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ABSTRACT
Brassicaceae, one of the prime plant family encompasses the important genus-Brassica with about 37 species, including 
major vegetable species cultivated globally and consumed worldwide as a part of diet either raw or processed. The 
cruciferous vegetables hold a central position as food crops in China, Japan, India, and Europe. In India these 
vegetables are extensively grown in Jammu and Kashmir which is located in the North-western region of Himalayas 
Vegetables like broccoli, cabbage, cauliflower, kale, knol-khol and other cruciferous vegetables included in this family 
are rich in nutritional, antioxidant and bioactive compounds. The intake of these vegetables has often been linked 
to positive health benefits owing to the rich nutritional and phytochemical profile. Glucosinolate, a plant secondary 
metabolite and its breakdown products, commonly found in these vegetable crops have potential health benefits. 
Out of the 130 glucosinolates identified so far nearly 30-40 have been found in Brassica species. Isothiocyanate, the 
chief breakdown product of glucosinolates has been recognised for its anti-carcinogenic potential. The glucosinolate 
content of cruciferous vegetables is greatly influenced by various pre-harvest factors such as stage of plant at the time 
of harvest, environmental conditions and agricultural practices. Once harvest, these vegetable crops are subjected to 
different processing conditions such as boiling, blanching, frying, fermentation etc. which affect their glucosinolate 
content. This review aims to give an overview of the factors influencing the glucosinolate content in genus Brassica, 
the nutritional and phytochemical composition with the main focus on health-promoting activities.
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Brassicaceae while Draba, Cardamine, Erysimum, Lepidium 
and Alyssum belong to the other genera of this family [4]. 
Many controversies are surrounding the taxonomy of the 
Brassicaceae family and reliable scientific information related 
to this family is difficult to find and often questionable. 
Kiefer. et al. have recently come up with a database named 
as BrassiBase which has a comprehensive compilation of the 
taxonomy and systematics of the entire cruciferous family 
[5]. The genus Brassica encompasses around 37 species that 
are extensively grown globally as vegetables, forage, oilseeds 
and herbs of medicinal value [6]. Brassica vegetables form 
an important part of the human diet and are consumed by 
people globally. These vegetable crops hold a prime position 
as food crops in China, Japan, India, and Europe [7]. Table 1 
summarizes the species of genus Brassica. 

The two species of the Brassicaceae family namely Brassica 
oleracea and Brassica rapa are extensively grown and consumed 
throughout the globe as important vegetables while the seeds 
of Brassica nigra, Brassica carinata, and Brassica juncea are 
used as a condiment [3]. The statistical data of FAO indicates 

INTRODUCTION

Brassicaceae is one of the largest angiosperm plant families, 
also termed Cruciferae, which comprises 338-360 genera and 
about 3709 species. The International Code of Botanical 
Nomenclature (ICBN) vide Art. 18.5 (Vienna Code) has 
approved the use of both Brassicaceae and Cruciferae as names 
for this family [1]. This plant family is immensely endowed 
with species having a wide array of economic importance 
owing to their nutritional, medicinal and pharmaceutical 
potential. The Cruciferous family has its origin in the Eocene 
epoch in the f loristic Irano-Turanian region about 37 million 
years ago [2]. The vegetables of the cruciferous family have 
been cultivated since ancient times, however, it is difficult 
to trace their exact history. The Sanskrit record about the 
cultivation of Brassica crops in India dates back to 3000 
BC. Some historical records also suggest that the cabbage 
cultivation dates back to 8000 years ago along the coastal 
line of Europe [3]. The plant species belonging to this family 
are cultivated worldwide except Antarctica. Brassica forms 
one of the most important and essential genera of the family 
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that oilseeds obtained from Brassica plants such as B. napus, 
B. rapa, B. juncea and B. carinata form 12% of the global 
edible vegetable oil supply. B. oleracea which includes headed 
and non-headed cabbages, kale, broccoli, Brussels sprouts, 
caulif lower and collard greens, are the major vegetables 
of Brassica group. Various research investigations suggest 
that the headed cabbages have evolved from the wild non-
headed cabbage varieties having their origins in the Eastern 
Mediterranean and the Baltic Sea coast. There exists a vast 
genetic diversity within the Cruciferae family which led to 
the cultivation and propagation of morphologically unique 
crops with desirable characteristics from wild counterparts 
[8]. The B. oleracea cultivars are categorized into different 
groups based on morphology and developmental differences. 
The seven cultivars of B. oleracea include “capitata group”, 
“acephala group”, “alboglabra group”, “botrytis group”, 
“Italica group”, “gemmifera group” and “gongylodes group” 
[3]. The capitata group encompasses different headed 
varieties of cabbage, acephala group includes leafy green 
vegetables namely kale and collard greens, alboglabra group 
has Chinese broccoli in it and botrytis group has caulif lower, 
Romanesco broccoli, and broccof lower as its representatives. 
Broccoli is the only member of Italica group whereas Brussels 
sprouts and knol khol represent gemmifera and gongylodes 
group respectively [9]. The cruciferous vegetables are known 
as cool-season crops as they are capable to withstand light 
to moderate freezes and sometimes even brief heavy freezes 
as well [10]. The cruciferous vegetables also referred to as 

‘cole crops’ are extensively grown in the Jammu and Kashmir, 
which is a cold region located in the north-western region of 
Himalayas [11]. The commonly cultivated varieties of Brassica 
vegetables in Jammu and Kashmir are presented in Table 2. 
Kale (Brassica oleracea var. acephala) has not been extensively 
used as a vegetable crop on a commercial scale in India. 
However, it is grown for commercial use in Kashmir and to 
a limited extent in the regions including Jammu, Assam and 
Himachal Pradesh. Kale forms an intrinsic part of the diet 
of people of Jammu and Kashmir and is regionally known 
as ‘Haak’, which seems to have evolved from a Sanskrit term 
‘Shak’. Various, traditional genotypes of kale cultivated in 
Kashmir have been reported in the literature. These include 
Khanyari, Kawdari, GM Dari Haenz Haak, Wantipori Haak, 
Jumadari Haak, Anchari Haak and Koker Haak. Apart from 
the mentioned varieties, two wild genotypes namely Wappal 
and Pumb Haak have also been reported in the literature 
[12-14].Central Institute of Temperate Horticulture (CITH) 
of ICAR located in Rangreth, Budgam region of Kashmir 
has maintained germplasm for evaluation, characterization 
and future use. The institute has identified 10 elite varieties 
of Kale suitable for commercial production namely CITH-
KC-07, CITH-KC-08, HW-5, CITH-KC-05, NW-SAG-36, 
CITH-KC-11, CITH-KC-SEL-1, CITH-KC-16, CITH-KC-26, 
CITH-KC-28. The institute is actively engaged in the breeding 
of cole crops especially cabbage to enhance its nutritional 
and nutraceutical potential.

Table 1: Economically important species of genus Brassica.

Species Variety/ subspecies/cultivar Common name Edible part Reference 

Brassica oleracea

var. capitata F. Alba White cabbage Leaves Šamec, et al. [122]

var. capitata F.rubra Purple or red cabbage Leaves Volden, Borge, et al. [123]

var. italica Broccoli Inflorescence Dhiman, et al [124]

var. gemmifera Brussels sprouts Buds Dixon [8]

var. botrytis Cauliflower Inflorescence Branca [125]

var. Acephala Kale Leaves Šamec, et al [126]

var. viridis Collard greens Leaves 
Šamec, et al and Salopek-

Sondi, et al [3]

var. sabellica L. Curly kale Leaves Hahn et al. [127]

var. gongylodes Kohlrabi, stem turnip stem Kalloo [128]

Brassica rapa

ssp. rapa Turnip Root Nawaz et al. [15]

ssp. pekinensis Chinese cabbage Leaves Dixon [8]

ssp. narinosa (or rosularis) Asian greens, tai cai Leaves 
Sikorska-Zimny and 

Beneduce [32]

ssp. chinensis Bok choy, pak choy Leaves Raza et al. [6]

ssp. nipposinica Mizuna Leaves  
Šamec, et al and Salopek-

Sondi, et al [3]

ssp. parachinensis
Rapini, broccoli rabe, fake 

Chinese cabbage 
Leaves, stem, flower, buds

Sikorska-Zimny, et al and 
Beneduce, et al [32]

Brassica juncea czern
Brown mustard, Indian 

mustard
Leaves, seeds Mohan Yadav et al. [129]
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Brassica nigra Black mustard Seeds Rahman et al. [130]

Brassica  carinata Ethiopian mustard Leaves, seeds Rahman et al. [130]

Brassica napus 
var. napobrassica Rutabaga (swede) Root Raza et al. [6]

var. pabularia Siberian kale Leaves Raza et al. [6]

Table 2: Commonly grown cruciferous vegetables in Kashmir Himalayas.

Vegetable Variety Characteristic features Parts consumed Picture

Cabbage (Brassica 
oleracea var. capitata)

Golden acre
Compact with few Cup shaped, small 

leaves, uniform heads  with solid round 
interior 

Whole head cooked as 
vegetable, rarely fermented

Pusa drum head 
Wide frame, light green leaves with 

prominent venation. Uniform light green 
flat heads 

Cauliflower (Brassica 
oleracea var. botrytis)

Curds cooked as vegetables, 
occasionally fermented

Snow ball Compact, snow white medium sized curds

Snow ball-16
Compact, snow white curds with raised 

center

Pusa katki
Medium sized, compact, white curds, 

bluish green leaves

Knol Khol (Brassica 
oleracea var. gongylodes)

 Leaves, petiole and knob 
cooked as vegetable. Also 

fermented as pickle

Early white 
Vienna 

Medium green foliage, globular, round 
knob

Purple Vienna Purplish leaves, large globular, round knob
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LITERATURE REVIEW

Nutritional and phytochemical composition

The vegetables belonging to the Brassicaceae family are rich in 
nutritional (proteins, carbohydrates and vitamins) and bioactive 
components [15]. Fructose, glucose and sucrose are the major 
soluble sugars found in Brassica. These vegetables are also 
noteworthy for their extremely low (approximately less than 
1%) fat content and good mineral profile. Phosphorus, sodium, 
potassium iron, copper, selenium, calcium and zinc are among 
the prominent elements found in these crops. The nutritional 
composition of common cruciferous vegetables is depicted 
in Table 3. Antioxidants, the compounds associated with the 
prevention of oxidative stress and reduction of oxidative damage 
to foods and living organisms are widely found in Brassica species. 
The cruciferous vegetables are known to possess antioxidant 
potential owing to the fair amount of antioxidant compounds 
particularly Vitamin C, tocopherol and carotenoids along 
with various antioxidant enzymes such as catalase, Superoxide 
Dismutase (SOD) and peroxidase [16]. The phytochemicals 
found in plants are present in fairly good quantities in Brassica 
vegetables. Various researchers have reported the presence of 
several different classes of phytochemicals in Brassica including 
phenolic acids, anthocyanins, flavonols, flavones and sulfurous 
compounds-glucosinolates. The predominant polyphenol 
classes found in Brassica species include hydroxycinnamic 
acids, quercetin, kaempferol and isorhamnetin derivatives. 
The anthocyanin content has been found to vary significantly 
among cultivars, species and even plants of the same species, 
with cyanidin 3-O(sinapoyl)(feruloyl)diglucoside-5-O-glucoside 
and cyanidin 3-O-(sinapoyl)(sinapoyl) diglucoside-5-Oglucoside 
as the major anthocyanins in these crops. The other important 
bioactive components present in cruciferous vegetables are 
phytosterol and terpenoids, known for their chemopreventive 

and cardioprotective potential [17,18].

Glucosinolates 

Glucosinolates, sulfur-containing precursors of isothiocyanate, 
form a large group of secondary metabolites identified in some 
plant species including the family Brassicaceae [19]. Nearly 
130 glucosinolates have been identified so far out of which 30-
40 are mostly found in Brassica species [20]. The structure of 
glucosinolates consists of a β-d-glucopyranose unit joined to a 
hydroximinosulfate ester by a sulfur bridge and a side chain. 
Figure 1 represents the general structure of glucosinolates. The 
side chain is variable and derived from eight amino acids namely 
alanine, valine, leucine, isoleucine, methionine, tyrosine, 
phenylalanine, and tryptophan. Depending on the side chain, 
glucosinolates are mainly of the following types:

• Aliphatic Glucosinolates, wherein the side chain is derived 
from methionine, isoleucine, leucine, or valine

• Aromatic Glucosinolates, wherein the side chain is derived 
from phenylalanine or tyrosine

• Indole Glucosinolates, wherein the side chain is derived 
from tryptophan [21] 

Although the categorization of glucosinolates as aliphatic, 
aromatic, and indole glucosinolates is common, it appears to be 
of slight biological and chemical importance and contradicts the 
chemical definition of the term aromatic because the indole ring 
system is aromatic. Blažević, et al. reviewed certain criteria for 
classification of glucosinolate [22]. A classification based on the 
precursor amino acid appears to be a more meaningful one, for 
example glucosinolates derived from tryptophan, glucosinolates 
derived from methionine, and so on. Furthermore, when 
assessing and discussing the physiological and ecological 
effects of glucosinolates, a classification based on the kind of 
breakdown product produced seems to be relevant.

Kale(Brassica oleracea var. 
acephala)

Leaves  cooked as vegetables

Leaves and petiole also used for 
fermentation

G. M. Dari
30-35 cm height, Condensed leaves, frost 

tolerant 

Khanyari
50-65 cm height, slightly puckered leave, 

frost intolerant

Kawdari 
61 cm height, highly puckered leaves, frost 

intolerant 

Kashmiri Haak 
(Haenz Haak)

45-50 cm height, narrow leaves, hardy and 
frost resistant

Anchar Haak
48-55 cm height, purplish green or green 

leaves, susceptible to frost
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Table 3: Nutritional composition of common cruciferous vegetables as per USDA.

Parameters Mustard greens Turnip Kale Cauliflower Cabbage Brussels sprouts Broccoli

Water (g/100g) 90.7 91.87 84.04 92.07 92.18 86 89.3

Protein(g/100g) 2.86 1.17 3.28 1.92 1.53 3.38 2.82

Fat (g/100g) 0.42 0.13 0.93 0.28 0.1 0.3 0.37

Carbohydrate(g/100g) 4.67 6.43 8.75 4.97 5.8 8.95 6.64

Fiber (g/100g) 3.2 1.8 3.6 2 2.5 3.8 2.6

Sugar (g/100g) 1.32 3.8 2.26 1.91 3.2 2.2 1.7

Minerals 

Calcium (mg) 115 30 150 22 40 42 47

Iron (mg) 1.64 0.3 1.47 0.42 0.47 1.4 0.73

Magnesium (mg) 32 11 47 15 12 23 21

Phosphorus (mg) 58 27 92 44 26 69 66

Potassium(mg) 384 191 491 299 170 389 316

Sodium(mg) 20 67 38 30 18 25 33

Zinc(mg) 0.25 0.27 0.56 0.27 0.18 0.42 0.41

Selenium (μg) 0.9 0.7 0.9 0.6 0.3 1.6 2.5

Vitamins 

Vitamin C (mg) 70 21 120 48.2 36.6 85 89.2

Thiamine(mg) 0.08 0.04 0.11 0.05 0.061 0.139 0.071

Riboflavin (mg) 0.11 0.03 0.13 0.06 0.04 0.09 0.117

Niacin(mg) 0.8 0.4 1 0.507 0.234 0.745 0.639

Vitamin A(IU) 3024 0 9990 0 98 754 623

Vitamin E (mg) 2.01 0.03 1.54 0.08 0.15 0.88 0.78

Figure 1: General structure of glucosinolates from Brassica.
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group after undergoing the above-mentioned three successive 
transformation reactions. The elongated molecule either enters 
the core structure formation pathway or goes through another 
chain elongation process [24,25]. The chain elongation step is 
followed by a core glucosinolate structure formation process 
consisting of seven enzymatic steps. The elongated amino acids 
are converted to aldoximes under the action of cytochrome 
P450 monooxygenases (CYP79) which are further oxidized 
by cytochrome P450 monooxygenases (CYP83) to form aci-
nitro compounds. These aci-nitro compounds are converted 
to thiohydroximate and S-alkyl-thiohydroximate by enzymes 
namely phi and tau Glutathione S-transferases (GSTF and 
GSTU) and carbon-sulfur lyase (SUR1). The thiohydroximates 
are acted upon by uridine diphosphate glycosyltransferase 74 
(UGT74) and Sulfotransferases (SOT) leading to glycosylation 
and sulfation to form the core structure of glucosinolate. The last 
step of the biosynthesis process involves the modification of side 
chains via various processes such as oxidation, hydroxylation, 
methoxylation, alkenylation, and benzoylation. For instance, 
the side chain modification of aliphatic glucosinolates takes 
place by S-oxygenation carried out by flavinmonooxygenase to 
form methylsulfinylalkyl glucosinolate [26,27]. 

Biosynthesis 

The core biosynthesis process is common to all glucosinolates 
and is broadly divided into three steps as presented in Figure 
2. The first step involves the chain elongation of precursor 
amino acid molecules and the addition of methylene groups. 
This step is however not seen in the case of biosynthesis of 
indole glucosinolates. This is followed by the formation of a 
core structure. The final step in the process is the modification 
of side chains. The side chain modification entails various 
chemical reactions such as oxidation, esterification, methylation, 
and hydroxylation [23]. During the chain elongation 
which consists of five enzymatic steps, the amino acids 
(methionine, glutamate, leucine, isoleucine and phenylalanine) 
undergo deamination under the action of Branched-Chain 
Aminotransferase (BCATs) to form the analogous 2-oxo acid 
which further undergoes three successive reactions in which 
the 2 oxo acid is first condensed with acetyl-CoA by the action 
of Methylthioalkylmalate synthase (MAMs) followed by an 
isomerization reaction with Isopropylmalate Isomerase (IPMI) 
as the main enzyme in action. Finally, an Isopropylmalate 
Dehydrogenase (IPMDHs) catalyzed oxidative decarboxylation 
takes place. The 2-oxo acid is elongated by a single methylene 

Figure 2: (A) Glucosinolate degradation process. (B) Steps of core biosynthesis of glucosinolates.
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and IGMT2) [28,29]. As far as the biosynthesis of aromatic 
glucosinolates is concerned very little knowledge is available 
and hence can be regarded as the neglected pathway. It is 
assumed that the chain elongation and core structure formation 
of aromatic glucosinolates is similar to indole glucosinolates 
however there is uncertainty whether the same genes control 
both the processes or there is a difference at the genetic level 
differentiating both the processes [30].

Glucosinolate degradation products 

Myrosinase is a thio-glucosidase enzyme (EC3.2.1.147), 
present endogenously in the plants of Brassica species. The 
enzyme is present in idioblasts, also known as myrosin cells 
and is well separated from the glucosinolate molecules by 
compartmentalization within the plant tissues. Upon tissue 
damage, glucosinolates come in contact with the myrosinase 
enzyme, which is capable to hydrolyse the thioglucosidic bond 
in the glucosinolate structure, leading to the formation of 
biologically active degradation compounds. The degradation of 
glucosinolate is summarized in Figure 3 [31,32]. 

The biosynthesis of indole glucosinolates is similar to 
aliphatic ones though the chain elongation step is omitted. 
The biosynthesis pathway starts with the conversion of the 
amino acid tryptophan to indole-3-acetaldoxime by the action 
of cytochrome P450 monooxygenases belonging to family 
CYP79B2 and CYP79B3. Aldoximes is further catalyzed 
to form an uncharacterized intermediate under the action 
of cytochrome P450 monooxygenases (CYP83B1) which 
further converts to thiohydroximate by the inclusion of 
sulfur molecule by the activity of various enzymes namely 
glutathione S-transferases (GSTF9, GSTF10) and carbon-sulfur 
lyase (SUR1). Similar to aliphatic glucosinolate biosynthesis, 
glycosylation of thiohydroximate is catalyzed by uridine 
diphosphate glycosyltransferase 74(UGT74B1) followed by 
sulphation by sulfotransferases (SOT16) to form the core 
indole glucosinolate structure. The side chain modification 
takes place by processes such as hydroxylation. For instance, 
4-hydroxyindole glucosinolate is produced by the action of 
CYP81F2. Further, the hydroxyindole glucosinolate molecules 
are converted to methoxyindole derivatives under the action 
of Indole Glucosinolate Methyltransferases 1 and 2 (IGMT1 

Figure 3: Biosynthesis of aliphatic glucosinolate. Note: (A) Chain elongation with methionine as precursor. (B) Core structure formation. (C) Side chain modification of aliphatic glucosinolate.
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The total glucosinolate content varies extensively among 
different varieties of radish ranging from 22 to 627 mg/100 g of 
fresh weight [37,38].

Health benefits associated with glucosinolates and their 
breakdown products PCR

Lower occurrences of numerous chronic diseases including 
cancer have been associated with intake of vegetable-rich diets 
by many clinical investigations. The cruciferous vegetables 
such as broccoli, kale, collard greens, cabbage etc. have been 
cultivated worldwide for ages and are being used widely either 
fresh, steamed, or cooked. Apart from being rich in nutritional 
components, these vegetables are known for their health-
promoting secondary metabolites, of which glucosinolates and 
their breakdown products hold a prime position. In the recent 
past, extensive studies have been conducted on glucosinolates and 
their hydrolysis products. Based on the research data available, 
it is quite clear that the consumption of a diet containing these 
compounds could positively affect human health. Glucosinolates 
and their degradation products are known to be responsible for 
various physiological effects on health and many such effects 
are believed to be because of Brassica vegetables and these 
claims are based on in vitro, animal, human and epidemiological 
studies [39]. Different glucosinolates, their sources, breakdown 
products and pharmacological significance are summarized in 
Table 4. The hypothesis that a cruciferous vegetable-rich diet 
can reduce the risk of cancer has been supported by various 
epidemiological evidence. Consumption of cruciferous 
vegetables decreases the risk of development of bladder cancer 
by about 29% [40]. Isothiocyanate, the dominant breakdown 
product of glucosinolates has been linked to anti-carcinogenic 
activity and over the years there has been a growing interest 
in evaluating its effectiveness as a cancer-preventing agent. 
Two main mechanisms for the anti-carcinogenic effect have 
been proposed so far which include inactivation of the phase 
I enzyme cytochrome P450s binding with an isothiocyanate, as 
well as the induction of phase II enzymes and the induction 
of apoptosis which causes the deletion of genetically damaged 
cells and stopping the progression of the cell cycle. These 
two enzymes are known to play a key role in the metabolism, 
elimination, and detoxification of endogenous and exogenous 
carcinogens. The other mechanisms related to anti-cancer action 
are prevention of metastasis and angiogenesis and regulation 
of the epigenetic machinery [33,41] Sulforaphane, one of the 
intensively studied isothiocyanates derived from broccoli, is 
a potent inducer of cytoprotective enzymes in mammals. It 
is known for inhibiting the growth of many types of cancer 
cells including pancreatic cancer, colon cancer, leukemia, and 
prostate cancer, however, its use in cancer therapy is greatly 
restricted due to the short half-life [42,43]. Ascorbigen, one of 
the prime indole-derived, physiologically active compounds; is 
formed from glucobrassicin-a glucosinolate precursor, was first 
isolated from fresh cabbage juice [44]. It is found in various crops 
of Brassicaceae family. This Glucobrassicin-derived compound 
has been often linked to the anti-cancerous effect of diets rich 
in Brassica vegetables. Ascorbigen is also capable of inducing 
phase I and phase II enzymes that play a key role in xenobiotic 
detoxification [45]. Inflammation, a pervasive phenomenon, 
is a prime element of the defense system of the host that is 
triggered by innate immune receptors when a severe deviation of 
homeostasis occurs. It is characterized by edema, pain, redness 

A neutral pH favors the formation of iso-thiocyanate, 
whereas the formation of oxazolidine-2-thione takes place by 
spontaneous cyclization of the isothiocyanate when the side 
chain of glucosinolate molecule is hydroxylated at carbon 
no 3. The hydrolysis of glucosinolates is directed towards 
the formation of epithionitriles and nitriles in presence of 
epithio specifier protein. Glucosinolates are even hydrolyzed 
to thiocyanates [33,34]. Apart from endogenous myrosinase 
enzyme, the gut microflora with myrosinase positive activity 
can assist the conversion of glucosinolates into physiologically 
active breakdown products. However, there may occur variation 
in the extent of hydrolysis of glucosinolates depending upon 
the difference in the gut microbiota of individuals. E. coli, 
Enterococcus faecalis, Enterococcus faecium, Lactobacillus agilis etc. 
which form a part of gut microbiota have been known to possess 
the capability to degrade the glucosinolates. Microbial strains 
from sources other than gut such as Aspergillus niger AKU3302, 
Aspergillus sp. NR46F13, Lactobacillus sp. LEM 220 have been 
reported to possess myrosinase activity [35,36]. The amount 
of glucosinolates in all the Brassica species varies significantly 
even between the plants of same species. The content of these 
sulfurous compounds is also tissue-specific. A great difference 
is observed in the glucosinolate content of different parts of 
a plant, with low to moderate quantities found in leaves and a 
significantly higher content found in seeds. Broccoli contains a 
good amount of glucosinolates predominantly glucoraphanin, 
ranging between 47 to 806 mg/100 g of fresh weight. The average 
glucosinolate content in Brussels sprouts falls in the range of 
18 to 390 mg/100 g of fresh weight. Progoitrin, sinigrin, and 
glucoiberin have been identified as the main glucosinolates 
present in Brussel sprouts. A variation in glucosinolate content 
of cabbage has been noted based on the difference in variety. 
The glucosinolate content shows a significant variation in 
cabbage varieties with the highest content (148 mg/100 g of 
fresh weight) present in white cabbage followed by savoy cabbage 
and red cabbage with glucosinolate content of about 88 mg/100 
g of fresh weight and 81 mg/100 g of fresh weight respectively. 
In white cauliflower, the total glucosinolate content ranges 
from 91 to 109 mg/100 g of fresh weight. The other varieties 
of cauliflower namely green cauliflower, Romanesco and purple 
cauliflower have a glucosinolate content of about 65 mg/100 
g, 48 mg/100 g and 154 mg/100 g of fresh weight respectively. 
Chinese cabbage, one of the popular vegetables in China, 
Japan, and Korea contain gluconapin, glucobrassicanapin, and 
4-methoxyglucobrassicin as the chief glucosinolate compounds 
with their content ranging between 49 to 246 mg/ 100 g of fresh 
weight. Aliphatic glucosinolates form the main glucosinolates of 
Kale. The average value of glucosinolates found in kale is 143 
mg/100 g of fresh weight. The Ethopian kale has been found 
to be rich in sinigrin, which is the predominant glucosinolate 
present in it, accounting for 95% of the total content of 
glucosinolates that is about 43 mg/100 g of fresh weight. Knol 
khol, also termed as kohlrabi is known to possess a very high 
glucosinolate content with an average value of 295.5 mg/100 
g of fresh weight. Brassica juncea, commonly known as mustard 
has a total glucosinolate content of about 121 mg/100 g of fresh 
weight. Various research investigations indicate that there is 
a difference in glucosinolate content in European and Asian 
cultivars with European cultivars characterized by lower levels 
of glucosinolates ranging between 26 to 155 mg/100 g of fresh 
weight as compared to Asian cultivars having glucosinolate 
content in the range of 208 to 354 mg/100 g of fresh weight. 
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glucosinolate breakdown show hepatoprotective effect. These 
compounds have an acetylcholinesterase inhibitory activity of 
about 53%. Isothiocyanates cross the blood-brain barrier, and 
hence are capable of exerting neuroprotective function. The 
literature available suggests a positive impact of isothiocyanates 
on various neurological diseases including Parkinson’s disease, 
Huntington’s disease, Alzheimer’s disease and ischemic brain 
injury, with the most promising activity displayed by phenyl 
isothiocyanate, having prime application in treating Alzheimer’s 
disease [54,55]. Sinigrin, a glucosinolate, commonly found in 
radish, cabbage, broccoli and Brussel sprouts, gives rise to allyl 
isothiocyanate upon enzymatic hydrolysis. It has been found 
to metabolize at a faster rate in the liver and the metabolites 
so formed affix with N-acetylcysteine and/or glutathione. 
These metabolites are also readily distributed to various body 
organs and tissues, and it has been noted that they exert an 
anti-obesity effect in rats. Ally isothiocyanate is also known 
to possess anti-diabetic properties [56]. Erucin, is formed by 
enzymatic hydrolysis of Glucoerucin which is a precursor for 
eurcin or by in vivo reduction of sulforaphane Erucin has been 
investigated for its anti-inflammatory effect. It has been found 
that this compound significantly reduces the expression of 
pro-inflammatory cytokines such as Tumour Necrosis Factor-
alpha (TNF alpha), Interleukin 1 beta (IL1-β) or leukocytic 
pyrogen and Interleukin 12 (IL-12) in the human monocytic 
cell line (THP-1) which is derived from a patient suffering from 
acute monocytic leukemia [57-59]. Type 2 diabetes, is one of 
the most prevalent endocrine and metabolic disorder. The 
consumption of foods with nutraceutical potential is by far the 
newest approach in managing this disorder. Many in vivo studies 
and clinical trials suggest that glucosinolates, particularly their 
breakdown products, such as sulforaphane can be an effective 
adjunct in the management and prevention of diabetes in long 
run [60].

