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5HFHQW�0HWKRGV�RI��QDO�VLV�RI��VFRUELF��FLG����0LQL�5HYLHZ

�VLI� �XVDLQ��� 6KD�LD� 3DUYHHQ���0RKDPPDG� 8PDU����DUVKLO� 3UDNDVK� -HWKDQL��� �EXEDNDU���
6KLYDQJL�.DXVKDO�

�3URIHVVRU�����8*�6FKRODU��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�&KHPLVWU���6FKRRO�RI�3KDUPDFHXWLFDO�(GXFDWLRQ�DQG�5HVHDUFK��-DPLD�
+DPGDUG��1HZ�'HOKL���������,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� �VLI� �XVDLQ�� 3URIHVVRU��
'HSDUWPHQW� RI� 3KDUPDFHXWLFDO� &KHPLVWU��� 6FKRRO�
RI� 3KDUPDFHXWLFDO� (GXFDWLRQ� DQG� 5HVHDUFK�� -DPLD�
+DPGDUG��1HZ�'HOKL���������,QGLD�

(PDLO��GUDVLIKXVDLQ#�DKRR�FRP

�EVWUDFW

$VFRUELF� DFLG�� DOVR� NQRZQ� DV� YLWDPLQ� &�� LV� DQ�
HVVHQWLDO�ZDWHU�VROXEOH�YLWDPLQ��%RG��QHHGV�YLWDPLQ�&�
LQ�RUGHU�WR�IRUP�DQG�PDLQWDLQ�ERQHV��EORRG�YHVVHOV�DQG�
VNLQ��DQG�LWV�GHILFLHQF��FDXVHV�VFXUY���$VFRUELF�DFLG�
KDV� EHHQ� ZLGHO�� XVHG� LQ� FKHPLFDO�� SKDUPDFHXWLFDO��
FRVPHWLF� DQG� IRRG� LQGXVWU�� IRU� WKH� SUHSDUDWLRQ� RI�
YDULRXV�SUHSDUDWLRQV��$QDO�VLV�RI�DVFRUELF�DFLG�LV�DQ�
LPSRUWDQW�DQG�LQVHSDUDEOH�SDUW�RI�LQGXVWULHV�LQYROYHG�
LQ�DQ��IRUP�RI�DVFRUELF�DFLG�SUHSDUDWLRQ��7KLV�UHYLHZ�
KLJKOLJKWV�UHFHQW�PHWKRGV� IRU�DVFRUELF�DFLG�DQDO�VLV�
OLNH�VSHFWURSKRWRPHWULF�PHWKRG��KLJK�SUHVVXUH�OLTXLG�
FKURPDWRJUDSK�� �+3/&��� HWF�� )RUPHU� PHWKRGV� IRU�
DVFRUELF� DFLG� DQDO�VLV� DUH� DOVR� SUHVHQWHG� VXFK� DV�
7LWULPHWULF�� VSHFWURSKRWRPHWULF� DV� ZHOO� DV� +3/&�
PHWKRG�DORQJ�ZLWK�GLIIHUHQW�GHWHFWLRQ�PHWKRGV�

.H�ZRUGV�� 9LWDPLQ� &�� $VVD��� +3/&��
6SHFWURSKRWRPHWU��

,QWURGXFWLRQ

$VFRUELF�DFLG��YLWDPLQ�&���D�ZDWHU�VROXEOH�YLWDPLQ��
LV� IRXQG� LQ� YDULRXV� IRRGV� LQFOXGLQJ� D� YDULHW�� RI�
fruits�and�vegetables.�Its�de�ciency�causes�disease�
VFXUY����Weakening�of�collagen��bers�which�leads�
WR� SRRU� ZRXQG� KHDOLQJ� DQG� LPSDLUHG� LPPXQLW��
KDSSHQV�GXH�WR�VFXUY����9LWDPLQ�&�LV�LPSRUWDQW�IRU�

SURSHU�IXQFWLRQLQJ�RI�LPPXQH�V�VWHP���De�ciency�
RI�DVFRUELF�DFLG�RFFXUV�GXH�WR�SRRU�GLHWDU��KDELWV��
OLIH� VW�OH� FKDQJHV�� VPRNLQJ�� DOFRKRO�� GUXJ� DEXVH��
YDULRXV� GLVHDVHV�� DQG� SROOXWDQWV����� ([FHVV� RI�
YLWDPLQ�&�LV�DOVR�GDQJHURXV�DV�LW�ZLOO�OHDG�WR�JDVWULF�
LUULWDWLRQ� DQG� LWV�PHWDEROLWH�R[DOLF� DFLG�ZLOO� FDXVH�
UHQDO�SUREOHPV�

$VFRUELF� DFLG� LV� KLJKO�� HIIHFWLYH� DQWLR[LGDQW�
GXH� WR� LWV� WHQGHQF�� WR� GRQDWH� HOHFWURQ� WKHUHE��
SURWHFWLQJ�LPSRUWDQW�ELRPROHFXOHV��VXFK�DV�SURWHLQ��
OLSLG��QXFOHLF�DFLG�DQG�FDUERK�GUDWH��IURP�GDPDJH�
E��R[LGDQWV���9LWDPLQ�&� LV�D�FRIDFWRU� IRU� WKH� O�V�O�
DQG�SURO�O�K�GUR[�ODVHV� UHTXLUHG� IRU�VWDELOL]DWLRQ�
RI� WHUWLDU�� VWUXFWXUH� RI� FROODJHQ�� &RIDFWRU� IRU�
WZR� K�GUR[�ODVHV� ZKLFK� LV� LQYROYHG� LQ� FDUQLWLQH�
ELRV�QWKHVLV� DQG� DOVR� D� FRIDFWRU� IRU� K�GUR[�ODVH�
HQ]�PHV� ZKLFK� LV� LQYROYHG� LQ� V�QWKHVLV� RI�
FDWHFKRODPLQH�KRUPRQH����

$VFRUELF� DFLG� �)LJ� ��� LV� D� KH[DQRLF� VXJDU� DFLG�
KDYLQJ�WZR�GLVVRFLDEOH�SURWRQV�WKHUHIRUH�LW�RFFXUV�
DV� DQ� DVFRUEDWH� DQLRQ��� $VFRUEDWH� LV� V�QWKHVL]HG�
IURP�JOXFRVH�LQ�SODQWV�DQG�PRVW�RI�DQLPDOV�ZKHUHDV�
LQ� DPSKLELDQV� DQG� UHSWLOHV� V�QWKHVLV� RI� DVFRUEDWH�
WDNHV�SODFH�LQ�NLGQH��DQG�LQ�PDPPDOV��OLYHU�LV�WKH�
RUJDQ�ZKHUH� DQ� HQ]�PH� /�JXORQRODFWRQH� R[LGDVH�
KHOSV�FRQYHUVLRQ�RI�JOXFRVH�LQWR�DVFRUELF�DFLG�������

L-Gulonolactone�oxidase�is�de�cient�in�humans,�
VRPH� SULPDWHV�� DQG� JXLQHD� SLJV� GXH� WR� JHQHWLF�
PXWDWLRQ�� PDNLQJ� WKHP� LQFDSDEOH� WR� V�QWKHVL]H�
DVFRUELF�DFLG�VR�WKHUH�LV�UHTXLUHPHQW�WR�WDNH�LW�IURP�
GLHW����5LFK� VRXUFHV� RI� YLWDPLQ�&� �)LJ� ��� DUH� IUHVK�
YHJHWDEOHV�DQG�IUXLWV�PDLQO��LQ�EODFN�FXUUDQW��FLWUXV�
IUXLW�� OHDI�� YHJHWDEOHV�� WRPDWRHV�� JUHHQ� DQG� UHG�
SHSSHUV���

�RZ�WR�FLWH�WKLV�DUWLFOH�

$VLI�+XVDLQ��6KD]LD�3DUYHHQ��0RKDPPDG�8PDU�HW�DO��5HFHQW�0HWKRGV�RI�$QDO�VLV�RI�$VFRUELF�$FLG��$�0LQL�5HYLHZ��-�3KDUPDFHXW�
0HG�&KHP������������������
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)LJ�����6WUXFWXUH�RI�$VFRUELF�DFLG�

)LJ�����5LFK�VRXUFHV�RI�DVFRUELF�DFLG�

,Q�SKDUPDFHXWLFDO�� FKHPLFDO��FRVPHWLF�DQG� IRRG�
LQGXVWU��DVFRUELF�DFLG�LV�XVHG�GXH�WR�LWV�ELRDFWLYLW��
DQG� DQWLR[LGDQW� SURSHUW��� )RU� PHDVXULQJ� WKH�
DPRXQW� RI� DVFRUELF� DFLG� LQ� D� VDPSOH� WKHUH� LV� D�
need� to� �nd� an� accurate,� reliable,� rapid� and� easy�
PHWKRG��)RU�PHDVXULQJ�WKH�DPRXQW�RI�DVFRUELF�DFLG�
in�sample,�there�is�still�a�need�to��nd�an�accurate,�
UHOLDEOH��UDSLG�DQG�HDV��WR�LPSOHPHQW�PHWKRG��'XH�
WR� LQVWDELOLW��RI�DVFRUELF�DFLG� LQ�DTXHRXV�VROXWLRQ��
there� has� been� some� dif�culty� in� quantifying�
DVFRUELF� DFLG�� +HDW�� OLJKW�� DONDOL�� R[�JHQ�� DQG�
FRQWDFW�ZLWK� WUDFHV�RI� FRSSHU� DQG� LURQ�ZLOO� HDVLO��
UHDFWV�ZLWK�DVFRUELF�DFLG��DV�LW�LV�KLJKO��VHQVLWLYH�WR�
WKHVH�HOHPHQWV���

In� the� �eld� of� biochemistry� and� commercial�
IRRG�� GHWHUPLQDWLRQ� RI� YLWDPLQ� &� KDV� EHFRPH� DQ�
LPSRUWDQW� VXEMHFW� EHFDXVH� RI� WKH� UROH� RI� YLWDPLQ�
&�LQ�PDLQWDLQLQJ�SURSHU�KHDOWK����2QH�RI�WKH�PRVW�
LPSRUWDQW� SURSHUWLHV� RI� YLWDPLQ�&� LV� WKDW� LW� LV� DQ�
DQWLR[LGDQW�� ,W� VFDYHQJHV� QLWUR[LGH�� K�GUR[LGH��
VXSHUR[LGH�� K�GURJHQ� SHUR[LGH� DQG� FDQ� UHGXFH�
YLWDPLQ� (���� ,W� LV� D� SRZHUIXO� DQWLR[LGDQW� DV� LW� FDQ�
DOVR�QHXWUDOL]H�KDUPIXO�IUHH�UDGLFDOV����7KH�SK�VLFDO�
SURSHUWLHV�RI�DVFRUELF�DFLG�DUH�SUHVHQWHG�LQ�7DEOH�����

7DEOH����3K�VLFDO�SURSHUWLHV�RI�DVFRUELF�DFLG�

&KHPLFDO�QDPH /�DVFRUELF�DFLG

(PSLULFDO�IRUPXOD &
�
+

�
2

�

0ROHFXODU�ZHLJKW �����

0HOWLQJ�SRLQW ����&

$SSHDUDQFH :KLWH� WR� VOLJKWO�� �HOORZ� LV� KFU�VWDOOLQH�
SRZGHU

2GRXU 2GRXUOHVV

7DVWH 6WURQJ�DFLGLF�WDVWH

6ROXELOLW� )UHHO��VROXEOH�LQ�ZDWHU��VSDULQJO��VROXEOH�
LQ�DOFRKRO��LQVROXEOH�LQ�HWKHU�DQG�EHQ]HQH

0HWKRGV�RI��QDO�VLV

9DULRXV�PHWKRGV�IRU�WKH�GHWHUPLQDWLRQ�RI�YLWDPLQ�
C� in� a� natural� samples,� biological� �uids� and�
SKDUPDFHXWLFDO�IRUPXODWLRQV�KDYH�EHHQ�UHSRUWHG�

��� 89�VSHFWURSKRWRPHWULF�PHWKRG

��� 9ROWDPPHWULF�PHWKRG

��� )OXRURPHWULF��PHWKRG

��� 3RWHQWLRPHWULF�PHWKRG

��� +LJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK��
�+3/&�

��� *DV�FKURPDWRJUDSK���*&�

��� 7LWULPHWULF�PHWKRG

���VSHFWURS�RWRPHWULF�PHW�RG

'HWHUPLQDWLRQ� RI� DVFRUELF� DFLG� E�� 89�
VSHFWURSKRWRPHWHU� LV� PRVWO�� XVHG� EHFDXVH� RI�
VLPSOLFLW��� DQG� DOVR� YLWDPLQ� &� DEVRUEV� 89� UD�V�
HDVLO���(DUOLHU�89�PHWKRG�IRU�DQDO�VLV�RI� DVFRUELF�
DFLG�ZDV�GHYHORSHG�ZKLFK�ZDV�OLPLWHG�IRU�DQDO�VLV�
RI� SODVPD� VDPSOHV� RQO�� DQG� LWV� SURFHGXUHV� ZHUH�
FRPSOLFDWHG�� %XW� ODWHU� RQ� D� UHOLDEOH� 89� PHWKRG�
ZDV� GHYHORSHG� IRU� DQDO�VLV� RI� DVFRUELF� DFLG�
VDPSOH� LQ�SUHVHQFH�RI�RWKHU�YLWDPLQV�ZKLFK�JLYHV�
UHSURGXFLEOH� UHVXOWV�� 7KLV� PHWKRG� LV� VLPSOH� DQG�
IDVWHU�DV�FRPSDUHG�WR�RWKHU�ROG�PHWKRGV��������

,Q� ������ =HQJ� :�� HW� DO�� GHYHORSHG� D� QHZ� 89�
PHWKRG� IRU� WKH� DQDO�VLV� RI� DVFRUELF� DFLG� ZLWK�
PHWKDQRO� DV� VROYHQW�� 2WKHUVWXGLHV� ZKLFK� DUH�
SHUIRUPHG�LQ�WKLV�UHVHDUFK�DUH�WKH�HIIHFW�RI�FRSSHU�
�,,�� FRQFHQWUDWLRQV� RQ� WKH� R[LGDWLRQ� RI� DVFRUELF�
DFLG�LQ�DTXHRXV�VROXWLRQ�DQG�WKH�UHJXODULWLHV�RI�LWV�
R[LGDWLRQ� LQ�PHWKDQRO��863�SKRVSKDWH�EXIIHU�DQG�
GH�LRQL]HG� ZDWHU� ZDV� VWXGLHG�� 7KH� UHVXOW� VKRZV�

$VLI�+XVDLQ��6KD]LD�3DUYHHQ��0RKDPPDG�8PDU�HW�DO��5HFHQW�0HWKRGV�RI�$QDO�VLV�RI�$VFRUELF�$FLG��$�0LQL�
5HYLHZ
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WKDW� DVFRUELF� DFLG� KDV� EHHQ� IRXQG� WR� GLVVROYH�
LQ� PHWKDQRO� �VROXELOLW��� ����� PJ�PO�� DW� URRP�
WHPSHUDWXUH��7KLV�PHWKRG�LV�VLPSOH��UDSLG��DFFXUDWH�
DQG�UHOLDEOH�WKHUHE��XVHG�IRU�URXWLQH�GHWHUPLQDWLRQ�
RI� DVFRUELF� DFLG� LQ� LWV� JUDQXODU� DQG� WDEOHW� IRUP��
:LWK� WKLV�PHWKRG�� WKH�DVFRUELF�DFLG�EXON�PDWHULDO�
IURP�PDQXIDFWXUHU�ZDV� IRXQG�WR�EH�DVVD�HG�ZLWK�
�������SXULW�����

,Q� ������ .KDQ� 0�� 5�� HW� DO�� GHVFULEHG� D� 89�
VSHFWURSKRWRPHWULF� PHWKRG� WR� GHWHUPLQH� YLWDPLQ�
&� FRQWHQW� LQ� YDULRXV� IUXLWV� DQG� YHJHWDEOHV�� 7KH�
PHWKRG� LQYROYHV� WKH� R[LGDWLRQ� RI� DVFRUELF� DFLG�
WR� GHK�GURDVFRUELF� DFLG� E�� EURPLQH� ZDWHU� LQ�
SUHVHQFH� RI� DFHWLF� DFLG�� $IWHU� FRXSOLQJ� ZLWK�
����GLQLWURSKHQ�O� K�GUD]LQH� WKH� VROXWLRQ� LV� WKHQ�
WUHDWHG�ZLWK�����+
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�VR�WKDW�UHG�FRORU�FRPSOH[�

LV� IRUPHG��7KH� DEVRUEDQFH� LV�PHDVXUHG� DW� ���QP�
VSHFWURSKRWRPHWULFDOO���7KH�UHVXOWV�RI�WKLV�PHWKRG�
H[KLELWHG� WKH�DPRXQW�RI�YLWDPLQ�F� LQ�WKH�UDQJH�RI�
������PJ����J� LQ� IUXLWV�� DQG����� ���PJ�����J� LQ�
YHJHWDEOHV���

,Q� ������ 3DQFKHP� <�� 3�� HW� DO�� GHYHORS� D�
VSHFWURSKRWRPHWULF�PHWKRG� WR�GHWHUPLQH� DVFRUELF�
DFLG�LQ�EXON�SRZGHU�IRUP�E��XVLQJ�89������PRGHO��
0HWKDQRO��ZDWHU� ������Y�Y��ZDV� WDNHQ�DV�VROYHQW��
$VFRUELF� DFLG� VKRZHG� PD[LPXP� DEVRUEDQFH�
ZDYHOHQJWK� DW� ���QP�� ,Q� RUGHU� WR� YDOLGDWH� WKH�
PHWKRG�DV� SHU� ,&+�JXLGHOLQHV�YDULRXV�SDUDPHWHU�
ZHUH� FRQVLGHUHG� VXFK� DV� OLQHDULW��� VHOHFWLYLW���
speci�city,�precision,�robustness,�etc.��Ascorbic�acid�
DQDO�VLV� VKRZHG� WKDW� WKLV�PHWKRG�ZDV� DFFHSWDEOH�
PHWKRG���

'HVDL�$��3��HW�DO�LQ������GHWHUPLQHG�WKH�FRQWHQW�RI�
DVFRUELF�DFLG�LQ�GLIIHUHQW�IUXLWV�E��89�VSHFWURVFRS���
,Q� WKLV� PHWKRG�� ����'13+� �����GLQLWURSKHQ�O�
K�GUD]LQH��DFWHG�DV�G�H��%URPLQH�ZDWHU�ZDV�XVHG�
WR�R[LGL]H�DVFRUELF�DFLG� LQWR�GHK�GURDVFRUELF�DFLG�
LQ�SUHVHQFH�RI�DFHWLF�DFLG��$IWHU���KUV�����+
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DGGHG�ZKLFK�JDYH�UHG�FRORU�FRPSOH[��7KH�VROXWLRQ�
ZDV� WKHQ� PHDVXUHG� VSHFWURSKRWRPHWULFDOO�� WR�
GHWHUPLQH�DVFRUELF�DFLG�FRQWHQW���

�ROWDPPHWULF�PHW�RG

'HWHUPLQDWLRQ� RI� WKH� FRQWHQWV� RI� DVFRUELF� DFLG� LQ�
�fty� tropical� fruit� samples� has� been� reported� by�
WLWULPHWULF� PHWKRG� XVLQJ� 1�EURPRVXFFLQLPLGH�
DORQJ�ZLWK�F�FOLF�9ROWDPPHWHU�XVLQJ�JODVV��FDUERQ�
DV� ZRUNLQJ� HOHFWURGH�� $J�$J&O� DV� UHIHUHQFH� DQG�
SODWLQXP�DV�DX[LOLDU��HOHFWURGH�LQ����0�SKRVSKDWH�
EXIIHU�� S+� ���� FRQWDLQLQJ� �0P� GLVRGLXP� ('7$�
ZHUH� XVHG�� ���0Y� WR� ����0Y� ZDV� WKH� UDQJH� LQ�
ZKLFK� PHDVXUHPHQW� ZHUH� GRQH�� ZLWK� D� VFDQ� UDWH�
RI� ���0Y�V��5HVXOW� VKRZHG� WKDW� VRPH� IUXLWV� VXFK�

DV� JUHHQ� SHSSHU�� ORQJ� SHSSHU�� UHG� SHSSHU�� OLPH��
SDZSDZ�� RUDQJH� � VKRZHG� KLJK� OHYHO� RI� DVFRUELF�
DFLG�FRQWHQW������

1LHOVHQ� 6�� 6�� HW� DO�� LQ� ����� GHWHUPLQHG� WKH�
FRQWHQW�RI�YLWDPLQ�&�LQ�MXLFHV�E��XVLQJ�WKH�UHDJHQW�
����GLFKORURLQGRSKHQRO�� 7KH� LQGLFDWRU� G�H� ZDV�
UHGXFHG� WR� D� FRORUOHVV� VROXWLRQ� E�� DVFRUELF� DFLG��
WKH� XQUHGXFHG�G�H� ZDV� URVH�SLQN� LQ� FRORU��8VLQJ�
D� VWDQGDUG� DVFRUELF� DFLG� VROXWLRQ�� WKH� WLWHU� RI�G�H�
FRXOG�EH�GHWHUPLQHG��%��VHULHV�RI�VWHSV��WKH�DPRXQW�
RI� DVFRUELF� DFLG� ZDV� GHWHUPLQHG� LQ� DQ� DFFXUDWH�
ZD����

2JXQOHVL�� 0�� HW� DO�� LQ� ����� PHDVXUHG� YLWDPLQ�
&� FRQWHQW� LQ� WKLUW��HLJKW� VDPSOHV� RI� JUHHQ� OHDI��
YHJHWDEOH� DQG� IRRG� E�� WZR� PHWKRGV��VW� PHWKRG�
ZDV� E�� F�FOLF� YROWDPPHWU�� XVLQJ� JODVV�� FDUERQ��
$J�$J&O� DQG� SODWLQXP� HOHFWURGH� V�VWHP� LQ�
���0� SKRVSKDWH� EXIIHU�� S+� ���� FRQWDLQLQJ� �0P�
GLVRGLXP� ('7$� LQ� D� SRWHQWLDO� UDQJH� RI� ���0Y�
����09�ZLWK�D�VFDQ�UDWH�RI���PY�V���QG�PHWKRG��
7LWUDWLRQ� RI� DTXHRXV� PL[WXUH� RI� VDPSOH� XVLQJ�
1�EURPRVFFLQLPGH�� 5HG� SHSSHU�� OHDYHV� RI� ZKLWH�
FDPZRRG�� EODFN� SHSSHU�� FXUU�� SODQW�� SXPSNLQ�
ZHUH�WKH�VDPSOHV�IRXQG�WR�EH�ULFK�LQ�YLWDPLQ�&���

)O�RURPHWULF�PHW�RG

)OXRURPHWULF�PHWKRG�LV�VLPSOH��UDSLG��FRVW�HIIHFWLYH�
UHOLDEOH� DQG� VHQVLWLYH� WR� DQDO�]H� HYHQ� WKH�PLQXWH�
�[�����WR����PJ�DVFRUELF�DFLG�P/��7KLV�PHWKRG�KDV�
WKH�FDSDFLW��WR�DQDO�]H����VDPSOHV�KU���

$VFRUELF� DFLG� LV� R[LGL]HG� WR� GHK�GURDVFRUELF�
DFLG�LQ�SUHVHQFH�RI�DFWLYDWHG�FKDUFRDO��7R�SURGXFH�
a� �uorescent� compound,� dehydroascorbic� acid�
UHDFWV� ZLWK� R�SKHQ�OHQHGLDPLQH� �23'$��� 7KH�
intensity� of� �uorescence� produced� indicates� the�
FRQFHQWUDWLRQ� RI� DVFRUELF� DFLG� LQ� VDPSOH� VROXWLRQ��
8VH� RI� FKDUFRDO�ZLOO� R[LGL]H� DVFRUELF� DFLG� VORZO���
VR� PDQ�� RWKHU� R[LGDQWV� DUH� XVHG� VXFK� DV� LRGLQH��
IHUULF�DQLGH�� FKORUDPLQHV�7�� PHWK�OHQH� EOXH��
1�EURPRVXFFLQLPLGH�IRU�VPRRWK�R[LGDWLRQ���������

&KHQJ�;��HW�DO�LQ������GHVFULEHG�WKH�UDWLR�PHWULF�
�uorescent�assay�to�determine�the�enzyme�activity�
in� ascorbic� acid� forming� reaction.� As� �uorescent�
LQGLFDWRU� EOXH�HPLWWLQJ� FDUERQ� GRWV� �E&'V�� ZLWK�
H[FLWDWLRQ�HPLVVLRQ�ZDYHOHQJWK�DW��������QP�ZDV�
served)�via�an� inner��lter�effect� their��uorescence�
ZDV� UHGXFHG� E�� )H��� LRQV�� $V� LQWHUQDO� UHIHUHQFH�
�HOORZ�HPLWWLQJ� &'V� ZLWK� H[FLWDWLRQ�HPLVVLRQ�
ZDYHOHQJWK� DW� �������QP� ZDV� VHUYHG�� DV� WKHLU�
�uorescence�was�insensitive�to�Fe����:KHQ�WKLV�ZDV�
H[SRVHG�WR�DVFRUELF�DFLG��)H���ZDV�UHGXFHG�WR�)H����
the� �uorescence� by� bCDs� was� restored.� Thereby,�
WKH�HQ]�PHV�LQ�DVFRUELF�DFLG�UHDFWLRQ�VXFK�DV�DOSKD�
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JOXFRVLGDVH� DQG� DONDOLQH� SKRVSKDWDVH� FRXOG� EH�
PHDVXUHG���

In� 2019� Ni� P.� et� al.� reported� a� �uorometric�
PHWKRG� WR� GHWHUPLQH� WKH� DONDOLQH� SKRVSKDWDVH�
�$/3�� DFWLYLW�� DQG� LWV� LQKLELWRUV� XVLQJ� DVFRUELF�
acid.� As� �uorescent� probe,� nitrogen� and� boron�
FR�GRSHG� FDUERQ� GRWV� �&�GRWV�� ZLWK� H[FLWDWLRQ�
emission�peaks�at�490/540nm.�The�C-dots�modi�ed�
E�� ERURQLF� DFLG� ELQGV� WR� DVFRUELF� DFLG� JHQHUDWHG�
E�� $/3�FDWDO�]HG� K�GURO�VLV� RI� DVFRUELF� DFLG���
SKRVSKDWDVH�� 7KLV� PHWKRG� GHWHUPLQHG� WKH� $/3�
DFWLYLW��LQ�DFFHSWDEOH�UDQJH���

0DNL� 7�� HW� DO�� LQ� ����� SUHVHQWHG� D� VLPSOH� DQG�
sensitive� �ow� injection� �uorometric� method� to�
determine� ascorbic� acid.� A� �uorescent� reagent,�
SHU�OHQHELVLPLGH�OLQNHG� QLWR[LGH� �3%,/1��� ZDV�
XVHG�ZKLFK�DOORZHG�WKH�VHOHFWLYH�GHWHUPLQDWLRQ�RI�
DVFRUELF�DFLG��:KHQ�VROXWLRQ�RI�DVFRUELF�DFLG�ZDV�
PHUJHG�ZLWK�WKH�VWUHDP�RI�3%,/1��WKH�DVFRUELF�DFLG�
UHDFWHG� ZLWK� QLWUR[LGH� PRLHW�� RI� 3%,/1� WR� IRUP�
hydroxylamine�thereby�the��uorescence�properties�
RI�SHU�OHQHELVLPLGH�PRLHW��ZHUH�UHFRYHUHG��$�SHDN�
shaped� �uorescence� signal� was� produced� which�
ZDV� GHWHFWHG� E�� WKH� GHWHFWRU�� 7KLV� PHWKRG� ZDV�
DSSOLHG�WR�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�DVFRUELF�
DFLG�LQ�VHYHUDO�VRIW�GULQN�EHYHUDJHV���

:DQJ�<��HW�DO��LQ������GHYHORSHG�D�GXDO�PHWKRG�WR�
GHWHUPLQH�WKH�DVFRUELF�DFLG�DQG�DVFRUELF�DFLG�R[LGDVH�
activity.�The�advantages�of�ratiometric��uorometry�
DQG� FRORULPHWU�� ZHUH� FRPELQHG� WRJHWKHU�� ,Q� WKLV�
DVVD��� WKH�R[LGDWLRQ�RI�R�SKHQ�OHGLDPLQH��23'$��
ZDV� GRQH� E�� SHUPDQJDQDWH� �.0Q2

�
��� ,Q� WKH�

SUHVHQFH�RI�R[LGDQW��D��HOORZ�VXEVWDQFH��R[23'$��
ZLWK�DQ�DEVRUSWLRQ�SHDN�DW�����QP�ZDV�SURGXFHG�
UDSLGO��� 7KLV� R[23'$� ZRXOG� UHGXFH� WKH� EOXH�
�uorescence�of�carbon�dots�peaking�at�450nm,�and�
QHZ�HPLVVLRQ�SHDN�FRXOG�EH� IRXQG�DW����QP��7KH�
results�showed�that��uorometric�assay�for�ascorbic�
DFLG�KDG�D�OLQHDU�UDQJH�WKDW�H[WHQGV�IURP�����WR����
—0�DQG�FRORULPHWULF�DVVD��IURP�����WR����—0���

;X� :�� HW� DO�� LQ� ����� SUHSDUHG� ZDWHU�GLVSHUVHG�
TXDQWXP� GRWV� �6L4'V�� E�� XVLQJ� DPLQRSURS�O�
WULPHWKR[�VLODQH�DV�VLOLFRQ�VRXUFH�DQG�DVFRUELF�DFLG�
as� reduction� reagent.� SiQDs� are� �uorescent� with�
KLJK�TXDQWXP��LHOG�DQG�KLJK�TXDOLW���'XH�WR�WKHLU�
ORZ�FRVW��JRRG�FRPSDWLELOLW��DQG�VXSHUE�HOHFWURQLF�
DQG� PHFKDQLFDO� SURSHUW�� WKH�� DUH� EHFRPLQJ�
SRSXODU�� $V� 6L4'V� FDQQRW� EH� GLVSHUVHG� LQ� ZDWHU�
therefore� �uorescent� water-dispersible� SiQDs�
DUH� GHYHORSHG� ZKLFK� KDYH� YDULRXV� RSWLFDO�EDVHG�
applications.�The�SiQDs�display��uorescence�with�
H[FLWDWLRQ�HPLVVLRQ�SHDNV�DW����QP����QP���

1RQ�HOHFWURFKHPLFDO� WHFKQLTXHV� WR� GHWHUPLQH�

DVFRUELF� DFLG�� 7LWUDWLRQ� ZLWK� DQ� R[LGDQW� VROXWLRQ�
VXFK� DV� GLFKORURSKHQRO� LQGRSKHQRO� �'&3,3�����
SRWDVVLXP�LRGDWH���RU�EURPDWH���DUH�WKH�WUDGLWLRQDO�
PHWKRGV�XVHG�WR�GHWHUPLQH�DVFRUELF�DFLG��

�RWH�WLRPHWULF�PHW�RG

3RWHQWLRPHWULF� PHWKRG� JLYHV� PXFK� IDVWHU� UHVXOW�
IRU� WKH� DVVD�� RI� PDQ�� DFWLYH� SKDUPDFHXWLFDO�
LQJUHGLHQWV�� 7KH� IDWV�� RLOV�� UHVLQ�� ZD[� DUH�
GHWHUPLQHG� SRWHQWLRPHWULFDOO��� 3RWHQWLRPHWU�� DV�
DQ� HOHFWURDQDO�WLFDO� WRRO� GRHV� QRW� DSSO�� FXUUHQW�
RU� SRWHQWLDO� PRGXODWRU� DQG� WKH� DSSDUDWXV� XVHG�
LQ� SRWHQWLRPHWU�� DUH� VLPSOH�� HDV�� WR� KDQGOH� DQG�
WKH� VDPSOH� FDQ� EH� VHHQ� DV� VLQJOH� LQGHSHQGHQW�
YDULDEOH�� ,W� JLYHV� UDSLG� DQG� UHSURGXFLEOH� UHVXOWV��
3RWHQWLRPHWU��KDV�DOVR�EHHQ�VXFFHVVIXOO��DSSOLHG�WR�
DQDO�]H�GLIIHUHQW�W�SHV�RI�DVFRUELF�DFLG�VDPSOHV������

7RWDO� DQWLR[LGDQW� FDSDFLW�� RI� DVFRUELF� DFLG�
LV� XWLOL]HG� E�� 3RWHQWLRPHWU�� E�� UHFRUGLQJ� WKH�
JHQHUDWHG�SRWHQWLDO� IURP�UHDFWLRQ�RI�.

�
�)H�&1�

�
@�

.
�
�)H�&1�

�
@�E��LQWHUDFWLRQ�ZLWK�VDPSOH�DQWLR[LGDQW�

E��XVLQJ�SODWLQXP�HOHFWURGH�DV�GHWHFWRU������

$PLQL�0��.��HW�DO��LQ������FRQVWUXFWHG�D�FKHPLFDOO��
modi�ed� electrode� by� incorporating� iron� (II)�
SKWKDORF�DQLQH��)H�,,�3F@�LQWR�FDUERQ��SDVWH�PDWUL[�
XVHG�DV�D�VHQVLWLYH�SRWHQWLRPHWULF�VHQVRU�WR�GHWHFW�
DVFRUELF� DFLG�� 7KH� IRUPHG� HOHFWURGH� KDG� FDWDO�WLF�
SURSHUW��IRU�HOHFWURR[LGDWLRQ�RI�DVFRUELF�DFLG��7KH�
UHVXOWV� VKRZHG�D� OLQHDU�UHVSRQVH� LQ�FRQFHQWUDWLRQ�
UDQJH� IURP� ����� WR� ����� 0� ����������� —J�PO��ZDV�
REWDLQHG�ZLWK�D�GHWHFWLRQ�OLPLW�RI��������0�IRU�WKH�
SRWHQWLRPHWULF�GHWHUPLQDWLRQ�RI�DVFRUELF�DFLG��7KLV�
HOHFWURGH�VKRZHG�D�IDVW�UHVSRQVH�WLPH�����V���JRRG�
VWDELOLW��DQG�KDG�DQ�H[WHQGHG�OLIHWLPH���

7RQHOOL�'�� HW�DO�� LQ������GHYHORSHG�D�SRO�PHULF�
PHPEUDQH�EDVHG� LRQ� VHOHFWLYH� HOHFWURGH� WR�
GHWHUPLQH� /�DVFRUELF� DFLG�� %�� PRGLI�LQJ� WKH�
JODVV�� FDUERQ� HOHFWURGH� ZLWK� PROHFXODUO��
LPSULQWHG� SRO�S�UUROH� WKH� VHQVRU� ZDV� IDEULFDWHG��
7KH� SHUIRUPDQFH� RI� VHQVRU� ZDV� LPSURYHG� E�� WKH�
PROHFXODUO�� LPSULQWHG� SRO�PHU�� 7KLV� LPSULQWHG�
SRO�PHU� VKRZV� QHDU� 1HUQVWLDQ� UHVSRQVH� WR� WKH�
DVFRUEDWH� DW� FRQFHQWUDWLRQ� UDQJH� EHWZHHQ� �������
0� DQG� ������� 0�� 7KLV� SRWHQWLRPHWULF� VHQVRU�
FRXOG� EH� XVHG� IRU� VRPH� ZHHNV� DQG� KHOSV� WR�
GHWHUPLQH� FRQFHQWUDWLRQ� RI� DVFRUEDWH� LQ� IRRG� DQG�
SKDUPDFHXWLFDO�VDPSOHV���

�L���SHUIRUPD�FH�OLT�LG�F�URPDWR�UDS������/��

,Q� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK���
DQDO�WHV� �VDPSOHV� WR� EH� DQDO�]HG�� DUH� VHSDUDWHG�
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E�� FROXPQ� FKURPDWRJUDSK�� DQG� PHDVXUHG� E��
SRVW� FROXPQ� GHWHFWRUV�� +3/&� PHWKRGV� DUH� DOVR�
GHYHORSHG� WR� UHGXFH� WKH� GUDZEDFNV� DVVRFLDWHG�
ZLWK� RWKHU� PHWKRG�� )RU� PHDVXULQJ� DVFRUELF� DFLG�
LQ�ELRORJLFDO�VDPSOHV��+3/&�ZLWK�89�GHWHFWLRQ�LV�
WKH�VLPSOHVW� V�VWHP��89�GHWHFWLRQ� LV�SRVVLEOH�GXH�
WR� YLWDPLQ� RSWLFDO� DEVRUEDQFH� VSHFWUXP� KDYLQJ�
SHDN� YDOXH� DW� �������� QP��+3/&�89� DVVD�V� DUH�
XVHG� WR� PHDVXUH� WKH� FRQWHQW� RI� DVFRUELF� DFLG� LQ�
O�PSKRF�WHV��XULQH��WHDUV��DTXHRXV�KXPRU��SODVPD�
DQG�LQ�IRRG������

,Q������0LWLF�6��6��HW�DO��GHYHORSHG�DQG�YDOLGDWHG�
DQ� DFFXUDWH� DQG� UHSURGXFLEOH� +3/&� PHWKRG�
IRU� PHDVXULQJ� WKH� FRQWHQW� RI� DVFRUELF� DFLG� LQ�
SKDUPDFHXWLFDO� VDPSOHV�� 7KH� GUXJ� DQG� VWDQGDUG�
ZHUH� HOXWHG� IURP� 6XSHUVSKHU� 53���� DW� ����&�� %��
FDUHIXOO�� DGGLQJ� DFHWLF� DFLG� ����� P/�� WR� ���J� RI�
��KH[DQHVXOIRQLF� DFLG� VRGLXP� VDOW�� PRELOH� SKDVH�
was� prepared.� The� �ow� rate� was� 0.7� mL/min.�
To�monitor� the�ef�uent,� a�UV� detector� was� set� at�
���QP��5HVXOW�VKRZHG�WKDW��HDFK�DQDO�VLV�RI�VDPSOH�
WRRN� �� PLQ�� OLPLW� RI� TXDQWLWDWLRQ� ZDV� ����� —J�/��
5HFRYHU����UDQJHG�IURP�������WR����������

/L� ;�� HW� DO�� LQ� ����� GHYHORSHG� D� UREXVW� DQG�
UDSLG� KLJK� SUHVVXUH� OLTXLG� FKURPDWRJUDSK��
HOHFWURFKHPLFDO� GHWHFWLRQ� �+3/&�(&'�� IRU� DQ�
DFFXUDWH� GHWHUPLQDWLRQ� RI� DVFRUELF� DFLG� DQG� XULF�
acid�in�human�plasma.�For�accurate�quanti�cation�
RI�DQDO�WHV��D�VWDEOH�HOHFWURFKHPLFDO�DFWLYH�LQWHUQDO�
VWDQGDUG� �KRPRJHQWLVLF� DFLG�� ZDV� DGGHG�� 7KH�
DQDO�VLV� ZDV� GRQH� RQ� D� UHYHUVH�SKDVH� FROXPQ�
ZLWK� +3/&� DQG� XOWUD�+3/&�� 5HVXOW� VKRZHG� WKDW�
8�+3/&� KDG� LQFUHDVHG� VHQVLWLYLW�� ZLWK� GHWHFWLRQ�
OLPLW� RI� ����QJ�ZKLFK� ZDV� ORZHU� DV� FRPSDUHG� WR�
FRQYHQWLRQDO�+3/&��$�JRRG�DFFXUDF��DQG�SUHFLVLRQ�
KDG�EHHQ�VKRZQ�E��ERWK�DQDO�VHV���

�DV�F�URPDWR�UDS�������

*&�PHWKRG� LV� UDSLG�� UHOLDEOH�DQG�KLJKO��VHQVLWLYH�
WR�DQDO�]H�HYHQ�YHU��PLQXWH�TXDQWLWLHV�RI�DVFRUELF�
DFLG�

6LOYD� )�� 2�� HW� DO� LQ� ����� GHYHORSHG� D� QHZ� DQG�
KLJKO�� VHQVLWLYH�PHWKRG� WR�GHWHUPLQH� WKH� FRQWHQW�
RI� DVFRUELF� DFLG� E�� XVLQJ� JDV� FKURPDWRJUDSK��
DQG� LW�ZDV� FRPSDUHG� WR�+3/&�� 7KH� DQDO�VLV�ZDV�
SHUIRUPHG�E��VLPSOH�FOHDQ�XS�WHFKQLTXHV�D�IUHH]H�
GU�LQJ�FRQGLWLRQ��7KH�WRWDO�FRQWHQW�RI�DVFRUELF�DFLG�
ZDV� DQDO�]HG�DIWHU� UHGXFWLRQ� WR�GHK�GUR�DVFRUELF�
DFLG�ZLWK�WKH�KHOS�RI�GLWKLRWKUHWLQRO���

9HFFKL� 0�� HW� DO�� UHSRUWHG� D� PHWKRG� RI� JDV�
FKURPDWRJUDSK��WR�GHWHUPLQH�YLWDPLQ�&�E��WKH�XVH�
RI� D� VLO�ODWLQJ� DJHQW�� 1�WULPHWK�OVLO�ODFHWDPLGH��
7KH� UHVXOW� VKRZHG� WKDW� WKH� UHDFWLRQ� SURFHHGV�

TXDQWLWDWLYHO�� DQG� WKH� UHVXOWV� ZHUH� DFFXUDWH� DQG�
UHSURGXFLEOH���

�LWULPHWULF�PHW�RG

7LWUDWLRQ� PHWKRGV� DUH� VLPSOH�� FRVW�HIIHFWLYH� DQG�
DOVR�JLYH�PXFK�IDVWHU�UHVXOWV��1DURQJ�/HQJKRU�HW�DO��
LQ������GHYHORSHG�WZR�VHTXHQWLDO�LQMHFWLRQ�WLWUDWLRQ�
V�VWHPV� ZLWK� VSHFWURSKRWRPHWULF� GHWHFWLRQ� WR�
measure�ascorbic�acid.�The��rst�system�was�based�
RQ� UHGR[� UHDFWLRQ� EHWZHHQ� DVFRUELF� DFLG� DQG�
SHUPDQJDQDWH� LQ�DQ�DFLGLF�PHGLXP�ZKLFK�OHDG� WR�
GHFUHDVH�LQ�FRORU�LQWHQVLW��RI�SHUPDQJDQDWH���

6XQWRUQVXN� /�� HW� DO�� LQ� ����� GHWHUPLQHG� WKH�
FRQWHQW�RI�YLWDPLQ�&�LQ�IUHVK�DQG�IUHH]H�GULHG�KHUEDO�
MXLFH� RI� JXDYD�� OHPRQ�� VZHHW� SHSSHU� DQG� SDVVLRQ�
IUXLW� E�� GLUHFW� WLWUDWLRQ�ZLWK� LRGLQH�� 7KLV�PHWKRG�
VKRZHG� H[FHOOHQW� OLQHDULW�� RYHU� WKH� FRQFHQWUDWLRQ�
UDQJH� WHVWHG� �����������RI� DPRXQW� IRXQG� LQ� MXLFH�
VDPSOH�ZLWK�JRRG�SUHFLVLRQ�DQG�UHFRYHU����

&RQFOXVLRQ

$VFRUELF� DFLG� �YLWDPLQ� &�� LV� DQ� LPSRUWDQW� ZDWHU�
soluble� vitamin,� and� its� de�ciency� could� lead� to�
YDULRXV�KHDOWK� LVVXHV��9DULHW�� RI� QDWXUDO�SURGXFWV�
DQG�PDUNHW�SUHSDUDWLRQV� DUH� DYDLODEOH� IRU�KXPDQ�
LQWDNH�� $QDO�VLV� RI� DVFRUELF� DFLG� LQ� GLIIHUHQW�
SURGXFWV�LV�DQ�LPSRUWDQW�DVSHFW�RI�TXDOLW��FRQWURO��
7KHUH� DUH� YDULRXV� PHWKRGV� DYDLODEOH� IRU� WKH�
DQDO�VLV�RI�DVFRUELF�DFLG��0DMRULW��RI�WKHVH�PHWKRGV�
DUH� UHSURGXFLEOH�� UDSLG� DQG�JLYH� DFFXUDWH� UHVXOWV��
However,�there�is�still�a�need�to��nd�novel,�accurate,�
UHOLDEOH��UDSLG��FRVW�HIIHFWLYH�DQG�HDV��WR�LPSOHPHQW�
PHWKRG�V��WR�GHWHUPLQH�DVFRUELF�DFLG�

5HIHUHQFHV

��� �9LWDPLQ� &��� KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�
9LWDPLQB&�

��� +HPLOl� +�� 9LWDPLQ� &� DQG� ,QIHFWLRQV�� 1XWULHQWV��
���������������������

��� �9LWDPLQ� &��� 'LHWDU�� 5HIHUHQFH� ,QWDNHV� IRU�
9LWDPLQ�&��9LWDPLQ�(��6HOHQLXP��DQG�&DURWHQRLGV��
:DVKLQJWRQ�� '&�� 7KH� 1DWLRQDO� $FDGHPLHV� 3UHVV��
������SS���������

��� 0DJJLQL�� 6��� %HYHULGJH�� 6��� 6RUEDUD�� -��� 6HQDWRUH��
*�� )HHGLQJ� WKH� LPPXQH� V�VWHP�� 7KH� UROH� RI�
PLFURQXWULHQWV�LQ�UHVWRULQJ�UHVLVWDQFH�WR�LQIHFWLRQV��
&$%�5HY�����������������

��� +XVNLVVRQ�� (��� 0DJJLQL�� 6��� 5XI�� 0�� 7KH� UROH� RI�
YLWDPLQV� DQG�PLQHUDOV� LQ� HQHUJ�� PHWDEROLVP� DQG�
ZHOO�EHLQJ��-��,QW��0HG��5HV��������������������
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��

��� &DUU��$���)UHL��%��'RHV�YLWDPLQ�&�DFW�DV�D�SUR�R[LGDQW�
XQGHU�SK�VLRORJLFDO�FRQGLWLRQV"�)$6(%�-������������
����������

��� 0DQGO�� -��� 6]DUND�� $��� %DQKHJ�L�� *�� 9LWDPLQ� &��
8SGDWH� RQ� 3K�VLRORJ�� DQG� 3KDUPDFRORJ��� %U�� -��
3KDUPDFRO������������������������

��� (QJODUG��6���6HLIWHU��6��7KH�ELRFKHPLFDO�IXQFWLRQV�RI�
DVFRUELF�DFLG��$QQX��5HY��1XWU�������������������

��� 0�OOHU� /�'�� ,PSURYHG� H[WUDFWLRQ� PHWKRGV� IRU�
DYRLGLQJ� WKH� LQWHUIHUHQFH� RI� FRSSHU� LQ� WKH� /&�
GHWHUPLQDWLRQ� RI� DVFRUELF� DFLG� LQ� PXOWLYLWDPLQ�
PLQHUDO�WDEOHWV��-��3KDUP��%LRPHG��$QDO�������������
������������

���� (UGXUDN�.LOLF��&�6���8VOX��%���'RJDQ��8���2]JHQ��6�$���
2]NDQ��0���&RVNXQ��$QRGLF�YROWDPPHWULF�EHKDYLRU�
RI� DVFRUELF� DFLG� DQG� LWV� VHOHFWLYH� GHWHUPLQDWLRQ�
LQ� SKDUPDFHXWLFDO� GRVDJH� IRUPV� DQG� VRPH� 5RVD�
VSHFLHV�RI�7XUNH���-��$QDO��&KHP�����������������

���� 'X�� -��-��� &XOOHQ�� *�� 5�� %XHWWQHU�� $VFRUELF� DFLG��
&KHPLVWU��� %LRORJ�� DQG� WKH� WUHDWPHQW� RI� FDQFHU��
%LRFKLP��%LRSK�V��$FWD������������������

���� 6WRQH�� ,�� 7KH� QDWXUDO� KLVWRU�� RI� DVFRUELF� DFLG� LQ�
WKH� HYROXWLRQ� RI� PDPPDOV� DQG� SULPDWHV� DQG� LWV�
VLJQLILFDQFH� IRU� SUHVHQW�GD�� PDQ�� -�� 2UWKRPRO��
3V�FKLDWU���������������

���� 9DOSXHVWD�� 9��� %RWHOOD�� 0�� $�� � %LRV�QWKHVLV� RI�
O�DVFRUELF�DFLG�LQ�SODQWV��QHZ�SDWKZD�V� IRU�DQ�ROG�
DQWLR[LGDQW��7UHQGV�3ODQW�6FL���������������

���� 3DGD�DWW���6��-���.DW]��$���:DQJ��<���(FN��3���.ZRQ��
2���/HH��-��+���&KHQ��6��9LWDPLQ��&�DV�DQ�DQWLR[LGDQW��
HYDOXDWLRQ�RI�LWV�UROH�LQ�GLVHDVH�SUHYHQWLRQ�� -��$P��
&ROO��1XWU���������������

���� +RGJNLQVRQ�$��2[DOLF�DFLG�LQ�ELRORJ��DQG�PHGLFLQH��
)(%6�/HWW��������������������

���� %HQGLFK�� $�� 9LWDPLQ� &�� 6DIHW�� LQ� +XPDQV�� ,Q��
9LWDPLQ�&�LQ�+HDOWK�DQG�'LVHDVH��3DFNHU��/�DQG�-��
)XFKV� �(GV����0DUFHO�'HNNHU� ,QF�1HZ�<RUN��86$��
������SS����������

���� +LFNH���6���5REHUWV��+��-��$VFRUEDWH��7KH�6FLHQFH�RI�
9LWDPLQ�&��/XOX�SUHVV�������

���� ,]XDJLH�� $�� $��� ,]XDJLH�� )�� 2�� ,RGLPHWULF�
GHWHUPLQDWLRQ�RI�DVFRUELF�DFLG��9LWDPLQ�&��LQ�FLWUXV�
IUXLWV��5HV��-��$JU��%LRO��6FL����������������������

���� 7XOOH���5��7��� ,QYHQWRU��/RXLVLDQD�6WDWH�8QLYHUVLW���
0HFKDQLFDO� &ROOHJH�� DVVLJQHH�� 0HWKRG� IRU� WKH�
DQDO�VLV� RI� 9LWDPLQ� &�� 8QLWHG� 6WDWHV� SDWHQW� 86�
����������������

���� .ZDN�H��-��.��:HVW�$IU��-��3KDUP������������������

���� =HQJ� :��� 0DUWLQX]]L�� )��� 0DF*UHJRU�� $��
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