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'DQNVDJXQJHQ

+HUUQ 3URI� 'U� 'U� +� 6WHLQKDUW P|FKWH LFK I�U GLH %HUHLWVWHOOXQJ GHV 7KHPDV VRZLH VHLQ

VWHWHV ,QWHUHVVH DQ GLHVHU $UEHLW GDQNHQ�

+HUUQ 3URI� 'U� -� 9R� GDQNH LFK I�U GLH hEHUQDKPH GHV .RUHIHUDWHV�

%HL 'U� :� *DQ�PDQQ YRQ GHU )LUPD 3HWHU .|OOQ� .|OOQIORFNHQZHUNH� (OPVKRUQ P|FKWH LFK

PLFK I�U GDV hEHUODVVHQ GHU +DIHUSURGXNWH EHGDQNHQ� (LQ KHU]OLFKHU 'DQN JLOW DXFK +HUUQ

3URI� 'U� )� 0HXVHU �,QVWLWXW I�U *HWUHLGHWHFKQRORJLH� 78 %HUOLQ� XQG VHLQHU 0LWDUEHLWHULQ

)UDX (� 6W|W]HU I�U GLH 5RKPDWHULDOLHQ XQG ([WUXGDWH DXV :HL]HQ� *HUVWH XQG +DIHU� %HL

GHU )LUPD %DKOVHQ� +DQQRYHU� P|FKWH LFK PLFK I�U GLH =XVHQGXQJ GHU 0DLVSURGXNWH

EHGDQNHQ�

(LQ EHVRQGHUHV 'DQNHVFK|Q P|FKWH LFK *XQGXOD $YLV]XV� :LHENH +|KV� ,ULV $OWXJ XQG

3HWUD 6FKPDQNH I�U LKU (QJDJHPHQW XQG GLH KHUYRUUDJHQGH =XVDPPHQDUEHLW DXV�

VSUHFKHQ� )HUQHU GDQNH LFK 0LUNR %XQ]HO I�U DQUHJHQGH *HVSUlFKH XQG GLH 'XUFKVLFKW GHV

0DQXVNULSWV� %HL GHQ .ROOHJLQQHQ XQG .ROOHJHQ GHU $EWHLOXQJ /HEHQVPLWWHOFKHPLH P|FKWH

LFK PLFK I�U GLH QHWWH =XVDPPHQDUEHLW EHGDQNHQ�
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,QKDOWVYHU]HLFKQLV

��(,1/(,781* �

��� 'HILQLWLRQ XQG HUQlKUXQJVSK\VLRORJLVFKH %HGHXWXQJ YRQ 1DKUXQJVIDVHU �

��� 6WUXNWXU GHU *HWUHLGH�1DKUXQJVIDVHU �
����� .RKOHQK\GUDWNRPSRQHQWHQ �
����� 3KHQROLVFKH &DUERQVlXUHQ �
������� 0RQRPHUH 3KHQROFDUERQVlXUHQ �
������� 'LPHUH 3KHQROFDUERQVlXUHQ �

����� &URVV�OLQNV ]ZLVFKHQ 3RO\VDFFKDULGHQ E]Z� 3RO\VDFFKDULGHQ XQG /LJQLQ �

��� 3UREOHPVWHOOXQJ ��

��817(568&+81*60$7(5,$/ ��

��� *HWUHLGH�5RKPDWHULDO ��

��� *HWUHLGH�([WUXGDWH ��
����� 9HUDUEHLWXQJ YRQ *HWUHLGH PLWWHOV ([WUXVLRQ ��
����� 3UREHQPDWHULDO� :HL]HQ� *HUVWH� +DIHU XQG 0DLV ��

��� +DIHUSURGXNWH ��

��$1$/<7,. ��

��� 1DKUXQJVIDVHULVROLHUXQJ ��

��� &KDUDNWHULVLHUXQJ GHU 1DKUXQJVIDVHU ��

����� 3KHQROFDUERQVlXUHQ ��

������� $ONDOLK\GURO\VH ��

������� $ONDOLVFKH 'UXFNK\GURO\VH ��

������� )HVWSKDVHQH[WUDNWLRQ ��

������� *DVFKURPDWRJUDSKLH �*&� XQG *DVFKURPDWRJUDSKLH�0DVVHQVSHNWURVNRSLH
�*&�06� ��

������� +RFKOHLVWXQJVIO�VVLJFKURPDWRJUDSKLH �+3/&� ��
������� 6\QWKHVH GLPHUHU 3KHQROFDUERQVlXUHQ ��

����� .RKOHQK\GUDWH ��
������� 6$(0$1�+\GURO\VH XQG +HUVWHOOXQJ GHU $OGLWRODFHWDWH ��
������� 0HWKDQRO\VH XQG 7ULPHWK\OVLO\OLHUXQJ ��
������� 0HWK\OLHUXQJ XQG 5HGXNWLYH 'HSRO\PHULVDWLRQ ��

��� 0HWKRGHQHQWZLFNOXQJ XQG �RSWLPLHUXQJ ��

����� )HVWSKDVHQH[WUDNWLRQ GHU SKHQROLVFKHQ &DUERQVlXUHQ ��
������� 7KHRUHWLVFKH *UXQGODJHQ ��
������� 'XUFKI�KUXQJ ��
������� (UJHEQLVVH ��

����� 2SWLPLHUXQJ GHU DONDOLVFKHQ 'UXFNK\GURO\VH ��

��� 6WDWLVWLVFKH %HZHUWXQJ GHU (UJHEQLVVH ��

��(5*(%1,66( ��



��� ,GHQWLIL]LHUXQJ GLPHUHU SKHQROLVFKHU &DUERQVlXUHQ ��
����� 'HK\GURGLPHUH GHU )HUXODVlXUH �')6� ��
����� &\FOREXWDQGLPHUH GHU )6 E]Z� S&6 ��
����� )HUXODVlXUH�&RQLIHU\OHWKHU �)(� ��

��� *HWUHLGH�5RKPDWHULDO ��
����� 1DKUXQJVIDVHUJHKDOWH ��
����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ ��
����� 3KHQROLVFKH &DUERQVlXUHQ ��
������� 0RQRPHUH 3KHQROFDUERQVlXUHQ ��
������� 'LPHUH 3KHQROFDUERQVlXUHQ ��
������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ ��

��� *HWUHLGH�([WUXGDWH ��

����� 1DKUXQJVIDVHUJHKDOWH ��
����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ ��
����� 3KHQROLVFKH &DUERQVlXUHQ ��
������� 0RQRPHUH 3KHQROFDUERQVlXUHQ ��
������� 'LPHUH 3KHQROFDUERQVlXUHQ ��
������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ ��

��� +DIHUSURGXNWH ��
����� 1DKUXQJVIDVHUJHKDOWH ��
����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ ��
����� 3KHQROLVFKH &DUERQVlXUHQ ��
������� 0RQRPHUH 3KHQROFDUERQVlXUHQ ��
������� 'LPHUH 3KHQROFDUERQVlXUHQ ��
������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ ��

��',6.866,21 ��

��� 8QWHUVFKLHGH LQ GHQ 3KHQROFDUERQVlXUHJHKDOWHQ GHU *HWUHLGH XQWHU
%HU�FNVLFKWLJXQJ GHU %LQGXQJVIRUP �HVWHU� XQG�RGHU HWKHUJHEXQGHQ� ��

����� *HKDOWH DQ PRQRPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ ��
����� *HKDOWH DQ GLPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ ��
������� 'HK\GURGLPHUH GHU )HUXODVlXUH ��
������� &\FOREXWDQGLPHUH GHU )HUXODVlXUH ��

����� 9HUKlOWQLVVH YRQ )6 E]Z� ')6 ]XP $UDELQR[\ODQJHKDOW ��

��� (LQIO�VVH GHU 9HUDUEHLWXQJ DXI GLH XQO|VOLFKH *HWUHLGHQDKUXQJVIDVHU ��
����� %HHLQIOXVVXQJ GHU 1DKUXQJVIDVHUJHKDOWH LQ *HWUHLGH GXUFK 9HUDUEHLWXQJ ��
������� *HWUHLGH�([WUXGDWH ��
������� +DIHUSURGXNWH ��

����� (LQIOX� GHU 9HUDUEHLWXQJ DXI *HKDOWH XQG 9HUWHLOXQJ GHU SKHQROLVFKHQ
&DUERQVlXUHQ LQ 81) GHU *HWUHLGH ��

������� *HWUHLGH�([WUXGDWH ��
������� +DIHUSURGXNWH ��

����� %HHLQIOXVVXQJ GHV &URVV�OLQNLQJV LQ GHU 81) ��
������� *HWUHLGH�([WUXGDWH ��
������� +DIHUSURGXNWH ��

����� 9HUDUEHLWXQJVHLQIO�VVH LP +LQEOLFN DXI GLH HUQlKUXQJVSK\VLRORJLVFKH %HGHXWXQJ
GHU SKHQROLVFKHQ &DUERQVlXUHQ XQG GHU 81) ��

��=86$00(1)$6681*���6800$5< ��

��/,7(5$785 ��



��$1+$1* ��

��� *HUlWH XQG 0H�SDUDPHWHU ��
����� *DVFKURPDWRJUDSKLH �*&� ��
����� *DVFKURPDWRJUDSKLH�0DVVHQVSHNWURVNRSLH �*&�06� ��
����� +RFKOHLVWXQJVIO�VVLJFKURPDWRJUDSKLH �+3/&� ��
����� 6RQVWLJH *HUlWH ��

��� 9HUZHQGHWH &KHPLNDOLHQ ��

��� 0HWKRGHQGXUFKI�KUXQJ ��
����� ,VROLHUXQJ GHU /1) XQG 81) ��
����� 3KHQROFDUERQVlXUHQ ��
������� 6\QWKHVH GHU &\FOREXWDQGLFDUERQVlXUHGLPHUH ��
������� 6\QWKHVH GHV ���¶ )HUXODVlXUH�'HK\GURGLPHUV ��
������� $ONDOLK\GURO\VH ��
������� $ONDOLVFKH 'UXFNK\GURO\VH ��
������� )HVWSKDVHQH[WUDNWLRQ ��
������� 706�'HULYDWLVLHUXQJ GHU 3KHQROFDUERQVlXUHQ ��
������� +3/&�$QDO\VH ��

����� .RKOHQK\GUDWH ��
������� 0HWKDQRO\VH XQG 7ULPHWK\OVLO\OLHUXQJ ��
������� 6DXUH +\GURO\VH QDFK 6$(0$1 XQG 'HULYDWLVLHUXQJ ]X $OGLWRODFHWDWHQ ��
������� 0HWK\OLHUXQJ XQG 5HGXNWLYH 'HSRO\PHULVDWLRQ ��

��� $XVZHUWXQJ ���
����� 3KHQROFDUERQVlXUHQ ���
������� *&�$QDO\VH GHU 706�'HULYDWH ���
������� +3/&�$QDO\VH ���

����� .RKOHQK\GUDWH ���
������� 6$(0$1�+\GURO\VH XQG 0HWKDQRO\VH ���
������� 5HGXNWLYH 'HSRO\PHULVDWLRQ ���

��� (UJHEQLVVH ���
����� &KDUDNWHULVLHUXQJ GHV 8QWHUVXFKXQJVPDWHULDOV� 7URFNHQPDVVH� )HWW� XQG

1DKUXQJVIDVHUJHKDOWH ���
����� 3KHQROFDUERQVlXUHJHKDOWH ���
������� *HWUHLGH�5RKPDWHULDO ���
������� *HWUHLGH�([WUXGDWH ���
������� +DIHUSURGXNWH ���
������� %HUHFKQXQJ GHU HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ DXV GHU 'LIIHUHQ]

$'+�$+ ���
����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ ���
������� *HWUHLGH�5RKPDWHULDO ���
������� *HWUHLGH�([WUXGDWH ���
������� +DIHUSURGXNWH ���

����� (UJHEQLVVH GHU VWDWLVWLVFKHQ $XVZHUWXQJ PLWWHOV W�7HVW ���
������� 1DKUXQJVIDVHUJHKDOWH ���
������� .RKOHQK\GUDW]XVDPPHQVHW]XQJ QDFK 6$(0$1�+\GURO\VH ���
������� 3KHQROFDUERQVlXUHJHKDOWH� 9HUJOHLFK $+ XQG $'+ ���
������� (VWHUJHEXQGHQH 3KHQROFDUERQVlXUHQ� 9HUJOHLFK 5RKVWRIIH XQG

9HUDUEHLWXQJVSURGXNWH ���

��� &KURPDWRJUDPPH XQG 6SHNWUHQ ���
����� *&�&KURPDWRJUDPPH GHU 3KHQROFDUERQVlXUHQ ���
����� *&�06�6SHNWUHQ GHU ')6 ���
����� +3/&�&KURPDWRJUDPPH ���
����� 89�6SHNWUHQ GHU ')6 ���



� (LQOHLWXQJ

�

� (LQOHLWXQJ

��� 'HILQLWLRQ�XQG�HUQlKUXQJVSK\VLRORJLVFKH�%HGHXWXQJ�YRQ
1DKUXQJVIDVHU

,P GHXWVFKVSUDFKLJHQ 5DXP ZLUG GHU %HJULII „1DKUXQJVIDVHU“� GHU VLFK HQJ DQ GLH LP

HQJOLVFKHQ 6SUDFKJHEUDXFK �EOLFKH %H]HLFKQXQJ „GLHWDU\ ILEHU“ DQOHKQW� KHXW]XWDJH

DQVWDWW GHV lOWHUHQ %HJULIIV „%DOODVWVWRII“ YHUZHQGHW� 'DEHL FKDUDNWHULVLHUHQ EHLGH %HJULIIH

GHQ 6DFKYHUKDOW QLFKW WUHIIHQG� GD HV VLFK KLHUEHL ZHGHU XP HLQH QHJDWLY ]X EHZHUWHQGH

6WRIINODVVH� QRFK XP DXVVFKOLH�OLFK IDVHULJH 6XEVWDQ]HQ KDQGHOW �6&+8/=( HW DO�� ������

'HU %HJULII „GLHWDU\ ILEHU“ ZXUGH 0LWWH GHU ��HU -DKUH GXUFK +,36/(< ������ JHSUlJW� GRFK

LKUH %HGHXWXQJ LQVEHVRQGHUH LQ GHU PHQVFKOLFKHQ (UQlKUXQJ ZXUGH HUVW ]X %HJLQQ GHU

��HU -DKUH GXUFK GLH HQJOLVFKHQ bU]WH %85.,77 	 752:(// ������ HUNDQQW� 'LH

.HQQ]HLFKQXQJ GHV %HJULIIV „1DKUXQJVIDVHU“ HUIROJW VRZRKO QDFK ERWDQLVFKHQ�

FKHPLVFKHQ� DOV DXFK HUQlKUXQJVSK\VLRORJLVFKHQ *HVLFKWVSXQNWHQ�

6R GHILQLHUWHQ 752:(// HW DO� ������ „GLHWDU\ ILEHU“ DXV HUQlKUXQJVSK\VLRORJLVFKHU 6LFKW

DOV „%HVWDQGWHLOH GHU SIODQ]OLFKHQ 1DKUXQJ� GLH LP PHQVFKOLFKHQ 0DJHQ�'DUP�7UDNW

GXUFK N|USHUHLJHQH (Q]\PH QLFKW DEJHEDXW ZHUGHQ” � 'LH 'HILQLWLRQ ZXUGH LQ]ZLVFKHQ

HUZHLWHUW� XP DQGHUH QLFKWYHUGDXOLFKH 3RO\VDFFKDULGH E]Z� 3RO\PHUH SIODQ]OLFKHQ XQG

DQGHUHQ 8UVSUXQJV� GLH �EHUZLHJHQG LQIROJH GHU /HEHQVPLWWHOYHUDUEHLWXQJ KLQ]XNRPPHQ�

PLW HLQ]XEH]LHKHQ �/(:,6� ������ $X�HUGHP VROOWH LQ GHU 'HILQLWLRQ EHU�FNVLFKWLJW

ZHUGHQ� GD� HLQ 7HLO GHU 1DKUXQJVIDVHU HLQHP PLNURELHOOHQ $EEDX LP 'LFNGDUP GHV

0HQVFKHQ XQWHUOLHJHQ XQG WHLOZHLVH UHVRUELHUW ZLUG� 6RPLW ZHUGHQ KHXWH XQWHU

1DKUXQJVIDVHU 6WRIIH YHUVWDQGHQ� GLH GHU „+\GURO\VH GXUFK PHQVFKOLFKH

9HUGDXXQJVHQ]\PH YROOVWlQGLJ RGHU WHLOZHLVH HQWJHKHQ� LP '�QQGDUP QLFKW UHVRUELHUW

ZHUGHQ XQG LQ GHQ 'LFNGDUP JHODQJHQ“ �6&+8/=( HW DO�� ������

'LHVH HUQlKUXQJVSK\VLRORJLVFKH 'HILQLWLRQ GHU 1DKUXQJVIDVHU KDW ]XU )ROJH� GD� VLFK

KLQWHU GHP %HJULII HLQH VHKU KHWHURJHQH *UXSSH YRQ /HEHQVPLWWHOLQKDOWVVWRIIHQ YHUELUJW�

GLH VLFK GXUFK FKHPLVFKH� SK\VLNDOLVFKH XQG ERWDQLVFKH 6WUXNWXUYLHOIDOW DXV]HLFKQHW�

&KHPLVFK JHVHKHQ LVW 1DKUXQJVIDVHU HLQH 0LVFKXQJ DXV HLQIDFKHQ XQG NRPSOH[HQ

1LFKWVWlUNH�3RO\VDFFKDULGHQ �163� XQG /LJQLQ� =X GHQ 163V ]lKOHQ 6W�W]� XQG

6WUXNWXUHOHPHQWH GHU SIODQ]OLFKHQ =HOOZlQGH ZLH &HOOXORVH� +HPLFHOOXORVHQ� 3HNWLQH XQG

β�*OXNDQH VRZLH 3IODQ]HQJXPPHQ XQG �VFKOHLPH� $X�HUGHP ZLUG ]XU 1DKUXQJVIDVHU

UHVLVWHQWH 6WlUNH ]XJHUHFKQHW� GLH QLFKW RGHU QXU VFKZHU YHUGDXEDU LVW XQG LQVEHVRQGHUH

EHL GHU /HEHQVPLWWHOYHUDUEHLWXQJ HQWVWHKHQ NDQQ� 1HEHQ GHU UHVLVWHQWHQ 6WlUNH ZHUGHQ

DXFK :DFKVH XQG &XWLQ GD]XJH]lKOW� GLH HEHQIDOOV YRP 0HQVFKHQ QLFKW YHUGDXW ZHUGHQ

N|QQHQ �/(:,6� ����� 63,//(5� ������

1DW�UOLFKH 4XHOOHQ I�U 1DKUXQJVIDVHU VLQG LQVEHVRQGHUH )U�FKWH� *HP�VH� /HJXPLQRVHQ

XQG *HWUHLGHSURGXNWH �/(:,6� ������
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'HU 9HU]HKU YRQ 1DKUXQJVIDVHU ZLUNW VLFK SRVLWLY DXI NRURQDUH +HU]HUNUDQNXQJHQ�

9HUVWRSIXQJ� 'LDEHWHV� %UXVWNUHEV� 'LFNGDUPNUHEV XQG DQGHUH 'DUPNUDQNKHLWHQ DXV

�0&'28*$// HW DO�� ������ (LJHQVFKDIWHQ ZLH PLNURELHOOH )HUPHQWLHUEDUNHLW� %LQGXQJ

RUJDQLVFKHU 6XEVWDQ]HQ� ,RQHQDXVWDXVFK� 9LVNRVLWlW XQG :DVVHUELQGXQJVNDSD]LWlW EHGLQ�

JHQ GLH SK\VLRORJLVFKHQ :LUNXQJHQ GHU 1DKUXQJVIDVHU XQG VWHKHQ LQ 5HODWLRQ ]X LKUHU

6WUXNWXU XQG =XVDPPHQVHW]XQJ �6&+1((0$1 	 7,1.(5� ������ 'D 1DKUXQJVIDVHU MH QDFK

+HUNXQIW XQWHUVFKLHGOLFKH SK\VLNDOLVFKH XQG FKHPLVFKH (LJHQVFKDIWHQ EHVLW]HQ� GLH VLFK

]XGHP LP /DXIH GHU 0DJHQ�'DUP�3DVVDJH lQGHUQ� UHVXOWLHUW GDUDXV GLH 9LHOIDOW SK\VLR�

ORJLVFKHU (IIHNWH LP *DVWURLQWHVWLQDOWUDNW �6&+8/=( 	 =81)7� ����� �VLHKH $EELOGXQJ ���
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Abbildung 1: Gegenüberstellung der allgemeinen physiologischen Vorgänge im Gastrointestinaltrakt
und der speziellen Wirkung von Nahrungsfaser (NF)

1DKUXQJVIDVHUQ ZHUGHQ ]ZDU QLFKW YRQ GHQ (Q]\PHQ GHU PHQVFKOLFKHQ 9HUGDXXQJV�

RUJDQH DEJHEDXW� N|QQHQ DEHU YRQ DQDHUREHQ %DNWHULHQ GHU 'LFNGDUPIORUD WHLOZHLVH

IHUPHQWLHUW ZHUGHQ� 'HU *UDG GHU )HUPHQWDWLRQ KlQJW YRQ GHU 6WUXNWXU XQG GHU GDUDXV

UHVXOWLHUHQGHQ /|VOLFKNHLW GHU 1DKUXQJVIDVHU DE� 3HNWLQH� 6FKOHLPH XQG *XPPHQ ZHUGHQ

IDVW YROOVWlQGLJ� +HPLFHOOXORVHQ QXU WHLOZHLVH XQG &HOOXORVH �EHUKDXSW QLFKW DEJHEDXW� %HL

GHU )HUPHQWDWLRQ ZHUGHQ NXU]NHWWLJH )HWWVlXUHQ �6&)$�� ]�%� (VVLJVlXUH� 3URSLRQVlXUH

XQG %XWWHUVlXUH� JHELOGHW� ZHOFKH DEVRUELHUW ZHUGHQ XQG GHQ 0XFRVD]HOOHQ GHV 'DUPV DOV

1lKUVWRIITXHOOH GLHQHQ� 'HVKDOE UHDJLHUW GLH 'DUPVFKOHLPKDXW DXI HLQH GUDVWLVFK

YHUPLQGHUWH 6&)$�=XIXKU� ]�%� GXUFK HLQH QDKUXQJVIDVHUDUPH (UQlKUXQJ� PLW DNXWHU XQG

FKURQLVFKHU (QW]�QGXQJ �62(5*(/� ������

9LVNRVH O|VOLFKH 1DKUXQJVIDVHU �/1)� ZLH 3HNWLQH� β�*OXNDQH RGHU *XPPHQ YHU]|JHUQ

DXIJUXQG LKUHV JXWHQ :DVVHUELQGXQJVYHUP|JHQV GLH 'DUPHQWOHHUXQJ� GD HV ]XU 4XHOOXQJ

XQG %LOGXQJ YRQ *HOPDWULFHV NRPPW� $X�HUGHP I�KUW GLH ,QKRPRJHQLWlW GHV 6SHLVHEUHLV

]X HLQHU YHU]|JHUWHQ XQG JOHLFKPl�LJHUHQ 5HVRUSWLRQ LQVEHVRQGHUH YRQ .RKOHQK\GUDWHQ�

'HU %OXW]XFNHUVSLHJHO VWHLJW QDFK GHQ 0DKO]HLWHQ QLFKW VWDUN DQ� GHU %HGDUI DQ ,QVXOLQ
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ZLUG YHUULQJHUW� =XGHP ZLUG GLH 'DUPPRWLOLWlW� GDV 6WXKOYROXPHQ XQG GHU

6WXKOZDVVHUJHKDOW LP 'LFNGDUP HUK|KW �$1'(56621� ����� 6&+8/=( 	 =81)7� �����

6&+1((0$1 	 7,1.(5� ������ $X�HUGHP �EHQ 81)� ZLH ]�%� +DIHUNOHLH� HLQHQ SRVLWLYHQ

(IIHNW DXI GHQ &KROHVWHULQVSLHJHO DXV� LQGHP VLH GLH $XVVFKHLGXQJ YRQ *DOOHQVlXUHQ

XQG�RGHU &KROHVWHULQ PLW GHP )DHFHV HUK|KHQ �$1'(56621� ������

8QO|VOLFKH 1DKUXQJVIDVHU �81)� ZLUNW VLFK SRVLWLY DXI GLH 3UlYHQWLRQ YRQ GLYHUWLNXODUHQ

.UDQNKHLWHQ XQG 'DUPNUHEV DXV �3/$$0,� ������ 6LH YHUN�U]W GLH 'DUPHQWOHHUXQJ XQG GLH

7UDQVLW]HLW� GDV 6WXKOYROXPHQ XQG GHU :DVVHUJHKDOW LP 6WXKO ZLUG HUK|KW�

(SLGHPLRORJLVFKH 6WXGLHQ XQWHUVW�W]HQ GLH +\SRWKHVH� GD� 1DKUXQJVIDVHU� LQVEHVRQGHUH

LQ LKUHU XQO|VOLFKHQ )RUP� YRU 'DUPNUHEV VFK�W]W �752&. HW DO�� ����� )5(8'(1+(,0 HW DO��

����� *,29$118&&, HW DO�� ����� +2:( HW DO�� ������ 'LHVH (LJHQVFKDIW ZLUG YRUDOOHP DXI

GLH )HUPHQWDWLRQVSURGXNWH� GLH NXU]NHWWLJHQ )HWWVlXUHQ� ]XU�FNJHI�KUW� LQVEHVRQGHUH DXI

DQWLQHRSODVWLVFKH (IIHNWH GHV %XW\UDWV XQG GLH S+�(UQLHGULJXQJ GXUFK 6&)$V� 'HU

VFK�W]HQGH (IIHNW YRQ :HL]HQNOHLH LQ %H]XJ DXI 'DUPNUHEV ZXUGH PLW LKUHU ODQJVDPHUHQ

)HUPHQWLHUEDUNHLW LQ 9HUELQGXQJ JHEUDFKW� :lKUHQG GLH )HUPHQWDWLRQ GHU :HL]HQNOHLH LP

&RORQ GHVFHQGHQV DQKlOW� WULIIW GLHVHV DXI +DIHUNOHLH XQG *XDUJXPPL QLFKW ]X �0&,17<5(

HW DO�� ������ *XDU XQG +DIHUNOHLH EHVLW]HQ ]ZDU HLQH VHKU KRKH )HUPHQWLHUEDUNHLW� DEHU

GHU %XW\UDWOHYHO LP &RORQ ZDU JHULQJ XQG HV NRQQWH NHLQ VFK�W]HQGHU (IIHNW YRU

'DUPNUHEV IHVWJHVWHOOW ZHUGHQ �0&,17<5( HW DO�� ������

=XVDPPHQIDVVHQG Ol�W VLFK VDJHQ� GD� 1DKUXQJVIDVHU HLQH ZLFKWLJH %HGHXWXQJ LQ GHU

PHQVFKOLFKHQ (UQlKUXQJ KDW �)(/'+(,0� ������ REZRKO VLH QLFKW ]X GHQ HVVHQWLHOOHQ

1DKUXQJVEHVWDQGWHLOHQ JH]lKOW ZLUG�

6LH YHUULQJHUW GHQ (QHUJLHJHKDOW GHU 1DKUXQJ GXUFK (UK|KXQJ GHV 1DKUXQJVYROXPHQV�

HUK|KW GLH .DX]HLW XQG YHUOlQJHUW GLH 'DXHU GHU 1DKUXQJVDXIQDKPH� $X�HUGHP EHZLUNW

VLH HLQH (UK|KXQJ GHV 6WXKOYROXPHQV� HLQH 6WHLJHUXQJ GHU 'DUPSHUHVWDOWLN XQG HLQH

VFKQHOOHUH (QWOHHUXQJ GHV 'DUPV� =XVlW]OLFK LVW GLH 6HQNXQJ GHV &KROHVWHULQVSLHJHOV LP

%OXW� HLQH 9HUPLQGHUXQJ GHV $QVWLHJV GHV %OXW]XFNHUVSLHJHOV XQG HLQH %LQGXQJ

NUHEVHU]HXJHQGHU 6WRIIH DQ GLH 1DKUXQJVIDVHU ]X EHREDFKWHQ� 1DKUXQJVIDVHUUHLFKH

1DKUXQJ YHUKLQGHUW GLH (QWVWHKXQJ YRQ =LYLOLVDWLRQVNUDQNKHLWHQ ZLH 2EVWLSDWLRQ�

hEHUJHZLFKW� *DOOHQVWHLQH� 'LYHUWLNXORVH� 'LDEHWHV PHOOLWXV� $UWHULRVNOHURVH XQG

'LFNGDUPNUHEV �6&+1((0$1� ������ +HXWH ZLUG LQ 'HXWVFKODQG YRQ GHU GHXWVFKHQ

*HVHOOVFKDIW I�U (UQlKUXQJ HPSIRKOHQ PLQGHVWHQV �� J 1DKUXQJVIDVHU SUR 7DJ

DXI]XQHKPHQ� ZREHL GLH HLQH +lOIWH DXV *HWUHLGHHU]HXJQLVVHQ XQG GLH DQGHUH +lOIWH DXV

*HP�VH XQG 2EVW� YRU]XJVZHLVH LQ URKHU )RUP� VWDPPHQ VROOWH �)(/'+(,0� ������

��� 6WUXNWXU�GHU�*HWUHLGH�1DKUXQJVIDVHU

,P *HWUHLGH WUDJHQ KDXSWVlFKOLFK GLH SIODQ]OLFKHQ =HOOZlQGH ]XP 1DKUXQJVIDVHUJHKDOW

EHL� -H QDFK $UW GHU =HOOZDQG VLQG DOV +DXSWNRPSRQHQWHQ +HPLFHOOXORVHQ �$UDELQR[\ODQH�

β�*OXNDQH� ;\ORJOXNDQH� XQG &HOOXORVH VRZLH /LJQLQ E]Z� 9RUVWXIHQ GHV /LJQLQV� ZHOFKH LQ

GHU YRUOLHJHQGHQ $UEHLW YHUHLQIDFKW DOV /LJQLQ EH]HLFKQHW ZHUGHQ� HQWKDOWHQ� $EELOGXQJ �

JLEW HLQHQ hEHUEOLFN �EHU GHQ $XIEDX GHV *HWUHLGHNRUQV� 1DKUXQJVIDVHUUHLFKH *HZHEH

VLQG GLH =HOOZlQGH GHV (QGRVSHUPV� GLH $OHXURQVFKLFKW XQG GLH 5DQGVFKLFKWHQ GHV .RUQV

�7HVWD XQG 3HULNDUS�� 'LH $X�HQVFKLFKWHQ GHV .RUQV� ZHOFKH LQ GHU 0�OOHUHL YRP KHOOHQ

0HKON|USHU JHWUHQQW ZHUGHQ� EH]HLFKQHW PDQ DOV .OHLH�
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Abbildung 2: Aufbau eines Getreidekorns

����� .RKOHQK\GUDWNRPSRQHQWHQ

'LH (QGRVSHUP]HOOZlQGH GHU *HWUHLGHN|UQHU EHVWHKHQ ]X ������ DXV +HPLFHOOXORVHQ�

ZR]X JHQHUHOO $UDELQR[\ODQH� β�*OXNDQH XQG ;\ORJOXNDQH ]lKOHQ� ,Q GHQ PHLVWHQ

*UDPLQHHQ ZLH ]�%� :HL]HQ VWHOOHQ $UDELQR[\ODQH GHQ +DXSWDQWHLO �≈������� GDU�

$XVQDKPHQ ELOGHQ GLH (QGRVSHUP]HOOZlQGH YRQ *HUVWH XQG +DIHU �≈���� VRZLH 5HLV

�≈���� �),1&+(5 	 6721(� ������ 5HLV XQWHUVFKHLGHW VLFK YRQ DOOHQ DQGHUHQ

*HWUHLGHDUWHQ� GD OHGLJOLFK LQ 5HLVHQGRVSHUP]HOOZlQGHQ VLJQLILNDQWH 0HQJHQ DQ 3HNWLQ�

;\ORJOXNDQ XQG &HOOXORVH QDFKJHZLHVHQ ZXUGHQ �6+,%8<$� ������

$UDELQR[\ODQH EHVWHKHQ DXV HLQHU β���→���'�;\ORVHNHWWH XQG NXU]HQ

0RQRVDFFKDULGVHLWHQNHWWHQ �:,/.,(� ����� 0&1(,// HW DO�� ����� 9,66(5 HW DO�� ������ $OV

6HLWHQNHWWHQ NRPPHQ KDXSWVlFKOLFK α�/�$UDI�5HVWH YRU� ZHOFKH PLW &� XQG�RGHU &� GHU

;\ORVHKDXSWNHWWH YHUEXQGHQ VLQG� (LQ NOHLQHU $QWHLO OLHJW LQ )RUP ROLJRPHUHU 6HLWHQNHWWHQ

YRU� EHVWHKHQG DXV ]ZHL RGHU PHKU $UDELQRVHUHVWHQ� GLH PLWWHOV �→�� �→� RGHU �→��

%LQGXQJHQ YHUNQ�SIW VLQG �,=<'25&=<. 	 %,/,$'(5,6� ������ 'XUFK GLH α�/�$UDI �*UXSSHQ
ZLUG GLH /|VOLFKNHLW GHU ;\ODQH LQ :DVVHU HUK|KW �$1'5(:$57+$ HW DO�� ������ (LQLJH GHU

α�/�$UDI �*UXSSHQ VLQG PLW DQGHUHQ =XFNHUUHVWHQ VXEVWLWXLHUW� ]�%� β�'�;\OS XQG

β�'�*DOS �:,/.,(� ����� 0&1(,// HW DO�� ������

'DJHJHQ GRPLQLHUHQ LQ GHQ (QGRVSHUP]HOOZlQGHQ YRQ *HUVWH XQG +DIHU GLH β�*OXNDQH
�FD� ����� 6LH VHW]HQ VLFK DXV �→� XQG �→��YHUNQ�SIWHQ β�'�*OXNRVHUHVWHQ ]XVDPPHQ�

/lQJHUH �→��YHUNQ�SIWH *OXNRVHNHWWHQ ZHUGHQ YRQ HLQHP RGHU PHKUHUHQ �→��JHEXQ�

GHQHQ *OXNRVHUHVWHQ XQWHUEURFKHQ� VR GD� NHLQH OLQHDUH 0ROHN�ONHWWH YRUOLHJW ZLH ]�%� LQ

GHU &HOOXORVH� ZHOFKH QXU β��→��%LQGXQJHQ HQWKlOW�

'LH lX�HUHQ =HOOVFKLFKWHQ GHV *HWUHLGHNRUQV EHVLW]HQ JHJHQ�EHU GHQ =HOOZlQGHQ GHV

(QGRVSHUPV HLQH OHLFKW YHUlQGHUWH =XVDPPHQVHW]XQJ� ZHOFKH YRU DOOHP DXI GLH WHLOZHLVH

/LJQLIL]LHUXQJ GHV *HZHEHV ]XU�FN]XI�KUHQ LVW� =XP %HLVSLHO EHVWHKHQ GLH =HOOZlQGH GHU

:HL]HQNOHLH DXV ��� +HPLFHOOXORVHQ �KDXSWVlFKOLFK *OXNXURQRDUDELQR[\ODQH�� ���

&HOOXORVH� ��� /LJQLQ XQG 3KHQROHQ VRZLH �� 3URWHLQ �6(/9(1'5$1 	 0$&'28*$//� ������

*OXNXURQRDUDELQR[\ODQH ZXUGHQ HEHQIDOOV LQ 1LFKWHQGRVSHUP]HOOZlQGHQ YRQ +LUVH

�:22/$5' HW DO�� ������ *HUVWH �),1&+(5 	 6721(� ����� XQG 5HLV �6+,%8<$ 	 ,:$6$.,�

����� QDFKJHZLHVHQ�
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����� 3KHQROLVFKH &DUERQVlXUHQ

������� 0RQRPHUH 3KHQROFDUERQVlXUHQ

'LH 3RO\VDFFKDULGH GHU SIODQ]OLFKHQ =HOOZlQGH HQWKDOWHQ LQ JHULQJHP 0D�H

3KHQROFDUERQVlXUHQ� +DXSWVlFKOLFK NRPPHQ =LPWVlXUH� XQG %HQ]RHVlXUHGHULYDWH YRU�

ZREHL )HUXODVlXUH �)6� XQG S�&XPDUVlXUH �S&6� GRPLQLHUHQ�

'D 3KHQROFDUERQVlXUHQ GXUFK $ONDOLK\GURO\VH XQWHU PLOGHQ %HGLQJXQJHQ DXV

1DKUXQJVIDVHU DEJHVSDOWHQ ZHUGHQ N|QQHQ� ZLUG HLQH (VWHUELQGXQJ ]X GHQ 3RO\VDFFKD�

ULGHQ DQJHQRPPHQ� %LVODQJ ZXUGHQ YHUVFKLHGHQH )6�0RQR� XQG 2OLJRVDFFKDULGHVWHU

VRZLH S&6�2OLJRVDFFKDULGHVWHU FKDUDNWHULVLHUW� 1DFK HQ]\PDWLVFKHU +\GURO\VH GHU

=HOOZlQGH ZXUGHQ GLH QLHGHUPROHNXODUHQ %UXFKVW�FNH LVROLHUW �*3&� +3/&� XQG GXUFK

.RPELQDWLRQ YHUVFKLHGHQHU $QDO\VHPHWKRGHQ �0HWK\OLHUXQJVDQDO\VH� 0DVVHQVSHNWUR�

PHWULH� �+� XQG ��&�105� LGHQWLIL]LHUW�
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Abbildung 3: [5-O-((trans)-Feruloyl)-α-L-arabinofuranosyl]-(1→3)-O-β-D-xylopyranosyl-(1→4)-
D-xylopyranose (FAXX)

'LH HU]LHOWHQ (UJHEQLVVH ]HLJHQ� GD� GLH 3KHQROFDUERQVlXUHQ LQ 0RQRNRW\OHGRQHQ� ]�%�

GHQ *UDPLQHDH� YRUZLHJHQG DQ $UDELQR[\ODQH �60,7+ 	 +$57/(<� ����� .$72 	 1(9,16�

����� *8%/(5 HW DO�� ����� 08(//(5�+$59(< HW DO�� ����� $+/8:$/,$ 	 )5<� ����� .$72

HW DO�� ����� /$0 HW DO�� ����� +,00(/6%$&+ HW DO�� ����� RGHU ;\ORJOXNDQH �,6+,, HW DO��

����� JHEXQGHQ VLQG� 'LH 9HUHVWHUXQJ HLQHV 7HLOV GHU α�/�$UDI �5HVWH LP $UDELQR[\ODQ

PLW )6 ILQGHW DP &��.RKOHQVWRII VWDWW �VLHKH $EELOGXQJ ��� ,Q GHQ ;\ORJOXNDQHQ VLQG GLH

)HUXODVlXUHPROHN�OH DQ &� GHU β�'�;\OS JHEXQGHQ� $OV $XVJDQJVPDWHULDOLHQ GLHQWHQ

6WHQJHO XQG %OlWWHU WURSLVFKHU *UlVHU� %DPEXVVSURVVHQ� =XFNHUURKUEDJDVVH�

*HUVWHQVWURK� *HUVWHQDOHXURQ]HOOHQ RGHU �HQGRVSHUP]HOOHQ� :HL]HQNOHLH� +LUVHVWHQJHO�

0DLVVSURVVHQ� �NOHLH RGHU �EOlWWHU VRZLH %OlWWHU GLYHUVHU *UDPLQHDH �VLHKH 7DEHOOH ��� ,Q

'LNRW\OHGRQHQ ZXUGH KLQJHJHQ HLQH $VVR]LDWLRQ ]XP 3HNWLQ EHREDFKWHW� +LHU HUIROJW GLH

9HUHVWHUXQJ PLW )6 DQ GHQ *DODNWRVH� E]Z� $UDELQRVHVHLWHQNHWWHQ �EHU GLH &�� E]Z� &��

.RKOHQVWRIIDWRPH� 8QWHUVXFKW ZXUGHQ 6SLQDW� =XFNHUU�EHQ]HOOHQ XQG =XFNHUU�EHQSXOSH

�VLHKH 7DEHOOH ���
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Tabelle 1: Liste der Pflanzenmaterialien aus denen Phenolcarbonsäure-Mono- bzw. Oligosaccharide
isoliert wurden

3IODQ]HQPDWHULDO /LWHUDWXU

0RQRNRW\OHGRQHQ

WURSLVFKH *UlVHU �/ROLXP PXOWLIORUXP�

/ROLXP SHUHQQH� )HVWXFD DUXQGLQDFHD�

&\QRGRQ GDFW\ORQ�

+$57/(< HW DO�� ����� 60,7+ 	 +$57/(<� �����
)25'� ����� +,00(/6%$&+ HW DO�� �����
:(1'( 	 )5<� ����

=XFNHUURKUEDJDVVH .$72 HW DO�� ����� $=80$ HW DO�� ����

*HUVWHQVWURK
*HUVWHQDOHXURQ��HQGRVSHUP]HOOHQ

08(//(5�+$59(< HW DO�� ����
*8%/(5 HW DO�� ����� $+/8:$/,$ 	 )5<� ����

%DPEXVVSURVVHQ ,6+,, HW DO�� ����� ,6+,, 	 +,52,� ����D�E

0DLVNOHLH� 0DLVVSU|�OLQJ .$72 	 1(9,16� ����� 1,6+,7$1, 	 1(9,16�
����� 6$8/1,(5 HW DO�� ����

+LUVHVWHQJHO +$57/(< HW DO�� ����

:HL]HQNOHLH 60,7+ 	 +$57/(<� ����� 5$/(7 HW DO�� ����

%OlWWHU YRQ :HL]HQ� 5RJJHQ�
*HUVWH� +DIHU� +LUVH� 0DLV

60,7+ 	 +$57/(<� ����� :(1'( 	 )5<� ����

'LNRW\OHGRQHQ

6SLQDW )5<� ����� ,6+,, 	 72%,7$� ����� ,6+,,� ����

=XFNHUU�EH �FHOO VXVSHQVLRQ�
FXOWXUHG�

,6+,,� ����

=XFNHUU�EHQSXOSH 520%2876 	 7+,%$8/7� ����� 5$/(7 HW DO��
����D� &2/48+281 HW DO�� ����

������� 'LPHUH 3KHQROFDUERQVlXUHQ

Dehydrodimere der Ferulasäure
9RU �EHU ]ZDQ]LJ -DKUHQ EHREDFKWHWHQ *(,660$11 	 1(8.20 ������� GD� :HL]HQ�

SHQWRVDQH LQ *HJHQZDUW YRQ +�2� XQG 3HUR[LGDVH JHOLHUHQ� 6LH VWHOOWHQ IHVW� GD� GLHVHV

9HUKDOWHQ DXI GLH )HUXODVlXUHUHVWH LP $UDELQR[\ODQ ]XU�FN]XI�KUHQ ZDU� ZHOFKH XQWHU

R[LGDWLYHQ %HGLQJXQJHQ DP 3KHQ\OUHVW PLWHLQDQGHU UHDJLHUWHQ XQG HLQ ���¶ YHUNQ�SIWHV

'LPHU ELOGHWHQ �VLHKH $EELOGXQJ ���

/DQJH =HLW JDOW GLHVH VRJHQDQQWH 'LIHUXODVlXUH DOV HLQ]LJ EHNDQQWHV 'HK\GURGLPHU GHU )6

XQG ZXUGH X�D� LQ *HWUHLGH �0$5.:$/'(5 	 1(8.20� ����� 125'.9,67 HW DO�� �����

.$0,6$.$ HW DO�� ������ :HLGHOJUDV �/ROLXP PXOWLIORUXP� �+$57/(< HW DO�� ����� RGHU

6SLQDW �)5<� ����� QDFKJHZLHVHQ� (UVW ���� EHULFKWHWHQ 5$/3+ HW DO� �EHU GLH 6\QWKHVH

ZHLWHUHU 'HK\GURGLPHUHU PLW 9HUNQ�SIXQJHQ LQ )RUP YRQ ���¶�� ���¶�� ��2��¶� XQG

��2��¶�%U�FNHQ� %LV DXI GLH ��2��¶�)RUP ZLHVHQ VLH DOOH DQGHUHQ 'HK\GURGLPHUHQ LQ

%OlWWHUQ RGHU 6WHQJHOQ HLQLJHU WURSLVFKHU *UlVHU QDFK� ,QIROJH GLHVHU %HIXQGH ZXUGHQ

ZHLWHUH 0DWHULDOLHQ ZLH 0DLV]HOOVXVSHQVLRQHQ �*5$%%(5 HW DO�� ������ :HL]HQ� XQG

+DIHUVWHQJHO �-$&48(7 HW DO�� ������ FKLQHVLVFKH :DVVHUNDVWDQLH �:$/'521 HW DO�� �����

3$55 HW DO�� ������ =XFNHUU�EHQSXOSH �0,&$5' HW DO�� ����� 2267(59(/' HW DO�� ������

=XFNHUU�EHQ XQG URWH %HHWH �:$/'521 HW DO�� ������ .DURWWHQ �3$55 HW DO�� ����� VRZLH

0DLVNOHLH �1* HW DO�� ����� XQWHUVXFKW XQG ZHLWHUH 'HK\GURGLPHUH GHU )6 �')6�

LGHQWLIL]LHUW�
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Abbildung 4: Entstehung von Ferulasäure-Dehydrodimeren (DFS) mittels oxidativer Kopplung und
von Cyclobutandimeren mittels Photodimerisation

Cyclobutandimere
hEHU GLH ,VROLHUXQJ XQG ,GHQWLIL]LHUXQJ HLQHU ZHLWHUHQ *UXSSH YRQ 'LPHUHQ� GHQ

&\FOREXWDQGLPHUHQ YRP 7UX[LQ� E]Z� 7UX[LOOVlXUH�7\SXV EHULFKWHWHQ +$57/(< HW DO� ������

����D�� )25' 	 +$57/(< ������ ����� XQG (5$62 	 +$57/(< ������� 'LH

&\FOREXWDQGLPHUHQ DXV S&6 �&&� E]Z� )6 �))� ZXUGHQ YRQ +$57/(<V $UEHLWVJUXSSH LQ

%OlWWHUQ XQG 6WHQJHOQ WURSLVFKHU *UlVHU� *HUVWHQVWURK� 0DLV� +LUVH� /X]HUQH XQG .OHH

QDFKJHZLHVHQ� 3$&.(57 ������ LGHQWLIL]LHUWH &&�� &)� XQG ))�'LPHUH LQ *HWUHLGHN|UQHUQ

�:HL]HQ� 5RJJHQ� *HUVWH� +DIHU� 0DLV� 5HLV� +LUVH��

8QWHU (LQZLUNXQJ YRQ 89�/LFKW GLPHULVLHUHQ )6 E]Z� S&6� LQGHP HLQH >�π��π@�&\FOR�
DGGLWLRQ DQ GHQ 'RSSHOELQGXQJHQ GHU 6HLWHQNHWWH VWDWWILQGHW XQG HLQ %XWDQULQJ

DXVJHELOGHW ZLUG �VLHKH $EELOGXQJ ��� -H QDFK UlXPOLFKHU $XVULFKWXQJ EHL GHU

3KRWRGLPHULVLHUXQJ XQWHUVFKHLGHW PDQ ]ZHL 7\SHQ� ����'LSKHQ\OF\FOREXWDQ�����

'LFDUERQVlXUHQ HQWVSUHFKHQ GHP 7UX[LOOVlXUH�7\S XQG VLQG KHDG�WR�WDLO �KW� YHUNQ�SIW�

����'LSKHQ\OF\FOREXWDQ�����'LFDUERQVlXUHQ HQWVSUHFKHQ GHP 7UX[LQVlXUH�7\S XQG VLQG

KHDG�WR�KHDG �KK� YHUNQ�SIW� %HL &\FOREXWDQKRPRGLPHUHQ YRP 7UX[LOOVlXUH�7\S VLQG

I�QI .RQILJXUDWLRQHQ P|JOLFK� EHLP 7UX[LQVlXUH�7\S VHFKV .RQILJXUDWLRQHQ� %HL GHU

%HOLFKWXQJ YRQ )6 E]Z� S&6� LVW DOVR GLH (QWVWHKXQJ YRQ MH PD[LPDO �� 6WHUHRLVRPHUHQ

]X HUZDUWHQ� :LUG HLQH 0LVFKXQJ DXV )6 XQG S&6 EHOLFKWHW� VR HQWVWHKHQ QHEHQ GHQ

+RPRGLPHUHQ DXFK +HWHURGLPHUH �&)�'LPHUH�� YRQ GHQHQ WKHRUHWLVFK �� 6WHUHRLVRPHUH

H[LVWLHUHQ �� KW� � KK��

'LH 9HUPXWXQJ� GD� GLHVH 'LPHUHQ LQ YLYR GXUFK 3KRWRGLPHULVDWLRQ HQWVWHKHQ� ZLUG GXUFK

GLH %HREDFKWXQJ XQWHUVW�W]W� GD� )6� E]Z� S&6�7ULVDFFKDULG�(VWHU �)6�$UD�;\O� E]Z�

S&6�$UD�;\O�� EHL %HOLFKWXQJ HQWVSUHFKHQGH 6WUXNWXUHQ ELOGHQ �+$57/(< HW DO�� ����E��
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����� &URVV�OLQNV ]ZLVFKHQ 3RO\VDFFKDULGHQ E]Z� 3RO\VDFFKDULGHQ XQG

/LJQLQ

'LH ,GHQWLIL]LHUXQJ YRQ GLPHUHQ 3KHQROFDUERQVlXUHQ LQ YHUVFKLHGHQHQ SIODQ]OLFKHQ

0DWHULDOLHQ Ol�W YHUPXWHQ� GD� GLHVH VRZRKO LQWUD� DOV DXFK LQWHUPROHNXODUH &URVV�OLQNV

]ZLVFKHQ 3RO\VDFFKDULGHQ DXVELOGHQ� ,Q OLJQLIL]LHUWHQ *HZHEHQ LVW GDU�EHUKLQDXV HLQH

9HUQHW]XQJ PLW GHP /LJQLQ P|JOLFK� /LJQLQ LVW HLQ KRFKNRPSOH[HV 1LFKWSRO\VDFFKDULG�

SRO\PHU� ZHOFKHV DXV 3KHQ\OSURSDQHLQKHLWHQ DXIJHEDXW LVW� ZDVVHUXQO|VOLFK XQG

XQYHUGDXOLFK I�U GHQ 0HQVFKHQ LVW �6&+1((0$1� ������

$XIJUXQG LKUHU ELIXQNWLRQHOOHQ (LJHQVFKDIWHQ �SKHQROLVFKH +\GUR[\OJUXSSH�

&DUER[\OJUXSSH� N|QQHQ 3KHQROFDUERQVlXUHQ VRZRKO (VWHU� DOV DXFK (WKHUELQGXQJHQ

HLQJHKHQ� 'DPLW VLQG IROJHQGH 4XHUYHUQHW]XQJHQ YRQ %LRSRO\PHUHQ LQ GHU 3IODQ]HQ�

]HOOZDQG GXUFK SKHQROLVFKH &DUERQVlXUHQ WKHRUHWLVFK GHQNEDU �VLHKH $EELOGXQJ �� ,,<$0$

HW DO�� ������

3RO\VDFFKDULG � 3RO\VDFFKDULG

� (VWHU� � (WKHUELQGXQJ HLQHU PRQRPHUHQ 3KHQROFDUERQVlXUH ]�%� )6

�(VWHU�(WKHU�%U�FNH�

� (VWHU� � (VWHUELQGXQJ HLQHU GLPHUHQ 3KHQROFDUERQVlXUH �'HK\GURGLPHU RGHU

3KRWRGLPHU� �'LHVWHU�%U�FNH�

� (VWHU� � (WKHUELQGXQJ HLQHU GLPHUHQ 3KHQROFDUERQVlXUH �'HK\GURGLPHU RGHU

3KRWRGLPHU� �(VWHU�(WKHU�%U�FNH�

� (WKHU� � (WKHUELQGXQJ HLQHU GLPHUHQ 3KHQROFDUERQVlXUH �'HK\GURGLPHU RGHU

3KRWRGLPHU� �'LHWKHU�%U�FNH�

3RO\VDFFKDULG�/LJQLQ

� (VWHUELQGXQJ ]XP 3RO\VDFFKDULG� (WKHUELQGXQJ ]XP /LJQLQ GXUFK PRQRPHUH

3KHQROFDUERQVlXUH �(VWHU�(WKHU�%U�FNH�

� (VWHUELQGXQJ ]XP 3RO\VDFFKDULG� (WKHUELQGXQJ ]XP /LJQLQ GXUFK GLPHUH

3KHQROFDUERQVlXUH �'LHVWHU�(WKHU�%U�FNH�

� (WKHUELQGXQJ HLQHU GLPHUHQ 3KHQROFDUERQVlXUH �'HK\GURGLPHU RGHU 3KRWRGLPHU�

]XP 3RO\VDFFKDULG XQG ]XP /LJQLQ �'LHWKHU�%U�FNH�

Abbildung 5: Schematische Darstellung der möglichen Cross-links zwischen Polysacchariden und
Lignin in der Zellwand (nach IIYAMA et al., 1994)
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'LH +\SRWKHVH� GD� SKHQROLVFKH &DUERQVlXUHQ� YRUDOOHP )6� PLWWHOV 'LHVWHU�%U�FNHQ

3RO\VDFFKDULGH YHUQHW]HQ� ZXUGH GXUFK GLH ,GHQWLIL]LHUXQJ HLQHV ')6�+H[DVDFFKDULG�

(VWHUV LQ %DPEXV�6SU|�OLQJHQ �,6+,,� ����� XQWHUVW�W]W� (LQH )6�(VWHU�(WKHU�%U�FNH

]ZLVFKHQ 3RO\VDFFKDULGHQ NRQQWH ELVODQJ QLFKW LVROLHUW ZHUGHQ� :lKUHQG 3RO\VDFFKDULGH

GHU *UDPLQHDH YRUKHUUVFKHQG PLW )6 YHUHVWHUW VLQG� LVW S&6 YRU DOOHP PLW /LJQLQ

YHUNQ�SIW� (WKHUJHEXQGHQH )6 XQG S&6 ZXUGHQ LQ 0DLV �1,0= HW DO�� ������ :HL]HQ�

�6&$/%(57 HW DO�� ����� XQG 5HLVVWURK �6+$50$ HW DO�� ����� QDFKJHZLHVHQ� $XIJUXQG YRQ

0RGHOOVWXGLHQ YHUPXWHWHQ 6&$/%(57 HW DO� ������� GD� )6 NRYDOHQWH (VWHU�(WKHU�

%LQGXQJHQ ]ZLVFKHQ /LJQLQ XQG 3RO\VDFFKDULGHQ DXVELOGHQ NDQQ� ,Q :HL]HQVWURK ZXUGHQ

GDUDXIKLQ VROFKH %LQGXQJHQ QDFKJHZLHVHQ �6&$/%(57 HW DO�� ����� ,,<$0$ HW DO�� ������

0LWWHOV GLUHNWHU FKHPLVFKHU $QDO\VH GHU O|VOLFKHQ /LJQLQ�3RO\VDFFKDULG�.RPSOH[H DXV

:HL]HQ� XQG 3KDODULV�,QWHUQRGLHQ ZXUGH JH]HLJW� GD� MHJOLFKH YHUHWKHUWH )6 DXFK PLW

$UDELQR[\ODQ YHUHVWHUW LVW �/$0 HW DO�� ������ $OOHUGLQJV ZXUGHQ /LJQLQ�/LJQLQ�)6�%U�FNHQ

QLFKW DXVJHVFKORVVHQ �/$0 HW DO�� ������

8QNODU EOLHE GLH 3RVLWLRQ GHU )6 DP /LJQLQ� 6&$/%(57 HW DO� ������ YHUPXWHWHQ HLQH

9HUHWKHUXQJ DQ α�&�3RVLWLRQ GHU 3URSDQRLGVHLWHQNHWWH GHV /LJQLQV� LQGHP GLH

SKHQROLVFKHQ 5HVWH GHU 3RO\VDFFKDULGH DQ 4XLQRQPHWKLG�,QWHUPHGLDWH ELQGHQ XQG

%HQ]\ODU\OHWKHU �α�(WKHU� HUJHEHQ �VLHKH $EELOGXQJ ��� ��&�105�6WXGLHQ YRQ 5$/3+ HW DO�

������ ]HLJWHQ MHGRFK� GD� GLHVH 5HDNWLRQ LQ GHU 3IODQ]H QLFKW GHU EHYRU]XJWH

0HFKDQLVPXV ]XU ,QNRUSRULHUXQJ YRQ )6 LQ GDV /LJQLQ�3RO\PHU LVW� 9LHOPHKU UHDJLHUW GLH

)6 LQ HLQHP UDGLNDOLVFKHQ 3UR]HVV �VLHKH $EELOGXQJ �� PLW /LJQLQ�0RQRPHUHQ ZLH

&RQLIHU\ODONRKRO ]X HLQHU 9LHO]DKO YRQ β�(WKHUQ �5$/3+ HW DO�� ����� XQG NDQQ VRPLW DOV

,QLWLDWLRQVVWHOOH GHU /LJQLIL]LHUXQJ JHOWHQ �*5$%%(5 HW DO�� ����� +$7),(/' HW DO�� ������

')6 ZHUGHQ DXI HQWVSUHFKHQGH $UW XQG :HLVH LQ GHQ /LJQLIL]LHUXQJVSUR]HVV PLW

HLQEH]RJHQ �48,'($8 	 5$/3+� ������
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Abbildung 6: Reaktion von monomerer oder dimerer FS mit Quinonmethid-Intermediaten des
Ligninkomplexes zu α-Ethern
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Abbildung 7: Radikalische Reaktion von monomerer oder dimerer FS mit Ligninmonomeren zu
β-Ethern (AX = Arabinoxylan; FS = Ferulasäure; C = Coniferylalkohol)

��� 3UREOHPVWHOOXQJ

'LH 1DKUXQJVIDVHUK\SRWKHVH EHVDJW� GD� HLQH (UQlKUXQJ UHLFK DQ SIODQ]OLFKHQ

=HOOZlQGHQ ]XP 6FKXW] YRU HLQHU 5HLKH YRQ .UDQNKHLWHQ EHLWUlJW� 'LHVHV LVW LQ GHQ

ZHVWOLFKHQ ,QGXVWULHOlQGHUQ� EHGLQJW GXUFK GHQ JHULQJHQ 9HU]HKU YRQ 1DKUXQJVIDVHU� YRQ

EHVRQGHUHU %HGHXWXQJ� 'HU VFK�W]HQGH (IIHNW GHU 1DKUXQJVIDVHU EHUXKW DXI GHP $QWHLO

DQ SIODQ]OLFKHQ =HOOZlQGHQ LQ GHU 1DKUXQJ XQG GHUHQ SK\VLNRFKHPLVFKHQ (LJHQVFKDIWHQ�

'HVKDOE N|QQHQ 0HWKRGHQ� GLH QXU GHQ *HKDOW GHU 1DKUXQJVIDVHU LQ /HEHQVPLWWHOQ

EHVWLPPHQ� QLFKW DGHTXDW GLH IXQNWLRQDOH 5ROOH GHU 1DKUXQJVIDVHU HUNOlUHQ� VRODQJH QLFKW

GLH 9HUlQGHUXQJHQ GXUFK 9HUDUEHLWXQJVSUR]HVVH RGHU (LQIO�VVH GHV 0DJHQ�'DUP�7UDNWV

LQ %HWUDFKW JH]RJHQ ZHUGHQ� =XP %HLVSLHO LVW GLH 1DKUXQJVIDVHU LP REHUHQ

9HUGDXXQJVWUDNW ]XJlQJOLFK I�U /|VOLFKNHLWVlQGHUXQJHQ� LP 'LFNGDUP ZLUG MH QDFK $UW

GHU 1DKUXQJVIDVHU HLQ HUKHEOLFKHU $QWHLO IHUPHQWLHUW� $OVR LVW HV RIIHQVLFKWOLFK� GD� I�U HLQ

EHVVHUHV 9HUVWlQGQLV GHU %HGHXWXQJ GHU 1DKUXQJVIDVHU LP 9HUGDXXQJVWUDNW GLH

FKHPLVFKH =XVDPPHQVHW]XQJ GHU 1DKUXQJVIDVHU LQ 5HODWLRQ ]XU 6WUXNWXU XQG )XQNWLRQ

GHU HLQ]HOQHQ %LRSRO\PHUH LQ GHQ =HOOZlQGHQ GHU YHUVFKLHGHQHQ *HZHEHW\SHQ JHNOlUW

ZHUGHQ PX��

'LH %LQGXQJVDUW XQG GHU 9HUQHW]XQJVJUDG ]ZLVFKHQ %LRSRO\PHUHQ LQ GHU

1DKUXQJVIDVHUPDWUL[ ZXUGH EHL GHU %HWUDFKWXQJ GHU FKHPLVFKHQ =XVDPPHQVHW]XQJ GHU

+DXSWVWUXNWXUNRPSRQHQWHQ GHU DOV 1DKUXQJVIDVHU JHQXW]WHQ =HOOZlQGH ZHQLJ EHDFKWHW�

'DV 9HUKDOWHQ GHU 1DKUXQJVIDVHUPDWUL[ KlQJW MHGRFK YRQ GHU )lKLJNHLW GHU

3RO\VDFFKDULGH DE� :HFKVHOZLUNXQJHQ XQG 9HUQHW]XQJHQ HLQ]XJHKHQ XQG YRQ GHUHQ

(UKDOWXQJ XQWHU YHUVFKLHGHQHQ SK\VLRORJLVFKHQ %HGLQJXQJHQ� 'DV %HVWHKHQ YRQ &URVV�

OLQNV LVW ]�%� ZHVHQWOLFK I�U GLH /|VOLFKNHLW GHU 1DKUXQJVIDVHU XQG VRPLW I�U GHQ

:LGHUVWDQG JHJHQ�EHU PLNURELHOOHP $EEDX� ,Q $EELOGXQJ � VLQG GLH NRPSOL]LHUWHQ

=XVDPPHQKlQJH QRFKPDOV LP hEHUEOLFN GDUJHVWHOOW�
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(LQ ZLFKWLJHU 6FKULWW EHL GHU .OlUXQJ GHV $XVPD�HV YRQ &URVV�OLQN�%LQGXQJHQ LQ 81) LVW

GLH ,GHQWLIL]LHUXQJ XQG 4XDQWLIL]LHUXQJ GLPHUHU SKHQROLVFKHU &DUERQVlXUHQ� 'LHVHV

EHLQKDOWHW GLH (QWZLFNOXQJ HLQHV JHHLJQHWHQ ,VROLHUXQJVYHUIDKUHQV JHQDXVR ZLH GHQ

(LQVDW] FKURPDWRJUDSKLVFKHU XQG PDVVHQVSHNWURVNRSLVFKHU 0HWKRGHQ ]XU ,GHQWLIL]LHUXQJ�

'D *HWUHLGHN|UQHU� �PHKOH XQG �NOHLH QXU LQ VHKU JHULQJHP 8PIDQJ URK YHU]HKUW ZHUGHQ�

LVW XQWHU HUQlKUXQJVSK\VLRORJLVFKHQ *HVLFKWVSXQNWHQ GLH 8QWHUVXFKXQJ YHUDUEHLWHWHU

3URGXNWH YRQ %HGHXWXQJ� +LHU ILHO GLH :DKO DXI ([WUXVLRQVSURGXNWH� GD VLH LP +LQEOLFN DXI

GLH REHQ JHVFKLOGHUWH 3UREOHPDWLN QRFK QLFKW XQWHUVXFKW VLQG� REZRKO LQ GHQ OHW]WHQ

-DKUHQ GHUHQ 9LHOIDOW XQG 9HU]HKU VWHWLJ ]XJHQRPPHQ KDW�
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Abbildung 8: Zusammenhänge zwischen Zusammensetzung und Struktur der pflanzlichen Zellwand
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��

� 8QWHUVXFKXQJVPDWHULDO

��� *HWUHLGH�5RKPDWHULDO

,QVJHVDPW ZXUGH GLH 81) VLHEHQ YHUVFKLHGHQHU *HWUHLGHDUWHQ KLQVLFKWOLFK LKUHU

=XVDPPHQVHW]XQJ �SKHQROLVFKH &DUERQVlXUH� .RKOHQK\GUDWH� XQWHUVXFKW� 'DV

5RKPDWHULDO YRQ :HL]HQ �7ULWLFXP DHVWLYXP�� *HUVWH �+RUGHXP YXOJDUH�� +DIHU �$YHQD

VDWLYD� ZXUGH YRP ,QVWLWXW I�U *HWUHLGHWHFKQRORJLH GHU 78 %HUOLQ ]XU 9HUI�JXQJ JHVWHOOW�

GD KLHUYRQ DXFK HQWVSUHFKHQGH ([WUXGDWH VWDPPWHQ� 'HU 0DLVJULHV �=HD PD\V� VWDPPWH

YRQ GHU )LUPD %DKOVHQ �+DQQRYHU�� 5RJJHQ �6HFDOH FHUHDOH�� /DQJNRUQUHLV �JHVFKlOW�

2U\]D VDWLYD� XQG +LUVH �3DQLFXP PLOLDFHXP� ZXUGHQ LP /HEHQVPLWWHOHLQ]HOKDQGHO

HUZRUEHQ�

��� *HWUHLGH�([WUXGDWH

����� 9HUDUEHLWXQJ YRQ *HWUHLGH PLWWHOV ([WUXVLRQ

'LH ([WUXVLRQ LVW LQ GHU PRGHUQHQ /HEHQVPLWWHOWHFKQRORJLH HLQ VHKU KlXILJ HLQJHVHW]WHV

9HUIDKUHQ� YRU DOOHP ZHQQ HV XP NRQWLQXLHUOLFKH 9HUDUEHLWXQJ YRQ /HEHQVPLWWHOQ JHKW

XQG KDW LQ GHQ OHW]WHQ -DKUHQ ]XQHKPHQG DQ %HGHXWXQJ JHZRQQHQ�

:LH 7DEHOOH � ]X HQWQHKPHQ LVW� H[LVWLHUW HLQH JUR�H 9LHO]DKO DQ H[WUXGLHUWHQ 3URGXNWHQ

�6&+0,'7 	 3)$//(5� ������ 1HEHQ GHU JUR�HQ *UXSSH GHU )U�KVW�FNVFHUHDOLHQ XQG

6QDFNSURGXNWH ZHUGHQ PRGLIL]LHUWH 6WlUNHQ XQG 0HKOH� 7LHUIXWWHU� $URPHQ XQG

6��LJNHLWHQ EHUHLWV PLW ([WUXGHUQ KHUJHVWHOOW ,Q GHU %DFNZDUHQLQGXVWULH ZHUGHQ

KDXSWVlFKOLFK 0LVFK� XQG .QHWH[WUXGHU ]XU NRQWLQXLHUOLFKHQ 7HLJNQHWXQJ LP %HUHLFK GHU

)ULVFK� XQG 'DXHUEDFNZDUHQSURGXNWLRQ HLQJHVHW]W�

Tabelle 2: Auswahl mittels Extrusion hergestellter Produkte

3URGXNWJUXSSH %HLVSLHOH .RQYHQWLRQHOOHU 3UR]HVV

0RGLIL]LHUWH *HWUHLGHPHKOH %DE\QDKUXQJ 7URPPHOWURFNQHU

7LHUIXWWHU +HLPWLHUIXWWHU� )LVFKIXWWHU $XWRNODY RGHU 2IHQ

0LOFKSURGXNWH &DVHLQDWH 5�KUWDQN

$URPHQ .DUDPHO� JHU|VWHWH $URPHQ 5|VWWDQN

%DFNZDUHQ .HNVH� )ODGHQEURWH %DFNRIHQ

)U�KVW�FNVFHUHDOLHQ 3XIIUHLV� *HWUHLGHIODNHV 3XIILQJ JXQ

6WlUNHKDOWLJH 3URGXNWH 1XGHOQ .RFKHQ

6��ZDUHQ /DNULW]� )UXFKWJXPPL� 6FKRNRODGH .RFKHQ� &RQFKLHUHQ

([WUXGHU EHVWHKHQ LP ZHVHQWOLFKHQ DXV HLQHP KRUL]RQWDOHQ� EHKHL]EDUHQ 5RKU� GDV

HQWZHGHU PLW HLQHU RGHU ]ZHL 6FKQHFNHQZHOOHQ YHUVHKHQ LVW �(LQVFKQHFNHQ� XQG

'RSSHOVFKQHFNHQH[WUXGHU� �VLHKH $EELOGXQJ ��� 'LH 2EHUIOlFKH GHU 6FKQHFNHQZHOOHQ

NDQQ XQWHUVFKLHGOLFK EHVFKDIIHQ VHLQ XQG YHUVFKLHGHQH )RUPHQ YRQ )|UGHU� XQG

.QHWHOHPHQWHQ EHVLW]HQ� MH QDFKGHP ZLH GLH (LJHQVFKDIWHQ GHV 3URGXNWV VHLQ VROOHQ

�6&+0,'7 	 3)$//(5� ������
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trockene
Zuführung Wasser Dampf

statische 
Mischer

Loch und Matrizen variabel
je nach Produkt und Prozeßbedingungen

Abbildung 9: Skizze eines Extruders

%HL GHU .RFKH[WUXVLRQ ZHUGHQ GLH 5RKVWRIINRPSRQHQWHQ �]�%� 0DLVJULHV� 0DLVPHKO� +DIHU�

PHKO� :HL]HQPHKO� 6DO]� =XFNHU� HLQ]HOQ RGHU DOV 9RUPLVFKXQJ LQ GHQ ([WUXGHU GRVLHUW�

=XU %HHLQIOXVVXQJ GHU 9LVNRVLWlW GHU 0DVVH LP ([WUXGHU ZHUGHQ XQPLWWHOEDU GDQDFK GLH

IO�VVLJHQ .RPSRQHQWHQ� PHLVW :DVVHU� KLQ]XJHJHEHQ� 'LH 0LVFKZLUNXQJ GHU 6FKQHFNH

YHUWHLOW GLH )O�VVLJNHLWHQ KRPRJHQ LQ GHU 5RKVWRIIPLVFKXQJ� 8QWHU GHP (LQIOX� YRQ 'UXFN

XQG 7HPSHUDWXU ZHUGHQ GLH $XVJDQJVPDWHULDOLHQ LQ VSH]LHOOHQ .QHW� XQG 6FKHU]RQHQ GHU

6FKQHFNH SODVWLIL]LHUW XQG GLH ,QKDOWVVWRIIH PRGLIL]LHUW� 'LH SODVWLIL]LHUWH 0DVVH ZLUG GXUFK

'�VHQ XQWHUVFKLHGOLFKHU *HRPHWULH DXVJHWUDJHQ XQG DXVJHIRUPW� (V HQWVWHKHQ KLHUEHL

HQWZHGHU GLUHNW H[SDQGLHUWH YHU]HKUVIlKLJH 3URGXNWH� GLH LQIROJH HLQHU $XIEOlKXQJ XQG

WHLOZHLVHQ 7URFNQXQJ GXUFK SO|W]OLFKH 9HUULQJHUXQJ GHV 'UXFNV EHLP $XVWUHWHQ DXV GHP

([WUXGHU� YROXPLQ|V� OHLFKW XQG NQXVSULJ VLQG� (V N|QQHQ DEHU DXFK QLFKW H[SDQGLHUWH�

GLFKWH +DOEIHUWLJSURGXNWH� GLH LKUHQ YHU]HKUVIlKLJHQ =XVWDQG HUVW QDFK ZHLWHUHQ

%HKDQGOXQJVVFKULWWHQ HUUHLFKHQ� KHUJHVWHOOW ZHUGHQ �6&+0,'7 	 3)$//(5� ������

'LH HQWVWDQGHQHQ ([WUXGDWH VLQG PHLVW NXJHO� ELV VWlEFKHQI|UPLJ� ZHUGHQ JHWURFNQHW XQG

DXI XQWHUVFKLHGOLFKH :HLVH QDFKEHKDQGHOW �5|VWHQ� $XIVSU�KHQ YRQ )DUEVWRIIHQ XQG

9LWDPLQHQ� 6FKRNRODGHQ�EHU]XJ HWF���

4XDOLWlWVEHVWLPPHQGH (LJHQVFKDIWHQ� ]�%� *HVFKPDFN� 7H[WXU XQG )DUEH� N|QQHQ VRZRKO

�EHU GLH 5H]HSWXUEHVWDQGWHLOH DOV DXFK GXUFK GLH ([WUXVLRQVSDUDPHWHU ZLH

6FKQHFNHQGUHK]DKO XQG �NRQILJXUDWLRQ� 'XUFKVDW] XQG 7HPSHUDWXUSURILO JH]LHOW EHHLQIOX�W

ZHUGHQ�

,QVEHVRQGHUH GLH VSH]LILVFKH PHFKDQLVFKH (QHUJLHHLQOHLWXQJ �60( >:DWWVWXQGH�NJ@�� GLH

7HPSHUDWXU XQG GLH :DVVHU]XJDEH VSLHOHQ HLQH HQWVFKHLGHQGH 5ROOH� GHQQ GXUFK VLH ZLUG

GLH 8PZDQGOXQJ GHU SK\VLNDOLVFK�FKHPLVFKHQ (LJHQVFKDIWHQ GHU HLQJHVHW]WHQ 5RKVWRIIH

XQG GDPLW GLH %HVFKDIIHQKHLW GHV 3URGXNWV EHHLQIOX�W�
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����� 3UREHQPDWHULDO� :HL]HQ� *HUVWH� +DIHU XQG 0DLV

'LH ([WUXGDWH XQG 5RKVWRIIH YRQ :HL]HQ� *HUVWH XQG +DIHU ZXUGHQ YRP ,QVWLWXW I�U

*HWUHLGHWHFKQRORJLH GHU 78 %HUOLQ ]XU 9HUI�JXQJ JHVWHOOW� 'HU 0DLVJULHV XQG GLH

0DLVFROOHWV VWDPPWHQ YRQ GHU )LUPD %DKOVHQ �+DQQRYHU��

:HL]HQ

%HL GHP 5RKVWRII KDQGHOW HV VLFK XP :HL]HQNOHLH GHU )LUPD 6FK�WWP�KOH %HUOLQ *PE+�

'LH :HL]HQNOHLH ZXUGH PLW HLQHP /DERUH[WUXGHU GHU )LUPD :HUQHU XQG 3IOHLGHUHU

H[WUXGLHUW� 'LHVHV JHVFKDK XQWHU XQWHUVFKLHGOLFKHQ %HGLQJXQJHQ� ZREHL VLFK GLH YLHU

([WUXGDWH HLQHUVHLWV GXUFK GLH %HKDQGOXQJ GHV $XVJDQJVURKVWRIIHV �YHUPDKOHQ RGHU

XQYHUPDKOHQ� VRZLH QDFK GHU VSH]LILVFKHQ PHFKDQLVFKHQ (QHUJLHHLQOHLWXQJ 60( �QLHGULJ

RGHU KRFK� XQWHUVFKLHGHQ�

3UREH :�� 5RKVWRII� XQEHKDQGHOW

3UREH YY �� �� .RUQJU|�H � �����P� 60(  �� :K�NJ

3UREH YY �� �� .RUQJU|�H � �����P� 60(  ��� :K�NJ

3UREH YY �� �� XQYHUPDKOHQ� 60(  �� :K�NJ

3UREH YY �� ��� XQYHUPDKOHQ� 60(  ��� :K�NJ

*HUVWH

$OV 5RKVWRII GLHQWH *HUVWHQNOHLH� GLH XQWHU IROJHQGHQ %HGLQJXQJHQ H[WUXGLHUW ZXUGH�

3UREH 9� *� ��� :DVVHU]XJDEH� ��� O�K �PLWWHO�

6FKQHFNHQGUHK]DKO� ��� 8�PLQ

3URGXNWWHPSHUDWXU� ����&

0DVVHVWURP� � NJ�K

60(� �� :K�NJ �PLWWHO�

1DFK GHU ([WUXVLRQ ZXUGH GLH 3UREH EHL ���& �EHU 1DFKW LQ GHQ 7URFNHQVFKUDQN JHVWHOOW

XQG DQVFKOLH�HQG PLW GHU 6FKODJNUHX]P�KOH � ����P YHUPDKOHQ�

+DIHU

%HL GHP 5RKVWRII KDQGHOWH HV VLFK XP +DIHUNOHLH� GLH DXI ]ZHL XQWHUVFKLHGOLFKH :HLVHQ

H[WUXGLHUW ZXUGH�

3UREH 9� +� ��� :DVVHU]XJDEH� ��� O�K �YLHO�

6FKQHFNHQGUHK]DKO� ��� 8�PLQ

3URGXNWWHPSHUDWXU� ����&

0DVVHVWURP� � NJ�K

60(� �� :K�NJ �QLHGULJ�

3UREH 9� +� �� :DVVHU]XJDEH� ���� O�K �ZHQLJ�

6FKQHFNHQGUHK]DKO� ��� 8�PLQ

3URGXNWWHPSHUDWXU� ����&

0DVVHVWURP� � NJ�K

60(� �� :K�NJ �UHODWLY KRFK�

1DFK GHU ([WUXVLRQ ZXUGH GLH 3UREH EHL ���& �EHU 1DFKW LQ GHQ 7URFNHQVFKUDQN JHVWHOOW

XQG DQVFKOLH�HQG PLW GHU 6FKODJNUHX]P�KOH � ����P YHUPDKOHQ�

0DLV

$OV 5RKVWRII ZXUGH 0DLVJULHV YHUZHQGHW� 0LWWHOV HLQHV 'LUHNW�([WUXVLRQVSUR]HVVHV EHL

��������& ZXUGHQ GDUDXV 0DLVFROOHWV KHUJHVWHOOW� GLH DOV $XVJDQJVPDWHULDO I�U GLH

+HUVWHOOXQJ YRQ 6QDFNSURGXNWHQ GLHQHQ� 'DV 0DLVPDWHULDO ZXUGH YRQ GHU )LUPD %DKOVHQ

�+DQQRYHU� 'HXWVFKODQG� ]XU 9HUI�JXQJ JHVWHOOW�
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��� +DIHUSURGXNWH

'LH +DIHUSUREHQ GHU )LUPD 3HWHU .|OOQ �(OPVKRUQ� 'HXWVFKODQG� HUP|JOLFKWHQ HV� GHQ

JHVDPWHQ 3URGXNWLRQVYHUODXI YRP 5RKPDWHULDO ELV ]X GHQ +DIHUIORFNHQ RGHU +DIHUNOHLH

XQG GHQ GDUDXV KHUJHVWHOOWHQ ([WUXGDWHQ ]X YHUIROJHQ� ,P IROJHQGHQ VLQG GLH

P�OOHUHLWHFKQLVFKHQ 9RUJlQJH NXU] EHVFKULHEHQ �.h+1$8 	 *$1�0$11� ����� =:,1*(/%(5*�

������

=XQlFKVW HUIROJW HLQH 5HLQLJXQJ GHV 5RKKDIHUV� =XU (QWIHUQXQJ YRQ 0HWDOOWHLOHQ ZLUG GHU

+DIHU �EHU VWDUNH 0DJQHWH JHOHLWHW� ZHLWHUH 9HUXQUHLQLJXQJHQ ZLH ]�%� HUGLJHU 6WDXE XQG

6DQG ZHUGHQ GXUFK PHKUIDFKH 6LHEXQJ HQWIHUQW� 6lPHUHLHQ XQG UXQGH .|UQHU ZHUGHQ

PLW 7ULHXUHQ DXVJHOHVHQ�

'HU JHUHLQLJWH +DIHU ZLUG GDQQ GHU WKHUPLVFKHQ %HKDQGOXQJ ]XJHI�KUW� ,Q HLQHQ

VHQNUHFKWHQ 0HWDOOVFKDFKW� 'DUUH JHQDQQW� LQ GHQ GHU +DIHU ODQJVDP KLQHLQULHVHOW� ZLUG

WURFNHQHU :DVVHUGDPSI QLFKW ]X KRKHU 7HPSHUDWXU HLQJHG�VW� 'HU 'DPSI ORFNHUW GLH

+DIHUVSHO]H XQG HUZlUPW GDV .RUQLQQHUH� 'XUFK GLH +LW]HEHKDQGOXQJ GHV 'DUUHQV ZLUG

GLH +DOWEDUNHLW GHV +DIHUV GXUFK ,QDNWLYLHUXQJ GHU IHWWVSDOWHQGHQ (Q]\PH YHUOlQJHUW� 'DV

'DUUHQ LVW EHLP +DIHU QRWZHQGLJ� GD GHU )HWWJHKDOW PLW ��� � LP 9HUJOHLFK ]X DQGHUHQ

*UDPLQHHQ UHFKW KRFK LVW� 'XUFK GLH P�OOHULVFKH %HDUEHLWXQJ GHV +DIHUV NRPPHQ

IHWWVSDOWHQGH (Q]\PH PLW GHP +DIHUIHWW LQ .RQWDNW XQG YHUXUVDFKHQ EHL GHU /DJHUXQJ

GXUFK )HWWDEEDXSURGXNWH HLQHQ UDQ]LJHQ� ELWWHUHQ *HVFKPDFN� $X�HUGHP ZLUG GXUFK GDV

'DUUHQ GHU DQJHQHKP QX�DUWLJH *HVFKPDFN GHV +DIHUV JHELOGHW� GD 5RKKDIHUNHUQH

XUVSU�QJOLFK IUHL YRQ $URPDVWRIIHQ VLQG� 9RU GHP 'DUUYRUJDQJ GXUFKOlXIW GHU 5RKKDIHU

HLQH 'DPSIEHKDQGOXQJ� EHL GHU 7HPSHUDWXUHQ YRQ �� � ��� & HUUHLFKW ZHUGHQ� YHUEXQGHQ

PLW HLQHU JHULQJHQ )HXFKWLJNHLWV]XQDKPH YRQ FD� �� � �� � )HXFKWHJHKDOW� ,P 5DGLD�

WRUHQGXUFKODXIWURFNQHU GHU 'DUUH HUUHLFKW GHU +DIHU HLQH 7HPSHUDWXU YRQ ��� � ����&�

1DFK �� � �� PLQ LVW GLH ,QDNWLYLHUXQJ GHU /LSDVHQ XQG 3HUR[LGDVHQ DEJHVFKORVVHQ� XQG

HV HUIROJW GLH 7URFNQXQJ DXI FD� �� � (QGIHXFKWH XQG .�KOXQJ DXI 5DXPWHPSHUDWXU

�=:,1*(/%(5*� ������

)�U GLH VLFK DQVFKOLH�HQGH (QWVSHO]XQJ ZHUGHQ GLH +DIHUN|UQHU QDFK *U|�H VRUWLHUW XQG

GHU 6FKlOPDVFKLQH ]XJHI�KUW�

=XU +DIHUIORFNHQKHUVWHOOXQJ ZHUGHQ GLH HQWVSHO]WHQ .HUQH GDQQ QDFK GXUFKGULQJHQGHU

'lPSIXQJ GHU :DO]XQJ ]XJHI�KUW� 0LW GHP 'lPSISUR]H� ZLUG GDV =LHO YHUIROJW�

+DIHUNHUQH LQ LKUHU SK\VLNDOLVFKHQ (LJHQVFKDIW VR ]X YHUlQGHUQ� GD� LP VLFK

DQVFKOLH�HQGHQ :DO]HQVWXKO )ORFNHQ EHVWLPPWHU *U|�H XQG 'LFNH KHUJHVWHOOW ZHUGHQ

N|QQHQ� 0LW GLHVHP 9RUJDQJ LVW JOHLFK]HLWLJ HLQH 9HUlQGHUXQJ GHU 6WlUNH

�6WlUNHYHUNOHLVWHUXQJ� YHUEXQGHQ� =XU (UK|KXQJ GHV )HXFKWLJNHLWVJHKDOWV XP ELV ]X ��

ZLUG GHQ +DIHUNHUQHQ LQ HLQHP 'lPSIHU 'DPSI ]XJHI�KUW� 1DFK GHU 'DPSIEHKDQGOXQJ

HUIROJW GLH 9HUIORFNXQJ LP )ORFNHQZDO]VWXKO� ZREHL LP DOOJHPHLQHQ DXI HLQH )ORFNHQVWlUNH

YRQ FD� ��� PP DXVJHZDO]W ZLUG �=:,1*(/%(5*� ������

=XU +HUVWHOOXQJ YRQ +DIHUNOHLH ZHUGHQ GLH HQWVSHO]WHQ .HUQH P�OOHUHLWHFKQLVFK VR

EHDUEHLWHW� GD� QXU GLH lX�HUHQ 5DQGVFKLFKWHQ GHV .RUQV XQG HLQ 7HLO GHV (QGRVSHUPV LP

0DKOJXW YHUEOHLEHQ�

=XU +HUVWHOOXQJ GHU ([WUXVLRQVSURGXNWH ZHUGHQ LQ GLHVHP )DOO HLQHUVHLWV GLH +DIHUIORFNHQ

DQGHUHUVHLWV GLH +DIHUNOHLH HLQJHVHW]W� =XP $XIVFKOLH�HQ GHU +DIHUVWlUNH LP

9HUDUEHLWXQJVSUR]H� ZLUG GHU 0DVVHIHXFKWLJNHLWVJHKDOW LQQHUKDOE GHV ([WUXGHU]\OLQGHUV

DXI FD� �� � �� � GXUFK :DVVHULQMHNWLRQ HLQJHVWHOOW� 'LH 7HPSHUDWXUI�KUXQJ LQ GHU

([WUXGHUPDVVH PX� GHP 5RKVWRII DQJHSD�W VHLQ XQG VROOWH HLQH 0D[LPDOWHPSHUDWXU YRQ

��� ELV ���� & EHL +DIHU QLFKW �EHUVWHLJHQ� -H QDFK JHZ�QVFKWHU $URPDHQWZLFNOXQJ XQG

)DUEJHEXQJ NDQQ HLQH 0DO]O|VXQJ ]XGRVLHUW ZHUGHQ� %HL GHQ XQWHUVXFKWHQ ([WUXGDWHQ



� 8QWHUVXFKXQJVPDWHULDO

��

ZXUGH MHGRFK DXI MHJOLFKH =XPLVFKXQJ DQGHUHU �*HWUHLGH��.RPSRQHQWHQ YHU]LFKWHW� XP

DXVVFKOLH�OLFK GHQ (LQIOX� GHU ([WUXVLRQ DXI GHQ +DIHU VWXGLHUHQ ]X N|QQHQ�

1DFK hEHUWULWW GHV +DIHUV DXV GHP .RFKH[WUXGHU LQ GHQ NDVNDGHQDUWLJ QDFKJHVFKDOWHWHQ

)RUPH[WUXGHU ZLUG GLH ([WUXGHUPDVVH GXUFK GHQ )RUP]\OLQGHU XQG GLH '�VHQIRUPHQ YRU

GLH DX�HQ XPODXIHQGHQ 0HVVHU JHSUH�W XQG NRQWLQXLHUOLFK DEJHWUHQQW� 'LH PLW HLQHP

)HXFKWLJNHLWVJHKDOW YRQ �� � �� � DXVWUHWHQGHQ 3HOOHWV ZHUGHQ DXVJHN�KOW XQG VFKRQHQG

LP /XIWVWURP DXI HLQHQ :DVVHUJHKDOW YRQ �� � �� � KHUXQWHUJHWURFNQHW �6(,%(/� �����

=:,1*(/%(5*� ������
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��� 1DKUXQJVIDVHULVROLHUXQJ

=XU $QDO\VH YRQ 1DKUXQJVIDVHU H[LVWLHUHQ GLYHUVH 0HWKRGHQ� GLH JURE LQ GUHL *UXSSHQ

XQWHUWHLOW ZHUGHQ N|QQHQ� JUDYLPHWULVFKH �1HXWUDOGHWHUJHQWLHQ� XQG 6lXUHGHWHUJHQWLHQ�

0HWKRGH�� HQ]\PDWLVFK�JUDYLPHWULVFKH XQG HQ]\PDWLVFK�FKHPLVFKH 0HWKRGHQ�

:lKUHQG PLW GHQ JUDYLPHWULVFKHQ 0HWKRGHQ QXU 7HLOH GHU 81) HUID�W ZHUGHQ �&HOOXORVH�

/LJQLQ� WHLOZHLVH XQO|VOLFKH +HPLFHOOXORVHQ�� N|QQHQ PLWWHOV HQ]\PDWLVFK�JUDYLPHWULVFKHU

E]Z� �FKHPLVFKHU 0HWKRGHQ /1) XQG 81) LQ 6XPPH RGHU JHWUHQQW EHVWLPPW ZHUGHQ

�&HOOXORVH� +HPLFHOOXORVHQ� 3HNWLQ� /LJQLQ� �VLHKH $EELOGXQJ ���� %HL GHU HQ]\PDWLVFK�

FKHPLVFKHQ 0HWKRGH ZHUGHQ GLH =XFNHUEDXVWHLQH GHU 1DKUXQJVIDVHU DQDO\VLHUW� DXV GHU

6XPPH GHU =XFNHUEDXVWHLQH GHU 3RO\VDFFKDULGJHKDOW EHUHFKQHW XQG ]XVDPPHQ PLW GHP

/LJQLQJHKDOW DOV 1DKUXQJVIDVHUJHKDOW DQJHJHEHQ� :LUG GLH 1DKUXQJVIDVHU GDJHJHQ

JUDYLPHWULVFK EHVWLPPW� PX� GLH $XVZDDJH XP GHQ $VFKH� XQG 3URWHLQJHKDOW NRUULJLHUW

ZHUGHQ�

)�U GLH GXUFK]XI�KUHQGHQ 8QWHUVXFKXQJHQ ZXUGH GLH 0HWKRGH ]XU %HVWLPPXQJ GHU

1DKUXQJVIDVHU LQ /HEHQVPLWWHOQ QDFK � �� /0%* �1U� ��������� %J99� ����� HLQJHVHW]W�

+LHUEHL KDQGHOW HV VLFK XP HLQ HQ]\PDWLVFK�JUDYLPHWULVFKHV 9HUIDKUHQ� ZHOFKHV DXI HLQHU

$2$&�0HWKRGH �3526.< HW DO�� ����� EHUXKW�

Gesamt-

ballast

stoffe

(gravime-

trisch)

Nichtstärke-

Polysaccharide

(NSP)

Lignin Lignin Lignin

Nichtcellulose-

Polysaccharide

Cellulose Cellulose

Hemicellulosen

Pektin

andere Poly-

saccharide
Lösliche

Nahrungsfaser

Unlösliche
Nahrungsfaser

pf
la

nz
lic

he
 Z

el
lw

an
d

Lignin

andere
Zuckerreste

Uronsäuren

Rhamnose

Arabinose

Xylose

Mannose

Galactose

Glucose

Resistente Stärke

Stärke

Abbildung 10: Darstellung der je nach Bestimmungsmethode erfaßten Nahrungsfaserkomponenten

*HZLQQXQJ GHU 1DKUXQJVIDVHU

=XU 9HUNOHLVWHUXQJ GHU 6WlUNH ZLUG GLH JHWURFNQHWH XQG IHWWIUHLH 3UREH PLW

KLW]HEHVWlQGLJHU α�$P\ODVH LQNXELHUW� 0LWWHOV 3URWHDVH ZHUGHQ GLH 3URWHLQH XQG

DQVFKOLH�HQG PLWWHOV $P\ORJOXFRVLGDVH GLH UHVWOLFKH 6WlUNH DEJHEDXW� 1DFK

=HQWULIXJLHUHQ ZLUG GHU 5�FNVWDQG JHZDVFKHQ� JHWURFNQHW XQG DOV 81) DXVJHZRJHQ�
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korrigierter Gehalt an UNFkorrigierter Gehalt an LNF

Bestimmung des

Asche-Gehalts
Bestimmung des

Proteingehalts
Bestimmung des

Asche-Gehalts
Bestimmung des

Proteingehalts

Rückstand

UNF
Überstand

LNF

- Fällung der lösl. NF mit EtOH
- Zentrifugation
- Trocknung des Rückstands

- Trocknung

Auswaage als

LNF
Auswaage als

UNF

Untersuchungsmaterial
(getrocknet und entfettet)

Stärkeverkleisterung
+ α-Amylase

Stärkeabbau
+ Amyloglucosidase

Proteinabbau
+ Protease

Zentrifugation

Abbildung 11: Schematische Darstellung der Gewinnung LNF und UNF aus Getreide

'LH /1) LP hEHUVWDQG GHV =HQWULIXJDWHV ZLUG PLW GHU YLHUIDFKHQ 0HQJH DQ (WKDQRO

DXVJHIlOOW� 'HU 1LHGHUVFKODJ ZLUG ]HQWULIXJLHUW� JHZDVFKHQ� JHWURFNQHW XQG DOV /1)

DXVJHZRJHQ� ,Q $EELOGXQJ �� LVW GDV SULQ]LSLHOOH 9RUJHKHQ LP hEHUEOLFN GDUJHVWHOOW�
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'LH JHQDXH $UEHLWVYRUVFKULIW ]XU *HZLQQXQJ GHU /1) XQG 81) LVW GHP $QKDQJ ����� ]X

HQWQHKPHQ� 'LH 3UREHQDQ]DKO EHWUXJ Q  ��

'D LQ GHQ EHLGHQ )UDNWLRQHQ QRFK 5HVWH DQ 3URWHLQ XQG 0LQHUDOVWRIIHQ HQWKDOWHQ VLQG� GLH

HLQHQ HUK|KWHQ 1DKUXQJVIDVHUJHKDOW YRUWlXVFKHQ Z�UGHQ� HUIROJW HLQH .RUUHNWXU GHV

JUDYLPHWULVFKHQ (UJHEQLVVHV XP GHQ 3URWHLQ� XQG $VFKHJHKDOW�

'LH %HVWLPPXQJ GHV *O�KU�FNVWDQGHV HUIROJW GXUFK 9HUDVFKXQJ LP 0XIIHORIHQ I�U �� K

EHL ����& �� �� /0%* / ��������� %J99� ������ 'HU 3URWHLQJHKDOW ZLUG QDFK GHU

0HWKRGH YRQ .-(/'$+/ EHVWLPPW �� �� /0%* / ��������� %J99� ������ 'LH JHQDXHQ

$UEHLWVYRUVFKULIWHQ EHILQGHQ VLFK LP $QKDQJ ������

��� &KDUDNWHULVLHUXQJ�GHU�1DKUXQJVIDVHU

'LH %HVWLPPXQJ GHU SKHQROLVFKHQ &DUERQVlXUHQ HUIROJWH PLWWHOV ]ZHLHU DONDOLVFKHU

+\GURO\VHPHWKRGHQ� ZHOFKH GLH %HVWLPPXQJ VRZRKO HVWHUJHEXQGHQHU DOV DXFK HVWHU�

XQG�RGHU HWKHUJHEXQGHQHU SKHQROLVFKHU &DUERQVlXUHQ ]XODVVHQ� =XU ,VROLHUXQJ DXV GHP

+\GURO\VDW ZXUGH HLQH )HVWSKDVHQH[WUDNWLRQ HQWZLFNHOW� 'LH TXDOLWDWLYH XQG TXDQWLWDWLYH

$QDO\VH HUIROJWH PLWWHOV *DVFKURPDWRJUDSKLH �*&�� 'LH ,GHQWLIL]LHUXQJ GHU GLPHUHQ

3KHQROFDUERQVlXUHQ HUIRUGHUWH GHQ (LQVDW] YRQ 0DVVHQVSHWURVNRSLH �06� XQG

+RFKOHLVWXQJVIO�VVLJFKURPDWRJUDSKLH�'LRGHQDUUD\GHWHNWLRQ �+3/&�'$'��

'LH TXDOLWDWLYH XQG TXDQWLWDWLYH %HVWLPPXQJ GHU 3RO\VDFFKDULGH E]Z� GHUHQ

=XVDPPHQVHW]XQJ HUIROJWH QDFK +\GURO\VH XQG JDVFKURPDWRJUDSKLVFKHU %HVWLPPXQJ

IO�FKWLJHU 'HULYDWH� 'DV 9HUNQ�SIXQJVPXVWHU ZXUGH QDFK 0HWK\OLHUXQJ XQG UHGXNWLYHU

6SDOWXQJ GHU 3RO\VDFFKDULGH HUKDOWHQ �UHGXNWLYH 'HSRO\PHULVDWLRQ��

����� 3KHQROFDUERQVlXUHQ

������� $ONDOLK\GURO\VH

(VWHUELQGXQJHQ N|QQHQ VDXHU� DONDOLVFK RGHU HQ]\PDWLVFK JHVSDOWHQ ZHUGHQ� (LQH

HLQIDFKH 0HWKRGH ]XU )UHLVHW]XQJ HVWHUJHEXQGHQHU 3KHQROFDUERQVlXUHQ VWHOOW GLH

+\GURO\VH PLW � 0 1DWURQODXJH EHL 57 I�U ��K GDU �VLHKH $EELOGXQJ ���� 'LHVH 0HWKRGH

ZXUGH EHUHLWV YLHOIDFK ]XU +\GURO\VH JHEXQGHQHU SKHQROLVFKHU &DUERQVlXUHQ LQ

SIODQ]OLFKHP =HOOZDQGPDWHULDO HUIROJUHLFK HLQJHVHW]W �,,<$0$ HW DO�� ����� -81* 	 6+$/,7$�

-21(6� ����� +$57/(< 	 0255,621� ����� 3$&.(57� ������

'LH JHQDXH $UEHLWVYRUVFKULIW LVW GHP $QKDQJ ������� ]X HQWQHKPHQ� 'LH 3UREHQDQ]DKO

EHWUXJ Q  ��

������� $ONDOLVFKH 'UXFNK\GURO\VH

8P QHEHQ GHQ HVWHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ DXFK GLH HWKHUJHEXQGHQHQ

3KHQROFDUERQVlXUHQ HUIDVVHQ ]X N|QQHQ� EHGDUI HV HLQHU +\GURO\VH XQWHU GUDVWLVFKHUHQ

%HGLQJXQJHQ�

=XU )UHLVHW]XQJ YRQ HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ ZXUGHQ LQ GHU /LWHUDWXU

VRZRKO VDXUH DOV DXFK DONDOLVFKH +\GURO\VHQ EHVFKULHEHQ�

,,<$0$ HW DO� ������ ����� ]HLJWHQ� GD� EHL GHU DONDOLVFKHQ 'UXFNK\GURO\VH HVWHU� XQG

HWKHUJHEXQGHQH 3KHQROFDUERQVlXUHQ IUHLJHVHW]W ZHUGHQ� 6LH VWHOOWHQ HEHQIDOOV IHVW� GD�

EHL HLQHU VDXUHQ +\GURO\VH PLW Zl�ULJHU 6DO]VlXUH�'LR[DQ�/|VXQJ GHXWOLFK ZHQLJHU

HWKHUJHEXQGHQH 3KHQROFDUERQVlXUHQ IUHLJHVHW]W ZHUGHQ� DOV EHL HLQHU DONDOLVFKHQ

'UXFNK\GURO\VH�
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Identifizierung und Quantifizierung
der ester gebundenen PCS
mittels GC-FID bzw. GC-MS

Silylierung mit BSTFA

Identifizierung und Quantifizierung
der ester- und ether gebundenen PCS

mittels GC-FID bzw. GC-MS

Silylierung mit BSTFA

FestphasenextraktionFestphasenextraktion

Ester- und ethergebundene PCS
alkalische Druckhydrolyse

Estergebundene PCS
milde Alkalihydrolyse

Bestimmung von Phenolcarbonsäuren

in UNF

Abbildung 12: Schema zur Bestimmung phenolischer Carbonsäuren (PCS) in UNF der Getreide

bKQOLFKHV ZXUGH DXFK YRQ 3529$1 HW DO� ������ HUPLWWHOW� GLH DOOHUGLQJV GLH DONDOLVFKH

+\GURO\VH PLWWHOV 0LNURZHOOHQDXIVFKOX� GXUFKI�KUWHQ� $XV GLHVHP *UXQG ZXUGH GLH

0HWKRGH GHU DONDOLVFKHQ 'UXFNK\GURO\VH PLWWHOV 'UXFNDXIVFKOX� QDFK ,,<$0$ HW DO� ������

DGDSWLHUW XQG GLH RSWLPDOHQ %HGLQJXQJHQ HUPLWWHOW� 'HU DONDOLVFKH $XIVFKOX� PLWWHOV

0LNURZHOOH NDP QLFKW LQ %HWUDFKW� GD NHLQH 0LNURZHOOHQDXIVFKOX�DSSDUDWXU ]XU 9HUI�JXQJ

VWDQG�

=XU %HVWLPPXQJ GHU JHVDPWJHEXQGHQHQ 3KHQROFDUERQVlXUHQ �HVWHU� XQG

HWKHUJHEXQGHQH� ZXUGH GLH 3UREH PLW � 0 1DWURQODXJH EHL ����& LP 7HIORQJHIl� � K ODQJ

XQWHU 'UXFN DXIJHVFKORVVHQ �VLHKH $EELOGXQJ ���� 'LH 2SWLPLHUXQJ GHV DONDOLVFKHQ

'UXFNDXIVFKOXVVHV LVW LQ .DS� ����� EHVFKULHEHQ� 'LH JHQDXH $UEHLWVYRUVFKULIW LVW GHP

$QKDQJ ������� ]X HQWQHKPHQ� 'LH 3UREHQDQ]DKO EHWUXJ Q  ��

������� )HVWSKDVHQH[WUDNWLRQ

'LH SKHQROLVFKHQ &DUERQVlXUHQ ZXUGHQ PLWWHOV )HVWSKDVHQH[WUDNWLRQ YRQ GHU

.RKOHQK\GUDWPDWUL[ JHUHLQLJW� 8QSRODUH 3KDVHQ YRP 7\S 2FWDGHF\O RGHU 6W\UROGLYLQ\O�

EHQ]RO�&RSRO\PHU ZDUHQ GD]X DP EHVWHQ JHHLJQHW �VLHKH .DS� ������� $OV YRUWHLOKDIW

HUZLHV VLFK� GD� GLH 2FWDGHF\OSKDVH DXFK DOV KLJK IORZ � 9DULDQWH ]X HUKDOWHQ LVW� ZHOFKHV

HLQH HLQIDFKHUH +DQGKDEXQJ GHU WHLOZHLVH YLVNRVHUHQ 3UREHO|VXQJHQ HUP|JOLFKWH�

'DV DQJHVlXHUWH +\GURO\VDW ZXUGH DXI GLH NRQGLWLRQLHUWH 6lXOH JHJHEHQ� PLW OHLFKWHP

8QWHUGUXFN KLQGXUFKJHVDXJW� PLW DQJHVlXHUWHP :DVVHU JHZDVFKHQ XQG JHWURFNQHW� 'LH

(OXWLRQ HUIROJWH PLW HLQHP 0HWKDQRO�:DVVHU�*HPLVFK ������� Y�Y�� (LQ $OLTXRW GHV (OXDWV

ZXUGH I�U GLH ZHLWHUHQ FKURPDWRJUDSKLVFKHQ 8QWHUVXFKXQJHQ HLQJHVHW]W� 'DV UHVWOLFKH

(OXDW ZXUGH EHL ����& JHODJHUW�

'LH JHQDXH 'XUFKI�KUXQJ LVW LP $QKDQJ ������� EHVFKULHEHQ�
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������� *DVFKURPDWRJUDSKLH �*&� XQG *DVFKURPDWRJUDSKLH�0DVVHQ�
VSHNWURVNRSLH �*&�06�

'LH JDVFKURPDWRJUDSKLVFKH %HVWLPPXQJ SKHQROLVFKHU 6XEVWDQ]HQ HUIROJW LQ GHU 5HJHO DQ

XQSRODUHQ IXVHG VLOLFD�.DSLOODUVlXOHQ �]�%� ��3KHQ\O����0HWK\OVLOLFRQSKDVH RGHU

����0HWK\OVLOLFRQSKDVH�� =XU (UK|KXQJ GHU )O�FKWLJNHLW ZHUGHQ GLH +\GUR[\O� XQG

&DUER[\OJUXSSHQ GHU SKHQROLVFKHQ 6XEVWDQ]HQ LQ ZHQLJHU SRODUH *UXSSHQ �EHUI�KUW�

DOOHUGLQJV ZXUGHQ DXFK 7UHQQXQJHQ GHU XQGHULYDWLVLHUWHQ SKHQROLVFKHQ 6lXUHQ

EHVFKULHEHQ �)5,7= 	 0225(� ������ 'LH ZHLWDXV DP KlXILJVWHQ YHUZHQGHWH

'HULYDWLVLHUXQJVPHWKRGH VWHOOW GLH 7ULPHWK\OVLO\OLHUXQJ GDU �/(+721(1 	 .(72/$� �����

)5,7= 	 0225(� ����� )25' 	 +$57/(<� ����� 3$&.(57 	 67(,1+$57� ������ 'D VLO\OLHUWH

6XEVWDQ]HQ QXU NXU]]HLWLJ VWDELO VLQG� ZXUGHQ ZHLWHUH 'HULYDWLVLHUXQJVPHWKRGHQ ZLH GLH

+HUVWHOOXQJ GHU (WK\OHWKHU �6$/20216621 HW DO�� ������ GHU 0HWK\OHVWHU�706�(WKHU

�/(+721(1 	 .(72/$� ����� RGHU YRQ 2�DON\OLHUWHQ 0HWK\O� E]Z� (WK\OHVWHUQ �+8à(.� �����

EHVFKULHEHQ� ZHOFKH MHGRFK ZHQLJ $QZHQGXQJ ILQGHQ� 3$&.(57 	 67(,1+$57 ������ ZLHVHQ

GDUDXI KLQ� GD� GDV KlXILJ DOV .DWDO\VDWRU XQG /|VXQJVPLWWHO HLQJHVHW]WH 3\ULGLQ ]X

,VRPHULVLHUXQJHQ GHU +\GUR[\]LPWVlXUHGHULYDWH I�KUW XQG VHW]WHQ ]XU 6LO\OLHUXQJ UHLQHV

%67)$ HLQ� 8QWHU RSWLPLHUWHQ JDVFKURPDWRJUDSKLVFKHQ %HGLQJXQJHQ LVW HLQH 7UHQQXQJ

YRQ LQVJHVDPW �� PRQRPHUHQ �HLQVFKOLH�OLFK FLV�WUDQV�,VRPHUHQ� XQG GLPHUHQ

3KHQROFDUERQVlXUHQ �7UX[LOO�XQG 7UX[LQVlXUHGHULYDWH VRZLH ���¶ ')6� DQ HLQHU '%���

6lXOH P|JOLFK �3$&.(57 	 67(,1+$57� ������

,QVEHVRQGHUH LQ .RPELQDWLRQ PLW HLQHP PDVVHQVHOHNWLYHQ 'HWHNWRU VWHOOW GLH

JDVFKURPDWLVFKH $QDO\VH DXIJUXQG LKUHU JUR�HQ 7UHQQOHLVWXQJ HLQH JHHLJQHWH 0HWKRGH

]XU ,GHQWLIL]LHUXQJ YRQ 6XEVWDQ]HQ GDU� 1DFKWHLOH ZLH GLH QRWZHQGLJH 'HULYDWLVLHUXQJ

ZHUGHQ VRPLW NRPSHQVLHUW�

)�U GLH 7ULPHWK\OVLO\OLHUXQJ ZXUGHQ $OLTXRWH GHU )HVWSKDVHQHOXDWH LP 6WLFNVWRIIVWURP ]XU

7URFNQH JHEUDFKW XQG PLW 1�2�%LV�WULPHWK\OVLO\OWULIOXRUDFHWDPLG �%67)$� �PLW ��

7ULPHWK\OFKORUVLODQ �70&6�� XPJHVHW]W �VLHKH $QKDQJ ���������

'DV RSWLPLHUWH 7HPSHUDWXUSURJUDPP HUP|JOLFKWH GLH 7UHQQXQJ YRQ PRQRPHUHQ

+\GUR[\]LPWVlXUHQ XQG 'LPHUHQ YRP 7\S 7UX[LOO� E]Z� 7UX[LQVlXUH XQG )6�'HK\GUR�

GLPHUHQ DQ HLQHU +3���.DSLOODUVlXOH LQQHUKDOE YRQ �� PLQ� 'LH JHQDXHQ *HUlWHSDUDPHWHU

VLQG LP $QKDQJ ����� XQG ����� DXIJHI�KUW�

'LH ,GHQWLIL]LHUXQJ GHU PRQRPHUHQ 3KHQROFDUERQVlXUHQ HUIROJWH DQKDQG HLQHV

6WDQGDUGJHPLVFKHV �EHU GLH UHODWLYHQ 5HWHQWLRQV]HLWHQ� ZHOFKH LQ %H]XJ DXI R&6

EHUHFKQHW ZXUGHQ� =XU 4XDQWLIL]LHUXQJ ZXUGHQ )OlFKHQNRUUHNWXUIDNWRUHQ EH]RJHQ DXI GHQ

LQWHUQHQ 6WDQGDUG R&6 EHUHFKQHW �VLHKH .DS� ��������� 'LPHUH 3KHQROFDUERQVlXUHQ

ZXUGHQ PLWWHOV *&�06 LGHQWLIL]LHUW� $X�HUGHP HUIROJWH DQKDQG YRQ 6WDQGDUGJHPLVFKHQ

�))� XQG &&�'LPHUH� ���¶ ')6� HLQH =XRUGQXQJ �EHU GLH UHODWLYHQ 5HWHQWLRQV]HLWHQ LQ

%H]XJ DXI R&6� =XU VHPLTXDQWLWDWLYHQ %HVWLPPXQJ GHU 'LPHUH ZXUGHQ GLH

)OlFKHQNRUUHNWXUIDNWRUHQ EH]RJHQ DXI GHQ LQWHUQHQ 6WDQGDUG R&6 JOHLFK � JHVHW]W� GD

(LQ]HOVWDQGDUGV GHU &\FOREXWDQGLPHUH RGHU ')6 QLFKW ]XU 9HUI�JXQJ VWDQGHQ�

5HODWLYH 5HWHQWLRQV]HLWHQ XQG )OlFKHQNRUUHNWXUIDNWRUHQ VLQG LQ .DS� ������� DXIJHI�KUW�

(LQH /LQHDULWlWV�EHUSU�IXQJ DQKDQG GHU 0RQRPHUVWDQGDUGV ]HLJWH� GD� VLFK 3HDNIOlFKH

XQG .RQ]HQWUDWLRQ LP XQWHUVXFKWHQ .RQ]HQWUDWLRQVEHUHLFK YRQ ��J����O � ���J����O

SURSRUWLRQDO YHUKLHOWHQ �.DOLEULHUJHUDGHQ VLHKH ���������

������� +RFKOHLVWXQJVIO�VVLJFKURPDWRJUDSKLH �+3/&�

(LQH ZHLWHUH 0HWKRGH I�U GLH TXDOLWDWLYH XQG TXDQWLWDWLYH $QDO\VH SKHQROLVFKHU

&DUERQVlXUHQ VWHOOW GLH +3/& GDU� 6LH ZLUG KlXILJ DQJHZDQGW� GD HLQH 'HULYDWLVLHUXQJ

HQWIDOOHQ NDQQ� =XU 'HWHNWLRQ ZHUGHQ DP KlXILJVWHQ 89� RGHU 'LRGHQDUUD\�'HWHNWRUHQ
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HLQJHVHW]W� 'LH HOHNWURFKHPLVFKH 'HWHNWLRQ KDW VLFK ELVODQJ DXIJUXQG GHU ������IDFK

JHULQJHUHQ (PSILQGOLFKNHLW QLFKW GXUFKJHVHW]W �.(50$6+$ HW DO�� ������ 'LH 7UHQQXQJ

SKHQROLVFKHU 6XEVWDQ]HQ �]�%� %HQ]RH� XQG =LPWVlXUHQ� $OGHK\GH� &DWHFKLQH� *OXNRVLGH�

HUIROJWH DQ 53����0DWHULDOLHQ PLW LVRNUDWLVFKHU �+$57/(< 	 %8&+$1� ����� 6+, 	 6&+:('7�

����� RGHU *UDGLHQWHQ�(OXWLRQ �9$1'( &$67((/( HW DO�� ����� .(50$6+$ HW DO�� �����

%(1$66, 	 &(&&+,� ������

(LQ +3/&�6\VWHP� ZHOFKHV GLH %HVWLPPXQJ GHU ')6 PLW HLQEH]RJ� ZXUGH HUVWPDOV YRQ

:$/'521 HW DO� ������ EHVFKULHEHQ� 6LH YHUZHQGHWHQ HLQH 2'6��53�6lXOH PLW HLQHP

WHUQlUHQ *UDGLHQWHQ DXV 0HWKDQRO XQG $FHWRQLWULO LQ Zl�ULJHU 7)$� 'LH 'HWHNWLRQ HUIROJWH

PLW HLQHP 'LRGHQDUUD\�'HWHNWRU EHL ��� XQG ���QP� 'LH /DXI]HLW EHWUXJ LQNOXVLYH

bTXLOLEULHUXQJ ��PLQ�

)�U GLH HLJHQH $UEHLW ZXUGH HLQ 7UHQQSURJUDPP HQWZLFNHOW� GDV EHL VFKQHOOHU

$QDO\VHQ]HLW HLQH RSWLPDOH 7UHQQXQJ HUP|JOLFKWH� 0LW GHP JHZlKOWHQ OLQHDUHQ

*UDGLHQWHQ DXV 0HWKDQRO XQG Zl�ULJHU 7)$ ZXUGH HLQH JXWH 7UHQQXQJ GHU FLV��WUDQV�

,VRPHUH YRQ S&6 XQG )6 HUUHLFKW� 'LH ')6 HOXLHUWHQ WHLOZHLVH YRU XQG ]ZLVFKHQ GHQ

0RQRPHUHQ� WHLOZHLVH VSlWHU� 'LH *HVDPWDQDO\VHQ]HLW EHWUXJ ��PLQ XQG ZDU GDPLW

HUKHEOLFK N�U]HU DOV QDFK :$/'521 HW DO� ������ RKQH 9HUOXVWH LQ GHU 7UHQQOHLVWXQJ� (LQ

$FHWRQLWULO�*UDGLHQW HUEUDFKWH NHLQH YHUEHVVHUWH 7UHQQXQJ� 'LH 'HWHNWLRQ PLW

'LRGHQDUUD\GHWHNWRU HUP|JOLFKW DQKDQG GHU 89�6SHNWUHQ LQ 9HUELQGXQJ PLW GHU

5HWHQWLRQV]HLW HLQH HLQGHXWLJH =XRUGQXQJ GHU 6XEVWDQ]HQ� YRU DOOHP GHU )6�

'HK\GURGLPHUHQ�

=X HLQHP VSlWHUHQ =HLWSXQNW SXEOL]LHUWHQ ),*8(52$�(63,12=$ 	 528$8 ������ HLQH

0HWKRGH� ZHOFKH HLQH VSlWHUH (OXWLRQ DOOHU 'LPHUHQ XQG VRPLW HLQH RSWLPDOH 7UHQQXQJ

YRQ GHQ 0RQRPHUHQ HUP|JOLFKW� 'LH (OXWLRQ YRQ )6 XQG ')6 HUIROJWH PLWWHOV OLQHDUHP

*UDGLHQWHQ DXV $FHWRQLWULO � $FHWDWSXIIHU �S+ ���� LQQHUKDOE YRQ ��PLQ�

'LH HLJHQHQ $QDO\VHQ ZXUGHQ PLW HLQHP $OLTXRW GHU )HVWSKDVHQHOXDWH GXUFKJHI�KUW�

1DFKGHP GLH /|VXQJ LP 6WLFNVWRIIVWURP ]XU 7URFNQH JHEUDFKW XQG LQ HLQHP

0HWKDQRO�:DVVHU�*HPLVFK ������� Y�Y� DXIJHQRPPHQ ZXUGH� ZXUGH GLH /|VXQJ

PHPEUDQILOWULHUW XQG LQ GLH +3/& HLQJHVSULW]W� 'LH *HUlWHSDUDPHWHU XQG GLH JHQDXH

$UEHLWVYRUVFKULIW VLQG LP $QKDQJ ����� E]Z� ������� EHVFKULHEHQ�

(LQH /LQHDULWlWV�EHUSU�IXQJ ]HLJWH� GD� VLFK 3HDNIOlFKH XQG .RQ]HQWUDWLRQ LP

XQWHUVXFKWHQ .RQ]HQWUDWLRQVEHUHLFK YRQ ��J�PO � ���J�PO SURSRUWLRQDO YHUKLHOWHQ

�.DOLEULHUJHUDGH VLHKH $QKDQJ ���������

������� 6\QWKHVH GLPHUHU 3KHQROFDUERQVlXUHQ

Synthese der Cyclobutandicarbonsäuredimere
8QWHU GHP (LQIOX� YRQ 89�/LFKW GLPHULVLHUHQ )6 E]Z� S&6 ]X &\FOREXWDQGLFDUERQ�

VlXUHGLPHUHQ YRP 7UX[LOOVlXUH��KW�� RGHU 7UX[LQVlXUH��KK��7\S �VLHKH $EELOGXQJ ����

'LH 'DUVWHOOXQJ GLHVHU 3KRWRGLPHUH HUIROJWH LQ $QOHKQXQJ DQ )25' 	 +$57/(< ������ XQG

0255,621 HW DO� ������ ������ )6� S&6 RGHU HLQH 0LVFKXQJ GLHVHU EHLGHQ SKHQROLVFKHQ

&DUERQVlXUHQ ZXUGH LQ 0HWKDQRO JHO|VW� 'LH /|VXQJ ZXUGH LQ HLQHP 5XQGNROEHQ ]XU

7URFNQH JHEUDFKW� VR GD� HLQ JOHLFKPl�LJHU 6XEVWDQ]ILOP DXI GHU *ODVZDQG GHV .ROEHQV

HQWVWDQG� 'LH 3KRWRGLPHULVDWLRQ HUIROJWH� LQGHP GHU .ROEHQ � ELV � 7DJH EHOLFKWHW ZXUGH�

$QVFKOLH�HQG ZXUGHQ GLH ))�� &&� E]Z� &)�,VRPHUHQPLVFKXQJHQ LQ GHVW� :DVVHU

DXIJHQRPPHQ XQG O\RSKLOLVLHUW�

'LH JHQDXH 6\QWKHVHYRUVFKULIW LVW GHP $QKDQJ ������� ]X HQWQHKPHQ�
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Abbildung 13: Photodimerisation von FS zu einem FF-Dimer vom ht-bzw. hh-Typ (Ph: Phenylrest)

Synthese des 5-5’ Dehydrodimers der Ferulasäure
'LH 'DUVWHOOXQJ GHU ���¶ 'HK\GURGLIHUXODVlXUH HUIROJWH QDFK %$80*$571(5 	 1(8.20

������ XQG 5,&+7=(1+$,1 ������� =XQlFKVW ZLUG 9DQLOOLQ LQ HLQHU HQ]\PDWLVFKHQ 2[LGDWLRQ

]X 'HK\GURGLYDQLOOLQ XPJHVHW]W �VLHKH $EELOGXQJ ���� ,Q GHU GDUDXIIROJHQGHQ

5HDNWLRQVVWXIH HUIROJW PLW 0DORQVlXUH GLH 8PVHW]XQJ ]XU 'HK\GURGLIHUXODVlXUH� 'DV

DXVJHIDOOHQH ���¶ 'HK\GURGLPHU GHU )6 ZLUG JHZDVFKHQ XQG JHWURFNQHW�

'LH JHQDXH 6\QWKHVHYRUVFKULIW LVW GHP $QKDQJ ������� ]X HQWQHKPHQ�
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O
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Abbildung 14: Reaktionsschema zur Synthese des 5-5’ Dehydrodimeren der FS (5-5’ DFS)

����� .RKOHQK\GUDWH

%HL GHU &KDUDNWHULVLHUXQJ XQG 6WUXNWXUDXINOlUXQJ GHU 1DKUXQJVIDVHU VSLHOW GLH

8QWHUVXFKXQJ GHU 3RO\VDFFKDULGH HLQH ZLFKWLJH 5ROOH� =XU %HVWLPPXQJ GHU

=XVDPPHQVHW]XQJ YRQ 3RO\VDFFKDULGHQ ZHUGHQ GLHVH �EOLFKHUZHLVH PLWWHOV

6lXUHK\GURO\VH LQ LKUH %DXVWHLQH JHVSDOWHQ� $QVFKOLH�HQG N|QQHQ GLH 0RQRVDFFKDULGH

IO�VVLJ� RGHU JDVFKURPDWRJUDSKLVFK JHWUHQQW XQG TXDQWLIL]LHUW ZHUGHQ�

'LH +\GURO\VH GHU 3RO\VDFFKDULGH NDQQ GXUFK 6FKZHIHOVlXUH� 6DO]VlXUH RGHU

7ULIOXRUHVVLJVlXUH HUIROJHQ� MHGRFK ZHUGHQ GLH IUHLJHVHW]WHQ 0RQRVDFFKDULGH ZlKUHQG GHU

+\GURO\VH ZHLWHU DEJHEDXW� %HVRQGHUV VlXUHHPSILQGOLFK VLQG 3HQWRVHQ XQG 8URQVlXUHQ�

GLH ]XP 7HLO GHFDUER[\OLHUW ZHUGHQ� =ZDU NDQQ GLH =HUVHW]XQJ GHU =XFNHUEDXVWHLQH GXUFK

JHULQJHUH 6lXUHNRQ]HQWUDWLRQHQ XQG 5HDNWLRQVWHPSHUDWXUHQ KHUDEJHVHW]W ZHUGHQ� DEHU

HV PX� EHDFKWHW ZHUGHQ� GD� HLQH P|JOLFKVW YROOVWlQGLJH +\GURO\VH HUUHLFKW ZLUG�
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$OOJHPHLQ JLOW� GD� %LQGXQJHQ� DQ GHQHQ 8URQVlXUHQ EHWHLOLJW VLQG� VFKZHUHU

K\GURO\VLHUEDU VLQG DOV VROFKH YRQ 1HXWUDO]XFNHUQ� ,QQHUKDOE GHU 1HXWUDO]XFNHU JLOW� GD�

IXUDQRVLGH %LQGXQJHQ OHLFKWHU JHVSDOWHQ ZHUGHQ DOV S\UDQRVLGH� $X�HUGHP VLQG

α�JO\NRVLGLVFKH %LQGXQJHQ ODELOHU DOV β�JO\NRVLGLVFKH %LQGXQJHQ �%,(50$11� ������

'LH 8PVHW]XQJ PLW YHUG�QQWHU 6lXUH HUP|JOLFKW NHLQH 6SDOWXQJ YRQ &HOOXORVH� 'DKHU

YHUZHQGHW PDQ ]XU 6SDOWXQJ FHOOXORVHKDOWLJHU 0DWHULDOLHQ �]�%� SIODQ]OLFKHV

=HOOZDQGPDWHULDO� GLH 6$(0$1�+\GURO\VH �6$(0$1 HW DO�� ������ 'DEHL ZLUG GLH 3UREH LQ

��� �Z�Z� 6FKZHIHOVlXUH YRUJHTXROOHQ� DXI FD� � 0 YHUG�QQW XQG LQ GHU +LW]H

K\GURO\VLHUW� 'HU 5�FNVWDQG ZLUG DXVJHZRJHQ XQG DOV .ODVRQ�/LJQLQ EH]HLFKQHW�

(LQH $OWHUQDWLYH� 3RO\VDFFKDULGH DXI VFKRQHQGH $UW XQG :HLVH ]X VSDOWHQ� ELHWHW GLH

0HWKDQRO\VH� 'LH 8PVHW]XQJ HUIROJW PLW PHWKDQROLVFKHU 6DO]VlXUH� VR GD� DXV

1HXWUDO]XFNHUQ GLH ��2�0HWK\OJO\NRVLGH XQG DXV 8URQVlXUHQ GLH ��2�0HWK\OJO\NRVLG�

��2�PHWK\OHVWHU HQWVWHKHQ� 'LH 0HWKDQRO\VH LVW YRUWHLOKDIWHU� ZHLO GLH JHELOGHWHQ $FHWDOH

LQ ZDVVHUIUHLHU /|VXQJ UHODWLY VWDELO VLQG XQG NHLQH 1HEHQSURGXNWH ELOGHQ� ]�%�

0DLOODUGSURGXNWH DXV GHU 5HDNWLRQ PLW 3HSWLGHQ �6&+02/&. 	 0(5*(17+$/(5� ������

=XU VWUXNWXUHOOHQ &KDUDNWHULVLHUXQJ GHU 3RO\VDFFKDULGH ZLUG GLH UHGXNWLYH

'HSRO\PHULVDWLRQ� HLQH QHXHUH 0HWKRGH LQQHUKDOE GHU 0HWK\OLHUXQJVDQDO\VH� HLQJHVHW]W

�52/) 	 *5$<� ������ 6LH HUODXEW $XVVDJHQ �EHU $UW� 5LQJIRUP� 6XEVWLWXWLRQVPXVWHU XQG

9HU]ZHLJXQJVJUDG GHU =XFNHUHLQKHLWHQ�

Neutralisation mit PyridinNeutralisation mit Ammoniak-Lsg.

Methanolyse
+ methanolische HCl

Hydrolyse nach SAEMAN
+ Schwefelsäure

Bestimmung der Monosaccharide

in unlöslicher Nahrungsfaser

+ NaBH4 (in DMSO)
+ HAc (80%ig)
+ meso-Erythrit (als IS)

Reduktion zu Alditolen

Trimethylsilylierung

+ BSTFA

Acetylierung
+ Essigsäureanhydrid
+ 1-Methylimidazol

+ meso-Erythrit
- Eindampfen unter N2

Identifizierung und Quantifizierung
der Methylglykoside

mittels GC-FID

Identifizierung und Quantifizierung
der Alditolacetate

mittels GC-FID

Abbildung 15: Schema zur Bestimmung der Kohlenhydratzusammensetzung in UNF
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,Q GHQ 5RKPDWHULDOLHQ ZXUGH GHU 3RO\VDFFKDULGJHKDOW GHU 81) E]Z� GHUHQ

0RQRVDFFKDULG]XVDPPHQVHW]XQJ QDFK 6$(0$1�+\GURO\VH EHVWLPPW� ,Q GHQ *HWUHLGH�

([WUXGDWHQ XQG +DIHUSURGXNWHQ ZXUGHQ GHV ZHLWHUHQ GLH 0HWKDQRO\VH XQG GLH UHGXNWLYH

'HSRO\PHULVDWLRQ HLQJHVHW]W� XP 9HUlQGHUXQJHQ GHU 3RO\VDFFKDULGH GXUFK WHFKQRORJLVFKH

9HUDUEHLWXQJ EHVVHU GRNXPHQWLHUHQ ]X N|QQHQ�

������� 6$(0$1�+\GURO\VH XQG +HUVWHOOXQJ GHU $OGLWRODFHWDWH

SAEMAN-Hydrolyse
%HL GHU +\GURO\VH QDFK 6$(0$1 KDQGHOW HV VLFK XP HLQH 0HWKRGH ]XU 6SDOWXQJ YRQ

3RO\VDFFKDULGHQ PLW +LOIH YRQ 6FKZHIHOVlXUH �6$(0$1 HW DO�� ������ =XU +\GURO\VH YRQ

&HOOXORVH LVW HLQH 9RUEHKDQGOXQJ PLW ���LJHU 6FKZHIHOVlXUH Q|WLJ� 1DFK 9HUG�QQXQJ DXI

� 0 6FKZHIHOVlXUH ZXUGH �K ODQJ EHL ����& K\GURO\VLHUW �VLHKH $EELOGXQJ ���� 'LH

'XUFKI�KUXQJ HUIROJWH QDFK 3$7= HW DO� ������� GHVVHQ 9HUIDKUHQ DXI GHQ $UEHLWHQ YRQ

%/$.(1(< HW DO� ������ XQG :,// 	 ',(75,&+ ������ EHUXKW�

Herstellung der Alditolacetate
1DFK GHU 1HXWUDOLVDWLRQ PLW $PPRQLDN�/|VXQJ ZXUGHQ GLH 0RQRVDFFKDULGH PLWWHOV

1DWULXPERUK\GULG ���LJ LQ '062� ]X GHQ $OGLWROHQ UHGX]LHUW� 'LH 5HDNWLRQ ZLUG GXUFK

=XJDEH YRQ ���LJHU (VVLJVlXUH� GLH DXFK GHQ LQWHUQHQ 6WDQGDUG PHVR�(U\WKULW HQWKlOW�

DEJHEURFKHQ� $QVFKOLH�HQG ZXUGHQ GLH $OGLWROH DFHW\OLHUW� XP HLQH DXVUHLFKHQGH

)O�FKWLJNHLW I�U GLH *& ]X HUUHLFKHQ� 'LH $FHW\OLHUXQJ JHVFKLHKW EHL 5DXPWHPSHUDWXU

GXUFK =XJDEH YRQ (VVLJVlXUHDQK\GULG XQG ��0HWK\OLPLGD]RO DOV .DWDO\VDWRU�

hEHUVFK�VVLJHV (VVLJVlXUHDQK\GULG ZLUG GXUFK :DVVHU ]HUVW|UW XQG GLH $OGLWRODFHWDWH

GXUFK $XVVFK�WWHOQ PLW &KORURIRUP H[WUDKLHUW� 'LH JHQDXH $UEHLWVYRUVFKULIW LVW .DS�

������� ]X HQWQHKPHQ� 'LH 3UREHQDQ]DKO EHWUXJ Q  ��

Identifizierung und Quantifizierung
'LH 'HULYDWH ZXUGHQ JDVFKURPDWRJUDSKLVFK DQ HLQHU +3�� .DSLOODUVlXOH JHWUHQQW� 'LH

,GHQWLIL]LHUXQJ GHU 'HULYDWH HUIROJWH DQKDQG HLQHV 0RQRVDFFKDULG�6WDQGDUGJHPLVFKHV

�EHU GLH UHODWLYHQ 5HWHQWLRQV]HLWHQ� ZHOFKH LQ %H]XJ DXI PHVR�(U\WKULW EHUHFKQHW ZXUGHQ�

=XU 4XDQWLIL]LHUXQJ ZXUGHQ )OlFKHQNRUUHNWXUIDNWRUHQ EH]RJHQ DXI GHQ LQWHUQHQ 6WDQGDUG

PHVR�(U\WKULW EHUHFKQHW �VLHKH .DS� ���������

5HODWLYH 5HWHQWLRQV]HLWHQ XQG )OlFKHQNRUUHNWXUIDNWRUHQ VLQG LQ .DS� ������� DXIJHI�KUW�

(LQH /LQHDULWlWV�EHUSU�IXQJ ]HLJWH� GD� VLFK 3HDNIOlFKH XQG .RQ]HQWUDWLRQ LP

XQWHUVXFKWHQ .RQ]HQWUDWLRQVEHUHLFK YRQ ���J��PO � ����J��PO SURSRUWLRQDO YHUKLHOWHQ

�VLHKH $QKDQJ ���������

������� 0HWKDQRO\VH XQG 7ULPHWK\OVLO\OLHUXQJ

Methanolyse
'LH 0HWKDQRO\VH HUP|JOLFKW HV� 3RO\VDFFKDULGH DXI VFKRQHQGH $UW XQG :HLVH LQ GLH

0RQRPHUH ]X VSDOWHQ� ZREHL ��2�0HWK\OJO\NRVLGH E]Z� ��2�0HWK\OJO\NRVLG���2�

PHWK\OHVWHU HQWVWHKHQ� 8P HLQH =HUVW|UXQJ GHU IUHLJHVHW]WHQ 0RQRVDFFKDULGH EHLP

(LQHQJHQ ]X YHUKLQGHUQ� PX� YRUKHU QHXWUDOLVLHUW ZHUGHQ� 3\ULGLQ LVW KLHUI�U EHVRQGHUV
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YRUWHLOKDIW� GD HV ]XJOHLFK DOV /|VXQJVPLWWHO I�U GLH QDFKIROJHQGH 7ULPHWK\OVLO\LHUXQJ

GLHQW XQG GHVKDOE GHQ ZHLWHUHQ 5HDNWLRQVYHUODXI QLFKW VW|UW� 1DFK GHU 1HXWUDOLVDWLRQ ZLUG

PHVR�(U\WKULW DOV LQWHUQHU 9ROXPHQVWDQGDUG KLQ]XJHI�JW XQG GDV +\GURO\VDW LP

6WLFNVWRIIVWURP ELV ]XU 7URFNQH HLQJHHQJW �VLHKH $EELOGXQJ ����

'LH 'XUFKI�KUXQJ GHU 0HWKDQRO\VH HUIROJWH QDFK HLQHP 9HUIDKUHQ GHU $PWOLFKHQ

0HWKRGHQVDPPOXQJ QDFK � �� /0%* �%J99� ������ 3RO\VDFFKDULGH GHU 1DKUXQJVIDVHU

ZXUGHQ � K EHL ����& PLW � 0 PHWKDQROLVFKHU 6DO]VlXUH K\GURO\VLHUW� 0RQRVDFFKDULG�

VWDQGDUGV ZXUGHQ PLW ��� 0 PHWKDQROLVFKHU 6DO]VlXUH XPJHVHW]W� 'LH JHQDXH 9RUVFKULIW

LVW GHP $QKDQJ ������� ]X HQWQHKPHQ� 'LH 3UREHQDQ]DKO EHWUXJ Q  ��

Trimethylsilylierung
=XU (UK|KXQJ GHU )O�FKWLJNHLW GHU 'HULYDWH I�U GLH *& VFKOLH�W VLFK DQ GLH 0HWKDQRO\VH

HLQH 7ULPHWK\OVLO\OLHUXQJ DQ �6:((/(< HW DO�� ������ 3UR 0RQRVDFFKDULG ZHUGHQ EHL

1HXWUDO]XFNHUQ ]ZHL ELV YLHU 'HULYDWH �α� XQG β�$QRPHUH EHL XQWHUVFKLHGOLFKHU

5LQJJU|�H� XQG ELV ]X VHFKV 'HULYDWH EHL 8URQVlXUHQ �]XVlW]OLFK /DFWRQELOGXQJ� LQ

UHSURGX]LHUEDUHQ )OlFKHQYHUKlOWQLVVHQ HUKDOWHQ�

'LH ��2�0HWK\OJO\NRVLGH E]Z� ��2�0HWK\OJO\NRVLG���2�PHWK\OHVWHU ZXUGHQ PLW %67)$

�PLW �� 70&6� VLO\OLHUW �VLHKH $EELOGXQJ ���� $OV /|VXQJVPLWWHO GLHQWH 3\ULGLQ� 'LH

5HDNWLRQ HUIROJWH � K EHL ���&�

Identifizierung und Quantifizierung
'LH %HVWLPPXQJ HUIROJWH JDVFKURPDWRJUDSKLVFK� 'XUFK HLQ RSWLPLHUWHV 7HPSHUDWXU�

SURJUDPP NRQQWHQ DQ HLQHU +3�� .DSLOODUVlXOH IDVW DOOH 'HULYDWH YROOVWlQGLJ DXIJHWUHQQW

ZHUGHQ� /HGLJOLFK GHU ]ZHLWH *OXNRVHSHDN HOXLHUWH ]XVDPPHQ PLW GHP YRUOHW]WHQ 3HDN

GHU *OXNXURQVlXUH�

'LH ,GHQWLIL]LHUXQJ HUIROJWH DQKDQG HLQHV 0RQRVDFFKDULG�6WDQGDUGJHPLVFKHV� ZHOFKHV

QDFK RELJHU 0HWKRGH EHKDQGHOW ZRUGHQ ZDU� 'LH UHODWLYHQ 5HWHQWLRQV]HLWHQ ZXUGHQ LQ

%H]XJ ]X PHVR�(U\WKULW EHUHFKQHW� =XU 4XDQWLIL]LHUXQJ GHU =XFNHUEDXVWHLQH LQ GHQ

3RO\VDFFKDULGHQ ZXUGHQ �EHU GHQ LQWHUQHQ 6WDQGDUG PHVR�(U\WKULW

)OlFKHQNRUUHNWXUIDNWRUHQ EHVWLPPW �VLHKH $QKDQJ ��������� =XU TXDQWLWDWLYHQ

%HVWLPPXQJ GHU *OXNRVH XQG *OXNXURQVlXUH ZXUGHQ QXU MHZHLOV GLH SUR]HQWXDO DP

VWlUNVWHQ YHUWUHWHQHQ 'HULYDWH KHUDQJH]RJHQ� 'LH UHODWLYHQ 5HWHQWLRQV]HLWHQ XQG

)OlFKHQNRUUHNWXUIDNWRUHQ VLQG LQ HLQHU 7DEHOOH LP $QKDQJ ������� DXIJHI�KUW�

(LQH /LQHDULWlWV�EHUSU�IXQJ ]HLJWH� GD� VLFK 3HDNIOlFKH XQG .RQ]HQWUDWLRQ LP

XQWHUVXFKWHQ .RQ]HQWUDWLRQVEHUHLFK YRQ ���J�PO � ����J�PO SURSRUWLRQDO YHUKLHOWHQ

�VLHKH $QKDQJ ���������

������� 0HWK\OLHUXQJ XQG 5HGXNWLYH 'HSRO\PHULVDWLRQ

Methylierung
'LH 3RO\VDFFKDULGH GHU 81) ZXUGHQ QDFK GHU 0HWKRGH YRQ &,8&$18 	 .(5(. ������

PHWK\OLHUW� 'LHVH 0HWK\OLHUXQJVPHWKRGH PLW 1DWULXPK\GUR[LG DOV %DVH XQG 0HWK\OLRGLG

DOV 0HWK\OLHUXQJVUHDJHQ] �VLHKH $EELOGXQJ ��� NDQQ HLQIDFK GXUFKJHI�KUW ZHUGHQ XQG

OLHIHUW JXWH 0HWK\OLHUXQJVDXVEHXWHQ �.,:,77�+$6&+(0,(� ������

'LH IUHLHQ +\GUR[\OJUXSSHQ GHV 3RO\VDFFKDULGV ZHUGHQ GXUFK GLH +\GUR[LGLRQHQ� ZHOFKH

YRP DSURWLVFKHQ /|VXQJVPLWWHO '062 NDXP VROYDWLVLHUW ZHUGHQ XQG GHVKDOE VHKU UHDNWLY

VLQG� GHSURWRQLHUW� 'DV HQWVWHKHQGH :DVVHU ZLUG GXUFK �EHUVFK�VVLJHV 1DWULXPK\GUR[LG



� $QDO\WLN

��

JHEXQGHQ XQG GLH JHELOGHWHQ 3RO\DONR[LGLRQHQ UHDJLHUHQ PLW GHP HEHQIDOOV NDXP

VROYDWLVLHUWHQ 0HWK\OLRGLG ]XU PHWK\OLHUWHQ 9HUELQGXQJ� 1DFK &,8&$18 	 .(5(. ������

HUZLHV VLFK GHU (LQVDW] YRQ � � � bTXLYDOHQWHQ 1DWULXPK\GUR[LG SUR 0RO ]X HUVHW]HQGHP

:DVVHUVWRII XQG HLQH 1D2+�.RQ]HQWUDWLRQ YRQ � � � PPRO SUR PO '062 DOV RSWLPDO�

9RQ .,:,77�+$6&+(0,( ������ ZXUGH GLH 0HWK\OLHUXQJ GDKLQJHKHQG PRGLIL]LHUW� GD� GLH

1DWULXPK\GUR[LGPHQJH DXI ��� bTXLYDOHQWH SUR 0RO ]X DEVWUDKLHUHQGHV +�$WRP UHGX]LHUW

ZXUGH XQG GLH 1D2+�.RQ]HQWUDWLRQ DXI � PPRO SUR PO '062 JHVHQNW ZXUGH� 'LHVHV

YHUHLQIDFKWH 9HUIDKUHQ ZXUGH HUIROJUHLFK ]XU $QDO\VH YRQ 1LFKWVWlUNH�3RO\VDFFKDULGHQ

DQJHZDQGW �.,:,77�+$6&+(0,(� �����

1DFK GHU 0HWK\OLHUXQJ ZXUGH GDV SHUPHWK\OLHUWH 0DWHULDO PLW &KORURIRUP DXV GHU

5HDNWLRQVO|VXQJ LVROLHUW� (YHQWXHOO HQWVWDQGHQHV ,RG ZXUGH YRU GHP :DVFKHQ PLW

1DWULXPWKLRVXOIDWO|VXQJ ]X ,RGLG UHGX]LHUW� =XU (QWIHUQXQJ YRQ 1HEHQSURGXNWHQ ZLH

,RGLG RGHU 0HWKDQRO XQG �EHUVFK�VVLJHQ 5HDJHQ]LHQ ZLH 0HWK\OLRGLG RGHU '062 ZXUGH

GLH RUJDQLVFKH 3KDVH PHKUPDOV PLW :DVVHU JHZDVFKHQ� 1DFK GHP $EGDPSIHQ GHV

RUJDQLVFKHQ /|VXQJVPLWWHOV ZXUGH GDV SHUPHWK\OLHUWH 0DWHULDO �EHU 1DFKW LP

9DNXXPWURFNHQVFKUDQN JHWURFNQHW�

'LH JHQDXH %HVFKUHLEXQJ GHU 0HWK\OLHUXQJ LVW GHP $QKDQJ ������� ]X HQWQHKPHQ� 'LH

3UREHQDQ]DKO EHWUXJ Q  ��
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METHYLIERUNG

NaOH + Methyliodid

REDUKTIVE DEPOLYMERISATION
Triethylsilan + TMS-O-Triflat

ACETYLIERUNG

Essigsäureanhydrid + TMS-O-Triflat
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Abbildung 16: Schematische Darstellung der Reduktiven Depolymerisation
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Reduktive Depolymerisation
'LH YRQ 52/) 	 *5$< ������ HQWZLFNHOWH 0HWKRGH GHU UHGXNWLYHQ 'HSRO\PHULVDWLRQ LVW

HLQH QHXHUH 0HWKRGH LQQHUKDOE GHU 0HWK\OLHUXQJVDQDO\VH� 'DEHL HQWVWHKHQ XQWHU GHU

(LQZLUNXQJ HLQHU /HZLVVlXUH� KLHU 7ULPHWK\OVLO\OWULIOXRUPHWKDQVXOIRQDW �706�2�7ULIODW��

DOV .DWDO\VDWRU XQG 7ULHWK\OVLODQ DOV 5HGXNWLRQVPLWWHO SDUWLHOO PHWK\OLHUWH $QK\GURDOGLWROH

�VLHKH $EELOGXQJ ���� 'XUFK GHQ $QJULII GHU /HZLVVlXUH DP JO\NRVLGLVFKHQ 6DXHUVWRII

ZLUG LQWHUPHGLlU HLQ F\FOLVFKHV 2[RQLXPLRQ JHELOGHW� GDV GXUFK hEHUWUDJXQJ HLQHV

+\GULGLRQV YRP +\GULGGRQRU 7ULHWK\OVLODQ LQ HLQ F\FOLVFKHV $QK\GURDOGLWROGHULYDW

�EHUJHKW�

'D EHL GHU UHGXNWLYHQ 'HSRO\PHULVDWLRQ GLH 5LQJIRUP HUKDOWHQ EOHLEW� HUP|JOLFKW GLHVH

0HWKRGH GLH JOHLFK]HLWLJH %HVWLPPXQJ GHU 9HUNQ�SIXQJVVWHOOHQ XQG GHU 5LQJIRUP� 6R

NDQQ LP *HJHQVDW] ]XU KHUN|PPOLFKHQ 6WDQGDUGPHWK\OLHUXQJVDQDO\VH ]�%� ]ZLVFKHQ

����YHUNQ�SIWHQ $OGRS\UDQRVHQ XQG ����YHUNQ�SIWHQ $OGRIXUDQRVHQ XQWHUVFKLHGHQ

ZHUGHQ�

'LH UHGXNWLYH 'HSRO\PHULVDWLRQ ZXUGH EHUHLWV HUIROJUHLFK ]XU %HVWLPPXQJ GHU

9HUNQ�SIXQJVPXVWHU SHQWRVHKDOWLJHU 2OLJR� XQG 3RO\VDFFKDULGH DXV *HWUHLGH �+(,06 HW

DO�� ����� +HLPV� ����� VRZLH ]XU &KDUDNWHULVLHUXQJ YRQ +\GURNROORLGHQ �.,:,77�

+$6&+(0,(� ����� .,:,77�+$6&+(0,( HW DO�� ����� HLQJHVHW]W�

=XU (UK|KXQJ GHU )O�FKWLJNHLW I�U GLH JDVFKURPDWRJUDSKLVFKH %HVWLPPXQJ ZXUGHQ GLH

HUKDOWHQHQ SDUWLHOO PHWK\OLHUWHQ $QK\GURDOGLWROH DFHW\OLHUW �VLHKH $EELOGXQJ ���� 'LH

EDVLVFKH $FHW\OLHUXQJ PLW (VVLJVlXUHDQK\GULG XQG ��0HWK\OLPLGD]RO DOV .DWDO\VDWRU

HUIROJWH LQ VLWX GXUFK HLQVW�QGLJHV 5�KUHQ EHL 5DXPWHPSHUDWXU �.,:,77�+$6&+(0,(�

������ 'LH 5HDNWLRQ ZXUGH GXUFK =XJDEH YRQ JHVlWWLJWHU 1DWULXPK\GURJHQFDUERQDW�

O|VXQJ DEJHEURFKHQ� 1DFK PHKUPDOLJHP :DVFKHQ PLW GHVW� :DVVHU ZXUGH GLH RUJDQLVFKH

3KDVH DEJHWUHQQW XQG �EHU &DOFLXPFKORULG JHWURFNQHW�

'LH JHQDXH $UEHLWVYRUVFKULIW LVW GHP $QKDQJ ������� ]X HQWQHKPHQ�

Trennung, Identifizierung und Quantifizierung der Derivate
'LH SDUWLHOO PHWK\OLHUWHQ $QK\GURDOGLWRODFHWDWH �30$$$� ZXUGHQ JDVFKURPDWRJUDSKLVFK

DQ HLQHU +3�� .DSLOODUVlXOH JHWUHQQW� 'LH ,GHQWLIL]LHUXQJ GHU 'HULYDWH HUIROJWH PLWWHOV

*&�06� =XU ,QWHUSUHWDWLRQ GHU 0DVVHQVSHNWUHQ ZXUGHQ 9HUJOHLFKVVSHNWUHQ DXV GHQ

$UEHLWHQ YRQ +(,06 ������� .,:,77�+$6&+(0,( ������ XQG (/9(%$. ,, HW DO� ������

KHUDQJH]RJHQ�

'LH TXDQWLWDWLYH %HVWLPPXQJ HUIROJWH PLWWHOV *&�),'� 'LH HLQ]HOQHQ 'HULYDWH ZXUGHQ

GXUFK GLH %HUHFKQXQJ UHODWLYHU 5HWHQWLRQV]HLWHQ LQ %H]XJ DXI GHQ 6WDQGDUG PHVR�

(U\WKULWROWHWUDDFHWDW ]XJHRUGQHW�

'LH $XVZHUWXQJ HUIROJWH GXUFK GLH %HUHFKQXQJ UHODWLYHU PRODUHU $QWHLOH �0RO�� GHU

HLQ]HOQHQ 'HULYDWH �EHU GLH LQWHJULHUWHQ 3HDNIOlFKHQ� GLH ]XYRU DXI %DVLV GHV „HIIHFWLYH�

FDUERQ�UHVSRQVH“�.RQ]HSWHV �(�&�5��.RQ]HSW� NRUULJLHUW ZXUGHQ �6:((7 HW DO�� �����

-25*(16(1 HW DO�� ������ 'LHVHV .RQ]HSW EHUXKW DXI GHU HPSLULVFK EHVWlWLJWHQ +\SRWKHVH�

GD� GDV 'HWHNWRUVLJQDO EHL 9HUZHQGXQJ HLQHV )ODPPHQLRQLVDWLRQVGHWHNWRUV �),'� YRQ GHU

$Q]DKO GHU .RKOHQVWRIIDWRPH XQG GHUHQ %LQGXQJVYHUKlOWQLVVHQ LP 0ROHN�O DEKlQJW�

'XUFK GLH $GGLWLRQ GHU YHUVFKLHGHQHQ 7HLOEHWUlJH GHU XQWHUVFKLHGOLFK JHEXQGHQHQ

.RKOHQVWRIIDWRPH HUUHFKQHW VLFK GHU (�&�5��)DNWRU GHV MHZHLOLJHQ 'HULYDWV�

'LH UHODWLYHQ 5HWHQWLRQV]HLWHQ DOOHU 'HULYDWH VRZLH GHUHQ (�&�5��)DNWRUHQ XQG GLH GDUDXV

UHVXOWLHUHQGHQ PRODUHQ 5HVSRQVHIDNWRUHQ VLQG LP $QKDQJ ������� DXIJHI�KUW�
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��� 0HWKRGHQHQWZLFNOXQJ�XQG��RSWLPLHUXQJ

����� )HVWSKDVHQH[WUDNWLRQ GHU SKHQROLVFKHQ &DUERQVlXUHQ

=XU VHOHNWLYHQ ,VROLHUXQJ GHU GXUFK DONDOLVFKH +\GURO\VH IUHLJHVHW]WHQ DURPDWLVFKHQ

&DUERQVlXUHQ DXV GHP 5HDNWLRQVJHPLVFK ZLUG KlXILJ GLH 0HWKRGH GHU )O�VVLJ�)O�VVLJ�

([WUDNWLRQ DQJHZDQGW� 1DFKWHLOH GLHVHU 0HWKRGH VLQG GHU JHULQJH SDUDOOHOH

3UREHQGXUFKVDW] XQG GDGXUFK KRKHU =HLWDXIZDQG� (PXOVLRQVELOGXQJ XQG KRKHU

/|VHPLWWHOYHUEUDXFK�

'DKHU ZXUGH GLH LQ]ZLVFKHQ ZHLW YHUEUHLWHWH )HVWSKDVHQH[WUDNLRQ ]XU 9HUEHVVHUXQJ GHU

$XIDUEHLWXQJ KHUDQJH]RJHQ� 6LH VROOWH HV HUP|JOLFKHQ� GXUFK 0LQLDWXULVLHUXQJ GHU

$XIDUEHLWXQJVVFKULWWH HUKHEOLFKH (LQVSDUXQJHQ DQ 0DWHULDOLHQ� /|VXQJVPLWWHOQ XQG =HLW ]X

HU]LHOHQ� =XVlW]OLFK NDQQ GXUFK 2SWLPLHUXQJ YRQ 3UREHQ� XQG 6RUEHQVPHQJH HLQ

EHVVHUHV 6LJQDO�5DXVFKYHUKlOWQLV HUUHLFKW ZHUGHQ� ZRGXUFK GLH 1DFKZHLVHPSILQGOLFKNHLW

JHVWHLJHUW ZLUG� $OV 3UREHQYRUEHUHLWXQJ I�U HLQH DQVFKOLH�HQGH +3/&�$QDO\WLN YRQ

3KHQROFDUERQVlXUHQ ZLUG LQ HLQLJHQ /LWHUDWXUVWHOOHQ HEHQIDOOV DXI GLH

)HVWSKDVHQH[WUDNWLRQ YHUZLHVHQ �+(550$11� ����� -81* 	 6+$/,7$�-21(6� ����� ,6+,,�

����� 6$8/1,(5 HW DO�� ����� 6+, 	 6&+:('7� ����� */2:1,$. HW DO�� ������ 'LH

EHVFKULHEHQHQ 6\VWHPH YDULLHUWHQ LQ GHU $UW GHV 6RUSWLRQV� XQG (OXWLRQVPLWWHOV VRZLH LQ

GHUHQ 0HQJH XQG 9ROXPLQD�

������� 7KHRUHWLVFKH *UXQGODJHQ

(V ZHUGHQ JHQHUHOO GUHL ([WUDNWLRQVPHFKDQLVPHQ EH]�JOLFK GHU )HVWSKDVHQH[WUDNWLRQ

XQWHUVFKLHGHQ� SRODUH� K\GURSKREH VRZLH LRQLVFKH :HFKVHOZLUNXQJHQ� %HL GHU $XVZDKO

GHV ([WUDNWLRQVPHFKDQLVPXV ZXUGHQ GLH YRUKDQGHQHQ IXQNWLRQHOOHQ *UXSSHQ GHV

$QDO\WHQ VRZLH GLH GHU 3UREHQPDWUL[ EHU�FNVLFKWLJW�

'D GLH UHODWLY XQSRODUHQ 3KHQROFDUERQVlXUHQ DXV HLQHU SRODUHQ 0DWUL[ �.RKOHQK\GUDWH�

LVROLHUW ZHUGHQ VROOWHQ� ZXUGH HLQ ([WUDNWLRQVPHFKDQLVPXV EDVLHUHQG DXI HLQHU XQSRODUHQ

VWDWLRQlUHQ 3KDVH JHZlKOW� 'LH 3KHQROFDUERQVlXUHQ VROOWHQ DQ GHU )HVWSKDVH DGVRUELHUW

ZHUGHQ� ZlKUHQG GLH SRODUH =XFNHUPDWUL[ QLFKW UHWDUGLHUW ZLUG�

-HGHV 6RUEHQV NDQQ LQQHUKDOE HLQHV YRUJHJHEHQHQ ([WUDNWLRQVPHFKDQLVPXV

XQWHUVFKLHGOLFKH� VSH]LILVFKH (LJHQVFKDIWHQ KLQVLFKWOLFK GHU 5HWHQWLRQ XQG GHU 6HOHNWLYLWlW

DXIZHLVHQ� 'DKHU LVW HV QRWZHQGLJ� PHKUHUH 6RUEHQWLHQ LQQHUKDOE HLQHU .DWHJRULH ]X

WHVWHQ� (V VWDQGHQ UHYHUVHG SKDVH�0DWHULDOLHQ �53�3KDVHQ� XQG 3RO\DPLG DOV NODVVLVFKH

XQSRODUH 0DWHULDOLHQ XQG 3RO\PHUH DXI 3RO\VW\UROEDVLV YHUVFKLHGHQHU +HUVWHOOHU ]XU

9HUI�JXQJ�

'LH 53�3KDVHQ VLQG HLQH JUR�H *UXSSH YRQ 6RUEHQWLHQ� GLH ]XU &KURPDWRJUDSKLH YRQ

XQSRODUHQ 6WRIIHQ PLW SRODUHQ )OLH�PLWWHOQ JHHLJQHW VLQG� +LHUEHL KDQGHOW HV VLFK XP HLQ

PLW $ON\OUHVWHQ PRGLIL]LHUWHV .LHVHOJHO� hEHU YDQ GHU :DDOV�.UlIWH ZHUGHQ GLH

3KHQROFDUERQVlXUHQ DXIJUXQG LKUHV DURPDWLVFKHQ 6\VWHPV DQ GHU 2EHUIOlFKH DGVRUELHUW�

%HL GHQ =XFNHUQ LVW GHU XQSRODUH &KDUDNWHU GHV .RKOHQVWRIIJHU�VWHV GXUFK GLH YLHOHQ

SRODUHQ 2+�*UXSSHQ YHUGHFNW� 3KHQROFDUERQVlXUHQ XQG =XFNHU XQWHUVFKHLGHQ VLFK GDKHU

KLQVLFKWOLFK LKUHU :HFKVHOZLUNXQJHQ ]X 53�3KDVHQ XQG N|QQHQ DEJHWUHQQW ZHUGHQ�

(LQH 3RO\PHUSKDVH PLW HLQHU VHKU JUR�HQ VSH]LILVFKHQ 2EHUIOlFKH ZXUGH DXI GHU %DVLV

HLQHV 6W\URO�'LYLQ\OEHQ]RO�&RSRO\PHUV HQWZLFNHOW XQG KDW LP 9HUJOHLFK ]X GHQ

KHUN|PPOLFKHQ 53���3KDVHQ HLQH ]HKQIDFK K|KHUH .DSD]LWlW�

(V KDQGHOW VLFK GDEHL XP HLQ KRFKSRU|VHV $GVRUEHUKDU]� ZHOFKHV EHUHLWV I�U GLH

)HVWSKDVHQH[WUDNWLRQ YRQ 3KHQROHQ DXV ZlVVULJHU 0DWUL[ YHUZHQGHW ZLUG
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�$SSOLNDWLRQVKDQGE�FKHU YHUVFKLHGHQHU +HUVWHOOHU�� (V VFKHLQW GDKHU HLQH hEHUWUDJXQJ

DXI GLH +\GURO\VDWH ]XU ,VROLHUXQJ SKHQROLVFKHU 6lXUHQ P|JOLFK�

3RO\DPLG� HLQ GXUFK .RQGHQVDWLRQ YRQ 'LDPLQHQ XQG 'LFDUERQVlXUHQ HQWVWDQGHQHV

3RO\PHU� ELQGHW VSH]LILVFK 3KHQROH ZLH )ODYRQRLGH� *HUEVWRIIH XQG DURPDWLVFKH

&DUERQVlXUHQ� 6+, 	 6&+:('7 ������ VHW]WHQ 3RO\DPLG HUIROJUHLFK ]XU ,VROLHUXQJ YRQ

3KHQROFDUERQVlXUHQ DXV :HLQ HLQ�

'DPLW GLH 6RUEHQWLHQ PLW GHQ ,VRODWHQ UHSURGX]LHUEDUH :HFKVHOZLUNXQJHQ HLQJHKHQ� PX�

GDV 7UlJHUPDWHULDO VROYDWLVLHUW ZHUGHQ� (LQ KlXILJ YHUZHQGHWHV .RQGLWLRQLHUXQJVPLWWHO I�U

XQSRODUH 3KDVHQ LVW 0HWKDQRO JHIROJW YRQ :DVVHU�

=XU EHVVHUHQ hEHUVLFKW VLQG LQ 7DEHOOH � GLH JHWHVWHWHQ )HVWSKDVHQPDWHULDOLHQ

DXIJHOLVWHW�

Tabelle 3: Getestete Festphasen-Materialien zur Extraktion von phenolischen Carbonsäuren aus
alkalischen Hydrolysaten unlöslicher Getreidenahrungsfaser

Produktname Hersteller Spezifikationen

Phasentyp Partikelgröße Porengröße Oberfläche Porenvolumen pH-Wert

Bakerbond,
Octadecyl

Baker Octadecyl 15 - 30 µm 300 Å 100 m²/g k.A. k.A.

Bakerbond, SDB-1 Baker Styroldivinyl-

benzol

43 - 123 µm 27 nm 977 m²/g 0,81 ml/g k.A.

Polyamid Macherey - Nagel,

selbstgepackt

Polyamid 40 - 80 µm k.A. k.A. k.A. k.A.

Chromabond C18 Macherey - Nagel Octadecyl 45 µm k.A. 500 m²/g k.A. k.A.

Chromabond HR-P Macherey - Nagel Styroldivinyl-

benzol

40 - 120 µm k.A. 1300 m²/g k.A. k.A.

Isolute ENV+ IST Styroldivinyl-

benzol

40 - 140 µm 850 Å 1100 m²/g 1,1 ml/g neutral

Bond Elut C18 Varian Octadecyl,

endcapped

57 µm 71 Å 480 m²/g 0,85 ml/g 3,4

Bond Elut HF Varian Octadecyl 146 µm 63 Å 506 m²/g k.A. 6,1

Hi-Flow C18 Alltech Octadecyl,

endcapped

100 µm 60 Å 520 m²/g k.A. 4

N�$� NHLQH $QJDEH

������� 'XUFKI�KUXQJ

$OV 6WDQGDUGSU�IJHPLVFK GLHQWH HLQH /|VXQJ �S+ �� DXV )6 ������LJ� XQG ;\ORVH

�����LJ�� 'LH (OXWLRQVNUDIW ZXUGH YDULLHUW� LQGHP PLW UHLQHP E]Z� YHUG�QQWHP (WKDQRO

RGHU 0HWKDQRO VRZLH PLW $FHWRQLWULO RGHU HQWVSUHFKHQGHQ 0LVFKXQJHQ HOXLHUW ZXUGH �VLHKH

7DEHOOH ���
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Tabelle 4: Liste der Konditionen, welche zurErmittlung geeigneter Bedingungen für die
Festphasenextraktion von FS aus einer Standardmischung getestet wurden

3KDVHQW\S (OXWLRQVPLWWHO

2FWDGHF\OVLO\O (WKDQRO

0HWKDQRO

0HWKDQRO �����

(WKDQRO ������ $FHWRQLWULO

3RO\VW\UROGLYLQ\OEHQ]RO (WK\ODFHWDW�$FHWRQ�(LVHVVLJ

��������� Y�Y�Y�

$FHWRQ � (LVHVVLJ ����

0HWKDQRO �����

0HWKDQRO

3RO\DPLG 0HWKDQRO �S+ ����

0HWKDQRO� $PHLVHQVlXUH LQ 0H2+ ����

)UDNWLRQHQ GHU 3UREHQDXIJDEH� GHV :DVFKVFKULWWHV VRZLH GHU (OXWLRQ ZXUGHQ DXIJHIDQJHQ

XQG TXDOLWDWLY XQG TXDQWLWDWLY DXI =XFNHU XQG 3KHQROFDUERQVlXUHQ XQWHUVXFKW� 'LH

TXDOLWDWLYH %HVWLPPXQJ HUIROJWH G�QQVFKLFKWFKURPDWRJUDSKLVFK PLW DQVFKOLH�HQGHU

89�'HWHNWLRQ XQG GHU 'HWHNWLRQ GHU =XFNHU PLWWHOV $QLVLGLQ�6SU�KUHDJHQ]� ,Q ZHLWHUHQ

9HUVXFKHQ ZXUGHQ 6WDQGDUGO|VXQJHQ PLW PRQRPHUHQ XQG GLPHUHQ 3KHQROFDUERQVlXUHQ

JHWHVWHW� 'LH TXDQWLWDWLYH %HVWLPPXQJ GHU SKHQROLVFKHQ &DUERQVlXUHQ HUIROJWH

JDVFKURPDWRJUDSKLVFK�

������� (UJHEQLVVH

Versuche mit Standardlösungen
$Q &���3KDVHQ NRQQWH HLQH VHKU JXWH $EWUHQQXQJ GHU =XFNHU YRQ GHQ SKHQROLVFKHQ

&DUERQVlXUHQ HU]LHOW ZHUGHQ� 1DFK GHP :DVFKHQ PLW �����PO :DVVHU� ZHOFKHV ]XU

0LQLPLHUXQJ YRQ $QDO\WYHUOXVWHQ PLW 3KRVSKRUVlXUH DXI S+ a � HLQJHVWHOOW ZDU �-81* 	

6+$/,7$�-21(6� ������ ZXUGHQ NHLQH =XFNHU PHKU LP :DVFKZDVVHU QDFKJHZLHVHQ�

'LH (OXWLRQHQ PLW (WKDQRO� 0HWKDQRO RGHU $FHWRQLWULO HUJDEHQ :LHGHUILQGXQJVUDWHQ GHU )6

YRQ �������� 0LW ���LJHP (WKDQRO ZXUGHQ QXU ��� GHU )6 ZLHGHUJHIXQGHQ�

'D GDV $ONDOLK\GURO\VDW GHU 81) DXIJUXQG GHV KRKHQ 3RO\VDFFKDULGDQWHLOV OHLFKW YLVNRV

VHLQ NDQQ� ZXUGHQ &���KLJK�IORZ�3KDVHQ JHWHVWHW� 6LH HUP|JOLFKHQ DXIJUXQG HLQHV

JU|�HUHQ 3RUHQGXUFKPHVVHUV GDV VFKQHOOHUH 'XUFKODXIHQ GHU 6lXOH� 0RQRPHUH

3KHQROFDUERQVlXUHQ ZLHVHQ EHL (OXWLRQ PLW 0HWKDQRO DQ GLHVHQ 3KDVHQ JHQDXVR JXWH

:LHGHUILQGXQJVUDWHQ DXI ZLH KHUN|PPOLFKH &���3KDVHQ �VLHKH $EELOGXQJ ���� /HGLJOLFK

GLH :LHGHUILQGXQJVUDWHQ GHU ))�&\FOREXWDQGLPHUH VLQG XP HWZD ��� QLHGULJHU�
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Abbildung 17: Wiederfindungsraten (WFR) monomerer und dimerer FS an verschiedenen
Festphasen (Elutionsmittel Methanol)

'LH 6W\UROGLYLQ\OEHQ]ROSKDVHQ HUP|JOLFKWHQ HEHQIDOOV HLQH JXWH $EWUHQQXQJ GHU

=XFNHUPDWUL[� $OV DP JHHLJQHWVWHQ HUZLHV VLFK GLH (OXWLRQ PLW UHLQHP 0HWKDQRO� ZREHL

:LHGHUILQGXQJVUDWHQ ]ZLVFKHQ ��� XQG ��� HUUHLFKW ZXUGHQ �VLHKH $EELOGXQJ ���� %HL

GHU (OXWLRQ PLW HLQHU 0LVFKXQJ DXV (WK\ODFHWDW�$FHWRQ�(LVHVVLJ ��������� Y�Y�Y� HUZLHV

VLFK DOV QDFKWHLOLJ� GD� HLQ =ZHL�3KDVHQ�*HPLVFK GXUFK 5HVWH YRQ :DVFKZDVVHU HUKDOWHQ

ZXUGH� GD HLQ YROOVWlQGLJHV 7URFNHQVDXJHQ QLFKW P|JOLFK ZDU�

%HL GHU 9HUZHQGXQJ YRQ 3RO\DPLG ZDU NHLQH $EWUHQQXQJ GHU =XFNHU YRQ GHU )6 JHJHEHQ�

%HUHLWV EHLP 6S�OHQ GHU 6lXOH HOXLHUWH )6 JHPHLQVDP PLW ;\ORVH YRQ GHU )HVWSKDVH� 'D

GLH &���3KDVH XQG 3RO\VW\URO KLQVLFKWOLFK LKUHU 7UHQQOHLVWXQJ VHKU YLHOYHUVSUHFKHQG

ZDUHQ� ZXUGH QLFKW ZHLWHU YHUVXFKW� GXUFK DQGHUH (OXWLRQV�EHGLQJXQJHQ GLHVH 3KDVH

KLQVLFKWOLFK GHV JHZ�QVFKWHQ =LHOV ]X RSWLPLHUHQ�

$OV =ZLVFKHQHUJHEQLV Ol�W VLFK IHVWKDOWHQ� GD� &���3KDVHQ LQ KHUN|PPOLFKHU )RUP RGHU

DOV KLJK�IORZ 9DULDQWH JHQDXVR ZLH 6W\UROGLYLQ\OEHQ]ROSKDVHQ JHHLJQHW VLQG� SKHQROLVFKH

&DUERQVlXUHQ ]X ELQGHQ� =XFNHU ZHUGHQ QLFKW JHEXQGHQ� VRQGHUQ YHUEOHLEHQ LP

:DVFKZDVVHU� 0HWKDQRO VWHOOW I�U DOOH GUHL 3KDVHQ HLQ VHKU JHHLJQHWHV (OXWLRQVPLWWHO GDU�

8QDEKlQJLJ YRQ 3KDVHQW\S XQG +HUVWHOOHU ZXUGHQ lKQOLFK JXWH :LHGHUILQGXQJVUDWHQ

EHVWLPPW �! ��� I�U 0RQRPHUH� a ������ I�U ))�'LPHUH�� /HGLJOLFK KLQVLFKWOLFK GHU

.DSD]LWlW XQWHUVFKHLGHQ VLFK &���3KDVHQ XQG 6W\UROGLYLQ\OEHQ]ROSKDVHQ� OHW]WHUH EHVLW]W

HLQH HWZD YLHUIDFK K|KHUH .DSD]LWlW� ���PJ &���3KDVH VRUELHUHQ ��PJ )6� ���PJ

3RO\VW\URO�3KDVH GDJHJHQ ��PJ�

Versuche mit unlöslicher Nahrungsfaser
)�U GLH ZHLWHUHQ 7HVWV ZXUGHQ OHGLJOLFK &���3KDVHQ YHUZHQGHW� GD GHUHQ .DSD]LWlW ]XU

%HVWLPPXQJ YRQ SKHQROLVFKHQ &DUERQVlXUHQ DXV $ONDOLK\GURO\VDWHQ GHU 81) DXVUHLFKHQ

VROOWHQ XQG VLH DXFK DOV KLJK�IORZ�9DULDQWH HUKlOWOLFK VLQG� ZHOFKHV EHL YLVNRVHP

3UREHQPDWHULDO YRQ 9RUWHLO LVW� $X�HUGHP VWHOOW GHU J�QVWLJHUH 3UHLV HLQHQ QLFKW ]X

YHUQDFKOlVVLJHQGHQ 3DUDPHWHU GDU�

,P QlFKVWHQ 6FKULWW ZXUGH GLH hEHUWUDJEDUNHLW GHU 0HWKRGLN DXI $ONDOLK\GURO\VDWH GHU

81) JHVWHVWHW� 'D]X ZXUGH GDV Zl�ULJH DQJHVlXHUWH +\GURO\VDW �S+ ���� DXI HLQH ]XYRU

PLW 0HWKDQRO XQG :DVVHU NRQGLWLRQLHUWH &���)HVWSKDVHQVlXOH DXIJHJHEHQ� 'LH 6lXOH
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ZXUGH ]XU $EWUHQQXQJ GHU 0DWUL[ PLW �� PO DQJHVlXHUWHP :DVVHU JHZDVFKHQ� 'LH

(OXWLRQ GHU 3KHQROFDUERQVlXUHQ HUIROJWH LQ � PO 0HWKDQRO�

(V VWHOOWH VLFK KHUDXV� GD� GLH $XVZHUWXQJ GHU LQ QXU JHULQJHQ .RQ]HQWUDWLRQHQ

YRUNRPPHQGHQ FLV�,VRPHUH GHU PRQRPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ GXUFK GDV

$XIWUHWHQ YRQ 6W|USHDNV LP *&�&KURPDWRJUDPP EHHLQWUlFKWLJW ZXUGH� 'DJHJHQ ZDU GLH

$XVZHUWXQJ GHU GRPLQLHUHQGHQ WUDQV�,VRPHUHQ SUREOHPORV P|JOLFK�

=XU $EWUHQQXQJ VW|UHQGHU 0DWUL[ NRPPW HQWZHGHU HLQH (UK|KXQJ GHU :DVFKNUDIW GHV

:DVFKZDVVHUV RGHU HLQH (UQLHGULJXQJ GHU (OXWLRQVNUDIW GHV (OXWLRQVPLWWHOV LQ )UDJH�

'DV :DVFKHQ PLW ���LJHP 0HWKDQRO I�KUWH EHUHLWV ]X $QDO\WYHUOXVWHQ� VR GD� GLHVH

0|JOLFKNHLW DXVJHVFKORVVHQ ZXUGH�

'LH ]ZHLWH $OWHUQDWLYH �(UQLHGULJXQJ GHU (OXWLRQVNUDIW� HUVFKLHQ GDJHJHQ

YLHOYHUVSUHFKHQGHU� GD EHUHLWV LQ PHKUHUHQ /LWHUDWXUVWHOOHQ DXI GLH (OXWLRQ YRQ

3KHQROFDUERQVlXUHQ YRQ &���3KDVHQ PLWWHOV YHUG�QQWHP (WKDQRO E]Z� 0HWKDQRO

KLQJHZLHVHQ ZXUGH �1,6+,7$1, 	 1(9,16� ����� 0&&$//80 	 :$/.(5� ����� -81* 	 6+$/,7$�

-21(6� ������

'LH EHVWHQ &KURPDWRJUDPPH ZXUGHQ QDFK (OXWLRQ PLW HLQHP 0HWKDQRO�:DVVHU�*HPLVFK

������� Y�Y� HU]LHOW� (V WUDWHQ GHXWOLFK ZHQLJHU 6W|USHDNV DXI XQG GDV *UXQGUDXVFKHQ ZDU

HEHQIDOOV YHUPLQGHUW�

Kalibrierung
$XIJUXQG GHU (UJHEQLVVH PLW 81) ZXUGH HLQH *UXQGNDOLEULHUXQJ PLW GHQ YHUlQGHUWHQ

(OXWLRQVEHGLQJXQJHQ YRUJHQRPPHQ� 6WDQGDUGO|VXQJHQ �R&6� S&6� )6� ZXUGHQ LQ YLHU

.RQ]HQWUDWLRQHQ �FD� ��� ��� ��� XQG ����J SUR ���PJ 6RUEHQV� MHZHLOV YLHUPDO GHU

$XIDUEHLWXQJVSUR]HGXU DQ &���)HVWSKDVHQ �$QVlXHUQ� )HVWSKDVHQ�H[WUDNWLRQ� 6LO\OLHUHQ�

*&�0HVVXQJ� XQWHU]RJHQ� $OV (OXWLRQVPLWWHO GLHQWH HLQ 0HWKDQRO�:DVVHU�*HPLVFK

�������Y�Y� �VLHKH $QKDQJ ��������� =XU 9ROXPHQNRUUHNWXU EHL GHU *&�(LQVSULW]XQJ

ZXUGH YRU GHU 6LO\OLHUXQJ 3KORURJOXFLQ KLQ]XJHI�JW� GDV DXFK DOV 6WDQGDUG ]XU

$XVZHUWXQJ GLHQWH�

'LH .DOLEULHUJHUDGHQ VLQG LQ $EELOGXQJ �� GDUJHVWHOOW� 'HU .RUUHODWLRQVNRHIIL]LHQW EHWUXJ

I�U )6 U ������ � I�U S&6 U ������ XQG I�U R&6 U ������� 'HU 9HUIDKUHQVYDULDWLRQV�

NRHIIL]LHQW EHWUXJ GXUFKVFKQLWWOLFK �����

Abbildung 18: Kalibriergeraden der monomeren phenolischen Carbonsäuren nach Festphasen-
extraktion und gaschromatographischer Analyse
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'LH 1DFKZHLVJUHQ]H GHV JHVDPWHQ 9HUIDKUHQV ZXUGH XQWHU =XJUXQGHOHJXQJ HLQHV 6LJQDO�

5DXVFK�9HUKlOWQLVVHV YRQ ��� PLW ���QJ����O %67)$ I�U PRQRPHUH 3KHQROFDUERQVlXUHQ

XQG ��QJ����O %67)$ I�U ')6 DEJHVFKlW]W� 'LHVHV HQWVSULFKW HWZD �� �J�J 81) I�U

PRQRPHUH 3KHQROFDUERQVlXUHQ XQG � �J�J 81) I�U ')6�

����� 2SWLPLHUXQJ GHU DONDOLVFKHQ 'UXFNK\GURO\VH

8P GLH RSWLPDOHQ $XIVFKOX�EHGLQJXQJHQ ]X HUPLWWHOQ� ZXUGHQ GLH 3DUDPHWHU

.RQ]HQWUDWLRQ GHU 1DWURQODXJH� $XIVFKOX�WHPSHUDWXU XQG $XIVFKOX�]HLW YDULLHUW� (V

HUIROJWH GLH 9DULDWLRQ MHZHLOV HLQHV 3DUDPHWHUV� ZlKUHQG GLH DQGHUHQ EHLGHQ QDFK GHQ

9RUJDEHQ YRQ ,,<$0$ HW DO� ������ NRQVWDQW JHKDOWHQ ZXUGHQ�

'LH 9DULDWLRQ GHU 3DUDPHWHU ZXUGH DQ HLQHU 6WDQGDUGO|VXQJ DXV 3KHQROFDUERQVlXUHQ

�Ä6WDQGDUGO|VXQJ´�� DQ HLQHP VHOEVWKHUJHVWHOOWHQ 1DKUXQJVIDVHU�9HUJOHLFK DXV

$UDELQR[\ODQ PLW 3KHQROFDUERQVlXUHVWDQGDUGVXEVWDQ]HQ �Ä1)�9HUJOHLFK´� XQG DQ

1DKUXQJVIDVHU �Ä1)�+DIHU´�� GLH DXV +DIHU JHZRQQHQ ZXUGH� JHWHVWHW�

'DEHL ]HLJWH VLFK� GD� EHL GHQ 9HUVXFKHQ PLW GHU 6WDQGDUGO|VXQJ XQG GHP 1)�9HUJOHLFK

9HUOXVWH DQ SKHQROLVFKHQ &DUERQVlXUHQ ]ZLVFKHQ ��� XQG ��� DXIWUDWHQ�

'LH (UPLWWOXQJ GHU RSWLPDOHQ +\GURO\VHEHGLQJXQJHQ HUIROJWH GHVKDOE DXVVFKOLH�OLFK

DQKDQG GHU LQWDNWHQ 1DKUXQJVIDVHU�

'LH 9HUVXFKH ]XU 7HPSHUDWXUYDULDWLRQ HUIROJWHQ EHL ����&� ����&� ����& XQG ����&� 'LH

$XIVFKOX�]HLW EHWUXJ ��� K� � K E]Z� � K� =XU 9DULDWLRQ GHU 1DWURQODXJHQNRQ]HQWUDWLRQ

ZXUGHQ 9HUVXFK PLW � 0� � 0 XQG � 0 1DWURQODXJH GXUFKJHI�KUW�

,Q GHQ $EELOGXQJHQ �� � �� ZXUGHQ GLH *HKDOWH MHGHU HLQ]HOQHQ 3KHQROFDUERQVlXUH LQ

5HODWLRQ ]XP MHZHLOV K|FKVWHQ *HKDOW EHLP MHZHLOLJHQ 3DUDPHWHU JHVHW]W �K|FKVWHU :HUWH

 �� HQWVSULFKW RSWLPDOHP (UJHEQLV��

(LQ 0D[LPXP DQ )6 ZLUG EHL GHU $XIVFKOX�WHPSHUDWXU YRQ ����& HUUHLFKW �VLHKH

$EELOGXQJ ���� %HL GHQ DQGHUHQ 3KHQROFDUERQVlXUHQ VLQG GLH K|FKVWHQ *HKDOWH EHL HLQHU

$XIVFKOX�WHPSHUDWXU YRQ ����& HUPLWWHOW ZRUGHQ� 'LH 'LIIHUHQ]HQ GHU *HKDOWH DQ

3KHQROFDUERQVlXUHQ VLQG MHGRFK ]ZLVFKHQ GHP $XIVFKOX� EHL ����& XQG ����& LP

9HUJOHLFK ]XP )6�*HKDOW JHULQJ�

:LH DXV $EELOGXQJ �� HUVLFKWOLFK VLQG EHL HLQHU $XIVFKOX�]HLW YRQ �K PD[LPDOH *HKDOWH DQ

3KHQROFDUERQVlXUHQ HUKDOWHQ ZRUGHQ�

'LH RSWLPDOH 1DWURQODXJHQNRQ]HQWUDWLRQ ]XU 'UXFNK\GURO\VH OLHJW EHL F � PRO�O �VLHKH

$EELOGXQJ ����

hEHU GLH 9HUOXVWH DQ 3KHQROFDUERQVlXUHQ GXUFK GHQ DONDOLVFKHQ 'UXFNDXIVFKOX� NDQQ

NHLQH $XVVDJH JHPDFKW ZHUGHQ� GD DXIJUXQG GHU KRKHQ 9HUOXVWH EHL GHQ

$XIVFKOX�YHUVXFKHQ DQ 6WDQGDUGO|VXQJ XQG 1)�9HUJOHLFK NHLQH :LHGHUILQGXQJVUDWHQ

EHVWLPPW ZHUGHQ NRQQWHQ�

(LQ 9HUJOHLFK GHV (UJHEQLVVHV GHU DONDOLVFKHQ 'UXFNK\GURO\VH PLW GHU $ONDOLK\GURO\VH� EHL

GHP QXU GLH HVWHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ IUHLJHVHW]W ZHUGHQ� ]HLJW MHGRFK� GD�

GLH HUPLWWHOWHQ *HKDOWH GXUFK GHQ DONDOLVFKHQ 'UXFNDXIVFKOX� GHXWOLFK K|KHU DXVIDOOHQ DOV

GLH GXUFK GLH $ONDOLK\GURO\VH �]�%� ���IDFKHU *HKDOW DQ )6 LP +DIHU�� 'HU 9HUOXVW DQ

3KHQROFDUERQVlXUHQ GXUFK GHQ 'UXFNDXIVFKOX� LVW IROJOLFK GHXWOLFK QLHGULJHU DOV GHU $QWHLO

DQ ]XVlW]OLFK IUHLJHVHW]WHQ HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ�
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Abbildung 19: Variation der Aufschlußtemperatur (Darstellung der Phenolcarbonsäuregehalte in
Relation zum Höchstgehalt bei der jeweiligen Temperatur; höchster Wert = 1)
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Abbildung 20: Variation der Aufschlußzeit (Darstellung der Phenolcarbonsäuregehalte in Relation
zum Höchstgehalt bei der jeweiligen Zeit; höchster Wert = 1)
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Abbildung 21: Variation der Natronlaugenkonzentration (Darstellung der Phenolcarbonsäure-
gehalte in Relation zum Höchstgehalt bei der jeweiligen Konzentration; höchster
Wert = 1)
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$OV (UJHEQLV NDQQ ]XVDPPHQJHID�W ZHUGHQ� GD� VLFK EHL GHQ $XIVFKOX�YHUVXFKHQ DOV

RSWLPDOH %HGLQJXQJHQ HLQH $XIVFKOX�WHPSHUDWXU YRQ ����&� HLQH $XIVFKOX�]HLW YRQ � K

XQG HLQH 1DWURQODXJHQNRQ]HQWUDWLRQ YRQ F � PRO�O HUZLHVHQ�

'LHVH %HGLQJXQJHQ HQWVSUHFKHQ ZHLWHVWJHKHQG GHQHQ YRQ ,,<$0$ HW DO� ������� ZHOFKH

DOOHUGLQJV GHQ $XIVFKOX� �K ODQJ GXUFKI�KUWHQ�

��� 6WDWLVWLVFKH�%HZHUWXQJ�GHU�(UJHEQLVVH

=XU VWDWLVWLVFKHQ $EVLFKHUXQJ GHU $XVVDJHQ ZXUGH ]XP 9HUJOHLFK ]ZHLHU 0LWWHOZHUWH GHU

W�7HVW KHUDQJH]RJHQ �.$,6(5 	 *2776&+$/.� ������ 'HU W�7HVW HUP|JOLFKW HLQH $XVVDJH

GDU�EHU� RE ]ZHL DULWKPHWKLVFKH 0LWWHOZHUWH VLJQLILNDQW XQWHUVFKLHGOLFK RGHU JOHLFK VLQG�

8QWHUVFKLHGH DXI HLQHP 6LJQLILNDQ]QLYHDX YRQ 3 � ���� ZHUGHQ DOV VLJQLILNDQW �
�

YHUVFKLHGHQ >W���� ≤ τ � W������@� VROFKH DXI HLQHP 6LJQLILNDQ]QLYHDX YRQ 3 � ���� DOV

KRFKVLJQLILNDQW �

� YHUVFKLHGHQ EH]HLFKQHW >τ ! W������@�

'LH (UJHEQLVVH GHU 1DKUXQJVIDVHUJHKDOWH� GHU .RKOHQK\GUDWEHVWLPPXQJ QDFK 6$(0$1�

+\GURO\VH� GLH *HKDOWH GHU PRQRPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ XQG GLH 6XPPH GHU

')6 ZXUGHQ QDFK GLHVHP 7HVW JHSU�IW �VLHKH $QKDQJ �������
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$Q GDV .DSLWHO ]XU Ä,GHQWLIL]LHUXQJ GLPHUHU SKHQROLVFKHU &DUERQVlXUHQ³ VFKOLH�W VLFK GLH

'DUVWHOOXQJ GHU (UJHEQLVVH GHU *HWUHLGH� XQG *HWUHLGHSURGXNWH XQWHUWHLOW QDFK

1DKUXQJVIDVHUJHKDOW� .RKOHQK\GUDW� XQG 3KHQROFDUERQVlXUH]XVDPPHQVHW]XQJ DQ�

1HEHQ GHQ *HWUHLGHURKVWRIIHQ ZHUGHQ YHUDUEHLWHWH 3URGXNWH XQWHU GHP %HJULII Ä*HWUHLGH�

([WUXGDWH³ E]Z� Ä+DIHUSURGXNWH³ ]XVDPPHQJHID�W� (UVWHUH *UXSSH XPID�W DOV

9HUDUEHLWXQJVSURGXNWH DXVVFKOLH�OLFK ([WUXGDWH� +LHU ZXUGHQ :HL]HQ�� +DIHU� XQG

*HUVWHQSUREHQ XQWHUVXFKW� 'LH ]ZHLWH *UXSSH UHSUlVHQWLHUW GLH 9HUDUEHLWXQJVVFKULWWH� GLH

GHU 5RKKDIHU YRP .RUQ ELV ]XP (QGSURGXNW GXUFKOlXIW� XQG ZLUG GHVKDOE JHVRQGHUW

GDUJHVWHOOW�

��� ,GHQWLIL]LHUXQJ�GLPHUHU�SKHQROLVFKHU�&DUERQVlXUHQ

,P KLQWHUHQ &KURPDWRJUDPPEHUHLFK DE �� 0LQXWHQ �$EELOGXQJ �� LP $QKDQJ� VLQG

GLYHUVH 3HDNV ]X HUNHQQHQ� EHL GHQHQ HV VLFK YHUPXWOLFK XP GLPHUH SKHQROLVFKH

&DUERQVlXUHQ KDQGHOW� $QKDQG YRQ 6WDQGDUGVXEVWDQ]HQ ZXUGHQ ]XQlFKVW &\FOREXWDQ�

GLPHUH GHU )6 E]Z� S&6 ]XJHRUGQHW VRZLH GLH ���¶�'LIHUXODVlXUH� 'LH ,GHQWLIL]LHUXQJ

ZXUGH PLWWHOV *&�06 DEJHVLFKHUW� $OV GRPLQLHUHQGHV 3KRWRGLPHU WUDW HLQ ))�'LPHU YRP

7UX[LOOVlXUH�7\S �))�KW� DXI� 'HV ZHLWHUHQ ZXUGHQ GLYHUVH ZHLWHUH ))� XQG &&�'LPHUH

LGHQWLIL]LHUW� GHUHQ 0HQJHQ QXU NQDSS �EHU GHU 1DFKZHLVJUHQ]H ODJHQ XQG GHVKDOE I�U

ZHLWHUH KDOETXDQWLWDWLYH %HUHFKQXQJHQ QLFKW EHU�FNVLFKWLJW ZXUGHQ�

'LH ,GHQWLIL]LHUXQJ ZHLWHUHU 'LPHUHU HUIROJWH PLWWHOV *&�06 �VLHKH ��������� $XI GLHVH $UW

XQG :HLVH VROOWH GLH ,GHQWLWlW PDUNDQWHU 3HDNV LP KLQWHUHQ &KURPDWRJUDPPEHUHLFK

JHNOlUW ZHUGHQ� (UJlQ]HQG ZXUGH GLH +3/&�'$' HLQJHVHW]W �VLHKH ���������

����� 'HK\GURGLPHUH GHU )HUXODVlXUH �')6�

Identifizierung mittels Gaschromatographie - Massenspektrometrie (GC-MS)
$XIJUXQG GHU (UJHEQLVVH GHU 6WXGLHQ YRQ 5$/3+ HW DO� ������� ZXUGH YHUPXWHW� GD�

'HK\GURGLPHUH GHU )6 DXFK LQ 81) YRQ *HWUHLGH YRUNRPPHQ� 5$/3+ HW DO� ������

V\QWKHWLVLHUWHQ VLHEHQ YHUVFKLHGHQH ')6 XQG ZLHVHQ VHFKV GDYRQ LQ *UlVHUQ QDFK �VLHKH

$EELOGXQJ ���� /HGLJOLFK HLQHV GLHVHU 'HK\GURGLPHUHQ HQWVSUDFK GDEHL GHP KLQOlQJOLFK

EHNDQQWHQ ���¶ YHUNQ�SIWHQ )HUXODVlXUHGLPHU� ZHOFKHV KlXILJ DOV 'LIHUXODVlXUH

EH]HLFKQHW ZLUG�

,Q $EELOGXQJ �� VLQG HLQ *&�06�&KURPDWRJUDPP XQG GD]XJHK|ULJH 6,0�/lXIH I�U GLH

0DVVHQ]DKOHQ P�] ���� P�] ��� XQG P�] ��� GDUJHVWHOOW� 'LHVH 0DVVHQ]DKOHQ ZXUGHQ

DXVJHZlKOW� GD VLH GHQ 0ROHNXODUPDVVHQ GHU 706�'HULYDWH YRQ )6 �0*  ��� J�PRO�

E]Z� 'HK\GURGLPHUHQ GHU )6 �0* ��� E]Z� ��� J�PRO� HQWVSUHFKHQ �5$/3+ HW DO�� ������

'LH $EELOGXQJ ZLUG GXUFK GHQ 6,0�/DXI I�U GLH 0DVVHQ]DKO P�] ��� HUJlQ]W� ZHOFKH HLQ

FKDUDNWHULVWLVFKHV )UDJPHQW HLQLJHU 'LIHUXODVlXUHQ LVW �VLHKH XQWHQ�� (LQH WDEHOODULVFKH

$XIVWHOOXQJ GHU 0DVVHQVSHNWUHQ LVW GHP $QKDQJ ����� ]X HQWQHKPHQ� (EHQIDOOV LP

$QKDQJ �.DS� ������ LVW HLQ *&�),'�&KURPDWRJUDPP HLQHV +DIHU�$ONDOLK\GURO\VDWV

DEJHELOGHW�



� (UJHEQLVVH

��

O

OH

OH

O

OH

MeO

OH

OMe

8

8' 8'8
H

OHO

OH

OHO

OMe

OH

MeO

5'8

O

OH

OMe

HO

H

OHO

OH

MeO

���¶DU\O ')6� $U\OWHWUDOLQIRUP ���¶ ')6� RIIHQH )RUP ���¶ ')6� RIIHQH )RUP

8 O

O

OH

HO

OMe

O

OH

OMe

4'

5'
8

OHO

OMe

O

HO

O

H
H

OH

OMe

O

HO

OH

OMe

OHO

OH

OMe5'
5

��2��¶ ')6 ���¶EHQ]R ')6� %HQ]RIXUDQIRUP ���¶ ')6

Abbildung 22: Strukturen der von RALPH et al. (1994) identifizierten Ferulasäure-Dehydrodimere

9LHU 3HDNV OLHIHUWHQ 0DVVHQVSHNWUHQ PLW HLQHP 0ROHN�OSHDN EHL P�] ���� HLQ 3HDN HLQ

VROFKHV PLW HLQHP 0ROHN�OSHDN EHL P�] ���� 'HU OHW]WH 3HDN LP &KURPDWRJUDPP ZXUGH

DXIJUXQG GHU UHODWLYHQ 5HWHQWLRQV]HLW XQG VHLQHV 0DVVHQVSHNWUXPV LP 9HUJOHLFK PLW GHU

6WDQGDUGVXEVWDQ] ��(�(�����¶�'LK\GUR[\����¶�GLPHWKR[\��¶�GL]LPWVlXUH� ���¶ ')6�

GHP ���¶ YHUNQ�SIWHQ 'HK\GURGLPHU GHU )6 ]XJHRUGQHW� 'DV 0DVVHQVSHNWUXP ]HLJW

QHEHQ GHP 0ROHN�OLRQ W\SLVFKH )UDJPHQWH DXIJUXQG GHU $EVSDOWXQJ YRQ 0HWK\OJUXSSHQ�

7ULPHWK\OVLO\OJUXSSHQ RGHU VLO\OLHUWHQ &DUER[\OJUXSSHQ DXV GHU 6HLWHQNHWWH� 'DV

0ROHN�OLRQ 0� ��� WULWW DOV %DVLVSHDN DXI� :HLWHUH )UDJPHQWLRQHQ PLW KRKHQ ,QWHQVLWlWHQ

VLQG P�] ��� �a����� P�] ��� �a���� XQG P�] ��� �a�����

(LQH =XVDPPHQVWHOOXQJ GHU DP KlXILJVWHQ DEJHVSDOWHQHQ *UXSSHQ NDQQ 7DEHOOH �

HQWQRPPHQ ZHUGHQ�

'DV 9RUNRPPHQ YRP 0ROHN�OLRQ 0� ��� LP 0DVVHQVSHNWUXP GHU 6XEVWDQ] 1U� � ZHLVW

DXI HLQ )6�'HK\GURGLPHU KLQ� 'HV ZHLWHUHQ LVW GLH 0DVVHQ]DKO P�] ��� PLW VHKU KRKHU

,QWHQVLWlW YHUWUHWHQ� RIWPDOV ELV ]X ����� 6LH HQWVWHKW EHL GHU $EVSDOWXQJ YRQ +&22706

�P�] ���� DXV GHP 0ROHN�O� 'D MHQH 0DVVH PLW VR KRKHU ,QWHQVLWlW DXIWULWW� PX� GDV

)UDJPHQWLRQ EHVRQGHUV VWDELO VHLQ� %HWUDFKWHW PDQ GLH 6WUXNWXUHQ GHU YRQ 5$/3+ HW DO�

������ V\QWKHWLVLHUWHQ ')6� VR NlPHQ DXIJUXQG GHV 0ROHN�OSHDNV YLHU YHUVFKLHGHQH ')6

LQ )UDJH� GDV ���¶ YHUNQ�SIWH ')6� GLH ���¶ YHUNQ�SIWHQ ')6 �RIIHQH E]Z� DU\OWHWUDOLQH

)RUP� XQG GDV ���¶ YHUNQ�SIWH ')6 �RIIHQH )RUP�� 'D ���¶ ')6 EHUHLWV LGHQWLIL]LHUW ZXUGH

XQG VRZRKO 0DVVHQVSHNWUXP DOV DXFK UHODWLYH 5HWHQWLRQV]HLW QLFKW PLW 3HDN 1U� �

�EHUHLQVWLPPHQ� NDQQ HV DXVJHVFKORVVHQ ZHUGHQ�
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Abbildung 23: Totalionenchromatogramm (RIC) eines Alkalihydrolysats von unlöslicher Weizen-
nahrungsfaser und selected ion monitoring (SIM) charakteristischer Massenzahlen zur Identifizierung
dimerer Phenolcarbonsäuren (1 = 8-8’aryl DFS; 2 = 8-8’ DFS; 3 = 8-5’ DFS; 4 = 8-O-4’ DFS;
5 = 5-5’ DFS; FF = Photodimer der FS; FE = FS-Coniferylether)
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Tabelle 5: Fragmentierung der DFS nach MS mit Elektronenstoßionisation

P�]

$EVSDOWXQJ YRQ 0  ��� 0  ���

0

0 � &+�

0 � 7062+

0 � &+� � 7062+

0 � +&22706

0 � &+� � +&22706

0 � �[ 7062+

0 � +&22706� 7062+

0 � �[ +&22706

0 � �[ >&+�� +&22706@

0í

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���
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(LQ]LJ GLH $U\OWHWUDOLQIRUP GHV ���¶ YHUNQ�SIWHQ 'HK\GURGLPHUV HUODXEW HLQH VHKU JXWH