and heat. However, dysregulation of inflammatory mechanisms 
has been linked to human cancers [46]. Gluconasturtiin, also 
termed phenyl thiocyanate exhibits remarkable chemopreventive 
potential along with having anti-oxidative and anti-inflammatory 
properties [47]. It has been observed that oral intake of this 
isothiocyanate tends to reduce the symptoms of ulcerative 
colitis, intestinal bleeding and inflammation of intestinal 
mucosa in mice [48]. Phenyl isothiocyanate has a unique ability 
to stop the progression of tumorigenesis along with preventing 
the initiation of the carcinogenic process [49]. The nuclear 
factor-kappa light chain enhancer of activated B cells (NF-kB), is 
a transcription factor that is primarily involved in the regulation 
of cellular behaviors. It is often associated with inflammation, 
diseases like arthritis and cancer. Gluconasturtiin is capable of 
inhibiting this transcription factor in colon cancer cells and 
macrophages [47]. Benzyl isothiocyanate has the potential to 
act as a chemo preventive agent in humans. It has been found 
to cause a dose-dependent reduction in the lipopolysaccharide-
induced secretion of interleukin (IL)-1β, TNF-α and interleukin 
6 [50] 

Malignant melanoma, an aggressive, metastatic skin cancer is 
caused by prolonged exposure to UV radiations. Isothiocyanates 
have also been presented as anti-melanoma agents in various 
in vitro and in vivo research investigations. The glucosinolate 
breakdown compounds have been found to inhibit the 
growth of cells and induce programmed cell death (apoptosis). 
Moreover, isothiocyanates prevent metastasis by induction of 
signal transduction pathways, disruption of mitochondria and 
generation of oxidative stress. All these factors are known to be 
important mediators of cell growth and proliferation [51]. Butenyl 
thiocyanates, allyl isothiocyanates and related compounds 
exhibit dose-dependent radical scavenging ability and cytotoxic 
effect in cancer cells [52,53]. Many volatile isothiocyanates such 
as gluconapin, glucoerucin and glucoraphanin, released by 

Table 4: Glucosinolates and their breakdown products.

Glucosinolate Chemical nature Breakdown product Dietary source Pharmacological activity Reference

Sinigrin Aliphatic Allyl iso thiocyanate 
Broccoli, Brussels sprouts, cabbage, 

horseradish, mustard, radish
Anti-cancer, anti-

inflammatory, antioxidant
Mazumder et al. 

[131]

Glucoalyssin Aliphatic 
Alyssin(5-(methylsulfinyl)-

pentyl isothiocyanate)
Chinese cabbage Anti-cancer Vig et al. [132]

Glucoerucin Aliphatic 
Erucin(4-(methylthio)-3-

butyl isothiocyanate)
Cabbage, Brussel sprouts, 

cauliflower, broccoli
Anti-cancer, antioxidant You et al. [133]

Glucoraphasatin Aliphatic 
4-Methylsulfanyl-3-butenyl 

isothiocyanate 
White radish

Anti-mutagenic anti-
cancer  

Suzuki et al. [134]

Glucoraphanin Aliphatic Sulforaphane
Broccoli, Brussels sprouts, cabbage, 

turnip
Anticancer Tacer-Caba, [135]

Glucobrassicin Indolyl
Indole-3-carbinol, Indole-3-

acetonitrile
Cabbage, broccoli, cauliflower, 
Brussel sprouts,kale, kohl rabi

Anticancer Sayeed et al. [136]

Gluconasturtiin Aromatic Phenethyl-isothiocyanate Broccoli, turnip Anticancer Hellin et al. [137]
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higher concentration of 3-indolylmethyl-glucosinolate has been 
noted in broccoli grown under organic conditions as compared 
to the counterparts grown conventionally. A similar outcome 
has been noted in tronchuda cabbage [61,70,71]. However, 
some research reports are contradicting such claims. A higher 
concentration of 3-indolylmethyl-glucosinolate and 1-methoxy-
3-indolylmethyl-glucosinolate has been observed in broccoli 
grown under the conventional system when compared to those 
grown under the organic system [71]. The use of fertilizer during 
growth is known to modify the balance of the mineral content 
of soil particularly the balance between nitrogen and sulfur 
thereby seemingly changing the concentration and profile of 
various secondary metabolites including glucosinolates [72]. 
An experiment conducted by Park, et al. suggests a correlation 
between sulfur and an increase in glucosinolate content 
[73]. As per the experiment, enhancement of soil with sulfur 
during the cultivation of crops may lead to increased levels 
of glucosinolates since this element forms a prime part of 
the glucosinolate core structure. A significant increase in 
the level of total glucosinolate content of Brassica rapa and 
glucoraphanin, sinigrin, gluconapin and Progoitrin in Brassica 
juncea has been observed with an increase in the sulfur content 
of soil [74]. In general, the use of nitrogen-based fertilizers has 
been linked with decreased levels of glucosinolates in plants. 
However, the effect of nitrogen varies according to the type of 
glucosinolate. It has been noted that excessive use of nitrogen 
leads to an increase in the production of progoitrin but at the 
same time sinigrin concentration decrease in Brassica napus [75]. 
An optimal balance between sulfur and nitrogen is necessary 
for the proper growth and development of the plant along with 
the production of glucosinolates. It has been indicated in one 
of the research studies that the use of high levels of both sulfur 
and nitrogen can lead to the efficient working of various key 
enzymes associated with assimilation of sulfur there by resulting 
in higher levels of glucosinolates in Brassica napus [76]. The use 
of NO3 and NH4 in combination with a combined ratio of 
1:1 has been established as an optimal fertilizer combination to 
achieve a good concentration of glucosinolates in Brassica plants 
as noted in the case of Chinese kale [77]. The type of fertilizer 
used can impact the mineral composition of soil which in turn 
influences the mineral composition of plants. The application 
of nitrogen fertilizers is negatively correlated to mineral profile 
especially potassium and calcium while as sulphur-based 
fertilizers have been positively correlated with manganese 
and zinc. Selenium in the form of sodium selenate has been 
associated with an increase in glucosinolates particularly 
sulforaphane. However, this effect is dose-dependent, where 
selenium used above certain level tend to decrease overall 
content of glucosinolates [61,78,79]. In-field application of 
sodium selenite along with sodium chloride showed increased 
levels of isothiocyanates in kale however it also resulted in a 
decrease in levels of glucoraphanin and sinigrin [80]. Apart from 
chemical/ synthetic fertilizers, manure obtained from different 
sources has been used to supplement the soil for the cultivation 
of Brassica crops. A higher concentration of glucosinolates 
(1287 mg/g) has been observed in Brassica juncea grown on 
soil supplemented with sewage sludge. A slightly lower level of 
glucosinolates (929 mg/g) has been recorded in crops grown on 
soil with added chicken manure [81]. Various compounds which 
prove to be beneficial for the production of glucosinolates and 
other bioactive comparts apart from traditionally used chemical 
fertilizers have been proposed recently. Plant hormones namely 

Pre-harvest factors affecting glucosinolate content 

Various pre-harvest factors have been known to have an impact 
on the synthesis, accumulation and profile of glucosinolates.

Stages of development at harvesting and plant parts: The 
developmental phase can influence the concentration of 
phytochemicals in Brassica especially glucosinolates. In general, 
it has been noted that the total glucosinolate content varies 
through different growth phases and an increasing trend has 
been observed in glucosinolate content from vegetative to 
reproductive and maturity stages [61]. The elevated levels of 
glucosinolates were found in flower buds and leaves of kale 
harvested at the recommended consumption stage after 180 days 
of sowing. Similarly, broccoli heads showed a high content of 
glucosinolate namely glucoraphanin 180 days after sowing which 
significantly decreased during the flowering period [62,63]. 
There is a no table difference in glucosinolate content based 
on the plant part, with seeds having the highest concentration 
of glucosinolates followed by siliques, inflorescence, leaves, 
roots, stems and petioles [64]. A research study indicated that 
Turnip tops have a glucosinolate content of 26.02 μmol/g on 
a dry weight basis which is higher than turnip greens having 
glucosinolate content of 17.78 μmol/g on a dry weight basis 
[65].

Environmental factors: Many environmental factors such 
as seasonal variation, light exposure, temperature, water 
availability, etc. have been reported to influence the quality, 
nutritional and phytochemical content of Brassica crops. 
Numerous research studies are favoring the fact that spring 
season crops have a higher glucosinolate content owing to various 
favorable conditions during the vegetative period particularly 
intermediate temperatures, high light intensity, longer days and 
dry conditions. Autumn and winter season plants that are grown 
at a lower temperature, lower light intensity, shorter days, and 
higher water availability, tend to have the lowest concentrations 
of glucosinolates and other important phytochemicals [61,66]. 
Differential activation of enzymes linked with glucosinolate 
biosynthesis by light and temperature is a possible reason 
for the higher content of 4-methylsulfonylbutyl-GL and 
4-methylsulfonylbutyl isothiocyanate in Broccoli sprouts of 
cultivar Youxiu at 25°C while as comparatively lower levels have 
been reported in broccoli sprouts grown at lower (20°C) and 
higher temperatures (30°C) [67]. It has been reported that a 
temperature of 40°C maintained for 4 hours for 5 days in a 
row resulted in an increased concentration of glucosinolates in 
Brassica napus [68]. Water stress has also been noted to increase 
the glucosinolate content [32]. Brassica napus and Brassica rapa 
when subjected to water stress showed a significant increase in 
glucosinolate content of seeds that is 35.0 mmol/g as compared 
to seeds from non-stressed plants having glucosinolate content 
of 18.2 mmol/g [69]. 

Agricultural practices: A deep-rooted qualitative, as well as the 
quantitative effect on glucosinolate content in Brassica species 
due to agricultural management, is well known. Many researchers 
believe that the concentration of secondary metabolites 
particularly glucosinolates is higher in crops grown under the 
organic farming system as compared to those cultivated under 
conventional system and this outcome may be attributed to the 
much greater stress conditions to which the crop is subjected under 
organic system leading to increased production of secondary 
metabolites as a part of plant defense mechanism. A significantly 
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in boiling water at a temperature of 100°C. The heating of 
vegetables results in the rupturing of cellular compartments 
and tissues resulting in leaching out of myrosinase enzyme and 
glucosinolates from the vegetable tissue into the cooking water. 
This leads to the enzymatic hydrolysis of the glucosinolates 
in the damaged tissue as well as the surrounding water used 
for boiling. Glucosinolate molecules are labile to heat and 
hence undergo thermal/non-enzymatic degradation at boiling 
temperatures [90,91]. The degree of loss of glucosinolates 
due to heat depends on their chemical structure, with indole 
glucosinolate being more sensitive to heat than the aliphatic ones 
[85]. Blanching, which involves short-term heating, has been 
associated with an increase of isothiocyanate content probably 
due to the inactivation of epithio specifier protein, which is 
one of the prime enzymatic co-factor [92]. Kapusta-Duch, et 
al. reported a significant decrease in the level of glucosinolate 
and its breakdown compounds of green and purple cauliflower 
and rutabaga upon boiling for 15 minutes [93]. The boiling 
was found to induce glucosinolate losses ranging from 6.6% in 
rutabaga to about 69.0% in both green and purple cauliflowers.

