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Preface

Polyphenols are a unique group of phytochemicals present in fruits, vegetables and
other plants. Their activity is based upon functional groups capable of accepting a free
radical’s negative charge. Polyphenols are being studied extensively for their health
promoting and disease treating activities. This leads to substantial interest in environ-
mental factors that change their concentration in plant sources as well as methods to
isolate, describe and identify them. The latter is the primary focus of this book.

Two chapters review external factors that also produce different amounts in the
plant. One describes phenolic compounds and saponins whose levels and relative
composition change under different irrigation regimens and thus soil salt levels.
Lichens, a very old type of plant that is used to investigate changes in the environ-
ment is described for such studies. Events in the plants’ growth, stage of maturity and
cultivar type change their relative amounts as reviewed in the book. Such factors are
important for reproducible production of bioactive polyphenols that are consumed as
part of the plant or isolated for use as a dietary supplement. Other writers describe
plant polyphenol profiles as a method to trace and support biodiversity through char-
acterization of these key compounds and their plant sources. The role of these com-
pounds in controlling various activities of plants are reviewed, as their primary
function is to benefit the producing plants, distinct from human’s interest in their
biomedical actions.

Plant systems modify and change polyphenols structure and concentration. Clas-
sification is based upon their chemical structure which contains multiple linked
phenol groups. Such diverse chemical structures are the background and cause of
polyphenols’ many functions. The compounds’ molecular weight ranges show small
compounds in the molecular weight range of 3000 to very large compounds of
20,000. The latter are susceptible to biomodification by human as well as microbial
enzymes providing challenges to identify bioactive compounds.

This knowledge is vital for other studies of biomedical benefits, to be able to
identify various biologically important polyphenols. A major identification tool is
gas chromatography-mass spectrometry and recent advances are reviewed. Improve-
ments in this approach are described along with tools and methods for rapid,
non-destructive measurements in fruits and vegetables. Finally novel techniques for
identification are reviewed.

Methods to recover, purify, fractionate and finally isolate desired polyphenols are
vital including specific examples of purification procedures to obtain biological
activity. Of course not all polyphenols are isolatable from plants. Those that are
extractable are the primary focus of researchers. The more novel and less well stud-
ied non-extractable polyphenols in foods need new methods of isolation, analysis
and composition which are reviewed for future biomedical research.

Because of their structure polyphenols lend themselves to absorption to various
resins and ion exchange chromatography with subsequent removal to purify and frac-
tionate them. Chapters by those doing such studies, combined with a specific example
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of characterization of isolated polyphenols from Hibiscus flowers, are provided.
Finally, in the commercial production of vegetables the effects of water combined
with heat is described in hydrothermal processing of polyphenols.

Examples of polyphenol characterization techniques as well as occurrence in vari-
ous plant materials are reviewed. Improved characterization of polyphenols using lig-
uid chromatography with specific chapters using fruit polyphenols is included in the
book as methods and examples. Different plant parts have distinct needs for varying
amounts and quantities of polyphenols, thus offering researchers special raw material
sources. The book ends with a determination of polyphenols and their related flavo-
noids’ antioxidant activities in seeds whereas most chapters have focused on polyphe-
nol composition in the leaf and fruit parts of plants.

Ronald Ross Watson



Acknowledgement

The editor acknowledges the efforts and time of the book’s editorial assistant,
Bethany L. Stevens. Her work made this book possible. She worked long hours
reviewing and aiding the authors to get their chapters done in a timely fashion using
the style and format required. The support of staff at Elsevier were extremely important
in supporting Ms. Stevens interactions with the authors and getting the excellent
reviews converted into text and published. A grant from Elsevier that helped support
Ms. Stevens work is appreciated.

xiii



Contributors

Hanno Bahrs
Humboldt-Universitat zu Berlin, Laboratory of Freshwater & Stress Ecology,
Berlin, Germany

Barbara Borczak
Department of Human Nutrition, Faculty of Food Technology, Agricultural
University in Krakow, Krakow, Poland

Maria Fiorenza Caboni

Inter-Departmental Centre for Agri-Food Industrial Research (CIRI
Agroalimentare), University of Bologna, Italy, Department of Agro-Food
Sciences and Technologies, Alma Mater Studiorum Universita di Bologna,
Bologna, ltaly

Natalia Campillo
Department of Analytical Chemistry, Faculty of Chemistry, University of Murcia,
Murcia, Spain

Reinhold Carle
Hohenheim University, Institute of Food Science and Biotechnology, Stuttgart,
Germany

Shumon Chakrabarti
Humboldt-Universitat zu Berlin, Laboratory of Freshwater & Stress Ecology,
Berlin, Germany

Dennis Dannehl
Faculty of Agriculture and Horticulture, Biosystems Engineering Division,
Humboldt-Universitat zu Berlin, Berlin, Germany

M Elena Diaz-Rubio
Department of Metabolism and Nutrition, Institute of Food Science, Technology
and Nutrition, Madrid, Spain

Alberto Fernandez-Gutiérrez

Department of Analytical Chemistry, University of Granada, Granada, Spain,
Functional Food Research and Development Centre (CIDAF), Armilla
(Granada), Spain

Shmuel Galili
Agricultural Research Organization, The Volcani Center, Bet Dagan, Israel

Ana Maria Gémez-Caravaca

Department of Analytical Chemistry, University of Granada, Granada, Spain,
Functional Food Research and Development Centre (CIDAF), Armilla
(Granada), Spain

XV



XVi

Contributors

Ran Hovav
Agricultural Research Organization, The Volcani Center, Bet Dagan, Israel

Olga Jauregui
Scientific and Technical Services, University of Barcelona, Barcelona, Spain

Melanie Josuttis
Institut flir Produktqualitat, Berlin, Germany

Judith Kammerer
Hohenheim University, Institute of Food Science and Biotechnology, Stuttgart,
Germany

Dietmar Rolf Kammerer
Hohenheim University, Institute of Food Science and Biotechnology, Stuttgart,
Germany

Vassiliki G. Kontogianni
Section of Organic Chemistry and Biochemistry, Department of Chemistry,
University of loannina, loannina, Greece

Rosa Maria Lamuela-Raventds

CIBEROBN Fisiopatologia de la Obesidad y la Nutricion and RETIC, Instituto
de Salud Carlos Ill, Spain, Nutrition and Food Science Department, Pharmacy
School, University of Barcelona, Barcelona, Spain

Pauline Laue
Humboldt-Universitat zu Berlin, Laboratory of Freshwater & Stress Ecology,
Berlin, Germany, Lausitz University of Applied Sciences, Senftenberg, Germany

Matias Libuy
Molecular and Clinical Pharmacology Program, Institute of Biomedical
Sciences, Faculty of Medicine, University of Chile, Santiago, Chile

Miriam Martinez-Huélamo

CIBEROBN Fisiopatologia de la Obesidad y la Nutricion and RETIC, Instituto
de Salud Carlos IlI, Spain, Nutrition and Food Science Department, Pharmacy
School, University of Barcelona, Barcelona, Spain

Jara Pérez-Jiménez
Department of Metabolism and Nutrition, Institute of Food Science, Technology
and Nutrition, Madrid, Spain

Paola Quifer-Rada

CIBEROBN Fisiopatologia de la Obesidad y la Nutricion and RETIC, Instituto
de Salud Carlos Ill, Spain, Nutrition and Food Science Department, Pharmacy
School, University of Barcelona, Barcelona, Spain



Contributors

Ramaén Rodrigo
Molecular and Clinical Pharmacology Program, Institute of Biomedical
Sciences, Faculty of Medicine, University of Chile, Santiago, Chile

Giuseppe Ruberto
Istituto del CNR di Chimica Biomolecolare, Catania, Italy

Leonardo Sabatino
University of Catania, Central Inspectorate Department of Protection and Pre-
vention of Fraud quality of food products (ICQRF), Catania, Italy

Josline Y. Salib
Department of Chemistry of Tanning Materials, National Research Center,
Dokki, Egypt

Fulgencio Saura-Calixto
Department of Metabolism and Nutrition, Institute of Food Science, Technology
and Nutrition, Madrid, Spain

Andreas Schieber
Institute of Nutritional and Food Sciences, University of Bonn, Bonn,
Germany

Nadine Schulze-Kaysers
Institute of Nutritional and Food Sciences, University of Bonn, Germany

Monica Scordino
University of Catania, Central Inspectorate Department of Protection and Pre-
vention of Fraud quality of food products (ICQRF), Catania, Italy

Antonio Segura-Carretero
Department of Analytical Chemistry, University of Granada, Granada, Spain, Func-
tional Food Research and Development Centre (CIDAF), Armilla (Granada), Spain

Gajendra Shrestha
Department of Biology and the M.L. Bean Life Science Museum, Brigham
Young University, Provo, UT, USA

Elzbieta Sikora
Department of Human Nutrition, Faculty of Food Technology, Agricultural
University in Krakow, Krakow, Poland

Laura Siracusa
Istituto del CNR di Chimica Biomolecolare, Catania, Italy

Larry L. St Clair
Department of Biology and the M.L. Bean Life Science Museum, Brigham
Young University, Provo, UT, USA

xvii



xviii

Contributors

Christian E.W. Steinberg
Humboldt-Universitat zu Berlin, Laboratory of Freshwater & Stress Ecology,
Berlin, Germany

Anna Vallverdii-Queralt

CIBEROBN Fisiopatologia de la Obesidad y la Nutricion and RETIC, Instituto
de Salud Carlos Ill, Spain, Nutrition and Food Science Department, Pharmacy
School, University of Barcelona, Barcelona, Spain

Vito Verardo
Inter-Departmental Centre for Agri-Food Industrial Research (CIRI
Agroalimentare), University of Bologna, Italy

Pilar Viiias
Department of Analytical Chemistry, Faculty of Chemistry, University of Murcia,
Murcia, Spain

Fabian Weber
Institute of Nutritional and Food Sciences, University of Bonn, Bonn, Germany



Contents

PIOIATE  sssssovamsssmnussinssies uesssisvsasssei edessmmsmansdassnesimssionss i Ssasass sHopvms Ao o e AR OHRES xi
ACKNOWIEAZEMENT ....ccvvieiiiieiiceece ettt eae e e ean e eneess Xiii
CONMTIDULOTS <....cviiieetcieeeeeiteee et sa e saa s s aens st eneerennaesesaassesaaesesnasens XV
PART 1 MODIFICATION BY PLANT GROWTH AND
ENVIRONMENT
CHAPTER 1 Cultivar and Production Effects on Bioactive Polyphenols ......... 3
1.1 INrOAUCHON ..ot 3
1.2 Effects of plant species, cultivar and breeding success................... 4
13 Light ettt cimsnsmomsammmmmimmsan st saiiimmsims 4
1.4 Effects of growing (€mMpPErature. ........covveuerereerereeessesernsseseseseseseenes 5
1.5 Impact of water management...........ceceereeriererrererseieesseressesssesesnens 6
1.6 Effects of elevated carbon dioxide concentrations............cccvevevnen.. 7
1.7 Macro- and micronutrients and heavy metals induce changes
15 POIYPRBROIE . cevmivnssmmmsmismumprmenmrs O 7
1.8 The application of electricity as a new approach in the
horticultural SECLOT ........evuiiieeeriieeeeicceeet et 8
RIS ECICTICOR s cunsissimsisiussvmassusmissnssssnsssaomasisumion seabatssatss sodaNsm a7 9
CHAPTER 2 Plant Polyphenol Profiles as a Tool for Traceability and
Valuable Support to Biodiversity .........c.coeeieeciinicenmeeerneneeinnnns 15
2.1 INOAUCHION ...ttt nene s enens 15
2.2 Traceability: definition, importance and state of the art in
the-at€a CONCEINEH . cumvmmnummmommmsssssmsmssrsss savmmsaism s 17
2.2.] DeliBitiOR sssssies s s s s cry 17
2.2.2 The importance of traceability for consumers and
food/feed buSINESSES. ... .uivieeirieieeeeeieeeie et eiee e 17
2.3 Traceability MATKers...ouwsmmnmummomnusosmess s mssmmmm 18
2.3.1 Definition and TEAtHIES ..ouumesmsmmenmirmroimmonsoviassmisns 18
2.3.2 Analytical methodologies commonly used for food and
feed traceability .........oooiiieeiiiiici e 18
2.4 Polyphenols as traceability markers.............ccoceveeerieveriernnciennnns 19
2.4.1 Plant secondary metabolism and phenolics............ccc......... 19
2.4.2 Factors affecting the presence and amount of polyphenols
N PLANES 1. 21
2.5 Examples of the use of polyphenols as markers .........ccoceeverinnne, 23

251 GENETAL ... 23



vi Contents

2.5.2 Taxonomic ClasSiiCatioN .....ccociueeeiiireieeiiee e 25

2.5.3 Origin and geographical discrimination...........c.eccovcvueneen. 25
2.5.4 “From farm to fork:” post-harvest treatments, storage

AN PrOCESRING uswipsmmammsms s 26

2.6 Concluding remarks .........coveeeerieieeiseeneieeeesereesseesee e saesseseeseseenas 27

ACKNOWICAZIMENLS ..covviieiniiiieiii ittt 27

REIETENCES ...ttt e 28

SECTION 1A STRESS AND POLYPHENOLS IN PLANTS
CHAPTER 3 Phenolic Compounds and Saponins in Plants Grown Under

Different Irrigation ReZIMES........ccccevemereeirreirereeecenmnnmnemneanees 37
3.1 INEOAUCTION ..o 37
3.2 Secondary metabolites: phenolic compounds and saponins ......... 38
3.3 Factors that influence plants’ secondary metabolism.................... 39
3.4 Influence of the irrigation regimes on secondary metabolites.......42
3.4.1 Phenolic compPOUNdS .......c.coveerrieveerirrriesieernreaesesiaee e esaeennens 42
DAL SADOIIIIS:cssirsnsnonssssivsivensossnsesiossyansassss s asmas o d5sias scasssssamrasasss 47
3.5 Concluding remarks .........ccceveeeeriereeseereesieieeeseeisessesnesreeaesseeaeesene 48
REFEIENCES ... e 48
CHAPTER 4 Lichen Phenolics: Environmental Effects ............oceeueeereerennns 53
4.1 INOAUCHION ...coeiceirieee et ese e e s e aes e sennese s 53
4.2 Effects of environmental factors on the production of lichen
4.2.2 UV ottt ettt e 55
4.2.3 Geographical and seasonal variation..............ccccooceninncnne. 56
.24 BloVALON . imsommsessmsrsiimassssnssssiisssussnnisssossasissnsssssisanssot svnis a7
4.2.5 TeMPEIAIUTC. .....eiieiiiiieieeeee et eee e et e e sata e e e enaee e 57
4.2.6 Culture Media......ccoooeeiieiieeiieeiieeeeee e 58
4.3 Role of photobionts in phenolics production ............cccccccevevvennn... 58
Al DTN OTIE cenor 3055505805070 600 SR RS TS TR A A RS H S 59
REFEICNCES ..oeoeiieieii et 60
SECTION 1B PLANT SYSTEMS OF POLYPHENOL
MODIFICATION
CHAPTER 5 Modulation of Plant Endogenous Antioxidant Systems by
POIYPRENOIS ...t e e e e e e e e e e 65
5.1 INOAUCHION ... 65
92 Plant oxidative BIeES i cusasnmmimismmias sssisrtratssssbimnessmensessnsanns 66