6WDELOLVLHUXQJ HLQHV 5DGLNDOV PLW GHU 0DVVHQ]DKO P�] ���� $XV GLHVHP *UXQGH ZLUG 3HDN

1U� � GHU 6XEVWDQ] WUDQV���+\GUR[\������K\GUR[\���PHWKR[\�SKHQ\O����PHWKR[\�

����GLK\GURQDSKWKDOLQ�����GLFDUER[\VlXUH ����¶DU\O ')6� ]XJHRUGQHW� 3HDN 1U� �

ZHLVW HEHQIDOOV HLQ 0ROHN�OLRQ EHL P�] ��� DXI� +LHUEHL NDQQ HV VLFK QXU XP GDV ���¶ ')6

LQ RIIHQHU )RUP RGHU GDV ���¶ ')6 LQ RIIHQHU )RUP KDQGHOQ� 'LH ,QWHQVLWlWHQ YRQ P�] ���

XQG P�] ��� VLQG XP HWZD î JHULQJHU DOV LP 0DVVHQVSHNWUXP YRQ 3HDN 1U� �� DEHU QRFK

ZHVHQWOLFK K|KHU DOV LQ GHQ 6SHNWUHQ YRQ 3HDN 1U� � XQG ���¶ ')6� $XIJUXQG GHU

bKQOLFKNHLW GHV 0DVVHQVSHNWUXPV PLW GHP GHV ���¶DU\O ')6 XQG GHU UHODWLYHQ 5HWHQWLRQV�

]HLW LP 9HUJOHLFK ]X GHQ (UJHEQLVVHQ YRQ 5$/3+ HW DO� ������ ZLUG 3HDN 1U� � GHU

6XEVWDQ] ���¶�'LK\GUR[\����¶�GLPHWKR[\�β�β¶�GL]LPWVlXUH ����¶ ')6� ]XJHRUGQHW�

'DV 0DVVHQVSHNWUXP GHV 3HDNV 1U� � lKQHOW GHP YRQ ���¶ ')6 VHKU VWDUN� 'DV

0ROHN�OLRQ 0� ��� WULWW LQ VHKU KRKHQ ,QWHQVLWlWHQ DXI �a����� GDV )UDJPHQW P�] ���

]HLJW HLQH KDOE VR KRKH ,QWHQVLWlW ZLH GDV 0ROHN�OLRQ� $OOH DQGHUHQ I�U 'HK\GURGLPHUH

W\SLVFKHQ )UDJPHQWLRQHQ VLQG QXU LQ JHULQJHQ ,QWHQVLWlWHQ YHUWUHWHQ �� ����� $XIJUXQG

GHU 0ROHNXODUPDVVH XQG GHU EHUHLWV JHWURIIHQHQ =XRUGQXQJHQ NDQQ HV VLFK EHL 3HDN 1U� �

QXU XP GLH RIIHQH )RUP GHV ���¶ ')6 KDQGHOQ ��(� (�����¶�'LK\GUR[\����¶�GLPHWKR[\�

β��¶�GL]LPWVlXUH� ���¶ ')6��

'DV 0DVVHQVSHNWUXP YRQ 3HDN 1U� � ZHLVW HLQ 0ROHN�OLRQ EHL P�] ��� DXI� 'DPLW NDQQ HV

VLFK QXU XP GDV ��2��¶ YHUNQ�SIWH 'HK\GURGLPHU RGHU GLH EHQ]RIXUDQH )RUP GHV ���¶

YHUNQ�SIWHQ )6�'HK\GURGLPHUV KDQGHOQ� 1HEHQ GHP %DVLVSHDN P�] �� WULWW GDV

)UDJPHQWLRQ P�] ��� PLW GHU K|FKVWHQ ,QWHQVLWlW DXI �a����� :HLWHUH PDUNDQWH

)UDJPHQWLRQHQ VLQG P�] ���� P�] ��� XQG P�] ���� 6LH VWDPPHQ LQ $QDORJLH ]X GHQ

')6 PLW 0� ��� DXV GHU $EVSDOWXQJ HLQHU 0HWK\OJUXSSH XQG�RGHU GHU VLO\OLHUWHQ

&DUER[\OJUXSSH� )UDJPHQWLRQHQ� GLH I�U GLH HLQH RGHU DQGHUH 6WUXNWXU FKDUDNWHULVWLVFK

ZlUHQ� NRQQWHQ QLFKW GHWHNWLHUW ZHUGHQ� 'HVKDOE LVW DXIJUXQG GHU 0DVVHQVSHNWUHQ HLQH

HLQGHXWLJH =XRUGQXQJ QLFKW P|JOLFK� %HL 3HDN 1U� � N|QQWH HV VLFK VRZRKO XP

�=��β������(����&DUER[\YLQ\O����PHWKR[\SKHQR[\����K\GUR[\���PHWKR[\]LPW�

VlXUH ���2��¶ ')6� DOV DXFK XP WUDQV�����(����FDUER[\YLQ\O�������K\GUR[\�

��PHWKR[\�SKHQ\O����PHWKR[\�����GLK\GUR�EHQ]RIXUDQ���FDUER[\VlXUH

����¶ EHQ]R ')6� KDQGHOQ�
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=XVDPPHQIDVVHQG Ol�W VLFK IHVWVWHOOHQ� GD� PLWWHOV JDVFKURPDWRJUDSKLVFKHU $QDO\VH XQG

PDVVHQVSHNWURPHWULVFKHU 'HWHNWLRQ LQ 81) DX�HU GHP ���¶ ')6 YLHU ZHLWHUH

'HK\GURGLPHUH GHU )6 QDFKJHZLHVHQ ZXUGHQ� $Q HLQHU PLWWHOSRODUHQ 3KDVH LVW GLH

(OXWLRQVUHLKHQIROJH ZLH IROJW� ���¶DU\O ')6 �DU\OWHWUDOLQ� ! ���¶ ')6 �RIIHQ� ! ���¶ ')6

�RIIHQ� ! ��2��¶ ')6 � ���¶EHQ]R ')6 �EHQ]RIXUDQ� ! ���¶ ')6�

'LHVH 5HLKHQIROJH VWLPPW VHKU JXW PLW GHP YRQ 5$/3+ HW DO� ������ DQJHJHEHP

5HWHQWLRQVYHUKDOWHQ �EHUHLQ� 'LHVHV ZLUG QRFK GHXWOLFKHU� ZHQQ PDQ GLH UHODWLYHQ

5HWHQWLRQV]HLWHQ LQ %H]XJ ]X ���¶ ')6 HLQDQGHU JHJHQ�EHUVWHOOW �VLHKH 7DEHOOH ��� =ZDU

ZHLFKHQ GLH =DKOHQZHUWH HWZDV YRQHLQDQGHU DE� GLH $EVWlQGH LQ GHQHQ GLH ')6 HOXLHUHQ

VLQG DEHU YHUJOHLFKEDU� 'LH EHLGHQ ���¶ YHUNQ�SIWHQ ')6 HOXLHUHQ NXU] QDFKHLQDQGHU�

ZREHL GLH DU\OWHWUDOLQH )RUP YRU GHU RIIHQHQ )RUP GHWHNWLHUW ZLUG� 'DV ���¶ ')6 HOXLHUW

]ZLVFKHQ GHP RIIHQHQ ���¶ ')6 XQG ')6 ��2��¶����¶� 'LH 5HWHQWLRQV]HLWHQ YRQ ��2��¶

')6 XQG ���¶EHQ]R ')6 OLHJHQ QDFK 5$/3+ HW DO� ������ VHKU QDK EHLHLQDQGHU�

0|JOLFKHUZHLVH UHLFKWH GLH $XIO|VXQJ GHV HLJHQHQ *&�6\VWHPV QLFKW DXV� XP GLH EHLGHQ

')6 ]X WUHQQHQ RGHU GLH 0HQJHQ GHV ���¶EHQ]R ')6 LQ GHQ XQWHUVXFKWHQ 0DWHULDOLHQ

ODJHQ XQWHUKDOE GHU 1DFKZHLVJUHQ]H�

Tabelle 6: Relative Retentionszeiten der DFS am GC in Bezug zu 5-5’ DFS

1DPH 5$/3+ HW DO�

������

HLJHQH 'DWHQ

���¶DU\O ')6

���¶ ')6

���¶ ')6

��2��¶ ')6

���¶EHQ]R ')6

���¶ ')6

����

����

����

����

����

����

�����

�����

�����

�����

�����

�����

Identifizierung mittels Hochleistungsflüssigchromatographie - Diodenarrydetektion (HPLC-DAD)
(UJlQ]HQG ]XU *&�06 ZXUGH GLH +3/& ]XU ,GHQWLIL]LHUXQJ YRQ ')6 HLQJHVHW]W�

%HLVSLHOKDIW LVW LP $QKDQJ ����� HLQ &KURPDWRJUDPP HLQHV :HL]HQ�+\GURO\VDWV

DEJHELOGHW� 'LH 'LRGHQDUUD\�'HWHNWLRQ HUODXEWH HV� QHEHQ GHU JOHLFK]HLWLJHQ 0HVVXQJ EHL

]ZHL :HOOHQOlQJHQ �λ  ���QP XQG ���QP�� GLH 89�6SHNWUHQ GHU 3HDNV DXI]XQHKPHQ

�VLHKH $QKDQJ ������� 'HU 9HUJOHLFK PLW /LWHUDWXUVSHNWUHQ �:$/'521 HW DO�� �����

HUP|JOLFKWH GLH =XRUGQXQJ YRQ � 3HDNV ]X 'HK\GURGLPHUHQ GHU )6� ���¶DU\O ')6 XQG ���¶

')6 HOXLHUHQ YRU GHQ PRQRPHUHQ 3KHQROVlXUHQ S&6 E]Z� )6� ���¶� ��2��¶ XQG ���¶ ')6

GDQDFK� $OOH 6SHNWUHQ ZHLVHQ 0D[LPD LP %HUHLFK XP ���QP DXI� =XVDPPHQ PLW

ZHLWHUHQ 0D[LPD XQG 0LQLPD HUJLEW VLFK I�U MHGHV 'HK\GURGLPHU HLQ FKDUDNWHULVWLVFKHV

6SHNWUXP �VLHKH 7DEHOOH ���

(LQ 89�6SHNWUXP� ZHOFKHV GHU ���¶EHQ]R ')6 HQWVSUlFKH� NRQQWH QLFKW QDFKJHZLHVHQ

ZHUGHQ� ,P =XVDPPHQKDQJ PLW GHQ *&�06�(UJHEQLVVHQ ZLUG GHVKDOE GDYRQ

DXVJHJDQJHQ� GD� GHU YRUOHW]WH ')6�3HDN LP *DVFKURPDWRJUDPP GHU ��2��¶ ')6

]X]XRUGQHQ LVW�
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Tabelle 7: Maxima und Minima der UV-Spektren der DFS

0D[LPD >QP@ 0LQLPD >QP@ 6FKXOWHU >QP@

���¶DU\O ')6 ���� ���� ��� ���� ��� ��

���¶ ')6 ���� ���� ��� ���� ��� ���

���¶ ')6 ���� ��� ��� ���� ���

��2��¶ ')6 ���� ���� ���� ��� ��� ���

���¶ ')6 ���� ���� ��� ���� ��� ���

����� &\FOREXWDQGLPHUH GHU )6 E]Z� S&6

%HL GHU 89�%HOLFKWXQJ YRQ )6 E]Z� S&6 N|QQHQ PD[LPDO MH �� 6WHUHRLVRPHUH �� YRP

KHDG�WR�WDLO�7\S� � YRP KHDG�WR�KHDG�7\S� HQWVWHKHQ� 'XUFK *&�06�8QWHUVXFKXQJHQ LVW

HLQH =XRUGQXQJ ]XP KW� E]Z� KK�7\S �7UX[LOO� E]Z� 7UX[LQVlXUH�7\S� P|JOLFK�

&\FOREXWDQVlXUHGLPHUH YRP KK�7\S N|QQHQ EHL GHU (OHNWURQHQVWR�LRQLVDWLRQ VRZRKO

V\PPHWULVFK DOV DXFK DV\PPHWULVFK JHVSDOWHQ ZHUGHQ �VLHKH $EELOGXQJ ���� 'LH

0DVVHQVSHNWUHQ GHU 'LPHUHQ YRP 7UX[LQVlXUH�7\S ZHLVHQ GDKHU FKDUDNWHULVWLVFKH

)UDJPHQWH EHL P�] ��� �))� E]Z� P�] ��� �&&� �6WLOEHQIUDJPHQWH� VRZLH P�] ��� DXI�

/HW]WHUHV LVW DXI GLH $EVSDOWXQJ HLQHU 0HWK\OJUXSSH DXV GHP 'LFDUER[\ODWLRQ �P�] �����

ZHOFKHV HEHQIDOOV QXU EHL DV\PPHWULVFKHU 6SDOWXQJ HQWVWHKW� ]XU�FN]XI�KUHQ �&$&&$0(6(

HW DO�� ����� 67(:$57 HW DO�� ������

asymmetrisch

symmetrisch

hh-Typ

Ar

CO2TMS CO2TMS

Ar

Dicarboxylat-
fragment

m/z 260

m/z 416

m/z 338 m/z 338

Stilben-
fragment

symmetrisch

symmetrisch

ht-Typ

Ar

CO2TMS Ar

CO2TMS

m/z 338 m/z 338

m/z 338

m/z 338

Abbildung 24: Struktur und Fragmentierung eines Cyclobutandimers vom hh-Typ bzw. ht-Typ
(Ar = phenolischer Rest)

,Q GHQ 0DVVHQVSHNWUHQ GHU ))� E]Z� &&�'LPHUHQ YRP KW�7\S VLQG VLJQLILNDQWHUZHLVH

,RQHQ PLW P�] ��� E]Z� ���� P�] ��� E]Z� ��� XQG P�] ��� E]Z� ���� ZHOFKH DXV HLQHU

0F/DIIHUW\�8PODJHUXQJ UHVXOWLHUHQ� YRUKDQGHQ �VLHKH $EELOGXQJ ��� �67(:$57 HW DO��

������ 'LHVH 8PODJHUXQJ� ZHOFKH ]XU 5LQJ|IIQXQJ I�KUW� LVW DXFK I�U GHQ KK�7\S

GHQNEDU� DEHU VWHULVFK LVW GLH KW�)RUP IDYRULVLHUW �&$&&$0(6( HW DO�� ����� 67(:$57 HW DO��

������
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Abbildung 25: Fragmentierungsschema eines silylierten Cyclobutandimers vom ht-Typ, eingeleitet
durch eine McLafferty-Umlagerung (Ar = phenolischer Rest)

'LH V\PPHWULVFKH 6SDOWXQJ YRQ ))� E]Z� &&�'LPHUHQ OLHIHUW )UDJPHQWH EHL P�] ��� E]Z�

��� >0RQRPHU@�� P�] ��� E]Z ��� >0RQRPHU�&+�@
�� P�] ��� E]Z� ��� >0RQRPHU�

&+�2@
� XQG P�] ��� E]Z� ��� >0RQRPHU�2706@��

,Q DOOHQ 0DVVHQVSHNWUHQ GHU &\FOREXWDQGLPHUH VLQG 0ROHN�OLRQHQ �P�] ��� I�U )) E]Z�

P�] ��� I�U &&� QXU PLW VHKU JHULQJHQ ,QWHQVLWlWHQ YHUWUHWHQ�

,Q GHU ))�6WDQGDUGPLVFKXQJ ZXUGHQ LQVJHVDPW � 6WHUHRLVRPHUH QDFKJHZLHVHQ� 'UHL YRP

KK�7\S� YLHU YRP KW�7\S XQG EHL ]ZHL ZHLWHUHQ ZDU NHLQH HLQGHXWLJH =XRUGQXQJ P|JOLFK�

$OV +DXSWLVRPHU WUDW PLW HLQHP $QWHLO YRQ ��� HLQ 'LPHU YRP KW�7\S DXI

�))�KW���� 'LH SUR]HQWXDOH 9HUWHLOXQJ GHU ))�'LPHUHQ LQ GHU 6WDQGDUGO|VXQJ LVW GHP

$QKDQJ ������� ]X HQWQHKPHQ�

,Q GHU &&�'LPHUHQ�6WDQGDUGPLVFKXQJ ZXUGHQ LQVJHVPDW �� 'LPHUH QDFKJHZLHVHQ� HLQHV

YRP KK�7\S� � YRP KW�7\S XQG EHL I�QI ZHLWHUHQ NRQQWH NHLQH HLQGHXWLJH =XRUGQXQJ

JHWURIIHQ ZHUGHQ� 0LW ��� WUDW HLQ &&�KW�'LPHU DOV +DXSWGLPHU DXI� 'HU $QWHLO GHV

]ZHLWKlXILJVWHQ &&�'LPHUV EHWUXJ ��� $OOH ZHLWHUHQ &&�'LPHUHQ ZDUHQ PLW � ����

YHUWUHWHQ �VLHKH $QKDQJ ���������

'LH UHODWLYHQ 5HWHQWLRQV]HLWHQ GHU ))� XQG &&�'LPHUHQ VLQG LQ 7DEHOOHQ LP $QKDQJ

������� ]XVDPPHQJHVWHOOW� &KURPDWRJUDPPH GHV &&� E]Z� ))�6WDQGDUGV VLQG LP $QKDQJ

����� �$EELOGXQJ �� XQG $EELOGXQJ ��� DEJHELOGHW�

����� )HUXODVlXUH�&RQLIHU\OHWKHU �)(�

1DFK GHP ))�KW�'LPHU XQG YRU GHU ���¶ ')6 ZDUHQ LQ DOOHQ &KURPDWRJUDPPHQ GHU

$ONDOLK\GURO\VH ]ZHL JU|�HUH 3HDNV ]X EHREDFKWHQ �VLHKH $EELOGXQJ �� LP $QKDQJ �������

'LH 0DVVHQVSHNWUHQ GHU 3HDNV ZDUHQ LGHQWLVFK XQG ]HLJWHQ HLQHQ %DVLVSHDN EHL P�] ����

:HLWHUH GLDJQRVWLVFK ZLFKWLJH )UDJPHQWH WUDWHQ EHL P�] ���� P�] ����

P�] ���� P�] ���� P�] ���� P�] ���� P�] ��� XQG P�] ��� DXI� ZREHL GHUHQ

,QWHQVLWlWHQ PHLVWHQV ��� ZDUHQ�

'LH HUKDOWHQHQ 0DVVHQVSHNWUHQ VWLPPHQ VHKU JXW PLW (UJHEQLVVHQ YRQ -$&48(7 HW DO�

������ �EHUHLQ� 6LH ZLHVHQ HUVWPDOV )6�&RQLIHU\ODONRKRO�(WKHU �)(� LQ $ONDOLK\GUR�O\VDWHQ

YRQ =HOOZlQGHQ DXV :HL]HQ� XQG +DIHU�,QWHUQRGLHQ QDFK� $XV GHU 7DWVDFKH� GD� GLH

SDDUZHLVH DXIWUHWHQGHQ 3HDNV LGHQWLVFKH 0DVVHQVSHNWUHQ OLHIHUWHQ� IROJHUWHQ VLH� GD� HV

VLFK XP HU\WKUR XQG WKUHR 706�,VRPHUH MHQHV (WKHUV KDQGHOQ PX�WH�
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Abbildung 26: Struktur von (E)-Ethyl-4-[2-(4-hydroxyl-3-methoxyphenyl)-2-hydroxy-
1-(hydroxymethyl)-ethyl]-ferulat

-$&48(7 HW DO� ������ EHVWlWLJWHQ LKUH 7KHVH GXUFK GLH 6\QWKHVH MHQHV

)6�&RQLIHU\ODONRKRO�(WKHUV ��(��(WK\O���>�����K\GUR[\O���PHWKR[\SKHQ\O����K\GUR[\���

�K\GUR[\PHWK\O��HWK\O@�IHUXODW� �VLHKH $EELOGXQJ ����

'LH HLJHQHQ *&�06�8QWHUVXFKXQJHQ OLHIHUWHQ HEHQIDOOV LGHQWLVFKH 0DVVHQVSHNWUHQ GHU

XQEHNDQQWHQ 3HDNV PLW HLQHP FKDUDNWHULVWLVFKHQ %DVLVSHDN EHL P�] ���� :LH 7DEHOOH �

]X HQWQHKPHQ LVW� VWLPPW GDV HLJHQH 0DVVHQVSHNWUXP VHKU JXW PLW GHQ /LWHUDWXUZHUWHQ

�EHUHLQ� 'HVKDOE ZLUG GDYRQ DXVJHJDQJHQ� GD� LQ GHQ XQWHUVXFKWHQ $ONDOLK\GURO\VDWHQ

GHU YRQ -$&48(7 HW DO� ������ EHVFKULHEHQH β�2��¶ (WKHU HQWKDOWHQ LVW� ZHOFKHU HLQ

.RQGHQVDWLRQVSURGXNW DXV )6 XQG HLQHP /LJQLQ�0RQRPHU �KLHU� *XDMDFROHLQKHLW�

GDUVWHOOW�

Tabelle 8: Massenspektrum des TMS-Derivats eines FS-Coniferylalkohol-Ethers (JACQUET et al.,
1995) und Massenspektrum einer unbekannten Substanz in den Alkalihydrolysaten der
unlöslichen Getreidenahrungsfaser

0DVVHQVSHNWUXP

-$&48(7 HW DO� ������ ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ����

��� ����� ��� ���� ��� ������ ��� ���� ��� ���� ��� ���� ���

���� ��� ���� ��� ����� ��� ���� ��� ����� ��� ���� ��� ����

��� ����� ��� ���� �� ����

HLJHQH 'DWHQ ��� ������ ��� ������ ��� ������ ��� ������ ��� ������ ���

������ ��� ������ ��� ������ ��� ������ ��� ������ ��� ������

��� ������ ��� ������ ��� ������ ��� ������ ��� ������ ���

������ ��� ������ ��� ������ ��� ������ �� ������
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��� *HWUHLGH�5RKPDWHULDO

,QVJHVDPW ZXUGHQ VLHEHQ YHUVFKLHGHQH *HWUHLGH E]Z� *HWUHLGHNOHLHQ DXI GDV 9RUNRPPHQ

PRQRPHUHU XQG LQVEHVRQGHUH GLPHUHU SKHQROLVFKHU &DUERQVlXUHQ LQ GHU 81) KLQ

XQWHUVXFKW� 1HEHQ GHU ,GHQWLILNDWLRQ QHXHU GLPHUHU 6WUXNWXUHQ VWDQG DXFK GLH

%HU�FNVLFKWLJXQJ GHU %LQGXQJVDUW �HVWHU� RGHU HWKHUJHEXQ�GHQ� LP 9RUGHUJUXQG� 'HV

ZHLWHUHQ ZXUGH GHU *HKDOW DQ 81) XQG GLH .RKOHQK\GUDW]XVDPPHQVHW]XQJ GHUVHOEHQ

DQDO\VLHUW�

$OV *HWUHLGHSUREHQ ZXUGHQ 5RJJHQ� 5HLV �JHVFKlOW�� 0DLV XQG +LUVH VRZLH GLH .OHLHQ YRQ

:HL]HQ� +DIHU XQG *HUVWH XQWHUVXFKW�

����� 1DKUXQJVIDVHUJHKDOWH

,P $QKDQJ ����� VLQG GHU *HKDOW DQ 81)� GLH 7URFNHQPDVVH XQG GHU )HWWJHKDOW GHU

JHPDKOHQHQ 3UREHQ ]XVDPPHQJHVWHOOW�

'LH :HL]HQNOHLH ZHLVW PLW ��� PJ�J 70 GHQ K|FKVWHQ 81)�*HKDOW DXI� *HUVWHQ� XQG

+DIHUNOHLH VRZLH 5RJJHQ OLHIHUQ HWZD ��� PJ 81)�J 70� 'HU 81)�*HKDOW LQ 0DLV EHWUlJW

�� PJ�J 70� ,Q 5HLV XQG +LUVH LVW GHU 81)�*HKDOW DP QLHGULJVWHQ ��� E]Z� ��PJ�J 70��

����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ

=XU %HVWLPPXQJ GHU .RKOHQK\GUDWH LQ GHU 81) ZXUGH GLH 6$(0$1�+\GURO\VH DQJHZDQGW�

EHL GHU GDV 3IODQ]HQPDWHULDO LQ NRQ]� 6FKZHIHOVlXUH YRUJHTXROOHQ XQG DQVFKOLH�HQG PLW

YHUG�QQWHU 6FKZHIHOVlXUH K\GURO\VLHUW ZLUG �VLHKH .DS� ��������� 'LH (UJHEQLVVH VLQG LP

$QKDQJ ������� DXIJHI�KUW�

*HUVWH� +DIHU XQG :HL]HQ VLQG *HWUHLGH PLW HLQHP KRKHP $UDELQR[\ODQJHKDOW� GHVVHQ

$QWHLO DP *HVDPWSRO\VDFFKDULGJHKDOW �EHU ��� OLHJW� 'LH 1LFKWVWlUNH�3RO\VDFFKDULGH LQ

0DLV� 5HLV XQG +LUVH EHVWHKHQ QXU ]X HLQHP JHULQJHQ $QWHLO DXV $UDELQR[\ODQHQ

��� � ����� 'HQ +DXSWWHLO PDFKHQ *OXNDQH DXV� ZHOFKH VLFK DXV β�*OXNDQHQ XQG

&HOOXORVH ]XVDPPHQVHW]HQ� 5RJJHQ QLPPW HLQH 0LWWHOVWHOOXQJ HLQ� GD GHU

$UDELQR[\ODQDQWHLO HWZD GRSSHOW VR KRFK LVW ZLH LQ 0DLV� 5HLV RGHU +LUVH �FD� ���� DEHU

HUKHEOLFK QLHGULJHU DOV LQ *HUVWH� +DIHU RGHU :HL]HQ�
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Abbildung 27: Polysaccharidgehalte in UNF der Getreide-Rohmaterialien nach 6$(0$1-Hydrolyse
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'LH $UDELQR[\ODQH LQ +LUVH XQG 0DLV EHVWHKHQ ]X HLQHP KRKHQ 3UR]HQWVDW] DXV $UDELQRVH

�! ����� ,Q *HUVWH� +DIHU� 5HLV XQG 5RJJHQ OLHJW GHU SUR]HQWXDOH $QWHLO GHU $UDELQRVH

EHL ������� 'HQ QLHGULJVWHQ $UDELQRVHDQWHLO PLW FD� ��� ZHLVHQ GLH $UDELQR[\ODQH GHV

:HL]HQV DXI�

����� 3KHQROLVFKH &DUERQVlXUHQ

9HUHVWHUWH SKHQROLVFKH &DUERQVlXUHQ ZXUGHQ PLWWHOV $ONDOLK\GURO\VH DXV GHU 81)

IUHLJHVHW]W �VLHKH .DS� ������� XQG ��������� =XU $EVSDOWXQJ YRQ HWKHUJHEXQGHQHQ

SKHQROLVFKHQ &DUERQVlXUHQ ZXUGH GLH DONDOLVFKH 'UXFNK\GURO\VH HLQJHVHW]W �VLHKH .DS�

������� XQG ��������� 'D KLHUEHL VRZRKO (VWHU� DOV DXFK (WKHUELQGXQJHQ JHVSDOWHQ

ZHUGHQ� ZHUGHQ GLH HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ LQGLUHNW DXV GHU 'LIIHUHQ] GHU

EHLGHQ +\GURO\VHPHWKRGHQ EHUHFKQHW� 'LH (UJHEQLVVH VLQG LP $QKDQJ ������� XQG

������� WDEHOODULVFK ]XVDPPHQJHVWHOOW�

'LH 4XDQWLIL]LHUXQJ �PRQRPHUH 3KHQROFDUERQVlXUHQ� E]Z� VHPLTXDQWLWDWLYH %HVWLPPXQJ

�GLPHUH 3KHQROFDUERQVlXUHQ� HUIROJWH PLWWHOV *&�),' �VLHKH $QKDQJ ������� =XU

,GHQWLIL]LHUXQJ GHU GLPHUHQ 3KHQROFDUERQVlXUHQ ZXUGH GLH *&�06 XQG +3/&�'$'

HLQJHVHW]W �VLHKH $QKDQJ ����� XQG �������

������� 0RQRPHUH 3KHQROFDUERQVlXUHQ

,Q GHU 81) DOOHU *HWUHLGHPDWHULDOLHQ ZXUGH )6 DOV GRPLQLHUHQGH +\GUR[\]LPWVlXUH

QDFKJHZLHVHQ� 'LH *HKDOWH QDFK DONDOLVFKHU 'UXFNK\GURO\VH VLQG EHL :HL]HQ� 5RJJHQ XQG

5HLV K|KHU DOV QDFK $ONDOLK\GURO\VH� MHGRFK LVW GHU 8QWHUVFKLHG QXU EHLP :HL]HQ

VWDWLVWLVFK JHVHKHQ VLJQLILNDQW �VLHKH ��������� 'LHVHV EHGHXWHW� GD� )6 LQ 5RJJHQ�

*HUVWH� +DIHU� 0DLV� 5HLV XQG +LUVH DXVVFKOLH�OLFK �EHU (VWHUELQGXQJHQ PLW

$UDELQR[\ODQHQ YHUNQ�SIW LVW� (WKHUJHEXQGHQH )6 ZXUGH OHGLJOLFK LQ 81) GHV :HL]HQV

QDFKJHZLHVHQ� ZHOFKH HWZD ��� GHV *HKDOWV GHU HVWHUJHEXQGHQHQ )6 DXVPDFKW�
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Abbildung 28: Ester- und gesamtgebundene FS in UNF der Getreide-Rohmaterialien
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'LH *HKDOWH HVWHUJHEXQGHQHU )6 XQWHUVFKHLGHQ VLFK LQ GHQ YHUVFKLHGHQHQ *HWUHLGHDUWHQ

HUKHEOLFK �VLHKH $EELOGXQJ ���� :HL]HQ XQG +LUVH HQWKDOWHQ GLH JU|�WHQ 0HQJHQ DQ

HVWHUJHEXQGHQHU )6 �! �� PJ�J 81)� JHIROJW YRQ 0DLV PLW �� PJ�J 81)� 'DJHJHQ

NRPPW LQ 5HLV RGHU +DIHU QXU HWZD ��� GLHVHU 0HQJH YRU �FD� � PJ�J 81)�� 5RJJHQ XQG

*HUVWH QHKPHQ PLW HLQHP )6�*HKDOW YRQ � �� PJ�J 81) HLQH 0LWWHOVWHOOXQJ HLQ�

S&6 ZXUGH LQ 0HQJHQ QDFKJHZLHVHQ� GLH ]ZLVFKHQ �� XQG ��� GHV )6�*HKDOWV

EHWUDJHQ� /HGLJOLFK LQ 5RJJHQ ZXUGH S&6 DXIJUXQG VLJQLILNDQW K|KHUHU *HKDOWH QDFK $'+

DOV QDFK $+ LQ HWKHUJHEXQGHQHU )RUP QDFKJHZLHVHQ �FD� �����

������� 'LPHUH 3KHQROFDUERQVlXUHQ

,Q DOOHQ XQO|VOLFKHQ *HWUHLGHQDKUXQJVIDVHUQ NRQQWHQ 'HK\GURGLPHUH GHU )6 LGHQWLIL]LHUW

ZHUGHQ� 'LH GLPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ VLQG VRZRKO �EHU (VWHUELQGXQJHQ DOV

DXFK (WKHUELQGXQJHQ PLW GHQ 3RO\PHUHQ GHU 1DKUXQJVIDVHU YHUNQ�SIW� 'LHVHV JLOW QLFKW

I�U GLH 81) YRQ 5HLV� KLHU NRQQWHQ QXU HWKHUJHEXQGHQH E]Z� HVWHU� XQG HWKHUJHEXQGHQH

'LPHUH QDFKJHZLHVHQ ZHUGHQ�

(VWHUJHEXQGHQH ')6

'LH 81) YRQ :HL]HQ� 5RJJHQ� *HUVWH� +DIHU� 0DLV XQG +LUVH EHLQKDOWHW I�QI YHUVFKLHGHQH

HVWHUJHEXQGHQH 'HK\GURGLPHUH GHU )6� 'DEHL KDQGHOW HV VLFK XP ]ZHL ���¶ YHUNQ�SIWH

'LPHUH� HLQH ���¶ ')6� HLQ ��2��¶ YHUNQ�SIWHV 'LPHU XQG HLQH ���¶ ')6�

,Q +DIHU LVW GLH 6XPPH GHU ')6 DP QLHGULJVWHQ �a��� �J�J 81)�� LQ +LUVH VLQG GLH

PHLVWHQ )6�'HK\GURGLPHUHQ YRUKDQGHQ �a��� �J�J 81)�� ,Q GHQ DQGHUHQ *HWUHLGHDUWHQ

OLHJW GLH ')6�6XPPH ]ZLVFKHQ a��� �J�J 81) �5RJJHQ� XQG a��� �J�J 81) �*HUVWH��

'LH 9HUWHLOXQJ GHU I�QI 'HK\GURGLPHUHQ LVW LQ GHQ HLQ]HOQHQ *HWUHLGHDUWHQ VHKU

XQWHUVFKLHGOLFK� MHGRFK GRPLQLHUHQ HQWZHGHU ���¶DU\O ')6 �+DIHU� +LUVH�� ���¶ ')6

�:HL]HQ� RGHU EHLGH VLQG JOHLFK VWDUN YHUWUHWHQ �*HUVWH� 0DLV�� (LQH $XVQDKPH ELOGHW GLH

81) YRQ 5RJJHQ� LQ GHU ���¶ ')6 DP KlXILJVWHQ YRUNRPPW�

���¶ ')6 PDFKW PLW $XVQDKPH YRQ +DIHU �a���� LQ DOOHQ *HWUHLGHQ XQWHU ��� GHU

6XPPH GHU YHUHVWHUWHQ ')6 DXV� 'LH SUR]HQWXDOHQ $QWHLOH YRQ ���¶ ')6 XQG ��2��¶ ')6

OLHJHQ ]ZLVFKHQ ��� XQG ���� /HGLJOLFK LQ 5RJJHQ XQG +DIHU OLHJW GHU ��2��¶ ')6�$QWHLO

EHL a���

(WKHUJHEXQGHQH ')6

'LH 81) DOOHU XQWHUVXFKWHQ *HWUHLGHDUWHQ HQWKDOWHQ HWKHUJHEXQGHQH )6�'HK\GURGLPHUH

LQ 0HQJHQ YRQ ��� �J�J 81) �5HLV� ELV ���� �J�J 81) �+LUVH�� 'LHVH EHLGHQ *HWUHLGH

PDUNLHUHQ GLH ([WUHPD� GLH GXUFKVFKQLWWOLFKHQ *HKDOWH LQ :HL]HQ� 5RJJHQ� *HUVWH� +DIHU

XQG 0DLV OLHJHQ DOOH LQ HLQHP %HUHLFK YRQ ��� ELV ��� �J�J 81)� 'DPLW PDFKHQ

HWKHUJHEXQGHQH ')6 ������ GHU LQVJHVDPW LQ 81) JHEXQGHQHQ ')6 DXV �$XVQDKPH

*HUVWH PLW �����

'LH *HKDOWH GHU HLQ]HOQHQ 'HK\GURGLPHUH EHWUDJHQ �� ELV ��� �J�J 81)� 'RPLQLHUHQGH

HWKHUJHEXQGHQH ')6 LQ :HL]HQ� *HUVWH XQG 0DLV LVW ��2��¶ ')6 ������� GHU *HVDPW�

')6�� LQ +DIHU LVW VLH LP JOHLFKHQ $QWHLO HQWKDOWHQ ZLH ���¶ ')6 �MH ����� ,Q 5RJJHQ

GRPLQLHUW ���¶ ')6� LQ 5HLV XQG +LUVH ���¶DU\O ')6 ��� E]Z� ����
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������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ

,Q :HL]HQ� 5RJJHQ� *HUVWH� +DIHU XQG +LUVH ZDUHQ HVWHUJHEXQGHQH ))�'LPHUH

QDFKZHLVEDU� ,Q JU|�HUHQ 0HQJHQ NDP QXU GDV ))�KW�� YRU �FD� ����� �J�J 81)��

ZRKLQJHJHQ ZHLWHUH ))�'LPHUH QXU LQ 6SXUHQ QDFKZHLVEDU ZDUHQ �))�KW��� ))�KK�� LQ

5RJJHQ�� ,Q HWKHUJHEXQGHQHU )RUP ODJ HEHQIDOOV GDV ))�KW�� DOV GRPLQLHUHQGHV

))�'LPHU YRU �FD� ����� �J�J 81)�� (VWHU� XQG�RGHU HWKHUJHEXQGHQH &&�'LPHUH ZXUGHQ

QLFKW LGHQWLIL]LHUW� ,Q 5HLV XQG 0DLV ZDUHQ ZHGHU HVWHU� QRFK HWKHUJHEXQGHQH

&\FOREXWDQGLPHUH QDFKZHLVEDU�

,Q DOOHQ *HWUHLGHSUREHQ DX�HU 5HLV ZDUHQ QDFK $ONDOLK\GURO\VH )6�&RQLIHU\ODONRKROHWKHU

QDFKZHLVEDU� 1DFK DONDOLVFKHU 'UXFNK\GURO\VH WUDWHQ LP +\GURO\VDW NHLQH

)6�&RQLIHU\ODONRKROHWKHU DXI�

��� *HWUHLGH�([WUXGDWH

����� 1DKUXQJVIDVHUJHKDOWH

'LH (UJHEQLVVH GHU 1DKUXQJVIDVHUEHVWLPPXQJ VLQG LP $QKDQJ ����� ]XVDPPHQJHID�W�

'HQ K|FKVWHQ 81)�$QWHLO DP *HVDPW�1)�*HKDOW PLW HWZD ��� EHVLW]W 0DLV EHL HLQHP LP

9HUJOHLFK ]X GHQ DQGHUHQ 0DWHULDOLHQ QLHGULJHP *HVDPWQDKUXQJVIDVHUJHKDOW YRQ

�� PJ�J 70� bKQOLFK KRKH $QWHLOH DQ 81) ZHLVW :HL]HQNOHLH PLW HWZD ��� DXI� 'HU

*HVDPWQDKUXQJVIDVHUJHKDOW OLHJW PLW ��� PJ�J 70 MHGRFK XP GDV �IDFKH �EHU GHP GHV

0DLV� *HUVWHQ� XQG +DIHUNOHLH VHW]HQ VLFK ]X HWZD ��� DXV 81) XQG ��� /1)

]XVDPPHQ� ZREHL GLH *HVDPWQDKUXQJVIDVHUJHKDOWH EHL ��� ELV ��� PJ�J 70 OLHJHQ�

'LH /1)�*HKDOWH LQ GHQ ([WUXGDWHQ YRQ +DIHU XQG *HUVWH VLQG VLJQLILNDQW K|KHU DOV LQ GHQ

MHZHLOLJHQ .OHLHQ �VLHKH ��������� -HGRFK LVW QXU LQ GHQ +DIHUH[WUXGDWHQ GHU 81)�*HKDOW

VLJQLILNDQW QLHGULJHU� (QWVSUHFKHQGHV JLOW I�U GHQ 0DLV� EHL GHVVHQ ([WUXGDW GHU 81)�

*HKDOW VLJQLILNDQW HUQLHGULJW LVW XQG GLH OHLFKWH (UK|KXQJ GHV /1)�*HKDOWV QLFKW

VLJQLILNDQW LVW�

,Q GHQ :HL]HQH[WUXGDWHQ VLQG GLH /1)�*HKDOWH JU|�WHQWHLOV VLJQLILNDQW K|KHU DOV LQ GHU

:HL]HQNOHLH� 3DUDOOHO GD]X� LVW HLQH VLJQLILNDQWH $EQDKPH GHV 81)�*HKDOWHV IHVW]XVWHOOHQ�

'LHVHV JLOW MHGRFK QLFKW I�U GDV ([WUXGDW YY �� �� ,QQHUKDOE GHU ([WUXGDWH ZHLVW GLH 3UREH

YY �� � �XQYHUPDKOHQ� QLHGULJH (QHUJLHHLQOHLWXQJ� PLW ��� PJ�J 70 GHQ K|FKVWHQ 81)�

*HKDOW DXI� LP 3URGXNW YY �� �� �XQYHUPDKOHQ� KRKH (QHUJLHHLQOHLWXQJ� LVW HU PLW ���

PJ�J 70 DP QLHGULJVWHQ�

����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ

'LH (UJHEQLVVH GHU 6$(0$1�+\GURO\VH �VLHKH .DS� ������� XQG ��������� 0HWKDQRO\VH

�VLHKH .DS� ������� XQG �������� XQG GHU UHGXNWLYHQ 'HSRO\PHULVDWLRQ �VLHKH .DS�

������� XQG �������� VLQG LP $QKDQJ ������� DXIJHI�KUW�

9HUJOHLFKW PDQ 0HWKDQRO\VH XQG 6$(0$1�+\GURO\VH VR IlOOW DXI� GD� GLH $UDELQR[\ODQ�

JHKDOWH QDFK 0HWKDQRO\VH K|KHU DXVIDOOHQ� GLH *OXNDQJHKDOWH GDJHJHQ JHULQJHU� ,P +DIHU

XQG 0DLV VLQG GLH 8QWHUVFKLHGH LQ GHQ *OXNDQJHKDOWHQ QDFK GHQ EHLGHQ 0HWKRGHQ JHULQJ�

'HPQDFK HQWKDOWHQ VLH QXU ZHQLJ &HOOXORVH� 'LH *OXNDQH GHU *HUVWHQSURGXNWH G�UIWHQ

VLFK HWZD ]XU +lOIWH DXV &HOOXORVH XQG ]XU +lOIWH DXV DQGHUHQ *OXNDQHQ

]XVDPPHQVHW]HQ� $P DXIIlOOLJVWHQ VLQG GLH 8QWHUVFKLHGH EHL GHQ :HL]HQSURGXNWHQ� 'LH

:HUWH QDFK 6$(0$1�+\GURO\VH VLQG XP GDV I�QIIDFKH K|KHU� ZHOFKHV DXI HLQHQ KRKHQ

&HOOXORVHJHKDOW VFKOLH�HQ Ol�W�
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Abbildung 29: Polysaccharidgehalte in UNF der Getreide-Extrudate
nach SAEMAN-Hydrolyse

'LH JHQHUHOO QLHGULJHUHQ $UDELQR[\ODQJHKDOWH QDFK 6$(0$1�+\GURO\VH GHXWHQ DXI HLQH

=HUVW|UXQJ GHU =XFNHUEDXVWHLQH ZlKUHQG GHU +\GURO\VH KLQ�

,Q GHQ :HL]HQSUREHQ VLQG VLJQLILNDQWH 8QWHUVFKLHGH LP $UDELQR[\ODQJHKDOW QXU ]ZLVFKHQ

5RKVWRII XQG ([WUXGDW YY �� � IHVWVWHOOEDU �VLHKH ��������� ,QQHUKDOE GHU ([WUXGDWH LVW GHU

$UDELQR[\ODQJHKDOW LQ YY �� � �XQYHUPDKOHQ� QLHGULJH 60(� QLHGULJHU DOV LP ([WUXGDW

YY �� �� �XQYHUPDKOHQ� KRKH 60(��

%HL GHQ 0DWHULDOLHQ DXV *HUVWH XQG 0DLV LVW NHLQ 8QWHUVFKLHG ]ZLVFKHQ 5RKZDUH XQG

([WUXGDW IHVW]XVWHOOHQ� %HLP +DIHU XQWHUVFKHLGHW VLFK QXU GDV ([WUXGDW 9� +� �� LP

$UDELQR[\ODQJHKDOW VLJQLILNDQW YRP $XVJDQJVPDWHULDO�

'LH 5HGXNWLYH 'HSRO\PHULVDWLRQ OLHIHUWH I�U GLH :HL]HQ�� *HUVWHQ� XQG 0DLVSUREHQ NHLQH

bQGHUXQJHQ LQ GHQ PRODUHQ 9HUKlOWQLVVHQ GHU 0RQRVDFFKDULGEDXVWHLQH� GLH DXI HLQH

6SDOWXQJ GHU $UDELQR[\ODQPROHN�OH LQ NOHLQHUH (LQKHLWHQ KLQGHXWHQ�

'DJHJHQ VLQG LQ GHQ +DIHUH[WUXGDWHQ HLQLJH PDUNDQWH bQGHUXQJHQ ]X YHU]HLFKQHQ� 'HU

PRODUH $QWHLO GHU XQVXEVWLWXLHUWHQ ;\ORVHEDXVWHLQH VLQNW HWZD XP GLH +lOIWH� GHU PRODUH

$QWHLO GHU WHUPLQDOHQ ;\ORVH VWHLJW XP GDV 'UHLIDFKH XQG GLH PRODUHQ $QWHLOH GHU PRQR�

XQG GLVXEVWLWXLHUWHQ ;\ORVHEDXVWHLQH QHKPHQ HEHQIDOOV ]X� 'LHVH bQGHUXQJHQ VLQG GDUDXI

]XU�FN]XI�KUHQ� GD� 6SDOWXQJHQ LQ GHU ;\ORVHKDXSWNHWWH VWDWWJHIXQGHQ KDEHQ XQG

;\ORROLJRVDFFKDULGH VROXELOLVLHUW ZXUGHQ� VR GD� LQ GHU 81) $UDELQR[\ODQPROHN�OH

YHUEOLHEHQ� GLH HUVWHQV DXV NOHLQHUHQ 0ROHN�OHQ EHVWHKHQ �$QVWLHJ GHV 9HUKlOWQLVVHV YRQ

W�;\O � ��$F�;\OS� XQG ]ZHLWHQV �EHU HLQHQ K|KHUHQ 9HU]ZHLJXQJVJUDG YHUI�JHQ �$QVWLHJ

GHU PRODUHQ $QWHLOH GHU PRQR� XQG GLVXEVWLWXLHUWHQ ;\ORVHEDXVWHLQH��

����� 3KHQROLVFKH &DUERQVlXUHQ

9HUHVWHUWH SKHQROLVFKH &DUERQVlXUHQ ZXUGHQ PLWWHOV $ONDOLK\GURO\VH DXV GHU 81)

IUHLJHVHW]W �VLHKH .DS� ������� XQG ��������� =XU $EVSDOWXQJ YRQ HWKHUJHEXQGHQHQ

SKHQROLVFKHQ &DUERQVlXUHQ ZXUGH GLH DONDOLVFKH 'UXFNK\GURO\VH HLQJHVHW]W �VLHKH .DS�

������� XQG ��������� 'D KLHUEHL VRZRKO (VWHU� DOV DXFK (WKHUELQGXQJHQ JHVSDOWHQ

ZHUGHQ� ZHUGHQ GLH HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ LQGLUHNW DXV GHU 'LIIHUHQ] GHU



� (UJHEQLVVH

��

EHLGHQ +\GURO\VHPHWKRGHQ EHUHFKQHW� 'LH (UJHEQLVVH VLQG LP $QKDQJ ������� XQG

������� WDEHOODULVFK ]XVDPPHQJHVWHOOW�

'LH 4XDQWLIL]LHUXQJ �PRQRPHUH 3KHQROFDUERQVlXUHQ� E]Z� VHPLTXDQWLWDWLYH %HVWLPPXQJ

�GLPHUH 3KHQROFDUERQVlXUHQ� HUIROJWH PLWWHOV *&�),' �VLHKH $QKDQJ ������� =XU

,GHQWLIL]LHUXQJ GHU GLPHUHQ 3KHQROFDUERQVlXUHQ ZXUGH GLH *&�06 XQG +3/&�'$'

HLQJHVHW]W �VLHKH $QKDQJ ����� XQG �������

������� 0RQRPHUH 3KHQROFDUERQVlXUHQ

:LH EHUHLWV I�U GLH 5RKVWRIIH EHVFKULHEHQ GRPLQLHUW DXFK LQ GHQ *HWUHLGHH[WUXGDWHQ )6

DOV PRQRPHUH +\GUR[\]LPWVlXUH� 'LH *HKDOWH VLQG MH QDFK *HWUHLGHDUW VHKU

XQWHUVFKLHGOLFK XQG OLHJHQ ]ZLVFKHQ � PJ�J 81) �+DIHU +�� XQG �� PJ�J 81) �:HL]HQ

:��� $XV $EELOGXQJ �� LVW HUVLFKWOLFK� GD� GHU +DXSWWHLO GHU )6 LQ YHUHVWHUWHU )RUP

YRUOLHJW� (WKHUJHEXQGHQH )6 ZXUGH QXU YHUHLQ]HOW QDFKJHZLHVHQ�

,P IROJHQGHQ ZHUGHQ GLH (UJHEQLVVH QDFK *HWUHLGHDUWHQ JHWUHQQW YRUJHVWHOOW�

:HL]HQ

'HU *HKDOW DQ HVWHUJHEXQGHQHU )6 LVW LP :HL]HQURKVWRII :� XQG LP ([WUXGDW YY �� � DP

JU|�WHQ ��� � �� PJ�J 81)�� ,Q GHQ DQGHUHQ ([WUXGDWHQ LVW ZHQLJHU )6 DQ $UDELQR[\ODQH

HVWHUJHEXQGHQ� 'LH *HKDOWH VLQG XP GDV ]ZHL ELV GUHLIDFKH NOHLQHU DOV LP

$XVJDQJVPDWHULDO� 'LH ([WUXGDWH XQWHUHLQDQGHU XQWHUVFKHLGHQ VLFK HEHQIDOOV LQ LKUHP

*HKDOW DQ HVWHUJHEXQGHQHU )6� (LQH $XVQDKPH ELOGHQ GLH ([WUXGDWH YY �� � XQG YY ��

��� GHUHQ )6�*HKDOWH VLFK QLFKW XQWHUVFKHLGHQ�

(WKHUJHEXQGHQH )6 LVW LP 5RKPDWHULDO :� VRZLH LQ GHQ ([WUXGDWHQ YY �� � XQG YY �� ��

QDFKZHLVEDU� +LHU VLQG GLH QDFK $'+ HUPLWWHOWHQ *HKDOWH VLJQLILNDQW JU|�HU DOV QDFK $+

�VLHKH ��������� 'LH *HKDOWH DQ HWKHUJHEXQGHU )6 EHWUDJHQ FD� � � ��� PJ�J 81)�

(VWHUJHEXQGHQH S&6 LVW LQ GHQ :HL]HQSUREHQ HWZD LQ ��IDFK QLHGULJHUHQ 0HQJHQ

YRUKDQGHQ DOV )6 ���� � �� GHV )6�*HKDOWV� ���� ELV ���� PJ�J 81)�� $XFK KLHU VLQG GLH

*HKDOWH DQ HVWHUJHEXQGHUHU S&6 LQ GHQ ([WUXGDWHQ PLW $XVQDKPH YRQ YY �� � JHULQJHU

DOV LP 5RKPDWHULDO :��
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Abbildung 30: Ester- und gesamtgebundene FS in UNF der Getreide-Extrudate
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/HGLJOLFK LQ YY �� � LVW S&6 LQ (WKHUELQGXQJ QDFKZHLVEDU ��� �J�J 81)�� QDFK $'+ VLQG

VLJQLILNDQW K|KHUH 0HQJHQ EHVWLPPW ZRUGHQ DOV QDFK $+� ,Q YY �� � XQG YY �� �� VLQG

HEHQIDOOV K|KHUH S&6�*HKDOWH QDFK $'+ DOV QDFK $+ HUPLWWHOW ZRUGHQ ������ �J�J 81)��

GLH 8QWHUVFKLHGH VLQG MHGRFK QLFKW VLJQLILNDQW�

+DIHU

,Q GHQ +DIHUSUREHQ VLQG FD� ��� PJ )6 SUR J 81) HVWHUJHEXQGHQ� 'LH *HKDOWH LP

+DIHUURKPDWHULDO XQG GHQ ([WUXGDWHQ XQWHUVFKHLGHQ VLFK QLFKW� 1DFK DONDOLVFKHU

'UXFNK\GURO\VH ZXUGHQ ZHGHU LP 5RKKDIHU QRFK LQ GHQ ([WUXGDWHQ K|KHUH )6�*HKDOWH

EHVWLPPW DOV QDFK $ONDOLK\GURO\VH� VR GD� NHLQH HWKHUJHEXQGHQH )6 QDFKZHLVEDU LVW�

(VWHUJHEXQGHQH S&6 LVW LP +DIHU +� PLW ��� PJ�J 81) HQWKDOWHQ� 'LH *HKDOWH LQ GHQ

([WUXGDWHQ OLHJHQ EHL ������ PJ�J 81)� 1DFK DONDOLVFKHU 'UXFNK\GURO\VH ZXUGHQ

JHULQJHUH S&6�*HKDOWH HUPLWWHOW DOV QDFK $ONDOLK\GURO\VH �FD� ���� PJ�J 81)�� VRPLW ZDU

NHLQH HWKHUJHEXQGHQH S&6 LQ GHQ +DIHUSUREHQ QDFKZHLVEDU�

*HUVWH

(VWHUJHEXQGHQH )6 LVW LQ *HUVWH *� XQG LP ([WUXGDW 9� *� �� LQ 0HQJHQ YRQ ��� E]Z�

��� PJ�J 81) HQWKDOWHQ� ,Q HWKHUJHEXQGHQHU )RUP LVW )6 QXU LP ([WUXGDW QDFKZHLVEDU�

GHU *HKDOW EHWUlJW ��� PJ�J 81)�

,Q EHLGHQ 3UREHQ LVW S&6 LQ VHKU YLHO QLHGULJHUHQ 0HQJHQ YRUKDQGHQ DOV )6 �FD� ����

PJ�J 81)�� 'D GLH QDFK $'+ HUPLWWHOWHQ *HKDOWH QLHGULJHU ZDUHQ DOV GLH QDFK $+� LVW

S&6 LQ HWKHUJHEXQGHQHU )RUP QLFKW QDFKZHLVEDU�

0DLV

'HU LQ 0DLVFROOHWV EHVWLPPWH *HKDOW DQ HVWHUJHEXQGHQHU )6 �a�� PJ�J 81)� LVW

VLJQLILNDQW K|KHU DOV GHU LP 0DLVJULHV �a�� PJ�J 81)� �VLHKH ��������� (WKHUJHEXQGHQH

)6 NRQQWH LQ NHLQHU GHU 0DLVSUREHQ QDFKJHZLHVHQ ZHUGHQ�

'LH S&6�*HKDOWH EHWUDJHQ QDFK EHLGHQ $QDO\VHQPHWKRGHQ HWZD ��� PJ�J 81)� (V VLQG

ZHGHU 8QWHUVFKLHGH ]ZLVFKHQ 5RKVWRII XQG ([WUXGDW QRFK ]ZLVFKHQ GHQ $QDO\VHQ�

PHWKRGHQ IHVWVWHOOEDU� 'LHVHV EHGHXWHW� GD� GLH EHVWLPPWH S&6 QXU HVWHUJHEXQGHQ

YRUOLHJW�

������� 'LPHUH 3KHQROFDUERQVlXUHQ

:LH LQ GHQ *HWUHLGH�5RKVWRIIHQ NRQQWHQ DXFK LQ GHQ H[WUXGLHUWHQ 3URGXNWHQ I�QI

'HK\GURGLPHUH GHU )6 LGHQWLIL]LHUW ZHUGHQ� (V KDQGHOW VLFK XP 'LIHUXODVlXUHQ� GLH

HQWZHGHU �EHU EHLGH 3KHQ\OULQJH ����¶�� HLQHQ 3KHQ\OULQJ XQG $ONHQ\OUHVW

����¶� RIIHQH )RUP� ��2��¶� RGHU EHLGH $ONHQ\OUHVWHQ ����¶� RIIHQH XQG DU\OWHWUDOLQH )RUP�

PLWHLQDQGHU YHUNQ�SIW VLQG�

:HL]HQ

(VWHUJHEXQGHQH ')6

'LH 6XPPH GHU HVWHUJHEXQGHQHQ ')6 LVW LP ([WUXGDW YY �� � PLW ��� �J�J 81) DP

JU|�WHQ XQG LQ YY �� � PLW ��� �J�J 81) DP QLHGULJVWHQ� 'LH ')6�6XPPH LQ GHQ

DQGHUHQ :HL]HQSUREHQ OLHJW ]ZLVFKHQ ��� XQG ��� �J�J 81)�

'LH 9HUWHLOXQJ GHU HVWHUJHEXQGHQHQ ')6 LP 5RKVWRII XQG GHQ ([WUXGDWHQ LVW VHKU lKQOLFK

�VLHKH $EELOGXQJ ���� ���¶ ')6 GRPLQLHUW PLW $XVQDKPH YRQ YY �� �� �KLHU

���¶DU\O ')6� LQ DOOHQ :HL]HQSUREHQ PLW HWZD ���� $P ]ZHLWKlXILJVWHQ NRPPW ���¶DU\O

')6 PLW GXUFKVFKQLWWOLFK ��� YRU� ���¶ ')6 XQG ��2��¶ ')6 WUDJHQ PLW MH FD� ��� ]XU

*HVDPWVXPPH EHL� 'HU SUR]HQWXDOH $QWHLO YRQ ���¶ ')6 LVW DP JHULQJVWHQ �a ����
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Abbildung 31: Prozentuale Verteilung der ester- bzw. ethergebundenen DFS in UNF der
Getreide-Extrudate

(WKHUJHEXQGHQH ')6

���¶ ')6� ���¶ ')6 XQG ��2��¶ ')6 VLQG LQ DOOHQ :HL]HQSUREHQ LQ HWKHUJHEXQGHQHU )RUP

QDFKZHLVEDU� GD GLH QDFK $'+ EHVWLPPWHQ *HKDOWH VLFK VLJQLILNDQW YRQ GHQHQ QDFK $+

XQWHUVFKHLGHQ� 'LHVHV WULIIW I�U ���¶DU\O ')6 XQG ���¶ ')6 QXU LP 5RKVWRII :� VRZLH GHQ

([WUXGDWHQ YY �� � XQG YY �� �� ]X� ,Q YY �� � XQG YY �� � VLQG NHLQH HWKHUJHEXQGHQHQ

���¶DU\O ')6 XQG ���¶ ')6 QDFKZHLVEDU�

'LH 6XPPH GHU HWKHUJHEXQGHQHQ ')6 EHWUlJW LP 5RKVWRII :� XQG GHP ([WUXGDW

YY �� � FD� ��� �J�J 81)� ,Q YY �� �� ZXUGH GLH K|FKVWH ')6�6XPPH HUPLWWHOW

�����J�J 81)� XQG LQ YY �� � E]Z� YY �� � VLQG GLH ')6�*HKDOWH DP QLHGULJVWHQ

���� E]Z� �� �J�J 81)��

'LH SUR]HQWXDOH 9HUWHLOXQJ GHU ')6 LP 5RKVWRII :� XQG GHP ([WUXGDW YY �� � LVW IDVW

LGHQWLVFK �VLHKH $EELOGXQJ ���� 'LH ')6 VLQG ]LHPOLFK JOHLFKPl�LJ YHUWHLOW� ���¶ ')6 XQG

��2��¶ ')6 KDEHQ HLQHQ $QWHLO YRQ MH HWZD ���� ���¶ ')6 E]Z� ���¶ ')6 PDFKHQ MH HWZD

��� DXV XQG ���¶DU\O ')6 KDW PLW FD� ��� GHQ QLHGULJVWHQ SUR]HQWXDOHQ $QWHLO�
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,Q YY �� �� GRPLQLHUW ���¶DU\O ')6 ����� JHIROJW YRQ ���¶ ')6 ������ 'LH SUR]HQWXDOHQ

$QWHLOH YRQ ���¶ ')6 E]Z� ��2��¶ ')6 OLHJHQ EHL �� � ���� ���¶ ')6 KDW GHQ JHULQJVWHQ

$QWHLO �� ����� 'D LQ GHQ ([WUXGDWHQ YY �� � XQG YY �� � NHLQH HWKHUJHEXQGHQHQ

���¶DU\O ')6 XQG ���¶ ')6 QDFKZHLVEDU VLQG� LVW GLH SUR]HQWXDOH 9HUWHLOXQJ GHU �EULJHQ

GUHL ')6 QLFKW PLW GHQ DQGHUHQ 3UREHQ YHUJOHLFKEDU�

+DIHU

(VWHUJHEXQGHQH ')6

'LH I�QI YHUVFKLHGHQHQ 'HK\GURGLPHUH VLQG LQ GHQ +DIHUSURGXNWHQ LQ VHKU

XQWHUVFKLHGOLFKHQ 0HQJHQ HQWKDOWHQ� ,P ([WUXGDW 9� +� �� VLQG DP PHLVWHQ ')6 HQW�

KDOWHQ �6XPPH a��� �J�J 81)�� ZlKUHQG LP 5RKVWRII +� XQG GHP ([WUXGDW 9� +� ��

QXU HWZD GLH +lOIWH GLHVHU 0HQJH YRUNRPPW�

$XFK LQ GHU SUR]HQWXDOHQ 9HUWHLOXQJ ]HLJHQ VLFK 8QWHUVFKLHGH �VLHKH $EELOGXQJ ���� 'LH

')6�9HUWHLOXQJ LP +DIHU +� XQG 9� +� �� lKQHOW VLFK VHKU� PLW ���¶DU\O ')6 DOV

+DXSWNRPSRQHQWH �a����� 'DJHJHQ YHUVFKLHEW VLFK LQ 9� +� �� GDV *HZLFKW ]XU

��2��¶ ')6 DXI .RVWHQ YRQ ���¶ ')6 XQG ���¶ ')6� GHUHQ $QWHLO XP 1/3 VLQNW� ���¶ ')6 LVW

LQ DOOHQ +DIHUSURGXNWHQ PLW FD� ��� DQ GHU ')6�6XPPH EHWHLOLJW�

(WKHUJHEXQGHQH ')6

,Q DOOHQ +DIHUSURGXNWHQ ZXUGHQ HWKHUJHEXQGHQH ')6 QDFKJHZLHVHQ� 'LH QDFK $'+

HUPLWWHOWHQ *HKDOWH XQWHUVFKLHGHQ VLFK VLJQLILNDQW YRQ GHQHQ QDFK $+� ,Q +DIHU EHWUlJW

GLH 6XPPH HWKHUJHEXQGHQHU ')6 ��� �J�J 81) XQG LVW GDPLW XP GDV ���IDFKH QLHGULJHU

DOV LQ GHQ ([WUXGDWHQ ���� E]Z� ��� �J�J 81)��

%HL GHU SUR]HQWXDOHQ 9HUWHLOXQJ GHU ')6 WUHWHQ bKQOLFKNHLWHQ ]ZLVFKHQ GHQ

+DIHUSURGXNWHQ DXI �VLHKH $EELOGXQJ ���� ,Q DOOHQ GUHL 3UREHQ VWHOOW ���¶ ')6 PLW a���

GHQ +DXSWDQWHLO� :lKUHQG LQ +DIHU +� XQG 9� +� �� ��2��¶ ')6 �a���� DOV

]ZHLWVWlUNVWHV 'HK\GURGLPHU YRUKDQGHQ LVW� VLQNW GHVVHQ $QWHLO LQ 9� +� �� DXI a����

'DI�U VWHLJW LQ 9� +� �� GHU SUR]HQWXDOH $QWHLO GHU ���¶DU\O ')6 DXI ���� LQ +DIHU +�

XQG 9� +� �� LVW ���¶DU\O ')6 PLW a��� YHUWUHWHQ� 'LH UHVWOLFKHQ 'HK\GURGLPHUHQ

���¶ ')6 XQG ���¶ ')6 VLQG LQ DOOHQ 3URGXNWHQ PLW ������ DQ GHU 6XPPH GHU

HWKHUJHEXQGHQHQ ')6 EHWHLOLJW�

*HUVWH

(VWHUJHEXQGHQH ')6

,QVJHVDPW NRPPHQ HVWHUJHEXQGHQH ')6 LQ GHU *HUVWH *� E]Z� GHUHQ ([WUXGDW 9� *� ��

LQ 0HQJHQ YRQ ������� �J�J 81) YRU� 'LH SUR]HQWXDOHQ $QWHLOH GHU 'HK\GURGLPHUHQ VLQG

LQ *HUVWH *� XQG GHUHQ ([WUXGDW VHKU lKQOLFK �VLHKH $EELOGXQJ ���� ���¶DU\O ')6 XQG

���¶ ')6 PDFKHQ ]XVDPPHQ �EHU ��� GHU HVWHUJHEXQGHQHQ ')6 DXV� ���¶ ')6 XQG ���¶

')6 WUDJHQ PLW MHZHLOV HWZD ��� ]XU 6XPPH EHL� ��2��¶ ')6 PLW FD� ����

(WKHUJHEXQGHQH ')6

,Q EHLGHQ *HUVWHQSURGXNWHQ ZXUGHQ HWKHUJHEXQGHQH )6�'HK\GURGLPHUH QDFKJHZLHVHQ�

'LH ')6�6XPPH LVW LP ([WUXGDW PLW ��� �J�J 81) HWZD XP GDV ���IDFKH K|KHU DOV LP

5RKVWRII *� ���� �J�J 81)�� 'LH SUR]HQWXDOH 9HUWHLOXQJ GDJHJHQ lKQHOW VLFK VHKU �VLHKH

$EELOGXQJ ���� ,Q EHLGHQ *HUVWHQSURGXNWHQ VLQG ���¶ ')6� ��2��¶ ')6 XQG ���¶ ')6 LQ

IDVW JOHLFK JUR�HQ $QWHLOHQ YRUKDQGHQ �������� XQG PDFKHQ ]XVDPPHQ �EHU ��� GHU

HWKHUJHEXQGHQHQ ')6 DXV� ���¶DU\O ')6 XQG ���¶ ')6 NRPPHQ PLW MH HWZD ��� YRU�
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0DLV

(VWHUJHEXQGHQH ')6

'LH I�QI YHUVFKLHGHQHQ )6�'HK\GURGLPHUHQ VLQG LP 0DLVJULHV LQ HLQHU 0HQJH YRQ

��� �J�J 81) YRUKDQGHQ� ,P ([WUXGDW� GHQ 0DLVFROOHWV� ZXUGH HLQH XP GDV ���IDFKH

K|KHUH 0HQJH EHVWLPPW ���� �J�J 81)�� ,P 0DLVJULHV VLQG ���¶DU\O ')6 XQG ���¶ ')6 LQ

JOHLFKHQ $QWHLOHQ �MH ���� YRUKDQGHQ� 'HU SUR]HQWXDOH $QWHLO YRQ ���¶ ')6 LVW DP

QLHGULJVWHQ �� ����� ���¶ ')6 XQG ��2��¶ ')6 VLQG PLW MH HWZD ��� DQ GHU 6XPPH GHU

HVWHUJHEXQGHQHQ ')6 EHWHLOLJW� ,P 0DLVJULHV OLHJW HLQH DQGHUH 9HUWHLOXQJ YRU �VLHKH

$EELOGXQJ ���� ���¶ ')6 GRPLQLHUW PLW ���� JHIROJW YRQ ��2��¶ ')6 ����� XQG ���¶DU\O

')6 ������ :lKUHQG GLHVH GUHL 'HK\GURGLPHUH ]XVDPPHQ �EHU ��� GHU ')6�6XPPH

ELOGHQ� PDFKHQ ���¶ ')6 XQG ���¶ ')6 ZHQLJHU DOV ��� DXV�

(WKHUJHEXQGHQH ')6

(WKHUJHEXQGHQH ')6 VLQG LP 0DLVJULHV PHKU YRUKDQGHQ �a��� �J�J 81)� DOV LQ GHQ

0DLVFROOHWV �a��� �J�J 81)�� 'LH SUR]HQWXDOH ')6�9HUWHLOXQJ XQWHUVFKHLGHW VLFK

HEHQIDOOV VHKU VWDUN �VLHKH $EELOGXQJ ���� :lKUHQG LP 0DLVJULHV ��2��¶ ')6 GRPLQLHUW

������ LVW HV LQ GHQ 0DLVFROOHWV ���¶ ')6 ������ ,P 0DLVJULHV PDFKHQ ���¶DU\O ')6�

���¶ ')6 XQG ���¶ ')6 MHZHLOV HWZD ��� GHU ')6�6XPPH DXV� ���¶ ')6 LVW PLW HWZD ��

YHUWUHWHQ� ,Q GHQ 0DLVFROOHWV ELOGHW ���¶DU\O ')6 GHQ ]ZHLWVWlUNVWHQ SUR]HQWXDOHQ $QWHLO

�a����� ���¶ ')6� ��2��¶ ')6 XQG ���¶ ')6 VLQG XQJHIlKU PLW JOHLFKHQ SUR]HQWXDOHQ

$QWHLOHQ YHUWUHWHQ� GLH XP ��� OLHJHQ�

������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ

,Q DOOHQ :HL]HQ�� *HUVWH� XQG +DIHUH[WUXGDWHQ VRZLH GHQ $XVJDQJVPDWHULDOLHQ ZXUGH HLQ

))�'LPHU YRP KW�7\S �))�KW��� LQ HVWHUJHEXQGHQHU )RUP LGHQWLIL]LHUW �FD� ���� �J�J

81)�� ,Q 0DLV ZDU GLHVHV ))�'LPHU QXU QDFK DONDOLVFKHU 'UXFNK\GURO\VH QDFKZHLVEDU�

'DU�EHUKLQDXV ZDUHQ LQ HLQLJHQ 3UREHQ ELV ]X ]ZHL ZHLWHUH ))�'LPHUH �))�KK��� ))�KK���

LQ 6SXUHQ QDFKZHLVEDU�

(WKHUJHEXQGHQHV ))�KW�� ZXUGH LP :HL]HQ�5RKVWRII XQG GHP ([WUXGDW YY �� �� VRZLH LQ

0DLVJULHV XQG �FROOHWV QDFKJHZLHVHQ� 'LH DEJHVFKlW]WHQ *HKDOWH ODJHQ ]ZLVFKHQ

� XQG �� �J�J 81)� ,Q GHQ DQGHUHQ 5RKVWRIIHQ XQG ([WUXGDWHQ ZDUHQ GLH *HKDOWH QDFK

DONDOLVFKHU 'UXFNK\GURO\VH QLFKW K|KHU DOV QDFK $ONDOLK\GURO\VH�

'HV ZHLWHUHQ ZXUGHQ QDFK $ONDOLK\GURO\VH LQ DOOHQ 3URGXNWHQ )6�&RQLIHU\ODONRKRO�(WKHU

LGHQWLIL]LHUW�

��� +DIHUSURGXNWH

����� 1DKUXQJVIDVHUJHKDOWH

'LH 1DKUXQJVIDVHUJHKDOWH GHU +DIHUSURGXNWH VLQG GHU 7DEHOOH LP $QKDQJ ����� ]X

HQWQHKPHQ�

'LH *HVDPWQDKUXQJVIDVHU GHV 5RKKDIHUV EHWUlJW ��� PJ�J 70� GDYRQ VLQG ��� O|VOLFK

XQG ��� XQO|VOLFK� :lKUHQG GHU 3URGXNWLRQVVWXIHQ YHUlQGHUQ VLFK GLHVH 9HUKlOWQLVVH QXU

JHULQJI�JLJ� $XIIlOOLJ LVW OHGLJOLFK GLH ���LJH =XQDKPH GHU /1) LP ([WUXGDW GHU

+DIHUIORFNHQ LP 9HUJOHLFK ]X GHQ UHLQHQ +DIHUIORFNHQ�

%HWUDFKWHW PDQ GLH DEVROXWHQ :HUWH� VR VLQG EHWUHIIHQG GHU /1) EHL GHU +DIHUNOHLH XQG

GHP +DIHUNOHLH�([WUXGDW KRFKVLJQLILNDQW K|KHUH /1)�*HKDOWH LP 9HUJOHLFK ]XP 5RKKDIHU
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IHVW]XVWHOOHQ� 'LH H[WUXGLHUWHQ 3URGXNWH XQWHUVFKHLGHQ VLFK YRQ GHQ GLUHNWHQ

$XVJDQJVPDWHULDOLHQ� DOVR +DIHUIORFNHQ E]Z� +DIHUNOHLH� QLFKW LQ LKUHP /1)�*HKDOW�

,Q 'DUUH� +DIHUIORFNHQ XQG GHP +DIHUIORFNHQ�([WUXGDW VLQG LP 9HUJOHLFK ]XP 5RKKDIHU

QLHGULJHUH 81)�*HKDOWH EHVWLPPW ZRUGHQ� GLH MHGRFK VWDWLVWLVFK QLFKW VLJQLILNDQW VLQG

�VLHKH ��������� 'DJHJHQ VLQG LQ +DIHUNOHLH XQG GHUHQ ([WUXGDW DXIJUXQG GHU

$QUHLFKHUXQJ lX�HUHU 5DQGVFKLFKWHQ GHV +DIHUNRUQV GLH 81)�*HKDOWH KRFKVLJQLILNDQW

K|KHU� -HGRFK VLQG ]ZLVFKHQ GHQ ([WUXGDWHQ XQG LKUHQ GLUHNWHQ $XVJDQJVSURGXNWHQ NHLQH

8QWHUVFKLHGH LP *HKDOW GHU 81) IHVWVWHOOEDU�

����� .RKOHQK\GUDW]XVDPPHQVHW]XQJ

'LH (UJHEQLVVH GHU 6$(0$1�+\GURO\VH �VLHKH .DS� ������� XQG ��������� 0HWKDQRO\VH

�VLHKH .DS� ������� XQG �������� XQG GHU UHGXNWLYHQ 'HSRO\PHULVDWLRQ �VLHKH .DS�

������� XQG �������� VLQG LP $QKDQJ ������� DXIJHI�KUW�

'LH :HUWH DXV GHU 6$(0$1�+\GURO\VH VLQG HWZD QXU ��� ELV ��� VR JUR� ZLH GLH GHU

0HWKDQRO\VH� 'HPHQWVSUHFKHQG QLHGULJHU IDOOHQ GLH 3RO\VDFFKDULGJHKDOWH DXV� ZREHL GLH

;\ODQJHKDOWH QDFK EHLGHQ 0HWKRGHQ XQJHIlKU ��� GHV 163�*HKDOWV DXVPDFKHQ�

1DFK 6$(0$1�+\GURO\VH EHWUDJHQ GLH 3RO\VDFFKDULGJHKDOWH LQ DOOHQ +DIHUSURGXNWHQ HWZD

��� PJ�J 81)� GDYRQ FD� ��� $UDELQR[\ODQH XQG FD� ��� *OXNDQH� 'LH $UDELQR[\ODQH

EHVWHKHQ ]X ��� DXV $UDELQRVH XQG ��� ;\ORVH�

$XIJUXQG GHU 9HUDUEHLWXQJ LVW LQ GHU 'DUUH XQG GHQ +DIHUIORFNHQ HLQ OHLFKWHU $QVWLHJ LP

$UDELQR[\ODQJHKDOW JHJHQ�EHU GHP 5RKKDIHU IHVWVWHOOEDU� 'HU $UDELQR[\ODQJHKDOW GHU

+DIHUNOHLH HQWVSULFKW GHP GHV 5RKKDIHUV�

,P +DIHUIORFNHQH[WUXGDW LVW LP 9HUJOHLFK ]X GHQ +DIHUIORFNHQ HLQ QLHGULJHUHU $UDELQRVH�

XQG ;\ORVHJHKDOW IHVW]XVWHOOHQ� ZHOFKHV LQVJHVDPW LQ HLQHP QLHGULJHUHQ $UDELQR[\ODQ�

JHKDOW UHVXOWLHUW� ,P +DIHUNOHLHH[WUXGDW LVW GHU $UDELQR[\ODQJHKDOW JHJHQ�EHU GHU

+DIHUNOHLH OHLFKW HUK|KW� 'LH EHREDFKWHWHQ 9HUlQGHUXQJHQ VLQG VWDWLVWLVFK JHVHKHQ QLFKW

VLJQLILNDQW �VLHKH ���������
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Abbildung 32: Polysaccharidgehalte in UNF der Haferprodukte nach SAEMAN-Hydrolyse

'LH (UJHEQLVVH GHU 0HWK\OLHUXQJVDQDO\VH ]HLJHQ� GD� LQ DOOHQ +DIHUSURGXNWHQ LP

9HUJOHLFK ]XP 5RKKDIHU GLH PRODUHQ $QWHLOH WHUPLQDOHU ;\ORVH ]XQHKPHQ XQG LP

*HJHQ]XJ GHU PRODUH $QWHLO XQVXEVWLWXLHUWHU ;\ORVHEDXVWHLQH DXV GHU ;\ORVHKDXSWNHWWH

DEQLPPW� 'LHVHV NDQQ QXU DXI HLQH $EQDKPH GHU .HWWHQOlQJH GHU ;\ODQPROHN�OH

]XU�FN]XI�KUHQ VHLQ� G�K� LQ GHQ 9HUDUEHLWXQJVSURGXNWHQ �+DIHUIORFNHQ� +DIHUNOHLH XQG

GHUHQ ([WUXGDWH� KDW HLQH 6SDOWXQJ GHU $UDELQR[\ODQH VWDWWJHIXQGHQ�
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����� 3KHQROLVFKH &DUERQVlXUHQ

9HUHVWHUWH SKHQROLVFKH &DUERQVlXUHQ ZXUGHQ PLWWHOV $ONDOLK\GURO\VH DXV GHU 81)

IUHLJHVHW]W �VLHKH .DS� ������� XQG ��������� =XU $EVSDOWXQJ YRQ HWKHUJHEXQGHQHQ

SKHQROLVFKHQ &DUERQVlXUHQ ZXUGH GLH DONDOLVFKH 'UXFNK\GURO\VH HLQJHVHW]W �VLHKH .DS�

������� XQG ��������� 'D KLHUEHL VRZRKO (VWHU� DOV DXFK (WKHUELQGXQJHQ JHVSDOWHQ

ZHUGHQ� ZHUGHQ GLH HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ LQGLUHNW DXV GHU 'LIIHUHQ] GHU

EHLGHQ +\GURO\VHPHWKRGHQ EHUHFKQHW� 'LH (UJHEQLVVH VLQG LP $QKDQJ ������� XQG

������� WDEHOODULVFK ]XVDPPHQJHVWHOOW�

'LH 4XDQWLIL]LHUXQJ E]Z� VHPLTXDQWLWDWLYH %HVWLPPXQJ �GLPHUH 3KHQROFDUERQVlXUHQ�

HUIROJWH PLWWHOV *&�),' �VLHKH $QKDQJ ������� =XU ,GHQWLIL]LHUXQJ GHU 'LPHUHQ ZXUGH GLH

*&�06 XQG +3/&�'$' HLQJHVHW]W �VLHKH $QKDQJ ����� XQG �������

������� 0RQRPHUH 3KHQROFDUERQVlXUHQ

,Q DOOHQ +DIHUSURGXNWHQ LVW )6 GLH GRPLQLHUHQGH +\GUR[\]LPWVlXUH� S&6 ZLUG HEHQIDOOV

QDFKJHZLHVHQ� MHGRFK LQ .RQ]HQWUDWLRQHQ� GLH XP ���� ELV ����� GDUXQWHU OLHJHQ�

,Q 5RKKDIHU� 'DUUH� +DIHUIORFNHQ XQG .OHLH EHWUlJW GHU $QWHLO HVWHUJHEXQGHQHU )6 HWZD �⁄�
ELV í GHU LQVJHVDPW JHEXQGHQHQ )6 �VLHKH $EELOGXQJ ���� 'LH *HKDOWH HVWHUJHEXQ�GHQHU

)6 OLHJHQ LQ 5RKKDIHU� 'DUUH� +DIHUIORFNHQ XQG �NOHLH EHL ������� PJ�J 81)� ,Q 5RKKDIHU

LVW GHU K|FKVWH *HKDOW HVWHU� XQG HWKHUJHEXQGHQHU )6 ]X YHU]HLFKQHQ ���� PJ�J 81)�� LQ

+DIHUIORFNHQ XQG �NOHLH VLQG QXU QRFK JXW �⁄� GLHVHU 0HQJH YRUKDQGHQ� ,Q GHU 81) GHU

([WUXGDWH VLQG ������� PJ )6�J 81) HVWHUJHEXQGHQ XQG ������� PJ )6�J 81) OLHJHQ

LQVJHVDPW LQ (VWHU� XQG (WKHUELQGXQJHQ YRU�
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Abbildung 33: Gehalte an ester- und gesamtgebundener FS in UNF der Haferprodukte

'LHVH (UJHEQLVVH ]HLJHQ� GD� LQ 5RKKDIHU� 'DUUH� +DIHUIORFNHQ XQG �NOHLH VRZLH GHQ

([WUXGDWHQ JHVDPWJHEXQGHQH )6 LQ KRFKVLJQLILNDQW K|KHUHQ *HKDOWHQ �VLHKH ��������

YRUOLHJW DOV HVWHUJHEXQGHQH )6 �)DNWRU ���� XQG VRPLW HLQ 7HLO GHU )6 HWKHUJHEXQGHQ

YRUNRPPW� 'LH *HKDOWH DQ HWKHUJHEXQGHQHU )6 LQ GHQ +DIHUSURGXNWHQ EHWUDJHQ HWZD

��� PJ�J 81)� $X�HU LQ +DIHUIORFNHQ XQG +DIHUNOHLH ZXUGHQ DXFK I�U JHVDPWJHEXQGHQH

S&6 KRFKVLJQLILNDQW K|KHUH *HKDOWH EHVWLPPW� )�U HWKHUJHEXQGHQH S&6 ZXUGHQ *HKDOWH

YRQ �� � ��� �J�J 81) EHUHFKQHW�
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������� 'LPHUH 3KHQROFDUERQVlXUHQ

:LH LQ GHQ DQGHUHQ *HWUHLGHDUWHQ NRQQWHQ DXFK LQ GHQ +DIHUSURGXNWHQ I�QI

'HK\GURGLPHUH GHU )6 LGHQWLIL]LHUW ZHUGHQ� (V KDQGHOW VLFK XP 'LIHUXODVlXUHQ� GLH

HQWZHGHU �EHU EHLGH 3KHQ\OULQJH ����¶�� HLQHQ 3KHQ\OULQJ XQG $ONHQ\OUHVW

����¶� RIIHQH )RUP� ��2��¶� RGHU EHLGH $ONHQ\OUHVWH ����¶� RIIHQH XQG DU\OWHWUDOLQH )RUP�

PLWHLQDQGHU YHUNQ�SIW VLQG�

,Q DOOHQ +DIHUSURGXNWHQ ZXUGHQ K|KHUH 6XPPHQ DQ HVWHU� XQG HWKHUJHEXQGHQHQ ')6

EHVWLPPW DOV QXU HVWHUJHEXQGHQH ')6�

(VWHUJHEXQGHQH ')6

'LH 6XPPH DQ HVWHUJHEXQGHQHQ ')6 EHWUlJW LQ 5RKKDIHU� 'DUUH� +DIHUNOHLH VRZLH

+DIHUNOHLH�([WUXGDW HWZD ��� ELV ��� �J�J 81)� LQ GHQ +DIHUIORFNHQ XQG GHVVHQ ([WUXGDW

LVW GLHVHU *HKDOW PLW �EHU ��� �J�J 81) DP JU|�WHQ�

'HU SUR]HQWXDOH $QWHLO GHU HVWHUJHEXQGHQHQ ')6 DP *HVDPWJHKDOW GHU ')6 LVW VHKU

XQWHUVFKLHGOLFK� ,P 5RKKDIHU EHWUlJW HU FD� ���� VLQNW LQ GHU 'DUUH DXI HWZD ����

EHWUlJW LQ GHQ +DIHUIORFNHQ XQG �NOHLH HWZD ��� XQG LQ GHQ ([WUXGDWHQ HWZD �������

%HWUDFKWHW PDQ QLFKW GLH 6XPPH GHU ')6 VRQGHUQ GLH 9HUWHLOXQJ GHU HLQ]HOQHQ

'HK\GURGLPHUHQ VR HUJLEW VLFK IROJHQGHV �VLHKH $EELOGXQJ ����

,Q DOOHQ +DIHUSURGXNWHQ LVW GDV ���¶�'HK\GURGLPHU GHU )6 LQ GHU DU\OWHWUDOLQHQ )RUP

����¶DU\O ')6� DP KlXILJVWHQ YHUWUHWHQ� 'LH SUR]HQWXDOHQ $QWHLOH GHV LQ (VWHUELQGXQJ

YRUOLHJHQGHQ ���¶DU\O ')6 EHWUDJHQ HWZD ���� 'LH DEJHVFKlW]WHQ *HKDOWH OLHJHQ

]ZLVFKHQ ��� �J�J 81) �(+.� XQG ��� �J�J 81) �+DIHUIORFNHQ�� 'DV ��2��¶ YHUNQ�SIWH

'HK\GURGLPHU WULWW DP ]ZHLWKlXILJVWHQ DXI� 'LH SUR]HQWXDOHQ $QWHLOH OLHJHQ EHL ���� ,Q

+DIHUIORFNHQ XQG GHVVHQ ([WUXGDW NRPPW GLH RIIHQH )RUP GHV ���¶ 'HK\GURGLPHUV HWZD

LQ JOHLFKHQ SUR]HQWXDOHQ $QWHLOHQ YRU ZLH ��2��¶ ')6� (QWVSUHFKHQGHV WULIIW I�U GDV ���¶

YHUNQ�SIWH 'HK\GURGLPHU LQ GHQ ([WUXGDWHQ GHU +DIHUIORFNHQ XQG �NOHLH ]X� ,Q GHQ

DQGHUHQ +DIHUSURGXNWHQ PDFKHQ ���¶ ')6 XQG ���¶ ')6 HWZD MH ��� GHU ')6�6XPPH

DXV� ���¶ ')6 LVW LQ +DIHUIORFNHQ XQG �NOHLH VRZLH GHUHQ ([WUXGDWHQ DP JHULQJVWHQ

YHUWUHWHQ �FD� ����� ,Q 5RKKDIHU XQG 'DUUH NRPPW ���¶ ')6 HWZD LQ JOHLFKHQ

*U|�HQRUGQXQJHQ YRU ZLH ���¶ ')6 �FD� �����
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Abbildung 34: Prozentuale Verteilung der ester- bzw. ethergebundenen DFS
in UNF der Haferprodukte
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(WKHUJHEXQGHQH ')6

'LH I�QI )6�'HK\GURGLPHUHQ ZXUGHQ DXFK QDFK DONDOLVFKHU 'UXFNK\GURO\H LQ GHQ

+DIHUSURGXNWHQ QDFKJHZLHVHQ�

'LH 6XPPH GHU ')6�*HKDOWH QDFK $'+ OLHJW MH QDFK 3UREH ]ZLVFKHQ FD� � PJ�J 81)

�5RKKDIHU� 'DUUH� XQG HWZD � PJ�J 81) �(+)�� 'LH :HUWH GHU $'+ XQWHUVFKLHGHQ VLFK

JU|�WHQWHLOV VLJQLILNDQW E]Z� KRFKVLJQLILNDQW YRQ GHQHQ GHU $+ �$XVQDKPH ��2��¶ ')6 LQ

5RKKDIHU XQG 'DUUH�� VR GD� GDV 9RUNRPPHQ YRQ ')6 LQ (WKHUELQGXQJHQ DOV JHVLFKHUW

JHOWHQ NDQQ�

,Q GHQ ([WUXGDWHQ VLQG LQ 6XPPH HWZD GUHLPDO VRYLHOH ')6 LQ HWKHUJHEXQGHQHU )RUP

YRUKDQGHQ �HWZD ���� �J�J 81)� ZLH LP 5RKKDIHU RGHU GHU 'DUUH �FD� ���� �J�J 81)��

,Q +DIHUIORFNHQ E]Z� �NOHLH LVW GLH 6XPPH GHU HWKHUJHEXQGHQHQ ')6 �FD� ���� �J�J 81)�

HWZD GRSSHOW VR KRFK ZLH LP 5RKKDIHU RGHU GHU 'DUUH�

'LH SUR]HQWXDOH 9HUWHLOXQJ GHU EHUHFKQHWHQ HWKHUJHEXQGHQHQ ')6 LVW LQ $EELOGXQJ ��

GDUJHVWHOOW� ,Q 5RKKDIHU XQG 'DUUH GRPLQLHUW ���¶DU\O ')6 PLW ������� JHIROJW YRQ

���¶ ')6 XQG ���¶ ')6 ��� � ����� ���¶ ')6 LVW LQ 5RKKDIHU XQG 'DUUH QXU ]X ��� DQ GHU

6XPPH GHU HWKHUJHEXQGHQHQ ')6 EHWHLOLJW� ��2��¶ ')6 LVW LP 5RKKDIHU QLFKW LQ

(WKHUELQGXQJ QDFKZHLVEDU XQG LQ GHU 'DUUH ]X HWZD �� YRUKDQGHQ�

+DIHUIORFNHQ XQG +DIHUNOHLH VRZLH GHUHQ ([WUXGDWH ZHLVHQ HLQH lKQOLFKH 9HUWHLOXQJ GHU

HWKHUJHEXQGHQHQ ')6 DXI� ���¶DU\O ')6 XQG ���¶ ')6 VLQG GLH GRPLQLHUHQGHQ

HWKHUJHEXQGHQHQ ')6 PLW $QWHLOHQ YRQ ������� $P ]ZHLWKlXILJVWHQ WUHWHQ ���¶ ')6 XQG

���¶ ')6 DXI� GHUHQ SUR]HQWXDOH $QWHLOH ]ZLVFKHQ �� XQG ��� OLHJHQ� ��2��¶ ')6 NRPPW

]X HWZD ��� YRU�

������� 6RQVWLJH GLPHUH 9HUELQGXQJHQ

$X�HU GHQ )6�'HK\GURGLPHUHQ ZXUGH DOV GRPLQLHUHQGH 'LSKHQ\OGLK\GUR[\]LPWVlXUH HLQ

))�&\FOREXWDQGLPHU YRP 7UX[LOOVlXUH�7\S LGHQWLIL]LHUW �))�KW���� 'HU LQ (VWHUELQGXQJ

YRUOLHJHQGH *HKDOW ZXUGH PLW ���� �J�J 81) DEJHVFKlW]W� *HVDPWJHEXQGHQHV ))�'LPHU

ZDU LQ 0HQJHQ YRQ HWZD �� �J�J 81) �5RKKDIHU� ELV ��� �J�J 81) �+DIHUNOHLH� (+.�

YRUKDQGHQ� 'DPLW OLHJHQ ������ GHV LQVJHVDPW YRUKDQGHQHQ ))�KW�� LQ

HWKHUJHEXQGHQHU )RUP YRU�

'HV ZHLWHUHQ ZXUGHQ ]ZHL ,VRPHUH HLQHV (WKHUV DXV )6 XQG &RQLIHU\ODONRKRO LQ 0HQJHQ

YRQ HWZD ��� �J�J 81) LGHQWLIL]LHUW �)( , XQG ,,��
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��� 8QWHUVFKLHGH�LQ�GHQ�3KHQROFDUERQVlXUHJHKDOWHQ�GHU�*HWUHLGH
XQWHU�%HU�FNVLFKWLJXQJ�GHU�%LQGXQJVIRUP��HVWHU��XQG�RGHU
HWKHUJHEXQGHQ�

,P IROJHQGHQ ZHUGHQ ]XQlFKVW GLH HUPLWWHOWHQ 3KHQROFDUERQVlXUH�*HKDOWH LQ GHQ

*HWUHLGH�5RKPDWHULDOLHQ /LWHUDWXUGDWHQ JHJHQ�EHUJHVWHOOW� 'LH %HGHXWXQJ GHU GLPHUHQ

3KHQROFDUERQVlXUHQ LP +LQEOLFN DXI LKUH 5ROOH DOV &URVV�OLQNV LQ GHU 81) VROO DQKDQG GHU

9HUKlOWQLVVH YRQ PRQRPHUHQ ]X GLPHUHQ 3KHQROFDUERQVlXUHQ JHWUHQQW QDFK

HVWHUJHEXQGHQHU XQG HWKHUJHEXQGHQHU )RUP YHUGHXWOLFKW XQG 8QWHUVFKLHGH LQ GHQ

*HWUHLGHDUWHQ DXIJH]HLJW ZHUGHQ� 'HU 9HUQHW]XQJVJUDG GHU %LRSRO\PHUHQ LQ GHU 81) Ol�W

VLFK DQKDQG GHU 9HUKlOWQLVVH YRQ GLPHUHQ 3KHQROFDUERQVlXUHQ ]X $UDELQRVHUHVWHQ GHU

$UDELQR[\ODQH YHUGHXWOLFKHQ�

Tabelle 9: Literaturdaten zum Gehalt gebundener FS in verschiedenen Getreidearten

3IODQ]HQWHLO *HKDOW /LWHUDWXU

HVWHUJHEXQGHQH )6

*HWUHLGHNRUQ

:HL]HQNOHLH

:HL]HQYROONRUQ

:HL]HQNRUQ

:HL]HQNOHLH

:HL]HQNOHLH

'XUXPZHL]HQ

*HUVWHQNRUQ

+DIHUNRUQ

0DLVNRUQ

/DQJNRUQUHLV� EUDXQ

5HLV�(QGRVSHUP]HOOZlQGH

��� PJ�J =HOOZDQG

���� PJ�J *HVDPWPHKO

��� � ��� �J�J 70

���� PJ�J

���� PJ�J

���� � ���� PJ�J 70

��� � ��� �J�J .RUQ

���� PJ�J *HVDPWPHKO

����� PJ�J *HVDPWPHKO

���� PJ�J *HVDPWPHKO

��� PJ�J

5,1* 	 6(/9(1'5$1 ������

6268/6., HW DO� ������

0&&$//80 	 :$/.(5 ������

5<%.$ HW DO� ������

.5221 HW DO� ������

/(03(5(85 HW DO� ������

=83)(5 HW DO� ������

6268/6., HW DO� ������

6268/6., HW DO� ������

6268/6., HW DO� ������

6+,%8<$ ������

DQGHUH 3IODQ]HQWHLOH

:HL]HQ�,QWHUQRGLHQ

:HL]HQ�,QWHUQRGLHQ

:HL]HQVWURK�=HOOZlQGH

*HUVWHQPDKOIUDNWLRQHQ

*HUVWHQVWHQJHO

*HUVWHQEOlWWHU

+DIHULQWHUQRGLHQ

0DLVPHVRFRW\O

0DLVVSUR�

:XU]HO YRQ =HD PD\V

0DLV�=HOOVXVSHQVLRQ

0DLVVWURK

+LUVHVWHQJHO

+LUVHN|UQHU

HWKHUJHEXQGHQH )6

:HL]HQVWURK

*HUVWHQVWURK

0DLVVWURK

0DLVVWHQJHO

FD� � PJ�J

��� � ��� PJ�J

���� PJ�J

FD� � PJ�J

���� PJ�J 1')

���� PJ�J 1')

��� � ���� PJ�J +HPLFHOOXORVH

���� PJ�J )ULVFKJHZLFKW

� � � PJ�J

��� � ��� PJ�J =HOOZDQG

���� PJ�J

��� PJ�J

��� � ��� PJ�J

��� PJ�J

���� � ���� J�NJ

���� � ���� J�NJ

���� � ���� J�NJ

� J�NJ

,,<$0$ HW DO� ������

3529$1 HW DO� ������

:$/'521 HW DO� ������

125'.9,67 HW DO� ������

7851(5 HW DO� ������

7851(5 HW DO� ������

0,<$0272 HW DO� ������

+$*(50$1 	 1,&+2/621 ������

2+$6+, HW DO� ������

/2&+(5 HW DO� ������

*5$%%(5 HW DO� ������

&+(1 HW DO� ������

+$57/(< HW DO� ������

9(5%58**(1 HW DO� ������

3529$1 HW DO� ������

3529$1 HW DO� ������

3529$1 HW DO� ������

2675$1'(5 HW DO� ������
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����� *HKDOWH DQ PRQRPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ

0LW HLQHP *HVDPWIHUXODVlXUHJHKDOW YRQ ���� PJ�J 81) LVW LQ :HL]HQNOHLH ZHLWDXV DP

PHLVWHQ )6 JHEXQGHQ� $X�HUGHP LVW LQ :HL]HQNOHLH DOV HLQ]LJHP *HWUHLGH )6 LQ

HWKHUJHEXQGHQHU )RUP ���� GHU *HVDPW�1)� QDFKZHLVEDU� bKQOLFK KRKH *HKDOWH DQ

HVWHUJHEXQGHQHU )6 ZLH LQ :HL]HQNOHLH ZHUGHQ QXU LQ +LUVH HUUHLFKW� $OV *HWUHLGH PLW

GHP GULWWJU|�WHQ )6�*HKDOW IROJW 0DLV ����� PJ�J 81)�� 5RJJHQ XQG *HUVWH EHLQKDOWHQ

HWZD ��� GHU )6�0HQJH LQ :HL]HQ RGHU +LUVH ���� E]Z� ��� PJ�J 81)�� 'LH *HWUHLGHDUWHQ

PLW GHQ JHULQJVWHQ )6�*HKDOWHQ VWHOOHQ +DIHU ���� PJ�J 81)� XQG 5HLV ���� PJ�J 81)�

GDU�

(LQH 9HUJOHLFKEDUNHLW GHU TXDQWLWDWLY EHVWLPPWHQ :HUWH PLW /LWHUDWXUGDWHQ LVW QXU VHKU

HLQJHVFKUlQNW P|JOLFK� GD HQWZHGHU DQGHUH *HZHEHWHLOH GHU 3IODQ]HQ RGHU DQGHUH

$XIDUEHLWXQJVYHUIDKUHQ ]XU *HZLQQXQJ GHV 8QWHUVXFKXQJVPDWHULDOV DQJHZDQGW ZXUGHQ�

'LH GDUDXV UHVXOWLHUHQGH 9LHOIDOW GHU (UJHEQLVVH ZLUG DXFK DXV 7DEHOOH � GHXWOLFK� LQ GHU

HLQLJH /LWHUDWXUGDWHQ ]XP *HKDOW JHEXQGHQHU )6 LQ YHUVFKLHGHQHQ *HWUHLGHDUWHQ

]XVDPPHQJHVWHOOW VLQG� 'HV ZHLWHUHQ OLHJHQ ]ZDU HLQH JDQ]H 5HLKH 8QWHUVXFKXQJHQ ]XP

*HKDOW HVWHUJHEXQGHQHU )6 YRU� MHGRFK QXU YHUHLQ]HOWH 'DWHQ ]XP *HKDOW

HWKHUJHEXQGHQHU )6� ,Q GHU YRUOLHJHQGHQ $UEHLW ZXUGHQ GHVKDOE HUVWPDOLJ LQ XQO|VOLFKHU

*HWUHLGHQDKUXQJVIDVHU $QDO\VHQ ]XP *HKDOW HWKHUJHEXQGHQHU )6 GXUFKJHI�KUW�

����� *HKDOWH DQ GLPHUHQ SKHQROLVFKHQ &DUERQVlXUHQ

������� 'HK\GURGLPHUH GHU )HUXODVlXUH

'HQ K|FKVWHQ 'HK\GURGLPHUHQJHKDOW VRZRKO LQ HVWHU� DOV DXFK HWKHUJHEXQGHQHU )RUP

ZHLVW GLH 81) YRQ +LUVH DXI� 'DPLW OLHJW LKU ')6�*HVDPWJHKDOW XP GDV � � ��IDFKH �EHU

GHP GHU DQGHUHQ *HWUHLGHDUWHQ� ,Q 5HLV ZXUGH GHU QLHGULJVWH *HKDOW DQ 'HK\GURGLPHUHQ

GHU )6 EHVWLPPW� ZHOFKH QXU LQ HWKHUJHEXQGHQHU )RUP QDFKJHZLHVHQ ZXUGHQ �VLHKH

$EELOGXQJ ����
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Abbildung 35: Summe der ester- bzw. ethergebundenen DFS in UNF verschiedener
Getreide-Rohmaterialien
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%H]�JOLFK GHV 9HUKlOWQLVVHV YRQ HVWHU� ]X HWKHUJHEXQGHQHU ')6 ODVVHQ VLFK GLH

XQWHUVXFKWHQ *HWUHLGH LQ GUHL *UXSSHQ HLQWHLOHQ� ,Q :HL]HQ� 0DLV XQG +LUVH OLHJW GDV

9HUKlOWQLV EHL � � �������� LQ 5RJJHQ XQG +DIHU LVW HV ]XJXQVWHQ GHU HWKHUJHEXQGHQHQ

')6 YHUVFKREHQ XQG OLHJW EHL � � �������� ,Q *HUVWH VLQG HVWHU� XQG HWKHUJHEXQGHQH ')6

LQ HWZD JOHLFKHQ $QWHLOHQ YRUKDQGHQ�

,Q GHQ *HWUHLGHSUREHQ ODJHQ GLH VHPLTXDQWLWDWLY EHVWLPPWHQ *HKDOWH GHU HVWHUJHEXQ�

GHQHQ ')6 �LQ 6XPPH� ]ZLVFKHQ ��� XQG ��� �J�J 81)� 'LHVHV LVW GHXWOLFK QLHGULJHU DOV

GLH LQ GHU /LWHUDWXU ]LWLHUWHQ :HUWH �VLHKH 7DEHOOH ���� $EHU DXFK GHU 9HUJOHLFK GHU

/LWHUDWXUGDWHQ ]HLJW� GD� GLH *HKDOWH LQ 6SUR� RGHU 6WHQJHO� DOVR *HZHEHQ PLW

6W�W]IXQNWLRQ� K|KHU DXVIDOOHQ DOV LP *HWUHLGHNRUQ �0DLV]HOOVXVSHQVLRQ� FD� ���� �J�J�

0DLVNOHLH� FD� ���� �J�J��

:LH EHUHLWV DXVJHI�KUW� JHVWDOWHW VLFK GHU 9HUJOHLFK PLW /LWHUDWXUGDWHQ VFKZLHULJ�

(LQHUVHLWV ZXUGHQ DQGHUH 3IODQ]HQDUWHQ RGHU �WHLOH XQWHUVXFKW DQGHUHUVHLWV XQWHUVFKHLGHW

VLFK GLH *HZLQQXQJ GHV 3IODQ]HQPDWHULDOV YRQ GHU HLJHQHQ� +LQ]XNRPPW� GD�

JU|�WHQWHLOV QXU HVWHUJHEXQGHQH ')6 EHVWLPPW ZXUGHQ XQG 'DWHQ �EHU HWKHUJHEXQGHQH

')6 QXU YHUHLQ]HOW YRUOLHJHQ �/$0 HW DO�� ����� *5$%%(5 HW DO�� ������ (WKHUJHEXQGHQH

')6 ZXUGHQ LQ :HL]HQLQWHUQRGLHQ LQ �����IDFK K|KHUHQ .RQ]HQWUDWLRQHQ DOV

HVWHUJHEXQGHQH ')6 EHVWLPPW �/$0 HW DO�� ������ 'LHVHV ZXUGH DOV +LQZHLV GDUDXI

LQWHUSUHWLHUW� GD� ')6 DQ /LJQLQ LQ (WKHUIRUP JHEXQGHQ VLQG� $OV 0HFKDQLVPXV ZXUGH

HLQH 5HDNWLRQ PLWWHOV 4XLQRQPHWKLG�,QWHUPHGLDWHQ YRUJHVFKODJHQ� ZHOFKHU ]X

%HQ]\ODU\OHWKHUQ LQ GHU α�)RUP I�KUW �6&$/%(57 HW DO�� ����� /$0 HW DO�� ������ -HGRFK

]HLJWHQ DQGHUH )RUVFKXQJVHUJHEQLVVH� GD� GLHVHV QLFKW GHU EHYRU]XJWH 0HFKDQLVPXV LVW�

9LHOPHKU UHDJLHUHQ GLH )HUXODWH LQ HLQHP UDGLNDOLVFKHQ 3UR]HVV �lKQOLFK GHP EHL GHU

'HK\GURGLPHUELOGXQJ� PLW /LJQLQHLQKHLWHQ ZLH &RQLIHU\ODONRKRO ]X HLQHU 9LHO]DKO YRQ

β�(WKHUQ �5$/3+ HW DO�� ����� 48,'($8 	 5$/3+ HW DO�� ����� +$7),(/' HW DO�� ������ $XV

GLHVHQ 6WUXNWXUHQ LVW PLW GHQ KHUN|PPOLFKHQ VROYRO\WLVFKHQ 0HWKRGHQ QXU HLQ %UXFKWHLO

GHU )HUXODWH LVROLHUEDU� ,Q 0RGHOOYHUVXFKHQ ZXUGHQ QDFK DONDOLVFKHU 'UXFNK\GURO\VH

�6SDOWXQJ YRQ (WKHUELQGXQJHQ� QXU ��� GHU LQ /LJQLQ LQNRUSRULHUWHQ )HUXODWH

ZLHGHUJHIXQGHQ �*5$%%(5 HW DO�� ������

'HU *UDG GHU 4XHUYHUQHW]XQJ LQ GHQ YHUVFKLHGHQHQ 81) LVW VLFKHUOLFK YRP DEVROXWHQ

'LPHUHQJHKDOW DEKlQJLJ� DEHU ZHOFKH %HGHXWXQJ GLH 'LPHUHQ DOV &URVV�OLQNV LQ GHU

MHZHLOLJHQ 81) KDEHQ� NDQQ DQKDQG GHV PRODUHQ 9HUKlOWQLVVHV )6�')6 �0RQRPHU�'LPHU�

DEJHOHVHQ ZHUGHQ�

:LH LQ 7DEHOOH �� ]X VHKHQ� XQWHUVFKHLGHQ VLFK GLH PRODUHQ 9HUKlOWQLVVH ]ZLVFKHQ GHQ

*HWUHLGHDUWHQ VWDUN� :HL]HQ ZHLVW ]ZDU GHQ ]ZHLWK|FKVWHQ *HKDOW DQ HVWHUJHEXQGHQHU )6

DXI� DEHU GHU 'LPHULVLHUXQJVJUDG LVW YRQ DOOHQ XQWHUVXFKWHQ *HWUHLGHQ VRZRKO I�U GLH

HVWHU� DOV DXFK GLH JHVDPWJHEXQGHQHQ )HUXODWH DP QLHGULJVWHQ� 'DJHJHQ LVW LQ *HUVWH

GHU ')6�*HKDOW �HVWHU� K|KHU DOV LP :HL]HQ� REZRKO GHU )6�*HKDOW XP HWZD ��� QLHGULJHU

LVW� 'LHVHV ZLUG DXFK LQ GHQ PRODUHQ )6��')6�9HUKlOWQLVVHQ VLFKWEDU� GLH I�U *HUVWH XP

GHQ )DNWRU ��� NOHLQHU VLQG DOV I�U :HL]HQ� 'DPLW EHVWlWLJHQ VLFK (UJHEQLVVH YRQ

%$572/20e HW DO� ������� ZHOFKH HEHQIDOOV LQ *HUVWH HLQHQ HWZD GRSSHOW VR KRKHQ

'LPHULVLHUXQJVJUDG IHVWVWHOOWHQ ZLH LQ :HL]HQNOHLH� REZRKO GLH K|KHUHQ DEVROXWHQ

'LPHUHQJHKDOWH LQ GHU :HL]HQNOHLH EHVWLPPW ZXUGHQ�

1DFK GHQ HLJHQHQ 8QWHUVXFKXQJHQ VLQG :HL]HQ XQG 5HLV *HWUHLGH PLW UHODWLY QLHGULJHP

'LPHULVLHUXQJVJUDG� ,P 9HUJOHLFK GD]X LVW GHU 'LPHULVLHUXQJVJUDG LQ +DIHU� *HUVWH XQG

+LUVH HWZD GRSSHOW VR JUR� �GLH PRODUHQ )6�')6�9HUKlOWQLVVH VLQG HQWVSUHFKHQG NOHLQ��

'LH %HGHXWXQJ YRQ JHEXQGHQHQ ')6 DOV &URVV�OLQNV ]X /LJQLQ XQG�RGHU 3RO\VDFFKDULGHQ

LVW DOVR LQ *HUVWH� +DIHU XQG +LUVH DP JU|�WHQ�
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������� &\FOREXWDQGLPHUH GHU )HUXODVlXUH

'LH $EVWXIXQJHQ LQ GHQ ))�*HKDOWHQ HQWVSUHFKHQ HWZD GHQHQ EHL GHQ HVWHUJHEXQGHQHQ

')6� ,Q +LUVH VLQG HWZD ����PDO VRYLHO ))�'LPHUH HQWKDOWHQ ZLH LQ GHQ DQGHUHQ

*HWUHLGHDUWHQ �VLHKH 7DEHOOH ���� 'HUHQ ))�*HKDOWH OLHJHQ ]ZLVFKHQ �� XQG �� �J�J 81)�

'LH ZHVHQWOLFK QLHGULJHUHQ ))�*HKDOWH DOV ')6�*HKDOWH UHVXOWLHUHQ LQ )6�))�HVWHU��

9HUKlOWQLVVHQ� GLH HWZD ]HKQPDO K|KHU VLQG DOV GLH )6�')6�HVWHU��9HUKlOWQLVVH� 'DPLW

WUDJHQ ))�'LPHUH LQ YLHO JHULQJHUHP 0D�H ]XU 9HUQHW]XQJ YRQ 3RO\VDFFKDULGHQ EHL DOV GLH

'HK\GURGLPHUHQ�

Tabelle 10: Literaturdaten zum Gehalt von DFS in verschiedenen Pflanzen und Pflanzenteilen

/LWHUDWXU 5$/3+ HW DO�
������

*5$%%(5 HW
DO� ������

:$/'521 HW
DO� ������

0DWHULDO &RFNVIRRW

3DUHQFK\PD

&RFNVIRRW

6FOHUHQFK\PD

6ZLWFKJUDVV

3DUHQFK\PD

6ZLWFKJUDVV

6FOHUHQFK\PD

0DLV�=HOO�

VXVSHQVLRQ

0DLV�=HOO�

VXVSHQVLRQ

FKLQ� :DVVHU�

NDVWDQLH

'HK\GURGLPHU �J�J &:0 PJ�J �J�J &:0

���¶EHQ]R ')6

���¶ ')6

���¶ ')6

��2��¶ ')6

���¶ ')6

���¶DU\O ')6

����

���

���

����

���

���

���

���

���

����

���

���

����

���
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���

���

���
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���
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���

���

���

���

���

���

Σ ����

����

����

Σ ����

�

���

���

����

�

�

/LWHUDWXU %$572/20e
HW DO�
������

0,&$5' HW
DO� ������

2267(59(/'
HW DO�
������

:$/'521 HW
DO� ������

1* HW DO�
������

3$55 HW DO�
������

6$8/1,(5 	
7+,%$8/7
������

0DWHULDO :HL]HQNOHLH �

*HUVWHQNRUQ

=XFNHUU�EHQ�

SXOSH

=XFNHUU�EHQ�

SXOSH

=XFNHUU�EH �

5RWH %HHWH

0DLVNOHLH .DURWWHQ 0DLVNOHLH

'HK\GURGLPHU �PRO�J � �Z�Z� PJ�J �J�J �J�J �J�J � �Z�Z�

���¶EHQ]R ')6

���¶ ')6

���¶ ')6

��2��¶ ')6

���¶ ')6

���¶DU\O ')6

���� � ����

���� � ����

���� � ����

���� � ����

� � �

WU � WU
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�
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�

����

����

����

�
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��� � ���

��� � ����

��� � ��

��� � ���

���� � ����

���� � ����

���
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���

���

−
−
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 &:0� FHOO ZDOO PDWHULDO

Tabelle 11: Molare Monomer/Dimer-Verhältnisse und Monomer- bzw. Dimeren-Gehalte
in UNF der Getreide-Rohmaterialien

FS/DFS
ester

FS/DFS
gesamt

FS/FF
ester

FS ester
[µg/g UNF]

DFS ester
[µg/g UNF]

DFS gesamt
[µg/g UNF]

FF ester
[µg/g UNF]

Weizen 105 47 1306 15224 288 808 27
Roggen 64 26 550 7183 222 713 32
Gerste 35 17 402 6401 367 744 51
Hafer 43 14 718 3328 153 466 16
Mais 82 28 n.b. 10318 250 677 n.n.
Reis - 42 n.b. 3046 n.n. 181 n.n.
Hirse 39 15 1231 18573 954 2467 262
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����� 9HUKlOWQLVVH YRQ )6 E]Z� ')6 ]XP $UDELQR[\ODQJHKDOW

'LH 9HUKlOWQLVVH GHU HVWHU� E]Z� JHVDPWJHEXQGHQHQ )6 ]X $UDELQRVH XQWHUVFKHLGHQ VLFK

LQQHUKDOE HLQHU *HWUHLGHDUW QLFKW ZHVHQWOLFK �VLHKH 7DEHOOH ���� =ZLVFKHQ GHQ

*HWUHLGHDUWHQ VFKZDQNHQ GLH PRODUHQ 9HUKlOWQLVVH YRQ HWZD �� ELV ]X ��� 'DPLW ZHLVHQ

GLH $UDELQR[\ODQH LP 0DLV RGHU :HL]HQ HLQHQ K|KHUHQ 9HUHVWHUXQJVJUDG PLW )6 DXI DOV

VROFKH LQ +DIHU RGHU *HUVWH� $UDELQR[\ODQH LQ 5RJJHQ� 5HLV XQG +LUVH QHKPHQ HLQH

PLWWOHUH 3RVLWLRQ HLQ�

Tabelle 12: Molare Verhältnisse von FS bzw. DFS zu Arabinose in UNF der Getreide-
Rohmaterialien

Ara / FS
ester

Ara / FS
gesamt

Ara / DFS
ester

Ara / DFS
gesamt

Ara / DFS
ether

Weizen 10 8 1066 380 589
Roggen 24 19 1540 478 694
Gerste 34 35 1189 586 1155
Hafer 32 32 1382 455 679
Mais 9 10 732 271 430
Reis 21 16 - 685 685
Hirse 18 19 713 275 449

'HK\GURGLPHUH GHU )6 VLQG LQ HLQHP YLHO JHULQJHUHP 0D�H PLW $UDELQRVH YHUHVWHUW

�)DNWRU �������� 'D ')6 &URVV�OLQNV ]ZLVFKHQ GHQ 3RO\VDFFKDULGHQ GDUVWHOOHQ� NDQQ DXV

GHP PRODUHQ 9HUKlOWQLV ]X GHQ $UDELQRVHUHVWHQ LQ GHQ $UDELQR[\ODQHQ GHU

9HUQHW]XQJVJUDG DEJHOHLWHW ZHUGHQ� 'LHVHU LVW LQ 0DLV XQG +LUVH DP JU|�WHQ� JHIROJW YRQ

:HL]HQ XQG *HUVWH VRZLH +DIHU XQG 5RJJHQ� 'LH %HUHFKQXQJ GHU PRODUHQ 9HUKlOWQLVVH

GHU JHVDPW� E]Z� HWKHUJHEXQGHQHQ ')6 HUIROJWH XQWHU GHU 9RUDXVVHW]XQJ� GD� DOV HUVWHV

GLH (VWHUELQGXQJ ]XP $UDELQR[\ODQ YRUOLHJW XQG DQVFKOLH�HQG HLQH 9HUNQ�SIXQJ PLW

/LJQLQPRQRPHUHQ �EHU (WKHUELQGXQJHQ VWDWWILQGHW �+$7),(/' HW DO�� ������ 'HU

9HUQHW]XQJVJUDG GXUFK HWKHUJHEXQGHQH ')6 XQG GDPLW ]ZLVFKHQ 3R\OVDFFKDULGHQ XQG

/LJQLQ LVW LQ 0DLV XQG +LUVH DP JU|�WHQ� JHIROJW YRQ :HL]HQ� +DIHU� 5RJJHQ XQG 5HLV� ,Q

*HUVWH LVW GHU UHODWLYH 9HUQHW]XQJVJUDG ]XP /LJQLQ DP JHULQJVWHQ� 'DV PRODUH 9HUKlOWQLV

$UD�')6 �HWKHU� LVW LQ GHU *HUVWH JHQDXVR JUR� ZLH GDV 9HUKlOWQLV $UD�')6 �HVWHU��

ZlKUHQG LQ DOOHQ DQGHUHQ *HWUHLGHDUWHQ GDV 9HUKlOWQLV GHU HWKHUJHEXQGHQHQ ')6 ]X

$UDELQRVH HWZD KDOE VR JUR� LVW ZLH GDV GHU HVWHUJHEXQGHQHQ ')6� 'LHVHV EHGHXWHW� GD�

LQ GHQ PHLVWHQ *HWUHLGHDUWHQ GLH ')6 HUKHEOLFK PHKU &URVV�OLQNV ]ZLVFKHQ /LJQLQ XQG

3RO\VDFFKDULG DXVELOGHQ ZLH LQWHU��LQWUDPROHNXODU ]ZLVFKHQ 3RO\VDFFKDULGHQ�

0|JOLFKH .RQVHTXHQ]HQ I�U GLH SK\VLRORJLVFKHQ 9RUJlQJH LP PHQVFKOLFKHQ

*DVWURLQWHVWLQDOWUDNW XQG I�U GLH %HGHXWXQJ GHU 81) DOV SRVLWLYHP %HVWDQGWHLO GHU

PHQVFKOLFKHQ 1DKUXQJ ZHUGHQ LQ .DS� ����� HUOlXWHUW�
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��� (LQIO�VVH�GHU�9HUDUEHLWXQJ�DXI�GLH�XQO|VOLFKH�*HWUHLGH�
QDKUXQJVIDVHU

����� %HHLQIOXVVXQJ GHU 1DKUXQJVIDVHUJHKDOWH LQ *HWUHLGH GXUFK

9HUDUEHLWXQJ

������� *HWUHLGH�([WUXGDWH

1DFK GHU ([WUXVLRQ LVW LQ GHQ *HUVWHQ�� +DIHU� XQG :HL]HQSUREHQ HLQH ������LJH

=XQDKPH GHU /1)�*HKDOWH ]X YHU]HLFKQHQ� 'LH JU|�WHQ =XQDKPHQ WUDWHQ EHL GHQ

:HL]HQH[WUXGDWHQ DXI� %HL GHQ 0DLVFROOHWV WUDW NHLQH 9HUlQGHUXQJ HLQ�

'LH *HKDOWH DQ 81) ZHUGHQ JU|�WHQWHLOV HEHQIDOOV GXUFK ([WUXVLRQ EHHLQIOX�W� /HGLJOLFK

EHLP *HUVWHQH[WUXGDW XQG GHP :HL]HQH[WUXGDW YY �� � LVW NHLQH bQGHUXQJ ]X

EHREDFKWHQ�

Tabelle 13: Nahrungsfasergehalte der Getreide-Extrudate und prozentuale Anteile der LNF und
UNF an der Gesamt-NF der jeweiligen Probe

1)�*HKDOWH >PJ�J 70@ ��$QWHLO

/1) 81) *HVDPW�1) /1) 81)

:HL]HQ

5RKVWRII :�
YY �� �
YY �� �
YY �� �
YY �� ��

+DIHU

5RKVWRII +�
9� +� ��
9� +� ��

*HUVWH

5RKVWRII *�
9� *� ��

0DLV

0DLVJULHV
0DLVFROOHWV
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��

��
���
���

��
��
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:HL]HQ

'LH ([WUXGDWH GHU :HL]HQNOHLH ZLHVHQ HLQH =XQDKPH GHV *HKDOWV DQ /1) JHJHQ�EHU GHP

5RKVWRII YRQ �� � ��� DXI �$XVQDKPH YY �� �� ����� =ZLVFKHQ GHQ HLQ]HOQHQ

:HL]HQH[WUXGDWHQ EHVWDQG NHLQ 8QWHUVFKLHG LP /1)�*HKDOW �VLHKH 7DEHOOH ����

'LH *HKDOWH DQ 81) ZHUGHQ JU|�WHQWHLOV HEHQIDOOV GXUFK ([WUXVLRQ EHHLQIOX�W �VLHKH

7DEHOOH ���� /HGLJOLFK EHLP :HL]HQH[WUXGDW YY �� � LVW NHLQH bQGHUXQJ ]X EHREDFKWHQ�

'LH :HL]HQH[WUXGDWH YY �� � XQG YY �� �� EHVLW]HQ HLQHQ ���LJ E]Z� ���LJ QLHGULJHUHQ

81)�*HKDOW DOV GHU 5RKVWRII� ,P :HL]HQH[WUXGDW YY �� � LVW GDJHJHQ HLQ ���LJHU $QVWLHJ

GHU 81) ]X YHU]HLFKQHQ� 'LH :HL]HQH[WUXGDWH XQWHUVFKHLGHQ VLFK LQ LKUHP 81)�*HKDOW

QLFKW QXU VLJQLILNDQW YRP 5RKVWRII VRQGHUQ DXFK XQWHUHLQDQGHU� 6RZRKO GLH

XQWHUVFKLHGOLFKHQ 9HUPDKOXQJVJUDGH DOV DXFK (QHUJLHHLQOHLWXQJHQ ZLUNHQ VLFK DXI GHQ

81)�*HKDOW DXV� ,Q GHQ :HL]HQH[WUXGDWHQ YY �� � XQG YY �� ��� ZHOFKH PLW KRKHU 60(

KHUJHVWHOOW ZXUGHQ� QDKP GHU 81)�*HKDOW DE� ([WUXGDW YY �� �� ZHOFKHV DXV GHP
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XQYHUPDKOHQHQ 5RKVWRII EHL QLHGULJHU 60( KHUJHVWHOOW ZXUGH� ZLHV VRJDU HLQHQ HUK|KWHQ

81)�*HKDOW DXI� 'LHVHV I�KUW ]X HLQHP $QVWLHJ GHU *HVDPW�1)� ZHOFKHU LQ GHQ DQGHUHQ

:HL]HQH[WUXGDWHQ QLFKW DXIWUDW� 7URW]GHP EOHLEW GLH SUR]HQWXDOH 9HUWHLOXQJ GHU /1) XQG

81) JHJHQ�EHU GHP 5RKVWRII XQYHUlQGHUW� 'DJHJHQ LVW LQ GHQ ([WUXGDWHQ

YY �� � XQG YY �� �� GHU SUR]HQWXDOH $QWHLO GHU /1) GHXWOLFK HUK|KW �DXI ���� XQG GHU

GHU 81) HUQLHGULJW �YRQ ����� DXI ���� �VLHKH 7DEHOOH ����

(QWVSUHFKHQGH %HREDFKWXQJHQ DQ 1) YRQ :HL]HQNOHLH ZXUGHQ DXFK YRQ %-g5&. HW DO�

������ XQG 5$/(7 HW DO� ������ JHPDFKW� %HLGH )RUVFKHUJUXSSHQ VWHOOWHQ IHVW� GD� VLFK LQ

H[WUXGLHUWHU :HL]HQNOHLH EHL HWZD JOHLFKEOHLEHQGHP *HVDPW�1)�*HKDOW GLH 9HUWHLOXQJ KLQ

]XU /1) YHUVFKLHEW� ,P H[WUHPVWHQ )DOO QDKP GHU 81)�*HKDOW XP HWZD HLQ 'ULWWHO DE XQG

GHU /1)�*HKDOW YHUGRSSHOWH VLFK �5$/(7 HW DO�� ������

'HPJHJHQ�EHU ZXUGHQ YRQ :$1* HW DO� ������ QXU JHULQJI�JLJH bQGHUXQJHQ ������ LQ

GHQ 1DKUXQJVIDVHUJHKDOWHQ H[WUXGLHUWHU :HL]HQSURGXNWH �:HL]HQYROONRUQPHKO�

:HL]HQNOHLH� EHVWLPPW�

*HUVWH

'HU /1)�*HKDOW GHV *HUVWHQH[WUXGDWV 9� *� �� LVW JHJHQ�EHU GHP 5RKVWRII XP ���

HUK|KW EHL JOHLFK]HLWLJ XQYHUlQGHUWHP 81)�*HKDOW� :LH 7DEHOOH �� ]X HQWQHKPHQ LVW�

YHUVFKLHEHQ VLFK GLH SUR]HQWXDOHQ $QWHLOH GHU /1) XQG 81) LP *HUVWHQH[WUXGDW QXU

JHULQJI�JLJ ]XJXQVWHQ GHU /1)�

+DIHU

,Q GHQ +DIHUH[WUXGDWHQ LVW HLQH =XQDKPH GHV /1)�*HKDOWV XP ��� E]Z� ��� ]X

YHU]HLFKQHQ� 'LH EHLGHQ +DIHUH[WUXGDWH ZHLVHQ HLQHQ XP ��� QLHGULJHUHQ 81)�*HKDOW

DXI DOV GDV $XVJDQJVPDWHULDO �VLHKH 7DEHOOH ���� 'LH *HVDPW�1) QLPPW QXU OHLFKW DE� 'LH

XQWHUVFKLHGOLFKHQ ([WUXVLRQVEHGLQJXQJHQ D� PLW YLHO :DVVHU XQG QLHGULJHU

(QHUJLHHLQOHLWXQJ� E� PLW ZHQLJ :DVVHU XQG KRKHU (QHUJLHHLQOHLWXQJ ZLUNHQ VLFK QLFKW

XQWHUVFKLHGOLFK DXI GLH $EQDKPH GHU 81) DXV� 'LH 8QWHUVXFKXQJHQ YRQ &$0,5( 	 )/,17

������ HUJDEHQ LP *HJHQVDW] ]X GHQ HLJHQHQ 'DWHQ� GD� LQ H[WUXGLHUWHP +DIHUPHKO VLFK

GHU *HKDOW DQ 81) XQG *HVDPW�1) HUK|KWH�

0DLV

'HU /1)�*HKDOW EOHLEW GXUFK ([WUXVLRQ XQEHHLQIOX�W� 'LH $EQDKPH GHU 81) LQ GHQ

0DLVFROOHWV XP HWZD ��� I�KUW DXFK ]X HLQHU HQWVSUHFKHQGHQ $EQDKPH GHU *HVDPW�1)

�VLHKH 7DEHOOH ���� 'LH SUR]HQWXDOHQ $QWHLOH GHU /1) XQG 81) DQ GHU *HVDPW�1)

YHUVFKLHEHQ VLFK LQ GHQ 0DLVFROOHWV ]XJXQVWHQ GHU /1)� GHVVHQ SUR]HQWXDOHU $QWHLO VLFK

IDVW YHUGRSSHOW� 'DJHJHQ VWHOOWHQ &$0,5( 	 )/,17 ������ LQ LKUHQ 8QWHUVXFKXQJHQ DQ

0DLVPHKO NHLQH *HKDOWVlQGHUXQJHQ GHU 81) RGHU *HVDPW�1) LP H[WUXGLHUWHQ 3URGXNW

IHVW�

������� +DIHUSURGXNWH

%HL GHU 'DUUH XQG GHQ +DIHUIORFNHQ VLQG GLH 81)�*HKDOWH VLJQLILNDQW QLHGULJHU DOV LP

5RKKDIHU� 'LH /1)�*HKDOWH EOHLEHQ XQYHUlQGHUW� %HL +DIHUNOHLH WULWW VRZRKO LP *HKDOW GHU

/1) DOV DXFK GHU 81) HLQH 9HUGRSSHOXQJ GHU *HKDOWH JHJHQ�EHU GHP 5RKKDIHU DXI�

'LHVHV ZDU ]X HUZDUWHQ� GD +DIHUNOHLH KDXSWVlFKOLFK DXV GHQ 5DQGVFKLFKWHQ GHV .RUQV

EHVWHKW� ZHOFKH EHVRQGHUV UHLFK DQ 1DKUXQJVIDVHU VLQG� 1DFK GHU ([WUXVLRQ EOHLEHQ GLH

/1)� XQG 81)�*HKDOWH LP 9HUJOHLFK ]X GHQ +DIHUIORFNHQ E]Z� GHU +DIHUNOHLH XQYHUlQGHUW�
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$XIVFKOX�UHLFKHU LVW GLH %HWUDFKWXQJ GHU SUR]HQWXDOHQ $QWHLOH YRQ /1) XQG 81) DP

*HVDPW�1)�*HKDOW� ,P 5RKKDIHU EHWUlJW GLH 9HUWHLOXQJ ��� /1) ]X ��� 81)� ,Q GHU

'DUUH LVW HLQ OHLFKWHU $QVWLHJ GHU /1) DXI ��� ]X EHREDFKWHQ� GHU DXFK LQ GHU +DIHUNOHLH

DXIWULWW� 'LH 1DKUXQJVIDVHU GHU +DIHUIORFNHQ ZHLVW GLH JOHLFKH SUR]HQWXDOH 9HUWHLOXQJ DXI

ZLH GHU 5RKKDIHU� 'LH ([WUXVLRQ GHU +DIHUIORFNHQ EHZLUNW HLQHQ $QVWLHJ GHV /1)�*HKDOWV

XP ��� DXI ���� GHPHQWVSUHFKHQG QLPPW GHU $QWHLO GHU 81) YRQ ��� DXI ��� DE� %HL

+DIHUNOHLH IlOOW GLH $EQDKPH GHU 81) HWZDV JHULQJHU DXV �YRQ �� DXI �����

$EVFKOLH�HQG Ol�W VLFK GLH )HVWVWHOOXQJ WUHIIHQ� GD� ZlKUHQG GHU 9HUDUEHLWXQJ GHV

5RKKDIHUV �EHU GLH 'DUUH ]X +DIHUIORFNHQ GLH 81) DEQLPPW� 'LH ([WUXVLRQ YHUXUVDFKW

NHLQH VWDWLVWLVFK VLJQLILNDQWHQ 9HUlQGHUXQJHQ GHU /1) RGHU 81) �VLHKH ��������� MHGRFK

LVW LP +DIHUIORFNHQH[WUXGDW� HLQH 9HUVFKLHEXQJ GHU SUR]HQWXDOHQ $QWHLOH DQ GHU *HVDPW�

1) KLQ ]XU /1) ]X EHREDFKWHQ�

'DPLW P�VVHQ GLH $XVZLUNXQJHQ GHU 9HUDUEHLWXQJ ZLH 'lPSIHQ�'DUUHQ XQG :DO]HQ DOV

VWlUNHU HLQJHVWXIW ZHUGHQ� DOV GLH GHU ([WUXVLRQ� 'LHVHV LVW HUVWDXQOLFK� GD GLH 0DVVH EHL

GHU ([WUXVLRQ K|KHUHQ 'U�FNHQ XQG 7HPSHUDWXUHQ DOVR LQVJHVDPW HLQHU K|KHUHQ (QHUJLH

DXVJHVHW]W LVW DOV EHLP 'DUUHQ RGHU :DO]HQ� (V ZLUG VRPLW GHXWOLFK� GD� GLH 9RUJlQJH LQ

GHQ =HOOZlQGHQ ZlKUHQG GHU 9HUDUEHLWXQJ GHUDUWLJ NRPSOH[ YHUODXIHQ� GD� QXU GXUFK

ZHLWHUH 8QWHUVXFKXQJHQ HLQH EHVVHUH &KDUDNWHULVLHUXQJ GHU 9RUJlQJH P|JOLFK LVW�

����� (LQIOX� GHU 9HUDUEHLWXQJ DXI *HKDOWH XQG 9HUWHLOXQJ GHU

SKHQROLVFKHQ &DUERQVlXUHQ LQ 81) GHU *HWUHLGH

������� *HWUHLGH�([WUXGDWH

Monomere Phenolcarbonsäuren
,P *HUVWHQH[WUXGDW XQG GHQ +DIHUH[WUXGDWHQ LVW JHJHQ�EHU GHQ $XVJDQJVPDWHULDOLHQ

NHLQH bQGHUXQJ LP S&6� RGHU )6�*HKDOW �HVWHU�HWKHU� IHVW]XVWHOOHQ� 'LH 0DLVFROOHWV

ZHLVHQ HLQHQ XP ��� K|KHUHQ )6�*HKDOW �HVWHU� DOV GHU 0DLVJULHV DXI� GHU S&6�*HKDOW

EOHLEW XQYHUlQGHUW�

%HL GHQ :HL]HQSUREHQ QLPPW GHU *HKDOW DQ HVWHUJHEXQGHQHU S&6 XQG )6 LQ DOOHQ

([WUXGDWHQ JHJHQ�EHU GHP :HL]HQURKVWRII :� DE� $P QLHGULJVWHQ IlOOW GLH )6�$EQDKPH

LQ ([WUXGDW YY �� � DXV PLW ��� E]Z� ���� GLH DOOHUGLQJV VWDWLVWLVFK QLFKW VLJQLILNDQW LVW

�VLHKH ��������� ,Q GHQ DQGHUHQ ([WUXGDWHQ EHWUDJHQ GLH $EQDKPHQ ������ LP *HKDOW

GHU HVWHUJHEXQGHQHQ )6 XQG XQWHUVFKHLGHQ VLFK GDPLW VLJQLILNDQW E]Z� KRFKVLJQLILNDQW

YRP 5RKVWRII :�� ,Q %H]XJ DXI GHQ 9HUPDKOXQJVJUDG LVW IHVW]XVWHOOHQ� GD� EHL QLHGULJHU

60( LQ GHU XQYHUPDKOHQHQ 3UREH GHU *HKDOW HVWHUJHEXQGHQHU )6 KRFKVLJQLILNDQW

QLHGULJHU LVW DOV LQ GHU YHUPDKOHQHQ 3UREH� EHL KRKHU 60( LVW ]ZLVFKHQ GHQ

9HUPDKOXQJVJUDGHQ NHLQ 8QWHUVFKLHG IHVWVWHOOEDU� 'LH XQWHUVFKLHGOLFKH (QHUJLH�HLQOHLWXQJ

EHZLUNW LQ GHQ YHUPDKOHQHQ XQG XQYHUPDKOHQHQ 3UREHQ VLJQLILNDQWH E]Z�

KRFKVLJQLILNDQWH bQGHUXQJHQ� 8QG ]ZDU LVW LQ GHQ XQYHUPDKOHQHQ 3UREHQ GHU )6�*HKDOW

EHL QLHGULJHU 60( JHULQJHU DOV EHL KRKHU 60(� LQ GHQ YHUPDKOHQHQ 3UREHQ LVW HV JHQDX

XPJHNHKUW� EHL KRKHU 60( JHULQJHUHU )6�*HKDOW DOV EHL QLHGULJHU 60(�

(WKHUJHEXQGHQH S&6 LVW QLFKW QDFKZHLVEDU XQG HWKHUJHEXQGHQH )6 LVW QXU LP 5RKVWRII

XQG GHQ ([WUXGDWHQ YY �� � XQG YY �� �� QDFKZHLVEDU� GHUHQ *HKDOWH XQYHUlQGHUW

EOHLEHQ�



� 'LVNXVVLRQ

��

Dimere Phenolcarbonsäuren
,Q GHQ *HWUHLGHURKVWRIIHQ �EHUZLHJW GLH 6XPPH GHU HWKHUJHEXQGHQHQ ')6 �������� GLH

GHU HVWHUJHEXQGHQHQ ')6 �������� �VLHKH 7DEHOOH ���� ,Q GHQ ([WUXGDWHQ LVW ]ZDU HLQH

9HUVFKLHEXQJ GHU $QWHLOH DXV]XPDFKHQ� DEHU NHLQH HLQKHLWOLFKH 7HQGHQ] IHVWVWHOOEDU�

HLQHUVHLWV YHUVFKLHEHQ VLFK GLH $QWHLOH KLQ ]XU HVWHUJHEXQGHQHQ ')6 �YY �� �� YY �� ��

9� +� ��� 0DLVFROOHWV� DQGHUHUVHLWV ]X GHQ HWKHUJHEXQGHQHQ ')6 �YY �� ��� 9� +� ���

9� *� ����

%HL GHQ :HL]HQSUREHQ LVW ZLH DXFK EHL GHQ PRQRPHUHQ 3KHQROFDUERQVlXUHQ GLH

bQGHUXQJ LP ([WUXGDW YY �� � �YHUPDKOHQ� QLHGULJH 60(� DP JHULQJVWHQ� 'LH JU|�WH

9HUVFKLHEXQJ GHU SUR]HQWXDOHQ $QWHLOH WULWW LQ GHU XQYHUPDKOHQHQ 3UREH� GLH PLW QLHGULJHU

60( H[WUXGLHUW ZXUGH �YY �� ��� DXI� ,Q GHQ ([WUXGDWHQ� ZHOFKH PLW KRKHU 60( H[WUXGLHUW

ZXUGHQ �YY �� � XQG YY �� ���� LVW HLQH $XVZLUNXQJ GHV 9HUPDKOXQJVJUDGV DXI GLH

SUR]HQWXDOH 9HUWHLOXQJ GHU HVWHU� XQG HWKHUJHEXQGHQHQ ')6 IHVWVWHOOEDU� ,Q GHU

XQYHUPDKOHQHQ 3UREH �YY �� ��� YHUVFKLHEW VLFK GHU $QWHLO ]XJXQVWHQ GHU

HWKHUJHEXQGHQHQ ')6� LQ GHU YHUPDKOHQHQ 3UREH �YY �� �� HUK|KW VLFK GHU $QWHLO

HVWHUJHEXQGHQHU ')6 �VLHKH 7DEHOOH ����

Tabelle 14: Gehalte der ester-, ether- und gesamtgebundenen DFS in UNF der verschiedenen
Getreide-Extrudate und prozentuale Anteile der ester- bzw. ethergebundenen DFS
an der Gesamt-DFS-Summe

DFS-Summe [µg/g UNF] % - Anteile

ester ether gesamt DFS ester DFS ether

Weizen W3 284 523 808 35 65
vv 11 3 325 527 852 38 62
vv 11 5 198 200 398 50 50
vv 11 7 419 48 467 83 17
vv 11 11 238 669 908 26 74

Hafer H1 158 329 487 32 68
V6 H1 01 265 580 845 31 69
V6 H1 06 135 530 665 20 80

Gerste G1 367 377 744 49 51
V7 G1 01 412 558 970 42 58

Maisgries 251 428 679 37 63
Maiscollets 801 314 1115 72 28

'LH *HKDOWH GHU ')6�6XPPHQ MH QDFK %LQGXQJVIRUP LQ GHQ YHUVFKLHGHQHQ *HWUHLGH�

([WUXGDWHQ VLQG LQ 7DEHOOH �� DXIJHI�KUW� =XU 9HUDQVFKDXOLFKXQJ GHU bQGHUXQJHQ GHU

')6�*HKDOWH GHU ([WUXGDWH JHJHQ�EHU GHQ $XVJDQJVPDWHULDOLHQ GLHQW $EELOGXQJ ���

:HL]HQ

'LH bQGHUXQJHQ GHU ')6�6XPPH IDOOHQ LQ GHQ ([WUXGDWHQ VHKU XQWHUVFKLHGOLFK DXV �VLHKH

7DEHOOH �� XQG $EELOGXQJ ���� ,Q YY �� � WULWW HLQH JHULQJI�JLJH =XQDKPH GHU

HVWHUJHEXQGHQHQ ')6 DXI ������� GLH 6XPPH GHU HWKHUJHEXQGHQHQ ')6 EOHLEW

JHJHQ�EHU GHP :HL]HQURKVWRII XQYHUlQGHUW� ,P ([WUXGDW YY �� � LVW GLH $EQDKPH GHU

HWKHUJHEXQGHQHQ ')6 ������ GRSSHOW VR JUR� ZLH GLH GHU HVWHUJHEXQGHQHQ ')6

������ �VLHKH $EELOGXQJ ����
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Abbildung 36: Prozentuale Veränderungen der DFS-Summen in UNF durch Extrusion
im Vergleich zum Rohstoff (Nullwert)

,P ([WUXGDW YY �� � ZLHGHUXP LVW HLQH =XQDKPH GHU HVWHUJHEXQGHQHQ ')6 XP ��� ]X

YHU]HLFKQHQ� GHU HLQH $EQDKPH GHU HWKHUJHEXQGHQHQ ')6 XP ��� JHJHQ�EHUVWHKW� (LQH

8PNHKUXQJ GHU 9HUKlOWQLVVH ILQGHW VLFK LQ ([WUXGDW YY �� ��� LQ GHP GLH

HVWHUJHEXQGHQHQ ')6 DEQHKPHQ ������ XQG GLH HWKHUJHEXQGHQHQ ')6 ]XQHKPHQ

������� 'DPLW VLQG GLH JU|�WHQ 9HUlQGHUXQJHQ GLH 6XPPH GHU ')6 EHWUHIIHQG LQ GHQ

([WUXGDWHQ PLW GHU K|FKVWHQ �YY �� �� YHUPDKOHQ� JUR�H (QHUJLHHLQOHLWXQJ� XQG

QLHGULJVWHQ %HODVWXQJ �YY �� �� XQYHUPDKOHQ� QLHGULJH (QHUJLHHLQOHLWXQJ� IHVW]XVWHOOHQ�

'LH SUR]HQWXDOHQ $QWHLOH GHU HLQ]HOQHQ ')6 DQ GHU *HVDPW�')6�6XPPH lQGHUQ VLFK EHL

GHQ HVWHUJHEXQGHQHQ ')6 QXU JHULQJI�JLJ �VLHKH $EELOGXQJ ���� ZRGXUFK GLH 5DQJIROJH

GHU ')6 QLFKW EHHLQIOX�W ZLUG� ���¶ ')6 XQG ���¶DU\O ')6 NRPPHQ LQ GHU 81) GHU

:HL]HQSUREHQ DP KlXILJVWHQ YRU ������ �� JHIROJW YRQ ���¶ ')6 XQG ��2��¶ ')6

�FD� ����� 'HU ���¶ ')6 � $QWHLO EHWUlJW ≤ ��� 'DV ([WUXGDW� ZHOFKHV PLW GHU JU|�WHQ

60( EHKDQGHOW ZXUGH� ZHLVW GLH JU|�WHQ $EZHLFKXQJHQ ]XP 5RKVWRII DXI� 'LH $QWHLOH GHU

���¶� ���¶DU\O XQG ���¶ ')6 KDEHQ VLFK ]XODVWHQ GHU ���¶ ')6 HUK|KW�

'LH SUR]HQWXDOHQ 9HUWHLOXQJHQ GHU HWKHUJHEXQGHQHQ ')6 LQ GHQ ([WUXGDWHQ ZHLVHQ

GHXWOLFKHUH 8QWHUVFKLHGH ]XP 5RKVWRII DXI �VLHKH $EELOGXQJ ���� ,P ([WUXGDW YY �� �

�YHUPDKOHQ� KRKH 60(� VWHLJHQ GLH $QWHLOH GHU ���¶ XQG ��2��¶ ')6 ]XODVWHQ GHU ���¶ XQG

���¶ ')6 DQ� ,P ]ZHLWHQ ([WUXGDW� ZHOFKHV HEHQIDOOV PLW KRKHU 60( EHKDQGHOW ZXUGH

�YY �� ���� DEHU XQYHUPDKOHQ ZDU� VLQG GLH 9HUKlOWQLVVH XPJHNHKUW� 'HU SUR]HQWXDOH

$QWHLO GHU HWKHUJHEXQGHQHQ ���¶DU\O ')6 YHUGRSSHOW VLFK ]XODVWHQ GHU ���¶ XQG ��2��¶

')6�

'LH SUR]HQWXDOH 9HUWHLOXQJ GHU HWKHUJHEXQGHQHQ ')6 LP ([WUXGDW YY �� � �YHUPDKOHQ�

QLHGULJH 60(� lKQHOW GHU LP 5RKVWRII� 'D LP ([WUXGDW YY �� � ���¶DU\O XQG ���¶ ')6 QLFKW

LQ HWKHUJHEXQGHQHU )RUP QDFKZHLVEDU ZDUHQ� LVW GHUHQ SUR]HQWXDOH 9HUWHLOXQJ QLFKW PLW

GHQ DQGHUHQ :HL]HQSUREHQ YHUJOHLFKEDU�

'DPLW WUHWHQ LQ ([WUXGDWHQ KRKHU %HODVWXQJ �YY �� ��� XQYHUPDKOHQ� KRKH

(QHUJLHHLQOHLWXQJ� YY �� �� YHUPDKOHQ� KRKH 60(� WHQGHQWLHOO GLH JU|�WHQ bQGHUXQJHQ

GHU SUR]HQWXDOHQ ')6�9HUWHLOXQJ �HVWHU� E]Z� HWKHUJHEXQGHQHQ� DXI�
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+DIHU

,P +DIHUH[WUXGDW 9� +� �� QHKPHQ GLH *HKDOWH GHU HVWHU� XQG HWKHUJHEXQGHQH ')6 HWZD

XP ��� ]X �VLHKH $EELOGXQJ ���� 'LHVHV JLOW DXFK I�U GLH HWKHUJHEXQGHQHQ ')6 LP

]ZHLWHQ ([WUXGDW 9� +� ��� GLH HVWHUJHEXQGHQHQ ')6 QHKPHQ GDJHJHQ PLQLPDO DE� 'LH

K|FKVWHQ =XZlFKVH EHL GHQ HLQ]HOQHQ ')6 VLQG EHLP ���¶DU\O ')6 VRZRKO LQ HVWHU� DOV

DXFK HWKHUJHEXQGHQHU )RUP ]X YHU]HLFKQHQ�

'LH SUR]HQWXDOH 9HUWHLOXQJ GHU HVWHUJHEXQGHQHQ ')6 XQWHUVFKHLGHW VLFK LP ([WUXGDW

9� +� �� GXUFK HLQH VWDUNH =XQDKPH GHU ��2��¶ ')6 XQG GHU $EQDKPH GHU SUR]HQWXDOHQ

$QWHLOH YRQ ���¶ ')6 XQG ���¶ ')6 JHJHQ�EHU GHP +DIHUURKVWRII XQG GHP ([WUXGDW

9� +� �� �VLHKH $EELOGXQJ ����

*HUVWH

,P *HUVWHQH[WUXGDW LVW HLQH PLQLPDOH =XQDKPH GHU *HKDOWH DQ HVWHU� XQG

HWKHUJHEXQGHQHQ ')6 ]X EHREDFKWHQ� GLH XQWHU ��� OLHJW �VLHKH $EELOGXQJ ���� 'LH

SUR]HQWXDOH 9HUWHLOXQJ GHU HVWHUJHEXQGHQHQ ')6 VLQG ZLH DXV $EELOGXQJ �� HUVLFKWOLFK

LP 5RKVWRII XQG ([WUXGDW lKQOLFK� %HL GHQ HWKHUJHEXQGHQHQ ')6 ILQGHW LP ([WUXGDW HLQH

9HUVFKLHEXQJ GHU SUR]HQWXDOHQ $QWHLOH GHU ���¶ YHUNQ�SIWHQ ')6 KLQ ]XP ���¶

YHUNQ�SIWHQ 'LPHU VWDWW�

0DLV

,Q GHQ 0DLVFROOHWV LVW JHJHQ�EHU GHP 0DLVJULHV� HLQH =XQDKPH GHU *HKDOWH DQ

HVWHUJHEXQGHQHQ ')6 XP �EHU ���� ]X YHU]HLFKQHQ �VLHKH $EELOGXQJ ���� ZHOFKHV YRU

DOOHP DXI HLQH =XQDKPH GHV ��2��¶�*HKDOWV XP GDV �IDFKH ]XU�FN]XI�KUHQ LVW� 'LH

DQGHUHQ ')6 YHUGRSSHOQ E]Z� YHUGUHLIDFKHQ LKUHQ *HKDOW� 'LHVH 9HUlQGHUXQJHQ GHU ')6�

*HKDOWH VSLHJHOQ VLFK DXFK LQ GHU SUR]HQWXDOHQ 9HUWHLOXQJ GHU HVWHUJHEXQGHQHQ ')6

ZLGHU� 'HU $QWHLO GHU ��2��¶ ')6 YHUGRSSHOW VLFK LQ GHQ 0DLVFROOHWV JHJHQ�EHU GHP

0DLVJULHV �VLHKH $EELOGXQJ ����

'LH *HKDOWH GHU HWKHUJHEXQGHQHQ ')6 QHKPHQ LQ GHQ 0DLVFROOHWV OHLFKW DE� $XIIlOOLJ LVW

KLHU GLH 9HUGRSSHOXQJ GHV SUR]HQWXDOHQ $QWHLOV GHU ���¶ ')6 JHJHQ�EHU GHP $QWHLO LP

0DLVJULHV�

6FKOX�IROJHUXQJ

,QVJHVDPW Ol�W VLFK IHVWVWHOOHQ� GD� GXUFK ([WUXVLRQ YLHOIlOWLJH bQGHUXQJHQ LQ GHQ ')6�

*HKDOWHQ XQG GHQ SUR]HQWXDOHQ 9HUWHLOXQJHQ GHU ')6 DXIWUHWHQ� DEHU NHLQH HLQKHLWOLFKHQ

7HQGHQ]HQ HUNHQQEDU VLQG� 'LH $XVZLUNXQJHQ GHU ([WUXVLRQ XQWHUVFKHLGHQ VLFK VRZRKO

]ZLVFKHQ GHQ *HWUHLGHDUWHQ DOV DXFK LQQHUKDOE HLQHU *HWUHLGHDUW �:HL]HQ� +DIHU�� 'LH 'LH

=X� E]Z� $EQDKPHQ LQ GHQ ')6�*HKDOWHQ VFKZDQNHQ ]ZLVFKHQ �������

�HVWHUJHEXQGHQH ')6� XQG ������ �HWKHUJHEXQGHQH ')6�� 7HQGHQWLHOO VLQG EHL GHQ

HWKHUJHEXQGHQHQ ')6 GLH bQGHUXQJHQ LQ GHQ SUR]HQWXDOHQ 9HUWHLOXQJHQ DXIIlOOLJHU DOV

EHL GHQ HVWHUJHEXQGHQHQ ')6�
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������� +DIHUSURGXNWH

Monomere Phenolcarbonsäuren
,Q 'DUUH� +DIHUIORFNHQ XQG �NOHLH VLQG JHJHQ�EHU GHP 5RKKDIHU NHLQH VLJQLILNDQWHQ

bQGHUXQJHQ GHU HVWHUJHEXQGHQHQ )6 IHVWVWHOOEDU� bKQOLFKHV WULIIW I�U GLH

JHVDPWJHEXQGHQH )6 ]X� GHUHQ *HKDOWH QXU LQ GHU 'DUUH JHJHQ�EHU GHP 5RKKDIHU

VLJQLILNDQW XP HWZD ��� HUQLHGULJW VLQG� 'LH *HKDOWH DQ HWKHUJHEXQGHQHU )6 VLQG LQ

'DUUH� +DIHUIORFNHQ XQG �NOHLH XP HWZD ������ QLHGULJHU DOV LP 5RKKDIHU�

'HPJHJHQ�EHU ZHLVW S&6 HLQH =XQDKPH GHU HVWHUJHEXQGHQHQ )RUP LQ GHQ +DIHUIORFNHQ

XQG HLQH $EQDKPH LQ GHU +DIHUNOHLH DXI� 'LH *HKDOWH GHU JHVDPWJHEXQGHQHQ S&6 EOHLEHQ

LQ 'DUUH� +DIHUIORFNHQ XQG �NOHLH JHJHQ�EHU GHP 5RKKDIHU XQYHUlQGHUW�

,Q GHQ ([WUXGDWHQ lKQHOQ VLFK GLH 9HUlQGHUXQJHQ GHU HVWHUJHEXQGHQHQ 0RQRPHUH ]XP

MHZHLOLJHQ 5RKPDWHULDO� DOVR GHQ )ORFNHQ E]Z� GHU .OHLH� ,P ([WUXGDW QLPPW GHU *HKDOW

DQ HVWHUJHEXQGHQHU )6 ]X XQG GHU DQ S&6 DE� %HL GHQ HWKHUJHEXQGHQHQ PRQRPHUHQ

SKHQROLVFKHQ 6lXUHQ EHVWHKHQ JHJHQVlW]OLFKH 7HQGHQ]HQ� :lKUHQG LP ([WUXGDW GHU

+DIHUIORFNHQ NHLQH VLJQLILNDQWHQ bQGHUXQJHQ DXIWUHWHQ� LVW LP +DIHUNOHLH�([WUXGDW HLQH

$EQDKPH GHU HWKHUJHEXQGHQHQ )6 XP HWZD GLH +lOIWH XQG HLQH =XQDKPH GHU

HWKHUJHEXQGHQHQ S&6 XP HWZD ��� IHVW]XVWHOOHQ�

Dimere Phenolcarbonsäuren
:LH DXV 7DEHOOH �� HUVLFKWOLFK LVW� GRPLQLHUHQ LQ DOOHQ +DIHUSURGXNWHQ HWKHUJHEXQGHQH

')6� :lKUHQG LP $XVJDQJVPDWHULDO� GHP 5RKKDIHU� GDV 9HUKlOWQLV HVWHU��

HWKHUJHEXQGHQH ')6 HWZD ����� EHWUlJW� VLQNW GHU $QWHLO GHU HVWHUJHEXQGHQHQ ')6 LP

/DXIH GHU 9HUDUEHLWXQJ DXI HWZD ���� 1DFK GHU ([WUXVLRQ LVW HLQH ZHLWHUH $EQDKPH DXI

HWZD ������ ]X EHREDFKWHQ�

Tabelle 15: Prozentuale Anteile der ester- und ethergebundenen DFS
an der Summe der DFS in UNF der Haferprodukte

%-Anteile
DSF-Summe ester ether

Rohhafer 38 62
Darre 27 73
Haferflocken 20 80
Haferkleie 19 81
EHF 16 84
EHK 11 89

,QZLHIHUQ VLFK GLH *HKDOWH GHU ')6 GXUFK GLH 9HUDUEHLWXQJ lQGHUQ� LVW LQ $EELOGXQJ ��

GDUJHVWHOOW� 'LH +DIHUSURGXNWH )ORFNHQ XQG .OHLH ]HLJHQ lKQOLFKH 9HUlQGHUXQJHQ LP ')6�

*HKDOW JHJHQ�EHU GHP 5RKKDIHU� 6RZRKO HVWHU� DOV DXFK HWKHUJHEXQGHQH ')6 QHKPHQ

]X� ZREHL GLH =XQDKPH GHU HWKHUJHEXQGHQHQ ')6 XP GDV ����IDFKH K|KHU DXVIlOOW� ,Q

GHU 'DUUH LVW HEHQIDOOV HLQ $QVWLHJ GHU HWKHUJHEXQGHQHQ ')6 ]X YHU]HLFKQHQ� GHU PLW

��� ZLHGHUXP JHULQJHU LVW DOV GHUMHQLJH LQ +DIHUIORFNHQ RGHU �NOHLH� 'HPJHJHQ�EHU

QLPPW GHU *HKDOW DQ HVWHUJHEXQGHQHU ')6 LQ 'DUUH XP ��� DE� ,Q GHQ ([WUXGDWHQ LVW LP

9HUJOHLFK ]X GHQ $XVJDQJVPDWHULDOLHQ HLQH =XQDKPH GHU HWKHUJHEXQGHQHQ ')6 XP HWZD

��� XQG HLQH $EQDKPH GHU HVWHUJHEXQGHQHQ ')6 XP HWZD ��� LP +DIHUNOHLH�([WUXGDW

IHVW]XVWHOOHQ�
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Abbildung 37: Prozentuale Änderungen der DFS-Summen in UNF der Haferprodukte in Relation
zum jeweiligen Ausgangsmaterial (Rohhafer, Haferflocken oder -kleie)

'LH SUR]HQWXDOH 9HUWHLOXQJ GHU HLQ]HOQHQ ')6 LQ GHQ +DIHUSURGXNWHQ LVW LQ $EELOGXQJ ��

GDUJHVWHOOW� %HL GHQ HVWHUJHEXQGHQHQ ')6 VLQG QXU JHULQJH 6FKZDQNXQJHQ LQ GHQ

SUR]HQWXDOHQ $QWHLOHQ GHU ')6 ]X HUNHQQHQ� VR GD� GLH 5DQJIROJH GHU ')6 XQEHHLQIOX�W

EOHLEW� 'LH HWKHUJHEXQGHQHQ ')6 ZHLVHQ DXIJUXQG GHU 9HUDUEHLWXQJ HLQLJH 9HUlQGHUXQJQ

LQ LKUHU 9HUWHLOXQJ DXI� $P DXIIlOOLJVWHQ LVW GLH $EQDKPH GHU ���¶DU\O ')6 YRQ ��� LP

5RKKDIHU DXI FD� ��� LQ GHQ )ORFNHQ E]Z� GHU .OHLH� ,P *HJHQ]XJ QHKPHQ GLH

SUR]HQWXDOHQ $QWHLOH GHU ���¶ XQG ��2��¶ ')6 XP HWZD GDV ���IDFKH ]X�

$XIJUXQG GHU ([WUXVLRQ LVW OHGLJOLFK EHLP +DIHUIORFNHQH[WUXGDW EHL GHU SUR]HQWXDOHQ

9HUWHLOXQJ GHU HWKHUJHEXQGHQHQ ')6 HLQH =XQDKPH GHU ���¶ ')6 XQG HLQH $EQDKPH GHU

���¶ XQG ��2��¶ ')6 ]X EHREDFKWHQ� 'LH SUR]HQWXDOHQ 9HUWHLOXQJHQ GHV

+DIHUNOHLHH[WUXGDWV XQG GHU +DIHUNOHLH VLQG IDVW LGHQWLVFK�

'LH ))�*HKDOWH ]HLJHQ LQ LKUHQ 9HUlQGHUXQJHQ LQQHUKDOE GHU 3URGXNWH 'DUUH� )ORFNHQ XQG

.OHLH HLQ JOHLFKHV 0XVWHU� :lKUHQG GHU *HKDOW DQ HVWHUJHEXQGHQHP )) XQYHUlQGHUW

EOHLEW� VWHLJW GHU *HKDOW DQ YHUHWKHUWHP ))�'LPHU DQ� XP ELV ]XP ]ZHLIDFKHQ LQ GHU

.OHLH� $XIJUXQG GHU ([WUXVLRQ LVW NHLQH 9HUlQGHUXQJ LQ GHQ *HKDOWHQ DQ HVWHU� E]Z�

HWKHUJHEXQGHQHP ))�'LPHU JHJHQ�EHU GHQ )ORFNHQ E]Z� GHU .OHLH ]X YHU]HLFKQHQ�

6FKOX�IROJHUXQJ

=XVDPPHQIDVVHQG Ol�W VLFK VDJHQ� GD� DXIJUXQG GHU ([WUXVLRQ HLQH JHULQJI�JLJH

(UK|KXQJ GHU HVWHUJHEXQGHQHQ )6 XQG HLQH $EQDKPH GHU HVWHUJHEXQGHQHQ S&6 VRZLH

GHU HWKHUJHEXQGHQHQ )6 DXIWULWW� :lKUHQG GHU 9HUDUEHLWXQJ GHV 5RKKDIHUV ]X

+DIHUIORFNHQ XQG �NOHLH LVW HLQH $EQDKPH GHU HWKHUJHEXQGHQHQ )6 ]X EHREDFKWHQ�

'LH *HKDOWH GHU 'HK\GURGLPHUHQ GHU )6 lQGHUQ VLFK HEHQIDOOV DXIJUXQG GHU 9HUDUEHLWXQJ�

6RZRKO LQ 'DUUH� +DIHUIORFNHQ XQG +DIHUNOHLH DOV DXFK GHQ MHZHLOLJHQ ([WUXGDWHQ QHKPHQ

HWKHUJHEXQGHQH ')6 ]X� (LQ $QVWLHJ GHU HVWHUJHEXQGHQHQ ')6 LVW LQ +DIHUIORFNHQ XQG

�NOHLH ]X EHREDFKWHQ� ZlKUHQG LQ GHQ DQGHUHQ 3URGXNWHQ HLQH $EQDKPH DXIWULWW�

,QVJHVDPW VLQG LQ DOOHQ +DIHUSUREHQ PHKU HWKHUJHEXQGHQH ')6 DOV HVWHUJHEXQGHQH ')6

HQWKDOWHQ� $XIJUXQG GHU 9HUDUEHLWXQJ YHUlQGHUW VLFK GDV 9HUKlOWQLV ]XJXQVWHQ GHU

HWKHUJHEXQGHQHQ ')6�
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����� %HHLQIOXVVXQJ GHV &URVV�OLQNLQJV LQ GHU 81)

'HU *UDG GHU 4XHUYHUQHW]XQJ LQ GHQ YHUVFKLHGHQHQ 81) LVW VLFKHUOLFK YRP DEVROXWHQ

'LPHUHQJHKDOW DEKlQJLJ� DEHU ZHOFKH %HGHXWXQJ GLH 'LPHUHQ DOV &URVV�OLQNV LQ GHU

MHZHLOLJHQ 81) KDEHQ� NDQQ DQKDQG GHV PRODUHQ 9HUKlOWQLVVHV )6�')6 �0RQRPHU�'LPHU�

DEJHOHVHQ ZHUGHQ� 'D ')6 LQ HVWHUJHEXQGHQHU )RUP &URVV�OLQNV ]ZLVFKHQ GHQ

3RO\VDFFKDULGHQ XQG LQ HWKHUJHEXQGHQHU )RUP ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ

GDUVWHOOHQ� NDQQ DXV GHP PRODUHQ 9HUKlOWQLV ]X GHQ $UDELQRVHUHVWHQ LQ GHQ

$UDELQR[\ODQHQ GHU 9HUQHW]XQJVJUDG DEJHOHLWHW ZHUGHQ�

������� *HWUHLGH�([WUXGDWH

1DFKIROJHQGH 7DEHOOH �� JLEW HLQHQ hEHUEOLFN �EHU GLH PRODUHQ 9HUKlOWQLVVH GHU

PRQRPHUHQ XQG GLPHUHQ )6 ]XHLQDQGHU XQG ]XU $UDELQRVH LQ GHQ $UDELQR[\ODQHQ GHU

81)� $QKDQG GLHVHU PRODUHQ 9HUKlOWQLVVH ODVVHQ VLFK HLQHUVHLWV GHU 'LPHULVLHUXQJVJUDG

GHU )6 DQGHUHUVHLWV GHU 9HUHVWHUXQJVJUDG GHU $UDELQR[\ODQH PLW )6 E]Z� ')6 DEOHVHQ�

bQGHUXQJHQ GLHVHU PRODUHQ 9HUKlOWQLVVH JHEHQ $XIVFKOX� GDU�EHU� LQZLHIHUQ GXUFK GLH

([WUXVLRQ 9HUlQGHUXQJHQ LQ GHP &URVV�OLQNLQJ GHU %LRSRO\PHUHQ GHU 81) GXUFK ')6

HLQWUHWHQ�

Tabelle 16: Dimerisierungsgrad der veresterten FS sowie molare Verhältnisse der Arabinose zu FS
und DFS (ester- und ethergebunden*) in UNF der Getreide-Extrudate

molare
Verhältnisse

FS/DFS
(ester)

Ara/FS
(ester)

Ara/DFS
(ester)

Ara/DFS
(ether)

Gerste G1 35 34 1189 1155
V7 G1 01 29 33 958 707

Hafer H1 42 32 1342 644
V6 H1 01 29 31 895 409
V6 H1 06 56 32 1821 463

Maisgries 82 9 731 429
Maiscollets 32 8 271 691

Weizen W3 107 10 1078 586
vv 11 3 88 12 1096 677
vv 11 5 77 24 1855 1829
vv 11 7 26 32 852 7515
vv 11 11 62 25 1554 554


'D LQ HLQHP *UR�WHLO GHU 3UREHQ HWKHUJHEXQGHQH )6 QLFKW EHUHFKHQEDU LVW� VLQG

GLH )6�')6�HWKHU�� XQG $UD�)6�HWKHU��9HUKlOWQLVVH LQ GHU 7DEHOOH QLFKW GDUJHVWHOOW

:HL]HQ

,Q GHQ ([WUXGDWHQ VLQNHQ GLH )6�')6�HVWHU��9HUKlOWQLVVH DXI ELV ]X ��� GHV :HUWHV LP

5RKVWRII DE� 'LHVH 9HUlQGHUXQJ GHU 9HUKlOWQLVVH LVW YRUDOOHP DXI GLH $EQDKPH GHU

)6�*HKDOWH LQ GHQ ([WUXGDWHQ ]XU�FN]XI�KUHQ� ZHOFKHV VLFK DXFK LQ GHU $EQDKPH GHU

9HUHVWHUXQJVJUDGH GHU $UDELQR[\ODQH PLW )6 ZLGHUVSLHJHOW� ,QVJHVDPW EHGHXWHW HV HLQH

UHODWLYH =XQDKPH GHV 'LPHULVLHUXQJVJUDGHV� $XIJUXQG HLQHU JU|�HUHQ =XQDKPH GHV

*HKDOWV DQ HVWHUJHEXQGHQHU ')6 LP ([WUXGDW YY �� � ZLUG GHU )6�')6�4XRWLHQW

EHVRQGHUV QLHGULJ�
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'HU 9HUQHW]XQJVJUDG GHU 3RO\VDFFKDULGH LQ GHU 81) ZLUG DXFK DQKDQG GHU 9HUKlOWQLVVH

YRQ .RKOHQK\GUDWHQ ]X SKHQROLVFKHQ &DUERQVlXUHQ GHXWOLFK�

,Q GHQ ([WUXGDWHQ� ZHOFKH PLW KRKHU (QHUJLHHLQOHLWXQJ �YY �� � XQG YY �� ��� KHUJHVWHOOW

ZXUGHQ� LVW HLQH $EQDKPH GHV 9HUHVWHUXQJVJUDGHV GHU $UDELQR[\ODQH PLW ')6 ]X

EHREDFKWHQ� ,Q GHQ PLW QLHGULJHU (QHUJLHHLQOHLWXQJ �YY �� � XQG YY �� �� EHKDQGHOWHQ

3UREHQ EOHLEHQ GLH 9HUHVWHUXQJVJUDGH PLW ')6 XQYHUlQGHUW E]Z� QHKPHQ OHLFKW ]X� 'LHVH

9HUlQGHUXQJHQ GHU $UD�')6�HVWHU��9HUKlOWQLVVH VLQG GDUDXI ]XU�FN]XI�KUHQ� GD� GHU

$UDELQRVHDQWHLO LQ GHQ $UDELQR[\ODQHQ GHU ([WUXGDWH DQVWHLJW XQG JOHLFK]HLWLJ GLH ')6�

*HKDOWH HEHQIDOOV DQVWHLJHQ �YY �� � XQG YY �� �� E]Z� OHLFKW DEQHKPHQ �YY �� � XQG

YY �� ���� %HL GHQ $UD�')6�HWKHU��9HUKlOWQLVVHQ IlOOW GHU JUR�H $QVWLHJ LQ GHQ

([WUXGDWHQ YY �� � XQG YY �� � DXI� 'LHVHV LVW DXI JHULQJH *HKDOWH DQ HWKHUJHEXQGHQHQ

')6 ]XU�FN]XI�KUHQ XQG Ol�W LQ GLHVHQ ([WUXGDWHQ DXI HLQH UHODWLY JHULQJH %HGHXWXQJ GHU

')6 DOV &URVV�OLQNV ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ VFKOLH�HQ�

=XVDPPHQIDVVHQG Ol�W VLFK IHVWKDOWHQ� GD� GLH =XQDKPH GHV 'LPHULVLHUXQJVJUDGHV LQ

GHQ ([WUXGDWHQ HLQKHUJHKW PLW HLQHU $EQDKPH GHV 9HUHVWHUXQJVJUDGHV GHU $UDELQR[\ODQH

PLW )6� 'DPLW LVW HLQ $QVWLHJ GHU %HGHXWXQJ GHU ')6 DOV &URVV�OLQNV ]X YHU]HLFKQHQ�

2EZRKO GHU 'LPHULVLHUXQJVJUDG LQ DOOHQ ([WUXGDWHQ LP 9HUJOHLFK ]XP 5RKVWRII DQVWHLJW�

LVW QXU LQ ]ZHL ([WUXGDWHQ DXFK HLQH =XQDKPH GHV 9HUHVWHUXQJVJUDGHV GHU $UDELQR[\ODQH

PLW ')6 IHVW]XVWHOOHQ� (LQH HLQGHXWLJH $XVVDJH� RE GXUFK ([WUXVLRQ GHU :HL]HQNOHLH GLH

%HGHXWXQJ GHU ')6 DOV &URVV�OLQNV ]ZLVFKHQ 3RO\VDFFKDULGHQ E]Z� ]ZLVFKHQ

3RO\VDFFKDULGHQ XQG /LJQLQ SRVLWLY RGHU QHJDWLY EHHLQIOX�W ZLUG� LVW QLFKW P|JOLFK�

$XIIlOOLJ LVW OHGLJOLFK� GD� GLH JU|�WHQ 9HUlQGHUXQJHQ GHU ')6�9HUHVWHUXQJVJUDGH LQ GHQ

PLW KRKHU (QHUJLHHLQOHLWXQJ EHKDQGHOWHQ 3UREHQ DXIWUHWHQ� $OOH GLHVH %HREDFKWXQJHQ

GHXWHQ GDUDXI KLQ� GD� ZlKUHQG GHU ([WUXVLRQ IROJHQGH 9RUJlQJH SDUDOOHO DXIWUHWHQ�

� $EVSDOWXQJ YRQ ;\ORROLJRVDFFKDULGHQ DXV GHQ $UDELQR[\ODQHQ I�KUW ]XU

$QUHLFKHUXQJ YRQ $UDELQRVHUHVWHQ LQ GHQ YHUEOHLEHQGHQ $UDELQR[\ODQHQ XQG GHU

UHODWLYHQ $QUHLFKHUXQJ YRQ SKHQROLVFKHQ &DUERQVlXUHQ

� 9HUULQJHUXQJ GHU 3KHQROFDUERQVlXUH�*HKDOWH DXIJUXQG GHU 6SDOWXQJ YRQ (VWHU� XQG

(WKHUELQGXQJHQ

'DV $XVPD� GHU HLQ]HOQHQ 9RUJlQJH EHVWLPPW� LQZLHIHUQ LQ GHQ ([WUXGDWHQ GLH $Q]DKO

GHU 4XHUYHUQHW]XQJHQ GXUFK ')6 ]ZLVFKHQ 3RO\VDFFKDULGHQ LQWHU��LQWUDPROHNXODU

HLQHUVHLWV XQG 3RO\VDFFKDULGHQ XQG /LJQLQ DQGHUHUVHLWV EHHLQIOX�W ZLUG�

+DIHU

%H]�JOLFK GHU 'LPHULVLHUXQJV� XQG 9HUQHW]XQJVJUDGH LVW EHL GHQ ([WUXGDWHQ NHLQH

HLQKHLWOLFKH 7HQGHQ] IHVWVWHOOEDU�

,P ([WUXGDW 9� +� �� LVW SDUDOOHO ]XP $QVWLHJ GHV 'LPHULVLHUXQJVJUDGHV LP 9HUJOHLFK

]XP 5RKVWRII +� HLQH =XQDKPH GHV 9HUHVWHUXQJVJUDGHV GHU $UDELQR[\ODQH PLW ')6

IHVW]XVWHOOHQ� 'LHVHV EHGHXWHW� GD� LP ([WUXGDW GLH $UDELQR[\ODQH VWlUNHU GXUFK ')6

YHUQHW]W ZHUGHQ XQG VRPLW GLH %HGHXWXQJ GHU ')6 DOV &URVV�OLQNV ]ZLVFKHQ

3RO\VDFFKDULGHQ LQ GLHVHP ([WUXGDW JU|�HU LVW DOV LP 5RKVWRII� ,P ([WUXGDW 9� +� �� VLQG

GLH 9HUKlOWQLVVH JHQDX JHJHQWHLOLJ� ZHOFKHV DXI HLQH HWZDV YHUULQJHUWH 4XHUYHUQHW]XQJ

GHU $UDELQR[\ODQH GXUFK ')6 KLQGHXWHW� %HLP 9HUQHW]XQJVJUDG ]ZLVFKHQ 3RO\VDFFKDULGHQ

XQG /LJQLQ WUHWHQ LQ EHLGHQ ([WUXGDWHQ lKQOLFKH 7HQGHQ]HQ DXI� ,QVJHVDPW KDEHQ DEHU

GLHVH Ä(WKHU�&URVV�OLQNV³ VRZRKO LP 5RKVWRII DOV DXFK LQ GHQ ([WUXGDWHQ HLQH JU|�HUH

%HGHXWXQJ I�U GLH 9HUQHW]XQJ GHU 81) DOV Ä(VWHU�&URVV�OLQNV³ ]ZLVFKHQ 3RO\VDFFKDULGHQ�
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*HUVWH

'DV ([WUXGDW 9� *� �� XQWHUVFKHLGHW VLFK LQ VHLQHP 'LPHULVLHUXQJVJUDG XQG GHP

9HUHVWHUXQJVJUDG GHU $UDELQR[\ODQH PLW )6 QLFKW YRQ GHQHQ LP 5RKVWRII� 'HU

9HUHVWHUXQJVJUDG PLW ')6 QLPPW JHQDXVR ZLH GDV PRODUH 9HUKlOWQLV YRQ $UDELQRVH ]X

HWKHUJHEXQGHQHU ')6 OHLFKW ]X� ZHOFKHV DXI HLQH =XQDKPH GHU *HKDOWH DQ HVWHU� XQG

HWKHUJHEXQGHQHU ')6 VRZLH HLQHU OHLFKWHQ $EQDKPH GHV $UDELQR[\ODQJHKDOWV

]XU�FN]XI�KUHQ LVW� ,QVJHVDPW GHXWHQ GLHVH %HREDFKWXQJHQ GDUDXI KLQ� GD� LP ([WUXGDW

GLH %HGHXWXQJ GHU ')6 VRZRKO DOV &URVV�OLQN ]ZLVFKHQ $UDELQR[\ODQHQ DOV DXFK EHL GHU

9HUQHW]XQJ YRQ 3RO\VDFFKDULGHQ PLW /LJQLQ ]XQLPPW�

0DLV

'HU 'LPHULVLHUXQJVJUDG YHUGRSSHOW VLFK LQ GHQ 0DLVFROOHWV JHJHQ�EHU GHP 0DLVJULHV�

3DUDOOHO GD]X LVW HLQH =XQDKPH GHV 9HUHVWHUXQJVJUDGHV GHU $UDELQR[\ODQH PLW ')6 XQG

HLQH $EQDKPH GHV 9HUQHW]XQJVJUDGHV PLW /LJQLQ ]X EHREDFKWHQ� 6RPLW VLQG GLH

9HUQHW]XQJVJUDGH LQ GHQ 0DLVFROOHWV JHQDX JHJHQVlW]OLFK ]X GHQHQ LP 0DLVJULHV� ,Q GHQ

0DLVFROOHWV KDEHQ ')6 HLQH UHODWLY JU|�HUH %HGHXWXQJ DOV &URVV�OLQNV ]ZLVFKHQ

$UDELQR[\ODQHQ DOV EHL GHU 9HUQHW]XQJ YRQ 3RO\VDFFKDULGHQ PLW /LJQLQ�

������� +DIHUSURGXNWH

,QWHUHVVDQWH (UNHQQWQLVVH NDQQ PDQ DXV GHU %LOGXQJ GHU PRODUHQ 9HUKlOWQLVVH YRQ

0RQRPHUHQ ]X 'LPHUHQ JHZLQQHQ �VLHKH $EELOGXQJ ���� -H NOHLQHU GLHVHV 9HUKlOWQLV LVW�

GHVWR JU|�HU LVW GLH %HGHXWXQJ GHU ')6 DOV &URVV�OLQNV GHU %LRSRO\PHUH�

$X�HUGHP LVW HV LQWHUHVVDQW� GLH :HUWH GHU HVWHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ PLW GHQ

HWKHUJHEXQGHQHQ 3KHQROFDUERQVlXUHQ ]X YHUJOHLFKHQ� 8QWHU GHU 9RUDXVVHW]XQJ� GD�

(WKHUELQGXQJHQ QXU ]ZLVFKHQ 3KHQROFDUERQVlXUHQ XQG /LJQLQ EHVWHKHQ� NDQQ

DEJHVFKlW]W ZHUGHQ ZLH JUR� GHU $QWHLO VROFKHU /LJQLQ�&URVV�OLQNV DP JHVDPWHQ &URVV�

OLQNLQJ GHU 3KHQROFDUERQVlXUHQ LVW E]Z� 9HUKlOWQLV ]X GHP &URVV�OLQNLQJ ]XP

$UDELQR[\ODQ�

'LH 'LPHULVLHUXQJVJUDGH GHU YHUHVWHUWHQ )6 LQ GHQ 9HUDUEHLWXQJVSURGXNWHQ +DIHUIORFNHQ

XQG �NOHLH lKQHOQ GHPMHQLJHQ LP 5RKKDIHU QDFKGHP LQ GHU 'DUUH HLQ NOHLQH $EQDKPH

DXIWUDW� ,Q GHQ ([WUXGDWHQ Ol�W HLQ OHLFKWHU $QVWLHJ GHU 9HUKlOWQLVVH DXI HLQH DEQHKPHQGH

%HGHXWXQJ GHU ')6 DOV &URVV�OLQNV VFKOLH�HQ� 'LHVHV ZLUG GXUFK GLH DQVWHLJHQGHQ

$UD�')6�HVWHU��9HUKlOWQLVVH LQ GHQ ([WUXGDWHQ EHVWlWLJW �VLHKH $EELOGXQJ ���� 'DJHJHQ

QHKPHQ LQ GHQ +DIHUIORFNHQ XQG GHU +DIHUNOHLH GLHVH 9HUKlOWQLVVH DE� ZHOFKHV DXI HLQHQ

K|KHUHQ 9HUQHW]XQJVJUDG GHU $UDELQR[\ODQH KLQGHXWHW�

'LH 'HK\GURGLPHUHQ GHU )6 KDEHQ LQ DOOHQ +DIHUSURGXNWHQ HLQH UHODWLYH JU|�HUH

%HGHXWXQJ DOV &URVV�OLQNV ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ DOV I�U GLH

4XHUYHUQHW]XQJ GHU $UDELQR[\ODQH XQWHUHLQDQGHU� :lKUHQG GHU 9HUDUEHLWXQJ YRP

5RKKDIHU �EHU GLH 'DUUH ]X +DIHUIORFNHQ XQG .OHLH LVW HLQH NRQWLQXLHUOLFKH $EQDKPH GHU

PRODUHQ $UD�')6�HWKHU��9HUKlOWQLVVH ]X EHREDFKWHQ� ZHOFKHV DXI HLQH ]XQHKPHQGH

%HGHXWXQJ GHU ')6 DOV Ä(WKHU�&URVV�OLQNV³ KLQZHLVW�

$XIJUXQG GHU ([WUXVLRQ WULWW HLQH ZHLWHUH $EQDKPH GHV PRODUHQ $UD�')6�HWKHU��

9HUKlOWQLVVHV XQG VRPLW HLQH =XQDKPH GHV 9HUQHW]XQJVJUDGHV ]ZLVFKHQ 3RO\VDFFKDULGHQ

XQG /LJQLQ DXI�
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Abbildung 38: Darstellung des Dimerisierungsgrades der FS anhand der FS/DFS-Verhältnisse, des
Veresterungsgrades der Arabinose mit FS und des Vernetzungsgrades der Arabino-
xylane mittels molarer Verhältnisse von Ara/FS bzw. Ara/DFS in UNF der
Haferprodukte

:LH VFKRQ XQWHU ������� HUOlXWHUW N|QQHQ GLHVH 9HUlQGHUXQJHQ LQ GHQ PRODUHQ

9HUKlOWQLVVHQ QXU GXUFK GDV JOHLFK]HLWLJH $XIWUHWHQ IROJHQGHU 3KlQRPHQH HUNOlUW ZHUGHQ�

� 6SDOWXQJ YRQ (VWHU� XQG (WKHUELQGXQJHQ� KLHUEHL LVW ]X EHGHQNHQ� GD� GLH 6SDOWXQJ

HLQHU (WKHUELQGXQJ GHU ')6 DXFK ]X HLQHU (UK|KXQJ GHU *HKDOWH DQ YHUHVWHUWHQ ')6

I�KUHQ NDQQ

� 9HUlQGHUXQJ GHU $UDELQR[\ODQVWUXNWXU GXUFK WHLOZHLVH 6ROXELOLVLHUXQJ YRQ

;\ORROLJRVDFFKDULGHQ� (UK|KXQJ GHV $UDELQRVHDQWHLOV LQ GHQ $UDELQR[\ODQHQ
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����� 9HUDUEHLWXQJVHLQIO�VVH LP +LQEOLFN DXI GLH HUQlKUXQJVSK\VLROR�

JLVFKH %HGHXWXQJ GHU SKHQROLVFKHQ &DUERQVlXUHQ XQG GHU 81)

'LH SRVLWLYHQ $XVZLUNXQJHQ GHU 1DKUXQJVIDVHU DXI GLH *HVXQGKHLW GHV 0HQVFKHQ EHUXKHQ

DXFK DXI GHUHQ *HKDOW DQ SKHQROLVFKHQ &DUERQVlXUHQ� HLQHUVHLWV ZHLO VLH ]XU 6WUXNWXU GHU

1DKUXQJVIDVHU EHLWUDJHQ XQG GDGXUFK GHUHQ SK\VLNR�FKHPLVFKHQ (LJHQVFKDIWHQ PLW

SUlJHQ DQGHUHUVHLWV ZHLO VLH VHOEVW ZLUNVDPH $JHQWLHQ GDUVWHOOHQ� 6R LVW )6 HLQ ZLUNVDPHV

$QWLR[LGDQV �*5$)� ������ LQKLELHUW GLH FKHPLVFK LQGX]LHUWH &DUFLQRJHQHVH LQ

7LHUPRGHOOHQ �+8$1* HW DO�� ����� 7$1$.$ HW DO�� ������ ZLUNW VFK�W]HQG JHJHQ GLH

%LOGXQJ YRQ 1LWURVR�.RPSRQHQWHQ �67,&+ HW DO�� ����� 02//(5 HW DO�� ����� XQG

YHUULQJHUW LQ =HOONXOWXUHQ GLH %LOGXQJ YRQ &DUFLQRJHQ�'1$�$GGXNWHQ �:$5*29,&+ HW DO��

������ ')6 ZHLVHQ WHLOZHLVH VRJDU QRFK HLQH EHVVHUH $QWLR[LGDQV�:LUNXQJ DXI DOV GDV

0RQRPHU �*$5&,$�&21(6$ HW DO�� ����� ������ ,Q GHU Zl�ULJHQ 3KDVH VLQG GLH 7($&�

:HUWH� YRQ ���¶ ')6� ���¶ ')6 XQG ��2��¶ ')6 ELV ]X GRSSHOW VR JUR� ZLH GLH GHU )6� GHU

7($&�:HUWH YRQ ���¶EHQ]R ')6 LVW HWZDV QLHGULJHU� ,P /LSLG�SHUR[LGDWLRQVWHVW VLQG GLH

DQWLR[LGDWLYHQ .DSD]LWlWHQ DOOHU ')6 EHVVHU DOV GLH GHU )6� $EHU QLFKW QXU IUHLH

SKHQROLVFKH 6lXUHQ DXFK O|VOLFKH )HUXOR\OROLJRVDFFKDULGH EHVLW]HQ HLQH JXWH DQWLR[LGDWLYH

:LUNXQJ �2+7$ HW DO�� ������

(LQ ZHLWHUHU ZLFKWLJHU $VSHNW LVW GLH )HUPHQWLHUEDUNHLW GHU 1DKUXQJVIDVHU GXUFK

'DUPEDNWHULHQ� %LVODQJ LVW DOOHUGLQJV QRFK XQJHNOlUW LQ ZHOFKHP 0D�H )6 XQG ')6 E]Z�

GHUHQ YHUHVWHUWH )RUP LP PHQVFKOLFKHQ 'DUP IUHLJHVHW]W ZHUGHQ� ,Q YLWUR�6WXGLHQ

]HLJWHQ� GD� )HUXOR\OHVWHUDVH�$NWLYLWlWHQ LP PHQVFKOLFKHQ 'DUP H[LVWLHUHQ XQG )6 DXV

=XFNHUU�EHQSXOSH YROOVWlQGLJHU IUHLJHVHW]W ZLUG DOV DXV :HL]HQNOHLH �.5221 HW DO�� ������

(LQLJH )HUXOR\OHVWHUDVHQ� GLH )6 DXV 1DKUXQJVIDVHU DEVSDOWHQ N|QQHQ� ZHLVHQ DXFK

$NWLYLWlWHQ ]XU $EVSDOWXQJ YRQ ')6 DXI �.5221 HW DO�� ������ $QVFKHLQHQG EHQ|WLJHQ GLH

)HUXOR\OHVWHUDVHQ MHGRFK O|VOLFKH 2OLJRVDFFKDULGH DOV 6XEVWUDW� VR GD� YRUKHU HLQH

K\GURO\WLVFKH 6SDOWXQJ GHU 3RO\VDFFKDULGNHWWHQ PLWWHOV HQWVSUHFKHQGHU (Q]\PH

�]�%� ;\ODQDVHQ LQ GHU :HL]HQNOHLH� QRWZHQGLJ LVW �.5221 HW DO�� ����� &+(6621 HW DO��

������ 'LHVH HQ]\PDWLVFKH 6SDOWXQJ ZLUG XPVR VWlUNHU OLPLWLHUW MH JU|�HU GDV $XVPD�

GHU &URVV�OLQN�%LOGXQJ GXUFK 'HK\GURGLPHUH GHU )6 ]ZLVFKHQ 3RO\VDFFKDULGHQ E]Z�

3RO\VDFFKDULGHQ XQG /LJQLQ LVW �*5$%%(5 HW DO�� ����D� E��

$QGHUHUVHLWV JLEW HV QRFK RIIHQH )UDJHQ �EHU GHQ 9HUEOHLE GHU IUHLJHVHW]WHQ )6 XQG

)6�2OLJRVDFFKDULGHQ LP /LTXRU� (LQH $EVRUSWLRQ GHU IUHLJHVHW]WHQ 3KHQROFDUERQVlXUHQ DQ

GLH 5�FNVWlQGH GHU 1) ZLUG MHGRFK DXVJHVFKORVVHQ �.5221 HW DO�� ������ 6RPLW LVW GLH

%HGHXWXQJ GHU $XIQDKPH YRQ )6 XQG ')6 DXV 1DKUXQJVIDVHU �FD� ���PJ�7DJ� ]�%� LQ

%H]XJ DXI GHUHQ DQWLR[LGDWLYH :LUNVDPNHLW QRFK NOlUXQJVEHG�UIWLJ�

7URW] YLHOHU RIIHQHU )UDJHQ PDFKHQ GLH ELVKHULJHQ 6WXGLHQ GHXWOLFK� GD� GLH

4XHUYHUQHW]XQJHQ GHU 3RO\PHUH LQ GHU 81) GXUFK ')6 HLQHQ HQWVFKHLGHQGHQ (LQIOX� DXI

GLH 6WUXNWXU GHU 1) KDEHQ� 'DPLW ZHUGHQ DEHU DXFK ZLFKWLJH SK\VLNR�FKHPLVFKH

(LJHQVFKDIWHQ ZLH )HUPHQWLHUEDUNHLW XQG :DVVHUELQGXQJVNDSD]LWlW EHHLQIOX�W� ZHOFKHV

ZLHGHUXP $XVZLUNXQJHQ X�D� DXI GDV 6WXKOYROXPHQ� GLH 3URGXNWLRQ NXU]NHWWLJHU

)HWWVlXUHQ XQG GLH 7UDQVLW]HLW KDW�

                                                          
1  TEAC = Trolox C Equivalent Antioxidant Capacity
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,P +LQEOLFN DXI GLH 9HUDUEHLWXQJVHLQIO�VVH ODVVHQ VLFK DXV GHQ HLJHQHQ 8QWHUVXFKXQJHQ

IROJHQGH 6FKOX�IROJHUXQJHQ ]LHKHQ�

♦ DXIJUXQG GHU ([WUXVLRQ LVW LQ GHQ PHLVWHQ ([WUXGDWHQ GHU *HUVWHQ�� +DIHU� XQG

:HL]HQSUREHQ HLQH $EQDKPH GHU 81) XQG HLQH =XQDKPH GHU /1) IHVWVWHOOEDU

♦ LQ DOOHQ 5RKVWRIIHQ XQG HLQLJHQ ([WUXGDWHQ �EHUZLHJW GHU $QWHLO GHU ')6 LQ

HWKHUJHEXQGHQHU )RUP GHQMHQLJHQ GHU YHUHVWHUWHQ ')6

XQG

GHU 9HUQHW]XQJVJUDG ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ �PRODUHV $UD�')6�HWKHU��

9HUKlOWQLV� LVW LQ YLHOHQ ([WUXGDWHQ JU|�HU DOV GHU 9HUQHW]XQJVJUDG ]ZLVFKHQ

3RO\VDFFKDULGHQ

⇒ 3RO\VDFFKDULG�/LJQLQ�&URVV�OLQNLQJ DOV ZLFKWLJHU $VSHNW LQ GHU 81)

♦ LQ GHQ ([WUXGDWHQ WUHWHQ YLHOIlOWLJH bQGHUXQJHQ LQ GHQ ')6�*HKDOWHQ XQG GHQ

SUR]HQWXDOHQ 9HUWHLOXQJHQ GHU ')6 DXI� DEHU HLQKHLWOLFKH 7HQGHQ]HQ VLQG QLFKW

HUNHQQEDU� 'LH $XVZLUNXQJHQ GHU ([WUXVLRQ XQWHUVFKHLGHQ VLFK VRZRKO ]ZLVFKHQ GHQ

*HWUHLGHDUWHQ DOV DXFK LQQHUKDOE HLQHU *HWUHLGHDUW �:HL]HQ� +DIHU�

♦ LQ YLHOHQ ([WUXGDWHQ QHKPHQ GLH 'LPHULVLHUXQJVJUDGH ]X� G�K� GDV PRODUH 9HUKlOWQLV

)6�')6�HVWHU� QLPPW DE�

XQG

GLH 9HUQHW]XQJVJUDGH �Ä(VWHU� E]Z� (WKHU�&URVV�OLQNV³� YHUlQGHUQ VLFK �NHLQH

HLQKHLWOLFKHQ 7HQGHQ]HQ IHVWVWHOOEDU�

⇒ LQVJHVDPW EHVWHKW GLH 7HQGHQ]� GD� GLH %HGHXWXQJ GHU ')6 DOV &URVV�OLQNV LQ GHQ

([WUXGDWHQ ]XQLPPW

$XFK ZHQQ GLH (UJHEQLVVH NHLQH DEVFKOLH�HQGH %HZHUWXQJ GHV (LQIOXVVHV WHFKQRORJL�

VFKHU 9HUDUEHLWXQJVSUR]HVVH DXI GLH 6WUXNWXU XQO|VOLFKHU *HWUHLGHQDKUXQJVIDVHU ]XODVVHQ�

VR PDFKHQ VLH GRFK GHXWOLFK� GD� EHL ]XN�QIWLJHQ )RUVFKXQJHQ ]XU :LUNVDPNHLW YRQ

1DKUXQJVIDVHU QLFKW QXU *HWUHLGHURKVWRIIH VRQGHUQ DXFK YHUDUEHLWHWH 3URGXNWH

EHU�FNVLFKWLJW ZHUGHQ P�VVHQ�
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1DKUXQJVIDVHU KDW YLHOIlOWLJH SRVLWLYH $XVZLUNXQJHQ DXI GLH *HVXQGKHLW GHV 0HQVFKHQ�

GLH YRQ YHUEHVVHUWHU 'DUPSHULVWDOWLN �HUK|KWHV 6WXKOYROXPHQ� YHUULQJHUWH 7UDQVLW]HLW� ELV

]XU J�QVWLJHQ %HHLQIOXVVXQJ RGHU 3UlYHQWLRQ ]DKOUHLFKHU .UDQNKHLWHQ �X�D�

+\SRFKROHVWHULQlPLH� 'LDEHWHV PHOOLWXV� 'LFNGDUPNUHEV� UHLFKHQ�

:LFKWLJH VWUXNWXUJHEHQGH 0LQRUNRPSRQHQWHQ GHU 1DKUXQJVIDVHU VLQG GLH SKHQROLVFKHQ

&DUERQVlXUHQ� ,Q GLHVHU $UEHLW ZXUGHQ 8QWHUVXFKXQJHQ ]XU ,GHQWLIL]LHUXQJ GLPHUHU

SKHQROLVFKHU &DUERQVlXUHQ LQ XQO|VOLFKHU *HWUHLGHQDKUXQJVIDVHU GXUFKJHI�KUW XQG GHU

(LQIOX� WHFKQRORJLVFKHU 9HUDUEHLWXQJVVFKULWWH DXI GDV &URVV�OLQNLQJ LQ GHU XQO|VOLFKHQ

1DKUXQJVIDVHU YHUVFKLHGHQHU *HWUHLGHSURGXNWH DQDO\VLHUW� 'D]X ZXUGHQ GLH

1DKUXQJVIDVHUJHKDOWH� GLH .RKOHQK\GUDW]XVDPPHQVHW]XQJ XQG GLH 3KHQROFDUERQVlXUH�

JHKDOWH HLQHUVHLWV LQ :HL]HQ�� *HUVWH�� +DIHU� XQG 0DLVH[WUXGDWHQ DQGHUHUVHLWV LQ

+DIHUSURGXNWHQ �YRQ 3UREHQ GHU HLQ]HOQHQ 9HUEHLWXQJVVFKULWWH ELV KLQ ]X ([WUXGDWHQ GHU

+DIHUIORFNHQ XQG GHU +DIHUNOHLH� EHVWLPPW�

=XU )UHLVHW]XQJ HVWHUJHEXQGHQHU 3KHQROFDUERQVlXUHQ ZXUGH HLQH PLOGH $ONDOLK\GURO\VH

GXUFKJHI�KUW� HWKHUJHEXQGHQH 3KHQROFDUERQVlXUHQ ZXUGHQ XQWHU GHQ YHUVFKlUIWHQ

%HGLQJXQJHQ HLQHU DONDOLVFKHQ 'UXFNK\GURO\VH DEJHVSDOWHQ� 'LH (QWZLFNOXQJ HLQHU

)HVWSKDVHQH[WUDNWLRQVPHWKRGH HUP|JOLFKWH GLH VHOHNWLYH ,VROLHUXQJ GHU SKHQROLVFKHQ

&DUERQVlXUHQ DXV GHQ +\GURO\VDWHQ� 'LHVHV $XIDUEHLWXQJVYHUIDKUHQ ]HLFKQHW VLFK

JHJHQ�EHU GHU KHUN|PPOLFKHQ )O�VVLJ�)O�VVLJ�([WUDNWLRQ GXUFK HLQHQ HUK|KWHQ

3UREHQGXUFKVDW] EHL YHUHLQIDFKWHU +DQGKDEXQJ XQG HUKHEOLFKHQ (LQVSDUXQJHQ DQ

/|VXQJVPLWWHOQ DXV�

'HU 1DFKZHLV GLPHUHU SKHQROLVFKHU &DUERQVlXUHQ HUIROJWH PLWWHOV *&�06 XQG +3/&�'$'�

,QVJHVDPW ZXUGHQ I�QI 'HK\GURGLPHUH GHU )HUXODVlXUH �')6� XQG HLQ 3KRWRGLPHU

�))�KW�7\S� LQ XQO|VOLFKHU *HWUHLGHQDKUXQJVIDVHU LGHQWLIL]LHUW�

,Q DOOHQ *HWUHLGHSURGXNWHQ VLQG GLPHUH SKHQROLVFKH &DUERVlXUHQ LQ YLHO VWlUNHUHP 0D�H

DQ (WKHUELQGXQJHQ ]XP /LJQLQ� G�K� Ä(WKHU�&URVV�OLQNV³� EHWHLOLJW DOV PRQRPHUH

3KHQROFDUERQVlXUHQ� $X�HUGHP �EHUZLHJW GHU $QWHLO HWKHUJHEXQGHQHU ')6 GHQ GHU

HVWHUJHEXQGHQHQ ')6� ZHOFKHV GLH %HGHXWXQJ GHU ')6 QLFKW QXU DOV &URVV�OLQNV ]ZLVFKHQ

$UDELQR[\ODQHQ VRQGHUQ DXFK ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ LQ XQO|VOLFKHU

*HWUHLGHQDKUXQJVIDVHU KHUYRUKHEW�

$XIJUXQG GHU WHFKQRORJLVFKHQ 9HUDUEHLWXQJ Ol�W VLFK VRZRKO LQ GHQ *HWUHLGH�([WUXGDWHQ

DOV DXFK GHQ +DIHUSURGXNWHQ JU|�WHQWHLOV HLQH OHLFKWH =XQDKPH GHU O|VOLFKHQ XQG HLQH

OHLFKWH $EQDKPH GHU XQO|VOLFKHQ 1DKUXQJVIDVHU EHREDFKWHQ�

'LH %LQGXQJVIRUPHQ XQG 'LPHULVLHUXQJVJUDGH GHU SKHQROLVFKHQ &DUERQVlXUHQ ZHUGHQ

GXUFK GLH 9HUDUEHLWXQJ�([WUXVLRQ DXI YLHOIlOWLJH :HLVH EHHLQIOX�W� 'LH $XVZLUNXQJHQ GHU

([WUXVLRQ LP %H]XJ DXI ')6�*HKDOWH XQG �9HUWHLOXQJHQ XQWHUVFKHLGHQ VLFK VRZRKO

]ZLVFKHQ *HWUHLGHDUWHQ DOV DXFK LQQHUKDOE HLQHU *HWUHLGHDUW�

$XV GHQ PRODUHQ 9HUKlOWQLVVHQ GHU ')6 ]X GHQ $UDELQRVHUHVWHQ GHU $UDELQR[\ODQH NDQQ

HLQHUVHLWV GHU 9HUQHW]XQJVJUDG GHU 3RO\VDFFKDULGH �Ä(VWHU�&URVV�OLQNV³� DQGHUHUVHLWV GHU

9HUQHW]XQJVJUDG ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ �Ä(WKHU�&URVV�OLQNV³� DEJHOHVHQ

ZHUGHQ� 7HQGHQWLHOO LVW DXIJUXQG GHU LQ YLHOHQ ([WUXGDWHQ VWHLJHQGHQ 9HUQHW]XQJVJUDGH

HLQH =XQDKPH GHU %HGHXWXQJ GHU ')6 DOV &URVV�OLQNV VRZRKO ]ZLVFKHQ 3RO\VDFFKDULGHQ

DOV DXFK ]ZLVFKHQ 3RO\VDFFKDULGHQ XQG /LJQLQ IHVW]XVWHOOHQ�
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'LHWDU\ ILEHU KDV EHHQ VKRZQ WR KDYH PDQ\ EHQHILFLDO HIIHFWV RQ KXPDQ KHDOWK� 7KHLU

SK\VLRORJLFDO HIIHFWV VXFK DV JDVWURLQWHVWLQDO HPSW\LQJ �IDHFDO EXONLQJ� LQWHVWLQDO WUDQVLW

WLPH� DQG SUHYHQWLRQ RI PDQ\ GLVHDVHV �L�H� ORZHULQJ EORRG FKROHVWHURO� GLDEHWHV� FRORQ

FDQFHU� DUH ZHOO GRFXPHQWHG�

7RSLFV RI WKH SUHVHQW WKHVLV ZHUH WKH DQDO\VLV RI GLPHULF SKHQROLF DFLGV LQ LQVROXEOH FHUHDO

GLHWDU\ ILEHU DQG VWXGLHV RQ WKH HIIHFWV RI WHFKQRORJLFDO SURFHVVLQJ RQ FURVV�OLQNLQJ RI

LQVROXEOH GLHWDU\ ILEHU RI VHYHUDO FHUHDO �H[WUXVLRQ�SURGXFWV�

'LHWDU\ ILEHU FRQWHQWV� FDUERK\GUDWH FRPSRVLWLRQ DQG SKHQROLF DFLG FRQWHQWV ZHUH

GHWHUPLQHG LQ H[WUXVLRQ SURGXFWV RI ZKHDW� EDUOH\� RDW DQG PDL]H DV ZHOO DV LQ RDW

SURGXFWV �VDPSOHV RI HDFK SURGXFWLRQ VWHS DQG H[WUXGDWHV RI RDW IODNHV DQG RDW EUDQ��

(VWHULILHG SKHQROLF DFLGV ZHUH UHOHDVHG E\ PLOG DONDOLQH K\GURO\VLV ZKLOH FOHDYDJH RI

HWKHULILHG SKHQROLF DFLGV QHHGHG PRUH VHYHUH FRQGLWLRQV DQG KLJK SUHVVXUH DONDOLQH

K\GURO\VLV ZDV XVHG� 6HOHFWLYH LVRODWLRQ RI SKHQROLF DFLGV IURP WKH K\GURO\VDWHV ZDV

DFKLHYHG E\ VROLG SKDVH H[WUDFWLRQ �&�� FDUWULGJHV� ZKLFK DOORZHG D KLJK VDPSOH

WKURXJKSXW DW HDV\ KDQGOLQJ DQG VDYHG VROYHQWV FRPSDUHG WR OLTXLG�OLTXLG H[WUDFWLRQ�

,GHQWLILFDWLRQ RI GLPHULF SKHQROLF DFLGV ZDV FDUULHG RXW E\ JDVFKURPDWRJUDSK\�PDVV

VSHFWURVFRS\ DQG KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ � GLRGH DUUD\ GHWHFWLRQ�

)LYH IHUXOLF DFLG GHK\GURGLPHUV �')6� DQG RQH SKRWRGLPHU �))�KW�W\SH� ZHUH LGHQWLILHG LQ

LQVROXEOH FHUHDO GLHWDU\ ILEHU�

'LPHULF SKHQROLF DFLGV DUH PXFK PRUH LQYROYHG LQ HWKHUOLQNDJHV WR OLJQLQ �ÄHWKHU�FURVV�

OLQNV³� WKDQ PRQRPHULF SKHQROLF DFLGV �IHUXOLF DQG S�FRXPDULF DFLG�� %HVLGHV PRUH

HWKHUOLQNHG WKDQ HVWHUOLQNHG ')6 RFFXUHG ZKLFK LPSOLHV WKH LPSRUWDQFH RI ')6 LQ FURVV�

OLQNLQJ QRW RQO\ SRO\VDFFKDULGHV E\ ÄHVWHU�FURVV�OLQNV³ EXW DOVR SRO\VDFFKDULGHV DQG OLJQLQ

�ÄHWKHU�FURVV�OLQNV³��

,Q FHUHDO H[WUXVLRQ SURGXFWV DV ZHOO DV LQ RDW SURGXFWV LQ PRVW FDVHV D VOLJKW LQFUHDVH RI

VROXEOH GLHWDU\ ILEHU DQG D VOLJKW GHFUHDVH RI LQVROXEOH GLHWDU\ ILEHU ZDV REVHUYHG�

7KH NLQG RI OLQNDJHV DQG H[WHQW RI GLPHUL]DWLRQ RI SKHQROLF DFLGV ZHUH DIIHFWHG E\

SURFHVVLQJ�H[WUXVLRQ LQ PDQLIROG ZD\V� (IIHFWV GLIIHUHG QRW RQO\ EHWZHHQ FHUHDO VSHFLHV

EXW DOVR EHWZHHQ H[WUXVLRQ SURGXFWV RI RQH FHUHDO�

0RODU ')6�DUDELQRVH UDWLRV DUH XVHIXO WR HOXFLGDWH RQ RQH KDQG WKH H[WHQW RI

SRO\VDFFKDULGH FURVV�OLQNLQJ �HVWHU�FURVV�OLQNV� DQG RQ WKH RWKHU KDQG FURVV�OLQNLQJ

EHWZHHQ SRO\VDFFKDULGHV DQG OLJQLQ �HWKHU�FURVV�OLQNV�� %HFDXVH RI GHFUHDVLQJ PRODU

')6�DUDELQRVH UDWLRV LQ FHUHDO H[WUXGDWHV DQ LQFUHDVLQJ LPSRUWDQFH RI HVWHU� DQG HWKHU�

FURVV�OLQNV LQ FHUHDO H[WUXVLRQ SURGXFWV LV VXSSRVHG�
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$+/8:$/,$� %�� )5<� 6�&� ������ %DUOH\ HQGRVSHUP FHOO ZDOOV FRQWDLQ D IHUR\ODWHG DUDELQR[\ODQ DQG

D QRQ�IHUXOR\ODWHG ��JOXFDQ� -� &HUHDO 6FL� � �������

$1'(56621 + ������ 5HVLVWDQW VWDUFK� (XU� -� &OLQ� 1XWU� �� �6XSSO� �� 6���6��

$1'5(:$57+$ .$� 3+,//,36 '5� 6721( %$ ������ 6ROXWLRQ SURSHUWLHV RI ZKHDW�IORXU DUDELQR[\ODQV

DQG HQ]\PLFDOO\ PRGLILHG DUDELQR[\ODQV� &DUERK\GU� 5HV� �� �������

$=80$ -� .$72 $� .26+,-,0$ 7� 2.$085$ . ������ $UDELQRV\O[\ORWULRVH PL[HGO\ HVWHULILHG ZLWK DFHWLF

DQG IHUXOLF DFLGV IURP VXJDU FDQH EDJDVVH� $JULF� %LRO� &KHP� �� ���������

%$572/20( %� )$8/'6 &%� .5221 3$� .�:$/'521� *,/%(57 +-� +$=/(:22' *� :,//,$0621 * ������

$Q $VSHUJLOOXV QLJHU HVWHUDVH �IHUXOLF DFLG HVWHUDVH ,,,� DQG D UHFRPELQDQW 3VHXGRPRQDV

IOXRUHVFHQV VXEVS� FHOOXORVD HVWHUDVH �;\O'� UHOHDVH D ���
 IHUXOLF GHK\GURGLPHU �GLIHUXOLF DFLG�

IURP EDUOH\ DQG ZKHDW FHOO ZDOOV� $SSO� (QYLURQ� 0LFURELRO� �� �������

%(1$66, 07� &(&&+, +0 ������ 0HWKRG GHYHORSPHQW IRU WKH VLPXOWDQHRXV GHWHUPLQDWLRQ RI

FDUER[\OLF DFLGV� SKHQROLF FRPSRXQGV� DQG VRUELF DFLG LQ ZKLWH ZLQHV�

-� /LT� &KURP� 	 5HO� 7HFKQRO� �� �������

%J99 �%XQGHVDPW I�U JHVXQGKHLWOLFKHQ 9HUEUDXFKHUVFKXW] XQG 9HWHULQlUPHGL]LQ� ������ LQ�

$PWOLFKH 6DPPOXQJ YRQ 8QWHUVXFKXQJVYHUIDKUHQ QDFK ��� /0%*� %HXWK 9HUODJ� %HUOLQ

%,(50$11 &- ������ +\GURO\VLV DQG RWKHU FOHDYDJHV RI JO\FRVLGLF OLQNDJHV LQ SRO\VDFFKDULGHV�

$GY� &DUERK\GU� &KHP� %LRFKHP� �� �������

%-g5&. ,� 1<0$1 0� $63 1�* ������ ([WUXVLRQ FRRNLQJ DQG GLHWDU\ ILEHU� HIIHFWV RQ GLHWDU\ ILEHU

FRQWHQW DQG RQ GHJUDGDWLRQ LQ WKH UDW LQWHVWLQDO WUDFW� &HUHDO &KHP� �� �������

%/$.(1(< $%� +$55,6 3-� +(15< 5-� 6721( %$ ������ $ VLPSOH DQG UDSLG SUHSDUDWLRQ RI DOGLWRO

DFHWDWHV IRU PRQRVDFFKDULGH DQDO\VLV� &DUERK\GU� 5HV� ��� �������

%85.,77 '3� 752:(// + ������ 5HGHILQHG FDUERK\GUDWH IRRGV DQG GLVHDVH�

$FDGHPLF 3UHVV� 1HZ <RUN

&$&&$0(6( 6� 0217$8'2 *� 35=<%</6., 0 ������ 3KRWRGLPHUV RI FLQQDPLF DFLG DQG UHODWHG

FRPSRXQGV� $ VWHUHRFKHPLFDO VWXG\ E\ HOHFWURQ�LPSDFW DQG ILHOG GHVRUSWLRQ PDVV VSHFWURPHWU\�

2UJ� 0DVV� 6SHFWURP� � ���������

&$0,5( 0(� )/,17 6, ������ 7KHUPDO SURFHVVLQJ HIIHFWV RQ GLHWDU\ ILEHU FRPSRVLWLRQ DQG K\GUDWLRQ

FDSDFLW\ LQ FRUQ PHDO� RDW PHDO� DQG SRWDWR SHHOV� &HUHDO &KHP� �� �������

&+(1 -� )$/(6 6/� 9$5*$ *$� 52<6( '- ������ %LRGHJUDGDELOLW\ RI IUHH PRQRPHULF DQG FHOO�ZDOO�

ERXQG SKHQROLF DFLGV LQ PDL]H VWRYHU E\ WZR VWUDLQV RI ZKLWH�URW IXQJL�

-� 6FL� )RRG $JULF� �� �������

&+(6621 $� 3529$1 *-� 5866(// :5� 6&2%%,( /� 5,&+$5'621 $-� 67(:$57 & ������ +\GUR[\FLQQDPLF

DFLGV LQ WKH GLJHVWLYH WUDFW RI OLYHVWRFN DQG KXPDQV� -� 6FL� )RRG $JULF� �� �������

&,8&$18 ,� .(5(. ) ������ $ VLPSOH DQG UDSLG PHWKRG IRU WKH SHUPHWK\ODWLRQ RI FDUERK\GUDWHV�

&DUERK\GU� 5HV� ��� �������

&2/48+281 ,-� 5$/(7 0&� 7+,%$8/7 -)� )$8/'6 &%� :,//,$0621 * ������ 6WUXFWXUH LGHQWLILFDWLRQ RI

IHUXOR\ODWHG ROLJRVDFFKDULGHV IURP VXJDU�EHHW SXOS E\ 105 VSHFWURVFRS\�

&DUERK\GU� 5HV� ��� �������

(/9(%$. ,, /(� .12:/(6 9� *5$< *5 ������ $XWKHQWLF VWDQGDUGV IRU WKH UHGXFWLYH�FOHDYDJH PHWKRG�

7KH SRVLWLRQDO LVRPHUV RI SDUWLDOO\ PHWK\ODWHG DQG DFHW\ODWHG RU EHQ]R\ODWHG ����DQK\GUR�'�

[\OLWRO� &DUERK\GU� 5HV� ��� �������

(5$62 )� +$57/(< 5' ������ 0RQRPHULF DQG GLPHULF SKHQROLF FRQVWLWXHQWV RI SODQW FHOO ZDOOV �

SRVVLEOH IDFWRUV LQIOXHQFLQJ ZDOO ELRGHJUDGDELOLW\� -� 6FL� )RRG $JULF� �� �������

)(/'+(,0 : ������ 9HUZHUWEDUH XQG QLFKW YHUZHUWEDUH .RKOHQK\GUDWH � 'HILQLWLRQ XQG FKHPLVFKH

%HVWLPPXQJVYHUIDKUHQ� (UQlKU��8PVFK� �� �����

)(/'+(,0 : ������ 1HXHV YRQ GHQ %DOODVWVWRIIHQ XQWHU EHVRQGHUHU %HU�FNVLFKWLJXQJ YRQ 6RMDNOHLH�

(UQlKU��8PVFK� �� �������

),*8(52$�(63,12=$ 0&� 528$8 ; ������ 2[LGDWLYH FURVV�OLQNLQJ RI SHQWRVDQV E\ D IXQJDO ODFFDVH

DQG KRUVHUDGLVK SHUR[LGDVH� PHFKDQLVP RIOLQNDJH EHWZHHQ IHUXOR\ODWHG DUDELQR[\ODQV�

&HUHDO &KHP� �� �������

),1&+(5 *%� 6721( %$� &HOO ZDOOV DQG WKHLU FRPSRQHQWV LQ FHUHDO JUDLQ WHFKQRORJ\� LQ� $GYDQFHV LQ

FHUHDO VFLHQFH DQG WHFKQRORJ\ � <� 3RPHUDQ]� 9RO� �� $PHULFDQ $VVRFLDWLRQ RI &HUHDO &KHPLVWV

����� SS ��������
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)25' &: ������ 'HDF\ODWLRQ DQG FOHDYDJH RI FHOO ZDOOV RI SDQJROD JUDVV ZLWK ERURK\GULGH�

3K\WRFKHPLVWU\ �� �������

)25' &:� +$57/(< 5' ������ ,GHQWLILFDWLRQ RI SKHQROV� SKHQROLF DFLG GLPHUV� DQG PRQRVDFFKDULGHV

E\ JDV�OLTXLG FKURPDWRJUDSK\ RQ D FDSLOODU\ FROXPQ�

-� &KURPDWRJU� ��� �������

)25' &:� +$57/(< 5' ������ *&�06 FKDUDFWHULVDWLRQ RI F\FORGLPHUV IURP S�FRXPDULF DQG IHUXOLF

DFLGV E\ SKRWRGLPHULVDWLRQ � D SRVVLEOH IDFWRU LQIOXHQFLQJ FHOO ZDOO ELRGHJUDGDELOLW\�

-� 6FL� )RRG $JULF� �� �������

)5(8'(1+(,0 -/� *5$+$0 6� 0$56+$// -5� +$8*+(< %3� :,//,$0621 * ������ $ FDVH�FRQWURO VWXG\ RI

GLHW DQG UHFWDO FDQFHU LQ ZHVWHUQ 1HZ <RUN� $P� -� (SLGHPLDO� ��� �������

)5,7= -2� 0225( .- ������ 6HSDUDWLRQ DQG TXDQWLILFDWLRQ RI OLJQLQ�GHULYHG SKHQROLF PRQRPHUV

XVLQJ KLJK�UHVROXWLRQ JDV FKURPDWRJUDSK\� -� $JULF� )RRG &KHP� �� �������

)5< 6& ������ 3KHQROLF FRPSRQHQWV RI WKH SULPDU\ FHOO ZDOO� %LRFKHP� -� ��� �������

)5< 6& ������ )HUXOR\ODWHG SHFWLQV IURP WKH SULPDU\ FHOO ZDOO� WKHLU VWUXFWXUH DQG SRVVLEOH

IXQFWLRQV� 3ODQWD ��� �������

*$5&,$�&21(6$ 07� 3/80% *:� .5221 3$� :$//$&( *� :,//,$0621 * ������ $QWLR[LGDQW SURSHUWLHV RI

IHUXOLF DFLG GLPHUV� 5HGR[ 5HSRUW � �������

*$5&,$�&21(6$ 07� :,/621 3'� 3/80% *:� 5$/3+ -� :,//,$0621 * ������ $QWLR[LGDQW SURSHUWLHV RI

���
�GLK\GUR[\����
�GLPHWKR[\�β�β
�ELFLQQDPLF DFLG �����GLIHUXOLF DFLG� QRQ�F\FOLF IRUP��

-� 6FL� )RRG $JULF� �� �������

*(,660$11 7� 1(8.20 + ������ $ QRWH RQ IHUXOLF DFLG DV D FRQVWLWXHQW RI WKH ZDWHU�LQVROXEOH

SHQWRVDQV RI ZKHDW IORXU� &HUHDO &KHP� �� �������

*,29$118&&, (� 67$03)(5 0-� &2/',7= *� 5,00 (%� :8,//(77 :& ������ 5HODWLRQVKLS RI GLHW WR ULVN RI

FRORUHFWDO DGHQRPD LQ PHQ� -� 1DWO� &DQFHU ,QVW� �� �����

*/2:1,$. .� *5$=<1$ =� 0$/*25=$7$ . ������ 6ROLG�SKDVH H[WUDFWLRQ DQG UHYHUVHG�SKDVH KLJK�

SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ RI IUHH SKHQROLF DFLGV LQ VRPH (FKLQDFHD VSHFLHV�

-� &KURPDWRJU� ��� �����

*5$%%(5 -+� +$7),(/' 5'� 5$/3+ - �����D� 'LIHUXODWH FURVV�OLQNV LPSHGH WKH HQ]\PDWLF GHJUDGDWLRQ

RI QRQOLJQLILHG PDL]H ZDOOV� -� 6FL� )RRG $JULF� � �������

*5$%%(5 -+� +$7),(/' 5'� 5$/3+ -� =21 -� $05+(,1 1 ������ )HUXODWH FURVV�OLQNLQJ LQ FHOO ZDOOV

LVRODWHG IURP PDL]H FHOO VXVSHQVLRQV� 3K\WRFKHPLVWU\ �� ���������

*5$%%(5 -+� 5$/3+ -� +$7),(/' 5' �����E� )HUXODWH FURVV�OLQNV OLPLW WKH HQ]\PDWLF GHJUDGDWLRQ RI

V\QWKHWLFDOO\ OLJQLILHG SULPDU\ ZDOOV RI PDL]H� -� $JULF� )RRG &KHP� �� ���������

*5$) ( ������ $QWLR[LGDQW SRWHQWLDO RI IHUXOLF DFLG� )UHH 5DGLF� %LRO� 0HG� �� �������

*8%/(5 )� $6&+)25' $(� %$&,& $� %/$.(1(< $%� 6721( %$ ������ 5HOHDVH RI IHUXOLF DFLG HVWHUV IURP

EDUOH\ DOHXURQH� ,,� &KDUDFWHUL]DWLRQ RI WKH IHUXOR\O FRPSRXQGV UHOHDVHG LQ UHVSRQVH WR *$��

$XVW� -� 3ODQW 3K\VLRO� �� �������

+$*(50$1 $(� 1,&+2/621 5/ ������ +LJK�SHUIRUPDQFH OLTXLG FKURPDWRJUDSKLF GHWHUPLQDWLRQ RI

K\GUR[\FLQQDPLF DFLGV LQ WKH PDL]H PHVRFRW\O� -� $JULF� )RRG &KHP� �� ���������

+$57/(< 5'� %8&+$1 + ������ +LJK�SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ RI SKHQROLF DFLGV DQG

DOGHK\GHV GHULYHG IURP SODQWV RU IURP WKH GHFRPSRVLWLRQ RI RUJDQLF PDWWHU LQ VRLO�

-� &KURPDWRJU� ��� �������

+$57/(< 5'� 0255,621 ,,, :+ ������ 0RQRPHULF DQG GLPHULF SKHQROLF DFLGV UHOHDVHG IURP FHOO ZDOOV

RI JUDVVHV E\ VHTXHQWLDO WUHDWPHQW ZLWK VRGLXP K\GUR[LGH� -� 6FL� )RRG $JULF� �� �������

+$57/(< 5'� 0255,621 ,,, :+� %$/=$ )� 72:(56 *+1 �����D� 6XEVWLWXWHG WUX[LOOLF DQG WUX[LQLF DFLGV

LQ FHOO ZDOOV RI &\QRGRQ GDFW\ORQ� 3K\WRFKHPLVWU\ �� ���������

+$57/(< 5'� 0255,621 ,,, :+� %251(0$11 :6� 5,*6%< //� 2
1(,// 0� +$11$ ::� $.,1 '( ������

3KHQROLF FRQVWLWXHQWV RI FHOO ZDOO W\SHV RI QRUPDO DQG EURZQ PLGULE PXWDQWV RI SHDUO PLOOHW

�3HQQLVHWXP JODXFXP �/� 5 %U� LQ UHODWLRQ WR ZDOO ELRGHJUDGDELOLW\�

-� 6FL� )RRG $JULF� �� �������

+$57/(< 5'� 0255,621 ,,, :+� +,00(/6%$&+ '6� %251(0$1 :6 �����E� &URVV�OLQNLQJ RI FHOO ZDOO

SKHQROLF DUDELQR[\ODQV LQ JUDPLQDFHRXV SODQWV� 3K\WRFKHPLVWU\ �� ���������

+$57/(< 5'� -21(6 (&� :22' 70 ������ &DUERK\GUDWHV DQG FDUERK\GUDWH HVWHUV RI IHUXOLF DFLG

UHOHDVHG IURP FHOO ZDOOV RI /ROLXP PXOWLIORUXP E\ WUHDWPHQW ZLWK FHOOXORO\WLF HQ]\PHV�

3K\WRFKHPLVWU\ �� �������

+$57/(< 5'� :+$7/(< )5� +$55,6 3- ������ ���
�'LK\GUR[\WUX[LOOLF DFLG DV D FRPSRQHQW RI FHOO ZDOOV

RI /ROLXP PXOWLIORUXP� 3K\WRFKHPLVWU\ �� �������
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+$7),(/' 5'� 5$/3+ -� *5$%%(5 -+ ������ &HOO ZDOO FURVV�OLQNLQJ E\ IHUXODWHV DQG GLIHUXODWHV LQ

JUDVVHV� -� 6FL� )RRG $JULF� �� �������

+(,06 + ������ %HVWLPPXQJ GHU 6WUXNWXU GHU ZDVVHUXQO|VOLFKHQ 1DKUXQJVIDVHU DXV *HWUHLGH�

'LVVHUWDWLRQ� 8QLYHUVLWlW +DPEXUJ

+(,06 +� 67(,1+$57 +� 0,6&+1,&. 3 ������ 'HWHUPLQDWLRQ RI WKH VWUXFWXUH RI SHQWRVH�FRQWDLQLQJ

FDUERK\GUDWHV E\ WKH UHGXFWLYH�FOHDYDJH PHWKRG� &DUERK\GU� 5HV� ��� �������

+(550$11 . ������ 2FFXUHQFH DQG FRQWHQW RI K\GUR[\FLQQDPLF DQG K\GUR[\EHQ]RLF DFLG

FRPSRXQGV LQ IRRGV� &5& &ULW� 5HY� )RRG 6FL� 1XWU� �� �������

+,00(/6%$&+ '6� +$57/(< 5'� %251(0$11 :6� 3233( /� +$/%((. 9$1 + ������ 6WUXFWXUH RI D

IHUXOR\ODWHG DUDELQR[\ODQ WUHWUDVDFFKDULGH WKDW FRQWDLQV WKH β�'�;\OS����!���α�/�$UDI HOHPHQW

E\ �+ DQG ��& 105 VSHFWURVFRS\� 0DJQ� 5HV� &KHP� �� �������

+,36/(< (+ ������ 'LHWDU\ ILEHU DQG SUHJQDQF\ WR[DHPLD� %ULW� 0HG� -� �� �������

+2:( *5� %(1,72 (� &$67(//(72 5� &251(( -� (67(9( -� *$//$*+(5 53� ,6&29,&+ -0� '(1*�$2 -� .$$.6 5�

.81( *$ ������ 'LHWDU\ LQWDNH RI ILEHU DQG GHFUHDVHG ULVN RI FDQFHUV RI WKH FRORQ DQG UHFWXP�

HYLGHQFH IURP WKH FRPELQHG DQDO\VLV RI �� FDVH�FRQWURO VWXGLHV�

-� 1DWO� &DQFHU ,QVW� �� ���������

+8$1* 07� 60$57 5&� :21* &�4� &211(< $+ ������ ,QKLELWRU\ HIIHFW RI FXUFXPLQ� FKORURJHQLF DFLG�

FDIIHLF DFLG� DQG IHUXOLF DFLG RQ WXPRU SURPRWLRQ LQ PRXVH VNLQ E\ ���2�WHWUDGHFDQR\OSKRUERO�

���DFHWDWH� &DQFHU 5HV� �� ���������

+86(. 3 ������ )DVW GHULYDWL]DWLRQ DQG *& DQDO\VLV RI SKHQROLF DFLGV�

&KURPDWRJUDSKLD �� �������

,,<$0$ .� /$0 7%7� 6721( %$ ������ 3KHQROLF DFLG EULGJHV EHWZHHQ SRO\VDFFKDULGHV DQG OLJQLQ LQ

ZKHDW LQWHUQRGHV� 3K\WRFKHPLVWU\ �� �������

,,<$0$ .� /$0 7%7� 6721( %$ ������ &RYDOHQW FURVV�OLQNV LQ WKH FHOO ZDOO�

3ODQW 3K\VLRO� ��� �������

,6+,, 7 ������ ,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI D GLIHUXOR\O DUDELQR[\ODQ KH[DVDFFKDULGH IURP

EDPERR VKRRW FHOO�ZDOOV� &DUERK\GU� 5HV� ��� �����

,6+,, 7 ������ )HUXOR\O ROLJRVDFFKDULGHV IURP FHOO ZDOOV RI VXVSHQVLRQ�FXOWXUHG VSLQDFK FHOOV DQG

VXJDU EHHW SXOS� 3ODQW &HOO 3K\VLRO� �� �������

,6+,, 7� +,52, 7 �����D� /LQNDJH RI SKHQROLF DFLGV WR FHOO�ZDOO SRO\VDFFKDULGHV RI EDPERR VKRRW�

&DUERK\GU� 5HV� ��� �������

,6+,, 7� +,52, 7 �����E� ,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI IHUXOR\ODWHG DUDELQR[\ODQ ROLJRVDFFKD�

ULGHV IURP EDPERR VKRRW FHOO�ZDOOV� &DUERK\GU� 5HV� ��� �������

,6+,, 7� +,52, 7� 7+20$6 -5 ������ )HUXOR\ODWHG [\ORJOXFDQ DQG S�FRXPDUR\O DUDELQR[\ODQ

ROLJRVDFFKDULGHV IURP EDPERR VKRRW FHOO�ZDOOV� 3K\WRFKHPLVWU\ �� ���������

,6+,, 7� 72%,7$ 7 ������ 6WUXFWXUDO FKDUDFWHUL]DWLRQ RI IHUXOR\O ROLJRVDFFKDULGHV IURP VSLQDFK�OHDI

FHOO ZDOOV� &DUERK\GU� 5HV� ��� �������

,=<'25&=<. 06� %,/,$'(5,6 &* ������ &HUHDO DUDELQR[\ODQV� DGYDQFHV LQ VWUXFWXUH DQG

SK\VLFRFKHPLFDO SURSHUWLHV� &DUERK\GU� 3RO\P� �� �����

-$48(7 *� 32//(7 %� /$3,(55( & ������ 1HZ HWKHU�OLQNHG IHUXOLF DFLG � FRQLIHU\O DOFRKRO GLPHUV

LGHQWLILHG LQ JUDVV VWUDZV� -� $JULF� )RRG &KHP� �� ���������

-25*(16(1 $'� 3,&(/ .&� 67$028',6 9& ������ 3UHGLFWLRQ RI JDV FKURPDWRJUDSK\ IODPH LRQL]DWLRQ

GHWHFWRU UHVSRQVH IDFWRUV IURP PROHFXODU VWUXFWXUHV� $QDO� &KHP� �� �������

-81* +-*� 6+$/,7$�-21(6 6& ������ 9DULDWLRQ LQ WKH H[WUDFWDELOLW\ RI HVWHULILHG S�FRXPDULF DQG

IHUXOLF DFLGV IURP IRUDJH FHOO ZDOOV� -� $JULF� )RRG &KHP� �� �������

.$,6(5 5� *2776&+$/. * ������ (OHPHQWDUH 7HVWV ]XU %HXUWHLOXQJ YRQ 0H�GDWHQ� %G� ���� %,�

+RFKVFKXOWDVFKHQEXFK� %LEOLRJUDSKLVFKHV ,QVWLWXW� 0DQQKHLP

.$0,6$.$ 6� 7$.('$ 6� 7$.$+$6+, .� 6+,%$7$ . ������ 'LIHUXOLF DQG IHUXOLF DFLG LQ WKH FHOO ZDOO RI

$YHQD FROHRSWLOHV � WKHLU UHODWLRQVKLSV WR PHFKDQLFDO SURSHUWLHV RI WKH FHOO ZDOO�

3K\VLRO� 3ODQW� �� ���

.$72 $� $=80$ -� .26+,-,0$ 7 ������ ,VRODWLRQ DQG LGHQWLILFDWLRQ RI D QHZ IHUXOR\ODWHG

WHWUDVDFFKDULGH IURP EDJDVVH OLJQLQ�FDUERK\GUDWH FRPSOH[ FRQWDLQLQJ SKHQROLF DFLG�

$JULF� %LRO� &KHP� �� ���������

.$72 <� 1(9,16 '- ������ ,VRODWLRQ DQG LGHQWLILFDWLRQ RI 2����2�)HUXOR\O�α�/�DUDELQRIXUDQRV\O��
��→���2���'�[\ORS\UDQRV\O���→���'�[\ORS\UDQRVH DV D FRPSRQHQW RI =HD VKRRW FHOO�ZDOOV�

&DUERK\GU� 5HV� ��� �������
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.(50$6+$ 6� *2(7*+(%(85 0� '80217 - ������ 'HWHUPLQDWLRQ RI SKHQROLF FRPSRXQG SURILOHV LQ

PDSOH SURGXFWV E\ KLJK�SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\�

-� $JULF� )RRG &KHP� �� �������

.,:,77�+$6&+(0,( . ������ +\GURNROORLGH � %HLWUDJ ]XU VWUXNWXUHOOHQ &KDUDNWHULVLHUXQJ YRQ

1LFKWVWlUNH�3RO\VDFFKDULGHQ XQG LKUHP 1DFKZHLV LQ /HEHQVPLWWHOQ� 'LVVHUWDWLRQ� 8QLYHUVLWlW

+DPEXUJ

.,:,77�+$6&+(0,( .� 5(1*(5 $� 67(,1+$57 + ������ $ FRPSDULVRQ EHWZHHQ UHGXFWLYH FOHDYDJH DQG

VWDQGDUG PHWK\ODWLRQ DQDO\VLV IRU GHWHUPLQLQJ VWUXFWXUDO IHDWXUHV RI JDODFWRPDQQDQV�

&DUERK\GU� 3RO\P� �� �����

.5221 3$� )$8/'6 &%� 5<'(1 3� 52%(57621 -$� :,//,$0621 * ������ 5HOHDVH RI FRYDOHQWO\ ERXQG

IHUXOLF DFLG IURP ILEHU LQ WKH KXPDQ FRORQ� -� $JULF� )RRG &KHP� �� �������

.5221 3$� )$8/'6 *%� 5<'(1 3� :,//,$0621 * ������ 6ROXELOLVDWLRQ RI IHUXOLF DFLG IURP SODQW FHOO

ZDOO PDWHULDOV LQ D PRGHO KXPDQ JXW V\VWHP� %LRFKHP� 6RF� 7UDQV� �� ���6

.5221 3$� *$5&,$�&21(6$ 07� ),//,1*+$0 ,-� +$=/(:22' *3� :,//,$0621 * ������ 5HOHDVH RI IHUXOLF

DFLG GHK\GURGLPHUV IURP SODQW FHOO ZDOOV E\ IHUXOR\O HVWHUDVHV�

-� 6FL� )RRG $JULF� �� �������

.h+1$8 -� *$1�0$11: �+56*�� ������ +DIHU � (LQ (OHPHQW GHU PRGHUQHQ (UQlKUXQJ� 8PVFKDX

9HUODJ� )UDQNIXUW D�0�

/$0 7%7� ,,<$0$ .� 6721( %$ ������ &LQQDPLF DFLG EULGJHV EHWZHHQ FHOO ZDOO SRO\PHUV LQ ZKHDW DQG

SKDODULV LQWHUQRGHV� 3K\WRFKHPLVWU\ �� ���������

/(+721(1 .� .(72/$ 0 ������ 'HULYDWL]DWLRQ RI SKHQROLF DFLGV IRU FDSLOODU\ JDV FKURPDWRJUDSK\ ZLWK

K\GURJHQ IODPH LRQL]DWLRQ DQG HOHFWURQ�FDSWXUH GHWHFWLRQ� -� &KURPDWRJU� ��� �������

/(03(5(85 ,� 528$8 ;� $%(&$66,6 - ������ *HQHWLF DQG DJURQRPLF YDULDWLRQ LQ DUDELQR[\ODQ DQG

IHUXOLF DFLG FRQWHQWV RI GXUXP ZKHDW �7ULWLFXP GXUXP /�� JUDLQ DQG LWV PLOOLQJ IUDFWLRQV�

-� &HUHDO 6FL� �� �������

/(:,6 %$ ������ 'LHWDU\ ILEHU� LQ� (QF\FORSHG\ RI FKHPLFDO WHFKQRORJ\� .,5. 5(� 27+0(5 ')�

.526+:,7= -)� +2:(�*5$17 0 �HGV��� 9RO� ��� -RKQ :LOH\ 	 6RQV� 1HZ <RUN� SS �������

/2&+(5 5� 0$57,1 +9� *5,621 5� 3,/(7 3( ������ &HOO ZDOO�ERXQG WUDQV� DQG FLV�IHUXOLF DFLGV LQ

JURZLQJ PDL]H URRWV� 3K\VLRO� 3ODQW� �� �������

0$5.:$/'(5 +8� 1(8.20 + ������ 'LIHUXOLF DFLG DV D SRVVLEOH FURVVOLQN LQ KHPLFHOOXORVHV IURP

ZKHDW JHUP� 3K\WRFKHPLVWU\ �� �������

0&&$//80 -$� :$/.(5 -5/ ������ 3KHQROLF ELRV\QWKHVLV GXULQJ JUDLQ GHYHORSPHQW LQ ZKHDW

�7ULWLFXP DHVWLYXP /�� ,,,� &KDQJHV LQ K\GUR[\FLQQDPLF DFLGV GXULQJ JUDLQ GHYHORSPHQW�

-� &HUHDO 6FL� �� �������

0&'28*$// *-� 0255,621 ,0� 67(:$57 '� +,//0$1 -5 ������ 3ODQW FHOO ZDOOV DV GLHWDU\ ILEUH� UDQJH�

VWUXFWXUH� SURFHVVLQJ DQG IXQFWLRQ� -� 6FL� )RRG $JULF� �� �������

0&,17<5( $� *,%621 35� <281* *3 ������ %XW\UDWH SURGXFWLRQ IURP GLHWDU\ ILEUH DQG SURWHFWLRQ

DJDLQVW ODUJH ERZHO FDQFHU LQ D UDW PRGHO� *XW �� �������

0&,17<5( $� <281* *3� 7$5$172 7� *,%621 35� :$5' 3% ������ 'LIIHUHQW ILEHUV KDYH GLIIHUHQW

UHJLRQDO HIIHFWV RQ OXPLQDO FRQWHQWV RI UDW FRORQ� *DVWURHQWHURORJ\ ��� ���������

0&1(,// 0� '$59,// $*� )5< 6&� $/%(56+(,0 3 ������ $QQ� 5HY� %LRFKHP� �� ���

0,&$5' 9� *5$%%(5 -+� 5$/3+ -� 5(1$5' &0*&� 7+,%$8/7 -�) ������ 'HK\GURGLIHUXOLF DFLGV IURP

VXJDU�EHHW SXOS� 3K\WRFKHPLVWU\ �� ���������

0,<$0272 .� 8('$ -� 7$.('$ 6� ,'$ .� +2621 7� 0$68'$ <� .$0,6$.$ 6 ������ /LJKW�LQGXFHG LQFUHDVH

LQ WKH FRQWHQWV RI IHUXOLF DQG GLIHUXOLF DFLGV LQ FHOO ZDOOV RI $YHQD FROHRSWLOHV� LWV UHODWLRQVKLS WR

JURZWK LQKLELWLRQ E\ OLJKW� 3K\VLRO� 3ODQW� �� �������

02//(5 0(� '$+/ 5� %2&.0$11 2& ������ $ SRVVLEOH UROH RI WKH GLHWDU\ ILEUH SURGXFW� ZKHDW EUDQ�

DV D QLWULWH VFDYHQJHU� )RRG &KHP� 7R[LFRO� �� �������

08(//(5�+$59(< ,� +$57/(< 5'� +$55,6 3-� &85=21 (+ ������ /LQNDJH RI S�FRXPDUR\O DQG IHUXOR\O

JURXSV WR FHOO�ZDOO SRO\VDFFKDULGHV RI EDUOH\ VWUDZ� &DUERK\GU� 5HV� ��� �����

1* $� *5((16+,(/'6 51� :$/'521 .: ������ 2[LGDWLYH FURVV�OLQNLQJ RI FRUQ EUDQ KHPLFHOOXORVH�

IRUPDWLRQ RI IHUXOLF DFLG GHK\GURGLPHUV� &DUERK\GU� 5HV� ��� �������

1,0= ++� 52%(5 '� )$,; 2� 1(05 0 ������ &DUERQ��� 105 VSHFWUD RI OLJQLQV� � VWUXFWXUDO

GLIIHUHQFHV EHWZHHQ OLJQLQV RI KDUGZRRGV� VRIWZRRGV� JUDVVHV DQG FRPSUHVVLRQ ZRRG�

+RO]IRUVFKXQJ �� �����

1,6+,7$1, .� 1(9,16 '- ������ (Q]\PLF DQDO\VLV RI IHUXOR\ODWHG DUDELQR[\ODQ �)HUD[DQ� GHULYHG

IURP =HD PD\V FHOO ZDOOV ,� 3ODQW 3K\VLRO� �� �������



� /LWHUDWXU

��

1,6+,7$1, .� 1(9,16 '- ������ (Q]\PLF DQDO\VLV RI IHUXOR\ODWHG DUDELQR[\ODQV �)HUD[DQ� GHULYHG

IURP =HD PD\V FHOO ZDOOV� 3ODQW 3K\VLRO� �� �������

125'.9,67 (� 6$/20216621 $�&� $0$1 3 ������ 'LVWULEXWLRQ RI LQVROXEOH ERXQG SKHQROLF DFLGV LQ

EDUOH\ JUDLQ� -� 6FL� )RRG $JULF� �� �������

2+$6+, +� <$0$0272 (� /(:,6 1*� 72:(56 *+1 ������ ��+\GUR[\IHUXOLF DFLG LQ =HD PD\V DQG

+RUGHXP YXOJDUH FHOO ZDOOV� 3K\WRFKHPLVWU\ �� ���������

2+7$ 7� <$0$6$., 6� (*$6+,5$ <� 6$1$'$ + ������ $QWLR[LGDWLYH DFWLYLW\ RI FRUQ EUDQ KHPLFHOOXORVH

IUDJPHQWV� -� $JULF� )RRG &KHP� �� �������

2267(59(/' $� *5$%%(5 -+� %(/'0$1 *� 5$/3+ -� 925$*(1 $*- ������ )RUPDWLRQ RI IHUXOLF DFLG

GHK\GURGLPHUV WKURXJK R[LGDWLYH FURVV�OLQNLQJ RI VXJDU EHHW SHFWLQ�

&DUERK\GU� 5HV� ��� �������

2675$1'(5 %� 0$,//27 03� 72,//21 6� %$55,(5( <� 32//$&6(. 0� %(6/( -0 ������ &HOO ZDOO SKHQROLFV

DQG GLJHVWLELOLW\ RI QRUPDO DQG EURZQ PLGULE PDL]HV LQ GLIIHUHQW VWHP VHFWLRQV DQG DFURVV

PDWXULW\ VWDJHV� -� 6FL� )RRG $JULF� �� �������

3$&.(57 0 ������ $QDO\WLN XQG %HGHXWXQJ JHEXQGHQHU DURPDWLVFKHU &DUERQVlXUHQ GHU

1DKUXQJVIDVHU DXV *HWUHLGH XQG DQGHUHQ 1XW]SIODQ]HQ� 'LVVHUWDWLRQ� 8QLYHUVLWlW +DPEXUJ

3$&.(57 0� 67(,1+$57 + ������ 6HSDUDWLRQ DQG LGHQWLILFDWLRQ RI VRPH PRQRPHULF DQG GLPHULF

SKHQROLF DFLGV E\ D VLPSOH JDV FKURPDWRJUDSKLF PHWKRG XVLQJ FDSLOODU\ FROXPQ DQG ),'�06'�

-� &KURPDWRJU� 6FL� ��

3$55 $-� 1* $� :$/'521 .: ������ (VWHU�OLQNHG SKHQROLF FRPSRQHQWV RI FDUURW FHOO ZDOOV�

-� $JULF� )RRG &KHP� �� ���������

3$55 $-� :$/'521 .:� 1* $� 3$5.(5 0/ ������ 7KH ZDOO�ERXQG SKHQROLFV RI FKLQHVH ZDWHU FKHVWQXW

�(OHRFKDULV GXOFLV�� -� 6FL� )RRG $JULF� �� �������

3$7= &�'� =,00(5 (� ',(75,&+ + ������ 9HUJOHLFKHQGH 6DFFKDULGDQDO\WLN PLW *& DOV $OGLWRODFHWDWH

XQG +3,&� 'HXWVFK� /HEHQVP� 5G� �� ���

3/$$0, 63 ������ &RQWHQW RI GLHWDU\ ILEHU LQ IRRGV DQG LWV SK\VLRORJLFDO HIIHFWV�

)RRG 5HY� ,QW� �� �����

3526.< /� $63 1�*� 6&+:(,=(5 7)� '(95,(6 -:� )85'$ , ������ 'HWHUPLQDWLRQ RI LQVROXEOH� VROXEOH�

DQG WRWDO GLHWDU\ ILEHU LQ IRRGV DQG IRRG SURGXFWV� LQWHUODERUDWRU\ VWXG\�

-� $VVRF� 2II� $QDO� &KHP� �� ���������

3529$1 *-� 6&2%%,( /� &+(6621 $ ������ 'HWHUPLQDWLRQ RI SKHQROLF DFLGV LQ SODQW FHOO ZDOOV E\

PLFURZDYH GLJHVWLRQ� -� 6FL� )RRG $JULF� �� �����

48,'($8 6� 5$/3+ - ������ /LJQLQ�IHUXODWH FURVV�OLQNV LQ JUDVVHV� 3DUW �� ,QFRUSRUDWLRQ RI ����

FRXSOHG GHK\GURGLIHUXODWH LQWR V\QWKHWLF OLJQLQ� -� &KHP� 6RF� 3HUNLQ 7UDQV� � ���������

5$/(7 0&� )$8/'6 &%� :,//,$0621 *� 7+,%$8/7 -) �����D� 'HJUDGDWLRQ RI IHUXOR\ODWHG

ROLJRVDFFKDULGHV IURP VXJDU�EHHW SXOS DQG ZKHDW EUDQ E\ IHUXOLF DFLG HVWHUDVHV IURP $VSHUJLOOXV

QLJHU� &DUERK\GU� 5HV� ��� �������

5$/(7 0&� 7+,%$8/7 -)� '(//$ %$//( * ������ ,QIOXHQFH RI H[WUXVLRQ�FRRNLQJ RQ WKH VWUXFWXUH DQG

SURSHUWLHV RI ZKHDW EUDQ� -� &HUHDO 6FL� �� �������

5$/(7 0&� 7+,%$8/7 -)� )$8/'6 &%� :,//,$0621 *: �����E� ,VRODWLRQ DQG SXULILFDWLRQ RI IHUXOR\ODWHG

ROLJRVDFFKDULGHV IURP FHOO ZDOOV RI VXJDU�EHHW SXOS� &DUERK\GU� 5HV� ��� �������

5$/3+ -� *5$%%(5 -+� +$7),(/' 5' ������ /LJQLQ�IHUXODWH FURVV�OLQNV LQ JUDVVHV� DFWLYH LQFRUSRUD�

WLRQ RI IHUXODWH SRO\VDFFKDULGH HVWHUV LQWR U\HJUDVV OLJQLQV� &DUERK\GU� 5HV� ��� �������

5$/3+ -� +(/0 5)� 48,'($8 6� +$7),(/' 5' ������ /LJQLQ�IHUXOR\O HVWHU FURVV�OLQNV LQ JUDVVHV� 3DUW ��

,QFRUSRUDWLRQ RI IHUXOR\O HVWHUV LQWR FRQLIHU\O DOFRKRO GHK\GURJHQDWLRQ SRO\PHUV�

-� &KHP� 6RF� 3HUNLQ 7UDQV� � �� ���������

5$/3+ -� 48,'($8 6� *5$%%(5 -+� +$7),(/' 5' ������ ,GHQWLILFDWLRQ DQG V\QWKHVLV RI QHZ IHUXOLF DFLG

GHK\GURGLPHUV SUHVHQW LQ JUDVV FHOO ZDOOV� -� &KHP� 6RF� 3HUNLQ 7UDQV� � �� ���������

5,&+7=(1+$,1 + ������ (Q]\PDWLVFKH 9HUVXFKH ]XU (QWVWHKXQJ GHV /LJQLQV� ,9� 0LWWHLOXQJ�

'HK\GULHUXQJHQ LQ GHU *XDMDFROUHLKH� &KHP� %HU� �� �������

5,1* 6*� 6(/9(1'5$1 55 ������ ,VRODWLRQ DQG DQDO\VLV RI FHOO ZDOO PDWHULDO IURP EHHVZLQJ ZKHDW

EUDQ �7ULWLFXP DHVWLYXP�� 3K\WRFKHPLVWU\ �� ���������

52/) '� *5$< *5 ������ 5HGXFWLYH FOHDYDJH RI JO\FRVLGHV� -� $P� &KHP� 6RF� ��� ���������

520%2876 )0� 7+,%$8/7 -�) ������ (Q]\PLF DQG FKHPLFDO GHJUDGDWLRQ DQG WKH ILQH VWUXFWXUH RI

SHFWLQV IURP VXJDU�EHHW SXOS � &DUERK\GU� 5HV� ��� �������

5<%.$ .� 6,7$56., -� 5$&=<16.$�%2-$12:6.$ . ������ )HUXOLF DFLG LQ U\H DQG ZKHDW JUDLQ DQG JUDLQ

GLHWDU\ ILEHU� &HUHDO &KHP� �� �����
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��

6$(0$1 -)� %8%/ /-� +$55,6 (( ������ 4XDQWLWDWLYH VDFFKDULILFDWLRQ RI ZRRG DQG FHOOXORVH�

,QGXVWU� (QJLQ� &KHP� �� �����

6$/20216621 $� 7+($1'(5 2� $0$1 3 ������ 4XDQWLWDWLYH GHWHUPLQDWLRQ E\ */& RI SKHQROLF DFLGV DV

HWK\O GHULYDWLYHV LQ FHUHDO VWUDZV� -� $JULF� )RRG &KHP� �� �������

6$8/1,(5 /� 7+,%$8/7 -�) ������ )HUXOLF DFLG DQG GLIHUXOLF DFLGV DV FRPSRQHQWV RI VXJDU�EHHW SHFWLQV

DQG PDL]H EUDQ KHWHUR[\ODQV� -� 6FL� )RRG $JULF� �� �������

6$8/1,(5 /� 9,*28528; -� 7+,%$8/7 -�) ������ ,VRODWLRQ DQG SDUWLDO FKDUDFWHUL]DWLRQ RI IHUXOR\ODWHG

ROLJRVDFFKDULGHV IURP PDL]H EUDQ� &DUERK\GU� 5HV� ��� �������

6&$/%(57 $� 0217,(5 %� /$//(0$1' -�<� *8,77(7 (� 52/$1'2 & ������ (WKHU OLQNDJH EHWZHHQ SKHQROLF

DFLGV DQG OLJQLQ IUDFWLRQV IURP ZKHDW VWUDZ� 3K\WRFKHPLVWU\ �� ���������

6&$/%(57 $� 0217,(6 %� 52/$1'2 &� 6,(55$�(6&8'(52 $ ������ )RUPDWLRQRI HWKHU OLQNDJH EHWZHHQ

SKHQROLF DFLGV DQG *UDQLPHDH OLJQLQ� D SRVVLEOH PHFKDQLVP LQYROYLQJ TXLQRQH PHWKLGHV�

+RO]IRUVFKXQJ �� �������

6&+0,'7 +� 3)$//(5 : ������ 7KHRULH XQG 3UD[LV GHU .RFKH[WUXVLRQ YRQ GLUHNW XQG LQGLUHNW

H[SDQGLHUWHQ &HUHDOLHQSURGXNWHQ� (UQlKUXQJ �� ����

6&+02/&. :� 0(5*(17+$/(5 ( ������ %HLWUlJH ]XU $QDO\WLN YRQ 3RO\VDFFKDULGHQ� GLH DOV

/HEHQVPLWWHO]XVDW]VWRIIH YHUZHQGHW ZHUGHQ� ,,� *DVFKURPDWRJUDSKLVFKHU 1DFKZHLV QDFK

0HWKDQRO\VH XQG 7ULPHWK\OVLO\OLHUXQJ� =� /HEHQVP� 8QWHUV��)RUVFK� ��� �������

6&+1((0$1 %2 ������ 'LHWDU\ ILEHU� )RRG 7HFKQRO� �� �������

6&+1((0$1 %2� 7,1.(5 /) ������ 'LHWDU\ ILEHU� 3HGLDWULF &OLQ� 1RUWK $P� �� �������

6&+8/=( -� =81)7 +�- ������ 1DKUXQJVEHVWDQGWHLOH PLW %DOODVWVWRIIFKDUDNWHU� LQ� $NWXHOOH $VSHNWH

GHU %DOODVWVWRIIRUVFKXQJ� -� 6FKXO]H XQG :� %RFN �+UVJ��� %HKUV
V 9HUODJ� +DPEXUJ� 6� �����

6&+8/=( -� =81)7 +-� +$(1(/ + ������ =XU 'HILQLWLRQ GHV %DOODVWVWRIIEHJULIIV� LQ� $NWXHOOH $VSHNWH

GHU %DOODVWVWRIIRUVFKXQJ� %HKU
V 9HUODJ� +DPEXUJ� 6� �����

6(,%(/ :� +HUVWHOOXQJ YRQ /HEHQVPLWWHOQ DXV 6SHO]� XQG 6FKlOJHWUHLGH � LQ� 6SHO]� XQG

6FKlOJHWUHLGH� :� 6HLEHO XQG :� 6WHOOHU� %HKU
V 9HUODJ� +DPEXUJ �����

6(/9(1'5$1 55� 0$&'28*$// $- ������ &HOO�ZDOO FKHPLVWU\ DQG DUFKLWHFWXUH LQ UHODWLRQ WR VRXUFHV

RI GLHWDU\ ILEUH� (XU� -� &OLQ� 1XWU� �� �����

6+$50$ 8� %5,//28(7 -�0� 6&$/%(57 $� 0217,(6 % ������ $JURQRPLH � �������

6+, 5� 6&+:('7 * ������ +3/&� XQG '&�$QDO\WLN SKHQROLVFKHU ,QKDOWVVWRIIH LP :HLQ�

'HXWVFK� /HEHQVP� 5XQG� �� �����

6+,%8<$ 1� ,:$6$., 7 ������ 3K\WRFKHPLVWU\ �� �������

6+,%8<$ 1 ������ 3KHQROLF DFLGV DQG WKHLU FDUERK\GUDWH HVWHUV LQ ULFH HQGRVSHUP FHOO ZDOOV�

3K\WRFKHPLVWU\ �� ���������

60,7+ 00� +$57/(< 5' ������ 2FFXUHQFH DQG QDWXUH RI IHUXOLF DFLG VXEVWLWXWLRQ RI FHOO�ZDOO

SRO\VDFFKDULGHV LQ JUDPLQDFHRXV SODQWV� &DUERK\GU� 5HV� ��� �����

62(5*(/ .+ ������ &RORQLF IHUPHQWDWLRQ� PHWDEROLF DQG FOLQLFDO LPSOLFDWLRQV�

&OLQ� ,QYHVW� �� �������

6268/6., )� .5<*,(5 .� +2**( / ������ )UHH� HVWHULILHG� DQG LQVROXEOH�ERXQG SKHQROLF DFLGV� ��

&RPSRVLWLRQ RI SKHQROLF DFLGV LQ FHUHDO DQG SRWDWR IORXUV� -� $JULF� )RRG &KHP� �� �������

63,//(5 *$ ������ 'HILQLWLRQ RI GLHWDU\ ILEHU� LQ� &5& +DQGERRN RI 'LHWDU\ )LEHU LQ +XPDQ

1XWULWLRQ� �QG (GLWLRQ� *�$� 6SLOOHU �(G��� &5& 3UHVV %RFD 5DWRQ� SS �����

67(:$57 '� 52%(57621 *:� 0255,621 ,0 ������ ,GHQWLILFDWLRQ RI F\FOREXWDQH�W\SH GLPHUV RI

VXEVWLWXWHG FLQQDPLF DFLGV E\ JDV FKURPDWRJUDSK\ � PDVV VSHFWURPHWU\�

5&0 5DSLG &RPPXQ� 0DVV� 6SHFWURP� � �����

67,&+ +)� '811 %3� 3,*1$7(//, %� 26+,0$ +� %$576+ + ������ 'LHWDU\ SKHQROLFV DQG EHWHO QXW

H[WUDFWV DV PRGLILHUV RI 1�QLWURVDWLRQ LQ UDW DQG PDQ� ,$(& 6FL� 3XEO� �� �������

6:((/(< &&� %(17/(< 5� 0$.,7$ 0� :(//6 :: ������ *DV�OLTXLG FKURPDWRJUDSK\ RI WULPHWK\OVLO\O

GHULYDWLYHV RI VXJDUV DQG UHODWHG VXEVWDQFHV� -� $P� &KHP� 6RF� �� ���������

6:((7 '3� 6+$3,52 5+� $/%(56+(,0 3 ������ 4XDQWLWDWLYH DQDO\VLV E\ YDULRXV J�O�F� UHVSRQVH�IDFWRU

WKHRULHV IRU SDUWLDOO\ PHWK\ODWHG DQG SDUWLDOO\ HWK\ODWHG DOGLWRO DFHWDWHV�

&DUERK\GU� 5HV� �� �������

7$1$.$ 7� .2-,0$ 7� .$:$025, 7� :$1* $� 68=8, 0� 2.$0272 .� 025, + ������ ,QKLELWLRQ RI ��

QLWURTXLQROLQH���R[LGH�LQGXFHG UDW WRQJXH FDUFLQRJHQHVLV E\ WKH QDWXUDOO\ RFFXUULQJ SODQW

SKHQROLFV FDIIHLF� DOODJLF� FKORURJHQLF DQG IHUXOLF DFLGV� &DUFLQRJHQHVLV �� ���������

752&. %� /$1=$ (� *5((1:$/' 3 ������ 'LHWDU\ ILEHU� YHJHWDEOHV� DQG FRORQ FDQFHU� FULWLFDO UHYLHZ

DQG PHWD�DQDO\VHV RI WKH HSLGHPLRORJLF HYLGHQFH� -� 1DWO� &DQFHU ,QVW� �� �������
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752:(// +� 6287+*$7( '$7� :2/(9(5 706� /(('6 $5� *$68// 0$� -(1.,16 '-$ ������ 'LHWDU\ ILEHU

UHGHILQHG� /DQFHW � ���

7851(5 /%� 08(//(5�+$59(< ,� 0&$//$1 $% ������ /LJKW�LQGXFHG LVRPHUL]DWLRQ DQG GLPHUL]DWLRQ RI

FLQQDPLF DFLG GHULYDWLYHV LQ FHOO ZDOOV� 3K\WRFKHPLVWU\ �� �������

9$1'( &$67((/( .� *(,*(5 +� 9$1 680(5( &( ������ 6HSDUDWLRQ RI SKHQROLFV �EHQ]RLF DFLGV� FLQQDPLF

DFLGV� SKHQ\ODFHWLF DFLGV� TXLQLF DFLG HVWHUV� EHQ]DOGHK\GHV DQG DFHWRSKHQRQHV� PLVFHOODQHRXV

SKHQROLFV� DQG FRXPDULQV E\ UHYHUVHG�SKDVH KLJK�SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\�

-� &KURPDWRJU� ��� �������

9(5%58**(1 0$� %(/'0$1 *� 925$*(1 $*-� +2//(0$16 0 ������ :DWHU�XQH[WUDFWDEOH FHOO ZDOO

PDWHULDO IURP VRUJKXP� LVRODWLRQ DQG FKDUDFWHUL]DWLRQ� -� &HUHDO 6FL� �� �����

9,66(5 -� %(/'0$1 *� .867(5�9$1 620(5(1 0$� 925$*(1 $*- �HGV�� ������ ;\ODQV DQG ;\ODQDVHV�

(OVHYLHU� $PVWHUGDP

:$/'521 .:� 1* $� 3$5.(5 0/� 3$55 $- ������ )HUXOLF DFLG GHK\GURGLPHUV LQ WKH FHOO ZDOOV RI EHWD

YXOJDULV DQG WKHLU SRVVLEOH UROH LQ WH[WXUH� -� 6FL� )RRG $JULF� �� �������

:$/'521 .:� 3$55 $-� 1* $� -�5$/3+ ������ &HOO ZDOO HVWHULILHG SKHQROLF GLPHUV� LGHQWLILFDWLRQ DQG

TXDQWLILFDWLRQ E\ UHYHUVH SKDVH KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ DQG GLRGH DUUD\

GHWHFWLRQ� 3K\WRFKHP� $QDO� � �������

:$1* :�0� ./23)(167(,1 &)� 3217( -5� -* ������ (IIHFWV RI WZLQ�VFUHZ H[WUXVLRQ RQ WKH SK\VLFDO

SURSHUWLHV RI GLHWDU\ ILEHU DQG RWKHU FRPSRQHQWV RI ZKROH ZKHDW DQG ZKHDW EUDQ DQG RQ WKH

EDNLQJ TXDOLW\ RI WKH ZKHDW EUDQ� &HUHDO &KHP� �� �������

:$5*29,&+ 0-� (1* 9:� 1(:0$5. +/ ������ ,QKLELWLRQ RI SODQW SKHQROV RI EHQ]R>D@S\UHQH�LQGXFHG

QXFOHDU DEEHUDWLRQV LQ PDPPDOLDQ LQWHVWLQDO FHOOV� D UDSLG LQ YLYR PHWKRG�

)RRG &KHP� 7R[LFRO� �� �����

:(1'( *� )5< 6& ������ ��2�E�'�;\ORS\UDQRV\O����2�IHUXOR\O��/�DUDELQRVH� D ZLGHVSUHDG

FRPSRQHQW RI JUDVV FHOO ZDOOV� 3K\WRFKHPLVWU\ �� ���������

:,/.,( .&% ������ 7KH KHPLFHOOXORVHV RI JUDVVHV DQG FHUHDOV� $GY� &DUERK\GU� &KHP� %LRFKHP�

�� �������

:,// )� ',(75,&+ + ������ 8QWHUVXFKXQJ GHU =XFNHUEDXVWHLQH YRQ 3RO\VDFFKDULGHQ GHV :HLQHV�

=� /HEHQVP� 8QWHUV� )RUVFK� ��� �������

:22/$5' *5� 5$7+%21( (%� 129(//,( / ������ 6WUXFWXUDO VWXGLHV RQ D JOXFXURQRDUDELQR[\ODQ IURP

WKH KXVN RI VRUJKXP JUDLQ� &DUERK\GU� 5HV� �� �������

=83)(5 -0� &+85&+,// .(� 5$6086621 '&� )8/&+(5 5* ������ 9DULDWLRQ LQ IHUXOLF DFLG FRQFHQWUDWLRQ

DPRQJ GLYHUVH EDUOH\ FXOWLYDUV PHDVXUHG E\ +3/& DQG PLFURVSHFWURSKRWRPHWU\�

-� $JULF� )RRG &KHP� �� ���������

=:,1*(/%(5* + ������ 0�OOHULVFKH %HDUEHLWXQJ� LQ� 6SHO]� XQG 6FKlOJHWUHLGH� :� 6HLEHO XQG :�

6WHOOHU �+UVJ��� %HKU
V 9HUODJ� +DPEXUJ
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� $QKDQJ

��� *HUlWH�XQG�0H�SDUDPHWHU

����� *DVFKURPDWRJUDSKLH �*&�

*HUlW �

]XU %HVWLPPXQJ GHU 3KHQROFDUERQVlXUHQ XQG GHU 0RQRVDFFKDULGH QDFK 0HWKDQRO\VH

*HUlW� +HZOHWW 3DFNDUG� +3 ���� *DVFKURPDWRJUDSK 6HULHV II
6lXOH� +3�� ���� 0HWK\O� ��3KHQ\O�� ��P� ����PP ,'� ���� )LOPGLFNH

9RUVlXOH� �P IXVHG�VLOLFD�.DSLOODUH� SKHQ\OGHVDNWLYLHUW� ���� ,'

,QMHNWRU� RQ�FROXPQ

'HWHNWRU� ),'

7UlJHUJDV� +HOLXP� ��� N3D� ��� PO PLQ��� FROXPQ KHDG SUHVVXUH� �� N3D

0DNH�XS *DV� +HOLXP

%UHQQJDVH� 6DXHUVWRII� ��� N3D

:DVVHUVWRII� ��� N3D

$XVZHUWHHLQKHLW� +3�3HUVRQDO &RPSXWHU PLW +3 ���� 6HULHV II &KHP 6WDWLRQ�

6RIWZDUH 9HUVLRQ $���

,QMHNWLRQVYROXPHQ� ��� ELV ��� �O

*HUlW �

]XU %HVWLPPXQJ GHU 0RQRVDFFKDULGH DOV $OGLWRODFHWDWH QDFK 6$(0$1�+\GURO\VH

*HUlW� &DUOR (UED *& ���� 9HJD 6HULHV ,,

6lXOH� +3�� ���� 0HWK\O� ��3KHQ\O�� ��P� ����PP ,'� ���� )LOPGLFNH

9RUVlXOH� �P IXVHG�VLOLFD�.DSLOODUH� SKHQ\OGHVDNWLYLHUW� ���� ,'

,QMHNWRU� VSOLW ����

'HWHNWRU� ),'

7UlJHUJDV� +HOLXP� � PO PLQ��

0DNH�XS *DV� +HOLXP

%UHQQJDVH� 6DXHUVWRII

:DVVHUVWRII

$XVZHUWHHLQKHLW� /&' $QDO\WLFDO '����� FRPSXWLQJ LQWHJUDWRU� 0HUFN�+LWDFKL

,QMHNWLRQVYROXPHQ� ��� �O
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7HPSHUDWXUSURJUDPPH

TMS-Derivate der monomeren Phenolcarbonsäuren
$QIDQJVWHPSHUDWXU� ���& 'DXHU� ���� PLQ

$QIDQJV]HLW� � PLQ 'HWHNWRUWHPSHUDWXU� ����&

5DWH >�&�PLQ@ )LQDO WHPS�

>�&@

)LQDO WLPH

>PLQ@

/HYHO � ���� ��� ����

/HYHO � ���� ��� ����

/HYHO � � � �

TMS-Derivate der dimeren Phenolcarbonsäuren
$QIDQJVWHPSHUDWXU� ���& 'DXHU� ���� PLQ

$QIDQJV]HLW� � PLQ 'HWHNWRUWHPSHUDWXU� ����&

5DWH >�&�PLQ@ )LQDO WHPS�

>�&@

)LQDO WLPH

>PLQ@

/HYHO � ���� ��� ����

/HYHO � ���� ��� ����

/HYHO � ��� ��� �����

TMS-Derivate der Methylglycoside bzw. der Methylglycosidester
$QIDQJVWHPSHUDWXU� ���& 'DXHU� ���� PLQ

$QIDQJV]HLW� � PLQ 'HWHNWRUWHPSHUDWXU� ����&

5DWH >�&�PLQ@ )LQDO WHPS�

>�&@

)LQDO WLPH

>PLQ@

/HYHO � ���� ��� ����

/HYHO � ���� ��� ����

/HYHO � ����� ��� ����

Alditolacetate der Monosaccharide nach SAEMAN-Hydrolyse
$QIDQJVWHPSHUDWXU� ����& 'DXHU� ���� PLQ

$QIDQJV]HLW� � PLQ 'HWHNWRUWHPSHUDWXU� ����&

,QMHNWRUWHPSHUDWXU� ����&

5DWH >�&�PLQ@ )LQDO WHPS�

>�&@

)LQDO WLPH

>PLQ@

/HYHO � � ��� ����

/HYHO � ��� ��� �����

/HYHO � ���� ��� ����
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����� *DVFKURPDWRJUDSKLH�0DVVHQVSHNWURVNRSLH �*&�06�

*HUlW� 9DULDQ *& ����

6lXOH� %3; � �6*(� :HLWHUVWDGW�� ��P� ���� ,'� �����P )LOPGLFNH

9RUVlXOH� IXVHG VLOLFD � 6lXOH �GHVDNWLYLHUW� ��P� ���� ,'�

,QMHNWRU� 66/�,QMHNWRU ����� -$'(�,QMHNWLRQVYHQWLO

0DVVHQVSHNWURPHWHU� ,1&26 �� %� )LQQLJDQ 0$7� 8�.�

,RQLVDWLRQVHQHUJLH� �� H9

,RQHQTXHOOH� ����&

6FDQEHUHLFK� P�] �� ELV ���

6FDQJHVFKZLQGLJNHLW� ��� VFDQV�VHF

7UlJHUJDV� +HOLXP� ��� PO PLQ��

$XVZHUWHHLQKHLW� '* ��� 'DWD *HQHUDO

,QMHNWLRQVYROXPHQ� ��� �O

Temperaturprogramm für die TMS-Derivate der dimeren Phenolcarbonsäuren
$QIDQJVWHPSHUDWXU� ���& 'DXHU� ���� PLQ

$QIDQJV]HLW� � PLQ 'HWHNWRUWHPSHUDWXU� ����&

5DWH >�&�PLQ@ )LQDO WHPS�

>�&@

)LQDO WLPH

>PLQ@

/HYHO � ���� ��� ����

/HYHO � ���� ��� �����

/HYHO � � � �

����� +RFKOHLVWXQJVIO�VVLJFKURPDWRJUDSKLH �+3/&�

3XPSH� /����� ,QWHOOLJHQW 3XPS� 0HUFN�+LWDFKL

$XWRVDPSOHU� $6����� ,QWHOOLJHQW $XWRVDPSOHU� 0HUFN�+LWDFKL

6lXOHQRIHQ� 7����� &ROXPQ 7KHUPRVWDW� 0HUFN�+LWDFKL

'HWHNWRU� :DWHUV ��� 3URJUDPPDEOH 3KRWRGLRGH $UUD\ 'HWHFWRU� 0LOOLSRUH

$XVZHUWHHLQKHLW� '$57

6lXOH� 1XFOHRVLO ����� &��� ��� [ � PP� &6 &KURPDWRJUDSKLH 6HUYLFH

,QMHNWLRQVYROXPHQ� �� �O

)OX�UDWH� � PO PLQ��

*UDGLHQW� )OLH�PLWWHO $� 0HWKDQRO

)OLH�PLWWHO %� �����LJH Zl�ULJH 7)$ �Y�Y�

=HLW >PLQ@ $ >�@ % >�@

�

�

��

��

��

��

��

��

��

���

��

��

��

��

��

�

��

��
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����� 6RQVWLJH *HUlWH

(WKDQROEDG� )2&�� .�� �&KULVW� 2VWHURGH�

*HIULHUWURFNQXQJ� *HUlW $� /2&���%HWD ���� �&KULVW� 2VWHURGH�

*HUlW %� /2&�� $OSKD ��� �&KULVW� 2VWHURGH�

.MHOGDKO�$XIVFKOX��

EORFN� 7HFDWRU� 'LJHVWLRQ 6\VWHP �� ���� 'LJHVWHU

.MHOGDKO�'HVWLOODWLRQV�

DSSDUDWXU� 9DSRGHVW ��

0HWDOOKHL]EORFN� (LJHQEDX

S+�0HWHU PLW (OHNWURGH� &* ��� �6FKRWW� 0DLQ]�

6FKODJPHVVHUP�KOH� $ �� 6 �-DKQNH 	 .XQNHO *PE+ 	 &R� .*�

8OWUDVFKDOOEDG� %UDQDVRQLF �� �%���

89�6WUDKOHU� 8OWUDYLWDOX[�6RQQHQVWUDKOHU� ���: �2VUDP�

9DNXXP�(LQKHLW ]XU 63(� VSH��� �-�7� %DNHU�

9DNXXPWURFNHQVFKUDQN� 597 ��� �+HUDHXV� +DQDX�

:DVVHUEDG� �� &�� 7KHUPR�7HPS �PJZ /DXGD�

�� )LUPD *)/� 7\SH ����

=HQWULIXJH� �� 8- ,,, �+HUDHXV� +DQDX�

�� (%$ ,,, �+HWWLFK� 7XWWOLQJHQ�

��� 9HUZHQGHWH�&KHPLNDOLHQ

6XEVWDQ] *HI�

V\P�

5�6lW]H 6�6lW]H )LUPD

$FHWDQK\GULG & ����� �� 0HUFN

$FHWRQ ) �� ���������� 0HUFN

$FHWRQLWULO 7� ) ����������� �������� 0HUFN

$FHW\OFKORULG )� & �������� ���������� 0HUFN

$OFDODVH �3URWHDVH� �� �� �� 1RYR

$0* �$P\ORJOXFRVLGDVH� �� �� �� 1RYR

$PPRQLDN�/|VXQJ�

���LJ

;L �������� ���� 0HUFN

S�$QLVLGLQ 7� ����������� ����������� 0HUFN

$UDELQRVH �� �� �� 0HUFN

%RUVlXUH �������������������� �������� 0HUFN

%67)$ �PLW �� 70&6� ;L ����� �������������� )OXND

&DOFLXPFKORULG ;L �� ����� 0HUFN

&LWURQHQVlXUH�

0RQRK\GUDW

�� �� �� 0HUFN

&KORURIRUP ;Q ����������������� �������� 0HUFN

R�&XPDUVlXUH �� �� �� 6LJPD

S�&XPDUVlXUH �� �� �� 6LJPD

'LFKORUPHWKDQ ;Q �� �����������

�����

0HUFN

'LPHWK\OVXOIR[LG ;Q ������������������

�����

�������� 0HUFN
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6XEVWDQ] *HI�

V\P�

5�6lW]H 6�6lW]H )LUPD

'LSKHQ\ODPLQ 7 ����������� ����������� 0HUFN

0HVR�(U\WKULW �� �������� ����� 0HUFN

(VVLJVlXUH� ���LJ ) ����� ��������� 0HUFN

(VVLJVlXUHDQK\GULG & ����� ����� 0HUFN

(WKDQRO ) �� ���� 0HUFN

(WK\ODFHWDW ) �� ������������� 0HUFN

)HUXODVlXUH �������� ����� 6LJPD

*OXNRVH �� �� �� 0HUFN

*OXNXURQVlXUH �� �� �� 0HUFN

Q�+H[DQ )� ;Q �������� ��������������

��

0HUFN

,RG�/|VXQJ �� �� �� 0HUFN

,RGPHWKDQ 7 ����������������� ����������� 0HUFN

0DORQVlXUH ;Q ����� ����� 0HUFN

0HWKDQRO 7� ) �������� ��������� PHUFN

��0HWK\OLPLGD]RO & ����������������� ����� 0HUFN

1DWULXPERUK\GULG )� &�

7

�������� ��������

��������

1DWULXPFKORULG �� �������� ����� 0HUFN

1DWULXPK\GURJHQ�

FDUERQDW

�� �� �� 0HUFN

GL�1DWULXPK\GURJHQ�

SKRVSKDW

�� �� �� 0HUFN

1DWULXPGLK\GURJHQ�

SKRVSKDW

�� �� �� 0HUFN

1DWULXPK\GUR[LG & �� ������������� 0HUFN

1DWULXPVXOIDW �� ������� ����� 0HUFN

1DWULXPWKLRVXOIDW �� �������� ����� 6LJPD

3HUR[LGDVH 7\S , �� �� �� 6LJPD

3KORURJOXFLQ �� �������� ����� 6LJPD

3KRVSKRUVlXUH �� ���� �� 0HUFN

3LSHULGLQ )� 7 ����������� ����������� 0HUFN

3\ULGLQ )� ;L ����������� ������� )OXND

6DOSHWHUVlXUH� ���LJ & ����� ������� 0HUFN

6DO]VlXUH� ���LJ & ����� ���� 0HUFN

6FKZHIHOVlXUH�

������LJ

& �� ������� 0HUFN

6HOHQUHDNWLRQVJHPLVFK 7 �������� ����������� 0HUFN

7DVKLUR�,QGLNDWRU 0HUFN

7HUPDP\O �α�$P\ODVH� �� �� �� 1RYR

7ROXRO )� ;Q �������� �������������� 0HUFN

7ULHWK\OVLODQ & ����� �� )OXND

7ULIOXRUPHWKDQVXOIRQDW �� �� �� )OXND

7ULIOXRUHVVLJVlXUH & ����� ������������ 0HUFN

:DVVHUVWRIISHUR[LG�

/|VXQJ� ���LJ

& ����������� �������� 0HUFN

;\ORVH �� �� �� 0HUFN
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��� 0HWKRGHQGXUFKI�KUXQJ

����� ,VROLHUXQJ GHU /1) XQG 81)

'LH ,VROLHUXQJ GHU /1) XQG 81) HUIROJW LQ $QOHKQXQJ DQ GLH DPWOLFKH 0HWKRGH QDFK

��� /0%* �/ ��������� %J99� ������

9RUEHUHLWXQJ GHV 8QWHUVXFKXQJVPDWHULDOV

� 3UREH PLW /DERUP�KOH � ��� PP ]HUNOHLQHUQ

� 7URFNQXQJ �EHU 1DFKW EHL ���& LP 9DNXXPWURFNHQVFKUDQN

� (QWIHWWXQJ GXUFK GUHLPDOLJH ([WUDNWLRQ PLW Q�+H[DQ

� (QWIHUQXQJ GHU /|VXQJVPLWWHOUHVWH LP 9DNXXPWURFNHQVFKUDQN

(Q]\PDWLVFKHU $EEDX

− FD� �� J IHWWIUHLH 7URFNHQPDVVH ZHUGHQ LQ HLQHQ ��� PO ,RG]DKONROEHQ HLQJHZRJHQ
− ��� PO 3KRVSKDWSXIIHU �S+  ���� ]XVHW]HQ� VXVSHQGLHUHQ
− ��� �O WKHUPRVWDELOH α�$P\ODVH KLQ]XSLSHWWLHUHQ
− �� PLQ LP :DVVHUEDG EHL ���& ELV ����& LQNXELHUHQ� DOOH � PLQ VFK�WWHOQ

− DEN�KOHQ DXI ���� PLW FD� � PO 1DWURQODXJH �F  � PRO�O� DXI S+  ��� HLQVWHOOHQ
− �� �O 3URWHLQDVH KLQ]XSLSHWWLHUHQ
− �� PLQ LP :DVVHUEDG EHL ���& LQNXELHUHQ� DOOH � PLQ VFK�WWHOQ

− PLW 6DO]VlXUH �F  � PRO�O� DXI S+  ��� HLQVWHOOHQ
− ��� �O $P\ORJOXFRVLGDVH KLQ]XSLSHWWLHUHQ
− �� PLQ LP :DVVHUEDG EHL ���& LQNXELHUHQ� DOOH � PLQ VFK�WWHOQ

− �� PLQ ]HQWULIXJLHUHQ� ]ZHLPDO PLW GHVW� :DVVHU ZDVFKHQ
− hEHUVWDQG ]XU *HZLQQXQJ GHU /1)� 5�FNVWDQG ]XU *HZLQQXQJ GHU 81) HLQVHW]HQ

,VROLHUXQJ GHU O|VOLFKHQ 1DKUXQJVIDVHU

− hEHUVWDQG XQG :DVFKZDVVHU GHV =HQWULIXJDWV YHUHLQLJHQ XQG PLW GHP ��IDFKHQ

hEHUVFKX� DQ (WKDQRO ����LJ� IlOOHQ� �EHU 1DFKW VWHKHQ ODVVHQ

− �EHUVWHKHQGH /|VXQJ DEGHNDQWLHUHQ XQG 5�FNVWDQG ]HQWULIXJLHUHQ� hEHUVWDQG

YHUZHUIHQ

− 5�FNVWDQG LQ JHZRJHQH =HQWULIXJHQJOlVHU �EHUI�KUHQ� ]ZHLPDO PLW (WKDQRO ZDVFKHQ

− LP 9DNXXPWURFNHQVFKUDQN �EHU 1DFKW WURFNQHQ XQG DOV 81) DXVZLHJHQ

,VROLHUXQJ GHU XQO|VOLFKHQ 1DKUXQJVIDVHU

− 5�FNVWDQG DXV HQ]\PDWLVFKHQ $EEDX LQ JHZRJHQH =HQWULIXJHQJOlVHU �EHUI�KUHQ XQG

]ZHLPDO PLW (WKDQRO ZDVFKHQ

− LP 9DNXXPWURFNHQVFKUDQN �EHU 1DFKW WURFNQHQ XQG DOV 81) DXVZLHJHQ
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%HVWLPPXQJ GHV $VFKHJHKDOWV LQ GHU 1DKUXQJVIDVHU

'LH %HVWLPPXQJ GHV $VFKHJHKDOWV HUIROJW QDFK GHU 0HWKRGH QDFK � �� /0%*

�/ ��������� %J99� �����

− ��� ELV ��� J GHU /1) E]Z� 81) LQ HLQH 4XDU]VFKDOH HLQZLHJHQ

− �� K EHL ����& LP 0XIIHORIHQ YHUDVFKHQ

− LP ([VLFFDWRU DXVN�KOHQ� ZLHJHQ

%HVWLPPXQJ GHV 3URWHLQJHKDOWV LQ GHU 1DKUXQJVIDVHU

'LH %HVWLPPXQJ GHV 3URWHLQJHKDOWV HUIROJW QDFK GHU 0HWKRGH GHU %HVWLPPXQJ GHV

*HVDPWVWLFNVWRIIJHKDOWV QDFK .-(/'$+/ �)DNWRU ���� I�U *HWUHLGHSURGXNWH� )DNWRU ����

I�U 0DLV� QDFK � �� /0%* �/ ��������� %J99� �����

− ��� ELV ��� J O|VOLFKH E]Z� 81) LQ HLQHQ .-(/'$+/�$XIVFKOX�NROEHQ HLQZLHJHQ
− � J 6HOHQUHDNWLRQVJHPLVFK XQG �� PO NRQ]� 6FKZHIHOVlXUH KLQ]XI�JHQ
− LP $XIVFKOX�EORFN VR ODQJH HUKLW]HQ ELV GLH /|VXQJ NODU LVW

− DXIJHVFKORVVHQH /|VXQJ LQ .MHOGDKOGHVWLOODWLRQVDSSDUDWXU QDFK =XJDEH YRQ FD� �� PO
1DWURQODXJH �F  ��� J�O� � PLQ LQ 9RUODJH YRQ �� PO %RUVlXUH �F  �� J�O�

GHVWLOOLHUHQ

− PLW 6DO]VlXUH �F  ��� PRO�O� WLWULHUHQ� 7DVKLUR DOV ,QGLNDWRU YHUZHQGHQ

����� 3KHQROFDUERQVlXUHQ

������� 6\QWKHVH GHU &\FOREXWDQGLFDUERQVlXUHGLPHUH

'LH 'DUVWHOOXQJ GHU &\FOREXWDQGLPHUH HUIROJW LQ $QOHKQXQJ DQ )25' 	 +$57/(< ������ XQG

0255,621 HW DO� ������ ������

− FD� ���PJ S&6 XQG�RGHU )6 LQ 0HWKDQRO O|VHQ XQG LQ HLQHQ

�/�5XQGNROEHQ �EHUI�KUHQ

− /|VXQJVPLWWHO DP 5RWDWLRQVYHUGDPSIHU RGHU LP 6WLFNVWRIIVWURP HQWIHUQHQ� GDEHL DXI

HLQH JOHLFKPl�LJH� P|JOLFKVW JUR�IOlFKLJH $XVELOGXQJ GHU 6XEVWDQ]VFKLFKW DFKWHQ

− GHQ ZHL�OLFKHQ 6XEVWDQ]EHODJ DP %RGHQ GHV 5XQGNROEHQV PLW 89�/LFKW EHVWUDKOHQ

�VLHKH 7DEHOOH�

− DOOH ��K GLH IHVWH 6FKLFKW LQ 0HWKDQRO O|VHQ XQG GXUFK $EGDPSIHQ GHV /|VXQJVPLWWHOV

GLH 6XEVWDQ]VFKLFKW HUQHXHUQ

− QDFK GHU 3KRWRGLPHULVDWLRQ GLH &\FOREXWDQGLPHUH LQ GHVW� :DVVHU DXIQHKPHQ

− *HIULHUWURFNQXQJ GHU V\QWKHWLVLHUWHQ 6XEVWDQ]HQ

'LPHU 0RQRPHU 0HQJH %HVWUDKOXQJVGDXHU

&&

))

&)

S&6

)6

S&6 � )6

a ���PJ

a ���PJ

LP 0ROYHUKlOWQLV

��� PLVFKHQ

� 7DJH

� 7DJH

� 7DJH
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������� 6\QWKHVH GHV ���¶ )HUXODVlXUH�'HK\GURGLPHUV

'LH 'DUVWHOOXQJ GHU ���¶ 'HK\GURGLIHUXODVlXUH HUIROJW QDFK %$80*$571(5 	 1(8.20 ������

XQG 5,&+7=(1+$,1 ������� =XQlFKVW ZLUG 9DQLOOLQ LQ HLQHU HQ]\PDWLVFKHQ 2[LGDWLRQ ]X

'HK\GURGLYDQLOOLQ XPJHVHW]W� ,Q GHU GDUDXIIROJHQGHQ 5HDNWLRQVVWXIH HUIROJW PLW

0DORQVlXUH GLH 8PVHW]XQJ ]XU 'HK\GURGLIHUXODVlXUH�

− �J 9DQLOOLQ ����PPRO� LQ ���PO &LWUDWSXIIHU �S+ ����� LQ GHU :lUPH O|VHQ
− QDFK GHP $EN�KOHQ ����PO ��LJH +�2��/|VXQJ ]XVHW]HQ �PRODUHV 9HUKlOWQLV

+�2� � 9DQLOOLQ  �����

− ��PJ 3HUR[LGDVH 7\S , ���� (�PJ� KLQ]XI�JHQ
− EHL ������& ��K XPVHW]HQ
− DXVIDOOHQGHV 'HK\GURGLYDQLOOLQ PLWWHOV HLQHU )ULWWH *� DEILOWULHUHQ� PLW GHVW� :DVVHU
ZDVFKHQ XQG LP 9DNXXPWURFNHQVFKUDQN WURFNQHQ

− ���PJ 'HK\GURGLYDQLOOLQ LQ �PO 3\ULGLQ O|VHQ
− ���PJ 0DORQVlXUH KLQ]XI�JHQ
− ���O 3LSHULGLQ KLQ]XI�JHQ
− EHL 5DXPWHPSHUDWXU LP 'XQNHOQ �� 7DJH ODQJ U�KUHQ

− $QVDW] LQ ��PO 6DO]VlXUH �F � PRO�O� JLH�HQ
− DXVIDOOHQGH 'HK\GURGLIHUXODVlXUH DEILOWULHUHQ� QDFKZDVFKHQ XQG LP 9DNXXPWURFNHQ�

VFKUDQN WURFNQHQ

������� $ONDOLK\GURO\VH

− FD� �� ELV ��� PJ GHU 81) LQ HLQ 3\UH[JODV HLQZLHJHQ
− � PO 1DWURQODXJH �F  � PRO�O� KLQ]XI�JHQ
− � PLQ LP 8OWUDVFKDOOEDG GLVSHUJLHUHQ

− .RSIUDXP GHV 3\UH[JODVHV PLW 6WLFNVWRII EHJDVHQ� *ODV YHUVFKOLH�HQ

− �� K EHL 5DXPWHPSHUDWXU LP 'XQNHOQ U�KUHQ

− /|VXQJ ]HQWULIXJLHUHQ� 5�FNVWDQG ]ZHLPDO PLW GHVW� :DVVHU ZDVFKHQ� NODUH /|VXQJHQ
DEGHNDQWLHUHQ XQG YHUHLQLJHQ

− YHUHLQLJWH /|VXQJHQ PLW NRQ]� 3KRVSKRUVlXUH DXI S+ ��� HLQVWHOOHQ XQG HYWO�
DXIWUHWHQGHQ 1LHGHUVFKODJ DE]HQWULIXJLHUHQ

− NODUHV =HQWULIXJDW ]XU )HVWSKDVHQH[WUDNWLRQ HLQVHW]HQ

������� $ONDOLVFKH 'UXFNK\GURO\VH

− FD� ��� PJ 81) LQ HLQHQ 7HIORQEHKlOWHU ]XP 'UXFNDXIVFKOX� HLQZLHJHQ

− � PO 1DWURQODXJH �F  � PRO�O� ]XJHEHQ
− 7HIORQEHKlOWHU LQ $XIVFKOX�ERPEHQ JHEHQ
− � K EHL ����& DXIVFKOLH�HQ
− $XIVFKOX�O|VXQJ ]HQWULIXJLHUHQ� 5�FNVWDQG ]ZHLPDO PLW GHVW� :DVVHU ZDVFKHQ� NODUH
/|VXQJHQ DEGHNDQWLHUHQ XQG YHUHLQLJHQ

− PLW NRQ]� 3KRVSKRUVlXUH DXI S+ ≅ � HLQVWHOOHQ XQG HLQHQ HYWO� DXIWUHWHQGHQ
1LHGHUVFKODJ DE]HQWULIXJLHUHQ RGHU ILOWULHUHQ

− NODUH /|VXQJ ]XU )HVWSKDVHQH[WUDNWLRQ HLQVHW]HQ
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������� )HVWSKDVHQH[WUDNWLRQ

,QWHUQHU $XIDUEHLWXQJVVWDQGDUG�

R&6� F  ����� PJ���� PO GHVW� :DVVHU

0HWKRGH $� 6lXOHQ PLW 2FWDGHF\OVLO\OSKDVH

VWDWLRQlUH 3KDVHQ� %RQG (OXW &���� ��� PJ�� PO �)D� 9DULDQ�

%RQG (OXW +)���� KLJK IORZ� ��� PJ�� PO �)D� 9DULDQ�

− � PO GHV LQWHUQHQ $XIDUEHLWXQJVVWDQGDUGV R&6 �F  ����� PJ���� PO GHVW� :DVVHU�
]XU NODUHQ /|VXQJ DXV ������� RGHU ������� KLQ]XJHEHQ

− 6lXOH NRQGLWLRQLHUHQ� � 6lXOHQYROXPHQ 0HWKDQRO
� 6lXOHQYROXPHQ GHVW� :DVVHU

− 3UREHQO|VXQJ DXI GLH 6lXOH JHEHQ
− PLW �� PO GHVW� :DVVHU �PLW +�32� DQJHVlXHUW� S+ ≅ �� ZDVFKHQ
− QHXWUDOZDVFKHQ PLW FD� �� PO GHVW� :DVVHU
− PLW � PO GHVW� :DVVHU � 0HWKDQRO ������� Y�Y� HOXLHUHQ
− � ELV ��� PO GHV (OXDWV ]XU 6LO\OLHUXQJ RGHU +3/&�$QDO\VH HLQVHW]HQ

0HWKRGH %� 6lXOHQ PLW 6W\UROGLYLQ\OEHQ]ROSKDVH

VWDWLRQlUH 3KDVH� %DNHUERQG� 6'%��� ��� PJ�� PO �)D� %DNHU�

− � PO GHV LQWHUQHQ $XIDUEHLWXQJVVWDQGDUGV R&6 �F  ����� PJ���� PO GHVW� :DVVHU�
]XU NODUHQ /|VXQJ DXV ������� RGHU ������� KLQ]XJHEHQ

− 6lXOH NRQGLWLRQLHUHQ� � 6lXOHQYROXPHQ 0HWKDQRO
� 6lXOHQYROXPHQ GHVW� :DVVHU

− 3UREHQO|VXQJ DXI GLH 6lXOH JHEHQ
− PLW �� PO 0HWKDQRO � GHVW� :DVVHU ������� Y�Y� ZDVFKHQ
− PLW � PO 0HWKDQRO HOXLHUHQ
− � ELV ��� PO GHV (OXDWV ]XU 6LO\OLHUXQJ RGHU +3/&�$QDO\VH HLQVHW]HQ

������� 706�'HULYDWLVLHUXQJ GHU 3KHQROFDUERQVlXUHQ

6WDQGDUGO|VXQJHQ

,QWHUQHU 9ROXPHQVWDQGDUG I�U GLH *&�

3KORURJOXFLQ� F  ���� PJ���� PO ���LJHP (WKDQRO

3KHQROFDUERQVlXUH�6WDQGDUGO|VXQJHQ I�U GLH *&�

0RQRPHUH� )6� F  ����� PJ���� PO 0HWKDQRO

S&6� F  ����� PJ���� PO 0HWKDQRO

R&6� F  ���� PJ���� PO 0HWKDQRO

'LPHUH� ))�'LPHUH� F a � PJ�� PO 0HWKDQRO

&&�'LPHUH� F a �� PJ���� PO ���LJHP (WKDQRO

���¶ ')6� F a � PJ��� PO 0HWKDQRO
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706�'HULYDWLVLHUXQJ GHU 3KHQROFDUERQVlXUHQ

− $OLTXRW GHV 63(�(OXDWV LQ %UDXQJODVJHIl�H ���� PO� VLO\OGHVDNWLYLHUW� PLW

WHIORQJHGLFKWHWHP 6FKUDXEGHFNHO� SLSHWWLHUHQ

E]Z�

MH ��� �O GHU 0RQRPHUHQ�6WDQGDUGO|VXQJHQ XQG GHU &&�'LPHUHQ�6WDQGDUGO|VXQJ

VRZLH ��� �O GHU ))�'LPHUHQ�6WDQGDUGO|VXQJ

− �� �O 3KORURJOXFLQ�/|VXQJ ]XJHEHQ
− LP 6WLFNVWRIIVWURP ELV ]XU 7URFNQH HLQGDPSIHQ

− 5�FNVWDQG PLW �� E]Z� ��� �O %67)$�'HULYDWLVLHUXQJVUHDJHQ] YHUVHW]HQ
− � K EHL ���& LP +HL]EORFN XPVHW]HQ� JHOHJHQWOLFK VFK�WWHOQ

− ��� ELV � �O I�U GLH JDVFKURPDWRJUDSKLVFKH $QDO\VH YHUZHQGHQ

������� +3/&�$QDO\VH

6WDQGDUGO|VXQJHQ

0RQRPHUH� )6� F  � PJ���� PO 0HWKDQRO

S&6� F  � PJ���� PO 0HWKDQRO

R&6� F  ��� PJ���� PO 0HWKDQRO

'LPHUH� ))�'LPHUH� F a � PJ���� PO 0HWKDQRO

���¶ ')6� F a � PJ���� PO 0HWKDQRO

+3/&�$QDO\VH GHU 3KHQROFDUERQVlXUHQ

− ��� � �PO GHV 63(�(OXDWV E]Z� ����O GHU 6WDQGDUGO|VXQJHQ LQ �PO�%UDXQJODVJHIl�H

SLSHWWLHUHQ XQG LP 6WLFNVWRIIVWURP ]XU 7URFNQH EULQJHQ

− LQ � PO 0HWKDQRO � :DVVHU ������� Y�Y� DXIQHKPHQ

− /|VXQJ PHPEUDQILOWULHUHQ XQG LQ GLH +3/& HLQVSULW]HQ

����� .RKOHQK\GUDWH

������� 0HWKDQRO\VH XQG 7ULPHWK\OVLO\OLHUXQJ

6WDQGDUGO|VXQJHQ

,QWHUQHU 6WDQGDUG�

PHVR�(U\WKULW� F  ���� PJ���� PO 0HWKDQRO → I�U GHQ H[WHUQHQ 6WDQGDUG

F  ���� PJ���� PO 0HWKDQRO → I�U GLH 3UREHQ

0RQRVDFFKDULGVWDQGDUGO|VXQJ�

$UDELQRVH� F  ���� PJ���� PO ���LJHP (WKDQRO

;\ORVH� F  ���� PJ���� PO ���LJHP (WKDQRO

*OXNRVH� F  ���� PJ���� PO ���LJHP (WKDQRO

*OXNXURQVlXUH� F  ���� PJ���� PO ���LJHP (WKDQRO
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0HWKDQRO\VH

+HUVWHOOXQJ GHU PHWKDQROLVFKHQ 6DO]VlXUH �F  � PRO�O��

��� PO JHWURFNQHWHV 0HWKDQRO ZHUGHQ PLWWHOV HLQHU (LV�.RFKVDO]�0LVFKXQJ DXI HWZD

��� �& JHN�KOW XQG XQWHU )HXFKWLJNHLWVDXVVFKOX� WURSIHQZHLVH PLW �� PO $FHW\OFKORULG

YHUVHW]W� 'LH JHQDXH .RQ]HQWUDWLRQ GHV JHELOGHWHQ &KORUZDVVHUVWRIIV ZLUG GXUFK

7LWUDWLRQ HLQHV DOLTXRWHQ $QWHLOV PLW 1DWULXPK\GUR[LG�0D�O|VXQJ �F  ��� PRO�O�

HUPLWWHOW� 'LH /|VXQJ ZLUG EHL ��� �& DXIEHZDKUW�

− FD� �� PJ 81) LQ 3\UH[JOlVHU HLQZLHJHQ
E]Z�

��� �O GHU 0RQRVDFFKDULGVWDQGDUGO|VXQJ LQ 3\UH[JOlVHU SLSHWWLHUHQ

− � PO PHWKDQROLVFKH 6DO]VlXUH � F  � PRO�O I�U GLH 3UREHQ E]Z�
F  ��� PRO�O I�U GHQ 0RQRVDFFKDULGVWDQGDUG�

]XJHEHQ

− � K EHL ����& LP +HL]EORFN XPVHW]HQ� JHOHJHQWOLFK YRUVLFKWLJ VFK�WWHOQ

− 3UREHQ ]HQWULIXJLHUHQ XQG LQ � PO 0H�NROEHQ �EHUI�KUHQ
− �� �O 3\ULGLQ KLQ]XI�JHQ
− 3UREHQ PLW 0HWKDQRO ]XU 0DUNH DXII�OOHQ
− ��� PO GHU 3UREHO|VXQJ PLW �� �O GHV LQWHUQHQ 6WDQGDUGV PHVR�(U\WKULW YHUVHW]HQ
E]Z�

QHXWUDOLVLHUWH 6WDQGDUGO|VXQJ PLW ��� �O PHVR�(U\WKULW�/|VXQJ YHUVHW]HQ

− LP 6WLFNVWRIIVWURP HLQGDPSIHQ

6LO\OLHUXQJ

− HLQJHGDPSIWH 3UREH PLW ��� �O 6LO\OLHUXQJVUHDJHQ] �3\ULGLQ�%67)$� ������ Y�Y�
E]Z�

HLQJHGDPSIWHQ 0RQRVDFFKDULGVWDQGDUG PLW ��� �O 6LO\OLHUXQJVUHDJHQ] YHUVHW]HQ

− � K EHL ���& LP +HL]EORFN XPVHW]HQ� JHOHJHQWOLFK XPVFKZHQNHQ

− ��� �O ]XU ,QMHNWLRQ LQ GHQ *DVFKURPDWRJUDSKHQ YHUZHQGHQ

������� 6DXUH +\GURO\VH QDFK 6$(0$1 XQG 'HULYDWLVLHUXQJ ]X $OGLWRODFHWDWHQ

6WDQGDUGO|VXQJHQ

,QWHUQHU 6WDQGDUG�

PHVR�(U\WKULW� F  ���� PJ���� PO ���LJHU (VVLJVlXUH

0RQRVDFFKDULGVWDQGDUGO|VXQJHQ�

$UDELQRVH� F  ���� PJ��� PO GHVW� :DVVHU

;\ORVH� F  ���� PJ��� PO GHVW� :DVVHU

*OXNRVH� F  ���� PJ��� PO GHVW� :DVVHU

6$(0$1�+\GURO\VH

− FD� �� � �� PJ GHU 81) LQ HLQ NOHLQHV 3\UH[JODV HLQZLHJHQ
− ��� �O ���LJHQ �Z�Z� 6FKZHIHOVlXUH ]XJHEHQ
− �� PLQ DEZHFKVHOQG LQV 8OWUDVFKDOOEDG VWHOOHQ XQG XPVFK�WWHOQ ��EHUPl�LJH
(UZlUPXQJ GHU 3UREH YHUPHLGHQ� GD DQVRQVWHQ 7HLOH GHU 3UREH YHUNRKOHQ�
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− ��� PO VWLFNVWRIIJHVlWWLJWHV GHVW� :DVVHU ]XJHEHQ �9HUG�QQXQJ DXI FD� � PRO�O +�62��

− � K EHL ����& LP 7URFNHQVFKUDQN K\GURO\VLHUHQ

− VW�QGOLFK GLH 3UREHQ NUlIWLJ VFK�WWHOQ

− PLW (LVZDVHU DXI 5DXPWHPSHUDWXU DEN�KOHQ

− PLW ��� �O ���LJHP $PPRQLDN QHXWUDOLVLHUHQ

− ]HQWULIXJLHUHQ

− �EHUVWHKHQGH /|VXQJ LQ HLQHQ �� PO�0H�NROEHQ GHNDQWLHUHQ

− 5�FNVWDQG ]ZHLPDO PLW :DVVHU ZDVFKHQ� =HQWULIXJDWH LQ GHQ 0H�NROEHQ �EHUI�KUHQ

− �� PO�0H�NROEHQ PLW GHVW� :DVVHU ]XU 0DUNH DXII�OOHQ

− 3\UH[JODV PLW XQO|VOLFKHP 5�FNVWDQG �.ODVRQ�/LJQLQ� LP 9DNXXPWURFNHQVFKUDQN

WURFNQHQ� ZLHJHQ

5HGXNWLRQ GHU =XFNHU ]X GHQ $OGLWROHQ

− ��� �O GHV QHXWUDOLVLHUWHQ +\GURO\VDWV LQ HLQ JUR�HV 3\UH[JODV SLSHWWLHUHQ

E]Z�

MH ����O GHU 0RQRVDFFKDULGVWDQGDUGO|VXQJHQ LQ HLQ JUR�HV 3\UH[JODV SLSHWWLHUHQ XQG

LP 6WLFNVWRIIVWURP ]XU 7URFNQH EULQJHQ� 5�FNVWDQG LQ ����O GHVW� :DVVHU DXIQHKPHQ

− � PO IULVFKH 1DWULXPERUK\GULG�/|VXQJ �� J���� PO '062� ]XJHEHQ

− � K EHL ���& LP +HL]EORFN U�KUHQ

− /|VXQJ DEN�KOHQ

− ��� �O LQWHUQHQ 6WDQGDUG PHVR�(U\WKULW �LQ ���LJHU (VVLJVlXUH� KLQ]XI�JHQ

$FHW\OLHUXQJ GHU =XFNHUDONRKROH

− /|VXQJ GHU =XFNHUDONRKROH �V�R�� EHL 5DXPWHPSHUDWXU PLW � PO (VVLJVlXUHDQK\GULG

YHUVHW]HQ

− ��� �O ��0HWK\OLPLGD]RO DOV .DWDO\VDWRU ]XJHEHQ

− �� PLQ EHL 5DXPWHPSHUDWXU UHDJLHUHQ ODVVHQ

− � PO GHVW� :DVVHU XQWHU .�KOXQJ PLW (LVZDVVHU KLQ]XI�JHQ �=HUVW|UXQJ GHV �EHU�

VFK�VVLJHQ (VVLJVlXUHDQK\GULGV�

([WUDNWLRQ GHU $OGLWRODFHWDWH

− � PO &KORURIRUP ]XJHEHQ

− GXUFK NUlIWLJHV 6FK�WWHOQ JXW PLVFKHQ

− �EHUVWHKHQGH :DVVHUSKDVH HQWIHUQHQ

− RUJDQLVFKH 3KDVH QRFK ]ZHLPDO PLW MH � PO GHVW� :DVVHU ZDVFKHQ

− EHL ����& GDV UHVWOLFKH :DVVHU DXVIULHUHQ

− &KORURIRUPSKDVH LQ ���� PO�%UDXQJODVIOlVFKFKHQ DEI�OOHQ

− � �O GHU /|VXQJ LQ GHQ *DVFKURPDWRJUDSKHQ LQML]LHUHQ
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������� 0HWK\OLHUXQJ XQG 5HGXNWLYH 'HSRO\PHULVDWLRQ

0HWK\OLHUXQJ

− � � �� PJ 81) ZHUGHQ LQ HLQ �PO 6FKUDXEGHFNHOJODV HLQJHZRJHQ
− ��� � � PO '062 ]XJHEHQ
− /|VXQJ XQWHU (UZlUPHQ DXI PD[� ����& YHUYROOVWlQGLJHQ
− EHUHFKQHWH 0HQJH IULVFK JHSXOYHUWHV 1DWULXPK\GUR[LG ���� bTXLYDOHQWH �
DEVWUDKLHUEDUHP +�$WRP� KLQ]XI�JHQ

− � K EHL 5DXPWHPSHUDWXU U�KUHQ
− 0HWK\OLRGLG ]XJHEHQ �lTXLPRODUH 0HQJH ]XU 1D2+�0HQJH�
− �EHU 1DFKW EHL 5DXPWHPSHUDWXU U�KUHQ
− � PO &KORURIRUP KLQ]XI�JHQ

− PLW 1DWULXPWKLRVXOIDWO|VXQJ �F  ��� PRO�O� ZDVFKHQ� ]HQWULIXJLHUHQ
− PLW GHVW� :DVVHU QHXWUDO ZDVFKHQ �FD� �[�
− RUJDQLVFKH 3KDVH LQ JHZRJHQH 6FKUDXEGHFNHOJOlVFKHQ DESLSHWWLHUHQ XQG ]ZHLPDO PLW
&KORURIRUP QDFKH[WUDKLHUHQ

− YHUHLQLJWH RUJDQLVFKH 3KDVHQ LP 6WLFNVWRIIVWURP HLQGDPSIHQ XQG 0DWHULDO �EHU 1DFKW

LP 9DNXXPWURFNHQVFKUDQN EHL ���& WURFNQHQ

− SHUPHWK\OLHUWHV 0DWHULDO DXVZLHJHQ XQG LQ GHILQLHUWHP &KORURIRUP�9ROXPHQ

DXIQHKPHQ �» �PJ�PO�

5HGXNWLYH 6SDOWXQJ

− ��� � � PJ GHV SHUPHWK\OLHUWHQ 0DWHULDOV �G�K� HQWVSUHFKHQGHV 9ROXPHQ GHU
&KORURIRUPO|VXQJ� LQ HLQ ���� PO�%UDXQJODV JHEHQ XQG LP 6WLFNVWRIIVWURP GDV

/|VXQJVPLWWHO ELV ]XU 7URFNQH HQWIHUQHQ

− 0DWHULDO LQ ��� �O 'LFKORUPHWKDQ DXIQHKPHQ
− �� �O 7(6 SUR PJ SHUPHWK\OLHUWHV 0DWHULDO ]XJHEHQ
− �� �O 706�2�7ULIODW SUR PJ SHUPHWK\OLHUWHV 0DWHULDO ]XJHEHQ
− � K EHL 5DXPWHPSHUDWXU U�KUHQ

%DVLVFKH $FHW\OLHUXQJ

− �� �O $FHWDQK\GULG KLQ]XI�JHQ
− �� �O ��0HWK\OLPLGD]RO DOV .DWDO\VDWRU ]XJHEHQ
− � K EHL 5DXPWHPSHUDWXU U�KUHQ

([WUDNWLRQ GHU 30$$$

− ��� �O 'LFKORUPHWKDQ ]XSLSHWWLHUHQ
− JHVlWWLJWH 1DWULXPK\GURJHQFDUERQDWO|VXQJ KLQ]XI�JHQ
− �� PLQ U�KUHQ
− PLW GHVW� :DVVHU QHXWUDO ZDVFKHQ �FD� �[�
− RUJDQLVFKH 3KDVH LQ ���� PO�*OlVFKHQ DESLSHWWLHUHQ XQG Zl�ULJH 3KDVH PLW ��� �O

'LFKORUPHWKDQ QDFKH[WUDKLHUHQ

− YHUHLQLJWH RUJDQLVFKH 3KDVHQ �EHU &DOFLXPFKORULG WURFNQHQ ��EHU 1DFKW�

− �EHU 1DWULXPVXOIDW ILOWULHUHQ XQG 'LFKORUPHWKDQ LP 6WLFNVWRIIVWURP DEGDPSIHQ

− 30$$$ LQ ��� �O PHVR�(U\WKULWROWHWUDDFHWDWO|VXQJ �FD� ��� PJ�PO� DXIQHKPHQ

− *&�(LQVSLW]XQJ �� �O�
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��� $XVZHUWXQJ

����� 3KHQROFDUERQVlXUHQ

������� *&�$QDO\VH GHU 706�'HULYDWH

Berechnung der Flächenkorrekturfaktoren

'HU *HKDOW DQ SKHQROLVFKHQ &DUERQVlXUHQ ZLUG QDFK GHU 0HWKRGH GHV ,QWHUQHQ 6WDQGDUGV

EHUHFKQHW� 'LH )OlFKHQNRUUHNWXUIDNWRUHQ �.I�:HUWH� ZHUGHQ ZLH IROJW EHUHFKQHW�

'D I�U GLPHUH SKHQROLVFKH &DUERQVlXUHQ NHLQH 6WDQGDUGV ]XU 4XDQWLIL]LHUXQJ YRUODJHQ�

ZXUGHQ� XP HLQH KDOETXDQWLWDWLYH $EVFKlW]XQJ ]X HUP|JOLFKHQ� GLH )OlFKHQNRUUHNWXU�

IDNWRUHQ JOHLFK � JHVHW]W�

Berechnung des Phenolcarbonsäuregehalts in der Nahrungsfaser

'LH .RQ]HQWUDWLRQ GHU MHZHLOLJHQ SKHQROLVFKHQ &DUERQVlXUHQ LQ GHU 3UREHO|VXQJ ZLUG

QDFK IROJHQGHU )RUPHO EHUHFKQHW�

8QWHU (LQEH]LHKXQJ GHU (LQZDDJH XQG GHV 9HUG�QQXQJVIDNWRUV )Y HUUHFKQHW VLFK GHU

*HKDOW GHU 3KHQROFDUERQVlXUH LQ GHU 1DKUXQJVIDVHU >�J�J@ ZLH IROJW�

.I  )OlFKHQNRUUHNWXUIDNWRU

$,6  3HDNIOlFKH GHV LQWHUQHQ 6WDQGDUG R&6

$3&6  3HDNIOlFKH GHU MHZHLOLJHQ 3KHQROFDUERQVlXUH

P,6  0HQJH GHV LQWHUQHQ 6WDQGDUGV R&6 >�J LQ 'HU�OVJ�@

P3&6  0HQJH GHU MHZHLOLJHQ 3KHQROFDUERQVlXUH

>�J LQ 'HU�OVJ�@
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P3&6  .RQ]HQWUDWLRQ GHU 3KHQROFDUERQVlXUH LQ GHU

3UREHO|VXQJ >�J LQ 'HU�OVJ�@

F,6  .RQ]HQWUDWLRQ GHV LQWHUQHQ 6WDQGDUGV R&6 LQ GHU

3UREHO|VXQJ >�J LQ 'HU�OVJ�@

.I  )OlFKHQNRUUHNWXUIDNWRU

$,6  3HDNIOlFKH GHV LQWHUQHQ 6WDQGDUGV R&6

$3&6  3HDNIOlFKH GHU 3KHQROFDUERQVlXUH
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03&6  *HKDOW GHU 3KHQROFDUERQVlXUH LQ GHU 1DKUXQJVIDVHU

>�J�J@

F3&6  .RQ]HQWUDWLRQ GHU 3KHQROFDUERQVlXUH LQ GHU

3UREHO|VXQJ >�J LQ 'HULYDWLVLHUXQJVO|VXQJ@

)9  9HUG�QQXQJVIDNWRU

(1)  (LQZDDJH GHU 1DKUXQJVIDVHU >J@
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Relative Retentionszeiten und Flächenkorrekturfaktoren der monomeren phenolischen
Carbonsäuren, DFS und FE

6XEVWDQ] 557 .IR�&6

3KORUR ����� �

R&6 ����� �����

F�S&6 ����� �

W�S&6 ����� �����

F�)6 ����� �

W�)6 ����� �����

���¶DU\O ')6 ����� �����

���¶ ')6 ����� �����

)( , ����� �����

)( ,, ����� �����

���¶ ')6 ����� �����

��2��¶ ')6 ����� �����

���¶ ')6 ����� �����

Relative Retentionszeiten, Flächenkorrekturfaktoren und prozentuale Verteilung der Isomeren im
CC-Dimeren-Standard

6XEVWDQ] 557 .IR�&6 ��$QWHLOH

&&�� ����� ����� ����

&&�� ����� ����� ����

&&�� ����� ����� ����

&&�� ����� ����� ����

&&�� ����� ����� ����

&&�KW�� ����� ����� ����

&&�KW�� ����� ����� ����

&&�KK�� ����� ����� ����

&&�KW�� ����� ����� ����

&&�KW��� ����� ����� �����

Relative Retentionszeiten, Flächenkorrekturfaktoren und prozentuale Verteilung der Isomeren im
FF-Dimeren-Standard

6XEVWDQ] 557 .IR�&6 ��$QWHLOH

))�KK�� ����� ����� ���

))�KW�� ����� ����� ���

))�KK�� ����� ����� ���

))�KW�� ����� ����� ���

))�KK�� ����� ����� ���

))�KK�� ����� ����� ���

))�KW�� ����� ����� ���

))�KW�� ����� ����� ���

))�KW�� ����� ����� ����
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Linearitäten

������� +3/&�$QDO\VH

Relative Retentionszeiten der monomeren und dimeren phenolischen Carbonsäuren

57 557)6 557���¶ ')6 557R&6

9DQLOOLQ ��� ����� ����� �����

W�S&6 ���� ����� ����� �����

W�)6 ���� ����� ����� �����

F�S&6 ���� ����� ����� �����

F�)6 ���� ����� ����� �����

R&6 ���� ����� ����� �����

���
DU\O ')6 ���� ����� ����� �����

���
 ')6 ���� ����� ����� �����

���
 ')6 ���� ����� ����� �����

��2��
 ')6 ���� ����� ����� �����

���
 ')6 ���� ����� ����� �����

Linearität

5HJUHVVLRQVJHUDGHQ�

R&6 y x= ⋅ +0 0364 0 0489, , � U ������

S&6 y x= ⋅ +0 0463 0 0613, , � U ������

)6 y x= ⋅ −0 0403 0 0536, , � U ������
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����� .RKOHQK\GUDWH

������� 6$(0$1�+\GURO\VH XQG 0HWKDQRO\VH

Berechnung der Flächenkorrekturfaktoren

'HU *HKDOW DQ 0RQRVDFFKDULGHQ ZLUG QDFK GHU 0HWKRGH GHV ,QWHUQHQ 6WDQGDUGV

EHUHFKQHW� =XU %HUHFKQXQJ GHU )OlFKHQNRUUHNWXUIDNWRUHQ �.I�:HUWH� ZLUG GLH

QDFKIROJHQGH )RUPHO EHQXW]W� %HL GHU 0HWKDQRO\VH ZHUGHQ ]XYRU GLH 3HDNIOlFKHQ GHU

0HWK\OJO\NRVLGH GHU MHZHLOLJHQ 0RQRVDFFKDULGH DGGLHUW XQG GLH 6XPPH DXI GHQ LQWHUQHQ

6WDQGDUG PHVR�(U\WKULW EH]RJHQ�

%HL JO\NRVLGLVFKHU %LQGXQJ GHU 0RQRVDFFKDULGH LP 3RO\VDFFKDULG ZLUG MH %DXVWHLQ HLQ

0ROHN�O :DVVHU DEJHVSDOWHQ� 'LH )OlFKHQNRUUHNWXUIDNWRUHQ .I P�VVHQ GDKHU PLW GHP

4XRWLHQWHQ 4 DXV GHQ PRODUHQ 0DVVHQ GHU %DXVWHLQH LQ JO\NRVLGLVFKHU %LQGXQJ XQG GHU

0RQRVDFFKDULGVWDQGDUGV PXOWLSOL]LHUW ZHUGHQ� 0DQ HUKlOW GHQ 8PUHFKQXQJVIDNWRU 8I�

'LH )OlFKHQNRUUHNWRUIDNWRUHQ .I ZXUGHQ UHJHOPl�LJ �EHUSU�IW XQG JHJHEHQHQIDOOV

NRUULJLHUW�

'LH XQWHQ IROJHQGHQ 7DEHOOHQ JHEHQ GLH )OlFKHQNRUUHNWXU� XQG 8PUHFKQXQJVIDNWRUHQ

EHLVSLHOKDIW ZLHGHU�

K
A m

m A
f

IS MS

IS MS

=
⋅
⋅

.I  )OlFKHQNRUUHNWXUIDNWRU

$,6  3HDNIOlFKH GHV LQWHUQHQ 6WDQGDUG (U\WKULW

$06  3HDNIOlFKH GHV MHZHLOLJHQ 0RQRVDFFKDULGV

�$OGLWRODFHWDWH� E]Z� 6XPPH GHU 3HDNIOlFKHQ EHL

GHQ 0HWK\OJO\FRVLGHQ

P,6  0HQJH GHV LQWHUQHQ 6WDQGDUGV (U\WKULW

>�J LQ 'HU�OVJ�@

P06  0HQJH GHV MHZHLOLJHQ 0RQRVDFFKDULGV

>�J LQ 'HU�OVJ�@
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ULGVWDQGDUGV >J�PRO@
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Berechnung des Monosaccharidgehalts in der Nahrungsfaser

'LH .RQ]HQWUDWLRQ GHV MHZHLOLJHQ 0RQRVDFFKDULGV LQ GHU 3UREHO|VXQJ ZLUG QDFK IROJHQGHU

)RUPHO EHUHFKQHW�

8QWHU (LQEH]LHKXQJ GHU (LQZDDJH XQG GHV 9HUG�QQXQJVIDNWRUV )Y HUUHFKQHW VLFK GHU

*HKDOW GHV 0RQRVDFFKDULGV LQ GHU 1DKUXQJVIDVHU >PJ�J@ ZLH IROJW�

Relative Retentionszeiten und Flächenkorrekturfaktoren

0HWKDQRO\VH

0RQRVDFFKDULG $EN�U]XQJ 5LQJIRUP 3HDN�1U� 557 .I 4 8I

PHVR�(U\WKULW (U\ � � ����� ����� � �

$UDELQRVH $UD I

S

I
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�

�

�

�����

�����

�����

�����

������ ���� ������
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�����

�����

������ ���� ������

*OXNRVH *OF S

S
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�����

�����

������ ��� ������

*OXNXURQVlXUH *OF$ S

S

��

��

�����

�����

������ ���� ������

P06 .RQ]HQWUDWLRQ GHV 0RQRVDFFKDULGV LQ GHU

3UREHO|VXQJ >�J LQ 'HU�OVJ�@

8I  8PUHFKQXQJVIDNWRU

$,6  3HDNIOlFKH GHV LQWHUQHQ 6WDQGDUGV (U\WKULW

$06  3HDNIOlFKH GHV 0RQRVDFFKDULGV �$OGLWRODFHWDWH� E]Z�

6XPPH GHU 3HDNIOlFKHQ EHL GHQ 0HWK\OJO\FRVLGHQ

P,6  0HQJH GHV LQWHUQHQ 6WDQGDUGV (U\WKULW

>�J LQ 'HU�OVJ�@

m
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A
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006  *HKDOW GHV 0RQRVDFFKDULGV LQ GHU 1DKUXQJVIDVHU

>PJ�J@

F06  .RQ]HQWUDWLRQ GHV 0RQRVDFFKDULGV LQ GHU

3UREHO|VXQJ >�J LQ 'HU�OVJ�@
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6$(0$1�+\GURO\VH

0RQRVDFFKDULG $EN�U]XQJ 557 .I 4 8I

PHVR�(U\WKULW (U\ ����� ����� � �

$UDELQRVH $UD ����� ������ ���� ������

;\ORVH ;\O ����� ������ ���� ������

*OXNRVH *OF ����� ������ ���� ������

Linearitäten

0HWKDQRO\VH

6$(0$1�+\GURO\VH

5HJUHVVLRQVJHUDGHQ�

$UDELQRVH y x= ⋅ −0 0255 0 0121, , � U ������

;\ORVH y x= ⋅ +0 0209 0 0151, , � U ������

*OXNRVH y x= ⋅ +0 0213 0 0022, , � U ������

*OXNXURQVlXUH y x= ⋅ −0 0117 0 0051, , � U ������
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$UDELQRVH y x= ⋅ −0 0085 0 0245, , � U ������

;\ORVH y x= ⋅ −0 0079 0 0007, , � U ������

*OXNRVH y x= ⋅ −0 0057 0 0190, , � U ������
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������� 5HGXNWLYH 'HSRO\PHULVDWLRQ

Berechnung der Reagenzienmengen für die Methylierung

'LH 1DWULXPK\GUR[LGPHQJH ZLUG QDFK IROJHQGHU )RUPHO EHUHFKQHW�

$XV GHU EHQ|WLJWHQ 1DWULXPK\GUR[LGPHQJH HUJLEW VLFK GDV '062�9ROXPHQ� ZHOFKHV ]XP

/|VHQ GHV 3RO\VDFFKDULGV HLQJHVHW]W ZLUG� (V VROOWH VR EHPHVVHQ VHLQ� GD� HLQH 1D2+�

.RQ]HQWUDWLRQ YRQ � PPRO SUR PO '062 QLFKW �EHUVFKULWWHQ ZLUG�

Abkürzungen der PMAAA-Derivate

30$$$�'HULYDW $EN�U]XQJ

����$QK\GUR�������WUL�2�PHWK\O�'�DUDELWRO W�$UDI

����$QK\GUR�������WUL�2�PHWK\O�'�[\OLWRO W�;\OS

����$QK\GUR���2�DFHW\O�����GL�2�PHWK\O�'�DUDELWRO ��$F�$UDI

����$QK\GUR���2�DFHW\O�����GL�2�PHWK\O�'�DUDELWRO ��$F�$UDI

����$QK\GUR���2�DFHW\O�����GL�2�PHWK\O�'�[\OLWRO ��$F�;\OS

����$QK\GUR���2�DFHW\O�����GL�2�PHWK\O�'�[\OLWRO ��$F�;\OI

����$QK\GUR�����GL�2�DFHW\O���2�PHWK\O�'�[\OLWRO ����$F�;\OS

����$QK\GUR�����GL�2�DFHW\O���2�PHWK\O�'�[\OLWRO ����$F�;\OI

����$QK\GUR�����GL�2�DFHW\O���2�PHWK\O�'�[\OLWRO ����$F�;\OS

����$QK\GUR�����GL�2�DFHW\O���2�PHWK\O�'�[\OLWRO ����$F�;\OS

��� $QK\GUR�������WUL�2�DFHW\O�'�[\OLWRO ������$F�;\OS

����$QK\GUR�������WUL�2�DFHW\O�'�[\OLWRO ������$F�;\OI

����$QK\GUR���������WUL�2�PHWK\O�'�JOXFLWRO W�*OFS

����$QK\GUR���2�DFHW\O�������WUL�2�PHWK\O�'�JOXFLWRO ��$F�*OFS

����$QK\GUR���2�DFHW\O�������WUL�2�PHWK\O�'�JOXFLWRO ��$F�*OFI

P1D2+  1DWULXPK\GUR[LGPHQJH >PJ@

P36  HLQJHVHW]WH 3RO\VDFFKDULGPHQJH >PJ@

0*1D2+  0ROHNXODUJHZLFKW YRQ 1D2+  �� J�PRO

0*$3  0ROHNXODUJHZLFKW GHU $QK\GURSHQWRVH

 ��� J�PRO

+  $Q]DKO GHU DEVWUDKLHUEDUHQ +�$WRPH  �

HT1D2+  1D2+�bTXLYDOHQWH SUR 0RO ]X HUVHW]HQGHV

+�$WRP  ���

m
m H eq MG

MG
NaOH

PS NaOH NaOH
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=
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Relative Retentionszeiten und E.C.R.-Faktoren der PMAAA-Derivate

30$$$�'HULYDW 'HULYDW�1U� 557 (�&�5� )PRO

W�;\OS � ����� ��� ������

W�$UDI � ����� ��� ������

��$F�$UDI � ����� ��� ������

��$F�$UDI � ����� ��� ������

��$F�;\OS � ����� ��� ������

W�*OFS � ����� ��� ������

��$F�;\OI � ����� ��� ������

����$F�;\OS � ����� ��� ������

����$F�;\OI � ����� ��� ������

����$F�;\OS �� ����� ��� ������

����$F�;\OI �� ����� ��� ������

��$F�*OFS �� ����� ��� ������

������$F�;\OS �� ����� ��� ������

��$F�*OFI �� ����� ��� ������

������$F�;\OI �� ����� ��� ������

(U\�$F�� ,6 ����� ��� �
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��� (UJHEQLVVH

����� &KDUDNWHULVLHUXQJ GHV 8QWHUVXFKXQJVPDWHULDOV�

7URFNHQPDVVH� )HWW� XQG 1DKUXQJVIDVHUJHKDOWH

*HWUHLGH�5RKPDWHULDO

70 )HWW 81)

>PJ�J@ >PJ�J@ >PJ�J 70@

:HL]HQNOHLH ��� �� ���

5RJJHQ ��� �� ���

*HUVWHQNOHLH ��� �� ���

+DIHUNOHLH ��� �� ���

0DLV ��� �� ��

5HLV ��� � ��

+LUVH ��� �� ��

*HWUHLGH�([WUXGDWH

70 )HWW /1) >PJ�J 70@ 81) >PJ�J 70@

>PJ�J@ >PJ�J@ 0: V 0: V

*HUVWH

5RKVWRII *� ��� �� �� ��� ��� ���

9� *� �� ��� �� �� ��� ��� ���

+DIHU

5RKVWRII+� ��� �� �� ��� ��� ���

9� +� �� ��� �� ��� ���� ��� ���

9� +� �� ��� �� ��� ��� ��� ����

0DLV

0DLVJULHV ��� �� � ��� �� ���

0DLVFROOHWV ���� � � ��� �� ���

:HL]HQ

5RKVWRII:� ��� �� �� ��� ��� ���

YY �� � ��� �� �� ��� ��� ����

YY �� � ��� �� �� ��� ��� ���

YY �� � ��� �� �� ��� ��� ���

YY �� �� ��� �� �� ��� ��� ���

+DIHUSURGXNWH

70 )HWW /1) >PJ�J 70@ 81) >PJ�J 70@

>PJ�J@ >PJ�J@ 0: V 0: V

5RKKDIHU ��� �� �� ��� �� ���

'DUUH ��� �� �� ��� �� ���

+DIHUIORFNHQ ��� �� �� ��� �� ���

+DIHUNOHLH ��� �� �� ��� ��� ���

(+) ��� �� �� ��� �� ���

(+. ��� �� �� ��� ��� ���
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����� 3KHQROFDUERQVlXUHJHKDOWH

������� *HWUHLGH�5RKPDWHULDO

$ONDOLK\GURO\VH �HVWHUJHEXQGHQH 3&6�

>�J�J 81)@ :HL]HQ 5RJJHQ *HUVWH +DIHU

0: V 0: V 0: V 0: V

S&6 ��� ���� ��� ��� ��� ���� ��� ����

)6 ����� ������ ���� ����� ���� ����� ���� �����

���¶DU\O ')6 �� ���� �� ��� ��� ���� �� ����

���¶ ')6 � ��� �� ��� �� ��� �� ����

���¶ ')6 �� ���� �� ���� �� ��� �� ����

��2��¶ ')6 �� ���� � ��� �� ���� � ���

���¶ ')6 ��� ���� �� ���� ��� ���� �� ����

)) �� ��� �� ��� �� ��� �� ���

)( , �� ��� �� ��� � ��� WU �

)( ,, �� ���� Q�Q� � �� ���� � ���

>�J�J 81)@ 0DLV 5HLV +LUVH

0: V 0: V 0: V

S&6 ��� ���� ��� ���� ���� �����

)6 ����� ����� ���� ����� ����� �����

���¶DU\O ')6 �� ��� Q�Q� � ��� ����

���¶ ')6 �� ��� Q�Q� � �� ����

���¶ ')6 �� ���� Q�Q� � ��� ����

��2��¶ ')6 �� ���� Q�Q� � ��� ����

���¶ ')6 �� ���� Q�Q� � ��� ���

)) Q�Q� � Q�Q� � ��� ����

)( , Q�Q� � Q�Q� � �� ����

)( ,, �� ���� Q�Q� � ��� ���
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$ONDOLVFKH 'UXFNK\GURO\VH �HVWHU� XQG HWKHUJHEXQGHQH 3&6�

>�J�J 81)@ :HL]HQ 5RJJHQ *HUVWH +DIHU

0: V 0: V 0: V 0: V

S&6 ��� ���� ���� ���� ��� ���� ��� ����

)6 ����� ����� ���� ������ ���� ����� ���� �����

���¶DU\O ')6 ��� ��� ��� ���� ��� ���� �� ����

���¶ ')6 ��� ���� ��� ��� �� ���� �� ����

���¶ ')6 ��� ��� ��� ���� ��� ���� �� ����

��2��¶ ')6 ��� ���� ��� ���� ��� ���� ��� ����

���¶ ')6 ��� ���� ��� ���� ��� ���� ��� ����

)) �� ��� �� ��� �� ���� � ���

)( , Q�Q� � Q�Q� � Q�Q� � Q�Q� �

)( ,, �� ��� ��� ���� Q�Q� � Q�Q� �

>�J�J 81)@ 0DLV 5HLV +LUVH

0: V 0: V 0: V

S&6 ��� ���� ��� ���� ���� �����

)6 ���� ������ ���� ����� ����� ������

���¶DU\O ')6 ��� ���� �� ��� ���� �����

���¶ ')6 �� ��� �� ��� ��� ����

���¶ ')6 ��� ���� �� ��� ��� ����

��2��¶ ')6 ��� ���� �� ��� ��� ����

���¶ ')6 ��� ���� �� ��� ��� ����

)) WU � Q�Q� � �� ���

)( , Q�Q� � WU � ��� ����

)( ,, Q�Q� � �� ��� ��� ����
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������� *HWUHLGH�([WUXGDWH

*HUVWH

$ONDOLK\GURO\VH $ONDOLVFKH 'UXFNK\GURO\VH

�HVWHUJHEXQGHQH 3&6� �HVWHU� XQG HWKHUJHEXQGHQH 3&6�

0DLV

$ONDOLK\GURO\VH $ONDOLVFKH 'UXFNK\GURO\VH

�HVWHUJHEXQGHQH 3&6� �HVWHU� XQG HWKHUJHEXQGHQH 3&6�

>�J�J 81)@ 5RKVWRII *� 9� *� ��

0: V 0: V

S&6 ��� ���� ��� ���

)6 ���� ����� ���� �����

���¶DU\O ')6 ��� ���� ��� ���

���¶ ')6 �� ���� �� ����

���¶ ')6 ��� ���� ��� ����

��2��¶ ')6 ��� ���� ��� ����

���¶ ')6 ��� ���� ��� ����

)) �� ��� �� ���

)( , Q�Q� � Q�Q� �

)( ,, Q�Q� � Q�Q� �

>�J�J 81)@ 5RKVWRII *� 9� *� ��

0: V 0: V

3&6 ��� ���� ��� ����

)6 ���� ����� ���� �����

���¶DU\O ')6 ��� ���� ��� ����

���¶ ')6 �� ��� �� ����

���¶ ')6 �� ��� �� ����

��2��¶ ')6 �� ���� �� ����

���¶ ')6 ��� ���� ��� ����

)) �� ��� �� ���

)( , � ��� � ���

)( ,, �� ���� �� ����

>�J�J 81)@ 0DLVJULHV 0DLVFROOHWV

0: V 0: V

S&6 ��� ���� ��� ����

)6 ���� ������ ����� �����

���¶DU\O ')6 ��� ���� ��� ����

���¶ ')6 �� ��� �� ����

���¶ ')6 ��� ���� ��� ����

��2��¶ ')6 ��� ���� ��� ����

���¶ ')6 ��� ���� ��� ����

)) WU � �� ���

)( , Q�Q� � Q�Q� �

)( ,, Q�Q� � Q�Q� �

>�J�J 81)@ 0DLVJULHV 0DLVFROOHWV

0: V 0: V

3&6 ��� ���� ��� ����

)6 ����� ����� ����� �����

���¶DU\O ')6 �� ��� ��� ����

���¶ ')6 �� ��� �� ���

���¶ ')6 �� ���� �� ���

��2��¶ ')6 �� ���� ��� ����

���¶ ')6 �� ���� ��� ����

)) Q�Q� � Q�Q� �

)( , Q�Q� � Q�Q� �

)( ,, �� ���� Q�Q� �
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+DIHU

$ONDOLK\GURO\VH �HVWHUJHEXQGHQH 3&6�

>�J�J 81)@ 5RKVWRII +� 9� +� �� 9� +� ��

0: V 0: V 0: V

3&6 ��� ���� ��� ���� ��� �����

)6 ���� ����� ���� ����� ���� �����

���¶DU\O ')6 �� ���� ��� ��� �� ����

���¶ ')6 �� ���� �� ��� �� ���

���¶ ')6 �� ���� �� ��� �� ���

��2��¶ ')6 �� ��� �� ��� �� ����

���¶ ')6 �� ��� �� ��� �� ���

)) � ��� � ��� � ���

)( , WU � WU � WU �

)( ,, WU � WU � WU �
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Abbildung 39: GC-Chromatogramm des CC-Dimeren-Standards mit vergrößerter Darstellung des
Dimerenbereichs
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Abbildung 40: GC-Chromatogramm des FF-Dimeren-Standards mit vergrößerter Darstellung des
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Abbildung 42: HPLC-Chromatogramm phenolischer Carbonsäuren aus UNF
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Abbildung 43: DAD-Spektren der DFS



/(%(16/$8)

3HUV|QOLFKH 'DWHQ

1DPH $QMD 5HQJHU

JHERUHQ DP ��� 0DL ���� LQ +DPEXUJ

6FKXOELOGXQJ

������� � ������� *UXQGVFKXOH .LHONRSSHOVWUD�H� +DPEXUJ

������� � ������� *\PQDVLXP +HHJHQ� +DPEXUJ

%HUXIVDXVELOGXQJ

������� � ������� *DVWK|UHULQ DQ GHU 8QLYHUVLWlW +DPEXUJ

������� � ������� 6WXGLXP GHU /HEHQVPLWWHOFKHPLH� 8QLYHUVLWlW +DPEXUJ

������� � ������� 'LSORPDUEHLW Ä,GHQWLIL]LHUXQJ YRQ *HOLHU�XQG 9HUGLFNXQJV�

PLWWHOQ PLW GHU 0HWKRGH GHU 5HGXNWLYHQ 'HSRO\PHULVDWLRQ³

������� (UVWH OHEHQVPLWWHOFKHPLVFKH 6WDDWVSU�IXQJ XQG

'LSORP LQ /HEHQVPLWWHOFKHPLH

������� =ZHLWH OHEHQVPLWWHOFKHPLVFKH 6WDDWVSU�IXQJ

%HUXIVSUDNWLND

������� � ������� )LUPD 6*6�&RQWUROO�&R�P�E�+�� +DPEXUJ

������� � ������� &KHPLVFKH XQG /HEHQVPLWWHO�8QWHUVXFKXQJVDQVWDOW�

+\JLHQLVFKHV ,QVWLWXW� +DPEXUJ

%HUXIVWlWLJNHLW

������� � ������� :LVVHQVFKDIWOLFKH 0LWDUEHLWHULQ DP ,QVWLWXW I�U %LRFKHPLH

XQG /HEHQVPLWWHOFKHPLH GHU 8QLYHUVLWlW +DPEXUJ


