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Abstract 

Increased levels of stress hormones in the muscle could lead to post mortem�PHWDEROLF�VWUXFWXUDO�PRGL¿FDWLRQV�WKDW�FRXOG�EH�
UHÀHFWHG�RQ�PHDW�TXDOLW\�� �7KH�SUHVHQW� VWXG\� LQYHVWLJDWHG� WKH�PHWDEROLF� HIIHFW�RI� HLWKHU� DGUHQDOLQH�RU� FRUWLVRO� LQMHFWHG� LQWR�
ODPEV�LQ�RUGHU�WR�REWDLQ�DQ�DQLPDO�PRGHO�RI�DFXWH�VWUHVV���5HVXOWV�VKRZHG�WKDW�DGUHQDOLQH�RU�FRUWLVRO�LQMHFWLRQ�OHDG�WR�JOXFRVH�
PHWDEROLVP�DQG�PXVFOH� WHPSHUDWXUH� LQFUHDVH�� �0XVFOH� S+� LPPHGLDWHO\�post mortem�ZDV� DIIHFWHG�E\� DGUHQDOLQH� WUHDWPHQW���
:DWHU�KROGLQJ�FDSDFLW\� �:+&��RI� IUHVK�PXVFOH��¿QDO�PXVFOH�S+�DQG� WHPSHUDWXUH� UHJLVWHUHG�DW����K�post mortem�ZHUH�QRW�
DIIHFWHG�E\�LQMHFWHG�KRUPRQHV���+DUGQHVV�DQG�DGKHVLYHQHVV�RI�LD muscle evaluated 3 d post mortem tended to increase as a 
UHVXOW�RI�DGUHQDOLQH�RU�FRUWLVRO� LQMHFWLRQ�� �5HVXOWV�GHPRQVWUDWHG� WKDW� LQMHFWHG�KRUPRQHV�ZHUH�DEOH� WR�DIIHFW� WKH�post mortem 
PXVFOH�ELRFKHPLVWU\�DQG�WKH�S+�7�FXUYH�LQGHSHQGHQWO\�RI�¿QDO�PXVFOH�S+��
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INTRODUCTION 

7KH�ELRORJ\�RI� DQLPDO� VWUHVV� LQYROYHV� WKH� DFWLYDWLRQ�
RI� WKH� DXWRQRPLF� QHUYRXV� V\VWHP� DQG� WKH� K\SRWKD�
ODPLF�SLWXLWDU\�DGUHQDO� �+3$�� D[LV� �0REHUJ� ��������
7KH� DXWRQRPLF� UHVSRQVH��PHGLDWHG� E\� FDWKHFKRO�
DPLQHV��DGUHQDOLQH�DQG�QRUDGUHQDOLQH���LV�LQLWLDWHG�LQ�
UHDFWLRQ�WR�VWUHVVRUV�WKDW�UHTXLUH�D�UDSLG�UHVSRQVH�DQG�
LQFOXGH�VHYHUDO�PHWDEROLF�HIIHFWV���2Q�WKH�RWKHU�KDQG��
WKH�DFWLYDWLRQ�RI�+3$�D[LV��PDQLIHVWHG�E\�JOXFRFRU�
WLFRLGV� UHOHDVH� �H�J��� FRUWLVRO��� WHQGV� WR� DPSOLI\� WKH�
metabolic effects of cathecholamines, although the 
UHVSRQVH�LV�W\SLFDOO\�VORZHU��0REHUJ���������(PHUJ�

LQJ�HYLGHQFHV�VXSSRUW� WKDW� WKH�HIIHFWV�RI� WKHVH�VWUHVV�
KRUPRQHV� �FDWHFKRODPLQHV� DQG�RU� FRUWLVRO�� LQFOXGH�
metabolic and/or structural post mortem�PRGL¿FDWLRQV�
LQ� WKH�PXVFOH� �)HUJXVRQ� DQG�:DUQHU� ������� �7KHVH�
HYHQWV�ZRXOG�EH� LQGHSHQGHQW� IURP� WKH�PXVFOH�JO\FR�
JHQ�OHYHOV�RU� WKH�FRQVHTXHQW�¿QDO�S+��S+u, measured 
DW� ���K�SRVW�VODXJKWHU��� DQG�PD\� DIIHFW�post mortem 
SURWHRO\WLF�SURFHVVHV� OHDGLQJ� WR�DOWHUHG�ZDWHU�KROGLQJ�
FDSDFLW\� �:+&��� WHQGHUQHVV� DQG� IODYRU� GXULQJ�PHDW�
DJHLQJ��)HUJXVRQ�et al�������:DUQHU�et al��������)HU�
JXVRQ� DQG�:DUQHU� ������� �5HJDUGLQJ� WKLV� LVVXH�� S+�
DQG�WHPSHUDWXUH�GHFOLQH�FXUYH�ZRXOG�SOD\�D�PDMRU�UROH�
GXULQJ�WKH�¿UVW����K�post mortem��EHLQJ�DEOH�WR�LPSDFW�
RQ�PDQ\�post mortem�HYHQWV�LQ�WKH�PXVFOH��'UDQV¿HOG�
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������7KRUQEHUJ��������
6HYHUDO� GLIILFXOWLHV� XVXDOO\� DULVH�ZKHQ� WU\LQJ� WR�

VWXG\�KRUPRQH�SUR¿OH� DQG�ELRFKHPLFDO� UHVSRQVH� DV�
VRFLDWHG�WR�DQLPDO�VWUHVV���,Q�WKLV�UHJDUG��LW�LV�NQRZQ�
WKDW� WKH� UHVSRQVH� RI� DQLPDOV� WR� VWUHVV� XVXDOO\� VKRZV�
D�JUHDW�YDULDELOLW\�DQG�LV�FRQGLWLRQHG�E\�SUHYLRXV�H[�
SHULHQFH���'LIIHUHQW�VWUHVVRUV�DOVR�LQGXFH�GLYHUVH�ELR�
ORJLFDO� UHVSRQVHV� �0REHUJ�������� �7KHVH�IDFWV�PDNH�
GLIILFXOW� WR� VWXG\� WKH� HIIHFW� RI� DFXWH� VWUHVV� RQ�PHDW�
TXDOLW\� GHYHORSPHQW� DQG� WKH�PHFKDQLVPV� LQYROYHG���
7KXV�� H[SHULPHQWDO�PRGHOV� RI� DQLPDOV� LQMHFWHG�ZLWK�
VWUHVV� KRUPRQHV� �DGUHQDOLQH� DQG�RU� FRUWLVRO�� UHSUH�
VHQW� DQ� LQWHUHVWLQJ� DSSURDFK� WR� VWXG\� WKH� LQGLYLGXDO�
hormone effect on the peri mortem�ELRFKHPLVWU\�LQ�D�
PRUH�FRQWUROOHG�ZD\��

Previous results have suggested deleterious effects 
RI�LQMHFWHG�DGUHQDOLQH�LQWR�DQLPDOV���%RQG�et al���������
GLG�QRW�¿QG�DQ\�HIIHFW�RI�VLQJOH�GRVH�RI�DGUHQDOLQH�RQ�
lambs in the Semimembranosus� VKHDU� IRUFH�YDOXHV���
0RUH� UHFHQWO\��:DUQHU� DQG� FR�ZRUNHUV� IRXQG� D� UH�
GXFWLRQ�LQ�WKH�P\R¿EULOODU�IUDJPHQWDWLRQ�LQGH[��0),��
values in the Longissimus and Semimembranosus 
PXVFOHV�RI�ODPEV�LQMHFWHG�ZLWK�DGUHQDOLQH�DW���RU����K�
SUH�VODXJKWHU��)HUJXVRQ�DQG�:DUQHU���������5HJDUGLQJ�
JOXFRFRUWLFRLGV��6XJGHQ� DQG�)XOOHU� ������� KDYH� UH�
YLHZHG�SXEOLVKHG�GDWD�DQG�SRVWXODWHG�WKDW�LI�WKHUH�ZHUH�
HIIHFWV� RQ�PXVFOH� SURWHLQ�GHJUDGDWLRQ�� WKHVH� HIIHFWV�
ZHUH� OLNHO\� WR� EH� WUDQVLHQW�� �0RUH� UHFHQWO\��)HUJXVRQ�
DQG� FR�ZRUNHUV� GLG�QRW� ILQG� FKDQJHV� LQ� VKHDU� IRUFH�
RYHU� �� G� DJHLQJ� LQ� D� VWXG\�ZKHUH� VKHHS�ZHUH�JLYHQ�
$&7+�FKDOOHQJH���K�SULRU�WR�VODXJKWHU�WR�REWDLQ�D�VXV�
WDLQHG�HOHYDWLRQ�RI�EORRG�FRUWLVRO��)HUJXVRQ�DQG�:DU�
QHU� ������� � ,Q� VSLWH� RI� WKLV� LQIRUPDWLRQ�� WKH� HIIHFW� RI�
FRUWLVRO�RQ�WKH�PXVFOH�SURWHLQ�PHWDEROLVP�DQG�UHODWHG�
PHDW�TXDOLW\� LV� VWLOO� SRRUO\�XQGHUVWRRG� �)HUJXVRQ�DQG�
:DUQHU���������7KHUHIRUH��WKH�DLP�RI�WKH�SUHVHQW�VWXG\�
ZDV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�pre mortem adrenaline 
RU� FRUWLVRO� LQMHFWLRQ�RQ�KRJJHWV�PXVFOH� ELRFKHPLVWU\�
DQG�LWV�FRQVHTXHQFHV�RQ�PHDW�TXDOLW\�

RESULTS AND DISCUSSION 

Levels of blood constituents 

%ORRG�SDUDPHWHUV� GHWHUPLQHG� DW� H[VDQJXLQDWLRQ� DUH�

VKRZQ� LQ�7DEOH� ��� �$QLPDOV� LQMHFWHG�ZLWK� DGUHQDOLQH�
GLVSOD\HG� D� VLJQL¿FDQW� LQFUHDVH� ���� IROG�� RI� FLUFXODW�
LQJ� DGUHQDOLQH� OHYHOV� LQ� UHODWLRQ� WR� FRQWURO� RQHV�� �2Q�
WKH�RWKHU�KDQG��DQLPDOV�LQMHFWHG�ZLWK�FRUWLVRO�VROXWLRQ�
GLVSOD\HG�D�VLJQL¿FDQW�LQFUHDVH�����IROG��RI�FLUFXODWLQJ�
FRUWLVRO�OHYHOV�LQ�UHODWLRQ�WR�FRQWURO�RQHV���0HDQ�FRUWL�
VRO�OHYHO�UHFRUGHG�LQ�FRQWURO�DQLPDOV�ZDV�JUHDWHU�WKDQ�
WKRVH�UHSRUWHG�E\�=LPHUPDQ��������������YV��������J�
dL����UHVSHFWLYHO\����&RQWURO�DQLPDOV�ZHUH�LQMHFWHG�ZLWK�
VDOLQH� VROXWLRQV�� �7KHQ�� LW� FRXOG�EH� DVVXPHG� WKDW� WKLV�
SURFHGXUH�ZDV�WKH�UHDVRQ�IRU�FRUWLVRO�ULVH���7DNLQJ�LQWR�
account the significant differences found in the hor�
PRQHV� OHYHOV� RI� ERWK� DGUHQDOLQH� DQG� FRUWLVRO�LQMHFWHG�
DQLPDOV��LW�LV�SRVVLEOH�WR�EHOLHYH�WKDW�WKH�DQLPDO�PRG�
HOV�RI�DFXWH�VWUHVV�LQLWLDOO\�SURSRVHG�ZHUH�VXFFHVVIXOO\�
REWDLQHG��

Table 1 �%ORRG�SDUDPHWHUV�UHFRUGHG�LQ� ODPEV� LQMHFWHG�ZLWK�VDOLQH�
VROXWLRQ��&���DGUHQDOLQH��$��RU�FRUWLVRO��&R�

&RQWURO�JURXS��&� $GUHQDOLQH�JURXS��$� &RUWLVRO�JURXS��&R�
+HPDWRFULW���� �������� ���������� ����������
$GUHQDOLQH��PJ�/��� ��������� �����������** �����������
&RUWLVRO���J�G/��� �������� �����������** �����������**

*OXFRVH��PPRO�/��� ��������� �����������* �����������
/DFWDWH��PPRO�/��� ��������� �����������* �����������*

&.�DFWLYLW\��8�/��� ��������� ����������* ����������

9DOXHV�H[SUHVVHG�DV�PHDQ�6'���*��VLJQL¿FDQW�HIIHFW�EHWZHHQ�$�DQG�&�RU�&R�DQG�&��
3�������**��VLJQL¿FDQW�HIIHFW�EHWZHHQ�$�DQG�&�RU�&R�DQG�&��3���������7KH�VDPH�
DV�EHORZ���

$V�FDQ�EH�VHHQ� LQ�7DEOH����DGUHQDOLQH� LQMHFWLRQ� LQ�
FUHDVHG�EORRG�JOXFRVH� �3������� DQG� ODFWDWH� �3�������
OHYHOV� DQG� FUHDWLQ�NLQDVH� �&.�� DFWLYLW\� �3������� DV�
ZHOO�� �7KHVH� ILQGLQJV� VXSSRUW� WKH� LGHD� WKDW� FDWHFKRO�
DPLQHV�LQGXFHG�DQ�LQFUHDVH�LQ�WKH�HQHUJ\�PHWDEROLVP��
ZKLFK�DOVR�DJUHHV�ZLWK�SXEOLVKHG�GDWD� �.XFKHO�������
0REHUJ���������,QFUHDVHG�EORRG�&.�DFWLYLW\�DOVR�VXJ�
gests an increased peri mortem�PXVFOH� DFWLYLW\� DQG��
SRVVLEO\�� LQFUHDVHG�PXVFOH� FHOO� GDPDJH� DV� D� GLUHFW�
RU� LQGLUHFW� UHVXOW� RI� WKLV� VWLPXODWHG� DFWLYLW\�� � ,Q� WKLV�
UHJDUG�� DYDLODEOH� GDWD� GLYHUJH�� �5HVXOWV� SXEOLVKHG�E\�
Warner HW�DO���������DQG�.DQQDQ�HW�DO���������VKRZHG�
VLJQL¿FDQW�ULVHV�RI�&.�DFWLYLW\�DV�D�UHVXOW�RI�SK\VLFDO�
VWUHVV�� �2Q� WKH�RWKHU� KDQG��=LPHUPDQ�HW� DO�� �������
GLG�QRW�¿QG�VLJQL¿FDQW�FKDQJHV�LQ�&.�DFWLYLW\�LQ�NLGV�
VXEPLWWHG� WR� IDVWLQJ��H[HUFLVH�RU� IHDU�DV�SUH� VODXJKWHU�
VWUHVVRUV�� �7KH�GLVDJUHHPHQW�REVHUYHG�LQ�WKHVH�UHVXOWV�
FRXOG�EH�DVVRFLDWHG�WR�GLIIHUHQFHV�LQ�WKH�LQWHQVLW\�DQG�



,PSDFW�RI�$GUHQDOLQH�RU�&RUWLVRO�,QMHFWLRQ�RQ�0HDW�4XDOLW\�'HYHORSPHQW�RI�0HULQR�+RJJHWV� ����
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duration of induced stress and the levels of related hor�
PRQHV��
&RUWLVRO� LQMHFWLRQ�VLJQL¿FDQWO\�LQFUHDVHG�EORRG�ODF�

WDWH� OHYHO� �3�������� �1HYHUWKHOHVV�� D� QRQ�VLJQLILFDQW�
LQFUHDVH�RI� KHPDWRFULW� DQG�&.�DFWLYLW\�ZDV� IRXQG���
7KHVH� ILQGLQJV�ZRXOG� VXJJHVW� FKDQJHV� LQ� WKH� HQHUJ\�
metabolism and modifications of the muscle activi�
W\���,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�HIIHFW�RI�FRUWLVRO�RQ�WKH�
ELRFKHPLFDO� SDUDPHWHUV� DVVD\HG� DSSHDUHG� WR� EH� OHVV�
H[WHQGHG�ZKHQ�FRPSDUHG�WR�DGUHQDOLQH�HIIHFW����
+HPDWRFULW�ZDV�QRW�DIIHFWHG�DV�D�UHVXOW�RI�WKH�VWUHVV�

KRUPRQHV� LQMHFWHG�� � ,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� DQ�
increment of circulating adrenaline and/or cortisol lev�
HOV�XVXDOO\�ULVH�UHG�EORRG�FHOO�FLUFXODWLRQ�E\�PHDQV�RI�
VSOHHQ�FRQWUDFWLRQ��:DUULVV�et al��������0REHUJ�������
and/or increased glomerular filtration and diuresis 
�3DUNHU�HW�DO��������%URRP�DQG�)UDVHU�������� UHVSHF�
WLYHO\���7KXV��LQ�WKH�SUHVHQW�VWXG\�LQFUHDVHG�KHPDWRFULW�
OHYHOV�ZHUH�H[SHFWHG���7KH�KLJK�GHYLDWLRQ�IRXQG�LQ�WKH�
PHDVXUHPHQW� RI� WKLV� SDUDPHWHU� FRXOG�EH� UHVSRQVLEOH�
IRU�WKH�DEVHQW�RI�VLJQL¿FDQW�GLIIHUHQFHV��

Meat quality traits 

,QVWUXPHQWDO�FRORU�DQG�:+&�RI�LD�PXVFOH�DUH�VKRZQ�
LQ�7DEOH� ��� �$V� FDQ�EH� VHHQ�� QRQ�VLJQL¿FDQW� FKDQJHV�
ZHUH�UHFRUGHG�DV�D�UHVXOW�RI�DGUHQDOLQH�RU�FRUWLVRO� LQ�
MHFWLRQ�� �7KHVH� UHVXOWV�FRXOG�EH�DVVRFLDWHG� WR� WKH� IDFW�
WKDW� QRQ�VLJQL¿FDQW� GLIIHUHQFHV� LQ� S+u ZHUH�REVHUYHG�
EHWZHHQ�WUHDWPHQWV�DQG�FRQWURO�JURXS��7DEOH������1HY�
HUWKHOHVV��VLQFH�DGUHQDOLQH�KDV�EHHQ�SURSRVHG�WR�DIIHFW�
the post mortem�PXVFOH� SURWHLQ�PHWDEROLVP�� LW� FRXOG�
DOVR� DIIHFW�:+&�E\�PHDQV�RI� QRQ�GHSHQGDQW� S+�
PHFKDQLVPV��)HUJXVRQ�HW�DO��������:DUQHU�et al��������
)HUJXVRQ�DQG�:DUQHU���������)XUWKHU�HIIHFWV�RI�LQMHFW�
HG�KRUPRQHV�RQ�FRORU�DQG�:+&�RI�DJHG�PHDW�FDQ�QRW�
EH�GLVFDUGHG�DQG�DUH�EHLQJ�VWXGLHG��
5HFWDO� WHPSHUDWXUH� �7i�� DQG�LD� WHPSHUDWXUH� DQG�

S+�YDOXHV�UHFRUGHG�DUH�VKRZQ�LQ�7DEOH�����+RUPRQHV�
LQMHFWLRQ� VLJQLILFDQWO\� LQFUHDVHG�ERWK�7i� DQG�745 �UH�
corded 45 min post mortem�� YDOXHV�� �7KHVH� ILQGLQJV�
DJUHH�ZLWK�SUHYLRXV�UHVHDUFK�WKDW�VKRZHG�DQ�LQFUHDVHG�
ERG\�WHPSHUDWXUH�DV�D�UHVXOW�RI�VWUHVVLQJ�HYHQWV��3LJKLQ� 
et al�� ������� � ,QWHUHVWLQJO\�� RQO\� DGUHQDOLQH� LQMHFWLRQ�
OHG� WR� D� VLJQLILFDQW� �3�������� GHFUHDVH�RI�LD� S+45 

�PHDVXUHG����PLQ�post mortem��� VXJJHVWLQJ� DQ� LQ�

FUHDVHG�UDWH�RI�DQDHURELF�JO\FRO\VLV�LQ�WKH�PXVFOH�LP�
PHGLDWHO\�post mortem�
3UHYLRXV� UHVHDUFK�KDV� GHPRQVWUDWHG� WKDW� S+�7�GH�

FOLQH� FXUYH�XVXDOO\� SOD\V� D�PDMRU� UROH� LQ� WKH� FRQYHU�
VLRQ�RI�PXVFOH�LQWR�PHDW��)HUJXVRQ�et al��������'HYLQH�
et al����������3RVW�PRUWHP�S+�DQG�WHPSHUDWXUH�NLQHWLFV�
FDQ� LQIOXHQFH� WKH� UDWH� DQG� H[WHQW� RI� SURWHLQ�GHQDWXU�
DWLRQ��R[LGDWLRQ�DQG�SURWHRO\VLV��OLSLG�R[LGDWLRQ��FRORU�
FKDUDFWHULVWLFV��ZDWHU� KROGLQJ� FDSDFLW\� DQG� VHQVRU\�
DVSHFWV�RI�PHDW� �/DZULH�������)HUJXVRQ�et al����������
5HVXOWV�REWDLQHG�LQ�WKH�SUHVHQW�VWXG\�GHPRQVWUDWHG�WKDW�
KRUPRQH� LQMHFWLRQ� OHG� WR� FKDQJHV�ERWK� LQ�7� DQG�S+��
ZKLFK�ZRXOG� UHLQIRUFH� WKH� LPSRUWDQFH�RI� DFXWH� VWUHVV�
RQ�PHDW�TXDOLW\�GHYHORSPHQW��
'DWD� RI� WH[WXUH� SURILOH� DQDO\VLV� �73$�� FRPSLOHG�

LQ�7DEOH� �� VKRZV� WKDW� KRUPRQH� WUHDWPHQWV� WHQGHG� WR�
increased hardness and adhesiveness values measured 
in LD muscle 3 d post mortem�� �7KLV� WHQGHQF\�ZDV�
HVSHFLDOO\� HYLGHQW� LQ� FRUWLVRO� WUHDWPHQW��ZKHUH�KLJK�
GHYLDWLRQ�FRXOG�EH�UHVSRQVLEOH�IRU�WKH�DEVHQW�RI�VLJQLI�
LFDQW�GLIIHUHQFHV�� �7KLV�¿QGLQJ�LQGLFDWHV�WKDW�D�KLJKHU�
IRUFH� LV� QHFHVVDU\� WR� DWWHPSW� D� JLYHQ�GHIRUPDWLRQ�RI�
WKH�PXVFOH�VDPSOHV���2Q�WKLV�UHJDUG��&DLQH�et al���������
KDG� VKRZQ� WKDW�73$�KDUGQHVV� DQG� DGKHVLYHQHVV� FDQ�
EH�XVHIXO� LQ� H[SODLQLQJ� D� VLJQLILFDQW� SURSRUWLRQ�RI�
YDULDWLRQ� LQ� WHQGHUQHVV� RI� ULE� VWHDNV��ZKHUH� WKHVH�SD�
UDPHWHUV� VKRZHG� DQ� LQYHUVH� UHODWLRQVKLS�ZLWK�RYHUDOO�
WHQGHUQHVV���,W�KDV�EHHQ�SURSRVHG�WKDW�PHDW�WHQGHUQHVV�
YDULHV� QRW� RQO\�ZLWK� WKH� UDWH� RI� JO\FRO\VLV� DQG� ULJRU�
RQVHW� SRVW�VODXJKWHU�� EXW� DOVR�ZLWK� WKH� H[WHQW� RI� JO\�
FRO\VLV�� FODVVLFDOO\� LGHQWL¿HG� WKURXJK� WKH�XOWLPDWH�S+�
�S+u��DFKLHYHG�LQ�D�PXVFOH��)HUJXVRQ�et al����������1R�

Table 2� � ,QVWUXPHQWDO� FRORU� DQG�:+&�RI�LD muscle from lambs 
LQMHFWHG�ZLWK�VDOLQH�VROXWLRQ��&���DGUHQDOLQH��$��RU�FRUWLVRO��&R�

&RQWURO�JURXS��&� $GUHQDOLQH�JURXS��$� &RUWLVRO�JURXS��&R�
L*  ���������� ���������� ����������
a* ���������� ���������� ����������
b* ����������� ����������� �����������
:+& ���������� ���������� ����������

Table 3� �7HPSHUDWXUH�DQG�S+�GHFUHDVH� LQ�LD muscle from lambs 
LQMHFWHG�ZLWK�VDOLQH�VROXWLRQ��&���DGUHQDOLQH��$��RU�FRUWLVRO��&R�

&RQWURO�JURXS��&� $GUHQDOLQH�JURXS��$� &RUWLVRO�JURXS��&R�
7i �������� ��������** ��������*

745 �������� ��������* ��������**

7u �������� �������� ��������
S+45 ��������� ���������** ���������
S+u ��������� ��������� ���������
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VLJQL¿FDQW�GLIIHUHQFH�LQ�S+u�ZDV�REVHUYHG�LQ�WKH�SUHV�
HQW�VWXG\�� �7KXV�� LW�FRXOG�EH�SRVVLEOH� WR�DVVRFLDWH� WKH�
changes observed in the hardness and adhesiveness to 
GLIIHUHQFHV�LQ�S+�7�GHFOLQH�FXUYH��
2Q�WKH�RWKHU�KDQG��VSULQJLQHVV�DQG�UHVLOLHQFH�HYDOX�

ated in LD�PXVFOH��7DEOH����VKRZHG�VLPLODU�YDOXHV�LQ�
DOO�WUHDWPHQWV���,W�KDV�EHHQ�VKRZQ�WKDW�WKHVH�SDUDPHWHUV�
ZHUH� LQFOXGHG� LQ� SUHGLFWLRQ�PRGHOV� RI� MXLFLQHVV�� IOD�
YRU� GHVLUDELOLW\� DQG�ÀDYRU� LQWHQVLW\� WKURXJK� VWHSZLVH�
UHJUHVVLRQ� DQDO\VLV� �&DLQH�et al�� ������� �+DUGQHVV��
FKHZLQHVV�DQG�VSULQJLQHVV�DUH�XVXDOO\�YHU\�XVHIXO�SD�
UDPHWHUV� IRU� WKH� DVVHVVPHQW� RI�PHDW� WH[WXUH� �5XL]�GH�
+XLGREUR�et al���������
3UHVHQW� UHVXOWV� VXJJHVW� WKDW� LQMHFWHG�KRUPRQHV� FDQ�

DIIHFW�PHDW� WH[WXUH� LQGHSHQGHQWO\� IURP�WKH�PXVFOH�¿�
QDO�S+���+RZHYHU��VXEVHTXHQW�VWXGLHV�DUH�QHFHVVDU\�WR�
ORRN�IXUWKHU�LQWR�WKH�UHODWLRQVKLS�EHWZHHQ�73$�SUR¿OH 
� of fresh and aged meat � ZLWK� VWUHVV�SDUDPHWHUV�DQG�
VHQVRU\�DWWULEXWHV��

as a result of mentioned peri mortem�FKDQJHV����

MATERIALS AND METHODS 

7KH� VWXG\�ZDV� FDUULHG�RXW� LQ� WKH�([SHULPHQWDO�6WDWLRQ�RI�
,17$��1DWLRQDO�,QVWLWXWH�RI�$JULFXOWXUDO�7HFKQRORJ\��LQ�WKH�
5tR�1HJUR�3URYLQFH�RI�$UJHQWLQD�

Animals and experimental treatments

0HULQR�KRJJHWV� �Q ����ZLWK� D�PHDQ� DJH�RI� ���PRQ� DQG� D�
PHDQ�OLYH�ZHLJKW�RI������NJ�ZHUH�XVHG���7KH�VWXG\�ZDV�FDU�
ULHG�RXW� XVLQJ�KRJJHWV� LQ� RUGHU� WR�ZRUN�ZLWK� DQLPDOV� WKDW�
DUH�EHLQJ�SURPRWHG� DV�PHDW� VRXUFH� LQ�$UJHQWLQD�� �)XUWKHU�
more, the selection of hoggets has the advantage of avoiding 
WKH� VWUHVV� DVVRFLDWHG� WR�ZHDQLQJ�SURFHGXUH�� �$QLPDOV�ZHUH�
UHDUHG�XQGHU� DQ� H[WHQVLYH� UDQJHODQG�SURGXFWLRQ� V\VWHP� LQ�
WKH�([SHULPHQWDO�)DUP�3LOFDQL\HX�RI� ,17$� �����������:�
DQG�����������6������P�D�V�O���LQ�WKH�5tR�1HJUR�3URYLQFH�RI�
$UJHQWLQD�� �7KH�ORFDWLRQ�LV�FKDUDFWHUL]HG�E\�VKUXEE\�JUDVV�
ODQG�VWHSSH�GRPLQDWHG�E\�Mulinum spinosum, 6HQHFLR�¿ODJ-
inoides,�3RD�OLJXODULV, and Stipa speciosa��%UDQ�HW�DO����������
$QLPDO� KDQGOLQJ� DQG� H[SHULPHQWDO� SURFHGXUHV�ZHUH� FRQ�
GXFWHG�LQ�DFFRUGDQFH�ZLWK�UHJXODWLRQ�SURFHGXUHV�IRU�DQLPDO�
ZHOIDUH�RI�WKH�1DWLRQDO�6HUYLFH�RI�$QLPDO�+HDOWK��6(1$6$��
RI�$UJHQWLQD��

$QLPDOV�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�WKH�IROORZLQJ�
JURXSV��FRQWURO�JURXS��&���DGUHQDOLQH�JURXS��$��DQG�FRUWLVRO�
JURXS��&R����*URXSV�&��$�DQG�&R�ZHUH�LQMHFWHG�ZLWK�VDOLQH�
VROXWLRQ�1D&O�������S�Y���DGUHQDOLQH��6LJPD�$OGULFK��86$��
VROXWLRQ� �����PJ� DGUHQDOLQH�NJ��� ERG\�ZHLJKW�� DQG� FRUWL�
VRO� �6LJPD�$OGULFK�� VROXWLRQ� ������PJ�FRUWLVRO� NJ��� ERG\�
ZHLJKW��� UHVSHFWLYHO\�� �+RUPRQH� LQMHFWLRQ�ZDV�SHUIRUPHG�
YLD� MXJXODU� YHLQ�� � ,QMHFWHG�GRVHV� RI� DGUHQDOLQH� DQG� FRUWLVRO�
ZHUH�VHOHFWHG�FRQVLGHULQJ�SXEOLVKHG�H[SHULPHQWDO�SURWRFROV�
DQG�SK\VLRORJLFDO�KRUPRQH�OHYHOV�LQ�VKHHS��:DWDQDEH�et al��
������%RQG�et al���������

$QLPDOV� IURP� WKH�&� DQG�$�JURXSV�ZHUH� HOHFWULFDOO\�
VWXQQHG� DQG� VODXJKWHUHG�����PLQ� DIWHU� LQMHFWLRQ�� �$QLPDOV�
IURP�&R�JURXS�ZHUH� VWXQQHG� DQG� VODXJKWHUHG�������PLQ�
DIWHU� LQMHFWLRQ�� �7KH�GHOD\�EHWZHHQ� LQMHFWLRQ� DQG� VODXJKWHU�
SURFHGXUH�ZDV� HVWDEOLVKHG� DFFRUGLQJ� WR� KRUPRQHV�KDOI� OLIH�
DQG�KHDUW�RXWSXW�RI�VKHHS��

5HFWDO�WHPSHUDWXUH�ZDV�UHFRUGHG�LQ�DOO�DQLPDOV�DW�VODXJK�
WHU�SURFHGXUH��7i��XVLQJ�D�GLJLWDO�WKHUPRPHWHU�ZLWK�D�����&�
UHVROXWLRQ�

Levels of blood constituents 

%ORRG� VDPSOHV�ZHUH� FROOHFWHG� DW� H[VDQJXLQDWLRQ� LQ� WXEHV�
ZLWK�ZLWKRXW� DQWLFRDJXODQW� VROXWLRQ� �('7$��� DQG�ZHUH� LP�
PHGLDWHO\�SODFHG�LQ�LFH���%ORRG�WXEHV�ZHUH�WKHQ�FHQWULIXJHG�
at 1 ���îJ�IRU����PLQ�DQG� WKH�UHVXOWLQJ�SODVPD�ZDV�SODFHG�

Table 4� �'HVFULSWLYH�VWDWLVWLFV�IRU� WH[WXUH�SUR¿OH�DQDO\VLV�SDUDPH�
ters of LD�PXVFOH� ��� G post mortem�� IURP� ODPEV� LQMHFWHG�ZLWK�
VDOLQH�VROXWLRQ��&���DGUHQDOLQH��$��RU�FRUWLVRO��&R�
7H[WXUH�SUR¿OH�
DQDO\VLV�SDUDPHWHUV

Control
JURXS��&�

Adrenaline
JURXS��$�

Cortisol
JURXS��&R�

+DUGQHVV��1� ������������ ������������ ������������
Cohesiveness ������������� ������������� �������������
6SULQJLQHVV ������������� ������������� �������������
5HVLOLHQFH ������������� ������������� �������������
$GKHVLYHQHVV���J�V� ������������ ������������ ������������
&KHZLQHVV ������������ ������������ ������������

CONCLUSION 

7KH�VLQJOH�pre mortem dose of adrenaline or cortisol 
XVHG� LQ� WKH� SUHVHQW� VWXG\� FKDQJHG� WKH�peri mortem 
DQLPDO�PHWDEROLVP�� LPLWDWLQJ� WKH� SK\VLRORJLFDO� UH�
VSRQVH� WR� DFXWH� VWUHVV�� �$GUHQDOLQH� LQGXFHG� DQ� LQ�
FUHDVH�LQ�JOXFRVH�PHWDEROLVP�DQG�DIIHFWHG�LQLWLDO�S+�
DQG� WHPSHUDWXUH� RI�LD muscle, suggesting a faster 
DQDHURELF�JO\FRO\WLF�UDWH���&RUWLVRO�DOVR�DIIHFWHG�PXV�
FOH�SUH�ULJRU�WHPSHUDWXUHV��7i�DQG�745, but did not af�
IHFW�WKH�LQLWLDO�PXVFOH�S+���(YHQ�WKRXJK�QR�HIIHFW�RI�
LQMHFWHG�KRUPRQHV�ZDV�REVHUYHG�RQ�LQVWUXPHQWDO�FRO�
RU�RU�:+&��VWUHVV�KRUPRQHV�WHQGHG�WR�DIIHFW�WH[WXUH�
SURILOH� �KDUGQHVV� DQG� DGKHVLYHQHVV�� RI�LD�PXVFOH���
Ageing studies are being carried out in order to ob�
VHUYH�IXUWKHU�DOWHUDWLRQV�RI�PHDW�TXDOLW\�GHYHORSPHQW�
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LQWR�VDIH�ORFN�PLFURWXEHV�DQG�VWRUHG�DW���������&�XQWLO�DQDO�
\VLV�

+HPDWRFULW� �H[SUHVVHG� DV� D� SHUFHQWDJH��ZDV�GHWHUPLQHG�
XVLQJ�PLFURKHPDWRFULW�FDSLOODU\�WXEHV��7HFQRQ��%$��$UJHQ�
WLQD��DQG�D�PLFUR�FDSLOODU\� UHDGHU� �FDWDORJXH�QXPEHU�������
,QWHUQDWLRQDO�(TXLSPHQW�&R���1RUIRON��0$��86$��� �7KH�
SODVPD�JOXFRVH�OHYHO�ZDV�HYDOXDWHG�E\�PHDQV�RI�WKH�*2'�
32'�7ULQGHU� FRORU� WHVW�ZLWKRXW� GHSURWHLQL]DWLRQ� �:LHQHU��
5RVDULR��$UJHQWLQD��� �/DFWLF� DFLG� FRQFHQWUDWLRQ�ZDV�PHD�
VXUHG�XVLQJ� D� FRPPHUFLDO� HQ]\PDWLF� NLW� �5DQGR[�/DEV�
/WG���8.��� �&UHDWLQ�NLQDVH� DFWLYLW\�ZDV� HYDOXDWHG�XVLQJ� D�
FRPPHUFLDO� HQ]\PDWLF� NLW� �:LHQHU��$UJHQWLQD��� � 6HUXP�
DGUHQDOLQH� DQG�SODVPD�FRUWLVRO� OHYHOV�ZHUH�PHDVXUHG�XVLQJ�
FRPPHUFLDO�NLWV�SURYLGHG�E\�'LD6RXUFH� �,16�($6,$��'LD�
6RXUFH�6�$���%HOJLXP����,QWUD��DQG�LQWHU�DVVD\�FRHI¿FLHQWV�RI�
YDULDWLRQ�ZHUH���DQG�����IRU�DGUHQDOLQH����DQG����IRU�FRUWL�
VRO��UHVSHFWLYHO\��

Meat quality traits 

3RVW�PRUWem Longissimus dorsi� �LD�� WHPSHUDWXUH�ZDV� UH�
FRUGHG�DW����PLQ��745��DQG����K��7u��XVLQJ�WHPSHUDWXUH�GDWD�
ORJJHUV��0D[LP��&$��86$��SODFHG���FP�IURP�WKH�S+�PHD�
VXUHPHQW�VLWH���7KH�PXVFOH�S+�ZDV�DOVR�PHDVXUHG�DW����PLQ�
�S+45�� DQG����K� �S+u��post mortem�ZLWK� D�7HVWR�S+�PHWHU�
�PRGHO� �����7HVWR��%$��$UJHQWLQD�� HTXLSSHG�ZLWK� D� JODVV�
S+�HOHFWURGH�DQG�D�WHPSHUDWXUH�SUREH�

7KH� LQVWUXPHQWDO� FRORU� SDUDPHWHUV� H[SUHVVHG� LQ�&,(/DE�
V\VWHP��/��D�DQG�E��RI�LD�PXVFOH�ZDV�PHDVXUHG�XVLQJ�
D�0LQROWD�&5����� FRORULPHWHU� �.RQLFD�0LQROWD�6HQVLQJ��
,QF���%HUJHQ��1-��86$��XVLQJ�'���LOOXPLQDQW�DQG�DQ���PP�
DSHUWXUH���7ZR�VFDQV�ZHUH�FROOHFWHG�IURP�WKH�VXUIDFH�RI�WKH�
muscle, avoiding areas of connective tissue or intramuscular 
IDW���(DFK�VDPSOH�ZDV�DOORZHG�WR�EORRP�IRU����PLQ�DW�������&�
EHIRUH�FRORU�PHDVXUHPHQW��

:DWHU�KROGLQJ�FDSDFLW\�RI�LD 24 h post mortem�ZDV�GH�
WHUPLQHG�DFFRUGLQJ�WR�WKH�FRPSUHVVLRQ�PHWKRG�GHVFULEHG�E\�
3OD�7RUUHV� �������� �%ULHÀ\�� ����������J� VDPSOH�ZDV�SODFHG�
RQ� D� VKHHW� RI�¿OWHU� SDSHU� �W\SH������6FKOHLFKHU�	�6FKXOOH��
'DVVHO��*HUPDQ\��� DQG� FRPSUHVVHG�GXULQJ�����PLQ�� �7KH�
DUHD�RI� WKH�PRLVWXUH�ULQJ�ZDV�PHDVXUHG�DQG�H[SUHVVHG�DV�D�
SHUFHQWDJH�RI�UHOHDVHG�MXLFH��

7KH� WH[WXUH� SURILOH� DQDO\VLV� �73$��ZDV�SHUIRUPHG� LQ�
FRRNHG�/'� VDPSOHV�� � 6DPSOHV�ZHUH�SODFHG�RQ� DOXPL�
QXP�IROGHG�VWULSV�DQG�FRRNHG�WR�DQ�HQGSRLQW�WHPSHUDWXUH�RI�
�����������&�RQ�DQ�HOHFWULF�JULOO��3KLOLSV��&LXGDG�$XWyQRPD�
GH�%XHQRV�$LUHV��$UJHQWLQD��� � ,QWHUQDO� WHPSHUDWXUH�ZDV�
PRQLWRUHG�ZLWK�D�7�W\SH� WKHUPRFRXSOH� LQVHUWHG� LQ� WKH�JHR�
PHWULF� FHQWUH� RI� HDFK� VDPSOH�� �$IWHU� FRRNLQJ�� VWHDNV�ZHUH�
FRROHG�DW� URRP� WHPSHUDWXUH� IRU����PLQ�DQG� WKHQ�FKLOOHG� LQ�
D�UHIULJHUDWRU�DW���&�IRU����K���6L[�����FP�ZLGH�DQG�����FP�
KLJK�FRUHV�ZHUH�REWDLQHG�IURP�LD�VHFWLRQ��SDUDOOHO�WR�PXV�
FOH�¿EHUV�� � ,QVWUXPHQWDO� WH[WXUH� DVVHVVPHQW�ZDV�GRQH�E\� D�
7H[WXURPHWHU�7$�;7��RI�6WDEOH�0LFUR�6\VWHPV��8.��ZLWK�
PXVFXODU� ILEHUV� SDUDOOHO� WR� WKH� IRUFH�GLUHFWLRQ�� �0HDVXUH�

PHQWV�ZHUH�FRQGXFWHG�XVLQJ�D�F\OLQGULFDO�SUREH�606�3����
����PP�GLDPHWHU�� DQG� WKH� IROORZLQJ� VHWWLQJV�� SUREH� VSHHG�
during test 1 mm s����¿QDO� VWUDLQ�����DQG��� V�EHWZHHQ� WKH�
¿UVW�DQG�VHFRQG�VWURNH�� �(DFK�VDPSOH�ZDV�DVVHVVHG���WLPHV�
LQ�DYHUDJH�

,Q�WKH�IRUFH�E\�WLPH�FXUYH��WKH�IROORZLQJ�73$�SDUDPHWHUV�
ZHUH�FDOFXODWHG��&DLQH�HW�DO���������KDUGQHVV��FRKHVLYHQHVV��
VSULQJLQHVV�� UHVLOLHQFH�� DGKHVLYHQHVV�� DQG� FKHZLQHVV�ZHUH�
GHWHUPLQHG��

Statistical analysis 

5HVXOWV� DUH� H[SUHVVHG� DV�PHDQ�VWDQGDUG�GHYLDWLRQ�� �'DWD�
FROOHFWHG�ZHUH� DQDO\]HG� DFFRUGLQJ� WR� WKH�352&�0,;('�
SURFHGXUH�RI�6$6�Y������VWDWLVWLFDO�SDFNDJH��6$6�,QVW�� ,QF��
&DU\��86$����'LIIHUHQFHV�EHWZHHQ�WKH�PHDQ�YDOXHV�RI�HDFK�
treatment YV�� FRQWURO�ZHUH� DQDO\]HG�E\�.UXVNDO�:DOOLV� WHVW�
�3 �������
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