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Series Preface

There will always be a need for analyzing methods of food compounds and properties.
Current trends in analyzing methods include automation, increasing the speed of analy-
ses, and miniaturization. The unit of detection has evolved over the years{from micro-
grams to picograms.

A classical pathway of analysis is sampling, sample preparation,-cléanup, derivatiza-
tion, separation, and detection. At every step, researchers are working and developing
new methodologies. A large number of papers are published evéry year on all facets of
analysis. So, there is a need for books that gather information on one kind of analysis
technique or on analysis methods of a specific group of foed«components.

The scope of the CRC Series on Food Analysis & Properties aims to present a range
of books edited by distinguished scientists and researchers who have significant experi-
ence in scientific pursuits and critical analysis. This§ series is designed to provide state-of-
the-art coverage on topics such as

1. Recent analysis techniques on a range of food components

2. Developments and evolution in analysis techniques related to food

3. Recent trends in analysis techniques of specific food components and/or a group
of related food components

4. The understanding of physical, chemical, and functional properties of foods

The book Phenolic Counipounds in Foods: Characterization and Analysis is the fifth
volume in this series,
I am happy to be a series editor of such books for the following reasons:

e [ am able to pass on my experience in editing high-quality books related to
food.

e Jset to know colleagues from all over the world more personally.

e\ I continue to learn about interesting developments in food analysis.

Aot of work is involved in the preparation of a book. I have been assisted and supported
by a number of people, all of whom I would like to thank. I would especially like to thank
the team at CRC Press/Taylor & Francis, with a special word of thanks to Steve Zollo,
Senior Editor.

Many, many thanks to all the editors and authors of this volume and future volumes.

I very much appreciate all their effort, time, and willingness to do a great job.

I dedicate this series to



Series Preface

e My wife, for her patience with me (and all the time I spend on my computer)
e All patients suffering from prostate cancer; knowing what this means, I am
hoping they will have some relief

Dr. Leo M. L. Nollet (Retired)
University College Ghent
Ghent, Belgium



Preface

Natural phenolic compounds have received a lot of attention in the last few years Since
a great amount of them can be found in plants and the consumption of vegetables and
beverages with a high level of such compounds may reduce risks of the dew¢lopment of
several diseases. This is partially due to their antioxidant power since other interactions
with cell functions have been discovered.

Phenolic compounds are one of the biggest and most widely, distributed groups of
secondary metabolites in plants. They play a role of protectiontagainst insects and other
plant stress elicitors. They are involved in many functions in, plants, such as sensorial
properties, structure, pollination, resistance to pests and-predators, germination, pro-
cesses of seed, development, and reproduction.

Phenolic compounds can be classified in differerttbways, ranging from simple mol-
ecules to highly polymerized compounds.

This book deals with all aspects of phenolic.compounds in food. This book has five
sections with 21 chapters:

Section I: Phenolic Compounds

Section II: Analysis Methods

Section III: Different Groups of Phenolic Compound Related to Foods
Section IV: Antioxidant Power

Section V: Phenolic Compaounds in Different Foodstuffs

In the chapters of Section I, the classification and occurrence of phenolic compounds
in nature and foodstuffs is addressed.

Section II discusses all major aspects of analysis of phenolic compounds in foods:
extraction, clean‘up, separation, and detection.

In Section III, the reader finds out more information about and facts on specific
analysis methods of a number of classes of phenolic compounds, from simple molecules
to complex compounds.

The antioxidant power of phenolic compounds is detailed in Section I'V.

In Section V, specific analysis methods in different foodstuffs are discussed.

Xi



Xii Preface

It is a great pleasure to thank all the contributors of each chapter. They did an excel-
lent job, and spent a lot of time and effort to deliver outstanding manuscripts.

Leo M. L. Nollet
Janet Alejandra Gutiérrez-Uribe

Nothing great was ever achieved without enthusiasm.

Ralph Waldo Emerson

I congratulate my co-editor, Janet, for her superb and persistent work on this projéct.

Leo’M. L. Nollet
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SECTION I

Phenolic Compounds
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CHAPTER 17

Phenolic Compounds
in Herbs and Spices

Laura A. de la Rosa, Nina del Rocio Martinez-Ruiz,
J. Abraham Dominguez-Avila, and Emilio Alvarez-Pariilla
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17.1 INTRODUCTION

Spice (from Latin, specles) is often used to refer to certain aromatic vegetable products
used whole, sliced,.or{powdered for seasoning food to give them special flavor and scent.
The concept of seasoning includes spices, but this term can also refer to products that
do not have a direct vegetable origin such as salt, vinegar, beer, and others. The hard
parts of certain aromatic plants, such as seeds or bark, are technically considered a spice.
Aromatic-herbs are sometimes confused with spices; their separation is not very clear,
although“flavors and scents in aromatic herbs are less concentrated and softer than in
spices, Herbs and spices added to food can be fresh, dried, or industrially manufactured.
Small quantities provide odors and flavors, generating a tasty and palatable food (Falder-
Rivero 2005).

The use of aromatic herbs and spices (H&S) is practically as old as humanity.
Primitive humans collected all kinds of fruits and herbs. There were harmless and poi-
sonous herbs, and with this, their recollection became selective. These people used many
plants for medicinal purposes and to accelerate the death of hunted animals. The major-
ity of spices can be considered native from tropical regions of Asia, and the Moluccan
Islands in Indonesia, also known as the “Spice Islands.” Some spices were grown in the
Mediterranean (anise, mustard) and others were taken to Europe by the pathfinder of
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America (e.g., vanilla, chili peppers, cocoa, and annatto). In China, Emperor Shen Nung
(3000 BC), compiled the knowledge of aromatic and medicinal plants. The Sumerians
used many aromatic plants in the preparation of food and medicines. This knowledge
was taken to Mesopotamia and Egypt. Aromatic herbs such as laurel and thyme were
cultivated in Babylon. Some exotic spices, such as saffron and cinnamon, migrated to
Egypt and Greece from the East. Sesame, poppy seeds, coriander, and cumin entered
Greece from Minor Asia. The Phoenicians spread spices and aromatic herbs such as
onion, garlic, mint, peppermint, thyme, rosemary, oregano, coriander, dill, and others in
the Mediterranean. They used some plants to prevent the spoilage of food. In the Middle
Ages, many spices and herbs from the East (e.g., cinnamon, clove, pepper, ginger, saffrom;
and cardamom) were highly sought due to the difficult transport of those spices durifigthe
fall of the Roman Empire. The Arabs of North Africa carried spices and herbs from the
Far East to Europe. Meanwhile, Marco Polo, through the East, and Columbgs; through
the West, tried to obtain spices from Asian producers. In the seventeenthyeentury, the
Netherlands, Portugal, Italy, and England monopolized the spice cominerce, while the
growing of different aromatic plants such as mustard began to spredd‘in Central Europe
(Civitello 2008; Filder-Rivero 2005). Finally, in the eighteenth and nineteenth centuries,
the active ingredients contained in many herbs and spices began to be synthesized in
laboratories (Civitello 2008). Today, spices like oregano androsemary are used as preser-
vatives and antioxidants in industrially manufactured foods such as sausages and other
meat products. Herbs and spices are an important group because they contain active
principles like alkaloids, essences, flavonoid glycosides, tannins, minerals, polyphenolic
compounds (PCs), and others that may bring benéfits to human health (Cameroni 2012).

Culinary use of herbal extracts and essential oils have increased in popularity as
natural sources of preservative agents, mainly-due to the extensive growth of these plants
and their effective and safe consumption:“Spices such as garlic, onion, cinnamon, clove,
and mustard have been effective in inhibiting the microbial spoilage of food (Stankevi&ius
et al. 2011). Parsley, fresh or dried,(inhibits the growth of Listeria monocytogenes L. and
Escherichia coli (Manderfeld et al»1997). However, the functional activity of PCs con-
tained in herbs and spices is influénced by factors like food culture and sensory preference
of individuals (Mercado-Mércado et al. 2013). An average PC consumption of 1 g/day
was suggested 25 yearsago (Scalbert and Williamson 2000). However, there is limited
data that reveals witly certainty the amount and type of PC consumed today. The pro-
files and identification of PCs in herbs and spices are still limited due mainly to the wide
variety of structures of the natural compounds, the lack of availability of commercial
standards (Vallverda-Queralt et al. 2014), and the different methods used to identify and
quantify these compounds (Stankevicius et al. 2011). The aim of this chapter is to pres-
ent relevant information about the main PCs, their biological activity, and the proximate
analysis and vitamin content found in the herbs and spices of greatest use in the world.
In'order to systematize this analysis, the USDA National Nutrient Database for Standard
Reference was used.

17.2 NUTRITIONAL CHARACTERISTICS

One of the most complete available compositional sets of information on the nutritional
properties of H&S is that published by the USDA (2014). Table 17.1 summarizes the
compositional and nutritional characteristics of the main H&S consumed in the United
States and other Western countries (USDA 2014). As previously stated, H&S are a wide
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TABLE 17.1  Macronutrient Contents (g/100 g) in Herbs and Spices

Herbs and Spices Water Protein Lipids Carbohydrates Fiber
Annatto paste? 60.60 3.10 2.80 22.60

Anise seed 9.54 17.60 15.90 50.02 14.60
Basil (fresh) 92.06 3.15 0.64 2.65 1.60
Basil dried 10.35 22.98 4.07 47.75 37.70
Bay leaf 5.44 7.61 8.36 74.97 26.30
Cardamom 8.28 10.76 6.7 68.47 28.00
Celery seed 6.04 18.07 25.27 41.35 11.80
Cinnamon (ground) 10.58 3.99 1.24 80.59 53510
Clove (ground) 9.87 5.97 13.00 65.53 33.90
Coriander leaf (dried) 7.30 21.93 4.78 521 10.40
Coriander seed 8.86 12.37 17.77 54.99 41.90
Cumin seed 8.06 17.81 22.27 44.24 10.50
Dill seed 7.70 15.98 14.54 55.17 21.10
Dill weed (dried) 7.30 19.96 4.36 55.82 13.60
Dill weed (fresh) 85.95 3.46 1.12 7.02 2.10
Epazote (raw) 89.21 0.33 0.52 7.44 3.80
Fennel seed 8.81 15.8 14.87 52.29 39.8
Garlic powder 6.45 16.55 073 72.73 9.00
Ginger (ground) 9.94 8.98 4.24 71.62 14.10
Mustard seed (ground) 5.27 26.08 36.24 28.09 12.20
Nutmeg (ground) 6.23 5.84 36.31 49.29 20.80
Onion powder 5.39 10:41 1.04 79.12 15.20
Oregano (dried) 9.93 9.00 4.28 68.92 42.50
Paprika 11.24 14.14 12.89 53.99 34.90
Parsley (dried) 5.89 26.63 5.48 50.64 26.70
Parsley (fresh) 87.71 2.97 0.79 6.33 3.30
Dry pepper (Pasilla) 14.84 12.35 15.85 51.13 26.80
Pepper 12.46 10.39 3.26 63.95 25.30
Pepper (red) 8.05 12.01 17.27 56.63 27.20
Peppermint (fresh) 78.65 3.75 0.94 14.89 8.00
Rosemary (dried) 9.31 4.88 15.22 64.06 42.60
Rosemary (fresh) 67.77 3.31 5.86 20.7 14.10
Saffron 11.90 11.43 5.85 65.37 3.90
Sage (ground) 7.96 10.63 12.75 60.73 40.30
Star‘aniseb 0.12

Tarragon (dried) 7.74 22.77 7.24 50.22 7.40
Thyme (dried) 7.79 9.11 7.43 63.94 37.00
Thyme (fresh) 65.11 5.56 1.68 24.45 14.00
Turmeric (ground) 12.85 9.68 3.25 67.14 22.70
Vanilla extract 52.58 0.06 0.06 12.65

Source: All data from the U.S. Department of Agriculture, USDA National Nutrient Database for
Standard Reference, Release 27, 2014, except where indicated:

@ Alvarez-Parrilla, E. et al., Food Science and Technology Campinas, 34, 371-378,2014.

b Dinesha, R. et al., Journal of Pharmacology and Phytochemistry, 2, 98-103, 2014.
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range of fresh and dry seeds, leafs, flowers, and other plant parts. According to water
content, H&S can be classified as fresh (water content higher than 65%), dry (water con-
tent lower than 23%), and seeds (water content lower than 10%). Annatto paste (60.6%
water content) is an exception to this behavior, and can be explained considering that
annatto paste is a complex mixture that includes annatto seeds mixed with corn starch,
ground pepper, salt, and other condiments. Protein content varies from 0.06 g/100 g in
vanilla extract to 26.63 g/100 g in dried parsley. In general terms, seeds and dry H&S
show higher protein content compared with fresh samples. Lipid content varies from
0.06 g/100 g in vanilla extract to 36.31 g/100 g in nutmeg. Interestingly, vanilla extraet
showed the lowest protein and lipid content, mainly because this sample is an ethanolic
extract. As in the case of proteins, seed showed the higher lipid content, followed by dry
H&S and finally fresh samples. Carbohydrate content ranged from 2.65 g/100 giin fresh
basil to 80.59 g/100 g in cinnamon, and showed the same pattern in lipids and-proteins.
Of particular interest is the fact that most herbs and spices contain at least@modest fiber
amount and a low sugar content, which makes them an adequate option to include as
part of a healthy diet.

17.3 MAIN PHENOLIC COMPOUNDS FOUND IN H&S

H&S are, in general terms, good sources of phenolic compounds and other bioactive phy-
tochemicals. For this reason, many of them have been traditionally used not only as food
ingredients but also as natural remedies. Table 17.2:;summarizes the information reported
by several authors on the content of total phenolic compounds, total flavonoids, and the
major phenolic compounds found in some_of\the most popular herbs and spices around
the world. All data are reported in dry weight basis and, when possible, in the same units,
in order to make comparison possible.

