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�
7HFKQLFDO�%XOOHWLQ��'HWHFWLQJ�Listeria monocytogenes�LQ�D�
9DULHW\�RI�,QGLYLGXDOO\�4XLFN�)UR]HQ�9HJHWDEOHV�XVLQJ�WKH�
%$;��6\VWHP�5HDO�7LPH�3&5�$VVD\�
�
7KH�%$;��6\VWHP�5HDO�7LPH�3&5�$VVD\�IRU�*HQXV�Listeria�DQG�Listeria monocytogenes ZDV�
DVVHVVHG�LQ�DQ�LQWHUQDO�VWXG\ WR�GHWHFW�L. monocytogenes�IURP�D�YDULHW\�RI�LQGLYLGXDOO\�TXLFN�
IUR]HQ��,4)��YHJHWDEOHV��6DPSOHV�RI�IRXU�IUR]HQ�YHJHWDEOHV��EURFFROL��FDUURWV��FRUQ��DQG�SHDV��
ZHUH�DUWLILFLDOO\�LQRFXODWHG�DW�OHYHOV�H[SHFWHG�WR�SURGXFH�ORZ��������&)8�WHVW�SRUWLRQ��RU�KLJK����
&)8�WHVW�SRUWLRQ��VSLNH�OHYHOV�DIWHU�D���ZHHN�HTXLOLEUDWLRQ�DW�����&��8QSDLUHG�VDPSOHV�ZHUH�
VLPXOWDQHRXVO\�DQDO\]HG�ZLWK�WKH�%$;��6\VWHP�PHWKRG�DQG�WKH�8QLWHG�6WDWHV�)RRG�DQG�'UXJ�
$GPLQLVWUDWLRQ¶V�UHIHUHQFH�PHWKRG��)RU�DOO�IUR]HQ�YHJHWDEOHV�HYDOXDWHG��WKH�%$;��6\VWHP�
PHWKRG�GHPRQVWUDWHG�HTXLYDOHQW�SHUIRUPDQFH�WR�WKH�UHIHUHQFH�PHWKRG�IRU�GHWHFWLQJ�L. 
monocytogenes��

� �
,QWURGXFWLRQ�
7KH�SHUVLVWHQFH�RI�L. monocytogenes�LQ�IRRG�
DVVRFLDWHG� HQYLURQPHQWV� DQG� WUDQVPLVVLRQ�
WR� QXPHURXV� IRRG� SURGXFWV� KDV� PDGH� WKLV�
SDWKRJHQLF� RUJDQLVP� D� FRQVWDQW� SXEOLF�
KHDOWK�WKUHDW��1���,Q�UHFHQW�\HDUV��QXPHURXV�
VSRUDGLF�FDVHV�DQG�RXWEUHDNV�KDYH�LQYROYHG�
PRGHUDWH�DQG�ORZ�ULVN�IRRGV�LQFOXGLQJ�LQWDFW�
IUXLW� DQG� YHJHWDEOHV�� ,Q� ������ RQH� RI� WKH�
ODWHVW� RXWEUHDNV� LQYROYHG� SDFNDJHV� RI�
LQGLYLGXDOO\� TXLFN�IUR]HQ� �,4)�� YHJHWDEOHV��
6LQFH� L. monocytogenes� FDQ� VXUYLYH�
IUHH]LQJ� WHPSHUDWXUHV�� WKHUH� DUH� LQFUHDVHG�
IRRG�VDIHW\�FRQFHUQV�LQ�IUR]HQ�SURGXFWV��2���
�
6DPSOH�3UHSDUDWLRQ�DQG�(QULFKPHQW��
7ZR�RYHUQLJKW�FXOWXUHV�RI�L. monocytogenes, 
''����� DQG�''������ZHUH� VHULDOO\� GLOXWHG�
DQG�HQXPHUDWHG� LQ�SUHSDUDWLRQ� WR� LQRFXODWH�
LQGLYLGXDOO\� TXLFN�IUR]HQ� EURFFROL�� FDUURWV��
FRUQ� DQG� SHDV� LQ� WKLV� VWXG\�� 7R� LQRFXODWH�
YHJHWDEOHV�� VXIILFLHQW� TXDQWLWLHV� RI� DOO�
YHJHWDEOH�ZHUH�WKDZHG�RYHUQLJKW�DW���&�DQG�
GLYLGHG� LQWR� WZR� PHWKRGV�� D� ���� J� %$;��

6\VWHP� PHWKRG� DQG� D� ��� J� UHIHUHQFH�
PHWKRG�� 7KH� UHTXLUHG� LQRFXODWLRQ� YROXPHV�
ZHUH�FDOFXODWHG�IURP�WKH�SURSHU�GLOXWLRQ�DQG�
DGGHG� WR� HDFK� YHJHWDEOH� WR� FUHDWH� ��� ORZ�
OHYHO�DQG���KLJK�OHYHO�VDPSOHV�SHU�PHWKRG��

$Q�DGGLWLRQDO���VDPSOHV�SHU�PHWKRG�ZHUH�OHIW�
XQLQRFXODWHG� WR� VHUYH�DV�QHJDWLYH� FRQWUROV��
$OO�VDPSOHV�ZHUH�KHOG�IRU���ZHHNV�DW�����&�
DQG� WKHQ� WKDZHG� DW� ��&� WKH� GD\� EHIRUH�
HQULFKPHQW���
)RU� WKH� %$;�� 6\VWHP� 5HDO�7LPH� PHWKRG��
����J� WHVW�SRUWLRQV�ZHUH�KRPRJHQL]HG�ZLWK�
����� P/� RI� URRP� WHPSHUDWXUH� ��� /(%�
&RPSOHWH�PHGLD�DQG� LQFXEDWHG�DW����&� IRU�
������KRXUV��6DPSOH�DOLTXRWV�ZHUH�UHPRYHG�
DW����DQG����KRXUV�DQG�WHVWHG�E\�WKH�%$;��
6\VWHP�PHWKRG���
)RU� WKH� )'$�%$0� UHIHUHQFH�PHWKRG�� ��� J�
WHVW�SRUWLRQV�ZHUH�KRPRJHQL]HG�ZLWK�����P/�
RI� SUH�ZDUPHG� ����&�� %/(%� FRQWDLQLQJ�
S\UXYDWH�DQG�LQFXEDWHG�DW����&�IRU���KRXUV��
$IWHU� �� KRXUV�� VROXWLRQV� RI� WKUHH� VHOHFWLYH�
DJHQWV� �DFULIODYLQH�� QDOLGL[LF� DFLG� DQG�
F\FORKH[LPLGH�� ZHUH� DGGHG� WR� WKH�
HQULFKPHQW��PL[HG�DQG�UH�LQFXEDWHG�DW����&�
IRU�DQ�DGGLWLRQDO����KRXUV��
�
0HWKRG�
%$;��6\VWHP�0HWKRG�±�)RU�HDFK�VDPSOH����
ȝ/� RI� HQULFKPHQW� ZDV� DGGHG� WR� ���� ȝ/�
SUHSDUHG� O\VLV� UHDJHQW� �����ȝ/�RI�SURWHDVH�
DQG�����ȝ/�RI�/\VLQJ�$JHQW���WR�RQH����P/�
ERWWOH�RI� O\VLV�EXIIHU�� LQ�FOXVWHU� WXEHV��/\VLV�
ZDV� SHUIRUPHG� E\� KHDWLQJ� WXEHV� IRU� ���
PLQXWHV�DW����&�DQG����PLQXWHV�DW����&��DQG�
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WKHQ�FRROLQJ�WXEHV�DW���&��5HDO�7LPH�*HQXV 
Listeria DQG� 5HDO�7LPH L. monocytogenes�
3&5� WXEHV� ZHUH� K\GUDWHG� ZLWK� ��� ȝ/� RI�
O\VDWH�DQG�KHOG� IRU����PLQXWHV�RQ�D�FKLOOHG�
�����&��FROG�EORFN��$OO�3&5�WXEHV�ZHUH�WKHQ�
ORDGHG�LQWR�WKH�%$;��6\VWHP�4��LQVWUXPHQW�
DQG�D�IXOO�SURFHVV�ZDV�UXQ�DFFRUGLQJ�WR�WKH�
SURFHGXUH� GHVFULEHG� LQ� WKH� %$;�� 6\VWHP�
8VHU�*XLGH��
5HIHUHQFH� 0HWKRG� ±� $OO� VDPSOHV� ZHUH�
FXOWXUH�FRQILUPHG�UHJDUGOHVV�RI�SUHVXPSWLYH�
%$;��6\VWHP�UHVXOWV�IROORZLQJ�WKH�)'$�%$0�
&KDSWHU����IRU�Listeria monocytogenes���
�
5HVXOWV�DQG�'LVFXVVLRQ�
7KH�UHVXOWV�IRU�WKH�%$;��6\VWHP�5HDO�7LPH�
3&5� DVVD\� IRU� *HQXV Listeria� DQG� L. 
monocytogenes�DUH�VXPPDUL]HG�LQ�7DEOH�����

)RU� EURFFROL�� HDFK� DVVD\� UHWXUQHG� LGHQWLFDO�
SRVLWLYH�UHVXOWV�IRU������ORZ�VSLNHG�VDPSOHV�

DQG� ���� KLJK� VSLNHG� VDPSOHV� DIWHU� ERWK� ���
DQG����KRXUV�FRQVLVWHQW�ZLWK�FXOWXUH���

)RU� FDUURWV�� HDFK� DVVD\� UHWXUQHG� LGHQWLFDO�
SRVLWLYH�UHVXOWV�IRU�������ORZ�VSLNHG�VDPSOHV�
DQG� ���� KLJK� VSLNHG� VDPSOHV� DIWHU� ERWK� ���
DQG� ��� KRXUV� FRQVLVWHQW� ZLWK� FXOWXUH�� ,Q�
DGGLWLRQ�� RQH� RI� WKH� QHJDWLYH� FRQWUROV�
UHWXUQHG�D�SRVLWLYH�UHVXOW� IRU�*HQXV�Listeria�
RQO\� DQG� DIWHU� LVRODWLRQ� WKH� LVRODWH� ZDV�
LGHQWLILHG� DV� L. innocua�� 6LQFH� WKLV� VWXG\�
XVHG� L. monocytogenes� DV� WKH� LQRFXODWLQJ�
RUJDQLVP�� WKH� L. innocua� ZDV� QDWXUDOO\�
RFFXUULQJ�LQ�FDUURWV��

)RU� FRUQ�� HDFK� DVVD\� UHWXUQHG� LGHQWLFDO�
SRVLWLYH�UHVXOWV�IRU������ORZ�VSLNHG�VDPSOHV�
DQG�����KLJK�VSLNHG�VDPSOHV�DIWHU����KRXUV�
FRQVLVWHQW� ZLWK� FXOWXUH�� 2QH� DGGLWLRQDO� ORZ�
VSLNHG�VDPSOH�ZDV�SRVLWLYH�DIWHU����KRXUV��

)RU�SHDV��WKH�UHDO�WLPH�3&5�DVVD\�IRU�*HQXV�
Listeria�UHWXUQHG�SRVLWLYH�UHVXOWV�IRU���������

�

�
5HSRUWHG�%$;��6\VWHP�SUHVXPSWLYH�SRVLWLYH�UHVXOWV�IRU�HDFK�DVVD\�DUH�LGHQWLFDO�DW����DQG����KRXUV�XQOHVV�
RWKHUZLVH�VWDWHG��


3UHVXPSWLYH�SRVLWLYH�UHVXOW�ZDV�*HQXV�Listeria�SRVLWLYH�DQG�LGHQWLILHG�DV�L. innocua �

�

�

ZdͲ'ĞŶƵƐ�
>ŝƐƚĞƌŝĂ

ZdͲ>͘�ŵŽŶŽ

�ŽŶƚƌŽů ϱ Ϭ Ϭ Ϭ
Ϭ͘ϲϮ ϮϬ ϴ ϴ ϴ
ϲ͘Ϯ ϱ ϱ ϱ ϱ

�ŽŶƚƌŽů ϱ ϭΎ Ϭ ϭΎ
Ϭ͘ϱϳ ϮϬ ϭϬ ϭϬ ϭϬ
ϱ͘ϳ ϱ ϱ ϱ ϱ

�ŽŶƚƌŽů ϱ Ϭ Ϭ Ϭ

Ϭ͘ϲϳ ϮϬ
ϴ�;Ϯϰ�ŚͿ��������
ϵ�;ϰϴ�ŚͿ

ϴ�;Ϯϰ�ŚͿ�������
ϵ�;ϰϴ�ŚͿ

ϴ

ϲ͘ϳ ϱ ϱ ϱ ϱ
�ŽŶƚƌŽů ϱ Ϭ Ϭ Ϭ
Ϭ͘ϲϮ ϮϬ ϭϮ ϭϭ ϭΎ�н�ϭϭ
ϲ͘Ϯ ϱ ϱ ϱ ϱ

dĂďůĞ�ϭ͘���yΠ�^ǇƐƚĞŵ�ZĞĂůͲdŝŵĞ�WƌĞƐƵŵƉƚŝǀĞ�ǀƐ͘��ŽŶĨŝƌŵĞĚ�ZĞƐƵůƚƐ�

�ƌŽĐĐŽůŝ
>͘�ŵŽŶŽ�
��ϲϴϵϭ

�ĂƌƌŽƚƐ�

�ŽƌŶ
>͘�ŵŽŶŽ�
��ϭϯϬϳ

>͘�ŵŽŶŽ�
��ϲϴϵϭ

�ƵůƚƵƌĞ�
dĞƐƚ�

WŽƌƚŝŽŶƐ
DWEͬϮϱ�Ő^ƚƌĂŝŶ^ĂŵƉůĞ�dǇƉĞ

��yΠ�^ǇƐƚĞŵ�WƌĞƐƵŵƉƚŝǀĞ�
WŽƐŝƚŝǀĞ�

WĞĂƐ�
>͘�ŵŽŶŽ�
��ϭϯϬϳ
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�

�
031����J� �0RVW�3UREDEOH�1XPEHU�LV�EDVHG�RQ�WKH�32'�RI�UHIHUHQFH�PHWKRG�WHVW�SRUWLRQV�
;� �1XPEHU�RI�SRVLWLYH�WHVW�SRUWLRQV�
32'&� �&RQILUPHG�%$;��PHWKRG�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
32'5� �&RQILUPHG�UHIHUHQFH�PHWKRG�SRVLWLYH�UHVXOWV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�WHVW�SRUWLRQV�
G32'&� �'LIIHUHQFH�EHWZHHQ�WKH�%$;��PHWKRG�DQG�UHIHUHQFH�PHWKRG�32'�YDOXHV�
����&,� �,I�WKH�FRQILGHQFH�LQWHUYDO�RI�G32'�GRHV�QRW�FRQWDLQ�]HUR��WKHQ�WKH�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�
���OHYHO�

�

ORZ� VSLNHG� VDPSOHV� ZKHUHDV� ������ ZHUH�
SRVLWLYH�ZLWK�WKH�UHDO�WLPH�L. monocytogenes�
3&5� DVVD\� DIWHU� ��� DQG� ��� KRXUV�� $IWHU�
LVRODWLRQ�� WKH� DGGLWLRQDO� *HQXV� Listeria�
SRVLWLYH�VDPSOH�ZDV�LGHQWLILHG�DV�L. innocua��
$OO���KLJK�VSLNHG�VDPSOHV�ZHUH�DOVR�SRVLWLYH�
DIWHU� ��� DQG� ��� KRXUV�� $OO� UHVXOWV� ZHUH�
LGHQWLFDO�WR�FXOWXUH��

7KH�UHVXOWV�RI�WKH�%$;��6\VWHP�PHWKRG�IRU�
5HDO�7LPH�L. monocytogenes�ZDV�FRPSDUHG�
WR�WKH�UHVXOWV�RI�WKH�UHIHUHQFH�FXOWXUH�PHWKRG�
XVLQJ�WKH�SUREDELOLW\�RI�GHWHFWLRQ��32'��DQG�
GLIIHUHQFH� LQ� 32'� �G32'�� YDOXHV�� 7KH�
UHVXOWV� RI� WKHVH� VWDWLVWLFDO� DQDO\VHV�
GHPRQVWUDWH� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH�PHWKRGV� IRU�DQ\�RI� WKH� IUR]HQ�
YHJHWDEOHV�WHVWHG�LQ�WKLV�VWXG\��
�
&RQFOXVLRQV�

7KH� UHVXOWV� RI� WKLV� VWXG\� GHPRQVWUDWH� WKH�
DELOLW\�RI� WKH�%$;��6\VWHP�5HDO�7LPH�3&5�
DVVD\�IRU�*HQXV�Listeria�DQG�WKH�5HDO�7LPH�
3&5� DVVD\� IRU� L.� monocytogenes WR�
DFFXUDWHO\�GHWHFW�L. monocytogenes LQ�����J�
VDPSOHV�RI� IUR]HQ� YHJHWDEOHV�HTXLYDOHQW� WR�
WKH� UHIHUHQFH� PHWKRG� XVLQJ� WKH� IROORZLQJ�
HQULFKPHQW�SURWRFRO��

x� +RPRJHQL]H�����J�VDPSOH�ZLWK������P/�
RI� URRP� WHPSHUDWXUH� ��� /(%�&RPSOHWH�
PHGLD� DQG� LQFXEDWH� DW� ���&� IRU� ������
KRXUV��

5HIHUHQFHV�
��� )HUUHLUD�� 9��� :LHGPDQQ�� 0��� HW�� DO��

�������� /LVWHULD� PRQRF\WRJHQHV�
SHUVLVWHQFH� LQ� IRRG�DVVRFLDWHG�
HQYLURQPHQWV�� HSLGHPLRORJ\�� VWUDLQ�
FKDUDFWHULVWLFV�� DQG� LPSOLFDWLRQV� IRU�

y WK�� ϵϱй��/ y WK�Z ϵϱй��/

�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ
Ϭ͘ϲϮ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘Ϯϭ͕�Ϭ͘ϲϭ ϴ Ϭ͘ϰϬ Ϭ͘Ϯϭ͕�Ϭ͘ϲϭ Ϭ͘ϬϬ ͲϬ͘Ϯϴ͕�Ϭ͘Ϯϴ
ϲ͘Ϯ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϰ Ϭ͘ϴϬ Ϭ͘ϯϳ͕�Ϭ͘ϵϲ Ϭ͘ϮϬ ͲϬ͘Ϯϲ͕�Ϭ͘ϲϮ

�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ
Ϭ͘ϱϳ ϮϬ ϭϬ Ϭ͘ϱϬ Ϭ͘Ϯϵ͕�Ϭ͘ϳϬ ϭϭ Ϭ͘ϱϱ Ϭ͘ϯϰ͕�Ϭ͘ϳϰ ͲϬ͘Ϭϱ ͲϬ͘ϯϮ͕�Ϭ͘Ϯϯ
ϱ͘ϳ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ

Ϭ͘ϲϳ ϮϬ ϴ Ϭ͘ϰϬ Ϭ͘Ϯϭ͕Ϭ͘ϲϭ ϭϮ Ϭ͘ϲϬ Ϭ͘ϯϴ͕Ϭ͘ϳϴ ͲϬ͘ϮϬ ͲϬ͘ϰϱ͕�Ϭ͘ϭϬ

ϲ͘ϳ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ
�ŽŶƚƌŽů ϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ͕�Ϭ͘ϰϱ Ϭ͘ϬϬ ͲϬ͘ϰϱ͕�Ϭ͘ϰϱ
Ϭ͘ϲϮ ϮϬ ϭϭ Ϭ͘ϱϱ Ϭ͘ϯϰ͕Ϭ͘ϳϰ ϳ Ϭ͘ϯϱ Ϭ͘ϭϴ͕�Ϭ͘ϱϲ Ϭ͘ϮϬ ͲϬ͘ϭϬ͕�Ϭ͘ϰϱ
ϲ͘Ϯ ϱ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ ϱ ϭ͘ϬϬ Ϭ͘ϱϳ͕�ϭ͘ϬϬ Ϭ͘ϬϬ ͲϬ͘ϰϯ͕�Ϭ͘ϰϯ

�ƌŽĐĐŽůŝ

�ĂƌƌŽƚƐ

�ŽƌŶ

WĞĂƐ

dĂďůĞ�Ϯ͘���yΠ�^ǇƐƚĞŵ�ZĞƐƵůƚƐ�ĨŽƌ�>͘�ŵŽŶŽĐǇƚŽŐĞŶĞƐ �ǀƐ͘�ZĞĨĞƌĞŶĐĞ�DĞƚŚŽĚ�ZĞƐƵůƚƐ

^ĂŵƉůĞ�
dǇƉĞ

DWEͬϮϱ�Ő
dĞƐƚ�

WŽƌƚŝŽŶƐ

��yΠ�^ǇƐƚĞŵ�DĞƚŚŽĚ ZĞĨĞƌĞŶĐĞ�DĞƚŚŽĚ
ĚWK�� ϵϱй��/
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SXEOLF�KHDOWK��-RXUQDO�RI�)RRG�3URWHFWLRQ��
��������������

��� )RRG� 6DIHW\� 1HZV� 'HVN�� �������
-DQXDU\��� 1))&� UHFDOOV� IUR]HQ� JUHHQ�

EHDQV�� PL[HG� YHJHWDEOHV� LQ� ��� VWDWHV��
)RRG� 6DIHW\� 1HZV��
KWWS���ZZZ�IRRGVDIHW\QHZV�FRP��������
�FRPSDQ\�UHFDOOV�IUR]HQ�JUHHQ�EHDQV�
PL[HG�YHJHWDEOHV��


