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J0-*%,.&'*0%D" .,*," ;04+*&4+;" 0%&$&-,*+" A%04" 02+%;+,;9" " O:&;" ',-" ,%&;+" ,;" ," %+;()*" 0A"
F0*:" 4,G0%" .&AA+%+-'+;" &-" 3%,'*&'+<" ,-." .&AA+%+-'+;" &-" *:+" +E3+'*,*&0-;" 0A" P(,)&*D<"
3,%*&'(),%)D"B:+%+"'0-;(4+%"3,-+))&-$"&;"(;+.9""
"
Q+,*"P(,)&*D"*%,&*;"',-"F+"&-A)(+-'+."FD"3%0.('*&0-"4+*:0.;"0-"A,%4",-.","B&.+"%,-$+"0A"
A,'*0%;" F+D0-." *:+" A,%4" $,*+9" " O:+" %+2&+B" ;(44,%&;+;" *:+" ,2,&),F)+" &-A0%4,*&0-" 0-"
*:+;+" 2,%&0(;" A,'*0%;" A0%" ),4F9" " Q,-D" 0A" *:+;+" 3%0.('*&0-" ,-." 3%0'+;;&-$" A,'*0%;"
&-A)(+-'+"4+,*"P(,)&*D"*:%0($:"':,-$+;"*0"*:+"3%0'+;;"0A"'0-2+%;&0-"0A"4(;')+"*0"4+,*9""
V*" ',-" F+" (;+A()" *0" :,2+" ," F,;&'" (-.+%;*,-.&-$" 0A" *:&;" 3%0'+;;" ,-." *:&;" &;" 3%+;+-*+."
H),%$+)D"(-+.&*+."A%04"3%+2&0(;"2+%;&0-;I"&-";+'*&0-"R9"
"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"

N



2) FACTORS AFFECTING LAMB EATING QUALITY 
""
J0-;(4+%"%+;+,%':":,;";:0B-"*:,*"*:+"40;*"&430%*,-*",**%&F(*+"0A"4+,*"+,*&-$"P(,)&*D"&;"
*+-.+%-+;;9""]),20(%"&;"(;(,))D"*:+"':,%,'*+%&;*&'"0A"-+E*"&430%*,-'+9"""
"
J0-;(4+%;" $+-+%,))D" '0-;&.+%" ),4F" *0" :,2+" ," $00." +,*&-$" P(,)&*D<" B&*:" 2,%&,*&0-" &-"
*+-.+%-+;;" F+&-$" )+;;" +E*%+4+" *:,-" 0*:+%" ;3+'&+;9" O:+" 4,&-" '%&*&'&;4" 0A" ),4F" &;" &-"
%+),*&0-" *0" *:+"3+%'+&2+." A,**&-+;;9"J0-;(4+%" %+;+,%':"'0-*&-(+;" *0" &-.&',*+" *:,*" ),4F"
',-"F+"'0-;&.+%+."A,**D"HXXe"0A"'0-;(4+%;"&-"1+'+4F+%"6788<";0(%'+K"Q&)B,%."5%0B-I9""
f).+%"HQ>JI"'0-;(4+%"%+;+,%':"&-.&',*+."*:,*" ),4F"A,*" &;"3,%*&'(),%)D".&;)&@+."F+',(;+"
0A"&*;":&$:"4+)*&-$"30&-*",-.":+-'+";*&'@D"40(*:"A++)9"
"
 
Breed / Genetic effects 
"
`,%&0(;";*(.&+;":,2+"'043,%+.","B&.+" %,-$+"0A"F%++.;9"U:&);*".&AA+%+-'+;" &-"',%',;+"
B+&$:*;"H10D)+"et al<"677SI",-."'0-A0%4,*&0-",%+"%+30%*+.<" ".&AA+%+-'+;" &-"4+,*"+,*&-$"
P(,)&*D"F+*B++-"),4F"F%++.",-.";&%+;"B&*:&-"F%++.",%+"$+-+%,))D";4,))",-."&-'0-;&;*+-*9""
O:+%+"&;"+2&.+-'+"*:,*";04+"4&-0%"F%++.;"+E:&F&*"(-(;(,)"P(,)&*D"':,%,'*+%&;*&';"H+$"*:+"
\0,D" &;" *0($:+%" *:,-" U+);:" Q0(-*,&-" ,-." \(AA0)@<" ]&;:+%" et al<" 6777I9" " J,%',;+"
'0-A0%4,*&0-"B&))"$&2+",-" &-.&',*&0-"0A"D&+)."B&*:" *:0;+"0A"=<"^",-."T" &-" %+),*&0-" *0" *:+"
=^TfL"$%&."*+-.&-$"*0"F+"*:+"40;*".+;&%,F)+"A0%"+-."4,%@+*"3%0.('*;9""
"
O:+%+" ,%+" ,);0" ;04+" ;*(.&+;" B:&':" ;:0B" *:,*" '+%*,&-" F%++.;" +E:&F&*" .&AA+%+-*" A),20(%"
':,%,'*+%&;*&';" F(*" $+-+%,))D" .&+*" &;" *:+" 40;*" &430%*,-*" A,'*0%" &-" .+*+%4&-&-$" ),4F"
A),20(%9""]0%"+E,43)+<"=-;+%"et al"H8MMNI"A0(-."*:,*"*:+"/+%.B&'@"H,*"N"40-*:;"0A",$+I"
:,."40%+" *+-.+%"4+,*"B&*:":&$:+%" ),4F" A),20(%" *:,-" *:+"\(AA0)@" H,*"Z"40-*:;"0A",$+I9""
fA*+-" &*" &;" .&AA&'()*" *0" ;+3,%,*+" *:+" F%++." +AA+'*" A%04" *:+" .&+*<" B&*:" .&AA+%+-*" F%++.;"
*%,.&*&0-,))D"%+,%+."&-".&AA+%+-*"+-2&%0-4+-*;9""O:+"=,;*"]%&+;),-."F%++.":,;"F++-"A0(-."
*0":,2+":&$:+%"),4F"A),20(%"&-*+-;&*D"*:,-"O+E+);"0%"\0(*:"10B-;9"
"
5%++.;";+)+'*+." A0%" A&-+"B00)" H3,%*&'(),%)D" &-"C+B"g+,),-.",-."#(;*%,)&,I"',-"+E:&F&*","
.&AA+%+-*"A),20(%9""V-";04+";*(.&+;"*:&;":,;"F++-".+;'%&F+.",;"$%+,*+%"4(**0-"A),20(%9""V-"
0*:+%;" &*" &;" &.+-*&A&+." ,;" ,F-0%4,)9" " O:&;" :,;" F++-" ,;;0'&,*+." B&*:" :&$:" ()*&4,*+" 3/"
%,*:+%"*:,-","F%++."+AA+'*"per se9"
"
O:+%+" ,%+" F%++." .&AA+%+-'+;" &-" *:+" &-'&.+-'+" 0A" D+))0B" A,*" &-" ),4F;<" B&*:" C0%B+$&,-"
F%++.;" ;++4&-$" *0" +E:&F&*" ," 3,%*&'(),%" 3%0F)+49" " O:&;" .0+;" -0*" %+3%+;+-*" ,-" +,*&-$"
P(,)&*D"&;;(+"F(*"*:+%+"&;";04+"'0-;(4+%"%+;&;*,-'+"*0"*:+",33+,%,-'+"0A"D+))0B"A,*9"
"
#"4,%@+."$+-0*D3&'"+AA+'*"0-"*+-.+%-+;;":,;"F++-"0F;+%2+."B&*:"*:+";0"',))+."',))&3D$+"
$+-+9" " O:&;" $+-+<" B:&':" :,;" 3+'()&,%" &-:+%&*,-'+" H@-0B-" ,;" 30),%" 02+%Y.04&-,-'+I<"
&43,%*;"&43%02+."'0-A0%4,*&0-<"3,%*&'(),%)D"0A"*:+"F,'@")+$9""V*":,;"F++-"A0(-."*0"%+;()*"
&-" *0($:+%" )0&-" HlongissimusI9" " Q0;*" B0%@+%;" :,2+" A0(-." *:,*" )+$" &;" (-,AA+'*+." B:+-"
%0,;*+.9" "U:+-";*+,@;" A%04" *:+" )+$",%+"$%&))+." *:+";,4+" *0($:-+;;".&;,.2,-*,$+":,;"
F++-" A0(-." H\:,'@+)A0%." et al<" 8MMSI" F(*" -0*" &-" +2+%D" ',;+" Hh00.;0-" et al<" 6778I9""
5+',(;+" 0A" *:+" D&+)." ,.2,-*,$+;" B0%@+%;" &-" ;+2+%,)" '0(-*%&+;" :,2+" ,**+43*+." 30;*"
;),($:*+%"*%+,*4+-*;"*0"&43%02+"*:+"+,*&-$"P(,)&*D"0A"',))&3D$+"),4F;9""Q0;*"*%+,*4+-*;"
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,%+" -0*" +AA+'*&2+" &-" *+-.+%&;&-$" ',))&3D$+" ),4F" ;(AA&'&+-*)D" *0" 4,*':" '0-*%0);<" ,)*:0($:"
',)'&(4"':)0%&.+"4,%&-,*&0-":,;"F++-"A0(-."*0"F+"+AA+'*&2+"FD";04+"B0%@+%;9"
"
V-"5%&*,&-<"*:+";:++3"F%++.";0'&+*&+;",-."%+;+,%':+%;":,2+",$%++."0-)D"*0"&430%*";:++3"
',%%D&-$" *:+" ',))&3D$+" $+-+" A0%" %+;+,%':" 3(%30;+;" ,-." ,%+" '044&**+." *0" @++3&-$" *:+"
$+-+"0(*"0A"'044+%'&,)";),($:*+%"303(),*&0-;9"
"
O:+" O+E+)" Q(;')&-$" dO>" HOQYdO>I<" A0(-." &-" 3(%+F%+." ^i" O+E+);<" &-'%+,;+;" 4(;')+"
.+3*:",)*:0($:"*:&;"&;"%+;*%&'*+."*0"*:+")0&-",%+,9"T+;+,%':":,;";($$+;*+."*:&;":,;")&**)+"
+AA+'*" 0-" 4+,*" P(,)&*D" 3%02&.+." 30;*" ;),($:*+%" *%+,*4+-*;" &-')(.&-$" :&$:" 20)*,$+"
+)+'*%&',)" ;*&4(),*&0-;",-."'0-.&*&0-&-$" A0%","3+%&0." &-"+E'+;;"0A"S".,D;" &;"',%%&+."0(*<"
H>,4F+"et al<"6788I9"9"
"
\+)+'*&-$" A0%":&$:"4(;')+".+3*:"B&*:&-"F%++.;":,;";:0B-","4&E+." %+;30-;+" *0"+,*&-$"
P(,)&*D" *%,&*;" ,)*:0($:" C,2,%,;" +*" ,)<" H677NI" '0-')(.+." *:,*" (*&)&;&-$" $+-+*&';" *0" $&2+"
&-'%+,;+."4(;'(),%&*D"B0()."-0*":,2+",";&$-&A&',-*"-+$,*&2+"&43,'*"0-"+,*&-$"P(,)&*D9"JO"
;',--&-$"0A"4(;')+".+-;&*D":,;"F++-";:0B-"*0"3%02&.+",-",''(%,*+"3%+.&'*&0-"0A" &-*%,Y
4(;'(),%"A,*<"&-"*(%-"$&2&-$",-"&-.&',*&0-"0A"+,*&-$"P(,)&*D"H>,4F+"+*",)"6787I9""
"
V*" &;" 0A*+-" A+)*" *:,*" *:+" $+-+*&'" 2,%&,*&0-" B&*:&-" F%++.;" 0AA+%;" ;(AA&'&+-*" 30*+-*&,)" A0%"
&43%02&-$"',%',;+",-."4+,*"P(,)&*D"*%,&*;",;"',-"0A*+-"F+";++-"F+*B++-"F%++.;9"O:+%+"
&;" *:+%+A0%+","-++." A0%" *00);" *0";+)+'*" A0%"4+,*"P(,)&*D",*" *:+";,4+" *&4+",;"3%0.('*&0-"
':,%,'*+%&;*&';9"JO"4(;')+".+-;&*D"0AA+%;";04+"30*+-*&,)<"F(*"*:+%+"&;","$%+,*+%"30*+-*&,)"
*0",..%+;;"*:&;"*:%0($:"$+-04&'";+)+'*&0-"&-"*:+"A(*(%+9"O:&;"B&))".+3+-.<":0B+2+%<"0-","
F%++."FD"F%++."2+%&A&',*&0-"0A"$+-04&'".,*," HA%04"\CL"':&3;I",$,&-;*"3:+-0*D3&'".,*,"
B:&':",%+"'0;*)D"*0"'0))+'*9"
"
Practical Messages 
"
5%++."0-)D":,;",";4,))"+AA+'*"+,*&-$"P(,)&*D9"U:+%+".&AA+%+-'+;"F+*B++-"40%+"*%,.&*&0-,)"
F%++.":,2+"F++-";($$+;*+.<";+3,%,*&-$"*:+"+AA+'*"0A"*:+".&+*"A%04"*:+"+AA+'*"0A"*:+"F%++."
&;".&AA&'()*9""
"
V43%02&-$" $+-+*&'" 30*+-*&,)" B&*:&-" F%++.;<" 3,%*&'(),%)D" A0%" 4(;')+" .+3*:<" ;:0()." F+"
+E3)0&*+."B:+%+"*:+%+"&;"-0".+*%&4+-*,)"+AA+'*"0-"4+,*"P(,)&*D9""
"
#**+-*&0-";:0()."F+".&%+'*+."*0B,%.;"$+-04&'";+)+'*&0-"A0%"4+,*"P(,)&*D"&-"*:+"-+E*"XY87"
D+,%;9"
"
"
"
Sex 
 
Q0;*";*(.&+;"0-"*:+"+AA+'*"0A";+E"0-"4+,*"P(,)&*D"&-"),4F":,2+"F++-"'0-'+%-+."B&*:"*:+"
+AA+'*;" 0A" ',;*%,*&0-9" " T+;()*;" ,%+" '0-A)&'*&-$" F(*<" 02+%,))<" .&AA+%+-'+;" F+*B++-" %,4"
),4F;<"+B+"),4F;",-."B+*:+%;",%+";4,))9""
"
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Q+,*"A%04"%,4;":,;"$+-+%,))D"F++-"0A"+P(&2,)+-*"*+-.+%-+;;"*0"*:,*"0A"B+*:+%;"F(*":,;"
;04+*&4+;" F++-" A0(-." *0" F+" *0($:+%9" " #-"Q>J" A(-.+." 3%0G+'*" +E,4&-+." ;3%&-$" F0%-"
),4F;" ;),($:*+%+." A%04" j(-+" *:%0($:" *0" j,-(,%D" ,-." A0(-." -0" .&AA+%+-'+;" F+*B++-"
+-*&%+" 4,)+" ),4F;" ,-." B+*:+%;" A0%" *+-.+%-+;;" 0%" 02+%,))" ,''+3*,F&)&*D9" k0(-$<" et al"
H677ZI<"A0(-."*:,*"B:+-";),($:*+%+.",*"*:+";,4+",$+<"0).+%"%,4"),4F;"B+%+"A0(-."*0"F+"
)+;;"*+-.+%"*:,-"B+*:+%;<",)*:0($:";+-;0%D"3,-+);".&."-0*".&;*&-$(&;:"F+*B++-";+E9""
"
L0*+-*&,))D" 0A" $%+,*+%" '0-'+%-" &;" *:+" :&$:+%" &-'&.+-'+" 0A" ,F-0%4,)" A),20(%;"B:&':" :,;"
F++-" 0F;+%2+." &-" 0).+%" 4,)+" ),4F;9" 1+;3&*+" '&*&-$" ;+2+%,)" +,%)&+%" %+A+%+-'+;" *:,*"
;:0B+."-0"+AA+'*"0A"',;*%,*&0-"0-" A),20(%" &-"4,)+" ),4F;<"\(*:+%),-.",-."#4+;"H8MMZI"
&.+-*&A&+." *:+" .+2+)034+-*" 0A" ,F-0%4,)" A),20(%;" 0''(%;" FD" W7" B++@;" 0A" ,$+" ,-."
'0-')(.+."*:,*" &*" &;",.2&;,F)+"*0"(*&)&;+"%,4"),4F;"0-)D"B:+-"A&-&;:&-$"',-"F+",':&+2+."
FD"XYZ"40-*:;"0A",$+9"O:&;"2&+B" &;";(330%*+."FD"Q(;:&"et al" H677NI",-." &;" &-" )&-+"B&*:"
&-.(;*%D" 3%+A+%+-'+<" +-;(%&-$" *:,*" ;),($:*+%" &;" F+A0%+" %,4&;:" ':,%,'*+%&;*&';" .+2+)03"
B:&':".0B-$%,.+"*:+"',%',;+9"""
"
T,4;" *+-." *0":,2+" A,;*+%"$%0B*:" %,*+;" *:,-"B+*:+%;"B:&':" &-" *(%-":,2+" A,;*+%"$%0B*:"
%,*+;" *:,-" A+4,)+;9" #);0" %,4;" *+-." *0" 3%0.('+" )+,-+%" ',%',;+;" *:,-" B+*:+%;" ,-."
A+4,)+;",*"*:+";,4+")&2+B+&$:*<"H1%,-;A&+)."et al<"8MM7I9"""
"
Practical Messages 
"
U:&);*" +,*&-$" P(,)&*D" .&AA+%+-'+;" &-" %,4" ),4F;<" B+*:+%;" ,-." +B+" ),4F;" ,%+" $+-+%,))D"
;4,))<"&*":,;"F++-"A0(-."*:,*"0).+%"%,4"),4F;"',-"3%0.('+",-",F-0%4,)"A),20(%9"#&4"*0"
A&-&;:"%,4"),4F;"FD"XYZ"40-*:;"0A",$+9""
"
"
"
Weight and age at slaughter 
 
V*"&;"2+%D".&AA&'()*"*0";+3,%,*+"*:+"+AA+'*;"0A",$+<"B+&$:*",-.";+,;0-"&-"),4F;9""h+-+%,))D"
;3+,@&-$" *:+" )&*+%,*(%+" ;(330%*;" *:+" 2&+B" *:,*" 0).+%[:+,2&+%" ),4F;" ,%+" *0($:+%9" " V-"
3,%*&'(),%<" ;3%&-$"F0%-" ),4F;";),($:*+%+." &-" *:+",(*(4-[B&-*+%",%+" *0($:+%" *:,-" *:0;+"
;),($:*+%+." &-" *:+" ;(44+%9" " #-" Q>J" A(-.+." 3%0G+'*" ,*" *:+" ^-&2+%;&*D" 0A" C+B',;*)+"
+E,4&-+." *:+" +AA+'*" 0A" .&+*" ,-." ;),($:*+%" 3+%&0." 0-" *:+" +,*&-$" P(,)&*D" 0A" ),4F9" " O:&;"
')+,%)D".+40-;*%,*+.",-"&-'%+,;+"&-"*0($:-+;;",;"),4F;"F+',4+"0).+%9"">,4F;"A&-&;:+."
,;" :0$$+*;" H&-" j,-(,%D" A0))0B&-$" ;3%&-$" F&%*:I"B+%+" *0($:+%" *:,-" *:0;+" A&-&;:+." &-" *:+"
;(44+%9""O:0;+"A&-&;:+."&-"*:+",(*(4-"B+%+"&-*+%4+.&,*+9""O:+"30;;&F&)&*D"0A"*:&;"F+&-$"
.(+" *0" ;04+" A,'*0%" '0-A0(-.+."B&*:" ;+,;0-" 0A" ;),($:*+%" ',--0*" F+" +E')(.+." Y" )0B+%"
,4F&+-*"*+43+%,*(%+"&-'%+,;&-$"*:+"&-'&.+-'+"0A"'0).";:0%*+-&-$"A0%"+E,43)+9"#;";:++3"
F+'04+"0).+%<",-"&-'%+,;+"&-"0E&.,*&2+"A&F%+;"&;")&@+)D"*0"&-'%+,;+"*0($:-+;;",;"B+))",;"
3%0.('+" .,%@+%" ,-." 30*+-*&,))D" )+;;" .+;&%,F)+" 4+,*9" " V*" :,;" ,);0" F++-" A0(-." *:,*" *:+"
02+%,))" )&@&-$" A0%" ),4F;" A+." 0-" A0%,$+"0%" '0-'+-*%,*+" F,;+.".&+*;" &;" %+.('+." A0%" *:0;+"
;),($:*+%+."&-"Q,%':",;"0330;+."*0"C02+4F+%"HL:&))&3;"et al<"677NI"
"
J0-2+%;+)D<",;"`+&;+*:"et al"H677RI""'0-')(.+.<"),4F;";),($:*+%+.",*"87"40-*:;"0A",$+"
,;"0330;+." *0"6"40-*:;"B+%+"40%+" *+-.+%9"O:&;"B,;"30;*(),*+." *0"F+".(+" *0" *:+" A,'*"
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0).+%",-&4,);"B0().":,2+",":&$:+%" )+2+)"0A" &-;(),*&0-" *0"3%+2+-*",$,&-;*";:0%*+-&-$",;"
B+))",;",")0-$+%")0&-<"*:(;")0-$+%";,%'04+%+")+-$*:9""
"
V-"D0(-$"),4F;<"&-'%+,;&-$";),($:*+%"B+&$:*":,;"F++-"A0(-."*0"3%02&.+","40%+"&-*+-;+"
),4F"0.0(%",-."A),20(%"HQ,%*&-+_YJ+%+_0"et al<"677XI9"/0B+2+%<"*:+%+"&;",);0","*+-.+-'D"
A0%" (-.+;&%,F)+" A),20(%;" *0" .+2+)03" &-" 0).+%" ,-&4,);<" 3,%*&'(),%)D" %,4;" H;++" ,F02+I9""
]),20(%" 3+%'+3*&0-" &;" ;(FG+'*&2+9" " O:+" .&;*&-'*&0-" F+*B++-" *:+" ':,%,'*+%&;*&'" A),20(%" 0A"
),4F" ,-." 4(**0-" :,;" -0*" F++-" B+))" .+A&-+." H\&-@" ,-." J,30%,;0<" 8MSSI9" " L+03)+"
,33,%+-*)D" .&AA+%" &-" *:+&%" '0-'+3*" 0A" B:,*" '0-;*&*(*+;"4(**0-" A),20(%" ,-." *:+" ,F&)&*D" *0"
.&;*&-$(&;:"F+*B++-"),4F",-."4(**0-"A),20(%".&AA+%;"F+*B++-"&-.&2&.(,);"H5,*':+%"et al<"
8MZMI9" "Q(**0-" A),20(%"4,D" .+;'%&F+" ,-" +-*&%+)D" .&AA+%+-*" A),20(%" A%04" ),4F" A),20(%" 0%"
4,D"4+%+)D"%+3%+;+-*","':,-$+"&-"'0-'+-*%,*&0-9""Q(**0-"A),20(%"&;";04+*&4+;"$%0(3+."
B&*:" 0*:+%" (-.+;&%,F)+" A),20(%;" ,;" l0AA" A),20(%;b" 0%" l,F-0%4,)" A),20(%9b" O:&;" &;" ,-" ,%+,"
B:&':"4,D"B,%%,-*"A(%*:+%"%+;+,%':"&-"*+%4;"0A".+*+%4&-&-$"B:,*"*:+"40.+%-"'0-;(4+%"
'0-;&.+%;"l$00.b"),4F"A),20(%9""
"
U&.+" 2,%&,*&0-;" &-" ',%',;+" B+&$:*" ',-" )+,." &-.&%+'*)D" *0" 4+,*" P(,)&*D" &;;(+;" ;(':" ,;"
4&E+.";&_&-$"B&*:&-"3,'@,$&-$")+,.&-$"*0"'00@&-$"*&4+"&-'0-;&;*+-'&+;<",;"B+))",;":,2&-$"
,"-+$,*&2+"&43,'*"0-"2&;(,)",33+,%,-'+9"
"
Practical Messages 
 
5%&*&;:" '0-;(4+%;" 3%+A+%" ," ;*%0-$+%" ),4F" A),20(%" B:&':" .+2+)03;" B&*:" ,$+<" ,)*:0($:"
0).+%" ),4F;" ',-" F+'04+" *0($:+%9" #$+[B+&$:*" ;3+'&A&',*&0-;"4,D" F+" (;+A()" *0" %+.('+"
A),20(%"2,%&,*&0-;9"""
"
 
 
Diet and production system 
 
Flavour 
O:+"'0430;&*&0-"0A"*:+".&+*"&-A)(+-'+;"*:+"3%0.('*;"0A".&$+;*&0-",-.":+-'+"4+,*"0.0(%<"
A),20(%" ,-." A,*" ':,%,'*+%&;*&';9" " U:&);*" &;" ,''+3*+." $%0B*:" %,*+;" ,-." @&))&-$" 0(*"
3+%'+-*,$+;" ',-" F+" ;&$-&A&',-*)D" :&$:+%" &-" '0-'+-*%,*+" A+." ),4F;<" $+-+%,))D<" ;*%0-$+%"
),4F" A),20(%" &;" &43,%*+." FD" A0%,$+" A&-&;:&-$" B:&':" &;" $+-+%,))D" 3%+A+%%+." FD" 5%&*&;:"
'0-;(4+%;"H]&;:+%"et al.<"6777m"\,-(.0"et al<"8MMNI"](%*:+%";*(.&+;":,2+";($$+;*+."*:,*"
,"'04F&-,*&0-"0A"A0%,$+",-."'+%+,)"A&-&;:&-$"%,*&0-;":,2+",":&$:",''+3*,F&)&*D"FD"5%&*&;:"
'0-;(4+%;"&-";+-;0%D",-,)D;&;"H]0-*"&"](%-0);"et al<"677MI<<",)*:0($:"'0-;(4+%;"B0()."
3%+A+%"*0"3(%':,;+"$%,;;"A+."),4F"H]0-*"&"](%-0);"et al<"6788I9"9"
"
>+$(4+;" H3,%*&'(),%)D" )('+%-+" F(*" ,);0" B:&*+" ')02+%I<" F%,;;&',;<" 0,*" 3,;*(%+<" 4,&_+"
;&),$+",-."lB++.;b":,2+",))"F++-"A0(-."*0"&43,%*"0AA"A),20(%;"*0"),4F9""#"$%,;;"$%,_&-$"
3+%&0."0A",;")&**)+",;"S".,D;"',-"%+;*0%+"-0%4,)"),4F"A),20(%"HL,%@"et al<"8MS6,m"L,%@"et 
al<" 8MS6FI9" " Q>J" A(-.+." %+;+,%':" ,*" \#J" =.&-F(%$:" H`&30-." et al<" 8MMXI<" :0B+2+%<"
A0(-."-0".&AA+%+-'+;"F+*B++-" ),4F;" A+."$%,;;" H%D+$%,;;I",-."')02+%[$%,;;";B,%.;9" " V*"
:,;",);0"F++-"0F;+%2+."*:,*"*:+"F%,-':+."':,&-"A,**D",'&.;"*:0($:*"*0"F+"%+;30-;&F)+"A0%"
*:+".&;*&-'*&2+"A),20(%"0A"),4F",%+"3%+;+-*"&-":&$:+%"'0-'+-*%,*&0-;"B:+-"),4F;",%+"A+.","
3%0'+;;+."$%,&-".&+*"HU00.",-."]&;:+%<"8MM7I9"O:+%+"&;";04+"+2&.+-'+"*:,*"0-&0-;"',-"
!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"
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Stan 




