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2�L�L�DO���WLFOH

�HYHORSPHQW�RI�&RRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG�/HSLGL�P��DWL��P�/�

DQG�(YDOXDWLRQ�RI�LWV��QWLR�LGDQW��FWLYLWLHV

0LQD�L�5��3UDMDSDWL���.�%��.DPDOL�D�����+��3DWHO�

�EVWUDFW

%DNHU��SURGXFWV�DUH�ZLGHO��SRSXODU�DPRQJ�SRSXODWLRQ�QRZ�GD�V�EHFDXVH�RI�WKHLU�
WDVWH� DQG� HDVH� LQ� DYDLODELOLW����PRQJ� EDNHU��SURGXFWV�� FRRNLHV� DUH� FRPPRQO�� XVHG�
LQ� HDFK� KRXVH� KROG�� )UHTXHQF�� RI� FRQVXPLQJ� EDNHU�� SURGXFWV� HVSHFLDOO�� FRRNLHV� LV�
KXJH�FRPSDUHG�ZLWK�DQ��RWKHU�SURFHVVHG�RU�SDFNHG�IRRG��%HVLGHV�� WKH�XVHIXOQHVV�RI�
UHDGLO��DYDLODEOH�IRRGV��KHDWK�RI�SHRSOH�DOVR�FRPSURPLVHG�GD��E��GD���&RQVXPSWLRQ�
RI� IXQFWLRQDO� IRRG� FDQ�KHOS� LQ�SUHYHQWLQJ�KDUPIXO� HIIHFW� RI� SURFHVVHG� IRRG�� 7KDW� LV�
ZK���WKH�GHPDQG�RI�SURFHVVHG�IRRG�DGGHG�ZLWK�IXQFWLRQDO�LQJUHGLHQW�DUH�LQFUHDVLQJ��
/RRNLQJ�WR�WKLV��DQ�DWWHPSW�ZDV�PDGH�WR�GHYHORS�FRRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG���IWHU�
GHYHORSLQJ�FRRNLHV��VHQVRU���QXWULWLRQDO�DQG�DQWLR[LGDQW�DFWLYLWLHV�ZHUH�HYDOXDWHG�

.H�ZRUGV��*DUGHQ�&UHVV�6HHG���QWLR[LGDQWV��'HJHQHUDWLYH�GLVHDVHV�

�XWKRU� �IILOLDWLRQ�� ��VVLVWDQW� 3URIHVVRU��
3RO�WHFKQLF� LQ� )RRG� 6FLHQFH� �� +RPH� (FRQRPLFV��
�QDQG� �JULFXOWXUDO� 8QLYHUVLW��� �QDQG�� *XMDUDW�
��������,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� 0LQD�L� 5�� 3UDMDSDWL��
3RO�WHFKQLF� LQ� )RRG� 6FLHQFH� �� +RPH� (FRQRPLFV��
�QDQG� �JULFXOWXUDO� 8QLYHUVLW��� �QDQG�� *XMDUDW�
��������,QGLD�

(�PDLO��PN��#DDX�LQ

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

+RZ�WR�FLWH�WKLV�DUWLFOH�

0LQD[L�5��3UDMDSDWL��.��%��.DPDOL�D��'��+��3DWHO��'HYHORSPHQW�RI�FRRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG�/HSLGL�P�6D�LY�P�/�
DQG�HYDOXDWLRQ�RI�LWV�DQWLR[LGDQW�DFWLYLWLHV��,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

/LIHVW�OH�FKDQJHV�KDYH�LQFUHDVHG�WKH�GHPDQG�RI�
UHDG��WR�VHUYH� IRRG�SURGXFWV�� ,W�KDV�EHFRPH�D�

�rst� choice� of�working�women� and�people� living�
LQ�XUEDQ�DUHDV���PRQJ�UHDG��WR�VHUYH�IRRG��EDNHU��
SURGXFWV�DUH� YHU��SRSXODU� DPRQJ�DOO� DJH�JURXSV��
&RRNLHV� DUH� RQH� WKH� ZLGHO�� FRQVXPHG� EDNHU��
products� which� is� available� in� many� �avors� and�

VKDSHV��,W�LV�D�JRRG�VRXUFH�RI�FDUERK�GUDWH��IDW�DQG�
SURWHLQ��IHZ�YLWDPLQV�DQG�PLQHUDOV��3ULPDULO��WKH��
are�made�up�of�re�ned�wheat��our,�sugar�and�fat.�
%XW� RQH� FDQ� HDVLO�� UHSODFH� WKH� LQJUHGLHQWV� ZLWK�
highly� nutritional� food� such� as�millet� �our,� seed�
SRZGHU�� IUXLW� SXOS� HWF�� 7KLV� ZD�� WKH� QXWULWLRQDO�
YDOXH�RI�FRRNLHV�FDQ�EH�HQKDQFHG��*DUGHQ�FUHVV�VHHG�
belongs�to�Brassicaceae�family�and�its�scienti�c�name�
LV� /HSLGLXP� VDWLYXP��&RPPRQ�QDPHV� RI�*DUGHQ�
FUHVV�VHHG�LQFOXGHV�&RPPRQ�&UHVV��(QJOLVK���+DOLP�
�%HQJDOL��� �VHOL�R� �*XMUDWL��� &KDQVXU� �+LQGL���
�OOLELMD��.DSLOD� �.DQQDGD����OLDQ� �.DVKPLUL���VDOL�
�0DOD�DODP��� �KDOLYD�� +DOLY� �0DUDWKL��� �OOLYLUDL�
�7DPLO�� DQG� �GLW�DOX�� �DGDOX� �7HOXJX���� �V� SHU�
scienti�c�investigations,�seed�comprising�of�80–85%�
HQGRVSHUP�� ������� VHHG� FRDW� DQG� ����� HPEU�R��
6HHG� FRQWDLQ� ���� SURWHLQ�� ������� OLSLGV�� �������
carbohydrates�and�8%�crude��ber.����*DUGHQ�FUHVV�
VHHG�SRVVHVV�YDULRXV�SKDUPDFRORJLFDO�SURSHUWLHV���
,Q� WUDGLWLRQDO� PHGLFLQDO� V�VWHP�� *DUGHQ� FUHVV�
VHHG�KDYH�EHHQ�ZLGHO��XVHG�LQ�WUHDWLQJ�QXPEHU�RI�
GLVRUGHUV� LQ� ,QGLD� VXFK� DV� K�SHUWHQVLRQ��GLDEHWHV�
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DQG� NLGQH�� GLVHDVHV� DQG� LQ�SUHYHQWLRQ� RI� FDQFHU��
FDUGLRYDVFXODU� GLVHDVHV� DQG� PLOG� JO�FHPLD� LQ�
GLDEHWLF�SDWLHQWV����

'LDEHWHV�DQG�FDQFHUV�DUH�WKH�PDMRU�GHJHQHUDWLYH�
GLVHDVHV� ZKLFK� DUH� OLIH� WKUHDWHQLQJ�� 'LHWDU��
PDQDJHPHQW� LV�RQH�RI� WKH�EHVW�ZD�V� WR� WUHDW�VXFK�
diseases.�Foods� rich� in��ber� and�antioxidants� can�
KHOS�WR�JUHDW�H[WHQWV�RQFH�WKHVH�GLVHDVHV�RFFXU�

.HHSLQJ�DOO�WKHVH�UHVHDUFKHV�DQG�UHSRUWV�LQ�YLHZ��
DQ�DWWHPSW�ZDV�PDGH�WR�GHYHORS�*DUGHQ�FUHVV�VHHG�
FRRNLHV�

2EMHFWL�H�

‡� 7R�GHYHORS�FRRNLHV�E��LQFRUSRUDWLQJ�*DUGHQ�
&UHVV�6HHG�

‡� 7R� VWDQGDUGL]H� WKH� SURFHVV� SDUDPHWHUV� RI�
FRRNLHV�EDVHG�RQ�VHQVRU��SURSHUWLHV�

‡� 7R� HYDOXDWH� VHQVRU�� VFRUH�� QXWULWLRQDO� DQG�
DQWLR[LGDQW�DFWLYLWLHV�RI�GHYHORSHG�SURGXFW�

‡� 7R�HVWLPDWH�WKH�SK�VLFRFKHPLFDO�SURSHUWLHV�RI�
�our�and�blends�used�for�cookie�preparation.

‡� 7R� GHWHUPLQH� 3K�VLFDO�� 7H[WXUDO� SURSHUWLHV�
DQG�VKHOI�OLIH�RI�GHYHORSHG�SURGXFW�

0(7+2�2/2*�

�H�HORSPH�W�RI��RRNLH�

In� the� process� of� developing� cookies,� �rst�
VWDQGDUG�IRUPXOD�RI�FRRNLHV�ZDV�JDWKHUHG�IURP�WKH�
EDNHU�� H[SHUW�� ,QLWLDO� WULDOV� ZHUH� FRQGXFWHG� ZLWK�
LQFRUSRUDWLRQ�GHIHUHQW� OHYHOV�RI�JDUGHQ�FUHVV�VHHG�
SRZGHU�DQG�RWKHU�LQJUHGLHQWV��(DFK�LQJUHGLHQW�ZDV�
VWDQGDUGL]LQJ� WR� RSWLPL]H� WKH� IRUPXOD� RI� JDUGHQ�
FUHVV� VHHG� FRRNLHV� �7DEOH� �����IWHU� RSWLPL]LQJ� WKH�
IRUPXOD�� FRRNLHV� LQFRUSRUDWHG� ZLWK� JDUGHQ� FUHVV�
VHHG� ZDV� HYDOXDWHG� IRU� VHQVRU�� TXDOLW�� E�� XVLQJ�
FRPSRVLWH�VFRULQJ�WHVW��7DEOH����

��W�LWLR�DO��RPSR�LWLR��D�G���WLR�LGD�W�FDSDFLW��
RI��RRNLH�

1XWULWLRQDO� FRPSRVLWLRQ� RI� FRRNLHV�ZDV� FDUULHG�
RXW�XVLQJ��2�&�VWDQGDUG�PHWKRGV��)RU�HYDOXDWLRQ�
DQWLR[LGDQW� DFWLYLW�� RI� FRRNLHV�� VDPSOH� H[WUDFWLRQ�
ZDV�FDUULHG�RXW��0HWKDQRO��'LVWLOOHG�ZDWHU� ��������
ZDV�XVHG�DV�D�VROYHQW�IRU�WKH�H[WUDFWLRQ�RI�FRRNLHV��
&RRNLHV�ZHUH�JURXQG�ZLWK�PRUWDO�SDVWHO� DQG� ����
PJ�RI�JURXQG�SRZGHU�ZDV� WDNHQ�LQ����PO�FRQLFDO�
�ask.�Then�5�ml�of�solvent�was�added.�The�mixture�
WKHQ�ZDV�VKDNHQ�IRU����PLQXWHV�XVLQJ�D�PHFKDQLFDO�
VKDNHU��129���DW����USP���IWHU�VKDNLQJ��WKH�FRQWHQW�

of��ask�was�centrifuged�(REMI)�at�3000�rpm�for�10�
PLQXWHV� DQG� VXSHUQDQWV� ZHUH� FROOHFWHG� LQ� VXJDU�
WXEHV���JDLQ���PO�RI� WKH�VDPH�VROYHQW�ZDV�DGGHG�
to��ask�and�process�was�repeated.�Both�supernants�
were�combined,��ltered�and�volume�was�adjusted�
WR������PO��7KH�REWDLQHG�H[WUDFW�ZDV�VWRUHG�DW�����&�
DQG� XVHG� WR� DQ�O�VHG� IRU� WKHLU� WRWDO� DQWLR[LGDQW�
FDSDFLW��WZR�PHWKRGV�L�H���%76�DQG�'33+�

(�DO�DWLR��RI�D�WLR�LGD�W�DFWL�LW�

������DGLFDO��FD�H��L����FWL�LW�

)RU� DQDO�]LQJ� '33+� �����GLSKHQ�O���
SLFU�OK�GUD]�O�� UDGLFDO� VFDYHQJLQJ� FDSDFLW�� RI�
FRRNLHV�� ���� PO� RI� H[WUDFWHG� VDPSOH� ZDV� WDNHQ�
DQG�YROXPH�ZDV�PDGH�XS�WR���PO�ZLWK�PHWKDQRO��
7KHQ���PO�RI�'33+�UHDJHQW� ���P0�LQ�PHWKDQRO��
ZHUH� DGGHG�� 7KH� FRQWHQW� ZDV� PL[HG� SURSHUO���
,W� ZDV� LQFXEDWHG� DW� ���&� IRU� ��� PLQXWHV�� �IWHU�
LQFXEDWLRQ�WKH�DEVRUEDQFH�ZDV�PHDVXUHG�����QP�
LQ� D�89�YLVLEOH�GRXEOH� EHDP� VSHFWURSKRWRPHWHU�
�+LWDFKL���26��-DSDQ���)RU�FRQWURO����PO�RI�'33+�
ZDV� DGGHG� WR� ����PO� RI�PHWKDQRO�� )RU� VWDQGDUG��
known� concentration� of� trolox� (10-40� μg)� was�
WDNHQ� DQG� YROXPH� ZDV� PDGH� XS� WR� �� PO� ZLWK�
PHWKDQRO�� 3XUH� PHWKDQRO� ZDV� XVHG� DV� D� EODQN�
DQG� SHUFHQW� LQKLELWLRQ�ZDV� FDOFXODWHG� XVLQJ� WKH�
IROORZLQJ�IRUPXOD����LQKLELWLRQ� ���EV�RI�FRQWURO�
���EV�RI�VDPSOH���EV�RI�FRQWURO�[������

�RWDO���H�ROLF��RPSR��G��(�WLPDWLR�

)RU�HVWLPDWLQJ� WRWDO�SKHQROLF�FRPSRXQGV�������
PO� VDPSOH� H[WUDFW� ZDV� WDNHQ� LQ� D� WHVW� WXEH� DQG�
YROXPH�ZDV�PDGH�XS�WR���PO�ZLWK�GLVWLOOHG�ZDWHU��
7R� WKLV�� �� PO� HDFK� RI� IROLQ�FLRFDOWHDX� UHDJHQW�
GLOXWHG� ZLWK� ZDWHU� ������ DQG� ���� 1D�&2�� ZHUH�
DGGHG�� 7KH� FRQWHQWV�ZHUH� LQFXEDWHG� IRU� ���PLQ�
DW� URRP� WHPSHUDWXUH�� �� PO� RI� GLVWLOOHG� ZDWHU�
ZDV� DGGHG� DQG� LQWHQVLW�� RI� EOXH� FRORXU� ZDV�
UHFRUGHG� DW� ���� QP� LQ� 89� YLVLEOH� GRXEOH� EHDP�
VSHFWURSKRWRPHWHU� �+LWDFKL� ���6�� -DSDQ��� *DOOLF�
DFLG�RI�NQRZQ�FRQFHQWUDWLRQ�������PJ��ZDV�XVHG�
DV�VWDQGDUG�

�(���0HD���HPH�W�E�������0HW�RG

7KH� 7(�&� �7UROR[� HTXLYDOHQW� DQWLR[LGDQW�
FDSDFLW���RI�VDPSOH�H[WUDFW�ZDV�PHDVXUHG�XVLQJ�WKH�
modi�ed� 2,2’-azinobis� (3-ethylbenzothiazoline-
��VXOIRQLF� DFLG� GLDPPRQLXP�VDOW� ��%76�� UDGLFDO�
GHFRORQL]DWLRQ�DVVD���7KLV�PHWKRG�ZDV�JLYHQ�E��
5H�HW�DO����������PPRO�/��%76�VWRFN�VROXWLRQ�ZDV�
UHDFWHG�ZLWK�����PPRO�/�SRWDVVLXP�SHUVXOSKDWH�
WR� SUHSDUH� �%76� UDGLFDO� FDWLRQ� ��%76��� DQG�

0LQD[L�5��3UDMDSDWL��.��%��.DPDOL�D��'��+��3DWHO��'HYHORSPHQW�RI�FRRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG�
/HSLGL�P�6D�LY�P�/�DQG�HYDOXDWLRQ�RI�LWV�DQWLR[LGDQW�DFWLYLWLHV
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/HSLGL�P�6D�LY�P�/�DQG�HYDOXDWLRQ�RI�LWV�DQWLR[LGDQW�DFWLYLWLHV

