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Introduction
As populations in many developed countries age and the burden of chronic 
disease increases, there remains a need to establish effective preventative 
measures. Fruit and vegetables are a natural source of vitamins and minerals 
which can contribute to good health.

This volume reviews the associated health benefits of key horticultural 
crops, including apples, broccoli and cranberries. The book is split into five 
parts: Part 1 chapters examine phytochemical compounds in fruits and 
vegetables, specifically focusing on polyphenols. Chapters in Part 2 focus on 
glucosinolates and organosulfur compounds in fruits and vegetables. Part 
3 chapters discuss the role of phytochemicals in preventing diseases such 
as cancer and cardiovascular disease. Chapters in Part 4 highlight ways to 
analyse and optimise phytochemical compounds in fruits and vegetables. 
Part 5 chapters conclude the book by providing three case studies that focus 
specifically on improving the nutraceutical properties of cranberries, apples, 
broccoli and other brassicas.

Part 1  Phytochemical compounds in fruits and  
vegetables: polyphenols

The book opens with a chapter that examines the advances in understanding 
the nutraceutical properties of antioxidants in fruits and vegetables. Chapter 1 
begins by highlighting the most common antioxidants in fruits and vegetables 
such as polyphenols, carotenoids, vitamins, selenium and zinc. The chapter then 
moves on to review the mechanisms in which these antioxidants function within 
the human body. A section on how these antioxidants can play a crucial role in 
the prevention of chronic diseases such as cancer and cardiovascular disease 
is also included. This is then followed by an analysis of their application as 
natural pigments, preservatives, edible films and coatings, natural emulsifiers, 
stabilisers and nutraceuticals. The chapter concludes by emphasising how 
critical antioxidants in fruits and vegetables are in the human diet.

Chapter 2 focuses on understanding phenolic compounds in fruits 
and vegetables. The chapter first examines the characteristics of phenolic 
compounds, focusing specifically on the two main subgroups they can be 
divided into, flavonoids and non-flavonoids. It then moves on to discuss the 
effects of cultivation and post-harvest operations on phenolic compounds, 
as well as how the COVID-19 pandemic highlighted the need to include 
phytochemicals such as polyphenols in diets to increase general immunity. 
The chapter also looks at ways to improve phenolic compounds in fruits and 
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vegetables, before concluding with an overview of why it is crucial to develop 
our understanding of the importance of phenolic compounds to improve 
human health.

The subject of Chapter 3 is understanding the nutraceutical properties 
of flavonoids in fruits and vegetables, drawing attention to the chemical 
structure and groups flavonoids can be divided into. The chapter first provides 
an overview of the flavonoids present in fruits and vegetables, focusing on 
flavones, flavonols, flavanones, flavanols, isoflavones, neoflavonoids, flavanols, 
anthocyanidins and chalcones. Individual sections and subsections are 
provided for each group of flavonoids, focusing on their chemical structure and 
their role as nutraceuticals in human health.

Expanding on topics previously discussed in Chapter 3, Chapter 4 expands 
on the review of understanding the nutraceutical properties of flavonoids in 
fruits and vegetables by addressing the mechanisms of action for flavonoids. 
The chapter first looks at the antioxidant properties of flavonoids and their role 
in preventing auto-immune diseases. It then looks at the anti-microbial, anti-
fungal and anti-viral activity of flavonoids and their role in treatment of diabetes. 
The chapter goes on to discuss the anti-cancer properties of flavonoids and 
their anti-neoplastic activity in tumour suppression. It also reviews their role in 
preventing cardiovascular disease and anti-thrombogenic activity of flavonoids, 
as well as their neuro-protective, anti-ulcerogenic, anti-inflammatory and 
hepato-protective activity. Finally, the chapter discusses biotechnological 
approaches for enhanced production of nutraceuticals in fruits and vegetables.

Part 2  Phytochemicals in fruits and vegetables: 
glucosinolates and organosulfur compounds

Part 2 begins with a chapter that focuses on the health promoting effects of 
glucosinolates and their breakdown products. Chapter 5 first reviews the 
natural sources of glucosinolates, highlighting one of the most common 
groups of plants – Brassicales – and how well-known species such as broccoli, 
cabbage, kale, cauliflower and turnip are some of the best natural sources of 
these phytochemicals. The chapter also examines the various agricultural and 
environmental factors that affect the composition and levels of glucosinolates 
in vegetables. Sections on the potential health effects and antinutritional 
properties of glucosinolates are also provided, which are then followed by a 
discussion on dietary intake, absorption and digestion of glucosinolates in the 
human diet.

Expanding on topics previously discussed in Chapter 5, Chapter 6 looks at 
the nutraceutical potential of glucosinolates. The chapter reviews the different 
classes of glucosinolates and their breakdown products, focusing specifically 
on aliphatic, indole and aromatic glucosinolates first, then goes on to examine 
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isothiocyanates, thiocyanate, nitriles, oxazolidine-2-thione and epithionitriles. A 
section on the hydrolysis of glucosinolates and the glucosinolates-myrosinase 
system is also provided, which is then followed by a discussion on how 
glucosinolates can be analysed, and finally the mechanisms of action and how 
glucosinolates can be used as nutraceuticals.

The final chapter of Part 2 focuses on understanding the health benefits 
and nutraceutical properties of organosulphur compounds in vegetables. 
Chapter 7 first looks at the bioavailability of organosulphur compounds. It 
then moves on to discuss the health benefits of these compounds, drawing 
attention to anti-inflammatory activity, anticarcinogenic effects, antioxidant 
and antimicrobial activity, improving immune function and their use in 
neurogenerative disorders. A section on the nutraceutical applications of 
organosulphur compounds is also provided.

Part 3 Phytochemicals and the prevention of disease
The first chapter of Part 3 examines advances in understanding the role of plant 
phytochemicals in preventing cancer. Chapter 8 begins by emphasising the 
importance of plant-based foods as sources of cancer-preventative substances 
as they contain various types of phytochemicals. The chapter then goes on 
to examine the mechanisms of chemoprevention, which is then followed by 
an analysis of phytochemicals and their mode of action in the prevention and 
treatment of cancer. A section on the cancer-preventive effects of antioxidant 
and anti-inflammatory activities is also provided. The chapter moves on 
to review the angiogenesis suppression activities of phytochemicals, their 
function in cell death pathways and the combined use of phytochemicals with 
antineoplastic agents. The importance of delivery systems for phytochemicals 
is also discussed. Sections on routes of administration for phytochemicals and 
combining phytochemicals with other applications are also provided.

Chapter 9 discusses advances in understanding the role of plant 
phytochemicals in preventing cardiovascular disease. The chapter first reviews 
the complex nature of cardiovascular disease and its link to diet as well as 
the disease’s comorbidities. It then assesses the current state of research 
on the protective and therapeutic effects of phytochemicals in relation to 
cardiovascular disease. A section on the types of phytochemical compounds 
is also provided, focusing specifically on flavonoids, phenols, organosulfur 
compounds, alkaloids, lignans, sterols, tannins and soluble fibre. The chapter 
moves on to examine how wild crop relatives and herbs and spices can be 
considered as sources of phytochemicals, before it addresses the range of 
initiatives that are currently in place in order to enhance phytochemicals in the 
diet to prevent or treat cardiovascular disease.
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Part 4  Analysing and optimising phytochemical 
compounds in fruits and vegetables

Part 4 first begins with a chapter that analyses the advances in screening 
and analysing phytochemical compounds in fruits and vegetables. 
Chapter 10 reviews the various state of the art methods currently available for 
extracting phytochemicals before screening and analysis can be performed. 
The chapter then moves on to review the methods for phytochemical 
analysis, drawing attention to high-performance thin-layer chromatography, 
liquid chromatography, gas chromatography, mass spectrometry, infrared 
spectroscopy and nuclear magnetic resonance. A case study on using 
advanced methods for the analysis of phenolic compounds in apples is also 
included.

The next chapter of Part 4 examines the agronomic factors affecting 
phytochemical compounds in fruits and vegetables. Chapter 11 first reviews 
the various phytochemicals that are available in fruits and vegetables, drawing 
attention to those previously discussed in earlier chapters. It then addresses 
the environmental factors that affect phytochemicals, focusing specifically on 
lighting, temperature and relative humidity. A section on the current agronomic 
practices in use to improve the yield and quality of fruits and vegetables is 
also included, discussing practices such as variety selection, fertilisation, 
phytohormones and phytochemicals induced by abiotic stress. It also includes 
a review of the phytochemical changes during harvesting and different stages 
of maturation. A case study on the use of organic and inorganic nitrogen to 
influence phytochemical levels in lettuce is also provided.

Chapter 12 examines the metabolism of phytochemical compounds 
in fruits and vegetables in the gut. It first discusses how phytochemicals can 
be classified, indicates their dietary sources and intake and highlights their 
health effects. The chapter focuses on categories of phytochemicals previously 
highlighted such as phenolics and alkaloids but also draws attention to 
terpenoids and sulphur-containing compounds. The chapter then moves on 
to discuss the digestion of phytochemical compounds, focusing on oral and 
gastric digestion, small intestinal digestion and colonic digestion. A case study 
on a dynamic multistage gastrointestinal model for the study of phytochemical 
biotransformation by gut microbiota is also included. Factors affecting digestion 
such as the food matrix and background diet are also reviewed.

Part 5 Case studies
The first case study chapter in Part 5 looks at the advances in understanding and 
improving the nutraceutical properties of cranberries. Chapter 13 first reviews 
the clinical evidence supporting the health benefits of cranberry consumption 
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such as the use of cranberries to protect urinary tract infections as well as their 
use to improve dental and gastrointestinal health, cardiometabolic and skin 
health, cognition and cancer prevention/treatment. It also discusses future 
directions in the elucidation of mechanism of actions for health benefits and 
approaches to maximising bioefficacy of cranberry-related food/products.

Chapter 14 discusses advances in understanding and improving the 
nutraceutical properties of apples. It begins by examining the health effects 
of apple in humans, then moves on to discuss apple processing and pomace 
generation. Individual sections on various nutraceutic compounds in apples 
are also provided, focusing specifically on phenolic compounds, dietary fibre 
and pectin. The chapter then moves on to review improving apple cultivation 
through research on food bioactives, before concluding with an overview of 
why apple and apple pomace are important sources of phenolic compounds, 
dietary fibre and pectin which in turn, have significant health benefits.

The final chapter of the book draws attention to advances in understanding 
and improving the nutraceutical properties of broccoli and other brassicas. 
Chapter 15 discusses the available evidence demonstrating the benefits of 
the Brassica family, particularly broccoli, and offers information to help ensure 
that public health messaging reflects current science. It demonstrates that 
Brassica vegetables have advantages beyond helping achieve basic nutritional 
requirements and could provide specific nutrients towards reducing the risk 
of cancer and other diseases. Knowledge of the bioavailability of Brassica 
bioactive compounds, particularly of phenolic compounds and glucosinolates, 
is critical to understanding such benefits. Finally, it discusses additional support 
and strategies to maintain Brassica nutritive value since the content of particular 
compounds varies significantly due to the different factors in the food supply 
chain.
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1  Introduction
Antioxidants are natural or synthetic substances that inhibit oxidation, a 
chemical reaction within the human body that can produce free radicals and 
chain reactions, resulting in cell damage. They play a vital role in growth, 
development, detoxification, and effective immune responses. Oxygen 
is known as a highly reactive atom which is commonly known to become 
part of damaging molecules within the body known as free radicals. These free 
radicals form during normal metabolism or through external factors such as 
X-rays, ultraviolet radiation, and exposure to pollution. Free radicals such as 
superoxide (O2

−), hydrogen peroxide (H2O2), or peroxynitrite (OONO−) have 
the capabilities of attacking cells and other structures like cellular proteins, 
lipids, and deoxyribonucleic acid (DNA) (Kazmierczak-Baranska et al., 2020) 
within the human body, resulting in a loss of structure and function of those 
cells. Free radicals have also been linked to the initiation and progression 
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of tumour cells, while also enhancing their metastatic potential (Singh et al., 
2019). Oxidative stress is one of the reasons for promoting the ageing of the 
body and many diseases, and its mechanism is mostly related to the generation 
of reactive oxygen species (ROS).

Dieticians recommend a diet that promotes a high volume of fruits and 
vegetables, as these are universally regarded as healthy. They supply a wide 
range of vitamins and minerals to the human diet and are prominent sources 
of phytochemicals that function as antioxidants. Plants produce antioxidants 
as a form of protection. The antioxidants act as a barrier to the damage that 
may be caused when reactive species produced during photosynthesis are 
exposed to ultraviolet light, resulting in damage to their cellular structure (Laxa 
et al., 2019). Moderate consumption of approximately five servings of fruit and 
vegetables a day is recommended to adults, as this diet will aid in mitigating the 
development of chronic diseases such as cancer, diabetes, and cardiovascular 
diseases (CVD), with convincing evidence provided by Boeing et al. (2012) in a 
critical review of literature in 2012.

This chapter aims to provide recent advances in the understanding of 
various nutraceuticals properties of fruit and vegetables. The chapter also 
briefs on common types of antioxidants found in fruits and vegetables. The 
mechanisms in which these antioxidants function within the human body 
have been illustrated, with emphasis on their role in the prevention of chronic 
diseases such as cancer and CVDs. Furthermore, applications of nutraceuticals 
properties of fruit and vegetables have been discussed.

2  Antioxidants in fruits and vegetables
The consumption of fruits and vegetables can reduce the risk of oxidative 
damage to cells within the human body. They are considered excellent sources 
of antioxidants as they contain considerable levels of biologically active 
compounds that transmit health benefits that surpass basic nutrition (Oomah 
and Mazza, 2000). Common dietary antioxidants which are found in fruits and 
vegetables include polyphenols, carotenoids, vitamins such as vitamin A, C, 
and E, selenium, and zinc. Each of these offers an array of health benefits when 
consumed, with the shared objective of reducing the effect of free radicals on 
the body’s immune system, gastrointestinal system, and overall health.

2.1  Polyphenols

Polyphenols are organic compounds commonly synthesized within plant 
species. They are mainly present in fruits, vegetables, whole grains, and green 
teas. They are a well-known group of phenolic systems and are categorized 
by a minimum of two phenyl rings and one or more hydroxyl substituents 
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(Singla et al., 2019). The term ‘polyphenol’ is commonly used today in relation 
to flavonoids, tannins, and phenolic acid, as well as the numerous chemically 
modified or polymerized derivatives. There are more than 8000 types of 
polyphenols that have been identified, which are split into four main classes: 
phenolic acids, flavonoids, stilbenes, and lignans. Figure 1 below includes the 
chemical structures of different classes of polyphenols.

Phenolic acids are a class of polyphenols that exhibit a variety of functions 
including plant growth, development, and defence (Kumar and Goel, 2019). 
They are a powerful group of compounds that are both water- and lipid-soluble 
and exhibit antioxidative activities through various mechanisms which include 
removing free radicals, binding metal ions, and inducing the expression of a 
range of genes that are responsible for synthesizing enzymes, with the function 
of reducing oxidative stress (Kaurinovic and Vastag, 2019). Common sources 
of phenolic acids within the human diet are apples, mangos, berries, plums, 
cherries, kiwis, citrus fruits, and onions, with a daily intake recommendation of 
200 mg/day (Kumar and Goel, 2019; Scalbert and Williamson, 2000).

Flavonoids account for approximately two-thirds of dietary polyphenols 
(Koch, 2019). They are defined as a class of polyphenolic secondary metabolites 
and are found in the form of aglycones or glycosides in many fruits and 
vegetables (Hernández-Rodríguez et al., 2019). They consist of a basic structure 
of two aromatic rings which are bound together by three carbon atoms to form 
an oxygenated heterocycle (Pandey and Rizvi, 2009). There are more than 
4000 varieties of flavonoids that have been identified. These are split into six 

Figure 1 Chemical structures of different dietary polyphenols (Yoon and Baek, 2005).



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index

Abiotic stress 58
‘Acesulfame potassium’ (Ace K)  E900, 195
Acetazolamide 198
Aegilops sp.

