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,PSOLFDWLRQV�IRU�1XWULWLRQ�DQG�+HDOWK

,QGUHVK�.XPDU

�EVWUDFW

7KH� VLJQLILFDQFH� RI� VR�D� EHDQV� LQ� DQLPDO� IHHG� DQG�KXPDQ�QXWULWLRQ�KDV�SURPSWHG�
H[WHQVLYH� UHVHDUFK� LQWR� WKHLU� SURWHDVH� LQKLELWRUV�� SDUWLFXODUO�� GXH� WR� WKHLU� LPSDFW� RQ�
GLJHVWLRQ�DQG�JURZWK�LQKLELWLRQ��'HVSLWH�LQLWLDO�DVVXPSWLRQV�OLQNLQJ�WU�SVLQ�LQKLELWRUV�WR�
SRRU�QXWULWLYH�YDOXH��XQGHUVWDQGLQJ�WKHLU�SUHFLVH�UROH�KDV�SURYHQ�FRPSOH[��7KLV�DUWLFOH�
SUHVHQWV�D�FRPSUHKHQVLYH�UHYLHZ�RI�SODQW�EDVHG�SURWHLQ�GLJHVWLELOLW���IRFXVLQJ�RQ�IDFWRUV�
LQIOXHQFLQJ�ELRDYDLODELOLW��DQG� WKH�HIIHFWV�RI�SURWHDVH� LQKLELWRUV�VXFK�DV�%RZPDQ�%LUN�
DQG�.XQLW]�W�SH�LQKLELWRUV��'UDZLQJ�IURP�UHFHQW�OLWHUDWXUH��LW�H[SORUHV�WKH�PHFKDQLVPV�
XQGHUO�LQJ� JURZWK� LQKLELWLRQ� DQG� SDQFUHDWLF� K�SHUWURSK��� VKHGGLQJ� OLJKW� RQ� WKH�
G�QDPLF�LQWHUSOD��EHWZHHQ�SURWHDVH�LQKLELWRUV�DQG�GLJHVWLYH�SK�VLRORJ����GGLWLRQDOO���
LW� GLVFXVVHV� WKH� EURDGHU� LPSOLFDWLRQV� IRU� KXPDQ�KHDOWK� DQG� WKH� SRWHQWLDO� RI� SURWHDVH�
LQKLELWRUV�LQ�VKDSLQJ�SODQW�FHQWULF�GLHWDU��SDWWHUQV��7KURXJK�D�V�QWKHVLV�RI�H[SHULPHQWDO�
ILQGLQJV��WKLV�UHYLHZ�SURYLGHV�YDOXDEOH�LQVLJKWV�LQWR�WKH�LQWULFDWH�UHODWLRQVKLS�EHWZHHQ�
SURWHDVH�LQKLELWRUV�DQG�SODQW�SURWHLQ�GLJHVWLELOLW���RIIHULQJ�JXLGDQFH�IRU�IXWXUH�UHVHDUFK�
DQG�GLHWDU��SUDFWLFHV�

.H�ZRUGV�� 3ODQW� EDVHG� SURWHLQV�� 'LJHVWLELOLW��� 3URWHLQ� LQKLELWRUV�� %RZPDQ�%LUN�
LQKLELWRUV��.XQLW]�W�SH�LQKLELWRUV��+XPDQ�QXWULWLRQ��%LRDYDLODELOLW���6�VWHPDWLF�UHYLHZ�

�XWKRU� �IILOLDWLRQ�� �3URJUDP� &RRUGLQDWRU��
5HJLQDO�&HQWHU�RI�([FHOOHQFH�1XWULWLRQ�5HKDELOLWDWLRQ�
5HVRXUFH� DQG� 7UDLQLQJ�� 'HSDUWPHQW� RI� 3HGLDWULFV��
�,,06��%KRSDO���������0DGK�D�3UDGHVK�,QGLD�

&RUUHVSRQGLQJ��XWKRU��,QGUHVK�.XPDU��3URJUDP�
&RRUGLQDWRU�� 5HJLQDO� &HQWHU� RI� ([FHOOHQFH�1XWULWLRQ�
5HKDELOLWDWLRQ�5HVRXUFH�DQG�7UDLQLQJ��'HSDUWPHQW�RI�
3HGLDWULFV�� �,,06�� %KRSDO� �������� 0DGK�D� 3UDGHVK�
,QGLD�

(�PDLO��NXPDU�LQGUHVK#KRWPDLO�FRP

5HFHLYHG�RQ�������������� ��������FFHSWHG�RQ������������

+RZ�WR�FLWH�WKLV�DUWLFOH�

,QGUHVK�.XPDU��([SORULQJ�3URWHDVH�,QKLELWRUV�DQG�3ODQW�3URWHLQ�'LJHVWLELOLW���,PSOLFDWLRQV�IRU�1XWULWLRQ�DQG�+HDOWK��,QW�
-�)RRG�1XWU�'LHW�������������������

,QWHUQDWLRQDO�-RXUQDO�RI�)RRG��1XWULWLRQ�DQG�'LHWHWLFV
9ROXPH����1XPEHU����0D�����XJXVW�����

'2,��KWWS���G[�GRL�RUJ����������LMIQG������������������

,1752�8&7,21

,Q�WKH�UHDOP�RI�QXWULWLRQ��WKH�TXHVW�IRU�VXVWDLQDEOH�
DQG�KHDOWK�FRQVFLRXV�GLHWDU��FKRLFHV�KDV�OHG�WR�D�

EXUJHRQLQJ�LQWHUHVW�LQ�SODQW�EDVHG�SURWHLQV��&HQWUDO�
WR�WKLV�GLVFRXUVH�LV�WKH�GLJHVWLELOLW��RI�SODQW�SURWHLQV��
a�multifaceted�aspect�in�uenced�by�various�factors�
LQFOXGLQJ� SURWHDVH� LQKLELWRUV�� �PRQJ� WKHVH�
LQKLELWRUV��%RZPDQ�%LUN�DQG�.XQLW]�W�SH�LQKLELWRUV�
KDYH� JDUQHUHG� SDUWLFXODU� DWWHQWLRQ� IRU� WKHLU�
SRWHQWLDO� LPSDFW� RQ� GLJHVWLYH� SURFHVVHV�� 'HVSLWH�
GHFDGHV� RI� UHVHDUFK�� XQGHUVWDQGLQJ� WKH� SUHFLVH�
PHFKDQLVPV� XQGHUO�LQJ� WKHLU� HIIHFWV� UHPDLQV� D�
FKDOOHQJH��(DUO��LQYHVWLJDWLRQV�VXJJHVWHG�D�VWUDLJKW�
IRUZDUG� OLQN� EHWZHHQ� SURWHDVH� LQKLELWRUV� DQG�
GLPLQLVKHG�QXWULWLYH�YDOXH���HW�VXEVHTXHQW�VWXGLHV�
KDYH� UHYHDOHG� D� IDU� PRUH� LQWULFDWH� UHODWLRQVKLS��
7KLV� DUWLFOH� DLPV� WR� SURYLGH� D� FRPSUHKHQVLYH�
H[SORUDWLRQ� RI� SODQW� EDVHG� SURWHLQ� GLJHVWLELOLW���
GUDZLQJ� RQ� UHFHQW� OLWHUDWXUH� WR� XQUDYHO� WKH�
FRPSOH[LWLHV� VXUURXQGLQJ� SURWHDVH� LQKLELWRUV� DQG�
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WKHLU� LQWHUDFWLRQV�ZLWKLQ� WKH� GLJHVWLYH� V�VWHP�� %��
V�QWKHVL]LQJ� LQVLJKWV� IURP� GLYHUVH� VRXUFHV�� WKLV�
VWXG��VHHNV�WR�RIIHU�D�QXDQFHG�XQGHUVWDQGLQJ�RI�WKH�
G�QDPLF�LQWHUSOD��EHWZHHQ�SURWHDVH�LQKLELWRUV�DQG�
ELRDYDLODELOLW���ZLWK�LPSOLFDWLRQV�IRU�ERWK�UHVHDUFK�
and�dietary�practice�in�the�burgeoning��eld�of�plant�
FHQWULF�QXWULWLRQ�

7KH�LPSRUWDQW�UROH�WKH�VR�D�EHDQ�KDV�DVVXPHG�LQ�
IHHGLQJ�DQLPDOV�DQG�LWV�SRWHQWLDO�FRQWULEXWLRQ�WR�WKH�
KXPDQ�GLHW��LW�LV�XQGHUVWDQGDEOH�ZK��WKH�SURWHDVH�
LQKLELWRUV� IURP� WKDW�SODQW�KDYH� UHFHLYHG� WKH�PRVW�
DWWHQWLRQ��� ,W�ZDV� QRW� ORQJ� DIWHU� VR�D� EHDQV�ZHUH�
�rst�introduced�into�the�United�States,�primarily�as�
a�source�of�oil,�the�signi�cant�observation�that�soya�
EHDQV� KDG� WR�EH� KHDWHG� WR� VXSSRUW� WKH�JURZWK�RI�
UDWV��:LWK�WKH�GLVFRYHU��RI�D�KHDW�ODELOH�LQKLELWRU�RI�
WU�SVLQ�DQG�WKH�GHPRQVWUDWLRQ�RI�LWV�DELOLW��WR�LQKLELW�
WKH� JURZWK� RI� DQLPDOV�� LW�ZDV� JHQHUDOO�� DVVXPHG�
WKDW� WKH� WU�SVLQ� LQKLELWRU� ZDV� ODUJHO�� UHVSRQVLEOH�
IRU�WKH�SRRU�QXWULWLYH�YDOXH�RI�UDZ�VR�D�EHDQV��

3ODQW�GHULYHG� SURWHDVH� LQKLELWRUV�� VXFK�
DV� %RZPDQ�%LUN� LQKLELWRUV� DQG� .XQLW]� W�SH�
LQKLELWRUV�� KDYH�EHHQ� UHFRPPHQGHG� WR� QHJDWLYHO��
DIIHFW� DOLPHQWDU�� SURWHLQ�GLJHVWLRQ�E��REVWUXFWLYH�
WKH� DFWLYLW�� RI� WU�SVLQ� DQG� FK�PRWU�SVLQ� LQ� WKH�
KXPDQ�GLJHVWLYH� V�VWHP���V� ORQJ� DV� WKH� FRPSOH[�
LQWHUDFWLRQV� DIIHFWLQJ� WKH� GLJHVWLELOLW�� DQG�
ELRDYDLODELOLW�� RI� SODQW� SURWHLQV� UHPDLQ� HOXVLYH��
SURWHDVH� LQKLELWRU� VXSSOHPHQWV� IRU� EHOHDJXHUHG�
SXUSRVHV� FRXOG� EH� D� UHVSHFWDEOH� RSWLRQ� WR� WDNH�
bene�t� of� the� scienti�cally� proven� advantageous�
HIIHFWV�RI�WKHVH�FRPSRXQGV�

7KLV� UHVHDUFK� DUWLFOH� SURYLGHV� D� WKRURXJK�
H[DPLQDWLRQ� RI� WKH� GLJHVWLELOLW�� RI� SODQW� EDVHG�
SURWHLQV��DGGUHVVLQJ� WKH�JURZLQJ� LQWHUHVW� LQ�SODQW�
FHQWULF� GLHWV�� 7KH� VWXG�� V�VWHPDWLFDOO�� UHYLHZV�
H[LVWLQJ� OLWHUDWXUH� WR� FRQVROLGDWH� LQVLJKWV� LQWR�
WKH� GLJHVWLELOLW�� RI� YDULRXV� SODQW� SURWHLQV� DQG�
explores� factors� in�uencing� their� bioavailability.��
7KLV� FRPSUHKHQVLYH� UHYLHZ� FRQWULEXWHV� YDOXDEOH�
insights�into�the�dynamic��eld�of�plant�based�protein�
GLJHVWLELOLW���RIIHULQJ�D�QXDQFHG�XQGHUVWDQGLQJ�RI�
factors� in�uencing� bioavailability.� The� �ndings�
DLP� WR� LQIRUP� ERWK� UHVHDUFKHUV� DQG� LQGLYLGXDOV�
VHHNLQJ� WR� PDNH� LQIRUPHG� FKRLFHV� DERXW� SODQW�
FHQWULF�GLHWDU��SDWWHUQV�

0(7+2�2/2*�

7KLV�DUWLFOH�DGRSWV�D�QDUUDWLYH�UHYLHZ�DSSURDFK��
VRXUFLQJ� OLWHUDWXUH� IURP� UHSXWDEOH� HOHFWURQLF�
GDWDEDVHV� VXFK� DV� 1&%,�� *RRJOH� 6FKRODU��
5HVHDUFK*DWH��DQG�3XE0HG��3XEOLFDWLRQV�VSDQQLQJ�

WKH� ODVW� GHFDGH� DQG� ZULWWHQ� LQ� (QJOLVK� ZHUH�
FRQVLGHUHG� IRU� LQFOXVLRQ�� 7KHPDWLF� V�QWKHVLV� ZDV�
HPSOR�HG� WR� DQDO�]H� DQG� RUJDQL]H� WKH� OLWHUDWXUH��
IDFLOLWDWLQJ� D� FRPSUHKHQVLYH� H[DPLQDWLRQ� RI� WKH�
WRSLF�

5(68/76��1���,6&866,21

�OWKRXJK� WKH� PRVW� ORJLFDO� H[SODQDWLRQ� IRU� WKH�
JURZWK� LQKLELWLRQ�HYRNHG�E�� WKH� WU�SVLQ� LQKLELWRU�
ZRXOG�EH�WKH�IDFW�WKDW�LW�LQWHUIHUHG�ZLWK�WKH�QRUPDO�
GLJHVWLYH� UHDFWLRQV� LQ� WKH� LQWHVWLQDO� WUDFW�� WKH� WUXH�
H[SODQDWLRQ�KDV�QRW�SURYHG�WR�EH�WKDW�VLPSOH���)RU�
H[DPSOH��DGGLQJ�WKH�VR�D�EHDQ�WU�SVLQ�LQKLELWRU�WR�
D�GLHW�FRQWDLQLQJ�SUHGLJHVWHG�SURWHLQ�VWLOO�OHG�WR�DQ�
LQKLELWLRQ�RI�JURZWK�� WKXV�UXOLQJ�RXW� LQKLELWLRQ�RI�
LQWHVWLQDO�SURWHRO�VLV�DV�EHLQJ�GLUHFWO��UHVSRQVLEOH�
IRU�JURZWK�LQKLELWLRQ���Perhaps�the�most�signi�cant�
REVHUYDWLRQ� WKDW� KDV� XOWLPDWHO�� OHG� WR� D� EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�PRGH�RI�DFWLRQ�RI�WKH�WU�SVLQ�
inhibitor�was� the� �nding� that� rats� and� chicks� fed�
raw� soya� beans� or� puri�ed� preparations� of� the�
LQKLELWRU�GHYHORSHG�DQ�HQODUJHG�SDQFUHDV�UHVXOWLQJ�
LQ�DQ�LQFUHDVHG�VHFUHWLRQ�RI�SDQFUHDWLF�HQ]�PHV�

��FFRUGLQJ�WR�&OHPHQWH�HW�DO����������WKH�JURZWK�
GHSUHVVLRQ�FDXVHG�E��WKH�WU�SVLQ�LQKLELWRU�PLJKW�EH�
WKH�FRQVHTXHQFH�RI�DQ�HQGRJHQRXV�ORVV�RI�HVVHQWLDO�
DPLQR� DFLGV� SURGXFHG� E�� WKH� K�SHUVHFUHWRU��
DFWLYLW��RI�WKH�SDQFUHDV���6LQFH�SDQFUHDWLF�HQ]�PHV�
DUH� SDUWLFXODUO�� ULFK� LQ� VXOIXU� FRQWDLQLQJ� DPLQR�
DFLGV��SDQFUHDWLF�K�SHUWURSK��VHUYHV� WR�GLYHUW� WKH�
VXSSO��RI� WKHVH�DPLQR�DFLGV� IURP�WKH�V�QWKHVLV�RI�
ERG��WLVVXH�WR�WKH�V�QWKHVLV�RI�SDQFUHDWLF�HQ]�PHV�
ZKLFK�DUH�LUUHWULHYDEO��ORVW�E��H[FUHWLRQ���7KLV�ORVV�
LQ� WKH� 6XOIXU�FRQWDLQLQJ� DPLQR� DFLGV� DFFHQWXDWHV�
DQ� DOUHDG��FULWLFDO� VLWXDWLRQ� FRQFHUQLQJ� VR�D�EHDQ�
protein�which�is�inherently�de�cient�in�these�amino�
DFLGV���,W�LV�QRW�VXUSULVLQJ��WKHUHIRUH��WKDW�PHWKLRQLQH�
VXSSOHPHQWDWLRQ�ZLOO� HIIHFWLYHO�� FRXQWHUDFW�PXFK�
RI�WKH�JURZWK�GHSUHVVLRQ�FDXVHG�E��UDZ�VR�D�EHDQV�
GHVSLWH�WKH�SHUVLVWHQFH�RI�SDQFUHDWLF�K�SHUWURSK��

7KH� PHFKDQLVP� ZKHUHE�� WKH� WU�SVLQ� LQKLELWRU�
FDXVHV� SDQFUHDWLF� K�SHUWURSK�� LV� VWLOO� QRW� IXOO��
XQGHUVWRRG��6ULNDQWK���&KHQ�KDYH�VXJJHVWHG�WKDW�
WKH�GHJUHH�RI�SDQFUHDWLF�VHFUHWLRQ�LV�GHWHUPLQHG�E��
WKH�OHYHO�RI�IUHH�WU�SVLQ�SUHVHQW�DW�DQ��JLYHQ�WLPH�LQ�
WKH� LQWHVWLQH����V�WKH� OHYHO�RI� WU�SVLQ�GURSV�EHORZ�
D� FHUWDLQ� WKUHVKROG� OHYHO�� WKH� SDQFUHDV� LV� LQGXFHG�
WR�SURGXFH�PRUH� HQ]�PHV�� DQG� FRQYHUVHO���ZKHQ�
WKH� OHYHO� RI� WU�SVLQ� LV� UHVWRUHG� WR� QRUPDO� OHYHOV��
WKH�VHFUHWRU��DFWLYLW��RI� WKH�SDQFUHDV�LV�LQKLELWHG���
7KH� DJHQW� GLUHFWO�� UHVSRQVLEOH� IRU� WKHVH� HIIHFWV� LV�
EHOLHYHG� WR� EH� WKH�SDQFUHDV�VWLPXODWLQJ�KRUPRQH��
FKROHF�VWRNLQLQ� �&&.��� ZKRVH� UHOHDVH� IURP� WKH�
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LQWHVWLQDO� PXFRVD� LV� LQKLELWHG� E�� IUHH� WU�SVLQ�� ,W�
LV� REYLRXV� IURP� WKHVH� FRQVLGHUDWLRQV� WKDW� DQ�� VHW�
RI� FLUFXPVWDQFHV� WKDW� OHDGV� WR� D� UHGXFWLRQ�RI� IUHH�
WU�SVLQ�LQ�WKH�LQWHVWLQHV��VXFK�DV�FRPSOH[DWLRQ�ZLWK�
DQ�LQKLELWRU��ZLOO�VHUYH�WR�UHOHDVH�&&.�UHVXOWLQJ�LQ�D�
K�SHUDFWLYH�SDQFUHDV��

2W�H��IDFWR���DIIHFWL���W�H�GL�H�WLELOLW��RI�S�RWHL�

,I�WKH�WU�SVLQ�LQKLELWRU�LV�LQGHHG�WKH�PDMRU�IDFWRU�
UHVSRQVLEOH� IRU� WKH� SRRU� JURZWK� RI� DQLPDOV� IHG�
RQ� UDZ� VR�D� EHDQV�� WKHQ� LW� VKRXOG� EH� SRVVLEOH� WR�
UHGXFH�WKH�QXWULWLYH�YDOXH�RI�KHDWHG�VR�D�EHDQV�WR�
WKDW� RI� UDZ� VR�D� EHDQV� E�� DGGLQJ� WKH� VDPH� OHYHO�
RI� DQWLWU�SVLQ� DFWLYLW�� WR� KHDWHG� VR�D� EHDQV� DV� LV�
SUHVHQW�LQ�WKH�UDZ�SURGXFW��7KDW�WKLV�LV�QRW�WKH�FDVH�
ZDV�GHPRQVWUDWHG�VHYHUDO��HDUV�DJR��)XUWKHUPRUH��
DQ�H[DPLQDWLRQ�RI�YDULHWLHV�RI�VR�D�EHDQV�UHYHDOHG�
WKH� DEVHQFH� RI� DQ�� FRUUHODWLRQ� EHWZHHQ� WU�SVLQ�
LQKLELWRU� DFWLYLW��DQG�3(5��DOWKRXJK�3(5� DQG� WKH�
size� of� the� pancreas� were� signi�cantly� related�
LQYHUVHO���� ,W� ZRXOG� DSSHDU�� WKHUHIRUH�� WKDW� WKHUH�
PXVW� EH� SUHVHQW� LQ� UDZ� VR�D� EHDQV� VRPH� RWKHU�
IDFWRU�� WRWDOO�� XQUHODWHG� WR� WKH� WU�SVLQ� LQKLELWRU��
ZKLFK� LV� DOVR� FDXVLQJ� SDQFUHDWLF� K�SHUWURSK�� DV�
ZHOO� DV� LQKLELWLRQ� RI� JURZWK�� 7KLV� VLWXDWLRQ� ZDV�
clari�ed� when� it� was� found� that� the� removal� of�
SURWHDVH� LQKLELWRUV� IURP� XQKHDWHG� VR�D� EHDQ�
extracts�by�af�nity�chromatography�on�Sepharose�
ERXQG�WU�SVLQ�SURGXFHG�RQO��D�����LPSURYHPHQW�
LQ�JURZWK�DQG�UHGXFWLRQ�LQ�WKH�VL]H�RI�WKH�SDQFUHDV�
FRPSDUHG�WR�KHDW�WUHDWPHQW���

The� above� �ndings� raise� the� question� as� to�
ZKDW� LV� UHVSRQVLEOH� IRU� WKH� UHPDLQLQJ�����RI� WKH�
JURZWK� UHWDUGLQJ� DQG� SDQFUHDWLF� K�SHUWURSKLF�
HIIHFWV�RI� UDZ�VR�D�EHDQV����FRPSDULVRQ�RI� WKH� LQ�
YLWUR� GLJHVWLELOLW�� RI� UDZ� VR�D� EHDQ� SURWHLQ� IURP�
ZKLFK� WKH� SURWHDVH� LQKLELWRUV� KDG� EHHQ� UHPRYHG�
by� af�nity� chromatography� with� a� heat� treated�
FRQWURO� UHYHDOHG� WKDW� WKH� ODWWHU�ZDV�PRUH� UHDGLO��
GLJHVWHG� E�� WU�SVLQ�� 7KLV� REVHUYDWLRQ� VXJJHVWV�
WKDW� QDWLYH� VR�D� EHDQ�SURWHLQ� LV� LQ� LWVHOI� UHVLVWDQW�
WR�GLJHVWLRQ� E�� WU�SVLQ�XQOHVV�GHQDWXUHG�E��KHDW��
�� UHODWHG�REVHUYDWLRQ� LV� WKH� IDFW� WKDW� WKH� LVRODWHG�
JOREXODU� SURWHLQV� RI� 3KDVHROXV� YXOJDULV� DUH� DOVR�
YHU�� UHVLVWDQW� WR�DWWDFN�E��SURWHRO�WLF�HQ]�PHV�� ,I�
XQGHQDWXUHG�SURWHLQ�LV�FDSDEOH�RI�ELQGLQJ�WU�SVLQ�
E�� IRUPLQJ� DQ� HQ]�PH� VXEVWUDWH� FRPSOH[�� DV�
suggested�by�Karpińska�&�Czauderna� (2022),� this�
FRXOG�DOVR�VHUYH�WR�UHPRYH�WKH�IHHGEDFN�LQKLELWLRQ�
RI� SDQFUHDWLF� VHFUHWLRQ�E�� WU�SVLQ� DQG� WKXV� FDXVH�
K�SHUWURSK��RI�WKH�SDQFUHDV��

Another�factor�that�may�in�uence�the�digestibility�
RI�WKH�SURWHLQV�RI�OHJXPHV�LV�WKH�OHFWLQV��KDYH�VKRZQ�
WKH�OHFWLQ�RI�EODFN�EHDQV�FDQ�UHGXFH�WKH�GLJHVWLELOLW��

RI�GLHWDU��SURWHLQ�SUHVXPDEO��E�� LQWHUIHULQJ�ZLWK�
WKH�DELOLW��RI�WKH�LQWHVWLQDO�PXFRVDO�FHOOV�WR�DEVRUE�
QXWULHQWV���

����LROR�LFDO��L��LILFD�FH�L����PD��

,W� VKRXOG� EH� DSSUHFLDWHG� WKDW� PRVW� RI� WKH�
H[SHULPHQWV� GHDOLQJ� ZLWK� WKH� QXWULWLRQDO� HIIHFWV�
RI� WKH� SURWHDVH� LQKLELWRUV� KDYH� LQYROYHG� WKH� XVH�
RI�WKH�UDW�RU�WKH�FKLFN��:KDW�FDQ�EH�VDLG�DERXW�WKH�
UHOHYDQFH� RI� VXFK� H[SHULPHQWV� WR� WKH� KXPDQ� GLHW�
ZKLFK� PD�� FRQWDLQ� SODQW� SURWHLQV� DV� D� SRWHQWLDO�
FDUULHU�RI�WKHVH�LQKLELWRUV���

0DQ�� RI� WKH� VR�D� EHDQ� SURGXFWV� LQWHQGHG� IRU�
KXPDQ� FRQVXPSWLRQ� DUH� PDQXIDFWXUHG� IURP�
SURWHLQ� LVRODWHV�ZKLFK�� GHSHQGLQJ� RQ� WKHLU�PRGH�
RI� SUHSDUDWLRQ�� PD�� FRQWDLQ� DV� PXFK� DV� ���� RI�
WKH� LQKLELWRU� DFWLYLW�� RI� WKH� RULJLQDO� UDZ� EHDQ��
�Q� H[DPLQDWLRQ� RI� WKH� WU�SVLQ� LQKLELWRU� DFWLYLW��
RI� VHYHUDO� WH[WXUHG� PHDW� DQDORJV� UHYHDOV� WKDW��
DOWKRXJK�WKH�SURWHLQ�LVRODWH�IURP�ZKLFK�WKH��ZHUH�
made�may�be�rich� in�antitrypsin�activity,� the��nal�
SURGXFWV� JHQHUDOO�� FRQWDLQ� OHVV� WKDQ� ���� RI� WKH�
activity�of�raw�soya�bean��our.�Churel�has�likewise�
VKRZQ� WKDW� WKH� KHDW� WUHDWPHQW� LQYROYHG� LQ� WKH�
SURFHVVLQJ� DQG� VWHULOL]DWLRQ� RI� LQIDQW� VR�D� EHDQ�
IRUPXODV� UHGXFHG� WKH� WU�SVLQ� LQKLELWRU� DFWLYLW�� WR�
OHVV�WKDQ�����RI�WKH�DFWLYLW��RI�WKH�RULJLQDO�LVRODWH��
7KLV�UHVLGXDO�DFWLYLW��GLG�QRW�SURGXFH�DQ��ZHLJKW�
UHGXFWLRQ�RU�SDQFUHDWLF�K�SHUWURSK��LQ�UDWV��7KHVH�
observations� are� consistent� with� the� �ndings,�
RI� =HQJ� HW� DO�� ������� ZKR� IRXQG� QR� SDQFUHDWLF�
hypertrophy� in� rats� fed� soya�bean��our� in�which�
RQO�� ���� RI� WKH� WU�SVLQ� LQKLELWRU�� DFWLYLW�� KDG�
EHHQ�GHVWUR�HG���OWKRXJK� D� IXUWKHU� HQKDQFHPHQW�
LQ�JURZWK�LV�SURGXFHG�ZKHQ�PRUH�RI�WKH�LQKLELWRU�
LV�GHVWUR�HG�� WKLV� FDQ�EH� DWWULEXWHG� WR� DQ� LQFUHDVH�
LQ�SURWHLQ�GLJHVWLELOLW��SHU�VH�UDWKHU�WKDQ�WR�IXUWKHU�
GHVWUXFWLRQ�RI�WKH�LQKLELWRU���

�VVXPLQJ� IRU� WKH� PRPHQW� WKDW� SURFHVVLQJ�
FRQGLWLRQV� PD�� KDYH� EHHQ� LQDGHTXDWH� WR� UHGXFH�
WKH�OHYHO�RI�WU�SVLQ�LQKLELWRU�DFWLYLW��EHORZ�WKDW�RI�
WKH�WKUHVKROG�OHYHO�HVWDEOLVKHG�IRU�UDWV��ZRXOG�WKLV�
DFWLYLW��VWLOO�SRVH�D�ULVN�WR�KXPDQ�KHDOWK����+XPDQ�
WU�SVLQ� LV�NQRZQ�WR�H[LVW� LQ� WZR� IRUPV��D� FDWLRQLF�
VSHFLHV��ZKLFK� LV� WKH�PDMRU� FRPSRQHQW� RI� KXPDQ�
SDQFUHDWLF� MXLFH�� DQG� DQ� DQLRQLF� VSHFLHV�� ZKLFK�
FRPSULVHV� DERXW� ��� WR� ���� RI� WKH� WRWDO� WU�SVLQ�
DFWLYLW��� :KLOH� WKH� ODWWHU� LV� IXOO�� LQDFWLYDWHG� E��
WKH� VR�D�EHDQ� LQKLELWRU�� WKH� SUHGRPLQDQW� FDWLRQLF�
VSHFLHV�LV�RQO��ZHDNO��LQKLELWHG���

,Q� IXUWKHU� VXSSRUW� RI� WKH� SUREDELOLW�� WKDW� WKH�
VR�D�EHDQ�LQKLELWRU�LV�UHODWLYHO��LQHIIHFWLYH�DJDLQVW�
KXPDQ�WU�SVLQ�LV�WKH�UDWKHU�LQWHUHVWLQJ�UHODWLRQVKLS�
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WKDW�DSSHDUV�WR�H[LVW�EHWZHHQ�WKH�VL]H�RI�WKH�SDQFUHDV�
RI�YDULRXV�VSHFLHV�RI�DQLPDOV�DQG�WKHLU�VHQVLWLYLW��WR�
SDQFUHDWLF�K�SHUWURSK��LQGXFHG�E��UDZ�VR�D�EHDQV�
RU� WKH� LQKLELWRU����7KH�SDQFUHDV�RI�WKRVH�VSHFLHV�RI�
DQLPDOV�ZKRVH�ZHLJKW�H[FHHGV������RI�WKHLU�ERG��
ZHLJKW�EHFRPHV�K�SHUWURSKLF�ZKHQ� IHG�UDZ�VR�D�
EHDQV��ZKHUHDV�WKRVH�ZKRVH�ZHLJKWV�DUH�EHORZ�WKLV�
YDOXH�DUH�LQVHQVLWLYH�WR�WKLV�HIIHFW��6LQFH�D�PDQ�KDV�
D�SDQFUHDV�WKDW�LV������WR�������RI�KLV�ERG��ZHLJKW��
RQH�ZRXOG�SUHGLFW�WKDW�WKH�KXPDQ�SDQFUHDV�ZRXOG�
EH�LQVHQVLWLYH�WR�WKH�HIIHFWV�RI�WKH�VR�D�EHDQ�WU�SVLQ�
LQKLELWRU��

��ROH�RI�W��S�L��L��LELWR���L��RW�H��OH��PH�

7R�ZKDW� H[WHQW� WKH� SURWHDVH� LQKLELWRUV� DFFRXQW�
IRU� WKH� SRRU� QXWULWLYH� YDOXH� RI� SODQWV� RWKHU� WKDQ�
soya�beans�is�dif�cult�to�assess.�Inhibitors�that�have�
been�puri�ed� from� the� lima�bean� and�peanut� are�
FDSDEOH� RI� LQKLELWLQJ� WKH� JURZWK� RI� UDWV� ZKHUHDV�
WKRVH� LVRODWHG� IURP�'ROLFKRV� ODEODE�DQG�PDL]H�GR�
not.�Nevertheless,�it�may�be�signi�cant�to�note�that�
WKH� WU�SVLQ� LQKLELWRUV� RI�PDQ�� OHJXPHV� DUH� TXLWH�
ULFK�LQ�F�VWLQH��DQG��PD��DFFRXQW�IRU�DERXW����WR�����
RI�WKH�WRWDO�F�VWLQH�FRQWHQW�RI�VRPH�EHDQ�SURWHLQV��
,W� LV� FRQFHLYDEOH�� WKHUHIRUH�� WKDW� D� GLHWDU�� ORVV� RI�
F�VWLQH� IURP� WKH� LQKLELWRU� LWVHOI� FRXOG� FRQWULEXWH�
in�a�signi�cant�fashion�to�the�poor�nutritive�value�
RI� WKHVH� OHJXPHV� LQ� WKHLU� QDWLYH� XQKHDWHG� VWDWH��
9DJDGLD� HW� DO�� ������� KDYH� LQGHHG� VKRZQ� WKDW�
WKH� F�VWLQH� RI� WKH� XQKHDWHG� QDY�� EHDQ� SURWHDVH�
LQKLELWRU� LV� RQO�� DSSUR[LPDWHO�� ���� DYDLODEOH� WR�
WKH� FKLFN� FRPSDUHG� WR� ����DYDLODEOH� IRU� WKH�KHDW�
LQDFWLYDWHG�LQKLELWRU����7KXV�WKH�SURWHDVH�LQKLELWRUV�
RI� VRPH� OHJXPHV�PD�� EH� D� GRXEOH� HGJHG� VZRUG��
WKH��QRW�RQO��UHGXFH�WKH�GLJHVWLELOLW��RI�WKH�SURWHLQ�
DQG� FDXVH� SDQFUHDWLF� K�SHUWURSK�� EXW� PD�� DOVR�
‘lockin’� a� signi�cant� fraction� of� the� total� cysteine�
FRQWHQW�RI�WKH�SURWHLQ�ZKLFK�LV�DOUHDG��OLPLWLQJ�LQ�
WKH�6�FRQWDLQLQJ�DPLQR�DFLGV���

,W� KDV�EHHQ�UHFRJQL]HG� IRU�PDQ�� �HDUV� WKDW� WKH�
QXWULWLYH� YDOXH� DQG� SURWHLQ� GLJHVWLELOLW�� RI� PDQ��
SODQW� SURWHLQV�� SDUWLFXODUO�� WKRVH� GHULYHG� IURP�
OHJXPHV��DUH�YHU��SRRU�XQOHVV�VXEMHFWHG�WR�FRRNLQJ�
RU�VRPH�RWKHU�IRUP�RI�KHDW�WUHDWPHQW���This�bene�cial�
HIIHFW�RI�KHDW�KDV�EHHQ�JHQHUDOO��DWWULEXWHG��DW�OHDVW�LQ�
SDUW��WR�WKH�GHVWUXFWLRQ�RI�D�XQLTXH�FODVV�RI�SURWHLQV�
that�can�combine�in�a�very�speci�c�fashion�with�the�
HQ]�PHV� �WU�SVLQ� DQG� FK�PRWU�SVLQ�� WKDW� SOD�� D�
NH��UROH�LQ�WKH�GLJHVWLRQ�RI�SURWHLQV�LQ�WKH�LQWHVWLQDO�
WUDFW�RI�DQLPDOV����(OXFLGDWLRQ�RI�WKH�SUHFLVH�PDQQHU�
LQ�ZKLFK�WKHVH�VR�FDOOHG�SURWHDVH�LQKLELWRUV�OHDG�WR�
JURZWK�LQKLELWLRQ��KRZHYHU��KDV�SURYHG�WR�EH�PRUH�
HOXVLYH� WKDQ� PLJKW� EH� VXJJHVWHG� E�� WKLV� VLPSOH�
FRQFHSW�� 7KH� VLWXDWLRQ� LV� IXUWKHU� FRPSOLFDWHG� E��

WKH� IDFW� WKDW� IDFWRUV�RWKHU� WKDQ�SURWHDVH� LQKLELWRUV�
PD�� DIIHFW� WKH� GLJHVWLELOLW�� RI� GLHWDU�� SURWHLQV��
,QWHUHVW�LQ�WKH�QXWULWLRQDO�UROH�RI�SURWHDVH�LQKLELWRUV�
KDV�FRQWLQXHG� WR�PRXQW� ODUJHO�� DV� D� FRQVHTXHQFH�
RI� WKH� UHFHQW� LQWURGXFWLRQ�RI� WH[WXUL]HG� YHJHWDEOH�
SURWHLQV�DV�D�SRVVLEOH�VXEVWLWXWH�IRU�PHDW�SURWHLQ�LQ�
WKH�KXPDQ�GLHW�

&21&/86,21

7KH� VWXG�� XQGHUVFRUHV� WKH� LQWULFDWH� G�QDPLFV�
VXUURXQGLQJ� SODQW� EDVHG� SURWHLQ� GLJHVWLELOLW���
SDUWLFXODUO�� FRQFHUQLQJ� WKH� UROH� RI� SURWHDVH�
LQKLELWRUV� OLNH� %RZPDQ�%LUN� DQG� .XQLW]� W�SH�
LQKLELWRUV��:KLOH� LQLWLDO� DVVXPSWLRQV� OLQNHG� WKHVH�
LQKLELWRUV� WR� SRRU� QXWULWLYH� YDOXH�� WKHLU� H[DFW�
PHFKDQLVPV� UHPDLQ� HOXVLYH�� 7KURXJK� D� WKRURXJK�
UHYLHZ� RI� UHFHQW� OLWHUDWXUH�� WKLV� VWXG�� HOXFLGDWHV�
WKH�FRPSOH[�LQWHUSOD��EHWZHHQ�SURWHDVH�LQKLELWRUV�
DQG�GLJHVWLYH�SK�VLRORJ���VKHGGLQJ�OLJKW�RQ�IDFWRUV�
in�uencing� bioavailability� and� growth� inhibition.�
0RUHRYHU�� LW� H[SORUHV� WKH� EURDGHU� LPSOLFDWLRQV�
IRU� KXPDQ� KHDOWK� DQG� WKH� HYROYLQJ� ODQGVFDSH� RI�
SODQW�FHQWULF� GLHWDU�� SDWWHUQV�� %�� V�QWKHVL]LQJ�
experimental� �ndings� and� highlighting� areas� for�
IXUWKHU� UHVHDUFK�� WKLV� UHYLHZ� FRQWULEXWHV� YDOXDEOH�
LQVLJKWV� WR� RXU� XQGHUVWDQGLQJ� RI� SODQW� SURWHLQ�
GLJHVWLELOLW���RIIHULQJ�JXLGDQFH�IRU�ERWK�UHVHDUFKHUV�
DQG�LQGLYLGXDOV�QDYLJDWLQJ�GLHWDU��FKRLFHV�

5()(5(1&(6

��� 5L]]R� *�� ������ 7KH� �QWLR[LGDQW� 5ROH� RI� 6R��
DQG�6R��)RRGV�LQ�+XPDQ�+HDOWK���QWLR[LGDQWV�
�%DVHO�� 6ZLW]HUODQG��� ������ ����� KWWSV���GRL�
RUJ���������DQWLR[�������

��� 0DQJHQD� 3�� ������ 3OHLRWURSLF� HIIHFWV� RI�
UHFRPELQDQW� SURWHDVH� LQKLELWRUV� LQ� SODQWV��
)URQWLHUV� LQ�SODQW�VFLHQFH��������������KWWSV���
GRL�RUJ���������ISOV������������

��� &OHPHQWH�� 0��� &RULJOLDQR�� 0�� *��� 3DULDQL��
6�� ���� 6iQFKH]�/ySH]�� (�� )��� 6DQGHU�� 9�� ����
�� 5DPRV�'XDUWH�� 9�� ��� ������ 3ODQW� 6HULQH�
3URWHDVH�,QKLELWRUV��%LRWHFKQRORJ���SSOLFDWLRQ�
LQ� �JULFXOWXUH� DQG� 0ROHFXODU� )DUPLQJ��
,QWHUQDWLRQDO� MRXUQDO� RI� PROHFXODU� VFLHQFHV��
������� ������ KWWSV���GRL�RUJ���������
LMPV��������

��� .nUOXQG������3DXNNRQHQ��,���*yPH]�*DOOHJR��&���
��.ROHKPDLQHQ��0�� ������ ,QWHVWLQDO� ([SRVXUH�
WR�)RRG�'HULYHG�3URWHDVH�,QKLELWRUV��'LJHVWLRQ�
3K�VLRORJ��� DQG� *XW� +HDOWK�5HODWHG� (IIHFWV��
+HDOWKFDUH� �%DVHO�� 6ZLW]HUODQG��� ������ ������
KWWSV���GRL�RUJ���������KHDOWKFDUH�������

,QGUHVK�.XPDU��([SORULQJ�3URWHDVH�,QKLELWRUV�DQG�3ODQW�3URWHLQ�'LJHVWLELOLW���,PSOLFDWLRQV�IRU�
1XWULWLRQ�DQG�+HDOWK�
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,QGUHVK�.XPDU��([SORULQJ�3URWHDVH�,QKLELWRUV�DQG�3ODQW�3URWHLQ�'LJHVWLELOLW���,PSOLFDWLRQV�IRU�

1XWULWLRQ�DQG�+HDOWK�

��� &OHPHQWH�������UTXHV��0��&���'DOPDLV��0��� /H�
6LJQRU�� &��� &KLQR��� &��� 2OLDV�� 5��� 5D�QHU�� 7���
,VDDF�� 3�� *��� /DZVRQ�� '�� 0��� %HQGDKPDQH��
���� �� 'RPRQH��� &�� ������ (OLPLQDWLQJ� DQWL�
QXWULWLRQDO� SODQW� IRRG� SURWHLQV�� WKH� FDVH� RI�
VHHG�SURWHDVH�LQKLELWRUV�LQ�SHD��3OR6�RQH���������
H��������� KWWSV���GRL�RUJ���������MRXUQDO�
SRQH���������

��� 6ULNDQWK��6�����&KHQ��=�� ��������3ODQW�3URWHDVH�
,QKLELWRUV� LQ� 7KHUDSHXWLFV�)RFXV� RQ� &DQFHU�
7KHUDS��� )URQWLHUV� LQ� SKDUPDFRORJ��� ��� �����
KWWSV���GRL�RUJ���������ISKDU������������

��� 0LOOHU� /-��+DULNXPDU�.*��:RRWWHQ�'�� 6H[WRQ�
30�� ������ 5ROHV� RI� &KROHF�VWRNLQLQ� LQ� WKH�
1XWULWLRQDO� &RQWLQXXP�� 3K�VLRORJ�� DQG�
3RWHQWLDO� 7KHUDSHXWLFV�� )URQW� (QGRFULQRO�
�/DXVDQQH��� ������������� GRL�� ��������
IHQGR�������������� 30,'�� ���������� 30&,'��
30&��������

��� Karpińska,� M.,� &� Czauderna,� M.� (2022).�
3DQFUHDV�,WV� )XQFWLRQV�� 'LVRUGHUV�� DQG�
3K�VLRORJLFDO� ,PSDFW� RQ� WKH� 0DPPDOV��
2UJDQLVP��)URQWLHUV�LQ�SK�VLRORJ���������������
KWWSV���GRL�RUJ���������ISK�V�������������

��� =HQJ�� 4��� 2X�� /��� :DQJ�� :��� �� *XR�� '�� <��
�������� *DVWULQ�� &KROHF�VWRNLQLQ�� 6LJQDOLQJ��
DQG�%LRORJLFDO��FWLYLWLHV�LQ�&HOOXODU�3URFHVVHV��
)URQWLHUV� LQ� HQGRFULQRORJ��� ���� ����� KWWSV���
GRL�RUJ���������IHQGR������������

���� ,VODP��0��5���,KHQDFKR��.���3DUN��-��:�����,VODP��
,�� 6�� �������� 3ODVPLG� '1�� QLFNLQJ�� D� 1RYHO�
�FWLYLW�� RI� 6R�EHDQ� 7U�SVLQ� ,QKLELWRU� DQG�
%RYLQH��SURWLQLQ��6FLHQWLILF�UHSRUWV���������������
KWWSV���GRL�RUJ���������V������������������

���� 9DJDGLD��%��+���9DQJD��6��.���6LQJK������*DULHS���
<��� �� 5DJKDYDQ�� 9�� �������� &RPSDULVRQ� RI�
&RQYHQWLRQDO� DQG� 0LFURZDYH� 7UHDWPHQW� RQ�
6R�PLON� IRU� ,QDFWLYDWLRQ�RI�7U�SVLQ� ,QKLELWRUV�
DQG�,Q�9LWUR�3URWHLQ�'LJHVWLELOLW���)RRGV��%DVHO��
6ZLW]HUODQG������������KWWSV���GRL�RUJ���������
IRRGV��������

���� .XHQ]��6���7KXUQHU��6���+RIIPDQQ��'���.UDIW��.���
:LOWDIVN��0DUWLQ�� 0��� 'DPPH�� .��� :LQGLVFK��
:��� �� %UXJJHU�� '�� �������� (IIHFWV� RI� JUDGXDO�
GLIIHUHQFHV� LQ� WU�SVLQ� LQKLELWRU� DFWLYLW�� RQ� WKH�
HVWLPDWLRQ�RI�GLJHVWLEOH�DPLQR�DFLGV�LQ�VR�EHDQ�
H[SHOOHUV� IRU�EURLOHU� FKLFNHQV�� 3RXOWU�� VFLHQFH��
�������� �������� KWWSV���GRL�RUJ���������M�
SVM�������������

���� +HPHWVEHUJHU�� )��� +DXVHU�� 7��� 'RPLJ�� .�� -���
.QHLIHO�� :��� �� 6FKHGOH�� .�� �������� ,QWHUDFWLRQ�
RI�6R�EHDQ�9DULHWLHV�DQG�+HDW�7UHDWPHQWV�DQG�
,WV�(IIHFW�RQ�*URZWK�3HUIRUPDQFH�DQG�1XWULHQW�
'LJHVWLELOLW��LQ�%URLOHU�&KLFNHQV���QLPDOV� ��DQ�
RSHQ� DFFHVV� MRXUQDO� IURP� 0'3,�� ������� ������
KWWSV���GRL�RUJ���������DQL���������

���� &ULVWLQD� 2OLYHLUD� GH� /LPD�� 9��� 3LXYH]DP��
*��� /HDO� /LPD� 0DFLHO�� %��� �+HORQHLGD� GH�
�UD�MR� 0RUDLV�� ��� ������ 7U�SVLQ� LQKLELWRUV��
SURPLVLQJ� FDQGLGDWH� VDWLHWRJHQLF� SURWHLQV�
DV� D� FRPSOHPHQWDU�� WUHDWPHQW� IRU� REHVLW��
DQG� PHWDEROLF� GLVRUGHUV�� -RXUQDO� RI� HQ]�PH�
LQKLELWLRQ� DQG� PHGLFLQDO� FKHPLVWU��� �������
��������� KWWSV���GRL�RUJ��������������������
�����������

���� &KRL�� :�� &��� 3DUU�� 7��� �� /LP�� <�� 6�� ������ 7KH�
LPSDFW�RI�IRXU�SURFHVVLQJ�PHWKRGV�RQ�WU�SVLQ���
FK�PRWU�SVLQ�� DQG� DOSKD�DP�ODVH� LQKLELWRUV�
SUHVHQW� LQ� XQGHUXWLOL]HG� OHJXPHV�� -RXUQDO� RI�
IRRG� VFLHQFH� DQG� WHFKQRORJ��� ������� ���������
KWWSV���GRL�RUJ���������V�����������������

���� .XPDU�� ,� �� *DXWDP�� 0�� ������� 6WXG�� RI�
TXDOLWDWLYH�DVSHFWV�IRU�GHWHULRUDWLQJ�QXWULWLRQDO�
VWDWXV� RI� UXUDO� KRXVHKROGV� LQ� %DQGD� DQG�
.DQQDXM� GLVWULFWV� RI� 8WWDU� 3UDGHVK�� ,-)�16��
,661�������������H,661�������������9RO�����,VV����
-XQ�������ZZZ�LMIDQV�RUJ�

���� 0DWLDV��/�� /��5���&RVWD��5��2������3DVVRV��7�� 6���
4XHLUR]��-��/��&���6HUTXL]�����&���0DFLHO��%��/��/���
6DQWRV��3��3������&DPLOOR��&��6���*RQoDOYHV��&���
�PDGR�� ,��5��� 3DVWUDQD��/����0RUDLV�����+�����
������7DPDULQG�7U�SVLQ�,QKLELWRU�LQ�&KLDWRVDQ�
:KH�� 3URWHLQ� 1DQRSDUWLFOHV� 5HGXFHV� )DVWLQJ�
%ORRG�*OXFRVH� /HYHOV�ZLWKRXW� &RPSURPLVLQJ�
,QVXOLQHPLD�� �� 3UHFOLQLFDO� 6WXG��� 1XWULHQWV��
�������� ������ KWWSV���GRL�RUJ���������
QX���������

���� &KDXKDQ��� �� .XPDU� ,�� �������2SSRUWXQLWLHV�
��FKDOOHQJHV�RI�XVDJH�RI�ELRDFWLYH�FRPSRXQGV�
LQ� DJUR�IRRG� EXVLQHVVHV�� D� QDUUDWLYH� UHYLHZ��
6�V�DL�DEL�L���� �JUL�� )RRG� D�G� (�YLUR�PH��D��
�HVHDUFK�� ,661�� ����������� ���;��� �����KWWS���
G[�GRL�RUJ���������VDIHU�9��1��DUW����

���� +HUW]OHU�65��/LHEOHLQ�%RII�-&��:HLOHU�0���OOJHLHU�
&��3ODQW�3URWHLQV���VVHVVLQJ�7KHLU�1XWULWLRQDO�
4XDOLW�� DQG� (IIHFWV� RQ� +HDOWK� DQG� 3K�VLFDO�
)XQFWLRQ�� 1XWULHQWV�� ����� 1RY� ����������������
GRL�� ��������QX���������� 30,'�� ����������
30&,'��30&��������


