- v

UNIVERSITAT

Verena Bongartz

Characterization of selected
Polyphenol-Protein Interaction Products
in alkaline-treated Sunflower Meal

fur Molekulare Lebensmitteltechnologie

—_
>
n
n
D
o
—
o
—
[0
S
o)
=
3
—_
=
[0
£
=
=
&)
n

CQA Ala NH; Arg Asn Asp Cys Gln Glu Gly His

lle Leu Lys Met Phe Pro er Thr Trp Tyr Val

(v Cuvillier Verlag Géttingen

Internationaler wissenschaftlicher Fachverlag




Schriftenreihe der Professur fir Molekulare Lebensmitteltechnologie

Band 6

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



Characterization of selected Polyphenol-Protein

Interaction Products in alkaline-treated Sunflower Meal

Dissertation

zur Erlangung des Grades

Doktor der Ernahrungswissenschaften (Dr. troph.)

der Landwirtschaftlichen Fakultat

der Rheinischen Friedrich-Wilhelms-Universitat Bonn

von
Verena Bongartz

aus Konstanz

Bonn 2019

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



Angefertigt mit Genehmigung der Landwirtschaftlichen Fakultat der Universitat Bonn
Referent: Prof. Dr. Andreas Schieber

Institut fir Ernahrungs- und Lebensmittelwissenschaften
Universitat Bonn

Korreferent: Prof. Dr. Karl-Heinz Stidekum

Institut fiir Tierwissenschaften
Universitat Bonn

Tag der mundlichen Prifung: 31. Mai 2019
Erscheinungsjahr: 2020

Bibliografische Information der Deutschen Nationalbibliothek
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der
Deutschen Nationalbibliografie; detaillierte bibliographische Daten sind im
Internet Uber http://dnb.d-nb.de abrufbar.
1. Aufl. - Géttingen: Cuvillier, 2020

Zugl.: Bonn, Univ., Diss., 2019

© CUVILLIER VERLAG, Géttingen 2020
Nonnenstieg 8, 37075 Gottingen
Telefon: 0551-54724-0
Telefax: 0551-54724-21

www.cuvillier.de

Alle Rechte vorbehalten. Ohne ausdriickliche Genehmigung des Verlages ist
es nicht gestattet, das Buch oder Teile daraus auf fotomechanischem Weg
(Fotokopie, Mikrokopie) zu vervielfaltigen.

1. Auflage, 2020

Gedruckt auf umweltfreundlichem, saurefreiem Papier aus nachhaltiger
Forstwirtschaft.

ISBN 978-3-7369-7180-6
elSBN 978-3-7369-6180-7

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



List of publications and conferences

Publications

Bongartz, V.; Brandt, L.; Gehrmann, M.L.; Zimmermann, B.F.; Schulze-Kaysers, N.;
Schieber, A (2016): Evidence for the formation of benzacridine derivatives in alkaline-

treated sunflower meal and model solutions. Molecules 21, 91.

Bongartz, V.; Bottger, C.; Wilhelmy, N.; Schulze-Kaysers, N.; Sidekum, K.-H.;
Schieber, A. (2018): Protection of protein from ruminal degradation by alkali-induced

oxidation of chlorogenic acid in sunflower meal. J Anim Physiol Anim Nutr 102, 209.

Conferences

Bongartz, V.; Brandt, L.; Gehrmann, M.L.; Zimmermann, B.F.; Schulze-Kaysers, N.;
Schieber, A (2016): Evidence for the formation of benzacridine derivatives in alkaline-
treated sunflower meal and model solutions. Food-Nutrition-Health Symposium in

Kiel, Germany, 12—13 May, 2015 [Poster presentation]

Dieses Werk ist copyrightgeschiitzt und darf in keiner Formypervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



Declaration of contribution as co-author

The following co-authors contributed to the papers presented in Chapters 2 and 3:

Prof. Dr. Andreas Schieber contributed to the publications as the supervisor of this

thesis and by proofreading all manuscripts.

Prof. Dr. Karl-Heinz Siidekum assisted in the interpretation and publication of the
results. As the corresponding author of chapter 3 he proofread the manuscript and

handled the formal aspects of this publication.

Dr. Nadine Schulze-Kaysers assisted in the interpretation and publication of the
results and by proofreading all manuscripts. As the corresponding author of chapter 2

she handled the formal aspects of this publication.

Dr. Benno F. Zimmermann assisted in the interpretation and publication of the

results.

Christian Bottger assisted in the design of experimental work as well as the

interpretion and publication of the results.

Nora Wilhelmy, Lisa Brandt and Mai Linh Gehrmann assisted in the design of

experimental work.

Dieses Werk ist copyrightgeschiitzt und darf in keiner Foriyyervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den persénlichen Gebrauch.



Table of Contents

Chapter 1:  General INtrodUCtON .........ccuiiiiiiiiiie e 1
1 The sunflower (Helianthus @annuus L) ...........cccocooeiiiiiiiiiieiccee e 1
1.1 Origin and proliferation ............c.cccoiiiiiiii e 1
1.2 Botanic characteriStiCs .........ciiiiiiiiiiiiiie e 2
LS T @ 11 I T o (Uo7 i o] o OSSP 2
2 Solvent-extracted sunflower meal............ccoooiviiiiiiiiiiie e 5
D22t B ©o 33 o To (T o S 6
2.2 PrOTEIN .. 6
2.3 Phenolic CONtENT......cooiiiiii i 7
3 POIYPRENOIS ... 9
3.1 GENEIAl OVEIVIEW ...ttt 9
3.2 Chlorogenic acid in SEM .........c.ccoiiiiiiiiiiiiie e 11
4 Polyphenol-protein interactions............cccvviiiiiiiiii i 13
4.1 Non-covalent interactionsS...........ccccoevieriiiiiiic i 16
4.2 Covalent interacCtionS.........coooueiiiiie i 17
5 Trihydroxy benzacridine derivates ..............cccocoiiiiiiiiiiii e 21
B A e 22
Chapter 2: Protection of protein from ruminal degradation by alkali-induced
oxidation of chlorogenic acid in sunflower meal...............cccccccovveen.n. 31
IR o o[0T 1o o I PSSR 33
2 Materials and Methods ..........cooiiiiiiii i 35
2.1 Alkali treatment of sunflower meal ...........cccoiiiiiiiiiiii e 35
2.2 Chemical @nalySiS .........ccccoiuiiiiiiiiiiiie i 35
2.3 Crude protein fractionation and estimation of ruminally undegraded crude
PIOTEIN .ttt 36
2.4 Intestinal digestibility of ruminally undegraded crude protein ................... 37
2.5 Data treatment and statistical analySis...........cccceecvieeeeiiie e, 38
3 RESUIS e 39
3.1 Chemical COMPOSIION .....coiuiieiiiieiiie et 39
3.2 Color developmeENnt ........cooi i 39
3.3 Statistical relationships...........cooouiiiiiiiiiiei e 39
3.4 Crude protein fraCtioNS ..........coiiiiiiiiiiiiie e 40
3.5 Ruminally undegraded crude protein ...........c.cccooiiiiiiiiiiiiiiiiec e 41

Dieses Werk ist copyrightgeschiitzt und darf in keiner Forky Mervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fiir den persénlichen Gebrauch.



3.6 Optimization and verification of predictive models ..........c.ccccoocvverrinnnen. 42

3.7  Estimation of intestinal digestibility............cccccooviiiiiiii 43
4 DUSCUSSION ettt ettt e e et e e et e e e et e et an 45
LT ©7o ] o111 1] T o USROS 48

Chapter 3: Evidence for the Formation of Benzacridine Derivatives in Alkaline-

Treated Sunflower Meal and Model Solutions .............ccccceeeeeiiieeenn. 53

B 101 (o o [U o3 i o o 1SN 54

2 Results and DISCUSSION .........cciiiiiiiiiiiiiciiieee et e e e e 56
2.1 Color Development in SEM Extract and Model Solutions...............c......... 56

2.2 UHPLC-DAD-MS/MS ANAIYSIS ....cciueieiiiieiiieaiieeeiee et 58

3 EXperimental SECHON ........ccueiiei e 65
3.1 Plant Material ..............ouviiiiiii e 65

3.2 Chemicals and REAGENES .......c.uuiveeiiiiiie et 65

3.3 UHPLC-DAD-MS/MS ......oooiiiieiee e 66

A CONCIUSIONS ..ot e e e 68
Chapter 4: ConCludiNg FEMAIKS .....cceiiiiiieeieiii et eneeee e 71
List Of @bbreviationS.............coooiiiiiiie e 81
ST a1 0 =T o2 SRR 83
A8 1=3= T o 00 1T ) =TT U T 85

Dieses Werk ist copyrightgeschiitzt und darf in keiner Fonpi|yprvielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den personlichen Gebrauch.



Chapter 1: General Introduction
1 The sunflower (Helianthus annuus L)

1.1 Origin and proliferation

Helianthus (formerly Annui) is a genus of plants that contains approximately 70
species of sunflower in the Asteraceae. Although most species are perennial,
section Helianthus includes more than 10 species most of which are annuals.
The domesticated sunflower is derived from the wild form of Helianthus

annuus L, or common sunflower [Schilling et al. 1998; Roth & Kormann, 2000].

Helianthus annuus L is native to North America. The wild form occurs
throughout the continental United States, southern Canada, and northern
Mexico. However, its prehistoric distribution is poorly understood. It is
speculated that, prior to the arrival of Homo sapiens, the species was
restricted to the south western United States. Native Americans used wild
forms of Helianthus annuus L as a food, suggesting it became a camp-
following weed and was thereby introduced to the central and eastern United

States, where it was then domesticated [Heiser, 1951; Heiser et al., 1969].

Another theory states that buffaloes were the primary dispersal agents and
that wild Helianthus annuus L had been widely distributed before the
colonization of North America by humans. All modern domesticated sunflowers
can be traced to a single center of domestication in eastern North America
predating 3000 B.C. [Asch, 1993; Smith, 2011].

In the late 16th century, Helianthus annuus L — alongside beans and corn —
was introduced to Europe by Spanish explorers, where it was cultivated as an
ornamental plant. The commercial cultivation as an oil crop first started in
Russia, around 1830. It resulted in high-oil lines with increasing oil contents
from 28% to almost 50%. Today, Helianthus annuus L is cultivated throughout
North and South Amercia, Europe and Asia [Roth & Kormann, 2000; Lieberei
& Reisdorff, 2007; Department of Agriculture, Forestry and Fisheries, 2010;
FAOSTAT, 2016].
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