LQFXEDWHG� LQ� WKH� GDUN� DW� URRP� WHPSHUDWXUH�
IRU� ������ K�� 7KH� �%76�� VROXWLRQ� ZDV� GLOXWHG�
ZLWK� �P0� 3%6� �3RWDVVLXP� SKRVSKDWH� EXIIHUHG�
VDOLQH��S+������WR�DQ�DEVRUEDQFH�RI�����DW�����QP�
before�use.�For�assay,�20�μl�of�extract�was�taken,�
YROXPH�ZDV�PDGH�XS�WR���PO�ZLWK�HWKDQRO�DQG���
PO� RI��%76�ZDV� DGGHG� WR� LW�� 7KH� FRQWHQWV�ZHUH�
YHUWH[HG�IRU����VHFRQGV��7KH�GLVFRORUDWLRQ�FDXVHG�
E�� UHGXFWLRQ� RI� WKH� FDWLRQ� E�� DQWLR[LGDQW� IURP�
WKH� VDPSOH�PHDVXUHG� DW� ����QP� LQ� D�89� YLVLEOH�
VSHFWURSKRWRPHWHU� �+LWDFKL� ���6�� -DSDQ��� ����PO�
RI�HWKDQRO�ZDV�DGGHG� WR���PO�RI��%76�DQG�XVHG�
DV�D�FRQWURO��)RU�6WDQGDUG��NQRZQ�FRQFHQWUDWLRQ�
of�trolox�(5-20�μg)�was�taken�and�the�volume�was�
PDGH�XS� WR���PO�ZLWK� HWKDQRO�DQG� WKHUHDIWHU� DOO�
WHVW�WXEHV�ZHUH�WUHDWHG�LQ�WKH�VDPH�ZD��DV�VDPSOH��
3HUFHQW� LQKLELWLRQ� ZDV� FDOFXODWHG� XVLQJ� WKH�
IROORZLQJ�IRUPXOD����LQKLELWLRQ� ���EV�RI�FRQWURO�
���EV�RI�VDPSOH���EV�RI�FRQWURO�[������

5(68/7

��W�LWLR�DO��RPSR�LWLR�

+LJK� DVK� FRQWHQW� LV� DVVRFLDWHG� ZLWK� KLJK�
PLQHUDOV� FRQWHQW�� 5HVXOWV� RI� QXWULWLRQDO�
composition� re�ected� the� same,� cookies�without�
VHHG� FRQWDLQHG� ����� PJ�� DVK� ZKHUHDV� FRRNLHV�
LQFRUSRUDWHG�ZLWK�JDUGHQ� FUHVV� VHHG� IRXQG�KLJK�
DVK� FRQWHQW� L�H�� ����� PJ�� �7DEOH� ���� �PRQJ�
PLQHUDOV�� JDUGHQ� FUHVV� VHHG� LV� ULFK� VRXUFH� RI�
FDOFLXP�DQG�LURQ��,QFRUSRUDWLRQ�RI�VHHG�HQKDQFHV�
calcium� and� iron� level� signi�cantly.� Cookies�
ZLWKRXW� JDUGHQ� FUHVV� VHHG� SRVVHVVHG� ������
PJ�� FDOFLXP� ZKHUHDV� FRRNLHV� LQFRUSRUDWHG�
ZLWK� JDUGHQ� FUHVV� VHHG�SRVVHVVHG� ������PJ�� RI�
FDOFLXP�� 6DPH� SDWWHUQ�ZDV� VHHQ� LQ� FDVH� RI� LURQ��
LURQ� OHYHO� RI� FRQWURO� FRRNLHV�ZDV� �����PJ�� DQG�
FRRNLHV� LQFRUSRUDWHG� ZLWK� VHHG� ZHUH� ����PJ���
Similarly,�protein�and��ber�content�of�developed�
FRRNLHV� ZHUH� KLJKHU� L�H�� ����J�� DQG� ����J��
UHVSHFWLYHO��� 5HVXOWV� RI� QXWULWLRQDO� FRPSRVLWLRQ�
VKRZV�WKDW�GHYHORSHG�FRRNLHV�KDYH�KLJK�PLQHUDOV�
DQG� SURWHLQ� FRQWHQW� DQG� ORZ� LQ� FDUERK�GUDWH�

FRQWHQW�� ,QFOXVLRQ� RI� VXFK� SURGXFW� LQ� GLHW� FDQ�
VXUHO��KHOS�LQ�PDLQWDLQLQJ�RYHUDOO�KHDOWK�

����LW�R���WLR�LGD�W�DFWL�LW�

�%76����33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW�

(LWKHU� '33+‡� RU� �%76‡� UDGLFDO� VFDYHQJLQJ�
DFWLYLW��FDQ�EH�XVHG�WR�HYDOXDWHG�WKH�DQWLR[LGDQW�
FDSDFLW��RI�IRRG�SURGXFWV��*HQHUDOO���WKH��%76‡��
IUHH� UDGLFDO� LV� FRPPRQO�� XVHG� ZKHQ� LVVXHV� RI�
VROXELOLW�� RU� LQWHUIHUHQFH� DULVH� DQG� WKH� XVH� RI�
'33+‡� EDVHG� DVVD�V� EHFRPHV� LQDSSURSULDWH��
,Q� WKH� SUHVHQW� VWXG�� ERWK� UDGLFDO� VFDYHQJLQJ�
DFWLYLWLHV� ZDV� HYDOXDWHG�� 7KH� SHUFHQW� LQKLELWLRQ�
RI� GHYHORSHG� FRRNLHV� H[WUDFWV� ZDV� ������ DQG�
������IRU��%76‡�DQG�'33+‡�UDGLFDO�UHVSHFWLYHO���
)5�3�DVVD��ZDV�DOVR�XVHG�WR�HYDOXDWH�WKH�RYHUDOO�
DQWLR[LGDQW� FDSDFLW��� &RRNLHV� LQFRUSRUDWHG�ZLWK�
VHHG�VKRZQ���������LQKLELWLRQ�DQG�FRQWURO�VKRZQ�
������� LQKLELWLRQ�� 6LPLODU� SDWWHUQ� ZDV� IROORZHG�
LQ� FDVH� RI� WRWDO� SKHQROLF� FRPSRXQGV�� 7KH� WRWDO�
SKHQROLF� FRPSRXQG� RI� GHYHORSHG� FRRNLHV� ZDV�
�������PJ��ZKHUHDV��������PJ��ZDV�REVHUYHG�LQ�
FRQWURO��7DEOH�����5HVXOWV�RI�DQWLR[LGDQW�DFWLYLWLHV��
VXJJHVWHG�WKDW�FRRNLHV�LQFRUSRUDWHG�ZLWK�JDUGHQ�
FUHVV� VHHG� SRVVHVVHG� JRRG� DQWLR[LGDQW� DFWLYLW��
DQG� FDQ� EH� XVHG� LQ� SUHYHQWLRQ� RI� GHJHQHUDWLYH�
GLVHDVHV�

7DEOH����)LQDO�IRUPXOD�RSWLPL]HG�IRU�*&63�FRRNLHV

,QJUHGLHQWV 4XDQWLW�

)ORXU ���

*&63 ���

6XJDU� ���

6DOW ��

�PPRQLXP�EL�FDUERQDWH ��

&XPLQ�VHHG ��

&DURP�VHHG ��

2UHJDQR� ��

5HG�&KLOL�IODNHV ��

ZDWHU ������

6KRUWHQLQJ ���

7DEOH�����YHUDJH�6HQVRU���&RPSRVLWH��6FRUHV�RI�FRRNLHV�SUHSDUHG�E��UHSODFLQJ�0DLGD�ZLWK�GLIIHUHQW�OHYHOV�RI�*DUGHQ�
&UHVV�6HHG�SRZGHU

&KDUDFWHULVWLFV��
3URGXFW

9ROXPH
&UXVW�

&KDUDFWHU
&UXPE�
&RORU

&UXPE�
7H�WXUH

7DVWH�DQG�
�URPD

0RXWK�)HHO
2YHUDOO�
TXDOLW�

���*&63
����D

�����

����D

�����

�����D

�����

�����D

�����

����D

�����

����D
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����D
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)�9DOXH ���� ����� ����� ����� ����� ����� �����

&9� ���� ����� ���� ����� ����� ����� �����

*&63� �*DUGHQ�&UHVV�6HHG�3RZGHU

�OO�WKH�UHSODFHPHQWV�DUH�EDVHG�RQ�EDNHUV��SHUFHQWDJH�

9DOXHV�DUH�0HDQ���6(0�VFRUHV�RI�D�FRPSRVLWH�VFRULQJ�WHVW�E��D�SDQHO�RI���MXGJHV�����UHSOLFDWLRQ�

Means�bearing�the�same�superscript�within�the�column�do�not�differ�signi�cantly�(p���������S�����

9DOXHV�LQ�WKH�SDUHQWKHVHV�LQGLFDWH�QXPEHU�RI�PD[LPXP�VFRUH�

7DEOH����1XWULWLRQDO�&RPSRVLWLRQ�RI�&RQWURO�DQG�'HYHORSHG�&RRNLHV

&RRNLHV 0RLVWXUH

�J��

�VK

�J��

3URWHLQ

�J��

)DW

�J��

)LEHU

�J��

&+2

�J��

&DOFLXP

�PJ��

,URQ

�PJ��

&RQWURO ���� ���� ���� ����� ���� ����� ����� ����

���*&63 ���� ���� ���� ����� ���� ����� ����� ����

W�YDOXH ���� ������ ������� ������� ������ ������� ������� �������

S�YDOXH ���� ���������� ���������� ���������� ���������� ���������� ���������� ����������

9DOXHV�DUH�PHDQ�RI���UHSOLFDWLRQ

�OO�WKH�GDWD�H[FHSW�PRLVWXUH�LV�UHSRUWHG�RQ�GU��ZHLJKW�EDVHV�

7DEOH�����QWLR[LGDQW�FDSDFLW��RI�'HYHORSHG�&RRNLHV

&RRNLHV �%76

����LQK�

�33+

���LQK�

)5�3�

���LQK�

7RWDO�3KHQRO�

�PJ�

&RQWURO ����� ����� ����� ������

���*&63 ����� ����� ������ ������

W�YDOXH ������� ������� ������� �������

S�YDOXH ���������� ���������� ���������� ����������

9DOXHV�DUH�PHDQ�RI���UHSOLFDWLRQ

�,6&866,21

1XPHURXV� UHVHDUFKHV� KDYH� EHHQ� FDUULHG� RXW� WR�
GRFXPHQW�WKH�QXWULWLRQDO�DQG�IXQFWLRQDO�SURSHUWLHV�
RI�JDUGHQ�FUHVV�VHHG�LV�ULFK�VRXUFH�RI�PLQHUDOV�DQG�
SRVVHVV� IXQFWLRQDO� SURSHUWLHV�� ,Q� SUHVHQW� VWXG���
DQ� DWWHPSW�ZDV�PDGH� WR� LQFRUSRUDWH�JDUGHQ�FUHVV�
VHHG�LQ�FRRNLHV�ZKLFK�LV�ZLGHO��XVHG�LQ�HDFK�KRPH��
&RRNLHV� LQFRUSRUDWHG� ZLWK� JDUGHQ� FUHVV� VHHG�
shown�a�good�nutritional�and�antioxidant�pro�le.�
7KLV�VWXG��ZDV�FRQGXFWHG�L��YL�UR�DQG�IXUWKHU�QHHG�
WR�FRQGXFW�L��YLYR�VWXG��IRU�PRUH�GHWDLO�

&21&/86,21

2Q�WKH�EDVHV�RI�SUHVHQW�VWXG���LW�FDQ�EH�FRQFOXGHG�
WKDW�� FRRNLHV� LQFRUSRUDWHG� ZLWK� ���� JDUGHQ�
FUHVV� VHHG� SRZGHU� KDG� JRRG� VHQVRU�� DFFHSWDQFH��
�GGLWLRQ�RI�JDUGHQ�FUHVV�VHHG�SRZGHU�KDV�HQKDQFHG�
SURWHLQ�� FDOFLXP�DQG� LURQ� OHYHO� EHVLGHV� LQFUHDVLQJ�
DQWLR[LGDQW�DFWLYLW���6XFK�FRRNLHV�FDQ�EH�SUHIHUUHG�
DV�D�VQDFN� IRU�NLGV�DQG�HOGHU�SHRSOH�DOVR�ZLWKRXW�
PXFK�DOWHULQJ�VHQVRU��DWWULEXWHV�

0LQD[L�5��3UDMDSDWL��.��%��.DPDOL�D��'��+��3DWHO��'HYHORSPHQW�RI�FRRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG�
/HSLGL�P�6D�LY�P�/�DQG�HYDOXDWLRQ�RI�LWV�DQWLR[LGDQW�DFWLYLWLHV
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��
0LQD[L�5��3UDMDSDWL��.��%��.DPDOL�D��'��+��3DWHO��'HYHORSPHQW�RI�FRRNLHV�XVLQJ�*DUGHQ�&UHVV�6HHG�

/HSLGL�P�6D�LY�P�/�DQG�HYDOXDWLRQ�RI�LWV�DQWLR[LGDQW�DFWLYLWLHV

5()(5(1&(6

��� �QRQ�PRXV�� ��XUYHGLF� 3KDUPDFRSRHLD� RI�
,QGLD�� 3DUW����VW� HG�� 7KH� GUXJ� FRQWUROOHU� RI�
,QGLD��*RYHUQPHQW�RI�,QGLD��0LQLVWU��RI�KHDOWK�
DQG� IDPLO�� ZHOIDUH� GHYHORSPHQW� RI� ,QGLDQ�
V�VWHP� RI� PHGLFLQH� DQG� KRPHRSDWK��� 1HZ�
'HOKL�FLYLO�OLQHV��'HOKL�������������

��� �QRQ�PRXV�� 7KH� :HDOWK� RI� ,QGLDQ� 5DZ�
0DWHULDOV� 3XEOLFDWLRQ� DQG� LQIRUPDWLRQ�
'LUHFWRUDWH��&6,5��1HZ�'HOKL����������������

��� �UNUR�G� :5�� *RSDODQ� &�� %DODVXEUDPDQLDQ�
6&��1XWULWLYH� YDOXH� RI� ,QGLDQ� )RRGV� DQG� WKH�
SODQQLQJ�RI�VDWLVIDFWRU��GLHWV�� ,QGLDQ�&RXQFLO�
RI�0HGLFDO�5HVHDUFK��1��'HOKL����������S�

��� %UDQ�:LOOLDPV� 0�� &XYHOLHU� DQG� %HUVHW�
&�� �������� 8VH� RI� IUHH� UDGLFDO� PHWKRG� WR�
HYDOXDWH� DQWLR[LGDQW� DFWLYLW��� /HEHQVPLWWHO�
:LVVHQVFKDIW�DQG�7HFKQRORJ��������������

��� 'DQQHKO� '�� +X�VNHQV�.HLO� 6�� :HQGRUI�
'�� 8OULFKV� &�� 6FKPLGW� 8�� ,QIOXHQFH� RI�
LQWHUPLWWHQW�GLUHFW�HOHFWULF�FXUUHQW� �,'&�� RQ�
SK�WRFKHPLFDO� FRPSRXQGV� LQ� JDUGHQ� FUHVV�
GXULQJ� JURZWK�� )RRG� &KHP�� ������ ��������
�����

��� .LUWNDU�.0��%DVX�%'��,QGLDQ�PHGLFLQDO�3ODQWV��
������,������

��� 0DWKHZV� 6�� 6LQJKDO� 56�� .XONDUQL� 35�� 6RPH�
SK�VLFRFKHPLFDO� SURSHUWLHV� RI� /HSLGL�P�
VD�LY�P� �+DOLY�� VHHG�� 'LH� 1DKUXQJ�� ������
���������

��� 5H�1��� 3HOOHJULQL����� 3URWHJJHQWH�����3DQQDOD�
0���<DQJ� DQG�5LFH�(YDQV� ���������QWLR[LGDQW�
DFWLYLW�� DSSO�LQJ� DQ� LPSURYHG� �%76� UDGLFDO�
FDWLRQ� GHFRORUL]DWLRQ� DVVD��� )UHH� 5DGLFDO�
%LRORJ�����������������

��� 9RKRUD� 6%�� .KDQ� 06<�� 3KDUPDFRORJLFDO�
VWXGLHV� RQ� /HSLGL�P� VD�LY�P� /LQQ�� ,QGLDQ� -�
3K�VLRO�3KDUPDF�������������������


