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-RXUQDO�RI�)RUHQVLF�&KHPLVWU��DQG�7R[LFRORJ�
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'2,��KWWS���G[�GRL�RUJ����������MIFW������������������

�2�L�L�DO���WLFOH

���105�EDVHG�0HWDEROLF�)LQJHUSULQWLQJ�LQ�)RUHQVLF�,QYHVWLJDWLRQV

3UDGHHS�.�PDU����.�-DLV�DO���6�MHHW�.�PDU�0H�DU�

�

�EVWUDFW

1XFOHDU�0DJQHWLF�5HVRQDQFH��105��VSHFWURVFRS��SOD�V�D�FUXFLDO�UROH�LQ�IRUHQVLF�VFLHQFHV�
E��SURYLGLQJ�GHWDLOHG� FKHPLFDO� LQIRUPDWLRQ� DERXW� VXEVWDQFHV�SUHVHQW� LQ� ELRORJLFDO� VDPSOHV�
VXFK� DV� EORRG�� 105� VSHFWURVFRS�� LV� D� YHUVDWLOH� WRRO� LQ� IRUHQVLF� VFLHQFHV�� RIIHULQJ� QRQ�
GHVWUXFWLYH� DQG�KLJK�UHVROXWLRQ� DQDO�VLV� RI� ELRORJLFDO� VDPSOHV� OLNH�EORRG��0DFKLQH� OHDUQLQJ�
WRROV� DUH� LQFUHDVLQJO��HPSOR�HG� LQ� IRUHQVLF� LQYHVWLJDWLRQV� WR� HQKDQFH�GDWD� DQDO�VLV�� SDWWHUQ�
UHFRJQLWLRQ�� DQG� GHFLVLRQ�PDNLQJ�SURFHVVHV�� 7KHVH� WRROV� DLG� LQ� SURFHVVLQJ� YDVW� DPRXQWV� RI�
IRUHQVLF�GDWD�HIILFLHQWO��DQG�XQFRYHULQJ�KLGGHQ�LQVLJKWV�IURP�FRPSOH[�GDWDVHWV��,WV�DELOLW��WR�
SURYLGH�GHWDLOHG�FKHPLFDO�LQIRUPDWLRQ�DLGV�LQ�VXEVWDQFH�LGHQWLILFDWLRQ��TXDQWLWDWLYH�DQDO�VLV��
DQG�XQGHUVWDQGLQJ�RI�105�GDWD�LQWHUSUHWDWLRQ��PDNLQJ�LW�LQYDOXDEOH�LQ�FULPLQDO�LQYHVWLJDWLRQV�
DQG�IRUHQVLF�SDWKRORJ��

.H��RUGV�� 1XFOHDU� 0DJQHWLF� 5HVRQDQFH� VSHFWURVFRS��� PDFKLQH� OHDUQLQJ� WRROV�� %ORRG�
VDPSOH��0HWDEROLWHV���'�&30*���'�72&6<�

�R��WR�FLWH�WKLV�DUWLFOH�

3UDGHHS� .XPDU�� �.� -DLVZDO�� 6XMHHW� .XPDU� 0HZDU�� �+�105� EDVHG� 0HWDEROLF� )LQJHUSULQWLQJ� LQ� )RUHQVLF� ,QYHVWLJDWLRQV�� -�
)RUHQVLF�&KHPLVWU��7R[LFRO�������������������

,1752'8&7,21

)RUHQVLF� VFLHQFH� LV� WKH� DSSOLFDWLRQ� RI� VHYHUDO�
�elds� of� science,� such� as� biology,� chemistry,�

SK�VLFV�� DQG�PHGLFLQH�� WR� WKH�GRPDLQ�RI� FULPLQDO�
LQYHVWLJDWLRQ��� 7KURXJK� WKH� IRUHQVLF� DSSOLFDWLRQ�
and� validation� of� scienti�c� processes� originally�
designed� for� diverse� aims� in� a� more� con�ned�
IUDPHZRUN��VXFK�DV�WKH�OHJDO�PHGLFLQH�VLWXDWLRQ��LW�
IRFXVHV�PDLQO��RQ�SURYLGLQJ�HYLGHQFH�WR�EH�XWLOL]HG�
LQ�IRUHQVLF�VFLHQFH��

Since�the�scienti�c�instruments�available�had�been�
insuf�cient,�forensic�science�has�addressed�several�
challenges�in�recent�decades�that�were�unful�lled�in�
WKH�SDVW���7KH�GHYHORSPHQW�RI�JDV�FKURPDWRJUDSK���
OLTXLG� FKURPDWRJUDSK��� DQG� PDVV� VSHFWURPHWU��
(MS� or� MS/MS)� methods� for� the� quanti�cation�
RI� VHYHUDO� GUXJV� DQG� WKHLU� PHWDEROLWHV� LQ� KXPDQ�
biological��uids.��2WKHUDGYDQFHG�LPDJLQJ�WRROV�OLNH�
FRPSXWHG� WRPRJUDSK�� ZLWK� RU� ZLWKRXW� FRQWUDVW�
PHGLXP�DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�RU�05,�
in�the�identi�cation�of�the�cause�of�death,�have�all�
FRQWULEXWHG� WR� WKH� VROXWLRQ� RI� FKDOOHQJHV� VXFK� DV�
KXPDQ�LQGLYLGXDOLW���DQG�WR[LFRORJLFDO�DQDO�VLV�RQ�
different�biological��uids.�

7KH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� VWXG�� RI� ORZ�
PROHFXODU�ZHLJKW� FRPSRXQGV� IRXQG� LQ�ELRORJLFDO�
V�VWHPV� LV� NQRZQ� DV� PHWDERORPLFV�� DQG� LW� RIIHUV�
LQVLJKWV� LQWR� WKH� PHWDEROLF� FKDQJHV� EURXJKW� RQ�
E�� H[WHUQDO� VWLPXOL��� 0HWDEROLVP� HQDEOHV� RQH� WR�
get� a� global� pro�le� of� the� metabolome�or� execute�
a� speci�c� study,� depending� on� the� information�
needed.�One�signi�cant�bene�t�of�metabolomics�for�

  ��WKRU��IILOLDWLRQ�� �3RVW�'RFWRUDO���&KHPLVW��'HSDUWPHQW�
RI�  )RUHQVLF�  0HGLFLQH�  DQG�  7R[LFRORJ���  �6FLHQWLVW�  'HSDUWPHQW�
RI�  105��  �OO� ,QGLD�  ,QVWLWXWH�  RI�  0HGLFDO�  6FLHQFHV��  1HZ�  'HOKL�
��������,QGLD�

  &RUUHVSRQGLQJ�  ��WKRU�  6�MHHW�  .�PDU�  0H�DU��  6FLHQWLVW��
'HSDUWPHQW�RI�105���OO�,QGLD�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��
1HZ�'HOKL���������,QGLD�

(�PDLO��VXMHHWPHZDU#JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ��27.08.2024
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IRUHQVLFV�LV�WKH�DELOLW��WR�FRPELQH�GDWD�IURP�VHYHUDO�
bodily�compartments�and�biological��uids.���

105� VSHFWURVFRS�� H[SORLWV� WKH� PDJQHWLF�
SURSHUWLHV� RI� DWRPLF� QXFOHL�� SDUWLFXODUO�� WKRVH�
RI� K�GURJHQ� DWRPV� LQ� WKH� FRQWH[W� RI� EORRG�
analysis.� When� placed� in� a� magnetic� �eld� and�
VXEMHFWHG� WR� UDGLRIUHTXHQF�� SXOVHV�� QXFOHL� VXFK�
DV�SURWRQV�ZLWKLQ�EORRG�PROHFXOHV�DEVRUE�DQG�UH�
HPLW� HOHFWURPDJQHWLF� UDGLDWLRQ� DW� FKDUDFWHULVWLF�
IUHTXHQFLHV������� %�� GHWHFWLQJ� WKHVH� VLJQDOV�� 105�
VSHFWURVFRS�� FDQ� JHQHUDWH� GHWDLOHG� VSHFWUD� WKDW�
UHYHDO� WKH� FKHPLFDO� FRPSRVLWLRQ� DQG� PROHFXODU�
VWUXFWXUH� RI� WKH� VDPSOH� XQGHU� LQYHVWLJDWLRQ��
7KH� GDWD� REWDLQHG� IURP� 105� VSHFWURVFRS�� LV�
TXDQWLWDWLYH�� DOORZLQJ� IRU� SUHFLVH� PHDVXUHPHQWV�
RI� FRQFHQWUDWLRQV� DQG� SURYLGLQJ� LQVLJKWV� LQWR� WKH�
LQWHUDFWLRQV� EHWZHHQ�GLIIHUHQW� FRPSRQHQWV�ZLWKLQ�
WKH� EORRG� VDPSOH������� 105� VSHFWURVFRS�� FDQ�
LGHQWLI��DQG�TXDQWLI��YDULRXV�GUXJV�DQG�PHWDEROLWHV�
SUHVHQW�LQ�EORRG�VDPSOHV��HYHQ�DW�WUDFH�OHYHOV��7KLV�
FDSDELOLW��LV�SDUWLFXODUO��FULWLFDO�LQ�FDVHV�LQYROYLQJ�
GUXJ�UHODWHG�RIIHQVHV�RU�LQFLGHQWV�ZKHUH�VXEVWDQFH�
abuse�is�suspected.�By�analyzing�metabolic�pro�les,�
105�VSHFWURVFRS��FDQ�SURYLGH�LQIRUPDWLRQ�DERXW�
DQ� LQGLYLGXDO�V� SK�VLRORJLFDO� VWDWH�� LQFOXGLQJ�
IDFWRUV� VXFK� DV� QXWULWLRQ�� KHDOWK� VWDWXV�� DQG�
H[SRVXUH� WR� HQYLURQPHQWDO� WR[LQV���� 105� FDQ�
complement�traditional�DNA�pro�ling�techniques�
E�� SURYLGLQJ� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH�
FKHPLFDO�HQYLURQPHQW�RI�QXFOHLF�DFLGV��ZKLFK�FDQ�
aid� in�con�rming� the� identity�of� individuals�from�
EORRG� VDPSOHV�� 105� VSHFWURVFRS�� HQDEOHV� WKH�
identi�cation�and�quanti�cation�of�toxic�substances�
LQ�EORRG�� VXFK�DV�KHDY��PHWDOV� RU�SRLVRQV��ZKLFK�
FDQ� EH� FUXFLDO� LQ� FDVHV� LQYROYLQJ� SRLVRQLQJ� RU�
HQYLURQPHQWDO�H[SRVXUH������

�GYDQWDJHV�RI�105� LQ� IRUHQVLF� LQYHVWLJDWLRQV�
LQFO�GH� VRPH� LPSRUWDQW� DGYDQWDJHV� 1RQ�
GHVWU�FWLYH� �QDO�VLV� �VLQJ� 105� VSHFWURVFRS��
PLQLPDO� VDPSOH� SUHSDUDWLRQ� DQG� QRW� FRQVXPLQJ�
WKH� VDPSOH�� DOORZLQJ� IRU� VXEVHTXHQW� DQDO�VHV� LI�
QHFHVVDU������7KXV��high�sensitivity� and�Speci�city�
�LWK� 105� FDQ� GHWHFW� VXEVWDQFHV� DW� YHU�� ORZ�
FRQFHQWUDWLRQV�� HQKDQFLQJ� LWV� XWLOLW�� LQ� IRUHQVLF�
WR[LFRORJ�� DQG� GUXJ� GHWHFWLRQ�� )XUWKHUPRUH��
T�DQWLWDWLYH� DQDO�VLV� WR� TXDQWLI�� FRQFHQWUDWLRQV�
RI� VXEVWDQFHV� LQ� EORRG� VDPSOHV� PDNHV� 105�
VSHFWURVFRS��KLJKO��UHOLDEOH�IRU�IRUHQVLF�DSSOLFDWLRQV��
7KH� YHUVDWLOLW�� RI� 105� VSHFWURVFRS�� DSSOLHV� WR�
D� ZLGH� UDQJH� RI� IRUHQVLF� DQDO�VHV� EH�RQG� EORRG��
including�other�bodily��uids�and�tissue�samples.���

0DQ�� VWXGLHV� DUHDWWHQWLYHWR� WKH�
SDWKRSK�VLRORJLFDO� HIIHFWV� RI� DFXWH� DQG� ORQJ�WHUP�
alcoholic� toxicity� on� the� metabolomes� pro�ling�

RI� KXPDQV������ )XUWKHUPRUH�� VHYHUDO� VWXGLHV� KDYH�
IRFXVHG� RQ� XVLQJ� 105�EDVHG� PHWDERORPLFV� RI�
biological� �uids� or� tissues� to� identify� putative�
30,�ELRPDUNHUV�DQG�WUDFN�FKDQJHV�LQ�HQGRJHQRXV�
PHWDEROLWHV�EURXJKW�RQ�E��GHDWK������

:H� PDLQO�� LQYHVWLJDWHG� WKH� SRWHQWLDO� XVH� RI�
105� DV� DQ� DQDO�WLFDO� SODWIRUP� IRU� IRUHQVLF� EORRG�
metabolomic,� or� metabolic� �ngerprinting� in� the�
SUHVHQW� VWXG��� �GGLWLRQDOO��� �'� DQG� �'� 105�
LQYHVWLJDWLRQV�ZHUH�XVHG�WR�FKDUDFWHUL]H�DQG�LGHQWLI��
WKH�PHWDEROLWHV�LQ�EORRG�VDPSOHV��7KLV�DQDO�VLV�ZDV�
SHUIRUPHG�H[WHQVLYHO��IRU�IRUHQVLF�SXUSRVHV��ZKHUH�
�H-NMR�metabolic��ngerprinting�was�presented�as�
D�QHZ�RU�DOWHUQDWLYH�DQDO�WLFDO�DSSURDFK�

���RS�L�

105� VSHFWURVFRS�� SOD�V� D� FULWLFDO� UROH� LQ�
IRUHQVLF� VFLHQFHV� E�� SURYLGLQJ� SUHFLVH� FKHPLFDO�
DQDO�VLV� RI� ELRORJLFDO� VDPSOHV�� DLGLQJ� LQ� GUXJ�
identi�cation,� toxicological� screening,� and�
GHWHUPLQLQJ� FDXVHV� RI� GHDWK�� 105� VSHFWURVFRS��
ZDV� HPSOR�HG� WR� VFUHHQ� EORRG� VDPSOHV� FROOHFWHG�
IURPLQGLYLGXDOV�� 7KH� WHFKQLTXH� GHWHFWHG� DQG�
identi�ed� various� metabolites� simultaneously,�
SURYLGLQJ� FRPSUHKHQVLYH� LQIRUPDWLRQ� YLWDOUROH�
in� metabolic� �ngerprinting.� The� integration� of�
PDFKLQH� OHDUQLQJ� WRROV� HQKDQFHV� WKH� FDSDELOLWLHV�
RI� IRUHQVLF� LQYHVWLJDWLRQV� E�� HQDEOLQJ� DGYDQFHG�
GDWD�SURFHVVLQJ��SDWWHUQ�UHFRJQLWLRQ��DQG�GHFLVLRQ�
VXSSRUW�� 7KH� UHIHUHQFHG� PDFKLQH� OHDUQLQJ�
DSSOLFDWLRQV� XQGHUVFRUH� WKH� FRPELQHG� SRWHQWLDO�
RI� 105� VSHFWURVFRS�� DQG� PDFKLQH� OHDUQLQJ� LQ�
PRGHUQ�IRUHQVLF�VFLHQFH�SUDFWLFHV�

0�7(5,�/��1'�0(7�2'6�

�DPSOH�S�HSD�DWLR��

%ORRG�VDPSOHV�ZHUH�FROOHFWHG�IURP�HDFK�VXEMHFW�LQ�
WKH�PRUQLQJ�SUH�SUDQGLDO�DIWHU�RYHUQLJKW�IDVWLQJ�LQ�
D�KHSDULQL]HG�YDFXWDLQHU�RQ�WKH�GD��RI�HQGRVFRS���
%ORRG� SODVPD� ZDV� LPPHGLDWHO�� VHSDUDWHG� E��
FHQWULIXJDWLRQ�DW�����USP�IRU����PLQXWHV�DW���&�DQG�
was�stored�at�-80°C�until�NMR-based��ngerprinting�
analysis.�For�NMR�spectroscopy,�200�μl�of�plasma�
was� diluted� with� 400� μl� of� D�2�� FRQWDLQLQJ� ����
P0�RI�763�DQG�����P0�RI�VRGLXP�IRUPDWH��%ORRG�
VDPSOHVRQH�GLPHQVLRQDO� ��'�� �+� 105� VSHFWUD�
ZHUH�REWDLQHG�XVLQJ�D�&30*�SXOVH�VHTXHQFH�WKDW�
SUH�VDWXUDWHG� WKH�+�2�SHDN����VSLQ�HFKR�GHOD��RI�
���PV�DQG�D� UHOD[DWLRQ�GHOD��RI���� V�ZDV�XVHG�IRU�
WKH�H[SHULPHQW����WRWDO�RI����VFDQV�ZHUH�FROOHFWHG�
ZLWK� ��.� GDWD� SRLQWV� RYHU� D� VSHFWUDO� ZLGWK� RI�
�������+]������VHFRQG�UHOD[DWLRQ�GHOD��ZDV�XVHG��

3UDGHHS�.XPDU���.�-DLVZDO��6XMHHW�.XPDU�0HZDU���+�105�EDVHG�0HWDEROLF�)LQJHUSULQWLQJ�LQ��
)RUHQVLF�,QYHVWLJDWLRQV
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��3UDGHHS�.XPDU���.�-DLVZDO��6XMHHW�.XPDU�0HZDU���+�105�EDVHG�0HWDEROLF�)LQJHUSULQWLQJ�LQ��
)RUHQVLF�,QYHVWLJDWLRQV

7R�IDFLOLWDWH�FKHPLFDO�VKLIW�DVVLJQPHQWV��DGGLWLRQDO�
�'�105�VWXGLHV���'�72&6<��ZHUH�FDUULHG�RXW����
W�SLFDO�SDUDPHWHU�IRU�WKH�72&6<�H[SHULPHQWV�ZDV�
DFTXLUHG�ZLWK� D� VSHFWUDO�ZLGWK�  � �������+]��GDWD�
SRLQWV� ��.�LQ�)��GLPHQVLRQ������LQFUHPHQWV�ZLWK�
��� VFDQV� SHU� LQFUHPHQW�� UHOD[DWLRQ� GHOD�� RI� ���� V��
DQG�PL[LQJ�WLPH�RI����PV�

10���SHFW�R�FRS�

�OO� WKH� 105� VSHFWUD� ZHUH� DFTXLUHG� DW� ����
0+]� VSHFWURPHWHUV� ��JLOHQW� 7HFKQRORJLHV�� DW� WKH�
'HSDUWPHQW�RI�105���,,06��1HZ�'HOKL���'��SUHVDW�
IROORZHG�E��&30*��DQG��'��72&6<��105�VSHFWUD�
ZHUH�DFTXLUHG�IRU�WKH�DVVLJQPHQW�RI�PHWDEROLWHV�

7KH� SHDNV� REVHUYHG� LQ� WKH� �'� VSHFWUXP� ZHUH�
DVVLJQHG�ZLWK�WKH�KHOS�RI��'�105�H[SHULPHQWV�����
FRQYHQWLRQDO�PHWKRG�ZDV�XWLOL]HG�WR�DFTXLUH�D�RQH�
GLPHQVLRQDO�VSHFWUXP��6RPH�LPSRUWDQW�PHWDEROLWHV�
ZHUH�DVVLJQHG�XVLQJ��'�DQG��'�105�

105�GDWD�DQDO�VLV�XVLQJ�PDFKLQH�OHDUQLQJ�WRRO

)UHH� LQGXFWLRQ� GHFD�� �),'�� VLJQDOV� ZHUH�
SURFHVVHG� E�� DSSO�LQJ� DQ� H[SRQHQWLDO� IXQFWLRQ�
ZLWK� D� OLQH�EURDGHQLQJ� IDFWRU� RI� ���� +]� EHIRUH�
)RXULHU� WUDQVIRUPDWLRQ�� 7KHQ�� WKH� �'� �+�105�
VSHFWUD� ZHUH� PDQXDOO�� SKDVHG� DQG� FDUHIXOO��
FRUUHFWHG� IRU� EDVHOLQH� GLVWRUWLRQ�� &KHPLFDO� VKLIW�
FRUUHFWLRQ� ZDV� UHIHUHQFHG� WR� WKH� PHWK�O� JURXS�
RI� 763� DW� ���� SSP�� (DFK� 105� VSHFWUXP� ZDV�
ELQQHG�E������� WR������SSP�DQG� LQWHJUDWHG�XVLQJ�
WKH�0HVWUH�1RYD�VRIWZDUH��9HUVLRQ������0HVWUHODE�
5HVHDUFK� 6�/��� /D� &RUXxD�� 6SDLQ��� 6XEVHTXHQWO���
the�water� resonance�spectral�area� (δ5.5–4.5�ppm)�
was�eliminated� from� the� whole� spectrum� (δ10.0-
������SSP��WR�UHPRYH�WKH�VNHZHG�EDVHOLQH�FDXVHG�
E��ODFNLQJ�ZDWHU�VDWXUDWLRQ�

The� identi�cation� and� characterization� of� blood�
PHWDEROLWHV� DQG� GHWHUPLQHG� E�� FRPSDULQJ� WKH�
LQWHQVLW��RI�PHWDEROLWHV�LVRODWHG�IURP�SHDNV�REWDLQHG�
E��LQWHJUDWLRQ�RI�WKH�VLJQDO�ZLWK�WKDW�RI�IRUPDWH�

7KH�FRQFHQWUDWLRQ�RI�RQO��WKRVH�PHWDEROLWHV��WKDW�
VKRZHG�ZHOO�UHVROYHG�SHDNV�LQ�WKH��'�VSHFWUXP�RI�
ZLOO� EH� GHWHUPLQHG� XVLQJ� WKH� &KHQRP[� VRIWZDUH�
�&KHQRP[�105�6XLWH������

6WDWLVWLFDO�LQYHVWLJDWLRQ�ZDV�DFFRPSOLVKHG�XVLQJ�
6366��6366�,QF���&KLFDJR��,/��86����7KH�GDWD�ZHUH�
QRUPDOL]HG� DQG� VXEMHFWHG� WR�PXOWLYDULDWH� SDWWHUQ�
UHFRJQLWLRQ� DQDO�VLV� XVLQJ� 0HWDER� �QDO�VW� ����
software.� Metabolites� were� considered� signi�cant�
DW� 9,3� !���� IRU� IXUWKHU� DQDO�VLV� RI� PHWDERORPLF�
GDWD� DQDO�VLV�� 3DUWLDO� OHDVW� VTXDUH� GLVFULPLQDQW�
DQDO�VLV� �3/6�'��� DQG� RUWKRJRQDO� SDUWLDO� OHDVW�
VTXDUH� GLVFULPLQDQW� DQDO�VLV� �23/6�'��� ORDGLQJ�
plots� were� carried� out� for� signi�cant� metabolite�
identi�cation.� Metabolites� corresponding� to�
signi�cant� spectral� features� were� identi�ed� and�
FKDUDFWHUL]HG�XVLQJ�WKH�FKHPLFDO�VKLIW�DQG�VSOLWWLQJ�
SDWWHUQV�RI�PHWDEROLWHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�������
WZR�GLPHQVLRQDO�105�VSHFWUD��

5(68/76��1'�',6&866,21

�SHFW�DO� D��L��PH�W�� D�G� LGH�WLILFDWLR�� RI�
PHWDEROLWH��RI�EORRG��SHFW�D

7KH�UHVRQDQFH�DVVLJQPHQW�RI�YDULRXV�PHWDEROLWHV�
GHWHFWHG�LQ�WKH�EORRG�SODVPD�ZDV�FDUULHG�RXW�XVLQJ�
�'� �+�105� ZKLOH� WKH� TXDQWLWDWLYH� DQDO�VLV� RI�
PHWDEROLWHV� ZDV� FDUULHG� RXW� XVLQJ� SHDN� LQWHJUDOV�
IURP� WKH� �'� �+�105� VSHFWUD�� 5HSUHVHQWDWLYH� �'�
�+�105�VSHFWUXP�RI�EORRG�VDPSOHV�REWDLQHG�IURP�
KHDOWK��LQGLYLGXDOVDUH�VKRZQ�LQ�)LJ����

)LJ�� ��� 6KRZV� WKH� UHSUHVHQWDWLYH� RI� WKH� RQH�GLPHQVLRQDO� ��'��&DUU�3XUFHOO�0HLERRP�*LOO� �&30*�� RI� �+�105� �����0+]��
VSHFWUD� LQ� '�2� DW� ��� �&� RI� WKH� EORRG� VDPSOH�� +'/�� +LJK�GHQVLW�� /LSRSURWHLQV�� /'/�� /RZ�GHQVLW�� OLSRSURWHLQV�� 9/'/��
9HU��ORZ�GHQVLW��OLSRSURWHLQV��/HX��/HXFLQH��,,H��,VROHXFLQH�9DO��9DOLQH��/DF��/DFWDWH��2+%��K�GUR[�EXW�UDWH���OD���ODQLQH��
�FH���FHWDWH��1�*��1�DFHW�O�JO�FRSURWHLQV��*OX��*OXWDPDWH��*OQ��*OXWDPLQH��3�U��3�UXYDWH��&LW��&LWUDWH��&U��&UHDWLQH��3&U��
3KRVSKRFUHDWLQH��&KR��&KROLQH��*3&��*O�FHURSKRVSKRFKROLQH��*OF��JOXFRVH��*O���*O�FLQH��&UQ��&UHDWLQLQH��7�U��7�URVLQH��+LV��
+LVWLGLQH��3KH��3KHQ�ODODQLQH�
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� 7KH� UHVRQDQFH� DVVLJQPHQWV� ZHUH� PDGH� EDVHG�
RQ� FRXSOLQJ� FRQQHFWLYLW�� REVHUYHG� LQ� �'� VSHFWUD�
�72&6<�� DQG� FRPSDUHG� ZHOO� ZLWK� WKH� FKHPLFDO�
VKLIW� YDOXHV� RI� PHWDEROLWHV� LQ� EORRG� VDPSOHV�� �V�
DQ� DGYDQWDJH� RI� 72&6<�� FURVV�SHDNV� DUH� IRUPHG�
EHWZHHQ�HYHU��FRPSRQHQW�RI�D�FRQQHFWHG�QHWZRUN��
,Q� DOO�� PHWDEROLWHV� FRXOG� EH� XQDPELJXRXVO��
DVVLJQHG�LQ�WKH�EORRG�SODVPD�VDPSOHXVLQJ��'�DQG�
�'�72&6<�VSHFWUD��

7KH� �'� �+�105� VSHFWUXP� RI� EORRG� SODVPD�
VKRZHG� SHDNV� GXH� WR� PHWDEROLWHV� VXFK� DV� DPLQR�
DFLGV�� VXJDUV� SKRVSKROLSLGV�� RUJDQLF� DFLGV�� DQG�
RWKHU� FRPSRXQGV���� 5HSUHVHQWDWLYH� �'� 72&6<�
VSHFWUD� REWDLQHG� IURP� EORRG� XVHG� IRU� PHWDEROLWH�
DVVLJQPHQWV�DUH�VKRZQ�LQ�)LJ����

WKH� EORRG�� 9DULRXV� PHWDEROLWHV� DVVLJQHG� DQG�
UHVSHFWLYH� FKHPLFDO� VKLIW� SRVLWLRQV� RI� UHVRQDQFH�
DULVLQJ� IURP� FKHPLFDO� HQWLWLHV�� DQG� EORRG� DUH�
SUHVHQWHG�LQ�7DEOH���

5HVRQDQFH� SHDNV� DULVLQJ� IURP� WHQ� DPLQR� DFLGV�
could� be� identi�ed� unambiguously� in� the� spectra�
RIWKH� EORRG� VDPSOH�� %HWZHHQ� ����� DQG� ����� SSP��
WKH� PHWK�O� SURWRQV� RI� LVROHXFLQH� �,OH��� OHXFLQH�
(Leu),� and� valine� (Val)� were� identi�ed.� The� other�
SURWRQV�RI� ,OH�� /HX�� DQG�9DO�ZHUH� DVVLJQHG� XVLQJ�
FURVV�SHDNV� REVHUYHG� LQ� 72&6<�� ,VROHXFLQH&+��
SURWRQV� DW� ����� SSP� VKRZHG� FRXSOLQJ� ZLWK� LWV�
*DPPD�γ�&+��DW������DQG������SSP��UHVSHFWLYHO���
7KH�PHWK�O� SURWRQV� RI� DODQLQH� ��OD�� DW� ����� SSP�
VKRZHG�FRQQHFWLYLW��WR�LWV�&+�DW������SSP��7KH��'�
VSHFWUXP�VKRZV�WKH�UHVRQDQFHV�FDXVHG�E��WKH�&+��
SURWRQV� RI� JOXWDPDWH� �*OX�� DQG� JOXWDPLQH� �*OQ��
DV� D�PXOWLSOHW� DW� ����� DQG� �����SSP�� UHVSHFWLYHO���
�W� ����� SSP�� D� JO�FLQH� �*O���UHODWHG� VLQJOHW� ZDV�
GHWHFWHG�� )XUWKHUPRUH�� UHVRQDQFH� ZDV� IRXQG� LQ�
DURPDWLF� DPLQR� DFLGV�� VXFK� DV� W�URVLQH� �7�U�� DQG�
SKHQ�ODODQLQH��3KH���7R�LGHQWLI��7�U�V�UHVRQDQFHV��
DQ� XQDPELJXRXV� FURVV� SHDN� EHWZHHQ� +��� +��
(6.91�ppm)�and�H2,�H6�(7.18�ppm)�was�identi�ed.�
6LPLODUO��� +��� +�� UHVRQDQFHV� RI� 3KH� ZKLFK�ZHUH�
GHJHQHUDWH� DW������SSP�VKRZHG�FRXSOLQJ�ZLWK� LWV�
+���+��SURWRQV�UHVRQDWLQJ�DW������SSP�

5HVRQDQFHV�GXH�WR�YDULRXV�RUJDQLF�DFLGV�VXFK�DV�
ODFWDWH��/DF��DQG�S�UXYDWH��3�U��ZHUH�DOVR�REVHUYHG��
7KH�GRXEOHW�FRUUHVSRQGLQJ�WR�PHWK�O�SURWRQV�RI�/DF�
DW������SSP�VKRZHG�FRQQHFWLYLW��ZLWK�LWV&+�SURWRQ�
DW������SSP�LQ�72&6<��7KH�&+��SURWRQ�RI�3�U�ZDV�
GHWHFWHG�DW������SSP��7KH��%�SDWWHUQ�RI�FLWUDWH��&LW��
was�identi�ed�in�the�1D�spectrum�by�characteristics�
GRXEOHW� RI� GRXEOHWV� FDQWHUHG� DW� ����� SSP� DQG�
)RUPDWH��)RU��VLQJOHW�DW������SSP�ZDV�REVHUYHG�

7KH�1��&+����RI�FKROLQH��&KR��ZDVGHWHFWHG�DW������
SSP��7KH�FURVV�SHDNV�GXH�WR�JO�FHURSKRVSKRFKROLQH�
�*3&�� ZHUH� VHHQ� FOHDUO�� LQ� WKH� 72&6<�� 7KH� 1�
�&+���SURWRQV�RI�*3&�ZHUH�REVHUYHG�DW������SSP��
�� VLQJOHW� SHDN� DW� ����� SSP�ZDV� DVVLJQHG� WR� WKH�
PHWK�O� SURWRQV� RI� DFHWDWH� ��FH��� 7KH� VLJQDOV� GXH�
WR�K�GUR[�EXW�UDWH��β+2%��ZHUH�REVHUYHG�DW������
SSP� DV� D� GRXEOHW�� 7KH� FRQQHFWLYLW�� EHWZHHQ� WKH�
&+��JURXS�DW������SSP�DQG�&+�UHVRQDQFH�DW������
SSP�RI�β+2%�ZDV�REVHUYHG������

7KH� +��RI�JOXFRVH�α�*OF�� ZDV� DVVLJQHG� DW� �����
SSP�ZKLFK�VKRZHG� FRXSOLQJ� WR� LWV�+��� SURWRQ�DW�
�����SSP�LQ�72&6<��6LPLODUO��� WKH�+���RI�JOXFRVH�
�β�*OF�� ZDV� REVHUYHG� DV� D� GRXEOHW� DW� ����� SSP��
5HVRQDQFHV� IURP*OF�ZHUH� DVVLJQHG� IROORZLQJ� WKH�
FRQQHFWLYLW��SDWWHUQ�RI�+���������SSP��ZLWK�+���������
SSP���+���������SSP��DQG�+���������SSP��SURWRQV��
2WKHU�0HWDEROLWHV��VVLJQPHQW�6HYHUDO� UHVRQDQFHV�

)LJ� ��� 6KRZV� UHSUHVHQWDWLYH� UHJLRQ� ��������� SSP�� RI� WKH�
WZR�GLPHQVLRQDO� WRWDO� FRUUHODWLRQ� ��'� 72&6<�� �+� 105�
VSHFWUXP� RI� WKH� EORRG� DFTXLUHG� DW� ����0+]� DW� ��� �&� DQG�
DVVLJQHG� FURVV� SHDN� RI� YDULRXV� PHWDEROLWHV�� 9/'/�� YHU��
ORZ�GHQVLW�� OLSRSURWHLQV�� /HX�� /HXFLQH�� ,OH�� ,VROHXFLQH��
Val:� Valine;� β-OHB:� β-hydroxybutyrate;� Lac:� Lactate;� Glu:�
*OXWDPDWH��*OQ��*OXWDPLQH��&LW��&LWUDWH��*OF��*OXFRVH�

���D�G����10���SHFW�D

5HSUHVHQWDWLYH��'�SURWRQ�105�VSHFWUD�RI�EORRG�
VDPSOHV� REWDLQHG� IURP�D� KHDOWK�� LQGLYLGXDO� DUH�
VKRZQ�LQ�)LJ�����,Q�DOO��PHWDEROLWHV�ZHUH�DVVLJQHG�
XQDPELJXRXVO��XVLQJ��'�DQG��'�72&6<�VSHFWUD�
DUH�VKRZQ�LQ�)LJ����DQG�)LJ�����UHVSHFWLYHO���DQG�
E�� FRPSDULQJ� ZLWK� WKH� FKHPLFDO� VKLIW� YDOXHV�
UHSRUWHG� LQ� WKH� OLWHUDWXUH�� 7KH� LGHQWLILFDWLRQ� RI�
PHWDEROLWHV�WKDW�JDYH�ZHOO�UHVROYHG�VLJQDOV�LQ�WKH�
�'� SURWRQ� 105� VSHFWUXP� ZDV� GHWHUPLQHG�� ,Q�
WKH� �'�105� VSHFWUXP�� FKHPLFDO� VKLIW� DQG� VSLQ�
PXOWLSOLFLW�� DUH� WKH�PRVW� LPSRUWDQW� SDUDPHWHUV�
IRU�UHVRQDQFH�DVVLJQPHQW��,Q��'�H[SHULPHQWV��WKH�
UHVRQDQFHV� DVVLJQPHQW� LV� SULPDULO�� GLFWDWHG� E��
WKH�REVHUYDWLRQ� RI�FURVV�SHDNV�EHWZHHQ�FRXSOHG�
SURWRQV������� �'� 72&6<� H[SHULPHQWV� SURYLGH� D�
SDUWLFXODUO�� SRZHUIXO� FRPELQDWLRQ� WKDW� PD��
EH� VXIILFLHQWWR� LGHQWLI�� PRVW� PHWDEROLWHV� LQ�

3UDGHHS�.XPDU���.�-DLVZDO��6XMHHW�.XPDU�0HZDU���+�105�EDVHG�0HWDEROLF�)LQJHUSULQWLQJ�LQ��
)RUHQVLF�,QYHVWLJDWLRQV
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such� as� methyl,� methylene,� allylic� and� ole�nic�
SURWRQV�IURP�GLIIHUHQW�OLSLGV�DQG�WULJO�FHULGHV�ZHUH�
DOVR�REVHUYHG�LQ�WKH��'�&30*�VSHFWUD�RI�OLSLGV�LQ�
EORRG� SODVPD�� 7KH� UHVRQDQFHV� IURP� WKH� WHUPLQDO�
&+��SURWRQV�RI�ORZ�GHQVLW��OLSRSURWHLQ��/'/��DQG�
YHU��ORZ�GHQVLW�� OLSRSURWHLQ� �9/'/�� RYHUODSSHG�
DW� ����� SSP�� ,Q� 72&6<�� D� SURPLQHQW� FURVV� SHDN�
ZDV� VHHQ� EHWZHHQ� WKH� &+�� DQG� &+�� SURWRQV� RI�
/'/� DQG�9/'/�� 7KH� UHVRQDQFH� FRUUHVSRQGLQJ� WR�
&+��RI�+'/�ZDV�DVVLJQHG�DW������SSP��6LPLODUO���
WKH�UHVRQDQFHV�RI�*O���7�U��KLVWLGLQH��+LV���DQG�3KH�
ZHUH�DVVLJQHG�XVLQJ�72&6<��

&21&/86,21

,Q� FRQFOXVLRQ�� 105� VSHFWURVFRS�� UHSUHVHQWV�
D� SRZHUIXO� DQDO�WLFDO� WHFKQLTXH� WKDW� KDV�

UHYROXWLRQL]HG�IRUHQVLF�LQYHVWLJDWLRQV��SDUWLFXODUO��
LQ� WKH� DQDO�VLV� RI� EORRG� VDPSOHV�� ,WV� DELOLW�� WR�
SURYLGH�GHWDLOHG�FKHPLFDO� LQIRUPDWLRQ�ZLWK� KLJK�
sensitivity� and� speci�city� makes� it� invaluable� in�
GHWHUPLQLQJ� FUXFLDO� DVSHFWV� RI� FULPLQDO� FDVHV��
UDQJLQJ� IURP� GUXJ� GHWHFWLRQ� WR� '1�� DQDO�VLV��
�V� WHFKQRORJ�� FRQWLQXHV� WR� DGYDQFH�� 105�
VSHFWURVFRS�� LV� H[SHFWHG� WR� SOD�� DQ� LQFUHDVLQJO��
SURPLQHQW� UROH� LQ� IRUHQVLF� VFLHQFH�� FRQWULEXWLQJ�
WR� HQKDQFHG� DFFXUDF�� DQG� UHOLDELOLW�� LQ� FULPLQDO�
LQYHVWLJDWLRQV�ZRUOGZLGH�

�&.12:/('�0(17

7KDQNV�� �,,06�� 1HZ� 'HOKL� IRU� SURYLGLQJ� DQ�
105�IDFLOLW��

7DEOH� ��� /LVW� RI� LGHQWLILHG�PHWDEROLWHV� LQ� WKH� EORRG� VDPSOH� RI� KHDOWK�� LQGLYLGXDOV� XVLQJ�105� VSHFWURVFRS�� DQG� WKHLU�
FKHPLFDO� VKLIW� �SSP�SRVLWLRQ� VR� IUHVRQDQFHV�� +� RI�PHWDEROLWHV�� &RGH� �LGHQWLILHUV�� RI� WKH�PHWDEROLWHV� RI� GDWD� VHWV� ZDV�
VHDUFKHG�LQGLIIHUHQW�PHWDEROLWHV�'DWD�EDVHV��.(**,'�DQG�+0'%��

0HWDEROLWHV Multiplicity�(δ)�ppm .(**�,' +0'%�

,VROHXFLQH��,OH� 3.62�(α-CH),�1.97�(β-CH),�1.26�
(γ�CH2),�1.48�(γ′-CH2),�0.94�

(δ-CH3)

&����� +0'%�������

9DOLQH��9DO� 3.52�(α-CH),�2.21�(β�CH),1.00�
(γ-CH3),�1.04�(γ′-CH3)

&����� +0'%�������

/HXFLQH��/HX� 3.72�(α-CH),�1.72�(β-CH2),�1.69�
(γ-CH2),�0.96�(δ-CH3)

&����� +0'%�������

�ODQLQH���OD� 3.77�(α-CH),�1.48�(β-CH3) &����� +0'%�������

*OXWDPDWH��*OX� 3.65�(α-CH),�2.04�(β-CH2),�2.36�
(γ-CH2)

&����� +0'%�������

*OXWDPLQH��*OQ� 3.65�(α-CH),�2.08�(β-CH2),�2.45�
(γ-CH2)

&����� +0'%�������

0HWKDQRO��0H2+� �

*O�FLQH��*O�� ������&+�� &����� +0'%�������

+LVWLGLQH��+LV� 3.14�(β-CH2),�7.06�(H4),�7.83�
�+��

&����� +0'%�������

7�URVLQH��7�U� ������+���+����������+���+�� &����� +0'%�������

3KHQ�ODODQLQH��3KH� ������+���+����������+���+�� &����� +0'%�������

&KROLQH��&KR� �����1�&+�����������1&+����
������&+�2+�

&����� +0'%�������

*O�FHURSKRVSKRFKROLQH��*3&� �����1�&+�����������1&+��� &����� +0'%�������

�FHWDWH���FH� ������&+�� &����� +0'%�������

�FHWRDFHWDWH���F�F� ������&+�� &����� +0'%�������

&UHDWLQH��&U� ������1&+���������&+�� &����� +0'%�������

3KRVSKRFUHDWLQH��3&U� ������1&+�� &����� +0'%�������

&UHDWLQLQH��&UQ� ������&+�� &����� +0'%�������

/DFWDWH��/DF� 4.12�(α-CH),�1.33�(β-CH3)� &����� +0'%�������

3�UXYDWH��3�U� ������&+�� &����� +0'%�������

*OXFRVH��*OF�� ������+�����������+����������
�+�����������+�����������+�����

������+���

&����� +0'%�������

3UDGHHS�.XPDU���.�-DLVZDO��6XMHHW�.XPDU�0HZDU���+�105�EDVHG�0HWDEROLF�)LQJHUSULQWLQJ�LQ��
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5()(5(1&(6

��� /RFFL� (�� %D]]DQR� *�&KLJKLQH� ��� /RFFR)�� )HUUDUR�
(�� 'HPRQWLV5� DQGG��ORMD�� (����)RUHQVLF� 105�
PHWDERORPLFV�� RQH� PRUH� DUURZ� LQ� WKH� TXLYHU�
0HWDERORPLFV������������

��� �PSDQR]L*�+DOEKHHU�'�� (EHUW�/�&�� 7KDOL�0� -DQG�
+HOG8����� 3RVWPRUWHP� LPDJLQJ� ILQGLQJV� DQG�
FDXVH� RI� GHDWK� GHWHUPLQDWLRQ� FRPSDUHG� ZLWK�
DXWRSV��� D� V�VWHPDWLF� UHYLHZ� RI� GLDJQRVWLF� WHVW�
DFFXUDF�� DQG� PHWD�DQDO�VLV�� ,QWHUQDWLRQDO� MRXUQDO�
RI�OHJDO�PHGLFLQH���������

��� *DUYLQ� +0� DQG� 6WRFN� 0.� ����� 7KH� 8WLOLW�� RI�
�GYDQFHG�,PDJLQJ�LQ�)RUHQVLF��QWKURSRORJ��FDG�
)RUHQVLF�3DWKRO������������

��� /LX�5��%DR�=;��=KDR�3-�DQG�/L�*+������GYDQFHV�LQ�
WKH�6WXG��RI�0HWDERORPLFV�DQG�0HWDEROLWHV�LQ�6RPH�
6SHFLHV�,QWHUDFWLRQV�0ROHFXOHV����������

��� 6DQWRV�'�&��'XWUD�/�0��0HQH]HV/5���6DQWRV�0�)�
&� DQG� %DULVRQ������ )RUHQVLF�105� VSHFWURVFRS���
-XVW�D� EHJLQQLQJ�RI�D�SURPLVLQJ�SDUWQHUVKLS�7U�&�
7UHQGV�LQ��QDO�WLFDO�&KHPLVWU�������

��� *URRPEULGJH�&�-�����105�VSHFWURVFRS��LQ�IRUHQVLF�
VFLHQFH� ,Q��QQXDO� UHSRUWV� RQ� 105� VSHFWURVFRS��
���������

��� %HFNRQHUW2�� .HXQ� +� &�� (EEHOV� 7� 0�� %XQG��
-�� +ROPHV� (�� /LQGRQ� -� &� DQG� 1LFKROVRQ� -�
.����� 0HWDEROLF� SURILOLQJ�� PHWDERORPLF� DQG�
PHWDERQRPLF� SURFHGXUHV� IRU� 105� VSHFWURVFRS��
RI�XULQH��SODVPD��VHUXP�DQG�WLVVXH�H[WUDFWV�1DWXUH�
SURWRFROV�����������

��� %OL]LRWLV�1�*��(QJHONH�8)+���VSHUV�5/(*��(QJHO�
-�� 'HLQXP� -�� 7LPPHUV� +-/0�� :HYHUV� 5�� DQG�
.OXLMWPDQV� /� �� -� ����� �� FRPSDULVRQ� RI� KLJK�
WKURXJKSXW�SODVPD�105�SURWRFROV�IRU�FRPSDUDWLYH�
XQWDUJHWHG� PHWDERORPLFV�� 0HWDERORPLFV�� 2IILFLDO�
MRXUQDO�RI�WKH�0HWDERORPLF�6RFLHW����������

��� &DVWLOOR�3HLQDGR�/�6�DQG�/XTXH�GH�&DVWUR�0�'�����
3UHVHQW�DQG� IRUHVHHDEOH� IXWXUH�RI�PHWDERORPLFV� LQ�
IRUHQVLF�DQDO�VLV��QDO�WLFD�FKLPLFD�DFWD��������

���� 'LQLV�2OLYHLUD� 5-� ����� 0HWDEROLVP� DQG�
PHWDERORPLFV� RI� RSLDWHV�� �� ORQJ� ZD�� RI� IRUHQVLF�
LPSOLFDWLRQV� WR� XQUDYHO�� -RXUQDO� RI� IRUHQVLF� DQG�
OHJDO�PHGLFLQH���������

���� (PZDV���+��5R��5��0F.D���5�7��7HQRUL�/��6DFFHQWL�
(��*RZGD�*���1��5DIWHU��'���ODKPDUL�)��-DUHPNR�/��
-DUHPNR�0�DQG�:LVKDUW'6�����105�6SHFWURVFRS��
IRU�0HWDERORPLFV�5HVHDUFK�0HWDEROLWHV���������

���� 3URFRSLR� 1� DQG� %RQLFHOOL� �� ����� )URP� IOHVK�
WR� ERQHV�� 0XOWL�RPLFV� DSSURDFKHV� LQ� IRUHQVLF�
VFLHQFH3URWHRPLFV������H���������

���� (PZDV���+��5R��5��0F.D��5�7��7HQRUL�/��6DFFHQWL�
(��*RZGD�*���1��5DIWHU��'���ODKPDUL�)��-DUHPNR�/��
-DUHPNR�0�DQG�:LVKDUW�'�6������105�6SHFWURVFRS��
IRU�0HWDERORPLFV�5HVHDUFK��0HWDEROLWHV���������

���� /LQGRQ�-�&��1LFKROVRQ�-�.��+ROPHV�(�DQG�(YHUHWW�-�
5�����0HWDERQRPLFV��PHWDEROLF�SURFHVVHV�VWXGLHG�

E�� 105� VSHFWURVFRS�� RI� ELRIOXLGV�� &RQFHSWV� LQ�
0DJQHWLF�5HVRQDQFH��Q�(GXFDWLRQDO�-RXUQDO�������

���� � +ROO�ZRRG.�� %ULVRQ� '� 5DQG� *RRGDFUH� 5�����
0HWDERORPLFV�� FXUUHQW� WHFKQRORJLHV� DQG� IXWXUH�
WUHQGV�3URWHRPLFV����������

���� :LVKDUW�'�6�����&XUUHQW�SURJUHVV�LQ�FRPSXWDWLRQDO�
PHWDERORPLFV%ULHILQJV�LQ�ELRLQIRUPDWLFV���������

���� :LVKDUW'� 6����� 4XDQWLWDWLYH�PHWDERORPLFV� XVLQJ�
105��7U�&�WUHQGV�LQ�DQDO�WLFDO�FKHPLVWU���������

���� ,UZLQ&��YDQ�5HHQHQ�0��0DVRQ�6��0LHQLH�/�-��:HYHUV�
5� ��� :HVWHUKXLV� -� �� DQG� 5HLQHFNH� &� -����� 7KH�
�+�105�EDVHG�PHWDEROLWH�SURILOH� RI� DFXWH�DOFRKRO�
FRQVXPSWLRQ�� ��PHWDERORPLFV� LQWHUYHQWLRQ� VWXG��
3OR6�RQH�����H��������

���� Jawor�P,�Ząbek�A,�WojtowiczW,�KrólD,�StefaniakT�
andMłynarz� P2019� Metabolomic� studies� as� a� tool�
IRU�GHWHUPLQLQJ� WKH�SRVW�PRUWHP�LQWHUYDO��30,��LQ�
VWLOOERUQ�FDOYHV%0&�YHWHULQDU��UHVHDUFK��������

���� 0RUD�2UWL]0�� 7ULFKDUG0�� 2UHJLRQL�DQG� &ODXV�
63����� 7KDQDWRPHWDERORPLFV�� LQWURGXFLQJ�
105�EDVHG� PHWDERORPLFV� WR� LGHQWLI�� PHWDEROLF�
ELRPDUNHUV� RI� WKH� WLPH� RI� GHDWK��0HWDERORPLFV��
2IILFLDO� MRXUQDO� RI� WKH�0HWDERORPLF� 6RFLHW�� ����
����

���� +LUDNDZD�.�� .RLNH�.��8HNXVD� .��1LKLUD�0�� <XWD�
.� DQG� 2KQR<� ����� ([SHULPHQWDO� HVWLPDWLRQ� RI�
SRVWPRUWHP�LQWHUYDO�XVLQJ�PXOWLYDULDWH�DQDO�VLV�RI�
SURWRQ�105�PHWDERORPLF�GDWD�� /HJDO�PHGLFLQH� ��
���6�����

���� 0D]]DWHQWD� ��� 3LHWUDQJHOR� 7�� 'HPRQWLV� 5�� DQG�
'�2YLGLR� &� ����� 9RODERORPLF� )LQJHUSULQWLQJ�
IRU� 3RVW�0RUWHP� ,QWHUYDO� (VWLPDWLRQ�� �� 1RYHO�
3K�VLRORJLFDO��SSURDFK��%LRPROHFXOHV����������
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