et al. “Antioxidant properties of Brassica vegeta-
bles”. In: Silva JT, Ed., Functional Plant Science and Biotech-
nology, 5. Global Science Books: Kagawa-ken, Japan (2011):
43-55.

Bjorkman M,, et al. “Phytochemicals of Brassicaceae in plant
protection and human health - Influences of climate, environ-
ment and agronomic practice”. Phytochemistry 72 (2011):
538-556.

Kushad MK, et al. “Variation in glucosinolates in vegetable
crops of Brassica oleracea”. Journal of Agricultural and Food
Chemistry 47 (1999): 1541-1548.

Fahey JW, et al “Broccoli sprouts: An Exceptionally Rich
Source of Inducers of Enzymes that Protects against Chemical
Carcinogens”. Proceedings of the National Academy of Sciences
of the United States of America 94 (1997): 10367-10372.

Dias JS. “Nutritional quality and health benefits of vegetables:
areview”. Food and Nutrition Sciences 3 (2012): 1354-1374.

Vallejo F, et al. “Total and individual glucosinolate contents in
inflorescences of eight broccoli cultivars grown under various
climatic and fertilization conditions”. Journal of the Science of
Food and Agriculture 83 (2003): 307-313.

Hansen M, et al. “Red Cabbage, a Vegetable Rich in Health-
Related Glucosinolates”. Acta Horticulturae 867 (2010): 61-65.

Kusznierewicz B., et al. “Partial characterization of white cab-
bages (Brassica oleracea var. capitata f. alba) from different
regions by glucosinolates, bioactive compounds, total antioxi-
dant activities and proteins”. Lebensmittel-Wissenschaft and
Technologie 41 (2008): 1-9.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

87
Carlson DG, et al. “Glucosinolates in crucifer vegetables: broc-
coli, Brussels sprouts, cauliflower, collards, kale, mustard
green, and kohlrabi”. Journal of the American Society for Horti-
cultural Science 112 (1987): 173-178.

Carlson DG., et al. “Glucosinolates in crucifer vegetables: tur-
nip and rutabagas”. Journal of Agricultural and Food Chemistry
29 (1981): 1235-1239.

Carlson DG., et al. “Glucosinolates in turnip tops and roots: cul-
tivars grown for greens and/or roots”. Journal of the American
Society for Horticultural Science 112 (1987): 179-183.

Yang B and Quiros CF. “Survey of glucosinolate variation in
leaves of Brassica rapa crops”. Genetic Resources and Crop Evo-
lution 57 (2010): 1079-1089.

Schonhof 1, et al. “Genotipic effects on glucosinolates and sen-
sory properties of broccoli and cauliflower”. Nahrung-Food 48
(2004): 25-33.

Miean KH and Mohamed S. “Flavonoid (Myricetin, Quercetin,
Kaempferol, Luteolinand Apigenin) Content of Edible Tropical
Plants”. Journal of Agricultural and Food Chemistry 49 (2001):
106-112.

Hertog MG, et al. “Content of Potentially Anticarcinogenic Fla-
vonoids of 28 Vegetables and Fruits Commonly Consumed in
the Netherlands”. Journal of Agricultural and Food Chemistry
40 (1992): 2379-2383.

Nielson JK,, et al. “Acylated Flavonol Glycosides from Cabbage
Leaves”. Phytochemistry 34 (1993): 539-544.

Ferreres F, et al. “Tronchuda cabbage (Brassica oleracea L. var.
costata DC) seeds: phytochemical characterization and anti-
oxidant potential”. Food Chemistry 101 (2007): 549-558.

Moreno DA, et al. “Health benefits of broccoli. Influence of
pre- and post-harvest factors on bioactive compounds”. Food.
Global Science Books 1 (2007): 297-312.

Gliszczynska-Swiglo A, et al. “The effect of solar radiation on
the favonol content in broccoli inflorescence”. Food Chemistry
100 (2007): 241-245.

Mithen RE. “Development and commercialization of ‘Bene-
forté’ broccoli and potential health benefits”. Proc. 6™ ISHS on
Brassicas and 18th Crucifer Genetics Workshop. Acta Horticul-
turae 1005 (2013): 67-70.

Dias ]S. “Nutritional quality and effect on disease prevention
of vegetables”. In: Mozsik G and Figler M, Eds. Nutrition in
Health and Disease, Intech Open, London, United Kingdom
(2019): 83-112.

Citation: Jodo Carlos da Silva Dias. “Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity". Acta
Scientific Nutritional Health 6.2 (2022): 73-88.


https://www.scirp.org/journal/paperinformation.aspx?paperid=91875
https://www.scirp.org/journal/paperinformation.aspx?paperid=91875
https://pubmed.ncbi.nlm.nih.gov/12873994/
https://pubmed.ncbi.nlm.nih.gov/12873994/
https://pubmed.ncbi.nlm.nih.gov/12873994/
https://pubmed.ncbi.nlm.nih.gov/15623468/
https://pubmed.ncbi.nlm.nih.gov/15623468/
https://pubmed.ncbi.nlm.nih.gov/15623468/
https://www.researchgate.net/publication/279475493_Capacity_of_Broccoli_to_Induce_a_Mammalian_Chemoprotective_Enzyme_Varies_among_Inbred_Lines
https://www.researchgate.net/publication/279475493_Capacity_of_Broccoli_to_Induce_a_Mammalian_Chemoprotective_Enzyme_Varies_among_Inbred_Lines
https://www.researchgate.net/publication/279475493_Capacity_of_Broccoli_to_Induce_a_Mammalian_Chemoprotective_Enzyme_Varies_among_Inbred_Lines
https://www.researchgate.net/publication/279475493_Capacity_of_Broccoli_to_Induce_a_Mammalian_Chemoprotective_Enzyme_Varies_among_Inbred_Lines
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7464879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7464879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7464879/
https://www.globalsciencebooks.info/Online/GSBOnline/images/2011/FPSB_5(SI2)/FPSB_5(SI2)43-55o.pdf
https://www.globalsciencebooks.info/Online/GSBOnline/images/2011/FPSB_5(SI2)/FPSB_5(SI2)43-55o.pdf
https://www.globalsciencebooks.info/Online/GSBOnline/images/2011/FPSB_5(SI2)/FPSB_5(SI2)43-55o.pdf
https://www.globalsciencebooks.info/Online/GSBOnline/images/2011/FPSB_5(SI2)/FPSB_5(SI2)43-55o.pdf
https://pubmed.ncbi.nlm.nih.gov/21315385/
https://pubmed.ncbi.nlm.nih.gov/21315385/
https://pubmed.ncbi.nlm.nih.gov/21315385/
https://pubmed.ncbi.nlm.nih.gov/21315385/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://pubmed.ncbi.nlm.nih.gov/10564014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC23369/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC23369/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC23369/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC23369/
https://www.scirp.org/journal/paperinformation.aspx?paperid=23384
https://www.scirp.org/journal/paperinformation.aspx?paperid=23384
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1320
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1320
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1320
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1320
https://www.researchgate.net/publication/283377773_RED_CABBAGE_A_VEGETABLE_RICH_IN_HEALTH-RELATED_GLUCOSINOLATES
https://www.researchgate.net/publication/283377773_RED_CABBAGE_A_VEGETABLE_RICH_IN_HEALTH-RELATED_GLUCOSINOLATES
https://www.sciencedirect.com/science/article/abs/pii/S0023643807000874
https://www.sciencedirect.com/science/article/abs/pii/S0023643807000874
https://www.sciencedirect.com/science/article/abs/pii/S0023643807000874
https://www.sciencedirect.com/science/article/abs/pii/S0023643807000874
https://www.sciencedirect.com/science/article/abs/pii/S0023643807000874
https://pubag.nal.usda.gov/catalog/23901
https://pubag.nal.usda.gov/catalog/23901
https://pubag.nal.usda.gov/catalog/23901
https://pubag.nal.usda.gov/catalog/23901
https://pubmed.ncbi.nlm.nih.gov/7320339/
https://pubmed.ncbi.nlm.nih.gov/7320339/
https://pubmed.ncbi.nlm.nih.gov/7320339/
https://pubag.nal.usda.gov/download/23902/pdf
https://pubag.nal.usda.gov/download/23902/pdf
https://pubag.nal.usda.gov/download/23902/pdf
https://link.springer.com/article/10.1007/s10722-010-9549-5
https://link.springer.com/article/10.1007/s10722-010-9549-5
https://link.springer.com/article/10.1007/s10722-010-9549-5
https://pubmed.ncbi.nlm.nih.gov/15053347/
https://pubmed.ncbi.nlm.nih.gov/15053347/
https://pubmed.ncbi.nlm.nih.gov/15053347/
https://pubmed.ncbi.nlm.nih.gov/11410016/
https://pubmed.ncbi.nlm.nih.gov/11410016/
https://pubmed.ncbi.nlm.nih.gov/11410016/
https://pubmed.ncbi.nlm.nih.gov/11410016/
https://pubs.acs.org/doi/10.1021/jf00024a011
https://pubs.acs.org/doi/10.1021/jf00024a011
https://pubs.acs.org/doi/10.1021/jf00024a011
https://pubs.acs.org/doi/10.1021/jf00024a011
https://www.semanticscholar.org/paper/Acylated-flavonol-glycosides-from-cabbage-leaves.-Nielsen-Olsen/fb1c0877146258ac08df22957fee547d319b5dd8
https://www.semanticscholar.org/paper/Acylated-flavonol-glycosides-from-cabbage-leaves.-Nielsen-Olsen/fb1c0877146258ac08df22957fee547d319b5dd8
https://www.researchgate.net/publication/222397081_Tronchuda_cabbage_Brassica_oleracea_L_var_costata_DC_seeds_Phytochemical_characterization_and_antioxidant_potential
https://www.researchgate.net/publication/222397081_Tronchuda_cabbage_Brassica_oleracea_L_var_costata_DC_seeds_Phytochemical_characterization_and_antioxidant_potential
https://www.researchgate.net/publication/222397081_Tronchuda_cabbage_Brassica_oleracea_L_var_costata_DC_seeds_Phytochemical_characterization_and_antioxidant_potential
https://www.semanticscholar.org/paper/Health-Benefits-of-Broccoli.-Influence-of-Pre-and-L%C3%B3pez-Berenguer-Moreno/2460226bc6758193fe82b0b96b86c793ac1c8054
https://www.semanticscholar.org/paper/Health-Benefits-of-Broccoli.-Influence-of-Pre-and-L%C3%B3pez-Berenguer-Moreno/2460226bc6758193fe82b0b96b86c793ac1c8054
https://www.semanticscholar.org/paper/Health-Benefits-of-Broccoli.-Influence-of-Pre-and-L%C3%B3pez-Berenguer-Moreno/2460226bc6758193fe82b0b96b86c793ac1c8054
https://www.researchgate.net/publication/229110751_The_effect_of_solar_radiation_on_the_flavonol_content_in_broccoli_inflorescence
https://www.researchgate.net/publication/229110751_The_effect_of_solar_radiation_on_the_flavonol_content_in_broccoli_inflorescence
https://www.researchgate.net/publication/229110751_The_effect_of_solar_radiation_on_the_flavonol_content_in_broccoli_inflorescence
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://www.researchgate.net/publication/331930098_Nutritional_Quality_and_Effect_on_Disease_Prevention_of_Vegetables
https://www.researchgate.net/publication/331930098_Nutritional_Quality_and_Effect_on_Disease_Prevention_of_Vegetables
https://www.researchgate.net/publication/331930098_Nutritional_Quality_and_Effect_on_Disease_Prevention_of_Vegetables
https://www.researchgate.net/publication/331930098_Nutritional_Quality_and_Effect_on_Disease_Prevention_of_Vegetables

Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kisiel R. “Broccoli juice helps patient beat bladder cancer”.
Mail Online 21 July 2008, Daily Mail Online New Archive, Eng-
land (2008).

Munday R, et al. “Inhibition of N-butyl-N- (4-hydroxybutyl) ni-
trosamine (BBN)-induced rat bladder carcinogenesis by broc-
coli sprouts”. Cancer Research 68 (2008): 1593-1600.

Bhattacharya A., et al. “Inhibition of bladder cancer develop-
ment by allyl isothiocyanate”. Carcinogenesis 31 (2010): 281-
286.

Tribulato A, et al. “Survey of health-promoting compounds in
seeds and sprouts of Brassica ceae”. Proc. 6th ISHS on Bras-
sica s and 18th Crucifer Genetics Workshop. Acta Horticulturae
1005 (2013): 323-330.

Vale AP, et al. “Evaluating the impact of sprouting conditions
on the glucosinolate content of Brassica oleracea sprouts”.
Phytochemistry 115 (2015): 252-260.

Zhang Y, et al. “Induction of GST and nqoi in cultural bladder
cells and in the urinary bladders of rats by an extract of broc-
coli (Brassica oleracea) sprouts”. Journal of Agricultural and
Food Chemistry 54 (2006): 9370-9376.

Wang F and Shang Y. “Sulforaphane retards the growth of um-
uc-3 xenograft, induces apoptosis and reduces surviving in
athymic mice”. Nutrition Research 32 (2012): 374-380.

Pereira FMV, et al. “Influence of temperature and ontogeny on
the levels of glucosinolates in broccoli (Brassica oleracea var.
italica) sprouts and their effects on the induction of mamma-
lian phase 2 enzymes”. Journal of Agricultural and Food Chem-
istry 50 (2002): 6239-6244.

Fahey JW,, et al. “Broccoli sprouts: an exceptionally rich source
of inducers of enzymes that protect against chemical carcino-
gens”. Proceedings of the National Academy of Sciences of the
United States of America 94 (1997): 1367-10372.

Xiao Z., et al. “Assessment of Vitamin and Carotenoid Con-
centrations of Emerging Food Products: Edible Microgreens”.
Journal of Agricultural and Food Chemistry 60 (2012): 7644-
7651.

Bryszewska M., et al. “Characterisation of selenium com-
pounds in rye seedling using 75Se-labeling/SDS-PAGE separa-
tion/ y-scintilation counting, and HPLC-ICP-MS analysis of a
range of enzimatic digests”. Analytical and Bioanalytical Chem-
istry 382 (2005): 1279-1287.

88

80. Piekarska A, et al. “Development and commercialization of
‘Beneforté” broccoli and potential health benefits”. Proc. 6%
ISHS on Brassica s and 18th Crucifer Genetics Workshop. Acta
Horticulturae 1005 (2013): 71-85.

Assets from publication with us

¢ Prompt Acknowledgement after receiving the article
¢ Thorough Double blinded peer review

e Rapid Publication

¢ Issue of Publication Certificate

« High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

Citation: Jodo Carlos da Silva Dias. “Brassica Vegetables: Diversity, Nutritional and Health Benefits, and Innovative Markets for Dietary Diversity". Acta
Scientific Nutritional Health 6.2 (2022): 73-88.


https://www.dailymail.co.uk/health/article-1036857/Broccoli-juice-helps-patient-beat-bladder-cancer.html
https://www.dailymail.co.uk/health/article-1036857/Broccoli-juice-helps-patient-beat-bladder-cancer.html
https://www.dailymail.co.uk/health/article-1036857/Broccoli-juice-helps-patient-beat-bladder-cancer.html
https://pubmed.ncbi.nlm.nih.gov/3119193/
https://pubmed.ncbi.nlm.nih.gov/3119193/
https://pubmed.ncbi.nlm.nih.gov/3119193/
https://pubmed.ncbi.nlm.nih.gov/19955395/
https://pubmed.ncbi.nlm.nih.gov/19955395/
https://pubmed.ncbi.nlm.nih.gov/19955395/
https://www.ishs.org/ishs-article/1005_37
https://www.ishs.org/ishs-article/1005_37
https://www.ishs.org/ishs-article/1005_37
https://www.ishs.org/ishs-article/1005_37
https://pubmed.ncbi.nlm.nih.gov/25698361/
https://pubmed.ncbi.nlm.nih.gov/25698361/
https://pubmed.ncbi.nlm.nih.gov/25698361/
https://pubmed.ncbi.nlm.nih.gov/17147420/
https://pubmed.ncbi.nlm.nih.gov/17147420/
https://pubmed.ncbi.nlm.nih.gov/17147420/
https://pubmed.ncbi.nlm.nih.gov/17147420/
https://pubmed.ncbi.nlm.nih.gov/22652377/
https://pubmed.ncbi.nlm.nih.gov/22652377/
https://pubmed.ncbi.nlm.nih.gov/22652377/
https://pubmed.ncbi.nlm.nih.gov/12358509/
https://pubmed.ncbi.nlm.nih.gov/12358509/
https://pubmed.ncbi.nlm.nih.gov/12358509/
https://pubmed.ncbi.nlm.nih.gov/12358509/
https://pubmed.ncbi.nlm.nih.gov/12358509/
https://pubmed.ncbi.nlm.nih.gov/9294217/
https://pubmed.ncbi.nlm.nih.gov/9294217/
https://pubmed.ncbi.nlm.nih.gov/9294217/
https://pubmed.ncbi.nlm.nih.gov/9294217/
https://pubmed.ncbi.nlm.nih.gov/22812633/
https://pubmed.ncbi.nlm.nih.gov/22812633/
https://pubmed.ncbi.nlm.nih.gov/22812633/
https://pubmed.ncbi.nlm.nih.gov/22812633/
https://pubmed.ncbi.nlm.nih.gov/15977033/
https://pubmed.ncbi.nlm.nih.gov/15977033/
https://pubmed.ncbi.nlm.nih.gov/15977033/
https://pubmed.ncbi.nlm.nih.gov/15977033/
https://pubmed.ncbi.nlm.nih.gov/15977033/
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479
https://agris.fao.org/agris-search/search.do?recordID=US201400155479

	_GoBack
	_Hlk92291230
	_Hlk85454469
	_Hlk90906719
	_Hlk92893692
	_Hlk92965438
	_Hlk92887152
	_Hlk90907703
	_Hlk87129443
	_Hlk90980960
	_Hlk90981700
	_Hlk92965089
	_Hlk90984379
	_Hlk92964267
	_Hlk90983164
	_Hlk92965463
	_Hlk91068948
	_Hlk91076628
	_Hlk91082231
	_Hlk91082343
	_Hlk91082387
	_Hlk91503547
	_Hlk93057868
	_Hlk91508295
	_Hlk92274414
	_Hlk92273827
	_Hlk92271266
	_Hlk91664057
	_Hlk92101996
	_Hlk92290195
	_Hlk91771848
	_Hlk90897490
	_Hlk91771920
	_Hlk92291134
	_Hlk91771961
	_Hlk91772007
	_Hlk92109173
	_Hlk91772060
	_Hlk91772137
	_Hlk91772194
	_Hlk92281841
	_Hlk92282101
	_Hlk92288892
	_Hlk92288844