:,2+","-+$,*&2+" &43,'*"0-" A),20(%",-." *+-.+%-+;;"0A" ),4F9" "L%0*+&-";0(%'+" &-" *:+".&+*"
H+$" ;0D," 0%" A,F," F+,-;I" ',-" &-A)(+-'+" ;+-;0%D" ':,%,'*+%&;*&';<" 3,%*&'(),%)D" A),20(%9""
#$,&-" *:&;" &;" 3%0F,F)D" ," 4&-0%" +AA+'*" '043,%+." B&*:" *:+" A0%,$+" 2+%;(;" '0-'+-*%,*+"
.&AA+%+-'+;9" " O:+" B+&$:*" 0A" +2&.+-'+" ;($$+;*;" ),4F" A),20(%" A%04" $%,_+." ,-&4,);" &;"
3%+A+%%+."&-"5%&*,&-9""O:&;"4,D"F+"B0%*:"*+;*&-$"A0%",";3+'&A&'"4,%@+*"&A","-&':+"3%0.('*"&;"
(-.+%" '0-;&.+%,*&0-9" " ]0%" ," *:0%0($:" %+2&+B" 0A" *:+" +AA+'*" 0A" .&+*" 0-" ),4F" A),20(%" ;++"
]&+)."et al"H8MNWI"0%"U00."et al<"H677XI9""
"
U:&);*"40;*" ),4F;" &-"5%&*,&-"B&))" F+" A&-&;:+."0AA"$%,;;"B&*:"0%"B&*:0(*" '%++3" A++.&-$<","
-(4F+%"0A"),4F;",%+"',%%&+."02+%"*:+"B&-*+%"3+%&0.9"=5>=?"A(-.+."%+;+,%':"',%%&+."0(*"
FD" #1#\" +E,4&-+." A&-&;:&-$" 0AA" $%,;;['0-'+-*%,*+;<" ,.Y)&F" '0-'+-*%,*+;" ,-." ;*(FF)+"
*(%-&3;9">,4F;"A+.";*(FF)+"*(%-&3;";:0B+.":&$:+%"A),20(%",-."02+%,))" )&@&-$";'0%+;"*:,-"
*:+" 0*:+%" .&+*;<" ,)*:0($:" 0-" ," 3,%"B&*:" *:+" '0-*%0)" $%0(3" @+3*" 0-" 3+%4,-+-*" 3,;*(%+9"
h%0B*:" %,*+;" 4,D" :,2+" F++-" )0B+%" &-" *:+" ;*(FF)+" *(%-&3;" $%0(3" F(*" @&))&-$" 0(*"
3+%'+-*,$+;"B+%+"$%+,*+%9"V*"B,;",);0"A0(-."*:,*"*:+"02+%,))")&@&-$"A0%"F0*:"),4F;"A+."0-"
*:+"A0%,$+"0%"'0-'+-*%,*+"F,;+.".&+*;"B,;"%+.('+."A0%"*:0;+"@&))+."&-"Q,%':",;"0330;+."
*0"C02+4F+%"HL:&))&3;"et al<"677NI9""
"
Texture 
O:+%+" &;" '0-A)&'*&-$" +2&.+-'+" %+$,%.&-$" *:+" +AA+'*" 0A" '0-'+-*%,*+" )+2+)" &-" *:+" .&+*" 0-"
*+E*(%,)" 3,%,4+*+%;" B&*:" ;04+" +2&.+-'+" *:,*" )0B+%" '0-'+-*%,*+[)0B+%" +-+%$D" .&+*;"
3%0.('+"40%+" *+-.+%" ,-." G(&'D"4+,*9" " >,4F;"0-" )0B+%" '0-'+-*%,*+".&+*;" :,2+" ;)0B+%"
%,*+;" 0A" 30;*Y40%*+4"$)D'0)D;&;" H\0)040-" ,-." >D-':<" 8MNNI" ,-." *:&;" :,;" F++-" )&-@+."
B&*:" *+-.+%-+;;" HQ,%;:<" 8MNWI9" " f-" *:+" 0*:+%" :,-." *:+%+" &;" ;04+" %+;+,%':" B:&':"
&-.&',*+;" :&$:+%" +-+%$D" .&+*;" %+;()*" &-"40%+" *+-.+%"4+,*9" "f2+%,))" &*" &;" )&@+)D" *:,*" ,-D"
+AA+'*" 0A" .&+*,%D" *D3+" 0-" *+-.+%-+;;" &;" ;4,))" B&*:" 0*:+%" ,;;0'&,*+." A,'*0%;" ;(':" ,;"
$%0B*:"%,*+",-.",$+<"F+&-$"0A"$%+,*+%"&430%*,-'+9"
"
O:+"3%030%*&0-"0A"'0-'+-*%,*+;"&-"*:+".&+*",);0"&-A)(+-'+;"*:+"A,*"'0430;&*&0-"B&*:":&$:"
'0-'+-*%,*+".&+*;"$+-+%,))D"%+;()*&-$"&-";0A*+%"A,*9""O:&;"&;"'0-;&.+%+."F+-+A&'&,)"&-"*+%4;"
0A" '0-;(4+%" 3+%'+3*&0-" 0A" A,*" *+E*(%+" F(*" ',-" F+" ,;;0'&,*+." B&*:" ,-" (-.+;&%,F)+" 0&)D"
0.0(%" 0%" A),20(%9" " O:+" +AA+'*" 0A" ," '0-'+-*%,*+" .&+*" B&))" ')+,%)D" F+" &-A)(+-'+." FD" &*;"
'0430;&*&0-<"B&*:" ),%.",33+,%&-$"*0"4,@+"*:+" ),4F"A,*":,%.+%",-."B:&*+%9" "O:+"4+)*&-$"
30&-*"&;",);0")0B+%"&-"+,%)D";3%&-$"),4F;"*:,-"&-":0$$+*;9"
"
C+&*:+%" *:+" Q>J" 0%" *:+" #1#\" ;*(.D" 0-" .&+*" ,-." A&-&;:&-$" 3+%&0." 4+-*&0-+." ,F02+"
;:0B+.",-D".&AA+%+-'+;"&-"*+-.+%-+;;"F+*B++-"),4F;"A&-&;:+."0-"'+%+,);<"$%,;;<";&),$+"
0%"%00*;"B:+-";),($:*+%"3+%&0."&;"*,@+-"&-*0",''0(-*9"
"
Growth rates 
h%,;;"A&-&;:&-$"*+-.;"*0"3%0.('+")+,-+%"',%',;+;"*:,-"'0-'+-*%,*+"A++.&-$9"O,@&-$"&-*0"
'0-;&.+%,*&0-" *:+" &.+,)" 8NY68@$" ',%',;+" B+&$:*" +;3+'&,))D" '043,%+." *0" =(%03+,-"
'0(-*+%3,%*;<" *:+" (;+" 0A" $%,;;" A&-&;:&-$" 4,D" ,);0" F+" ,.2,-*,$+0(;" &-" 3%0.('&-$" ,"
:+,2&+%"F(*")+,-+%"',%',;+9""O:+"(;+"0A"')02+%"0%":&$:";($,%"$%,;;"4&E+;"',-"F+","(;+A()"
4+':,-&;4"*0"&43%02+"$%0B*:"%,*+;"40%+"&-")&-+"B&*:"'0-'+-*%,*+"A&-&;:&-$<"B:&);*"*,)@&-$"
,.2,-*,$+"0A" *:+"F+-+A&*;"$%,;;":,;"0-" A,**D",'&."'0430;&*&0-" &-" ),4F<" H1,B;0-"et al,"
6788I9" h%,_&-$" ':&'0%D" 3%040*+;" A,;*+%" $%0B*:" %,*+;" ,-." &43%02+." @&))&-$" 0(*"
3+%'+-*,$+;" ,-." B:&);*" %+;+,%':" *0" .,*+" :,;" ;:0B-" ;04+" 4&E+." %+;()*;" 0-" +,*&-$"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"

8W

Stan 




P(,)&*D<" &*" &;" '0-')(.+." *:,*" ':&'0%D"B&))" -0*" :,2+",".+*%&4+-*,)" +AA+'*" 0-"+,*&-$"P(,)&*D"
H/0(.&G@<"6787I9"9""""
"
V*" &;"$+-+%,))D",''+3*+." *:,*" *:+".&+*"-++.;" *0"3%040*+","$00."'0-;&;*+-*"$%0B*:"%,*+;"
,-." *:(;" +-;(%&-$"4(;')+" $)D'0$+-" )+2+);" ,%+"4,&-*,&-+." ;0" ,;" *0" -0*" 3%0.('+"4+,*"
B&*:" ;&$-&A&',-*)D" :&$:" 3/" )+2+);<" ,)*:0($:" *:+" &-'0%30%,*&0-" 0A" F+;*" 3%,'*&'+" .(%&-$"
3%0'+;;&-$"',-"30*+-*&,))D"%+.('+"*:+"+AA+'*;"0-"+,*&-$"P(,)&*D9""O:+"B&*:.%,B,)"0A"A00."
&-" *:+" 86" :0(%" 3+%&0." )+,.&-$" (3" *0" ;),($:*+%" &;" 0A*+-" 3%,'*&;+." *0" 3%+2+-*" ',%',;+"
'0-*,4&-,*&0-"0-"*:+";),($:*+%")&-+9""
"
Other dietary considerations 
#"$%,;;".&+*",);0"3%02&.+;",-"&-'%+,;+.")+2+)"0A"-(*%&*&0-,))D""&430%*,-*")0-$"':,&-"H-YWI"
30)D(-;,*(%,*+." A,**D" ,'&.;" HL^]#I<" &-" 3,%*&'(),%" +&'0;,3+-*,+-0&'" ,'&." " H=L#I" ,-."
.0'0;,:+E,+-0&'" ,'&." H1/#I" HU00." et al<" 677NI9" 5&0Y.&2+%;+" $%,;;+;" ,-." 40%+"
'044+%'&,)" %D+" $%,;;" 3,;*(%+;" ',-" ,))" 3%0.('+" ),4F;" 0A" F0*:" :&$:" 4+,*" ,-." +,*&-$"
P(,)&*D9"/+,*:+%",-."400%),-." A+." ),4F"B+%+" A0(-." *0"'0-*,&-":&$:+%" )+2+);"1/#",-."
400%),-.",":&$:+%")+2+)"0A"'0-G($,*+.")&-0)+&'",'&."HJ>#I<"F0*:"0A"B:&':":,2+","30;&*&2+"
+AA+'*"0-":(4,-":+,)*:" HU:&**&-$*0-"et al,"677ZI9"/0B+2+%<".(+" *0"F&0:D.%0$+-,*&0-" &-"
*:+"%(4+-<"*:+"30*+-*&,)"A0%")+2+);"0A"-YW"L^]#"A0(-."&-"$%,;;",-."A0%,$+"*0"&-'%+,;+"*:+"
'0-*+-*"B&*:&-"4(;')+;" &;" %+.('+.9"O:+" &-')(;&0-"0A" A,**D",'&.;" &-" *:+".&+*"',-" &43%02+"
L^]#"'0-'+-*%,*&0-;9"O:+" &-'0%30%,*&0-"0A" *%+,*+." )&-;++.":,;"F++-";:0B-" *0":,2+","
30;&*&2+"+AA+'*"0-"F+-+A&'&,)" A,**D",'&." %,*&0;" &-" ),4F9"L,;*(%+" A++.&-$"$+-+%,*+;":&$:+%"
'0-'+-*%,*&0-;"0A"-YW"L^]#;"F(*"&*":,;"F++-";($$+;*+.";(33)+4+-*,*&0-"0A"'0-'+-*%,*+"
.&+*;" B&*:" )&-;++." ',-" 3%02&.+" ," ;&4&),%" )+2+)" *0" $%,;;" A&-&;:+." ),4F;" Hi&*+;;," et al,"
6787I9"
"
`&*,4&-"="&-"*:+".&+*"H,*"W77V^"3+%"@$".%D"4,**+%I":,;"F++-"A0(-."*0"3%0*+'*",$,&-;*")&3&."
0E&.,*&0-"&-"),4F;"A+."'0-'+-*%,*+".&+*;",-.":+-'+"+E*+-.";:+)A")&A+9""U:+%+"),4F;",%+"
A&-&;:+."0-"'0-'+-*%,*+".&+*;"0%" ;*(FF)+" *(%-&3;"B:&':",%+" )0B" &-"`&*,4&-"=<",..&*&0-,)"
;(33)+4+-*,*&0-"&-"*:+".&+*"4,D"F+"F+-+A&'&,)9"
"
V-"'0440-"B&*:"F++A<";),($:*+%&-$",-&4,);".&%+'*)D"0AA"*:+&%"40*:+%;":,;"F++-"A0(-."*0"
%+;()*" &-"40%+" *+-.+%"4+,*" *:,-"*:0;+"B+,-+."A&%;*9" "]0%"+E,43)+<"`&30-."et al" H8MMXI"
A0(-." *:,*" ),4F;";),($:*+%+.",*"67"B++@;"0A",$+".&%+'*)D"0AA" *:+&%"40*:+%;"B+%+"40%+"
*+-.+%"*:,-"*:0;+";),($:*+%+."0AA"3,;*(%+",*"6N[M"B++@;"0A",$+"HX9N"'043,%+."B&*:"X97"
0-",-"+&$:*"30&-*";',)+I9""V*"&;"(-)&@+)D"*:,*"*:&;",$+".&AA+%+-'+",)0-+"B0().":,2+";(':","
4,%@+."+AA+'*9""
"
f*:+%" ;*(.&+;" ;:0B" '0-*%,;*&-$" +2&.+-'+" %+$,%.&-$" *:+" 30*+-*&,)" D&+)." .&AA+%+-'+;"
F+*B++-",%*&A&'&,))D"%+,%+."0%"+B+"%+,%+."),4F9"T+;+,%':"&-*0"$+-*)&-$",-.",%*&A&'&,)",-."
+B+" %+,%&-$" ;:0B+." *:,*" B:&);*" ,))" $+-*)+." ),4F;" .&;3),D+." ," $%+,*+%" 3/" .+')&-+<" -0"
;&$-&A&',-*".&AA+%+-'+;"&-";:+,%"A0%'+",-."4+,*"P(,)&*D":,2+"F++-"0F;+%2+."HC,30),*&-0"
+*",)<"677ZI9 
"
O:&;"&;",-",%+,"*:,*"4,D"B,%%,-*"A(%*:+%"%+;+,%':9""V-" ),4F"&*"B0()."F+"30;;&F)+"*0"(;+"
*B&-;"B:+%+"0-+"&;"B+,-+.",-."0-+")+A*",*"A00*"A0%",".&%+'*"'043,%&;0-"HB&*:";),($:*+%",*"
*:+";,4+",$+[B+&$:*I9"
"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"
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Practical Messages 
 
1&+*" :,;" )&**)+" +AA+'*" 0-" *+-.+%-+;;" F(*" ," ),%$+" &-A)(+-'+" 0-" A),20(%9" >,4F;" A+." 0-"
3,;*(%+".&+*;",%+"3%+A+%%+."FD"5%&*&;:"'0-;(4+%;9"\(33)+4+-*,*&0-"0A" A0%,$+".&+*;"B&*:"
'0-'+-*%,*+;".0+;"-0*"-+$,*&2+)D",AA+'*"*,;*+"F(*"'0-'+-*%,*+;"',-"3%0.('+"(-.+;&%,F)+"
A,*"':,%,'*+%&;*&';9"
"
]0%,$+" F,;+." .&+*;" ',-" 3%02&.+" ," :&$:+%" )+2+)" 0A" &430%*,-*" )0-$" ':,&-" L^]#;<"
3,%*&'(),%)D"=L#",-."1/#<"B:&':",%+"-(*%&*&0-,))D"F+-+A&'&,)"*0":(4,-":+,)*:9"
"
]0%,$+")+$(4+;<"&-"3,%*&'(),%">('+%-+<"',-"&43,%*"0AA"A),20(%;9"U:+%+"*:&;"&;"(;+."&-"*:+"
.&+*"+-;(%+"),4F;",%+"$%,_+."0-"$%,;;"A0%","3+%&0."0A",*")+,;*"S".,D;"3%&0%"*0";),($:*+%"*0"
%+;*0%+"-0%4,)"A),20(%9"""
"
`&*,4&-"=";(33)+4+-*,*&0-",*"W77"V^[@$"1Q<";:0()."F+"'0-;&.+%+."B:+%+"),4F;",%+"A+."
'0-'+-*%,*+;"&-"0%.+%"*0"%+.('+")&3&."0E&.,*&0-",-."3%0)0-$";:+)A")&A+9"
"
#&4"A0%","'0-;&;*+-*"$%0B*:"%,*+<"+;3+'&,))D"&-"*:+")+,."(3"*0";),($:*+%9""
 