A. speltoides 253
A. tauschii 253

Aged garlic extract (AGE) 189
Aglycone flavonoids 222
Agrobacterium rhizogenes 106
Agronomic practices 308

case study 313–314
environment (see Environmental factors)
fertilization 309–310
future trends 314

artificial lighting, improve quality and 
flavor 315

breeding and cultivation techniques, 
improve quality and flavor 314

coupled effects of, multiple agronomic 
factors 315

harvest time and maturation 
stage 312–313

phytochemicals, abiotic stress 311–312
phytohormones 310–311
selection of varieties

health-promoting 
compounds 308–309

innovative breeding 
technologies 309

Albert Szent-Gyorgyi 71
Alkaloids 339
Allicin 183–184, 191
Allium species 187, 190, 191
Alzheimer’s disease (AD) 15
American cranberry (Vaccinium 

macrocarpon) 367
Andrographis glandulosa 100
Angiogenesis 16, 17
Anthocyanins 18, 25, 246

‘Antidiabetic’ sulpha drugs 198
Antioxidant activity (AOx) 424
Antioxidants

anthocyanins 30
and cancer 13–15
cardiovascular and neurological diseases 

prevention 29
carotenoids 6–8, 30
definition 3
and diabetes mellitus 20–21, 24
edible films and coatings 27–28
flavonoids 30
and inflammatory diseases 18–19
natural emulsifiers and stabilizers 28–29
natural pigments 24–25
natural preservatives 25–26
in neurodegenerative diseases 15–16
nutraceutical properties of fruit and 

vegetables 22–23
in obesity 19–20
oxidative stress and inflammation 29
phenolic acids 30
from plants 4
polyphenols 4–6
primary antioxidants 11
prostaglandins 30
recommended daily intake of 10
secondary antioxidants 11–13
selenium 9–10
vitamins 8–9, 30
zinc 10

Apple pomace 28
Apples

future trends 408–409
genotypes, CVE1 to CVE22, 407–408
health effects 396–397
improving cultivation, food 

bioactives 407–408
nutraceutical compounds



Index448

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

dietary fibre 402–404
pectin 404–407
phenolic compounds 399–402

overview 393–396
processing and pomace 

generation 398–399
Approved food dyes 193, 194
Aspergillus sp.

A. candidus 97
A. flavus 97
A. parasiticus 97

Astaxanthin 7
‘Ataulfo’ mango peel 55, 59
Ayurveda system of medicine in India 69

Bacterial biotransformation, chlorogenic 
acid 348

Betacyanin 25
β-cell functioning 21
Bile salts 9
Bioactive compounds 273–274, 289
Bioavailability 422–423

glucosinolates 142–143, 426–428
organosulphur compounds 183–184
phenolic compounds 423–426

Biochanin A 245
Biogenic amines 51
Biologically active molecules 415
Black tomato pomace polysaccharides 29
Botrytis cinerea 98
Brassica 416. see also Broccoli

bioactive composition, supply chain 428
effect of, pre-harvest 

conditions 428–430
influence of, postharvest 

treatments 430–432
nutritive value 421

Brassicaceae family 123, 129–130
future trends 432
health benefits, broccoli 421–422
overview 417–419
phytochemical compounds and effects, 

human health 418–420
Brassica genera 123
Broccoli. see also Brassicaceae family

biological activities 422
health benefits 421–422

Bumetanide 198
Burkholderia cepacia 97

‘Cabernet Sauvignon’ grape 53
Caffeic acid 54

‘Calcium sulphite,’ 193
Camomile (Matricaria recutita) flowers 103
Camptotheca acuminate 216
Camptothecin-loaded PLGA 

nanoparticles 222
Camu-camu fruit 59
Cancer prevention

chemoprevention 214–216
female breast cancer 211
flavonoids 213, 214
incidence of 211
lifestyle modification 212
lung cancer 211
macronutrients 213
micronutrients 213
NF-κB suppressor 217
non-flavonoids 213, 214
non-steroidal anti-inflammatory drugs 

(NSAID) 213
phytochemicals

angiogenesis suppression 
activities 218

anti-inflammatory activities 217–218
antineoplastic agents 219–220
antioxidant activities 217–218
β−elemene plus celastrol 223
camptothecin 216
celastrol 216–217
cell death pathway 

regulation 218–219
chemosensitization effect of 

nanoparticles 223
cisplatin 223
delivery systems 220–222
genistein 217
pemetrexed plus resveratrol 223
phytoestrogens 217
routes of administration 222–223
in vivo and in vitro studies 216
wortmannin 223

plant-based foods 212–214
polyphenols 213
radiotherapy and chemotherapy 212

Candida albicans 97, 98
Cardiovascular disease (CVD) prevention 71

aneurysm 238
atherosclerotic cardiovascular disease 238
characteristics of 238–239
comorbidities 239–240
and diet 236–237
diets and lifestyles 239
epidemiology of 235



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 449

genetic susceptibility 235
mortality 236
phytochemicals

abiotic stress 244
alkaloids 247
antioxidant effects 241
bioavailability  244
biochemical mechanisms 241–243
Brassicas 254–255
carrot 250–252
flavonoids 245–246
herbs and spices 255–256
lignans 248
organosulphur compounds 247
phenols 246–247
potato 251–253
soluble fibres 249
sterols 248–249
tannins 249
wheat 253–254

pre-and probiotics 240–241
racial disparities in 238
thrombosis 238

Carotenes 7
Casein phosphopeptide–amorphous calcium 

phosphate (CPP-ACP) 274, 374
Celastrol 218–220
Chemical quenching 11
Chemoprevention

primary chemoprevention 213
secondary chemoprevention 213
suppressing and blocking agents 215
tertiary chemoprevention 213
tumor initiation 214–215
tumor progression 215
tumor promotion 215