2] HEBE ovomsssmvsmsussnsnssmmusssumsesasmsssayrs sosus s amss s inavassasins 66



Contents vii

5.2.2 Sttt e 67

5:2:3. Radiatlon qussssuisuessssissmsvovin v s s s 68
2.2:4: DIOUBIT vsssmcommmmnassmsssassmmamiemns sy 68
5.2.5 ChIIINE. oottt 69
5.2.6 Toxicity by redox-active metals ..........ccccceereiiinicnniiiene. 69

9.3 Antioxidant defense SYSIERY . issssvmmismmsmursimversmonsssismssiisniss 70
5.3.1 Nonenzymatic antioXidants...........ccocceveevuinreeienenieneenneneas 71
5.3.2 Enzymatic antioXidants ...........cccccoeveviieeeiieesiiieeeiceeenee e 73

5.4 Polyphenol Properties. . .......cooeieeereeerinieseeieieeeieeneeeeee e seenenas 74
5.4.1 Mechanisms Of Prot@Ction .........cccecueeeceriieeseeereesie e 75

5.5 'Concludilg reINaTKS ..coaussworesssmmsmmsiomssssmioss s 78
RETCTENCES ....eieiiieeiiee e e 79

CHAPTER 6 Piant Polyphenols: Do They Control Freshwater Planktonic

Nuisance Phototrophs? .........cccccerecromemsssmnersssmnsesnsnssssnsenssnnnnas 87

B:1 IDIPOAUCIION ..vinicrssssrmaninionismmstorsmmninssrasmrmarssssnssssaammsssnssranasmomenmrnss 87
6.2 Role-Of aibienl DH covovsssaomisssmmamssssmvmrsssssmes s ivesaisami 89
6.3 Physiological state of the phototrophs ..........cccoeeeiiieeiieneiennn. 91
6.4 Action of allelochemicals other than polyphenols............c.......... 93
6.5 Modes of action in Microcystis aeruginosd.............................. 94
6.6 Conclusion from an ecological perspective ..........cccooeveeveeeereenene. 95
ASSOCIAE CONLENL.....eeeiiiieiiiieiiiicte et ettt see e emee et eeeeene e 96
AckNOWIEdZMENLS .....cocoiiiiiiiiiiiei ettt 96
REIEIENCES ...ttt e me e 96

PART 2 ISOLATION AND ANALYSIS OF POLYPHENOL
STRUCTURE

SECTION 2A ANALYSIS TECHNIQUES FOR POLYPHENOLS
CHAPTER 7 Gas Chromatography-Mass Spectrometry Analysis of

Polyphenols in FOOOS ........ccucuiiiiiincssnmmnmniennssnsssssssssnasmnnsnnns 103
7.1 Polyphenolic COMPOUNAS ......ccoveeiieieriiieeieeeieeseeseeaesieieeesenas 103
7.2 Polyphenolic compounds in fOOdS .....c..ccceveiveeecrisesicreeieeeeenenes 106
7.3 Methods for determining polyphenols ..........ccccooeeeriiiniicnecienen. 107
7.4 Determination of polyphenols by gas chromatography—mass

spectrometry (GC-MS). Derivatization reactions .............ccc.e..... 108
7.5 Sample preparation t€ChNIQUES ........ccoevireeiiieieriiniiieeiiiereeeenes 136
7.6 Miniaturized techniques for sample preparation in

CHCIVIS «onnssws cnmsusscas on mmms oss oas eas w5 SRS e w AR R ST S 141



viii Contents

CHAPTER 8 Novel Techniques Towards the Identification of Different

Classes of POIYPRBNOLS ..ouussesssmmimssmssiarssssssmsnsnsssnsssunsmiscanns 159
8.1 INrOdUCHION ..o 159
8.2 Sample treatment and eXtraCtion ..............ocoeeeveeesieereeeeeeenenens 162
8.3 High-performance liquid chromatography (HPLC).................. 163
8.4 Liquid chromatography coupled to mass spectrometry
(LC-MS) and direct flow injection mass spectrometry............. 165
8.5 Nuclear magnetic resonance spectroscopy (NMR)................... 171
8.6 Liquid chromatography coupled to nuclear magnetic
resonance spectroscopy (LC-NMR)........cccoooiiiiiiiiiniiieiies 174
8. T Other TGOS .. suncmsssmiossansmamorsssssiomsysmss s s 176
R OTEIIOES sy s ssonemsmsnssssysme s o oA AR F R AN S S B A S SOV ESSEES 177
CHAPTER 9 characterization of Polyphenolic Profile of Citrus Fruit by
HPLC/PDA/ESI/MS-MS .......iiriiiimrmne s sisssns s 187
9.1 INrOdUCHON .o 187
9.2 Polyphenolic compounds in citrus cultivars.............................. 187
9.3 HPLC/PDA/ESI/MS-MS identification of citrus flavonoids..... 191
RELEIENCES. ...ttt 197

SECTION 2B ISOLATION AND EXTRACTION TECHNIQUES
CHAPTER 10 Non-Extractable Polyphenols in Plant Foods: Nature,

Isolation, and ANAlYSIs ........cocviircieemmrmrienre s e 203
10.1 INrOAUCHION ..o 203
10.2 Nature of NEPP.........coooiiiiieeeeeeeeee e 204
10,3 Isolation OF NEPP: .csoesmmrssmsssssusmmassssiinsimsmetss s sisassmns 205
10.4 Analysis of NEPPS ........cocoiiiiiiiiiiicee e 208

10.4.1 Analysis of class INEPP...........ccooiiiiiiiiiiie, 208

10.4.2 Analysis of class IINEPP ..........c.cocoooiiiiiiiiie, 208
10.5 NEPP coitent ini plant f00ds ..cuswsiwissssisssamms ssmssmssssnsssnsen 210
10.6 Potential applications of NEPP ...........c.cccoveeiieiiiiciiieee 212
10.7 Concluding remarks ...........cccooeveeririeiiieneeiceeeeeeeeeeeene 213
REFEIENCES....viiiiiiiiiiiiiii et 213

CHAPTER 11 Resin Adsorption and lon Exchange to Recover and

Fractionate Polyphenols..........c..cccceeeevimrerrrerenseeenensnseeennnns 219
11.1 Adsorption and ion exchange technology—from past to

present and future applications..........ccooveeiieiiiieniiiniiiceeee. 219
11.2 Adsorbent and ion exchange materials ..............cccoeveveveveeeennnee. 220
11.3 Principles of adsorption and ion exchange....................cco....... 221

11.4 Application of adsorption and ion exchange technology .......... 222



Contents

11.5 Application of adsorbent resins and ion exchangers for the
recovery of bio- and techno-functional phenolic compounds

from by-products of food processing .........o.ccoeeeeeeeeuieeeeiennnnns 223
REFEIENCES ..ottt 228
CHAPTER 12 Polyphenolic Compounds from Flowers of Hibiscus:
Characterization and Bioactivity ..........ccccerevvemirnrenssernnanes 231
RETEICNOES oievuussuavavsussnssssmsnssiivinssons soesis 5assvs nisswssss (athssmivs sRassss s nansaasass 237
CHAPTER 13 Hydrothermal Processing on Phenols and Polyphenols in
Vegetables ........ovuiiciermnniiisnerinn s ssssesene s nnsnesesnn 241
RETCIENCES .eutiiiiiieeecteeee ettt ene s e ebe s ne b e eneeanens 251
PART 3 POLYPHENOLS IDENTIFICATION AND
OCCURRENCE
CHAPTER 14 mproved Characterization of Polyphenols Using Liquid
Chromatography.........ccecceiceeicermcreerene e es s sssssnsmnsen s e nnes 261
14,1 INrodUCHON ....eevecr et eae s nenas 261
14.2 Sample preparation...........cccveeeeeeeriereseseessssesessessssssssssssesensens 263
14.2.1 Analyte iSOlation ........cocevueveeriruesieresreieeeieeee e 263
14.2.2 Analyte purification. Solid phase extraction.................. 266
14.3 High performance liquid chromatography (HPLC)................... 267
14.3.1 Ultraviolet detection........cceeeveirveesiiersivessuesiueeseesinesinenns 267
14.3.2 Fluorescence deteClion .......cieuciveeeerieesieeeseeesieesesesnesannns 270
14.3.3 Electrochemical detection .......c.eeveveeeeceeeeececreecaeeneene 271
14.3.4 Mass SPECIIOMELIY .....cuveeevrreeerereeriieeereeeesseeeenseeeeseeesnnes 272
14.4 Ultra-high-performance liquid chromatography (UHPLC)......281
14.4.1 UHPLC-UV....ccooiiiiiiiriiiniiinese s sresassnessessanns 282
14.4.2 UHPLC-MS/MS.....ooiieeieeeeseeeeteeee e eee s 282
14.5 CONCIUSIONS ...cvviieeirieeecreeees et eaee s en s en e snans 283
R CTCINCES s suimonsin ssavsssnasnosisson roasssasnss s o Vassmm s S 4R AR SVA SRR A A TA 284
CHAPTER 15 Characterization and Quantification of Polyphenols in
TS 293
15,7 INrOdUCHON ... 293
15.2 Sample Preparation...........cceeoveeeereereeriessesieeeessereeseseesseseesessesnns 295
15.3 Analytical MEthOds....asisismessisanmiis i 296
R CTETICRS s cnossmmssmsaasssss omsn s s 08 RTS8 SN RS A ey AT EVED 300

CHAPTER 16 Determination of Polyphenols, Flavonoids, and Antioxidant
Capacity in Dry Seeds ......c.coeeeeeeeemcemmeenneneeeeesse e menemnennees 305
16:1 INtrodUCHON . s msetasasisssmsssssmssassbsissiesss siissasssssssassisinsssisntassses 305

ix



X Contents

16.2 Extraction of polyphenols from Seeds.........ccocveeerreveerieresueiuenns 306
16.2.1 Sample preparation.........o.eeeveecceerneenieeseccnecsicesineseeeenn. 300
16.2.2 The eXtraction PrOCESS ....cc.veeveereerrerrurenreeerrerenressneseeeenee 307
16.2.3 ' Solvent tyPe. i msamioimsnmsmmemssstmosstisisnisnmsaisisssssosesins 308
16.2.4 Solvent-to-water ratio........cccceevveeerieenieiineesiaeeseeeeneseeenne 308
16.2.5 Solvent-to-s0lid Tatio .....cccevveereinririerseiinssinnnessesseeseeenens 309
16.2.6 Number of eXtraction SIEPS.......coceveriineerirnieiirieeiieeas 309
16.2.7 Extraction duration .........c..ceeeeiieveiivennninesnninineneniescsnnnnns 309
16.2.8 EXtraction temperature ...........c.oecviieeeieiesiiesssisesinescenees 310

16.3 Additional extraction techniques for seed polyphenols .............. 310
16.3.1 Ultrasound-assisted eXtraCtion.........ccceeveeereieeceeeecnienens 311
16.3.2 Microwave-assisted extraction .......c..cccccecevmeeieeneenueenens 311
16.3.3 Supercritical fluid extraction ............ccccoeeeiieviciiieenieennn. 312
16.3.4 Pressurized liquid extraction ...........ccccecveiiieeeiicnneenee. 313

16.4 Methods for quantification of total polyphenols, total
flavonoids and antioxidant activity in seeds........ccoceeiirueenrennene. 314
16.4.1 Quantification of total polyphenols, flavonoids, and

ANthOETANING s s oevssssssssmmssimvssmanvassapsrsessasassissisas avesmszs cissshs 314
16.4.2 Quantification of antioxidant activity .........c.cceevvveneeeens 315
References .....c.cuiieeniiiiniiicniicciiceices et 317

INAEX e e e 325