 
 
Animal fatness 
 
#"4,G0%"Q>J" ;*(.D" 0-" *:+" +AA+'*" 0A" A,*-+;;" 0-" ),4F" +,*&-$" P(,)&*D"B,;" '043)+*+." &-"
8MMW9""O:&%*D"),4F"',%',;+;"B+%+";+)+'*+."A%04"+,':"0A"A&2+"Q>J"A,*"'),;;+;"H6<"W><"W/<"
R>",-."R/I"F+*B++-"\+3*+4F+%",-."1+'+4F+%"8MM69" "=,':"$%0(3" &-')(.+."8X"4,)+;"
,-."8X"A+4,)+;9""\+)+'*&0-;"B+%+"4,.+"&-"+&$:*",F,**0&%;9""T0,;*+.")+$"G0&-*;",-."$%&))+."
)0&-"':03;"B+%+",;;+;;+."FD"*%,&-+.";+-;0%D"3,-+)9""O:+%+"B,;"-0";&$-&A&',-*"+AA+'*"0A"
A,*-+;;"0-"A),20(%<"G(&'&-+;;"0%"*+-.+%-+;;"0A")+$"G0&-*;"F(*"*:+%+"B,;",";&$-&A&',-*"+AA+'*"
0A"A,*-+;;"0-"*+-.+%-+;;",-."G(&'&-+;;"0A")0&-"':03;9""O:+"6",-."W>"),4F;"3%0.('+.")0&-"
G0&-*;" B&*:" )0B+%" *+-.+%-+;;" ;'0%+;" *:,-" *:+" 0*:+%" *:%++" '),;;+;" B:&':" B+%+" -0*"
.&AA+%+-*9""O:+",F;0)(*+"+AA+'*"0A"A,*-+;;"0-")0&-"*+-.+%-+;;"B,;";4,))"'043,%+."*0"*:+"
F+-+A&*" 0F*,&-+." 2&," ':,-$+;" &-" 30;*" ;),($:*+%" ',%',;+":,-.)&-$"0%" ,$+&-$" H.&;'(;;+."
),*+%I9"
"
#-" &430%*,-*" ;*(.D" 0-" *:+" +AA+'*" 0A" ),4F" A,*-+;;" 0-" +,*&-$" P(,)&*D"B,;" '0-.('*+." FD"
\4&*:"et al" H8MSZI" &-"*:+"^\9"">,4F;"B+%+";+)+'*+."A%04","'0440-"+-2&%0-4+-*"*0"A&*"
&-*0"*:%++"$%0(3;K")+,-<"A,*",-."&-*+%4+.&,*+9""\(F'(*,-+0(;"A,*"B,;"%+402+."A%04"0-+"
;&.+"0A"*:+"),4F;"&-"*:+"&-*+%4+.&,*+"$%0(3",-.",))";&.+;"B+%+"':&))+.",*"8nJ9""\:0%*+-&-$"
0''(%%+." &-" *:+" )+,-" $%0(3" %+;()*&-$" &-" ,-" +AA+'*" 0A" A,*-+;;" 0-" *+-.+%-+;;9" " O:+" A,*"
*%&44+."$%0(3"4,*':+." *:+" )+,-"$%0(3" &-" *+%4;"0A" *0($:-+;;9" "O:+;+" %+;()*;";($$+;*"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"
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*:,*" *:+"4,G0%" +AA+'*" 0A" A,*-+;;" &;" *:+" &-;(),*&-$" +AA+'*" 0A" ;(F'(*,-+0(;" A,*" 3%0*+'*&-$"
,$,&-;*"'0).";:0%*+-&-$".(%&-$"':&))&-$9"
"
#"C+B"g+,),-." %+30%*"0-" *:+"+AA+'*;"0A"4,%F)&-$" &-"$%,;;" A+." ),4F" &-" %+),*&0-" *0"4+,*"
P(,)&*D"&.+-*&A&+."*:,*"B:&);*"0FG+'*&2+"4+,;(%+4+-*;"0-"*:+")0&-";:0B+.":&$:"4,%F)&-$"*0"
F+"40%+" *+-.+%<";+-;0%D",-,)D;&;".&."-0*";:0B",-D";&$-&A&',-*".&AA+%+-'+"Hk0(-$"et al<"
677MI9"h+-+%,))D" ),4F"A,*-+;;":,;"F++-"A0(-."*0":,2+","B+,@"%+),*&0-;:&3"B&*:"+,*&-$"
P(,)&*D<"&-"3,%*&'(),%"*+-.+%-+;;9""#$,&-;*"*:+"02+%,))"3+%'+3*&0-"0A"),4F",;","A,**D"4+,*<"
,-."*:+"-+$,*&2+"%+,'*&0-"0A"'0-;(4+%;"*0"A,**D"'(*;<"*:+;+"F+-+A&*;",%+";4,))9""V*"&;"40%+"
&430%*,-*" *0" 3%0.('+" )+,-" '(*;<" :,-.)+." ,''0%.&-$" *0" F+;*" 3%,'*&'+<" 0A" $00." 2&;(,)"
,33+,)"*:,-"*0"0F*,&-"*:+";4,))"F+-+A&*;"0A"A,*-+;;"0-"+,*&-$"P(,)&*D9""O:&;"&;"3,%*&'(),%)D"
*:+" ',;+" &-" ),4F" B:+%+" *%&44&-$" 0A" &-*+%4(;'(),%" A,*" A%04" B&*:&-" %0,;*&-$" G0&-*;" &;"
3,%*&'(),%)D".&AA&'()*9"
 
Practical Messages 
 
J0-;(4+%;" 3+%'+&2+" ),4F" ," A,**D" 3%0.('*9" U:&);*" ," )+2+)" 0A" A,*" :,;" ;4,))" F+-+A&*;" &-"
*+%4;"0A" G(&'&-+;;",-."*+-.+%-+;;" *:&;9"#" )+,-<"'0-;&;*+-*<"3%0.('*"B&*:"3)+,;&-$"2&;(,)"
,33+,%,-'+";:0()."F+";*%&2+."A0%9"""
"
J:&))&-$"4+*:0.;";:0()."F+"40-&*0%+."&-"0%.+%"*0"3%+2+-*"*0($:-+;;".(+"*0";:0%*+-&-$"&-"
)+,-+%"',%',;+;<",)*:0($:"+E*%+4+)D")+,-"',%',;+;";:0()."F+",20&.+.9""
"
#&4"A0%","4&-&4(4"A,*"'),;;"0A"6",-.","4,E&4(4"A,*"'),;;"0A"W/"
"
 