A small yet statistically significant loss was reported by 
Rungapamestry, et al. in the total glucosinolate content of 
Broccoli after boiling and this meager loss has been linked to 
the shorter boiling period used [94]. A higher degree of loss of 
glucosinolates has been noted in Broccoli when boiled at high 
pressure [95]. Lafarga, et al. suggested that blanching at 95°C 
for 3 minutes did not have a significant deterioration impact on 
glucosinolate content as about 100% of aliphatic and 98% of 
indole glucosinolates were retained after the process [90]. Few 
Brassica vegetables to boiling for about 30 minutes and observed 
that there occurred a decrease in glucosinolate content by 58%–
77% from base values with 77% loss recorded in broccoli, 75% 
in cauliflower, followed by green cabbage and Brussels sprouts 
with a loss percentage of 65% and 58% respectively [96]. The 
glucosinolate content of blanched Brassica vegetables showed 
a significant decrease, with losses ranging from 2.7% in green 
cauliflower, 13.0% in white cauliflower, to 21.1% in curly kale 
and 30.0% in Brussels sprouts and broccoli [97]. The research 
report also suggested a drastic loss of glucosinolates in vegetables 
after boiling, ranging between 35.3% in white cauliflower to 
72.4% in curly kale [97].

Steaming: Steaming is considered the most beneficial method 
for retaining the valuable, biologically active components 
wherein steam produced by vaporizing water under boiling 
conditions is applied to vegetables [32,85]. In the case of 
Brassica vegetables, the process of steaming is noted to have a 
minimal impact on the glucosinolate content owing to the least 
tissue rupturing, lower rate of myrosinase inactivation and a 
considerably low heat/ thermal damage to the glucosinolates 
[91]. The literature available suggests that steaming has minimal 
impact on the glucosinolate content; it either decreases the 
number of glucosinolates slightly or results in a slight increase 
in the glucosinolates in Brassica vegetables. Rungapamestry, 
et al. reported no significant loss in the glucosinolate content 
in cabbage when it was steamed for 7 minutes [98]. Conaway, 
et al. and Vallejo, et al. also suggested that steaming does not 
affect the glucosinolate content of cabbage and broccoli when 
compared to the glucosinolate content of fresh counterparts 
[95,99]. Steaming for 20 minutes resulted in no significant 
decrease in the glucosinolate content of brassica vegetables 
namely broccoli, green cabbage, cauliflower and Brussels 

Jasmonic acid, Salicylic Acid and Abscisic acid have been closely 
related to the regulation of glucosinolate content in crops. It 
has been noted that treatment with Jasmonic acid and methyl 
jasmonate leads to 20 times increase in the concentration of 
Glucobrassicin in B. napus, B. rapa and B. juncea leaves and 
seeds. The concentration of indole glucosinolates decreased in 
Brassica napus on treatment with abscisic acid [72,82,83].

Effect of processing on glucosinolate content 

Before consumption, the Brassica vegetables are subjected to 
several processing operations at industrial and domestic levels 
which include thawing, boiling, washing, cutting, chopping, 
blanching, freezing, microwaving, etc. to enhance their 
palatability, digestibility and sensory attributes. However, these 
processes exert stress on the cellular structure of plants and may 
influence stability, and the levels of various phytochemicals 
including glucosinolates, ascorbic acid and polyphenols. The 
processing methods are varied particularly at the domestic 
level and greatly depend on the type of the vegetables, the 
desired quality features of intended end products, and the local 
customs and traditions. On an industrial/commercial scale, the 
preparation and processing methods are standardized [84,85]. 
It has been noted that the processing techniques usually result 
in the degradation and depletion of the biologically active, 
natural components. However, in some cases, it has been seen 
that there occurs no change in the phytochemical content upon 
processing. Moreover, some processing methods have also been 
linked to the formation of certain novel compounds that exhibit 
biological activity [86, 87].

Glucosinolates are affected during food preparation and 
processing. The degree of disruption and changes in the content 
of glucosinolates depends on the type of vegetable undergoing 
processing and the method of processing. The majority of the 
processing methods used for Brassica vegetables are thermal in 
nature and hence involve the application of heat [88]. A model 
proposed to explain the mechanism of glucosinolate degradation 
during the processing of Brassica vegetables involves many steps 
that take place either in a sequential manner or simultaneously 
[89]. The breakdown of these sulfurous compounds can take 
place via the following steps:

• Rupturing of cells and cellular compartments.

• Dissemination of cellular components through the ruptured 
tissue.

• Enzymatic hydrolysis of the glucosinolate molecules 
due to tissue breakdown which leads to contact between 
myrosinase enzyme and the glucosinolate molecules. 

• Thermal degradation of glucosinolates and their breakdown 
products. 

• Inactivation of myrosinase enzyme due to high temperatures 
as well as loss of various enzymatic co-factors, namely 
ascorbic acid, Fe2+, epithio specifier protein, or thiocyanate-
forming protein.

• Leaching of glucosinolates and breakdown products into 
boiling water after rupturing of the cell.

Boiling and blanching: Boiling and blanching are the most 
commonly employed processing methods applied on brassica 
vegetables. In case of boiling, the vegetables are immersed 
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from extending the shelf life [106]. Vegetables including those 
belonging to the genus Brassica undergo lactic acid fermentation, 
wherein fermentation is carried out by the lactic acid bacteria 
that grow either spontaneously or are added in the form of 
starter cultures [107]. It has been reported that conventional 
fermentation of cabbage such as the production of sauerkraut, 
leads to complete degradation of glucosinolates. Fermented 
cabbage contained no glucosinolates [108]. Sarvan, et al. 
suggested that thermal pre-treatment in the form of blanching 
before fermentation by a probiotic strain LMG P22043 retained 
35% of the original total glucosinolate content in cabbage 
[109]. The blanched, fermented cabbage contained 27.2 ± 2.3 
μmol/100 g of glucosinolate after 71 hours of Lactobacillus 
paracasei fermentation. Traditionally fermented mustard (Brassica 
juncea) leaves known as sayur asin, are commonly consumed in 
Indonesia. The leaves of Brassica juncea, are known to be rich in 
aliphatic glucosinolates particularly sinigrin. It has been known 
that fermentation can significantly reduce the glucosinolate 
content owing to the activity of myrosinase enzyme during the 
process. Various pre-treatments were evaluated to note their 
efficiency in retaining the glucosinolate content in fermented 
product-Sayur asin. Withering of leaves by various methods was 
done to reduce the myrosinase activity. Withering by oven at 
35°C for 2.5 h and by microwave at 180 W for 4.5 min were 
reported to reduce the enzymatic activity by about 84 and 74%, 
respectively. However, these treatments were not sufficient to 
save the sinigrin content as it was not detected after 24 hours 
of fermentation. Microwave withering at 900 W for 2 minutes 
proved to be an effective treatment as myrosinase enzyme was 
completely inactivated, and sinigrin at a concentration of 11.4 
μmol/10 g dry matter was noted in sayur asin after 7 days of 
fermentation [91]. Palani, et al. investigated the influence of 
fermentation on glucosinolates and their breakdown products 
[110]. Cabbage fermented at 20°C and kept under storage at 
4°C was evaluated for glucosinolate content. It was noted that 
the glucosinolate content showed a dramatic decrease between 
day 2 to day 5 of fermentation, and by day 7 no traces of 
glucosinolates were found in the fermented product. However, 
various biologically active degradation products were detected 
namely ascorbigen and indole-3-carbinol. Investigated the effect 
of lactic acid fermentation on glucosinolate content particularly 
the glucoiberin, progoitrin and glucoraphanin of autoclaved 
broccoli puree [111]. The total concentrations of glucosinolates 
showed an increase upon fermentation, ranging from 55 μg/g 
to 359 μg/g. An increase in glucoraphanin concentration from 
minute concentrations in the autoclaved broccoli to 29-237 μg/g 
after fermentation was noted, thereby presenting fermentation as 
a promising process to elevate the glucosinolate content. Arount 
12 glucosinolate breakdown products have been identified in 
fermented cabbage. Ciska, et al. reported sinigrin as one of the 
abundant glucosinolate present in shrerdded cabbage which 
was hydrolysed to allyl isothiocyanate during the fermentation 
process. It has also been reported that other glucosinolates were 
hydrolysed to isothiocyanates and cyanides [112].

DISCUSSION 

Other processing techniques

The effects of other processing methods on the glucosinolate 
content of Brassica vegetables have also been studied. 
Various novel technologies for the processing of vegetables, 

sprout [96]. No significant amount of glucosinolate breakdown 
products mainly sulforaphane was detected after steaming 
broccoli. The glucosinolate content of red cabbage was found 
to suffer a 6% loss upon steaming and the overall glucosinolate 
content of broccoli showed an increase of 12% when subjected 
to steam for 15 minutes [83,100].

Frying: Stir-frying, a cooking method considered to be more 
favorable than normal frying, has its origin in Asia and involves 
frying food using a small quantity of oil. Due to culinary 
expansion in the world, this method is gaining popularity 
globally. It has been reported that glucosinolates were retained 
in Chinese cabbage when stir-fried even at a high temperature 
of about 250°C. It is believed that glucosinolate content is not 
affected due to a quick inactivation of glucosinolate hydrolyzing 
enzyme-myrosinase. Moreover, the absence of cooking water 
rules out the process of leaching out of these sulfurous 
molecules [39]. Miglio, et al. reported that deep-frying harmed 
the glucosinolate content of broccoli due to thermal degradation 
[101]. Deep frying was reported to cause an 84% reduction in 
the glucosinolate content of broccoli. 

Microwave: Microwave processing has gained a lot of attention 
in recent years in the food sector due to the notable reduction in 
cooking time and overall energy consumption. Microwaves are 
electromagnetic waves with a frequency range of 300 MHz to 300 
GHz. The field generated by these waves is alternating in nature, 
thereby forcing the polar molecules to change their orientation 
continuously under the electric field direction. The suitability 
of food materials to be processed by microwaves has been linked 
with the dielectric properties possessed by food materials [102]. 
The electric field component of the microwave induces the 
rotation of dipoles in foods and the heat is generated by the 
friction of molecules [103]. Various mechanisms underlying in 
determining the glucosinolate loss such as cell lysis and enzyme 
inactivation, occur during microwave processing. The extent of 
changes taking place in glucosinolate content greatly depends 
on the processing time, wherein it has been observed that 
longer treatment periods result in increased tissue damage, cell 
rupturing and thermal degradation of glucosinolate molecules 
[32]. The activity of myrosinase enzyme is known to increase at 
moderate temperatures of 60°C, however at higher temperatures, 
there occurs a rapid inactivation of this enzyme. The leaching 
out of glucosinolate molecules into the surrounding water used 
for cooking is only possible in microwave processing when a fair 
amount of water is added to the vegetables before subjecting to 
microwave cooking [95,104,105]. There are controversial reports 
available in the literature regarding the impact of microwave 
processing on the total glucosinolate content of Brassica 
vegetables. Many researchers consider microwave processing 
as a novel method having minimal effect on the bioactive 
components, especially health-promoting glucosinolates. 
However, there exist few research works that have reported a 
significant loss of glucosinolate content upon microwaving. A 
slight increase in the glucosinolate content of red cabbage when 
microwaved at three different output powers and time durations 
[105]. Contrary to this finding Rungapamestry, et al. noted that 
the glucosinolate content of cabbage decreased slightly when 
microwaved [98].

Fermentation: Fermentation is one of the oldest and simplest 
processing techniques employed worldwide to enhance the 
nutritional and sensory quality of fruits and vegetables apart 
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linked to various positive biological and pharmacological 
activities owing to the rich nutritional and phytochemical 
composition of these vegetables particularly the presence 
of biologically active molecules known as glucosinolates 
and their breakdown products. A profound amount of 
literature is available in favor of the anti-cancer property of 
these compounds. Processing, which aims at improving the 
bioavailability of nutrients, palatability and shelf-life of the 
foods has been known to alter the glucosinolate content of 
Brassica vegetables. However, the mechanism behind the 
effect of different processing conditions on glucosinolate 
content and its degradation rate is not fully understood and 
hence there is a need for mechanistic studies to reveal and 
understand the breakdown mechanisms of glucosinolate 
molecules. Furthermore, studies regarding various region 
and culture-specific preparation and processing techniques 
will aid in enhancing the knowledge and understanding 
related to glucosinolates and their behavior under different 
processing conditions.

CONFLICTS OF INTEREST 

The authors declare there are no financial or competing 
interests. 

FUNDING SOURCE 

The authors are thankful for financial support by National 
Mission for Himalayan Studies (NMHS) under grant number 
GBPI/NMHS-2019-20/SG, dated 30/09/2019.

REFERENCES

1. Anjum NA, Gill SS, Ahmad I, Pacheco M, Duarte AC, Umar S, et 
al. The plant family Brassicaceae: An introduction. The plant family 
Brassicaceae: contribution towards phytoremediation. 2012:1-33.  

2. Franzke A, Lysak MA, Al-Shehbaz IA, Koch MA, Mummenhoff K. 
Cabbage family affairs: The evolutionary history of Brassicaceae. 
Trends Plant Sci. 2011;16(2):108-116.   

3. Šamec D, Salopek-Sondi B. Cruciferous (brassicaceae) vegetables. In 
Nonvitamin and nonmineral nutritional supplements. Academic 
Press. 2019:195-202.  

4. Koch MA, Kiefer C. Molecules and migration: Biogeographical 
studies in cruciferous plants. Plant Systematics and Evolution. 
2006;259:121-142.  

5. Kiefer M, Schmickl R, German DA, Mandáková T, Lysak MA, Al-
Shehbaz IA, et al. BrassiBase: Introduction to a novel knowledge 
database on Brassicaceae evolution. Plant Cell Physiol. 2014;55(1):e3.   

6. Raza A, Hafeez MB, Zahra N, Shaukat K, Umbreen S, Tabassum 
J, et al. The plant family Brassicaceae: Introduction, biology, and 
importance. The plant family Brassicaceae: biology and physiological 
responses to environmental stresses. 2020:1-43.  

7. Cartea ME, Velasco P, Obregón S, Padilla G, de Haro A. Seasonal 
variation in glucosinolate content in Brassica oleracea crops grown in 
northwestern Spain. Phytochemistry. 2008;69(2):403-410.   

8. Dixon GR. Vegetable brassicas and related crucifers. In Vegetable 
Brassicas and Related Crucifers. CABI; 2006. 

9. Rakow G. Species origin and economic importance of Brassica. 
Berlin, Heidelberg: Springer Berlin Heidelberg. InBrassica 2004:3-11.  

10. Capinera J. Handbook of vegetable pests. Academic press; 2020: 1–21.  

11. Romshoo SA, Rashid I, Altaf S, Dar GH. Jammu and Kashmir state: 
An overview. Biodiversity of the Himalaya: Jammu and Kashmir 

including high-pressure processing, pulsed electric field, UV 
radiations, etc have been evaluated to check their potential 
and suitability to be used as alternatives for thermal 
processing. It has been noted that the glucosinolate content 
of vegetables can be retained upon freezing and subsequent 
frozen storage. Rungapamestry, et al. reported that freezing 
blanched broccoli at -18°C had no significant change in the 
glucosinolate content [94]. Substantiating the earlier studies 
Volden, et al. reported no change in the glucosinolate 
content of caulif lower when stored under frozen conditions 
for 12 months [85]. Storage of broccoli, Brussels sprouts, 
caulif lower, and green cabbage under frozen conditions for 
two months without prior blanching resulted in significant 
loss of glucosinolates probably due to the freeze-thaw 
damage of plant cells leading to release of myrosinase and 
glucosinolates [96]. The effect of high-pressure processing 
on glucosinolates has also been of research interest in the 
recent past. High-pressure processing, a non-thermal process, 
has been identified as one of the best alternative technique 
for processing and sterilizing foods by applying high pressure 
ranging between 100 MPa to 1000 MPa for short time 
durations, which leads to inactivation of many indigenous 
food enzymes, pathogenic and spoilage microorganisms along 
with maintaining the content of bioactive compounds [113]. 
Many research investigations have been carried out to evaluate 
the impact of HPP on glucosinolates. Westphal, et al. reported 
about 85% conversion of glucosinolates into isothiocyanates 
possibly due to the inactivation of ESP after high-pressure 
treatment of 600 MPa for 3 minutes on broccoli sprouts 
[114]. Alvarez-Jubete, et al. reported higher concentrations 
of isothiocyanates after subjecting white cabbage to High-
pressure processing at 600 MPa when compared to blanching 
[115]. The use of Ultraviolet (UV) radiations has grown as 
a promising alternative to decontaminate foods and contact 
surfaces [116]. The use of UV rays has successfully modified 
the activity of enzymes indigenous to cole vegetables to 
enhance the production of bioactive compounds namely 
f lavonoids and ascorbic acid. However, a very meager amount 
of related data is available regarding glucosinolates and their 
breakdown components [117,118]. 

The majority of the research data available in this context 
is focused on broccoli and hence knowledge regarding the 
effect of UV radiations on other cruciferous vegetables is 
not available. Formica-Oliveira, et al., observed that single 
or combined UV-B and UV-C at an intensity of 5-15 kJ/m2 
and 9 kJ/-m2 respectively could increase the concertation of 
glucosinolates in broccoli by-products after a 3-day storage 
period [119]. Treatment of broccoli with UV radiation (2.2, 
8.8, and 16.4 kJ/m2/day) during the vegetative period can 
also result in a significant increase in glucosinolates content 
[116]. Similar observations have been made by who reported 
an increase in the content of glucosinolates in broccoli 
sprouts after pre-harvest UV-B radiation at 0.3-1.0 kJ/m2/
day [120]. Moreira-Rodríguez, et al. observed maximum 
glucosinolate accumulation in broccoli sprouts 24 hours after 
UVB treatment with an intensity of 3.34 W/m2 [121-137].

CONCLUSION 

Genus Brassica, a vast genus belonging to the family 
Brassicaceae encompasses about 3709 species. The regular 
consumption of a diet rich in Brassica vegetables has been 

https://link.springer.com/chapter/10.1007/978-94-007-3913-0_1
https://www.sciencedirect.com/science/article/abs/pii/S1360138510002384?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/B9780128124918000278?via%3Dihub
https://link.springer.com/article/10.1007/s00606-006-0416-y
https://link.springer.com/article/10.1007/s00606-006-0416-y
https://academic.oup.com/pcp/article/55/1/e3/1839016?login=false
https://academic.oup.com/pcp/article/55/1/e3/1839016?login=false
https://link.springer.com/chapter/10.1007/978-981-15-6345-4_1
https://link.springer.com/chapter/10.1007/978-981-15-6345-4_1
https://www.sciencedirect.com/science/article/abs/pii/S0031942207005213?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942207005213?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942207005213?via%3Dihub
https://link.springer.com/chapter/10.1007/978-3-662-06164-0_1
https://link.springer.com/chapter/10.1007/978-981-32-9174-4_6
https://link.springer.com/chapter/10.1007/978-981-32-9174-4_6


14

Rizwan D, et al. OPEN ACCESS Freely available online

Med Aromat Plant, Vol. 12 Iss. 4 No: 1000458

32. Sikorska-Zimny K, Beneduce L. The glucosinolates and their bioactive 
derivatives in Brassica: A review on classification, biosynthesis and 
content in plant tissues, fate during and after processing, effect on the 
human organism and interaction with the gut microbiota. Crit Rev 
Food Sci Nutr. 2020;61(15):2544-2571.   

33. Prieto MA, López CJ, Simal-Gandara J. Glucosinolates: Molecular 
structure, breakdown, genetic, bioavailability, properties and healthy 
and adverse effects. Adv Food Nutr Res. 2019;90:305-350.   

34. Barba FJ, Nikmaram N, Roohinejad S, Khelfa A, Zhu Z, Koubaa 
M. Bioavailability of glucosinolates and their breakdown products: 
impact of processing. Front Nutr. 2016;3:24.   

35. Li F, Hullar MA, Beresford SA, Lampe JW. Variation of glucoraphanin 
metabolism in vivo and ex vivo by human gut bacteria. Br J Nutr. 
2011;106(3):408-416.   

36. Tian S, Liu X, Lei P, Zhang X, Shan Y. Microbiota: a mediator to 
transform glucosinolate precursors in cruciferous vegetables to the 
active isothiocyanates. J Sci Food Agric. 2018;98(4):1255-1260.   

37. Possenti M, Baima S, Raffo A, Durazzo A, Giusti AM, Natella 
F. Glucosinolates in food. Glucosinolates. Ref. Ser. Phytochem. 
2017:87-132.  

38. Bhandari SR, Kwak JH. Chemical composition and antioxidant 
activity in different tissues of Brassica vegetables. Molecules. 
2015;20(1):1228-1243.   

39. Nugrahedi PY, Oliviero T, Heising JK, Dekker M, Verkerk R. Stir-
frying of Chinese cabbage and pakchoi retains health-promoting 
glucosinolates. Plant Foods Hum Nutr. 2017;72:439-444.   

40. Zhao H, Lin J, Grossman HB, Hernandez LM, Dinney CP, Wu X. 
Dietary isothiocyanates, GSTM1, GSTT1, NAT2 polymorphisms 
and bladder cancer risk. Int J Cancer. 2007;120(10):2208-2213.   

41. Mitsiogianni M, Koutsidis G, Mavroudis N, Trafalis DT, Botaitis S, 
Franco R, et al. The role of isothiocyanates as cancer chemo-preventive, 
chemo-therapeutic and anti-melanoma agents. Antioxidants (Basel). 
2019;8(4):106.   

42. Vanduchova A, Anzenbacher P, Anzenbacherova E. Isothiocyanate 
from broccoli, sulforaphane, and its properties. J Med Food. 
2019;22(2):121-126.   

43. Zhou Y, Yang G, Tian H, Hu Y, Wu S, Geng Y, et al. Sulforaphane 
metabolites cause apoptosis via microtubule disruption in cancer. 
Endocr Relat Cancer. 2018;25(3):255-268.   

44. Opietnik M, Nabihah Binti Syed Jaafar S, Becker M, Bohmdorfer 
S, Hofinger A, Rosenau T. Ascorbigen-occurrence, synthesis, and 
analytics. Mini Rev Org Chem. 2012;9(4):411-417.  

45. Wagner AE, Rimbach G. Ascorbigen: Chemistry, occurrence, and 
biologic properties. Clin Dermatol. 2009;27(2):217-224.   

46. Shacter E, Weitzman SA. Chronic inflammation and cancer. 
Oncology (Williston Park, NY). 2002;16(2):217-226.  

47. Dey M, Kuhn P, Ribnicky D, Premkumar V, Reuhl K, Raskin I. 
Dietary phenethylisothiocyanate attenuates bowel inflammation in 
mice. BMC Chem Biol. 2010;10:1-2.   

48. Dinkova-Kostova AT, Kostov RV. Glucosinolates and isothiocyanates 
in health and disease. Trends Mol Med. 2012;18(6):337-347.   

49. Gupta P, Wright SE, Kim SH, Srivastava SK. Phenethyl isothiocyanate: 
A comprehensive review of anti-cancer mechanisms. Biochim Biophys 
Acta (BBA)-Reviews on Cancer. 2014;1846(2):405-424.   

50. Lee YM, Seon MR, Cho HJ, Kim JS, Park JH. Benzyl isothiocyanate 
exhibits anti-inflammatory effects in murine macrophages and in 
mouse skin. J Mol Med (Berl). 2009;87:1251-1261.   

51. Zhang Y, Alexander PB, Wang XF. TGF-β family signaling in the 
control of cell proliferation and survival. Cold Spring Harb Perspect 

State. 2020:129-166.  

12. Khan SH, Ahmad N, Jabeen N, Chattoo MA, Hussain K. Biodiversity 
of kale (Brassica oleracea var. acephala L.) in Kashmir Valley. Asian J 
Hort. 2010;5(1):208-210.  

13. Malik G, Singh DB, Malik AA, Gulzar A. Underutilized Vegetable 
Species of Indian Himalayas. Neglected and Underutilized Crops-
Towards Nutritional Security and Sustainability. 2021:113-1132.  

14. Murtaza I, Beigha GM, Shah TA, Hussain A, Khan AA, Kaur C. 
Antioxidant activity and total phenolic content of kale genotypes 
grown in Kashmir valley. J Plant Biochem Biotechnol. 2005;14:215-
217.  

15. Nawaz H, Shad MA, Muzaffar S. Phytochemical composition and 
antioxidant potential of Brassica. Brassica germplasm-characterization, 
breeding and utilization. 2018;1:7-26. 

16. Kapusta-Duch J, Kopec A, Piatkowska E, Borczak B, Leszczynska T. 
The beneficial effects of Brassica vegetables on human health. Rocz 
Panstw Zakl Hig. 2012;63(4).  

17. Aires A. Brassica composition and food processing. In Processing and 
Impact on Active components in Food. Academic press. 2015:17-25  

18. Manchali S, Murthy KN, Patil BS. Crucial facts about health benefits 
of popular cruciferous vegetables. J Funct Foods. 2012;4(1):94-106.  

19. Bell L, Wagstaff C. Glucosinolates, myrosinase hydrolysis products, 
and flavonols found in rocket (Eruca sativa and Diplotaxis tenuifolia). 
J Agric Food Chem. 2014;62(20):4481-4492.   

20. Bischoff, K. L. Nutraceuticals: Efficacy, Safety and Toxicity. Elsevier 
Inc. 2016: 551-554.  

21. Collett MG, Stegelmeier BL, Tapper BA. Could nitrile derivatives of 
turnip (Brassica rapa) glucosinolates be hepato-or cholangiotoxic in 
cattle?. J Agric Food Chem. 2014;62(30):7370-7375.   

22. Blažević I, Montaut S, Burčul F, Olsen CE, Burow M, Rollin P, et al. 
Glucosinolate structural diversity, identification, chemical synthesis 
and metabolism in plants. Phytochemistry. 2020;169:112100.   

23. Grubb CD, Abel S. Glucosinolate metabolism and its control. Trends 
Plant Sci. 2006;11(2):89-100.   

24. Ishida M, Hara M, Fukino N, Kakizaki T, Morimitsu Y. Glucosinolate 
metabolism, functionality and breeding for the improvement of 
Brassicaceae vegetables. Breed Sci. 2014;64(1):48-59.   

25. Petersen A, Wang C, Crocoll C, Halkier BA. Biotechnological 
approaches in glucosinolate production. J Integr Plant Biol. 
2018;60(12):1231-1248.   

26. Robin AH, Yi GE, Laila R, Yang K, Park JI, Kim HR, et al. Expression 
profiling of glucosinolate biosynthetic genes in Brassica oleracea L. 
var. capitata inbred lines reveals their association with glucosinolate 
content. Molecules. 2016;21(6):787.   

27. Selmar D. Biosynthesis of cyanogenic glycosides, glucosinolates 
and non-protein amino acids. Annual Plant Reviews Volume 40: 
Biochemistry of Plant Secondary Metabolism. 2010:92-181.  

28. Harun S, Abdullah-Zawawi MR, Goh HH, Mohamed-Hussein ZA. A 
comprehensive gene inventory for glucosinolate biosynthetic pathway 
in Arabidopsis thaliana. J Agric Food Chem. 2020;68(28):7281-7297.   

29. Sánchez-Pujante PJ, Borja-Martínez M, Pedreño MÁ, Almagro L. 
Biosynthesis and bioactivity of glucosinolates and their production in 
plant in vitro cultures. Planta. 2017;246:19-32.   

30. Bell L. The biosynthesis of glucosinolates: Insights, inconsistencies, 
and unknowns. Annu Plant Rev Online. 2018:969-1000.  

31. Chhajed S, Mostafa I, He Y, Abou-Hashem M, El-Domiaty M, Chen 
S. Glucosinolate biosynthesis and the glucosinolate–myrosinase 
system in plant defense. Agronomy. 2020;10(11):1786.  

https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1780193
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1780193
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1780193
https://www.tandfonline.com/doi/abs/10.1080/10408398.2020.1780193
https://www.sciencedirect.com/science/article/abs/pii/S1043452619300233?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1043452619300233?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1043452619300233?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fnut.2016.00024/full
https://www.frontiersin.org/articles/10.3389/fnut.2016.00024/full
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/variation-of-glucoraphanin-metabolism-in-vivo-and-ex-vivo-by-human-gut-bacteria/FBCC14FBA40F37F4CD28477BE9DE2435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/variation-of-glucoraphanin-metabolism-in-vivo-and-ex-vivo-by-human-gut-bacteria/FBCC14FBA40F37F4CD28477BE9DE2435
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.8654
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.8654
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.8654
https://link.springer.com/referenceworkentry/10.1007/978-3-319-26479-0_4-1
https://www.mdpi.com/1420-3049/20/1/1228
https://www.mdpi.com/1420-3049/20/1/1228
https://link.springer.com/article/10.1007/s11130-017-0646-x
https://link.springer.com/article/10.1007/s11130-017-0646-x
https://link.springer.com/article/10.1007/s11130-017-0646-x
https://onlinelibrary.wiley.com/doi/10.1002/ijc.22549
https://onlinelibrary.wiley.com/doi/10.1002/ijc.22549
https://www.mdpi.com/2076-3921/8/4/106
https://www.mdpi.com/2076-3921/8/4/106
https://www.liebertpub.com/doi/10.1089/jmf.2018.0024
https://www.liebertpub.com/doi/10.1089/jmf.2018.0024
https://erc.bioscientifica.com/view/journals/erc/25/3/ERC-17-0483.xml
https://erc.bioscientifica.com/view/journals/erc/25/3/ERC-17-0483.xml
https://erc.bioscientifica.com/view/journals/erc/25/3/ERC-17-0483.xml
https://www.eurekaselect.com/article/48106
https://www.eurekaselect.com/article/48106
https://www.sciencedirect.com/science/article/abs/pii/S0738081X08000138?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0738081X08000138?via%3Dihub
https://europepmc.org/article/med/11866137
https://bmcchembiol.biomedcentral.com/articles/10.1186/1472-6769-10-4
https://bmcchembiol.biomedcentral.com/articles/10.1186/1472-6769-10-4
https://www.sciencedirect.com/science/article/abs/pii/S147149141200055X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S147149141200055X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304419X14000778?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304419X14000778?via%3Dihub
https://link.springer.com/article/10.1007/s00109-009-0532-6
https://link.springer.com/article/10.1007/s00109-009-0532-6
https://link.springer.com/article/10.1007/s00109-009-0532-6
https://cshperspectives.cshlp.org/content/9/4/a022145
https://cshperspectives.cshlp.org/content/9/4/a022145
https://www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org
https://www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org/cabdirect/abstract/20103272070https:/www.cabdirect.org
https://link.springer.com/chapter/10.1007/978-981-16-3876-3_4
https://link.springer.com/chapter/10.1007/978-981-16-3876-3_4
https://link.springer.com/article/10.1007/BF03263250
https://link.springer.com/article/10.1007/BF03263250
https://www.intechopen.com/chapters/61233
https://www.intechopen.com/chapters/61233
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-3f2915f5-e4b9-46de-bd6f-2cd454c08036
https://www.sciencedirect.com/science/article/abs/pii/B9780124046993000032
https://www.sciencedirect.com/science/article/pii/S1756464611000843?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464611000843?via%3Dihub
https://pubs.acs.org/doi/10.1021/jf501096x
https://pubs.acs.org/doi/10.1021/jf501096x
https://pubs.acs.org/doi/10.1021/jf500526u
https://pubs.acs.org/doi/10.1021/jf500526u
https://pubs.acs.org/doi/10.1021/jf500526u
https://www.sciencedirect.com/science/article/pii/S003194221930069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S003194221930069X?via%3Dihub
https://www.cell.com/trends/plant-science/fulltext/S1360-1385(05)00304-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1360138505003043%3Fshowall%3Dtrue
https://www.jstage.jst.go.jp/article/jsbbs/64/1/64_48/_article
https://www.jstage.jst.go.jp/article/jsbbs/64/1/64_48/_article
https://www.jstage.jst.go.jp/article/jsbbs/64/1/64_48/_article
https://onlinelibrary.wiley.com/doi/10.1111/jipb.12705
https://onlinelibrary.wiley.com/doi/10.1111/jipb.12705
https://www.mdpi.com/1420-3049/21/6/787
https://www.mdpi.com/1420-3049/21/6/787
https://www.mdpi.com/1420-3049/21/6/787
https://www.mdpi.com/1420-3049/21/6/787
https://onlinelibrary.wiley.com/doi/10.1002/9781119312994.apr0425
https://onlinelibrary.wiley.com/doi/10.1002/9781119312994.apr0425
https://pubs.acs.org/doi/10.1021/acs.jafc.0c01916
https://pubs.acs.org/doi/10.1021/acs.jafc.0c01916
https://pubs.acs.org/doi/10.1021/acs.jafc.0c01916
https://link.springer.com/article/10.1007/s00425-017-2705-9
https://link.springer.com/article/10.1007/s00425-017-2705-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119312994.apr0708
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119312994.apr0708
https://www.mdpi.com/2073-4395/10/11/1786
https://www.mdpi.com/2073-4395/10/11/1786


15

Rizwan D, et al. OPEN ACCESS Freely available online

Med Aromat Plant, Vol. 12 Iss. 4 No: 1000458

oil concentrations in the seeds of rape (Brassica napus L.) and turnip 
rape (Brassica rapa L. var. silvestris [Lam.] Briggs). Aust J Exp Agric. 
1987;27(5):707-711.  

70. Sousa C, Pereira DM, Pereira JA, Bento A, Rodrigues MA, Dopico-
García S, et al. Multivariate analysis of tronchuda cabbage (Brassica 
oleracea L. var. costata DC) phenolics: Influence of fertilizers. J Agric 
Food Chem. 2008;56(6):2231-2239.   

71. Vicas SI, Teusdea AC, Carbunar M, Socaci SA, Socaciu C. 
Glucosinolates profile and antioxidant capacity of Romanian 
Brassica vegetables obtained by organic and conventional agricultural 
practices. Plant Foods Hum Nutr. 2013;68:313-321.   

72. Ilahy R, Tlili I, Pék Z, Montefusco A, Siddiqui MW, Homa F, et 
al. Pre-and post-harvest factors affecting glucosinolate content in 
broccoli. Front Nutr. 2020;7:147.   

73. Park YJ, Lee HM, Shin M, Arasu MV, Chung DY, Al-Dhabi NA, et al. 
Effect of different proportion of sulphur treatments on the contents 
of glucosinolate in kale (Brassica oleracea var. acephala) commonly 
consumed in Republic of Korea. Saudi J Biol Sci. 2018;25(2):349-353.   

74. del Carmen Martínez-Ballesta M, Moreno DA, Carvajal M. The 
physiological importance of glucosinolates on plant response to 
abiotic stress in Brassica. Int J Mol Sci. 2013;14(6):11607-116025.   

75. Zhao F, Evans EJ, Bilsborrow PE, Syers JK. Influence of nitrogen and 
sulphur on the glucosinolate profile of rapeseed (Brassica napus L). 
J Sci Food Agric. 1994;64(3):295-304.  

76. Coleto I, de la Peña M, Rodríguez-Escalante J, Bejarano I, Glauser G, 
Aparicio-Tejo PM, et al. Leaves play a central role in the adaptation of 
nitrogen and sulfur metabolism to ammonium nutrition in oilseed 
rape (Brassica napus). BMC Plant Biol. 2017;17(1):1-3.   

77. La GX, Yang TG, Fang P, Guo HX, Hao X, Huang SM. Effect of 
NH4+/NO3-ratios on the growth and bolting stem glucosinolate 
content of chinese kale (‘Brassica alboglabra’LH bailey). Aust J Crop 
Sci. 2013;7(5):618-624. 

78. Fabek S, Toth N, Radojčić Redovniković I, Herak Ćustić M, Benko B, 
Žutić I. The effect of nitrogen fertilization on nitrate accumulation, 
and the content of minerals and glucosinolates in broccoli cultivars. 
Food Technol Biotechnol. 2012;50(2):183-191.  

79. Robbins RJ, Keck AS, Banuelos G, Finley JW. Cultivation conditions 
and selenium fertilization alter the phenolic profile, glucosinolate, 
and sulforaphane content of broccoli. J Med Food. 2005;8(2):204-
214.   

80. Kim SY, Park JE, Kim EO, Lim SJ, Nam EJ, Yun JH, et al. Exposure 
of kale root to NaCl and Na2SeO3 increases isothiocyanate levels 
and Nrf2 signalling without reducing plant root growth. Sci Rep. 
2018;8(1):3999.   

81. Antonious GF, Turley E, Antonious A, Trivette T. Emerging 
technology for increasing glucosinolates in arugula and mustard 
greens. J Environ Sci Health B. 2017;52(7):466-469.   

82. Bodnaryk RP. Potent effect of jasmonates on indole glucosinolates in 
oilseed rape and mustard. Phytochemistry. 1994;35(2):301-305.  

83. Möllers C, Nehlin L, Glimelius K, Iqbal MC. Influence of in vitro 
culture conditions on glucosinolate composition of microspore-
derived embryos of Brassica napus. Physiologia Plantarum. 
1999;107(4):441-446.  

84. Galgano F, Favati F, Caruso M, Pietrafesa A, Natella S. The influence 
of processing and preservation on the retention of health-promoting 
compounds in broccoli. J Food Sci. 2007;72(2):S130- S135.   

85. Zinoviadou KG, Galanakis CM. Glucosinolates and respective 
derivatives (Isothiocyanates) from plants. Food bioactives: extraction 
and biotechnology applications. 2017:3-22.  

Biol. 2017;9(4):a022145.   

52. Li ZY, Wang Y, Shen WT, Zhou P. Content determination of benzyl 
glucosinolate and anti–cancer activity of its hydrolysis product in 
Carica papaya L. Asian Pac J Trop Med. 2012;5(3):231-233.   

53. Maina S, Misinzo G, Bakari G, Kim HY. Human, animal and 
plant health benefits of glucosinolates and strategies for enhanced 
bioactivity: A systematic review. Molecules. 2020;25(16):3682.   

54. Giacoppo S, Galuppo M, Montaut S, Iori R, Rollin P, Bramanti P, et 
al. An overview on neuroprotective effects of isothiocyanates for the 
treatment of neurodegenerative diseases. Fitoterapia. 2015;106:12-21.   

55. Burčul F, Generalić Mekinić I, Radan M, Rollin P, Blažević I. 
Isothiocyanates: Cholinesterase inhibiting, antioxidant, and anti-
inflammatory activity. J Enzyme Inhib Med Chem. 2018;33(1):577-
582.   

56. Ahn M, Kim J, Bang H, Moon J, Kim GO, Shin T. Hepatoprotective 
effects of allyl isothiocyanate against carbon tetrachloride-induced 
hepatotoxicity in rat. Chem Biol Interact. 2016;254:102-108.   

57. Abdull Razis AF, Mohd Noor N, Konsue N. Induction of epoxide 
hydrolase, glucuronosyl transferase, and sulfotransferase by phenethyl 
isothiocyanate in male Wistar albino rats. Biomed Res Int. 2014;2014.   

58. Jaafaru MS, Abd Karim NA, Enas ME, Rollin P, Mazzon E, Abdull 
Razis AF. Protective effect of glucosinolates hydrolytic products in 
neurodegenerative diseases (NDDs). Nutrients. 2018;10(5):580.   

59. Yehuda H, Soroka Y, Zlotkin-Frušić M, Gilhar A, Milner Y, Tamir S. 
Isothiocyanates inhibit psoriasis-related proinflammatory factors in 
human skin. Inflamm Res. 2012;61:735-742.   

60. Bahadoran Z, Mirmiran P, Azizi F. Potential efficacy of broccoli 
sprouts as a unique supplement for management of type 2 diabetes 
and its complications. J Med Food. 2013;16(5):375-382.   

61. Fabek F, Balducci F, Capocasa F, Visciglio M, Mei E, Vagnoni M, 
et al. Environmental conditions and agronomical factors influencing 
the levels of phytochemicals in Brassica vegetables responsible for 
nutritional and sensorial properties. Appl Sci. 2021;11(4):1927.  

62. Rybarczyk-Plonska A, Hansen MK, Wold AB, Hagen SF, Borge GI, 
Bengtsson GB. Vitamin C in broccoli (Brassica oleracea L. var. italica) 
flower buds as affected by postharvest light, UV-B irradiation and 
temperature. Postharvest Biol Technol. 2014;98:82-89.   

63. Velasco Pazos P, Cartea González ME, González C, Vilar Iglesias 
M, Ordás Pérez A. Factors affecting the glucosinolate content 
of kale (Brassica oleracea acephala Group). J Agric Food Chem 
2007;55(3):955-962.   

64. Brown PD, Tokuhisa JG, Reichelt M, Gershenzon J. Variation 
of glucosinolate accumulation among different organs and 
developmental stages of Arabidopsis thaliana. Phytochemistry. 
2003;62(3):471-481.   

65. Francisco M, Cartea ME, Soengas P, Velasco P. Effect of genotype 
and environmental conditions on health-promoting compounds in 
Brassica rapa. J Agric Food Chem. 2011;59(6):2421-2431.   

66. Björkman M, Klingen I, Birch AN, Bones AM, Bruce TJ, Johansen 
TJ, et al. Phytochemicals of Brassicaceae in plant protection and 
human health-Influences of climate, environment and agronomic 
practice. Phytochemistry. 2011;72(7):538-556.   

67. Verkerk R, Schreiner M, Krumbein A, Ciska E, Holst B, Rowland I, 
et al. Glucosinolates in Brassica vegetables: the influence of the food 
supply chain on intake, bioavailability and human health. Mol Nutr 
Food Res. 2009;53(S2):S219-.   

68. Aksouh NM, Jacobs BC, Stoddard FL, Mailer RJ. Response of canola 
to different heat stresses. Aust J Agric Res. 2001;52(8):817-824.  

69. Mailer RJ, Cornish PS. Effects of water stress on glucosinolate and 

https://www.publish.csiro.au/an/EA9870707
https://www.publish.csiro.au/an/EA9870707
https://pubs.acs.org/doi/10.1021/jf073041o
https://pubs.acs.org/doi/10.1021/jf073041o
https://link.springer.com/article/10.1007/s11130-013-0367-8
https://link.springer.com/article/10.1007/s11130-013-0367-8
https://link.springer.com/article/10.1007/s11130-013-0367-8
https://www.frontiersin.org/articles/10.3389/fnut.2020.00147/full
https://www.frontiersin.org/articles/10.3389/fnut.2020.00147/full
https://www.sciencedirect.com/science/article/pii/S1319562X17301353?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X17301353?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X17301353?via%3Dihub
https://doi.org/10.3390/ijms140611607
https://doi.org/10.3390/ijms140611607
https://doi.org/10.3390/ijms140611607
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740640309
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740640309
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-017-1100-9
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-017-1100-9
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-017-1100-9
https://search.informit.org/doi/abs/10.3316/INFORMIT.364612537595333
https://search.informit.org/doi/abs/10.3316/INFORMIT.364612537595333
https://search.informit.org/doi/abs/10.3316/INFORMIT.364612537595333
https://hrcak.srce.hr/83860
https://hrcak.srce.hr/83860
https://www.liebertpub.com/doi/10.1089/jmf.2005.8.204
https://www.liebertpub.com/doi/10.1089/jmf.2005.8.204
https://www.liebertpub.com/doi/10.1089/jmf.2005.8.204
https://www.nature.com/articles/s41598-018-22411-9
https://www.nature.com/articles/s41598-018-22411-9
https://www.nature.com/articles/s41598-018-22411-9
https://www.tandfonline.com/doi/abs/10.1080/03601234.2017.1301757
https://www.tandfonline.com/doi/abs/10.1080/03601234.2017.1301757
https://www.tandfonline.com/doi/abs/10.1080/03601234.2017.1301757
https://www.sciencedirect.com/science/article/abs/pii/S0031942200947526
https://www.sciencedirect.com/science/article/abs/pii/S0031942200947526
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1999.100410.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1999.100410.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1999.100410.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00258.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00258.x
https://ift.onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2006.00258.x
https://link.springer.com/chapter/10.1007/978-3-319-51639-4_1
https://link.springer.com/chapter/10.1007/978-3-319-51639-4_1
https://www.sciencedirect.com/science/article/pii/S1995764512600303?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1995764512600303?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1995764512600303?via%3Dihub
https://www.mdpi.com/1420-3049/25/16/3682
https://www.mdpi.com/1420-3049/25/16/3682
https://www.mdpi.com/1420-3049/25/16/3682
https://www.sciencedirect.com/science/article/abs/pii/S0367326X15300605?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X15300605?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/14756366.2018.1442832
https://www.tandfonline.com/doi/full/10.1080/14756366.2018.1442832
https://www.sciencedirect.com/science/article/abs/pii/S0009279716302162?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009279716302162?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009279716302162?via%3Dihub
https://doi.org/10.1155/2014/391528
https://doi.org/10.1155/2014/391528
https://doi.org/10.1155/2014/391528
https://www.mdpi.com/2072-6643/10/5/580
https://www.mdpi.com/2072-6643/10/5/580
https://doi.org/10.1007/s00011-012-0465-3
https://doi.org/10.1007/s00011-012-0465-3
https://www.liebertpub.com/doi/10.1089/jmf.2012.2559
https://www.liebertpub.com/doi/10.1089/jmf.2012.2559
https://www.liebertpub.com/doi/10.1089/jmf.2012.2559
https://www.mdpi.com/2076-3417/11/4/1927
https://www.mdpi.com/2076-3417/11/4/1927
https://www.mdpi.com/2076-3417/11/4/1927
https://www.sciencedirect.com/science/article/abs/pii/S0925521414001938?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925521414001938?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925521414001938?via%3Dihub
https://pubs.acs.org/doi/10.1021/jf0624897
https://pubs.acs.org/doi/10.1021/jf0624897
https://www.sciencedirect.com/science/article/abs/pii/S0031942202005496?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942202005496?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942202005496?via%3Dihub
https://pubs.acs.org/doi/10.1021/jf103492r
https://pubs.acs.org/doi/10.1021/jf103492r
https://pubs.acs.org/doi/10.1021/jf103492r
https://www.sciencedirect.com/science/article/abs/pii/S0031942211000409?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942211000409?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031942211000409?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200800065
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200800065
https://www.publish.csiro.au/cp/ar00120
https://www.publish.csiro.au/cp/ar00120
https://www.publish.csiro.au/an/EA9870707


16

Rizwan D, et al. OPEN ACCESS Freely available online

Med Aromat Plant, Vol. 12 Iss. 4 No: 1000458

102. Guo Q, Sun DW, Cheng JH, Han Z. Microwave processing techniques 
and their recent applications in the food industry. Trends Food Sci 
Technol. 2017;67:236-247.  

103. Aguilar-Reynosa A, Romaní A, Rodríguez-Jasso RM, Aguilar CN, 
Garrote G, Ruiz HA. Comparison of microwave and conduction-
convection heating autohydrolysis pretreatment for bioethanol 
production. Bioresour Technol. 2017;243:273-283.   

104. López-Berenguer C, Carvajal M, Moreno DA, García-Viguera 
C. Effects of microwave cooking conditions on bioactive 
compounds present in broccoli inflorescences. J Agric Food Chem. 
2007;55(24):10001-10007.   

105. Verkerk R, Dekker M. Glucosinolates and myrosinase activity in red 
cabbage (Brassica oleracea L. var. capitata f. rubra DC.) after various 
microwave treatments. J Agric Food Chem. 2004;52(24):7318-7323.   

106. Demir N, BAHÇECİ KS, Acar J. The effects of different initial 
Lactobacillus plantarum concentrations on some properties of 
fermented carrot juice. J. Food Process Preserv 2006;30(3):352-363.  

107. Swain MR, Anandharaj M, Ray RC, Rani RP. Fermented fruits and 
vegetables of Asia: A potential source of probiotics. Biotechnol Res 
Int. 2014;2014.   

108. Ciska E, Pathak DR. Glucosinolate derivatives in stored fermented 
cabbage. J Agric Food Chem. 2004;52(26):7938-7943.   

109. Sarvan I, Valerio F, Lonigro SL, de Candia S, Verkerk R, Dekker 
M, et al. Glucosinolate content of blanched cabbage (Brassica oleracea 
var. capitata) fermented by the probiotic strain Lactobacillus paracasei 
LMG-P22043. Food Res Int. 2013;54(1):706-710.  

110. Palani K, Harbaum-Piayda B, Meske D, Keppler JK, Bockelmann 
W, Heller KJ, et al. Influence of fermentation on glucosinolates and 
glucobrassicin degradation products in sauerkraut. Food Chem. 
2016;190:755-762.   

111. Ye JH, Huang LY, Terefe NS, Augustin MA. Fermentation-based 
biotransformation of glucosinolates, phenolics and sugars in retorted 
broccoli puree by lactic acid bacteria. Food Chem. 2019;286:616-623.   

112. Ciska E, Honke J, Drabińska N. Changes in glucosinolates and 
their breakdown products during the fermentation of cabbage and 
prolonged storage of sauerkraut: Focus on sauerkraut juice. Food 
Chem. 2021;365:130498.   

113. Tao Y, Sun DW, Hogan E, Kelly AL. High-pressure processing of 
foods: An overview. Emerging technologies for food processing. 
2014:3-24.  

114. Westphal A, Riedl KM, Cooperstone JL, Kamat S, Balasubramaniam 
VM, Schwartz SJ, et al. High-pressure processing of broccoli sprouts: 
Influence on bioactivation of glucosinolates to isothiocyanates. J 
Agric Food Chem. 2017;65(39):8578-8585.   

115. Alvarez-Jubete L, Valverde J, Patras A, Mullen AM, Marcos B. 
Assessing the impact of high-pressure processing on selected physical 
and biochemical attributes of white cabbage (Brassica oleracea L. var. 
capitata alba). Food Bioproc Tech. 2014;7:682-692.  

116. Lim W, Harrison MA. Effectiveness of UV light as a means to reduce 
Salmonella contamination on tomatoes and food contact surfaces. 
Food Control. 2016;66:166-173.  

117. Neugart S, Fiol M, Schreiner M, Rohn S, Zrenner R, Kroh LW, 
et al. Interaction of moderate UV-B exposure and temperature 
on the formation of structurally different flavonol glycosides and 
hydroxycinnamic acid derivatives in kale (Brassica oleracea var. 
sabellica). J Agric Food Chem. 2014;62(18):4054-4062.   

118. Topcu Y, Dogan A, Kasimoglu Z, Sahin-Nadeem H, Polat E, Erkan 
M. The effects of UV radiation during the vegetative period on 
antioxidant compounds and postharvest quality of broccoli (Brassica 
oleracea L.). Plant Physiol Biochem. 2015;93:56-65.   

86. Turkmen N, Sari F, Velioglu YS. The effect of cooking methods on 
total phenolics and antioxidant activity of selected green vegetables. 
Food Chem. 2005;93(4):713-718.  

87. Volden J, Bengtsson GB, Wicklund T. Glucosinolates, L-ascorbic 
acid, total phenols, anthocyanins, antioxidant capacities and colour 
in cauliflower (Brassica oleracea L. ssp. botrytis); effects of long-term 
freezer storage. Food Chem. 2009;112(4):967-976.  

88. Dekker M, Hennig K, Verkerk R. Differences in thermal stability 
of glucosinolates in five Brassica vegetables. Czech J. Food Sci. 
2009;27(Special Issue):S85- S88.  

89. Volden J, Wicklund T, Verkerk R, Dekker M. Kinetics of changes 
in glucosinolate concentrations during long-term cooking of white 
cabbage (Brassica oleracea L. ssp. capitata f. alba). J Agric Food Chem. 
2008;56(6):2068-2073.   

90. Lafarga T, Bobo G, Viñas I, Collazo C, Aguiló-Aguayo I. Effects 
of thermal and non-thermal processing of cruciferous vegetables 
on glucosinolates and its derived forms. J Food Sci Technol. 2018 
Jun;55:1973-1981.   

91. Nugrahedi PY, Widianarko B, Dekker M, Verkerk R, Oliviero T. 
Retention of glucosinolates during fermentation of Brassica juncea: 
A case study on production of sayur asin. Eur Food Res Technol. 
2015;240:559-565.  

92. Hanschen FS, Kühn C, Nickel M, Rohn S, Dekker M. Leaching 
and degradation kinetics of glucosinolates during boiling of Brassica 
oleracea vegetables and the formation of their breakdown products. 
Food Chem. 2018;263:240-250.   

93. Kapusta-Duch J, Kusznierewicz B, Leszczyńska T, Borczak B. Effect 
of cooking on the contents of glucosinolates and their degradation 
products in selected Brassica vegetables. J Funct Foods. 2016;23:412-
422.  

94. Rungapamestry V, Duncan AJ, Fuller Z, Ratcliffe B. Influence of 
blanching and freezing broccoli (Brassica oleracea var. italica) prior to 
storage and cooking on glucosinolate concentrations and myrosinase 
activity. Eur Food Res Technol. 2008;227:37-44.  

95. Vallejo F, Tomás-Barberán F, García-Viguera C. Glucosinolates and 
vitamin C content in edible parts of broccoli florets after domestic 
cooking. Eur Food Res Technol. 2002;215:310-316.  

96. Song L, Thornalley PJ. Effect of storage, processing and cooking on 
glucosinolate content of Brassica vegetables. Food Chem Toxicol. 
2007;45(2):216-224.   

97. Cieślik E, Leszczyńska T, Filipiak-Florkiewicz A, Sikora E, Pisulewski 
PM. Effects of some technological processes on glucosinolate contents 
in cruciferous vegetables. Food Chem. 2007;105(3):976-981.  

98. Rungapamestry V, Duncan AJ, Fuller Z, Ratcliffe B. Changes in 
glucosinolate concentrations, myrosinase activity, and production 
of metabolites of glucosinolates in cabbage (Brassica oleracea var. 
capitata) cooked for different durations. J Agric Food Chem. 
2006;54(20):7628-7634.   

99. Conaway CC, Getahun SM, Liebes LL, Pusateri DJ, Topham 
DK, Botero-Omary M, et al. Disposition of glucosinolates and 
sulforaphane in humans after ingestion of steamed and fresh broccoli. 
Nutr Cancer. 2000;38(2):168-178.   

100. Tabart J, Pincemail J, Kevers C, Defraigne JO, Dommes J. Processing 
effects on antioxidant, glucosinolate, and sulforaphane contents in 
broccoli and red cabbage. Eur Food Res Technol 2018;244:2085-
2094.  

101. Miglio C, Chiavaro E, Visconti A, Fogliano V, Pellegrini N. Effects 
of different cooking methods on nutritional and physicochemical 
characteristics of selected vegetables. J Agric Food Chem. 
2008;56(1):139-147.   

https://www.sciencedirect.com/science/article/abs/pii/S0924224417302200
https://www.sciencedirect.com/science/article/abs/pii/S0924224417302200
https://www.sciencedirect.com/science/article/abs/pii/S0960852417310003?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852417310003?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960852417310003?via%3Dihub
https://pubs.acs.org/doi/10.1021/jf071680t
https://pubs.acs.org/doi/10.1021/jf071680t
https://pubs.acs.org/doi/10.1021/jf0493268
https://pubs.acs.org/doi/10.1021/jf0493268
https://pubs.acs.org/doi/10.1021/jf0493268
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2006.00070.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2006.00070.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4549.2006.00070.x
https://www.hindawi.com/journals/btri/2014/250424/
https://www.hindawi.com/journals/btri/2014/250424/
https://pubs.acs.org/doi/10.1021/jf048986%2B
https://pubs.acs.org/doi/10.1021/jf048986%2B
https://www.sciencedirect.com/science/article/abs/pii/S0963996913004316?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996913004316?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996913004316?via%3Dihub
https://doi.org/10.1016/j.foodchem.2015.06.012
https://doi.org/10.1016/j.foodchem.2015.06.012
https://www.sciencedirect.com/science/article/abs/pii/S0308814619303449?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814619303449?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814619303449?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814621015041?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814621015041?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814621015041?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/B9780124114791000012
https://www.sciencedirect.com/science/article/abs/pii/B9780124114791000012
https://pubs.acs.org/doi/10.1021/acs.jafc.7b01380
https://pubs.acs.org/doi/10.1021/acs.jafc.7b01380
https://link.springer.com/article/10.1007/s11947-013-1060-5
https://link.springer.com/article/10.1007/s11947-013-1060-5
https://link.springer.com/article/10.1007/s11947-013-1060-5
https://www.sciencedirect.com/science/article/abs/pii/S0956713516300445
https://www.sciencedirect.com/science/article/abs/pii/S0956713516300445
https://pubs.acs.org/doi/10.1021/jf4054066
https://pubs.acs.org/doi/10.1021/jf4054066
https://pubs.acs.org/doi/10.1021/jf4054066
https://pubs.acs.org/doi/10.1021/jf4054066
https://www.sciencedirect.com/science/article/abs/pii/S0981942815000479?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0981942815000479?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0981942815000479?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814605000531?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814605000531?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608008376?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608008376?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608008376?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608008376?via%3Dihub
https://library.wur.nl/WebQuery/wurpubs/380715
https://library.wur.nl/WebQuery/wurpubs/380715
https://pubs.acs.org/doi/10.1021/jf0731999
https://pubs.acs.org/doi/10.1021/jf0731999
https://pubs.acs.org/doi/10.1021/jf0731999
https://link.springer.com/article/10.1007/s13197-018-3153-7
https://link.springer.com/article/10.1007/s13197-018-3153-7
https://link.springer.com/article/10.1007/s13197-018-3153-7
https://link.springer.com/article/10.1007/s00217-014-2355-0
https://link.springer.com/article/10.1007/s00217-014-2355-0
https://www.sciencedirect.com/science/article/pii/S0308814618306952?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0308814618306952?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0308814618306952?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1756464616300263
https://www.sciencedirect.com/science/article/abs/pii/S1756464616300263
https://www.sciencedirect.com/science/article/abs/pii/S1756464616300263
https://link.springer.com/article/10.1007/s00217-007-0690-0
https://link.springer.com/article/10.1007/s00217-007-0690-0
https://link.springer.com/article/10.1007/s00217-007-0690-0
https://link.springer.com/article/10.1007/s00217-007-0690-0
https://link.springer.com/article/10.1007/s00217-002-0560-8
https://link.springer.com/article/10.1007/s00217-002-0560-8
https://link.springer.com/article/10.1007/s00217-002-0560-8
https://sciencedirect.com/science/article/abs/pii/S0278691506002304?via%3Dihub
https://sciencedirect.com/science/article/abs/pii/S0278691506002304?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814607004049
https://www.sciencedirect.com/science/article/abs/pii/S0308814607004049
https://pubs.acs.org/doi/10.1021/jf0607314
https://pubs.acs.org/doi/10.1021/jf0607314
https://pubs.acs.org/doi/10.1021/jf0607314
https://pubs.acs.org/doi/10.1021/jf0607314
https://www.tandfonline.com/doi/abs/10.1207/S15327914NC382_5
https://www.tandfonline.com/doi/abs/10.1207/S15327914NC382_5
https://link.springer.com/article/10.1007/s00217-018-3126-0
https://link.springer.com/article/10.1007/s00217-018-3126-0
https://link.springer.com/article/10.1007/s00217-018-3126-0
https://doi.org/10.1021/jf072304b
https://doi.org/10.1021/jf072304b
https://doi.org/10.1021/jf072304b
https://doi.org/10.1021/jf072304b


17

Rizwan D, et al. OPEN ACCESS Freely available online

Med Aromat Plant, Vol. 12 Iss. 4 No: 1000458

129. Yadav KM, Chaudhry S, Kumar H, Singh R, Yadav R. Effect of 
integrated nutrient management on growth and yield in mustard 
(Brassica juncea (L.) Czern and Cosson]). Int J Chem Stud. 
2018;6(2):3571-3573.  

130. Rahman M, Khatun A, Liu L, Barkla BJ. Brassicaceae mustards: 
Traditional and agronomic uses in Australia and New Zealand. 
Molecules. 2018;23(1):231.   

131. Mazumder A, Dwivedi A, Du Plessis J. Sinigrin and its therapeutic 
benefits. Molecules. 2016;21(4):416.   

132. Vig AP, Rampal G, Thind TS, Arora S. Bio-protective effects of 
glucosinolates-A review. LWT- Food Sci Technol. 2009;42(10):1561-
1572.  

133. You Y, Wu Y, Mao J, Zou L, Liu S. Screening of Chinese Brassica 
species for anti-cancer sulforaphane and erucin. Afr J Biotechnol. 
2008;7(2).  

134. Suzuki I, Cho YM, Hirata T, Toyoda T, Akagi JI, Nakamura Y, 
et al. 4-Methylthio-3-butenyl isothiocyanate (Raphasatin) exerts 
chemopreventive effects against esophageal carcinogenesis in rats. J 
Toxicol Pathol. 2016;29(4):237-246.   

135. Tacer-Caba Z. Different sources of glucosinolates and their derivatives. 
In Glucosinolates: Properties, Recovery, and Applications. Academic 
Press. 2020:143-180.  

136. Sayeed MA, Bracci M, Lazzarini R, Tomasetti M, Amati M, Lucarini 
G, et al. Use of potential dietary phytochemicals to target miRNA: 
Promising option for breast cancer prevention and treatment?. J 
Funct Foods. 2017;28:177-193.  

137. HellÃn P, Novo-Uzal E, PedreÃ±o MA, Cava J, Garrido I, Molina 
MV, et al. Impact of plant biostimulants on the production 
of glucosinolates in broccoli. InVIII International Postharvest 
Symposium: Enhancing Supply Chain and Consumer Benefits-
Ethical and Technological Issues 1194 2016:99-104).  

119. Formica-Oliveira AC, Martínez-Hernández GB, Díaz-López V, Artés 
F, Artés-Hernández F. Use of postharvest UV-B and UV-C radiation 
treatments to revalorize broccoli byproducts and edible florets. Innov. 
Food Sci Emerg Technol. 2017;43:77-83.  

120. Mewis I, Schreiner M, Nguyen CN, Krumbein A, Ulrichs C, Lohse M, 
et al. UV-B irradiation changes specifically the secondary metabolite 
profile in broccoli sprouts: induced signaling overlaps with defense 
response to biotic stressors. Plant Cell Physiol. 2012;53(9):1546-1560.   

121. Moreira-Rodríguez M, Nair V, Benavides J, Cisneros-Zevallos L, 
Jacobo-Velázquez DA. UVA, UVB light doses and harvesting time 
differentially tailor glucosinolate and phenolic profiles in broccoli 
sprouts. Molecules. 2017;22(7):1065.   

122. Šamec D, Pavlović I, Salopek-Sondi B. White cabbage (Brassica oleracea 
var. capitata f. alba): botanical, phytochemical and pharmacological 
overview. Phytochem Rev. 2017;16:117-135.  

123. Volden J, Borge GI, Bengtsson GB, Hansen M, Thygesen IE, 
Wicklund T. Effect of thermal treatment on glucosinolates and 
antioxidant-related parameters in red cabbage (Brassica oleracea L. ssp. 
capitata f. rubra). Food Chem. 2008;109(3):595-605.  

124. Dhiman AK. Nutritional quality of organic and conventionally grown 
broccoli (Brassica oleracea L var. italica). Pharma Innov J. 2019;8:160-
162.  

125. Branca F. Cauliflower and broccoli. In Vegetables I: Asteraceae, 
Brassicaceae, Chenopodicaceae, and Cucurbitaceae. New York, NY: 
Springer New York. 2008: 151-186  

126. Šamec D, Urlić B, Salopek-Sondi B. Kale (Brassica oleracea var. 
acephala) as a superfood: Review of the scientific evidence behind the 
statement. Crit Rev Food Sci Nutr. 2019;59(15):2411-2422.   

127. Hahn C, Müller A, Kuhnert N, Albach D. Diversity of kale (Brassica 
oleracea var. sabellica): glucosinolate content and phylogenetic 
relationships. J Agric Food Chem. 2016;64(16):3215-3225.   

128. KALLOO G. Kohlrabi: Brassica oleracea var. gongylodes. In Genetic 
Improvement of Vegetable Crops 1993:191-194. Pergamon.  

https://www.mdpi.com/1420-3049/23/1/231
https://www.mdpi.com/1420-3049/23/1/231
https://www.mdpi.com/1420-3049/21/4/416
https://www.mdpi.com/1420-3049/21/4/416
https://www.sciencedirect.com/science/article/abs/pii/S0023643809001510?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0023643809001510?via%3Dihub
https://www.ajol.info/index.php/ajb/article/view/58342
https://www.ajol.info/index.php/ajb/article/view/58342
https://jstage.jst.go.jp/article/tox/29/4/29_2016-0037/_article
https://jstage.jst.go.jp/article/tox/29/4/29_2016-0037/_article
https://www.sciencedirect.com/science/article/abs/pii/B9780128164938000056?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303498?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303498?via%3Dihub
https://www.actahort.org/books/1194/1194_16.htm
https://www.actahort.org/books/1194/1194_16.htm
https://www.sciencedirect.com/science/article/abs/pii/S1466856417305817
https://www.sciencedirect.com/science/article/abs/pii/S1466856417305817
https://academic.oup.com/pcp/article/53/9/1546/1841431?login=false
https://academic.oup.com/pcp/article/53/9/1546/1841431?login=false
https://academic.oup.com/pcp/article/53/9/1546/1841431?login=false
https://www.mdpi.com/1420-3049/22/7/1065
https://www.mdpi.com/1420-3049/22/7/1065
https://www.mdpi.com/1420-3049/22/7/1065
https://link.springer.com/article/10.1007/s11101-016-9454-4
https://link.springer.com/article/10.1007/s11101-016-9454-4
https://link.springer.com/article/10.1007/s11101-016-9454-4
https://www.sciencedirect.com/science/article/abs/pii/S0308814608000770?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608000770?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814608000770?via%3Dihub
https://www.thepharmajournal.com/archives/2019/vol8issue9/PartC/8-9-12-138.pdf
https://www.thepharmajournal.com/archives/2019/vol8issue9/PartC/8-9-12-138.pdf
https://link.springer.com/chapter/10.1007/978-0-387-30443-4_5
https://www.tandfonline.com/doi/abs/10.1080/10408398.2018.1454400
https://www.tandfonline.com/doi/abs/10.1080/10408398.2018.1454400
https://www.tandfonline.com/doi/abs/10.1080/10408398.2018.1454400
https://pubs.acs.org/doi/10.1021/acs.jafc.6b01000
https://pubs.acs.org/doi/10.1021/acs.jafc.6b01000
https://pubs.acs.org/doi/10.1021/acs.jafc.6b01000
https://www.sciencedirect.com/science/article/abs/pii/B9780080408262500163