Chlorogenic acid 55
Chlorthalidone 198
Cocoa flavonoid nutraceuticals 103
Coffee plant 331
Colchicum autumnale 247
Colonic digestion

dietary phytochemicals 344
glucosinolates and 

organosulphur 344–345
gut microbiota function 343–345
microbial biotransformation 344–345
phytochemicals impact 345
tetrahydrocurcumin 344

Colon-targeted delivery systems 222
Computer-controlled in vitro dynamic 

gastrointestinal model 347

Consultative Group on International 
Agricultural Research (CGIAR) 257

COVID-19, 57
CPP-ACP. see Casein phosphopeptide-

amorphous calcium phosphate 
(CPP-ACP)

Cranberries
future directions 379–381
health benefits 370–379
nutrient composition 368–370
synopsis 381–383

Curcuma longa 57
Curcumin 20
CVD prevention. see Cardiovascular disease 

(CVD) prevention

DAD. see Photodiode array detection (DAD)
Date fruit syrup 27
Deep eutectic solvents (DES) 275
DES. see Deep eutectic solvents (DES)
Dietary antioxidants 11, 12, 17
Dynamic multistage GI model 346–347

Eggplant flesh pulp 28
8-prenylnaringenin 53
Electron transport chain (ETC) 14
Elicitation 106
Endothelial nitric oxide synthase (eNOS) 18
Environmental factors, affect phytochemicals

CO2, 307–308
lighting

adequate light intensity 305
effects of, light quality 299–305
photoperiodism 305

relative humidity 307
temperature

secondary metabolites 305–306
short-term low/high 306
storage and transportation 

conditions 306–307
Ephedra 247
Epithiospecifier protein (ESP) 426–427
Equol metabotype 252–253
Escherichia coli 106
ESP. see Epithiospecifier protein (ESP)
European Atherosclerosis Society 249
European Food Safety Authority (EFSA) 193
Eysenhardtia texana 97

Factors affecting digestion
background diet 350–351
food matrix 347–350



Index450

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

host/intrinsic 351–353
Fertilisation 429–430
Ferulic acid 54
Fibre 350–351
Fish gelatin films 27
Flavonoids

anthocyanidins 72, 79–80
antibiotic resistance 96
antifungal activity 97–98
anti-inflammatory activity 104
anti-inflammatory effects 71
antimicrobial activity 97
anti-neoplastic activity 101
antioxidants

in auto-immune diseases 
prevention 96

genistein 95
LD50, 95
quercetin 95
silybin 95

anti-ulcerogenic activity 103–104
antiviral activity 98–99
berries 109
cardiovascular disease 

prevention 101–102
chalcones 73, 74, 80
chemical structure and groups 72–74, 93
in diabetes treatment 99
flavanones 72, 76, 86
flavanonols 76, 77
flavones 73–75
flavonols 73, 75–76, 78–79
flower pigments 71
and food sources 80, 81, 93, 94
French Paradox 71
in fruits 80, 83–85
health benefits 74
hepato-protective activity 105
isoflavones 72, 73, 77
mechanisms of action 86
neoflavonoids 73, 77–78
neuro-protective activity 102–103
onion 109
oxygen radical absorption capacity 

(ORAC) score 81
pomegranates 109
on pomegranates 71
proanthocyanidins 72, 79
protection from biotic and abiotic 

stresses 71–72
in spore germination 71
and therapeutic applications 107

toxicity of 95
tumour suppression

anticancer properties 93, 100–101
anti-neoplastic activity 101
cancer prevention 108

in vegetables 80, 82, 84–85
white-coloured vegetables 84
yellow and orange vegetables 81

Folecitin 102
Food and Agriculture Food Organisation of 

the United Nations 257
Food processing operations 55–56
Food synergy 350
Fourier transform infrared (FT-IR) 284
Fourier transform near-infrared (FT-NIR) 284
Free radicals 3
French Paradox 71, 246
Freshly crushed garlic 191
FT-ICR/FTMS ions 281
FT-IR. see Fourier transform infrared (FT-IR)
FT-NIR. see Fourier transform near-infrared 

(FT-NIR)
‘Functional food’ industry 168
Fusarium semitectum 97

Gallic acid 54
Garlic bulb extract 191
Gas chromatography (GC) 279
Gastrointestinal (GI) 425
GC. see Gas chromatography (GC)
Gelidium corneum gelatin blend films 27
Genetic improvement programs 60
Genista tinctoria 72
Ginkgo biloba 74
Global nutraceutical market 70
Glucosamine sulphate (GS) 199
Glucosinolate hydrolysis 427
Glucosinolates (GLs) 417, 426–428

absorption and post-absorptive 
metabolism 143–145

affecting factors 128
aliphatics 124
anticarcinogenic activity 130–137
anti-inflammatory activity 130
antimicrobial activity 129
antinutritional properties of 140–141
antioxidant activity 129–130
in Armoracia rusticana 127
aromatics 124
autumn and winter crops 127
biological effects of 160, 170–171
in Brassicaceae family 123, 153



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 451

in Brassica Rapa/turnip 126
breakdown products

aliphatic GLs 153–155
aromatic GLs 153, 156–157
epithionitriles 159–160
indole GLs 153–156
isothiocyanates (ITC) 153, 154, 

157–158, 168
nitriles 159
oxazolidine-2-thione derivatives 159
sulfur-containing compounds 168
thiocyanate 158–159

cardiovascular protection 131, 138
central nervous system (CNS) 

protection 139–140
chemical Lossen rearrangement 141
composition and levels of 127–128
for diabetic patients 138–139
in dietary supplements 169
epidemiological studies 168
4-mercaptobutyl GLs (glucosativin) 126
4-methylsulfinylbutyl GLs 

(glucoraphanin) 126
4-methylthiobutyl GLs (glucoerucin) 126
generic structure diagram 123, 124
glucobrassicin 125
glucoraphasatin 130
health benefits 140
health benefits of 154
in human diet 142
human digestion 142–144
hydrolysis products 154, 160
indoles 124
light-emitting diode technology 128
mechanism of action

brain cancer 162–163
breast cancer 163–164
cardiovascular disease 166–167
central nervous system 167
colorectal cancer 164
detoxification 161–162
diabetes 166–167
pancreatic cancer 164–165
skin cancer 165–166

in Moringa oleifera or moringa 126
multiple analytical methods 161
myrosinase system 153–154, 160
natural sources 125–127
protection from biotic and abiotic 

stress 168
quantification of 160
sinigrin 126

sulforaphane (SFN) 154
Tropaeolum majus 126

Glutathione peroxidase 9
Grapefruit seed extract 25
Grape pomace flour 51
Gut microbiota 346–347

Harvard T. H. Chan School of Public Health 
(2021) report 397

Health benefits, cranberry 382
cancer 378–379
cardiometabolic diseases 375–376
cognition 376–377
dental health 373–374
gut health via microbiota 374–375
Helicobacter pylori (H. pylori), gastric 

infection 372–373
skin health 377–378
urinary tract infections (UTIs) 370–372

Helicobacter pylori 170
Herbal medicines 69
High-performance thin-layer 

chromatography (HPTLC) 277
Horticultural systems 60
HPLC-DAD system 279
HPTLC. see High-performance thin-layer 

chromatography (HPTLC)
Human small intestine category 402
Hydroxycinnamic acids 54
Hyperglycaemic dysfunction 20

Inflammatory bowel disease (IBD) 17
Infrared spectroscopy (IR) 283–284
In vitro digestion models 346–347
IR. see Infrared spectroscopy (IR)
Isatis indigotica 130
Isothiocyanates (ITC) 426–428

LC. see Liquid chromatography (LC)
LD50, 95
Lignans 6
Lipid peroxidation 11, 12
Lipocurc®, 221
Liquid chromatography (LC) 277–279
Lycium barbarum 11

MALDI-TOF-MS. see Matrix-assisted laser 
desorption/ionisation timeof-flight 
mass spectrometry (MALDI-TOF-MS)

Mandarin epicarp 24
Mass spectrometry (MS)

beneficial health effects 282



Index452

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

ionisation, mass analysing and 
detection 280

LC-ESI-ion trap 282
MALDI-TOF-MS 282
mass analysers classification 280–282
phytochemical identification 280
scanning modes 283
structure determination of 

compounds 279–280
Matrix-assisted laser desorption/ionisation 

timeof-flight mass spectrometry 
(MALDI-TOF-MS) 282

Medicinal plants 69
Meriva®, 221
Metabolic engineering 105–107
Method of consuming vegetables 128
Microencapsulation 170
Microwave-assisted extraction (MAE) 276
Midinfrared (MIR) 283–284
MS. see Mass spectrometry (MS)
Musa spp. germplasm 58–59
Myoglobin 26

Natural and synthetic food dyes 193
Natural and synthetic sweeteners 195
Near-infrared (NIR) 283–284
‘Niagara Rosada’ table grape 59
NIR. see Near-infrared (NIR)
NMR. see Nuclear magnetic resonance 

(NMR)
Non-nutrients 331–333
Nuclear magnetic resonance (NMR) 274

analysis of NMR spectra 285
drawbacks 286
H HR-MAS NMR spectroscopy 285–286
LC-MS 286
phytochemical analysis 285
structural identification 284–285

Nutraceutical compounds, apple
dietary fibre 402

extraction 402–404
and health effects 404

pectin 404–405
extraction 405–406
and health effects 406–407

phenolic compounds
extraction 400–401
and health effects 401–402

Nutraceutical properties. see individual 
entries

Nutraceuticals 70
Nutraceutical supplements 47

Nutrients 331–333

Ocimum sp.
O. basilicum 103
O. canum 21

Onionskin powder 26
Oral and gastric digestion 341–342
Orbitrap 280–283
Organosulphur compounds (OSCs)

Allium genus 182
bioavailability of 183–184
Brassicaceae spp., 182
classification of 182
in food industry 193–195
generic structure of 181, 182
health benefits of

anti-inflammatory activity 184, 
187–188

antimicrobial activity 190–191
antioxidant activity 189–190
apoptosis 189
carcinogen-metabolising 

enzymes 188–189
cell differentiation 189
cell proliferation 189
immune system enhancement 189
metabolic role 184–186
mutagenesis/carcinogen formation 

inhibition 188
natural immune boosters 184
nuclear factor-KB (NF-KB) 191
plant-derived food compounds 184

neurogenerative disorders 192
in non-communicable diseases 

prevention and treatment 182
in nutritional supplements 199
omega-3 oil 192
in pharmaceutical industry 195–199
recommended daily allowance 

(RDA) 181
in redox reactions 183
sulphur-containing organic 

molecules 181, 182
Origanum vulgare L., 13
OSCs. see Organosulphur compounds 

(OSCs)
Oxygen 3

Parkinson’s disease (PD) 15, 16
Passiflora subpeltata Ortega 17
PCAs. see Principal component analysis (PCAs)
Pediazole 196



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 453

Penicillin 196
Penicillium expansum 97
Persimmon 55
Persimmon peel pectin 29
Phenolic acid 26
Phenolic compounds

antioxidant properties of 52
apple

analysis of 286
influenced 286–287
methanol and acetone 288
profile performance 288
sample preparation 287
steps 287

and COVID-19, 56–58
effects of cultivation 55–56
flavonoids 52–53
free radical scavenging properties 52
in fruit, vegetables and 

by-products 48–50
in fruits and vegetables 58–59
non-flavonoids 53–55
post-harvest operations 55–56
regular consumption of 51

Phenolics 333, 338
Photodiode array detection (DAD) 278–279
Photosynthesis 4
Phytochemical compounds 416

advantage and limitations 278
case study 286–288
extraction methods

deep eutectic solvents (DES) 275
hyphenated extraction 

methods 276–277
microwave-assisted extraction 

(MAE) 276
non-conventional techniques 275
organic solvents 275
pressurised liquid 276
solid-liquid extraction 274
solvent choice 275
ultrasound-assisted extraction 

(UAE) 276
future trends 288–289
methods of 277–286

Phytochemical farming 340
Phytochemicals 297–299, 331–332

classifications, examples and dietary 
sources 334–337

four groups 333–339
Phytochemical safety net 237
Phytonutrients 69

Piceatannol 20
Plant-based foods 353–354
Plant cell and tissue culture 

techniques 105–107
Plant phytochemicals 257–258

cancer prevention (see Cancer 
prevention)

cardiovascular disease prevention (see 
Cardiovascular disease (CVD) 
prevention)

Pomegranate extract 26
Pomegranate peel powder 27, 29
Prebiotics 351
Principal component analysis 

(PCAs) 378–379
Prontosil 196

Quercetin 19
Quince seed gum 28

Reactive oxygen species (ROS) 425
Red pitaya peel extract 27
Resveratrol 53, 57
Resveratrol in grapes 109
Rheumatoid arthritis (RA) 16

Saccharomyces cerevisiae 98, 106
Salmonella typhimurium 188
Scutellaria baicalensis 100, 104
Short-chain fatty acids (SCFAs) 240–241, 

344
Sinapis nigra 129
Singlet oxygen (1O2) quenching 11
Sitosterolemia 248
Smallanthus sonchifolius 253
Small intestinal digestion 342–343
Solanum tuberosum 251, 252
Staphylococcus aureus 97
Stilbenes 6
Sulphacetamide 196
Sulphadiazine 197
Sulphadimethoxine 198
Sulphadimidine 197
Sulphadoxine 197
Sulpha drugs 195–197
Sulphafurazole 197
Sulphamethoxazole 197
Sulphamethoxypyridazine 198
Sulphur compounds 339–400

Terpenoids 338–339
Tetrapleura tetraptera fruit 12



Index454

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Thermal processing 56
TOF analysers 282
Transgenic technology 106
Triticum sp.

T. aestivum 253, 254
T. dicoccoides 253
T. dicoccum 253
T. durum 253
T. spelta 253, 254

Tropaeolum majus 126

UAE. see Ultrasound-assisted extraction 
(UAE)

‘Ubá’ mango pulp 55
Ultra performance liquid chromatography 

(UPLC) 274
Ultrasound-assisted extraction (UAE) 276
Understanding processing

digestion process 340–345
affecting factors 347–353
case study 346–347

synopsis 354–355

UPLC. see Ultra performance liquid 
chromatography (UPLC)

Urinary tract infections (UTIs) 367, 379–381
USDA database 394

Veterinary drugs 69
Vitamin A (beta-carotene) 8
Vitamin C 8, 9, 16, 28, 71
Vitamin E 8, 9
Vitamin P 71
Vitis labrusca 53

Watermelon rind pectin 29
Western diet 236
World Health Organization 56

Xanthophylls 7

Zeaxanthin 81
Zygosaccharomyces sp.

Z. bailii 98
Z. rouxii 98


	Cover.pdf
	Elsa M. Gonçalves, Unidade de Tecnologia e Inovação, Instituto Nacional de Investigação Agrária e Veterinária and GeoBioTec – Geobiociências, Geoengenharias e Geotecnologias, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Portugal; Carla
	1 �Introduction
	3 �Research on bioavailability
	7 References

	Advances in understanding and improving the nutraceutical properties of broccoli and other Brassicas
	Chapter 15
	Lia Noemi Gerschenson, Eliana Noemi Fissore and Carolina Bélen Gómez Vargas, Universidad de Buenos Aires and CONICET, Argentina
	1 �Introduction
	3 �Apple processing and pomace generation
	4 �Nutraceutical compounds in apples: phenolic compounds
	5 �Nutraceutical compounds in apples: dietary fibre
	6 �Nutraceutical compounds in apple: pectin

	Advances in understanding and improving the nutraceutical properties of apples
	Chapter 14
	Oliver Chen, Biofortis Research, Merieux NutriSciences and Tufts University, USA; and Eunice Mah, Biofortis Research, Merieux NutriSciences, USA
	1 �Introduction

	Advances in understanding and improving the nutraceutical properties of cranberries
	Chapter 13
	Stan Kubow, Lucas Roldos, Kailee Wark and Michèle M. Iskandar, McGill University, Canada
	1 �Introduction
	2 �The digestion process
	4 �Conclusion
	5 References

	Understanding processing of phytochemical compounds in fruits and vegetables in the gut
	Chapter 12
	Jiangtao Hu, Li Zhang, Zheng Wang, Jie Peng, Xiao Yang and Qichang Yang, Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu National Agricultural Science and Technology Center, China
	1 �Introduction
	4 �Agronomic practices