Phenolic compounds are a diverse group of phytochemicals containing at least one
hydroxyl group in an aromatic.ring. Classes of phenolic compounds include the phenolic
acids (hydroxyphenolic and hydroxycinnamic acids) and their derivatives, flavonoids (fla-
vones, isoflavones, flavonols;*flavanones, flavan-3-ols, anthocyanidins, and others) and
their derivatives, and other compounds with diverse structures including coumarins, stil-
benes, volatile compGunds, and others (Naczk and Shahidi 2004; Andrés-Lacueva et al.
2010). This structural complexity makes their identification and quantification a difficult
task; moreover,since they are secondary metabolites, their contents in the plant tissues
are dependent on many factors including genetics, developmental stage, environment,
and growingconditions (Beato et al. 2011; Lv et al. 2012; Bae et al. 2014). Many authors
studying/phenolic compounds in H&S and other foods have used the Folin—Ciocalteu
assay.(Singleton and Rossi 1965) to quantify total phenolic compounds. This is a simple,
sensitive, and reproducible spectroscopic method based on the generic reducing property
of all polyphenols, which makes it quite unspecific (Pérez-Jiménez et al. 2010). This low
specificity has the advantage that the method may account for almost all classes of pheno-
lic compounds, but the disadvantage that other nonphenolic reducing compounds (ascor-
bic acid or sugars, for example) can interfere and cause overestimation of the content of
total phenolic compounds (Naczk and Shahidi 2004). Nevertheless, the Folin—Ciocalteu
assay is very useful as a first approach to compare the content of phenolic compounds
in different plant samples. When assayed with the Folin-Ciocalteu method, total phe-
nolic compounds are expressed as equivalent to a simple phenolic standard (mainly gal-
lic acid) or to the main phenolic compound found in the sample. Table 17.2 shows that the
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content of total phenolic compounds varies widely among commonly consumed H&S.
Clove (Syzygium aromaticum L.), oregano (Origanum vulgare L.), peppermint (Mentha
x piperita L.), and star anise (Illicium verum Hook f.) are among the spices with the high-
est contents of total phenolic compounds (close to 20% gallic acid equivalents [GAE] in
dry weight); however, many other spices are also good sources of these compounds, con-
taining around 5-15% in dry weight (anise, cinnamon, dill, fennel, garlic powder, onion
powder, rosemary, sage, tarragon, thyme, and turmeric). Actually, clove, peppermint,
and star anise are the three foods richest in polyphenolic compounds according to the
Phenol-Explorer database (Rothwell et al. 2013), and many other spices are among the
100 richest dietary sources of polyphenols (Pérez-Jiménez et al. 2010). Important varia®
tion can be observed also in the values of total phenolic compounds found for theZsame
herb or spice by different authors or even in a single study. For example, fennel seeds have
been reported to contain between 0.63 and 9.00 g GAE/g of dry weight, depending on the
sample (whole seeds or commercial spices) and solvent used for extraction (water, metha-
nol, ethanol, or water/alcohol combinations). The same is true for almost-all H&S listed
in Table 17.2. The most common sources of natural variation are plant variety or type
of sample, and the most common experimental factor of variation. is the type of solvent
used for extraction. In general, all studies show that the best solvents for the extraction
of phenolic compounds from H&S samples are water or algohol/water (50/50 or 80/20)
combinations.

Among the different classes of phenolic compounds; flavonoids are remarkable for
their bioactivity and are widely distributed among(the plant kingdom. They comprise
several structural classes and in nature are foundumostly glycosylated in different posi-
tions and with different types and numbers of sugar moieties. Identification and quan-
tification of individual flavonoids is usuallycarried out by HPLC, and many times only
the aglycone component of the molecule¢an be identified, since commercial standards
for the glycosides are difficult to obtain. However, a simple spectroscopic method has
been developed, and is sometime§ used to quantify total flavonoids by their reaction
with sodium nitrate followed by/the formation of a flavonoid-aluminum complex,
which is detected at 510 nm {ZHishen et al. 1999). Total flavonoids determined by the
aluminum complexation method in spices are reported as equivalents of catechin (a
flavan-3-ol), quercetin (a\flavonol), and rutin (a quercetin glycoside), which are among
the most widely distributed flavonoid compounds. Their contents range from under
1 milligram/gram ©f dry sample (in coriander and cumin seed, and garlic powder) to
over 100 milligrams/gram in oregano and star anise, which are also high in total phe-
nolic compounds.

Individual phenolic compounds (flavonoids and other classes) have been identified in
herbs andspices by means of HPLC and, more recently, HPLC/MS. As mentioned before,
HPLEC analysis is hampered by a lack of standards due to the great diversity of individual
phenolic compounds in the plant kingdom. Some phenolic compounds are fairly common
in“almost all herbs and spices, and actually in almost all plant foods, like the flavonoid
quercetin and the hydroxycinammic acid caffeic acid; however, they are almost always
present in the form of derivatives. Caffeic acid is usually sterified with quinic acid form-
ing chlorogenic acid or other caffeoyl-quinic derivatives; quercetin is always glycosylated
(Andrés-Lacueva et al. 2010). In H&S, the flavones luteolin and apigenin are some of
the most common flavonoids (see Table 17.2) and the presence of volatile phenols, such
as eugenol, anethole, and carvacrol, is also frequent. In addition to to these ubiquitous
phenolic compounds, some families of H&S contain some unique phenolic components,
many of them with strong biological activity.
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Rosmarinic acid is a hydroxycinnamic acid abundant in spices from the Lamiaceae
family (basil, oregano, peppermint, rosemary, sage, thyme) and some of the Apiaceae
family (anise and cumin). Other characteristic compounds of some species of the family
Lamiaceae are the phenolic terpenoids carnosol, carnosic acid (rosemary and sage), and
thymol (thyme). Peppermint also contains the uncommon flavonoid eriodictyol.

Sinapic acid and its derivative sinapine are the major phenolic compounds in mus-
tard, from the Brassicaceae family, but cannot be found in other spices although they are
also present in other foods, but are not common (Rothwell et al. 2013). Vanilla extract
(Vanilla planifolia Andrews, family Orchidaceae) is recognized for its unique component
vanillin, derived from vanillic acid (which is, in contrast, a quite common hydroxyben?
zoic acid) and phenolic alcohols and aldehydes.

Finally, spices from the Zingiberaceae family possess some of the most ‘remark-
able phenolic compounds. Ginger (Zingiber officinale Roscoe) contains gingerols and
shogaols, while turmeric, the dried rhizome of Curcuma longa L., contains high amounts
(up to 9.18%) of curcuminoids, unique polyphenolic compounds, with §trong biological
activity.

174 HEALTH EFFECTS OF H&S

Recently, H&S have been considered an important source of bioactive compounds like
polyphenols with benefits to human health (i.e., stimulants digestive, anti-inflammatory,
antimicrobial, and anticarcinogenic activity, among others). As formerly reported, H&S
present a high content of PCs such as flavonoidsyand hydroxycinnamic acids, which have
shown biological effects in the chelation for*heavy metals, scavenging radicals, inhibition
of cell proliferation, enzyme modulation, and signal transduction (Vallverdia-Queralt et al.
2014). The radicals scavenging activity.of PCs (antioxidant capacity) has been associated
with vasodilator, vascular protective; antithrombotic, antilipemic, antiatherosclerotic,
and antiapoptotic effects (Mercado-Mercado et al. 2013). An indirect protective effect
of PCs has been proposed, inswhich PCs reduce food lipid oxidation (conjugated dienes,
hydroperoxides, hexanal) dutring cooking and storage, preventing the formation of free
radicals and cytotoxic and genotoxic compounds in the gastrointestinal tract (Mercado-
Mercado et al. 2013).In this context, annatto and dry hot peppers showed protection
against chopped caoked pork meat stored at 4 °C for 16 days, indicating that the use of
spices or spice extracts may protect meat against lipid oxidation (Alvarez-Parrilla et al.
2014). Even though several H&S have been used in traditional medicine, the number of
clinical studies to prove their activity is scarce. Among H&S, garlic and turmeric may
be two 6fithe most studied spices. In the following section the effect of H&S on several
diseases will be described.

17.41 Cardiovascular Diseases (CD)

The beneficial effects of H&S on CD have been related to the decrease on plasma triglycer-
ides, cholesterol, and LDL-cholesterol, as well as platelet aggregation and LDL-oxidation
inhibition (Viuda-Martos et al. 2011). Lee et al. (2006) reported that carnasol, a pheno-
lic diterpene present in H&S from the Laminaceae family (basil, oregano, peppermint,
rosemary, sage, thyme) inhibited platelet aggregation by inhibition of the thromboxane
A2 receptor. Other studies have associated the presence of flavonoids (quercetin, luteolin,
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and kaempherol) and chlorogenic acid—impeded platelet aggregation (Viuda-Martos et
al. 2011). Srinivasan (2005) reported that the consumption of large amounts of garlic and
onion reduced total cholesterol in humans. Meta-analysis and clinical trials showed that
supplementation with curcumin, the main component of turmeric, significantly reduced
the risk factor of cardiovascular disease and has been effective against atherosclerosis,
myocardial infarction, platelet aggregation, and LDL-oxidation (Prasad et al. 2014).

17.4.2 Cancer

Even though clinical studies have not conclusively correlated the consumption ofdH&S
with protection against cancer, several in vitro and animal studies have demonstrated the
protective effect of H&S extracts against several cancers (Wargovich et al. 2001; Viuda-
Martos et al. 2011). This protective effect of H&S phenolic compounds against cancer
has been related to different mechanisms which include: (1) scavenging of ROS species,
(2) scavenging of carcinogenic species, (3) inhibition of phase I enzymes, (4) induction
of phase II enzymes, and (5) induction of apoptosis, among otHers (Viuda-Martos et
al. 2011; Mercado-Mercado et al. 2013). Several authors have suggested that capsaicin,
the main phytochemical of peppers, promotes apoptosis ofcatrcinogenic cells, probably
through a stress-related mechanism (Sdnchez et al. 2008): Carnosol, a phenolic diterpene
found in rosemary, showed anticarcinogenic activity in leukemia cells due to cell apop-
tosis caused by mitochondrial membrane depolarization (Dorrie et al. 2001). Probably
one of the most studied H&S phenolic compouiids as anticarcinogenic is curcumin. It
has been demonstrated its action against leukémia, lymphoma, melanoma, sarcoma, as
well as gastrointestinal, breast, ovarian, lung, and neurological cancers, among others,
by modulating multiple cell signaling pathways (Prasad et al. 2014).

17.4.3 Inflammation

Probably one of the most-studied effects of H&S PCs is their anti-inflammatory activity.
There are several in vitrosin vivo, and clinical trials that demonstrate the anti-inflammatory
effect of extracts or pure PCs (curcumin, eugenol, capsaicin) (Srinivasan 2005). Currently,
there are several topical creams and tablets used to treat inflammatory processes associ-
ated with rheumatism, backache, skin rashes, and as odontological analgesics, in which
extracts or pure PC such as capsaicin are used. The administration of a single dose of
curcumin, \eugenol, or capsaicin reduced by about 50 percent the carrageenan-induced
inflamm@ation in rats. Several H&S extracts (bay leaf, anise, lemon myrtle, pepper) and
pureyPCs (curcumin, galangin, quercetin) have shown anti-inflammatory activity in cell
and.rat models through the inhibition of COX-2, COX-1, and iNOS enzymes (Viuda-
Martos et al. 2011; Guo et al. 2014; Prasad et al. 2014). Srinvansan et al. (2005) proposed
that the anti-inflammatory activity of H&S is due to the phenolic compounds that reduce
the synthesis of prostaglandin E, and other proinflammatory compounds.

17.4.4 Obesity

In the last few years there has been an increasing interest in studying the effect of H&S
in obesity and metabolic syndrome control, because these two diseases are becoming
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prime health issues in both developed and developing countries. According to the World
Health Organization, every year 2.8 million people died from overweight- and obesity-
related diseases (WHO 2013). Several mechanisms of action have been proposed to
explain the antiobesity effect of H&S. They are known to activate the gastric system,
increasing salivation and release of gastric and bile juices, which favor the digestion
process and exert a thermogenic effect (Viuda-Martos et al. 2011). Another mecha-
nism of action of polyphenolic compounds present in H&S in weight control, is that
these compounds are able to inhibit pancreatic lipase through a noncompetitive pat-
tern, decreasing lipid absorption (Wu et al. 2013). In vitro and in vivo studies have
shown that flavonoids, stilbenes, phenolic acids, capsaicin, and procyanidins control
obesity through downregulating adipogenesis as well as some obesity-related inflamama-
tory markers (Mukherjee et al. 2015). Capsaicin inhibited adipogenesis and.promoted
adipocyte apoptosis through the activation of AMKP in pre-adipocyte 3T3-L1 cells
(Alcala Hernandez et al. 2015). The antiobesity and anti-inflammatory activity of this
compound has been also attributed to the reduction of adipose TNFa, MCP-1, and IL-6,
and the increase of adiponectine levels when measured in obese mice“fed with a capsa-
icin rich diet (Kang et al. 2007).

17.5 CONCLUSION

H&S are, in general terms, good sources of pheneli¢’ compounds and other bioactive
phytochemicals. The major PCs present in H&Stare flavones such as luteolin and api-
genin, and volatile phenolics such as eugenol,carbacrol, and anetole. They also contain
common phenolic acids and unique compotinds such as rosmarinic acid, gingeriols, and
curcuminoids. Their large diversity makes-it necessary to carry out systematic charac-
terization of compounds in some spices.that have not been well-studied. In vitro and in
vivo studies, and some clinical tridlsy suggest that the polyphenolics compounds present
in H&S may be associated with beneficial effects against several diseases, including car-
diovascular diseases, cancer, inflammation, and obesity.
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135-136
Cassia spp. (Fabaceae), 136-137
Morinda sp. (Rubiaceae), 136
Rhbeum spp. (Polygonaceae), 134-135
vegetables, 137-138
Electrochemical techniques, 276
Electron transfer chain (ETC), 262
Electrophilic aromatic substitution reactions,
292
Electrospray ionization (ESI), 112
Ellagic acid, 239, 367
Ellagitannins (ET), 24, 26, 231, 239, 305,
323-324, 399
Emodin, 152, 154, 156
Emodin-type pigments, 133
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Encapsulation, 274
Endogenous antioxidant system, 263f
phenolic compounds and; see also
Antioxidant power
about, 262, 263f
enzymatic antioxidants, 264-265
nonenzymatic endogenous antioxidants,
265-266
Enterolignans, 186, 188
Enzymatic antioxidants, 264-265
Enzymatic degradation, 206
Enzyme-assisted extraction (EAE), 63-64,
64t; see also Extraction methods for
phenolics
Epicatechin, 321-322, 383, 387, 397, 409-410
Epigallocatechin, 321, 397
Epsilon-viniferin, 121f
Escherichia coli, 334
Esterification glycosides, 186
Estrogenic activity, anthraquinones, 154
Ethanol-salt systems, 76
Ethyl acetate, 76
EU Directive 94/36/EC (Color Directive), 141
Eugenol, 344, 347
Eumelanins, 15
European Economic Community (EEC), 135
European Food Safety Authority (EFSA), 141,
147
European madder roots, 142
Eurotium, 139, 139f
Excretion functions of anthraquinones,
153-154
Exogenous antioxidant system, phenolic
compounds and; see also Antioxidant
power
nonphenolic compounds; 267-269
phenolic compounds;266-267
Extractable (EPCs);361
Extraction methéds for phenolics
enzyme-assisted extraction (EAE), 63-64,
64t
micfowave assisted extraction (MAE),
64-66, 64t
oyerview, 61, 62t
pressurized liquid extraction (PLE), 66
solvent extraction (SE), 62-63, 62t
supercritical fluids extraction (SFE), 67-68
ultrasound assisted extraction (UAE),
64-66, 64t

F

Faba bean, 321

Fast atom bombardment (FAB), 112
Fatty acids, 76

Index

Female gametocyte, 125
Fennel seeds, 344
Fermentation, 398
Ferric reducing antioxidant power (FRAP),
275, 412
assays, 366
Ferulic acid, 43, 47t, 78, 324, 325-326, 327,
356,409-410, 412
Figs (Ficus carica L.), 356, 365
Firmicutes/Bacteroidetes ratio, 239
Flame atomic absorption spectrometry
(FAAS), 221
Flavanols, 28, 38, 41t
Flavan-3-ols, 174t, 293, 302
Flavanols and condensed tannins
chemical structure, 298-300
flavonols, 302-303
phenolic acids, 303-305
reactions with proteins/their role for wine
mouthfeel properties, 300-302
Flavanones, 38,41t, 174t
Flavones, 38, 41t; 174t
Flavonoids, 266, 267, 347
about,10-12, 11f, 12f, 34
antimicrobial activity, 320
bioavailability, 178-179
chemistry of, 173-178, 174t-175t
content of legumes of common and
unconventional use, 320t
dimers, 14
in food, 36-40, 37f, 39t-40t, 41t
glycosides, 176
groups of, 10, 10f, 11f
in human diet foodstuffs, 119
minor, 10, 12f
overview, 173
role during plant growth, 47t
Flavonol glycosides, 177
Flavonolignan, 204
Flavonolignin, 204
Flavonols, 38, 175t
role in wine, 303
Flavylium, 297
Flaxseed oil (Linum usitatissimum L.), 412,
see also Vegetable oils, phenolics in
Fluorescein, 275
Folin-Ciocalteau reagent (FCR), 218, 221
Folin—Ciocalteu assay, 336-337
Folin—Ciocalteu reagent, 22, 321, 362
Folin-Denis reagent, 22
Food
classification/health benefits
about, 34, 36
flavonoids, 36-40, 37f, 39t-40t, 41t
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phenolic acids, 40-43, 42t, 44t
silbenes/lignans/tannins, 43-46, 45t
distribution of phenolic compounds, 49-51,
50t, 51t
metabolism of phenolic compounds in
food-grade plants, 48-49
overview of, 33-34
phenolic compounds in food-grade plants,
46-48, 47t
total phenolic compounds in, 34, 35t-36t
Food and Drug Administration (FDA), 105
Food by-products, 234-235; see also Tannins
Food-grade plants
metabolism of phenolic compounds in,
48-49
phenolic compounds in, 46-48, 47t
Food packaging, polyphenols in, 27-28;
see also Natural polyphenols
Food preservative properties of stilbenes,
123
Food processing, stability in, 150-151;
see also Anthraquinones
Food processing and storage, 272
Forastero beans, 378-379
Formononetin, 322
Fourier transform infrared (FT-IR), 207, 222
Fourier transform—-near infrared (FT-NIR),
208
Frangula alnus, 157
FRAP assay, 189
Free radicals, 262
Freezing, 400
Fruits
total flavonoid content in, 39¢
total phenolic acid, 42t
total phenolic compaéunds in pulp/peel of,
50t
total phenolic content, 35t
unripe, and tanhin contents, 46
Fruits, phenolic'‘compounds in, 355-368
antioxidant capacities of fruit extracts,
366-367
antioxidant contribution and health
benefits, 367-368
conventional and nonconventional
quantification, 361-362, 363t-364t,
365-366
overview, 355
tropical, subtropical, and traditional fruits,
356, 357t-360t, 361
Fruits/vegetables, 231-232; see also Tannins
Fucols, 213
Fucophlorethols, 213
Fuhalos, 213

Fusarium spp., 325
Fuzhuan brick-tea (Camelia sinensis var.
sinensis), 138-139

G
Galangin, 346
Gallic acid, 80, 213, 241, 321, 344, 366, 367,
397, 409-410
dimers, 305
Gallic acid equivalents (GAE), 221
Gallocatechin, 321
Gallotannins, 24, 231, 305, 323-324
Gamma-oryzanol, 410
Garcinia mangostana L., 100, 100f
Gas chromatography (GC), 207
Gas chromatography—mass spectrometry
(GCMS), 365
Gel permeation chromategraphy (GPC), 207
Genetically modifiedrorganism (GMO), 146
Genistein, 409-410
Genistin, 409-410
Gentisic acid,'321
Gilbert syndrome patients, 266
GingerZingiber officinale), 399
Gingér)(Zingiber officinale Roscoe), 345
Gingerols, 345
Ginkgo biloba, 14
Glucose, 176
metabolism, anthraquinones, 154
Glucose transporter 4 (GLUT 4), 240
B-glucosidase, 409
Glutathione (GSH), 264, 265, 304
Glutathione disulfide (GSSG), 264
Glycosides, 134
of pelargonidin, 177
Glycosylated flavonoids, 176
Glycosylation, 173, 176
Glycoxidation (glycation-oxidation), 269
Grains, total flavonoid content in, 40t
Grape
anthocyanins, 296
flavan-3-ols, 298, 2991, 300
secondary metabolites, 291
seed oil, 411; see also Vegetable oils,
phenolics in
and wine phenolics, chemical classification
of, 292-294
Grape reaction product (GRP), 304
Grape seed-derived polyphenolic extracts
(GSPE), 234
Grapevines, synthesis of trans-resveratrol in,
122
Gravimetric method, 207-208, 218; see also
Lignins
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Green grapes (Vitis riparia), 356