	Agronomic factors affecting phytochemical compounds in fruits and vegetables
	Chapter 11
	Alessandro Nogueira, State University of Ponta Grossa, Brazil; Amit K. Jaiswal, School of Food Science and Environmental Health, Technological University Dublin - City Campus, and Environmental Sustainability and Health Institute, Technological University
	1 �Introduction

	Advances in screening/analysis of phytochemical compounds in fruits and vegetables
	Chapter 10
	Nicholas J. Sadgrove and Monique S. J. Simmonds, Royal Botanic Gardens – Kew, UK
	1 �Introduction
	4 �Assessing protective and therapeutic effects of phytochemicals
	5 �Types of phytochemical compounds: flavonoids, phenols, organosulphur compounds, alkaloids, lignans, sterols, tannins and soluble fibres
	7 �Herbs and spices as sources of phytochemicals
	8 Future trends in research
	9 Where to look for further information
	10 �Conclusion
	11 References

	Advances in understanding the role of plant phytochemicals in preventing cardiovascular disease
	Chapter 9
	Gulsun Akdemir Evrendilek, Bolu Abant Izzet Baysal University, Turkey
	1 �Introduction
	4 �Phytochemicals and their mode of action
	5 �Cancer-preventive effects of antioxidant and anti-inflammatory activities
	6 �Angiogenesis suppression activities of phytochemicals
	7 �Functions of phytochemicals in cell death pathway regulation
	8 �Combined use of phytochemicals with antineoplastic agents
	9 �Importance of delivery systems for phytochemicals
	10 �Routes of administration for phytochemicals

	Advances in understanding the role of plant phytochemicals in preventing cancer
	Chapter 8
	Greta Pileckaite and Ella O’Grady, School of Food Science and Environmental Health, Technological University Dublin – City Campus, Ireland; and Swarna Jaiswal and Amit K. Jaiswal, School of Food Science and Environmental Health, Technological University D
	1 �Introduction
	4 �Nutraceutical applications
	7 References

	Understanding the health benefits and nutraceutical properties of organosulphur compounds in vegetables
	Chapter 7
	Ella O'Grady and Greta Pileckaite, School of Food Science and Environmental Health, Technological University Dublin – City Campus, Ireland;  Aline Alberti, Graduate Program in Food Science and Technology, State University of Ponta Grossa, Brazil; and Swar
	1 �Introduction
	3 �Hydrolysis of glucosinolates and the glucosinolate–myrosinase system
	4 �Analysis of glucosinolates
	5 �Mechanisms of action of glucosinolates

	Nutraceutical potential of glucosinolates
	Chapter 6
	Ella O'Grady, Greta Pileckaite, Almha Gilheany and Endrita Kucana, School of Food Science and Environmental Health, Technological University Dublin - City Campus, Ireland; and Swarna Jaiswal and Amit K. Jaiswal, School of Food Science and Environmental He
	1 �Introduction
	4 �Potential health effects of glucosinolates
	7 �Conclusion and future trends
	8 �Where to look for further information
	9 References

	Health-promoting effects of glucosinolates and their breakdown products
	Chapter 5
	A. D. Diwan, S. N. Harke and A. N. Panche, MGM Institute of Biosciences & Technology, Mahatma Gandhi Mission University, India
	1 �Introduction
	4 �Role in treatment of diabetes
	5 �Anticancer properties and anti‑neoplastic activity in tumour suppression
	6 �Role in preventing cardiovascular disease and anti-thrombogenic activity
	7 �Neuro-protective activity
	8 �Anti-ulcerogenic, anti-inflammatory and hepato-protective activity

	Understanding the nutraceutical properties of flavonoids in fruits and vegetables: mechanisms of action
	Chapter 4
	A. D. Diwan, S. N. Harke and A. N. Panche, MGM Institute of Biosciences & Technology, Mahatma Gandhi Mission University, India
	1 �Introduction
	4 �Flavones and flavonols
	5 �Flavanones and flavanonols
	6 �Isoflavones and neoflavonoids
	7 �Flavanols, anthocyanidins and chalcones
	8 �Conclusion

	Understanding the nutraceutical properties of flavonoids in fruits and vegetables: chemical structure and groups
	Chapter 3
	Cristine Vanz Borges, São Paulo State University (UNESP), Brazil; Fabio Vianello, University of Padua (UNIPD), Italy; Ricardo Alfredo Kluge, University of São Paulo (USP), Brazil; and Giuseppina Pace Pereira Lima, São Paulo State University (UNESP), Brazi
	1 �Introduction
	3 �Effects of cultivation and post-harvest operations on phenolic compounds
	4 �Phenolic compounds and COVID-19
	5 �Improving phenolic compounds in fruits and vegetables

	Advances in understanding phenolic compounds in fruits and vegetables
	Chapter 2
	Ugunujhie Agbaje, Mallaidh Hyndman and Soraeya Kharaty, School of Food Science and Environmental Health, Technological University Dublin - City Campus, Ireland; and Swarna Jaiswal and Amit K. Jaiswal, School of Food Science and Environmental Health, Techn
	1 �Introduction
	3 �Mechanism of action of fruit and vegetable antioxidants
	4 �Antioxidants in human health and disease
	5 �Applications of fruit and vegetable antioxidants
	6 �Conclusion
	7 �Where to look for further information
	8 References

	Advances in understanding the nutraceutical properties of antioxidants in fruits and vegetables
	Chapter 1

	Understanding and optimising
	Contents
	Introduction
	Part 1  Phytochemical compounds in fruits and vegetables: polyphenols
	Chapter 1 Advances in understanding the nutraceutical properties of antioxidants in fruits and vegetables
	1 Introduction
	2 Antioxidants in fruits and vegetables


	Index