Guaiacyl (G) lignin, 202

Guaiacyl-syringyl-hydroxy-phenyl (GSH)
lignin, 202

Guaiacyl-syringyl (GS) lignin, 202

Guava (Psidium guajava L.), 356

H
Haden mangoes, 356
Hamamelis virginiana, 24
Hamamelitannins, 24
Hawthorn (Crataegus laevigata), 365
Healthy individuals, oxidative stress in, 270;
see also Oxidative stress
Heat pasteurization, 399
Helix pomatia B-glucuronidase/sulfatase, 189
Hemicellulose, lignin and, 201, 207
Hemoglobin, 221
glycation, 269
Hepatoprotective effect of tannins, 243
Herbs and spices, phenolic compounds in, 34,
36t, 333-347
contents and profile of, 337t-343t
health effects, 345-347
main compounds, 336-345
nutritional characteristics, 334-336
overview, 333-334
Herbs/spices, total flavonoid content in, 39t
Hide powder method, 218
Hidroxybenzoic acid, 41, 44t
Hidroxycinnamic acid, 44t
High-performance liquid chromatography
(HPLC), 112, 207, 2085221, 222
High performance liquid chromatography
coupled to electrospray ionization
and quadrupoleitime of flight—
mass spectrometry (HPLC-ESI-
QTOF-MS),113
High-performanc¢eliquid chromatography
coupled with mass spectrometry
detection (HPLC-MS), 101, 112, 365
High speed counter current chromatography
(HSCCC), 76, 86-88, 89t, 90t
Himalayan yellow raspberry, 367
Histones, 269
HPLC-diode array detector (HPLC-DAD)
analyses, 365
Human telomerase reverse transcriptase
(hTERT), 127
Hybrid lignans, 13
Hydrogen atom transfer (HAT), 274
Hydrogen peroxide, 206, 262
Hydrolyzable tannins (HT), 15, 24, 45, 213,
214t, 232, 240, 293, 305-306

Index

Hydrophilic-hydrophobic balance, 28

Hydrophobicity, 301

Hydrostatic pressure treatments, 401

Hydroxy-acetogenins, 86

Hydroxyanthraquinone derivatives, 133

Hydroxybenzoic acids, 41, 304

p-hydroxybenzoic acids, 80, 321, 324, 327,
410

Hydroxycinnamates, 304, 304f, 305

2-hydroxycinnamic acid, 409-410

Hydroxycinnamic acids, 6, 7, 7f, 34, 40, 293,
304, 3285, 326, 336, 344, 345, 356

8-hydroxy-2’-deoxyguanosine (SOHdG); 270

Hydroxyl groups, 9

holders, 22

Hydroxyls, 202

Hydroxyphenolic acids, 336

Hydroxytyrosol, 86

Hyperbilirubinemia, 266

Hyperglycemia, 271

Hyperlipidemiag241

1
Identification of lignans, 189; see also Lignans
Indianmulberry (Morinda citrifolia L.,
Rubiaceae), 136, 136f

Taducible nitric oxide synthase (iNOS), 127
Inflammation

effects of herbs and spices on, 346
Infrared spectroscopy, 110
Insoluble phenolics, 5
Insoluble tannins, 213; see also Tannins
Insulin-mediated glucose transport, 240
Insulin receptor (IR), 240
Interferon-inducible protein 10 (IP-10), 105
Ionic liquids (IL), 63
Irradiation treatment, 401-402
Isocoumarin, 7
Isoflavones, 38, 40, 41t, 174t
Isoflavonoids, groups of, 10, 11f
Isoformononetin, 322
Isolariciresinol, 323, 412
Isolation of lignins, 206-207

J

Jackfruit (Artocarpus heterophyllus Lam.),
356

Japanese Food Sanitation Law in 1995, 142

Jujubes (Ziziphus jujube Mill.), 365

K

Kaempferol, 302, 321, 322, 345-346, 399
Katsuobushi (Karebushi), 139-140
Kiwifruit (Actinidia chinensis Planch.), 356
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Klason method, 207
Kraft process, 207

L
Labiataetannins, 24
Lactase phloridzin hydrolase (LPH), 178, 179
Lariciresinol, 323
LC-ESI-MS analysis, 86, 88, 90, 91f, 189
Legislation and use, anthraquinones as
colorants
American Rules, 141
in Asian countries, 142
European Standards, 141
Legumes, 229-230; see also Tannins
total phenolic acid, 42t
total phenolic content, 35t
Legumes, phenolic compounds in, 319-324
flavonoids, 321-322
lignans, 322-323
phenolic acids, 321
stilbenes, 323
tannins, 323-324
Lemons (Citrus x limon L.), 361
Lentil (Lens esculenta), 319
Liberation, absorption, distribution,
metabolism, and elimination
(LADME), 178
Lignans, 12-13, 34, 43-46, 45t, 322-323
biological activities, 188-189
chemical structure of, 13f
classification, 13
databases, 190-191
defined, 13
dietary/chemical structural diversity, 185-186
effect of processing, 191192
in foods, 186
identification of lignans in food, 189
lignan-rich diets; 189
metabolism of/186-188
Lignificationy206
Lignins, 34
about,14-15, 14f
classification, 202-204
content in food, 205, 206t
content of whole grain/fresh fruits/
vegetables, 205t
food sources of, 15
isolation/purification, 206-207
overview, 201
quantification techniques
chromatographic methods, 208
gravimetric method, 207-208
mass characterization, 208
spectrophotometric method, 208

synthesis, 204
uses in food, 208-209
Lignosulfonate, 204
Liliaceae family, 135
Lipid, anthraquinones on, 154
Lipid oxidation, 269
Lipinski’s rule, 27
Liquid botanical supplements, 103
Liquid chromatography, 78
Liquid chromatography—electrospray—
tandem mass spectrometry
(LC-ESI-MS), 222
Liquid chromatography— mass spectrometry,
189
Liquid-liquid extraction (LLE) niethod, 75-78,
77t, 109, 408; see also, Cleanup
method for extracts
Liquid-liquid partition chromatographic
technique, 85
Liquid solvent extraction, 361
Listeria monocytogenes L., 334
Litchi flower—water extract (LFWE), 239
Lixiviation,382
Loquat((Eriobotrya japonica L.), 206
Low-density lipoprotein (LDL), 241
Lueidin, 155
Lucidin-primeveroside, 144
Lupinus, 319
phenolic compounds concentration in, 321
Luteolin, 321, 345-346, 409-410
Luteolin glycosides (flavones), 321-322
Lychee (Litchi chinensis Sonn.), 99, 105-109,
107t, 108t, 356; see also Xanthones
pericarp, 364
Lycopene
effect of boiling, baking and frying on,
395-396

M

Macadamia nut (Macadamia ternifolia), 232

Macromolecule oxidation, biomarkers of,
269-270

Macrophage inflammatory protein-1 4 (MIP-1
B), 105

Madder color, 142

Madder root (Rubia tinctorum Linn.,
Rubiaceae), 142-144

Madder root compounds, 155-156; see also
Anthraquinones

Magnetic separation and MIP (MMIP), 80

Maillard reaction, 397

Maize (Zea mays), 325

Maize phenolics extract, 78

Malvidin, 296
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Malvinidin, 325
Mangiferin
about, 106, 107t
antioxidant capacity of, 108t
biological activities of, 108
chemical structure, 108f
and total polyphenolic compounds, 108t
Mango (Magnifera indica L.), 99, 356, 400
Mangosteen fruit (Garcinia mangostana
L.,), 99, 100-105, 102t; see also
Xanthones
Mass characterization, 208; see also Lignins
Mass spectrometry (MS), 110, 112
Matairesinol, 323, 412
Matrix-assisted laser desorption ionization
(MALDI), 112
Matrix metalloproteinase (MMP), 242, 270
M-coumaric acid, 321
Mediterranean diet, 271
Melanins, defined, 15
Melanoidins, 397
Meranzin hydrate, 365
Metabolic diseases, tannins and
cancer, 242
coronary or cardiovascular disease (CD),
241-242
diabetes, 239-241
hepatoprotective effect, 243
neuroprotective effects, 243
obesity, 235-239, 236t-238t
Metabolic syndrome control
effects of herbs and spices on, 346-347
Metabolism of lignans, 186-188
Metabolism of phenolic compounds
in food-grade plants, 48-49
Methanol
as extracting solvents; 109
Methanolic and aqueous extracts, 235
Methanol-water ‘partition (M:W), 86
Methylated flavonoids, 179
Methylation, 173
Methylglyoxal (MG)-induced mitochondrial
dysfunction, 125
Mierobes
anthraquinone in, 157-158
colored anthraquinones from, see Colored
anthraquinones
Microbial consortia producing
anthraquinones, in Asian countries;
see also Anthraquinones
Fuzhuan brick-tea (Camelia sinensis var.
sinensis), 138-139
Katsuobushi (Karebushi), 139-140
Micronization, lignan content, 192

Index

Microwave assisted extraction (MAE), 62t,
64-66, 64t, 110; see also Extraction
methods for phenolics

Microwaves, 65

Mid-infrared (MIR) reflectance spectroscopy,
361

MIP, see Molecularly imprinted polymers
(MIP)

Mn superoxide dismutase (MnSOD), 124

Model systems, stability in, 148-150

Molecularly imprinted polymers (MIP),
78-80, 79t; see also Cleanup method
for extracts

Monocotyledons, 202

Monolignols, 14, 202

homodehydrodimerization; 204

Monomers, 9

Monophenolic carboxyli€ acids, 24

Morinda sp. (Rubiaceae), 136

Muskmelon (Cucumiis melo L.), 400

Mustard, 333-334

Myricetin, 321,399

Myricetin-3=O-rhamnoside (flavonol),
321-322

N
Na+-dependent glucose cotransporter
(SGLT1), 178
NADES, 63
Naphthoquinones, 34
Naphtoquinones, 7f, 8
Naringin, 365
National Toxicology Program, 155
Natural polyphenols
anti-nutritious to antioxidant roles, 24-25
bioactive polyphenols, 26-27
bioavailability, 27
definitions, 23-24
future applications
food packaging, 27-28
sulfated polyphenols, 28
history/research, 22-23
overview, 21-22
polyphenol-protein interactions, 25-26
Natural Red™, 148; see also Colored
anthraquinones
Near-infrared spectroscopy (NIR), 222
Near (NIR) reflectance spectroscopy, 361
Neoflavonoids, groups of, 10, 12f
Neolignans, 12-13, 34
classification, 13
defined, 13
Nernst’s Partition law, 86
Neuroprotective effects of tannins, 243
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Neutral detergent fiber (NDF), 207
NHEK, 87, 91
Niemann-Pick C1-Like 1 (NPC1L1), 217
Nitric oxide (NO) bioavailability
cocoa flavanols and, 387
Nonenzymatic endogenous antioxidants,
265-266
Non-extractable (NEPCs), 361
Nonfat cocoa solids (NFCS), 386
Non-flavonoids, 119, 1201, 266
Nonflavonoids (minor) constituents of wine;
see also Wines
hydrolyzable tannins, 305-306
stilbenes, 306
volatile phenols, 306-307
Non-hydrolyzable tannins, 213; see also
Proanthocyanidins (PACs)
Noni products, 136
Nonphenolic compounds
and exogenous antioxidant system,
267-269
Normal human dermal fibroblasts (NHDF),
87,91
Nuclear magnetic resonance (NMR), 110,
208,222, 365
Nuclear Overhauser effect in laboratory frame
(NOESY), 111
Nuts, 232; see also Tannins
total phenolics in, 35t, 51t

(0}
Oats, 326
phenolic acids in, 50, 51t
Obesity, 324
effects of herbs and spices.on, 346-347
tannins on, 235-239,236t-238t
Oil matrix, 191
Oligomeric lignans;™13
Oligomeric phenylpropanoids, 13
Olive oil (Oleayeuropea), 408-409; see also
Vegetable oils, phenolics in
OlivesAOlea europaea L.), 365
O-naethylation of flavonoids, 177
One.aromatic ring, phenolic compounds with
with C,, C,-C, and C,-C, carbon skeletons,
6
with C,-C; carbon skeletons, 6-7
with C4-C, carbon skeletons
(naphtoquinones), 8
Opuntia cacti, 145
Oranges (Citrus sinensis L.), 361
Oregano (Origanum vulgare L.), 344
Organosolv isolation, 207
Orotawa cultivar, 356
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Oxidative damage to DNA, 270
Oxidative stress, 153; see also Antioxidant
power
about, 262
biomarkers of macromolecule oxidation,
269-270
in disease, 271
in healthy individuals, 270
Oxygenated xanthones, 8
Oxygen radical absorbance capacity (ORAC);
104, 412
assays, 365, 366
method, 275-276
Oxyneolignans, 13
Ozone processing, 401

P
Palm oil (Elaeis guineensis jacquin), 411;
see also Vegetable oils, phenolics in
Pancreatic lipase (PL) enzyme, 235
Papaya (Caricapapaya L.), 356,400
Partial leasgsquares (PLS), 366-367
Partitioning;78
Partition ratio, 86
Passion fruits (Passiflora edulis Sims.), 365
p~coumaric acids, 321, 324, 327, 356, 367,
410, 411, 412
p-coumaryl, 14
p-coumaryl alcohol, 203f
Peaches (Prunus persica L.), 361
Peanut (Arachis hypogaea), 319
Pears (Pyrus sp.), 361
Pelargonidin-3-glucoside, 177
Pelargonidin-3-malonyl-glucoside, 177
Pelargonidin-3-O-glucoside, 296
Pelragonidin, 325
Penicillium oxalicum var armeniaca, 147, 148
Peonidin, 325
Peppermint (Mentha x piperita L.), 344, 345
Peripheral blood-derived mononuclear cells
(PBMC), 126
Peripheral blood mononuclear (PBMN) cells, 243
Peroxyl radicals, 276
Persimmons (Diospyros sp.), 361
Persimmon tannins, 217, 241; see also Tannins
Petunidin, 325
Phase diagram of water, 66f
Phases for recovery of phenolics, 79t
Phenol-Explorer, 191
database, 344
Phenolic acids, 6, 321, 347; see also Legumes,
phenolic compounds in
about, 34
in cereals, 325-327
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dietary sources of, 42t, 43
flavanols and condensed tannins, 303-305
in food, 40-43, 42t, 44t
reported in cereals grains, 326t
role in wine, 304
Phenolic aldehydes (C6-C1), 6
Phenolic compounds
and exogenous antioxidant system,
266-267
Phenolics, classification of
with one aromatic ring
with C,, C,~C, and C,~C, carbon
skeletons, 6
with C,~C, carbon skeletons, 6-7
with C,—~C, carbon skeletons
(naphtoquinones), 8
overview, 3-5, 4t-5t
with three or more aromatic rings
biflavonoids, 14
catechol melanins, 15
lignins, 14-135, 14f
tannins, 15-16
with two aromatic rings
anthraquinones, 9, 10f
flavonoids, 10-12, 11f, 12f
lignans/neolignans, 12-13
stilbenes, 9, 9f
xanthones, 8, 8f
Phenylacetic acids (C6-C2), 34
Phenyl alanine ammonia lyase (PAL), 7, 49,
173,204
Phenylbenzopyran chemical structure,/36
2-phenylbenzopyrans, 10
Phenylpropanoid compounds,®,-46
Phenylpropenes, 6, 34
Pheomelanins, 15
Phlorethols, 213
Phlorotannins (PHT);716, 24, 213, 215t
Phospholipids, 407
Physcion, 152
B-phycoerythrin (B-PE), 275
Phytoalexins, 7, 306, 320
Phytoestrogens, 124
in plants, 44
Phytosterols, 410
Piceatannol, 323
Pigment Red 83, 144
Pineapple (Ananas comosus L.), 356
Pink madder, 142
Pinocembrin, 321
Pinoresinol, 323, 412
Plants
anthraquinone in, 156-157
lignans, 186

Index

phenolics, 25
polyphenols, 23-24
Polyamide, 110
Polydopamine (PDA), 80
Polyethylene glycol (PEG), 221
Polyhydroxyanthraquinone ®-hydroxyemodin
(OHM), 153
Polyisoprenylated benzoquinone structure,
265
Polylactic acid (PLA), 123
Polymeric phloroglucinol derivatives, 46
Polyphenol-lipid interaction, 217
Polyphenol-protein interactions, 25-26
Polyphenols, 410; see also Naturalpolyphenols
bioactive, 26-27
definitions, 23-24
history/research, 22-23
natural edible sourcesdf, 21
Polystyrene-divinylbenzene resin, 80
Polyvinylpolypyrrolidone (PVPP) binding, 230
Pomegranate (Puwnica granatum L.), 356
Pomegranate antioxidants, 241
Pomegranatefruit extract (PFE), 243
Pomegranate juice, 233, 239, 241
hydrostatic pressure treatments of, 401
Pomelos (Citrus maxima Merr.), 361
Poplar bud (Populus nigra), 367
Postprandial gene expression, 265
Prenylated xanthones, 8, 98
Pressurized liquid extraction (PLE), 62t, 66;
see also Extraction methods for
phenolics
Principal component regression (PCR), 366
Proanthocyanidins (PACs), 15, 24, 231, 232,
241, 293, 300, 323
Processed foods, phenolic compounds in,
395-402
effect of storage on polyphenols in
processed food, 402
emergent technologies for processed foods,
400-402
enzymatic and chemical oxidation,
397-398
freezing process, 400
overview, 395-396
processed food, 396-397
polyphenols in, 397
thermal processing, 398-400
Procyanidin B2, 383
Procyanidin B2, B3, 321
Procyanidin B5, 383
Procyanidin C1, 383
Procyanidins, 300, 323, 347, 356, 378
tetramer, 321
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Prodelphinidin, 300, 321
Proline rich proteins, 216
Propyl gallate (PG), 241
Prostaglandin E,, 346
Protein

glycation, 240

oxidation, 269

precipitation method, 221
Protocatechualdehyde, 321
Protocatechuic acid, 321, 324, 327
Proton nuclear magnetic resonance

spectroscopy, 111
Pterolobium hexapetallum, 323
Pterostilbene, 126, 323
Pulsed electric fields (PEF), 400-401
Purification of lignins, 206-207
Purple corn, 325
Purpurin, 144, 152
Pyrazines, 384
Pyrolysis gas chromatography-mass
spectrometry, 208

Q
Quantification of PCs, 361-366

solvents used to extract EPCs, 363t-364t
Quantification techniques, for lignins
chromatographic methods, 208
gravimetric method, 207-208
mass characterization, 208
spectrophotometric method, 208
Quercetin, 321, 322, 344, 345-346, 356}, 366,
399, 409-410
Quercetin-3-O-glucosyl-rhamnosidé, 176
Quercetin-3-O-rhamnoside, 177
Quinic acid, 43, 90
Quinoa, 327
Quorum sensing (QS), 153

R

Rapeseed/canola meals, 234

Raspberry<(Rubus ideaus L.), 400

Reactive carbonyl species (RCS), 125

Reactive oxygen species (ROS), 240, 262

Red\bean (Phaseolus vulgaris), 321

Red-fleshed apples, 362

Red fruit, 34, 41, 43

Red grapefruits (Citrus x paradisi Macfad.), 361

Red grapes, 362

REDOX (reduction, oxidation) reactions, 261,
262

Red plums (Prunus domestica L.), 356, 361

Resveratrol, 43, 320, 323; see also Stilbenes in
foods

biological activities of, 124-125, 124f

effects on diseases, 124-126
in grapes/wines, 122
most known stilbene, 306
oligomers, 124, 124f
in red wine, 267
Resveratrol disulfate (RDS), 127
Resveratrol glucosylated (RG) prodrugs, 127
Retinoids, 267
Retinol, 267
Retinyl palmitate, 267
Reverse-phase octadecylsilane, 80
Rhein (4,5-dihydroxyanthraquinone-2<
carboxylic acid), 136, 137, 152
Rheum rhapontigen, 151
Rhbeum spp. (Polygonaceae), 1345135
Rice (Oryza sativa L.), 327
Rice bran oil, 410; see alsoVegetable oils,
phenolics in
Roburins, 305
Rose madder, 142
Rosmarinic acid; 345
Ruberythrie-dcid; 144
Rubiadin, 155
Rubia spp:, 144
Rumeéx crispus roots, 150
Ruitin, 344

S
Safflower oil (Carthamustintorius,
Composae), 411-412; see also
Vegetable oils, phenolics in
Salidroside, 91
Scoparone, 365
Secoisolariciresinol, 323
Seed proanthocyanidins, 300
Selenium, 268
Selenocysteine, 268
Senna ingredients, 156; see also
Anthraquinones
Senna leaf extract, 137
Separation/detection methods
objective, 86
overview, 86
results, 86-92, 88t, 89t, 90t
Sequential extraction, 75; see also Cleanup
method for extracts
Sesame oils (Sesamum indicum), 409-410;
see also Vegetable oils, phenolics in
Sesamin, 409-410
Shephadex LH20, 110
Shikimic acid pathway, 48, 49
Shogaols, 345
Silbenes, 43-46, 45t
Simple oxygenated xanthones, 98
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Simple phenols, 6, 34
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