"
"
Pre-slaughter stress and handling 
"
\:++3";++4"*0"F+"%+4,%@,F)D"%+;&;*,-*" *0";*%+;;"HU,%%&;;"et al<"8MNSm"i-0B)+;<"8MMNI"
,-."%,%+)D"+E:&F&*"*:+"L\="0%"1]1"'0-.&*&0-;9""],;*&-$"0%"(-.+%A++.&-$",)0-+".0+;"-0*"
',(;+" .,%@" '(**&-$" &-" ),4F" F(*" &*" .0+;" )0B+%" $)D'0$+-" %+;+%2+;9" " VA" *:&;" 0''(%;" &-"
'0-G(-'*&0-" B&*:" ,-" &-'%+,;+" &-" '&%'(),*&-$" ,.%+-,)&-+" 0%" ;*%+-(0(;" 4(;'(),%" ,'*&2&*D<"
$)D'0$+-"F%+,@.0B-"',-"%+;()*"&-".,%@"'(**&-$9""V-"',;+;"0A"+E*%+4+"A,;*&-$"%+;()*&-$"&-"
B+&$:*")0;;<"*:+"4+,*"',-"F+"4(':"*0($:+%9""=E+%'&;+"',-<"0-"*:+"0*:+%":,-.<"%+;()*"&-"
40%+" *+-.+%" 4+,*<" 30;;&F)D" F+',(;+" *:+" 4(;')+" +-*+%;" %&$0%" 40%+" P(&'@)D" ,-." '0)."
;:0%*+-&-$"&;",20&.+."HJ:%D;*,))"et al<"8MN6m"U,%-+%"et al<"677XI9"""
"
U:&);*" *%,-;30%*":,;","-+$,*&2+"+AA+'*"0-"F0.D"B+&$:*<" &*":,;"2+%D" )&**)+";*%+;;"+AA+'*"0-"
;:++3",-.",**+43*;"*0"4+,;(%+"+AA+'*;":,2+"$&2+-"2,%&,F)+"%+;()*;9"]&;:+%"et al"H6787I""
'0-')(.+"*:,*";:++3"',-"'03+"B&*:"%0,."*%,-;30%*"(3"*0"RN":0(%;9"V*" &;"B&.+)D",''+3*+."
*:,*"%0,."*D3+",-.".%&2+%";*D)+":,2+","),%$+%"&-A)(+-'+"*:,-"G0(%-+D"*&4+;",-."&*":,;"F++-"
;($$+;*+." *:,*" .&AA+%+-*" 3:D;&0)0$&',)" %+;30-;+;" ,%+" ;++-" &-" ;:++3" 0A" 2,%D&-$" ,$+;9"
V-*+%+;*&-$)D<" %+'+-*" ;*(.&+;" :,2+" ;($$+;*+." ,-" &-'%+,;+" &-" )&3&." 0E&.,*&0-" :,;" F++-"
)&-@+."B&*:"*%,-;30%*,*&0-"0A"D0(-$"),4F;"H1+"),"](+-*+"et al<"6787m"g:0-$"et al,"6788I9"""
V*" &;" $+-+%,))D" ,''+3*+." *:,*" :,-.)&-$" ,-." )0,.&-$" ,%+" *:+"40;*" ;*%+;;A()" 3+%&0.;" ,-."
),4F;"B&))"%+'02+%"*0";04+"+E*+-*"*:%0($:0(*"*:+"G0(%-+D9"""
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"
5%(&;&-$" ,-." ',%',;+" .,4,$+" ',-" 0''(%" .(%&-$" B+&$:&-$<" ;0%*&-$<" )0,.&-$" ,-."
*%,-;30%*,*&0-<"3,%*&'(),%)D"&-"D0(-$"),4F;",-."',%+A()":,-.)&-$"&;"+;;+-*&,)9""U:&);*"*:&;"
.0+;"-0*".&%+'*)D":,2+",-",AA+'*"0-"+,*&-$"P(,)&*D"&*"',-",AA+'*"*:+"2&;(,)",33+,%,-'+"0A"
4+,*9""
"
>,4F;" ;:0()." F+" 3%+;+-*+." A0%" ;),($:*+%" &-" ," ')+,-" '0-.&*&0-" &-" )&-+" B&*:"
%+'044+-.,*&0-;" (-.+%" *:+" J)+,-" >&2+;*0'@" L0)&'D" &-" 0%.+%" *0" 3%+2+-*" ',%',;+"
'0-*,4&-,*&0-"0-"*:+";),($:*+%")&-+9"1,$$&-$",-.[0%"F+))D"')&33&-$"4,D"F+"-+'+;;,%D"*0"
,':&+2+"*:&;",-."&*"&;"&430%*,-*"*:,*"*:&;"&;".0-+"'0-;&.+%,*+)D"*0"%+.('+";*%+;;",-."&-","
4,--+%"*:,*".0+;"-0*".+2,)(+"*:+";@&-9""
"
Practical Messages 
 
U:&);*";:++3",33+,%"*0"F+"A,&%)D"%+;&)&+-*"*0";*%+;;<"$00.":,-.)&-$",-."'%+,*&-$"4&-&4,)"
;*%+;;" ;:0()." ,)B,D;" F+" 3,%,40(-*9" \*0'@&-$" .+-;&*&+;<" *%,2+))&-$" *&4+;<" )0,.&-$<"
(-)0,.&-$",-."$+-+%,)":,-.)&-$",%+",))"30*+-*&,)";*%+;;0%;9"""
"
J,%+A()":,-.)&-$"&;"+;;+-*&,)"*0",20&."F%(&;&-$",-."',%',;+".,4,$+9""
"
"
"
Method of killing 
 
\*(--&-$"0A";:++3" &-" *:+"^i" &;"$+-+%,))D"',%%&+."0(*"FD"0-+"0A" *B0"+)+'*%&',)"4+*:0.;9""
/+,."0-)D";*(--&-$"&;".+)&2+%+."FD"*:+"(;+"0A"*B0"+)+'*%0.+;"3),'+."0-"*:+":+,.9""/+,."
*0" F,'@" ;*(--&-$" 4,@+;" (;+" 0A" ," *:&%." +)+'*%0.+" &-" *:+" %+$&0-" 0A" *:+" ),;*" *:0%,'&'"
2+%*+F%,9" " VA" ;*&'@&-$" &;" -0*" ',%%&+." 0(*" ;(AA&'&+-*)D" P(&'@)D" ,A*+%" ;*(--&-$" *:+-"
:,+40%%:,$+;" ',-" %+;()*<" $&2&-$" %&;+" *0" F)00." ;3),;:" &-" *:+" 4(;')+;<" A,*" ,-." 0*:+%"
*&;;(+;9""O:+;+"',-".+*%,'*"A%04"2&;(,)",33+,)"0A"*:+"4+,*9""O:+%+"&;",")+$,)"%+P(&%+4+-*"
A0%",-&4,);"*0"F+";*('@"B&*:0(*".+),D"A0))0B&-$";*(--&-$9""#"$00."$(&.+"*0"%+.('+"F)00."
;3),;:"&;"*0")&4&*"*:&;"*0"87";+'0-.;9""
"
#" \*(-" #;;(%,-'+" Q0-&*0%" H\#QI" ',-" F+" (;+." *0" .+40-;*%,*+" +AA+'*&2+" ;*(--&-$"
3+%A0%4,-'+" ,-." 3%02&.+" ,"4+,-;" *0" ,':&+2&-$" :&$:" )+2+);" 0A" ,-&4,)" B+)A,%+" ,;" B+))"
%+,;;(%,-'+" A0%" '0-;(4+%;9" #" \#Q" ',-" ,);0" :+)3" .+*+'*" A,()*;" &-" *:+" ;D;*+4" B:&':"
+-,F)+;"'0%%+'*&2+",'*&0-"*0"F+"*,@+-"*:(;",20&.&-$",-"&43,'*"(30-"',%',;+"P(,)&*D9""
 
Practical Messages 
 
\*(-"*0";*&'@"*&4+;";:0()."F+")+;;"*:,-"8X";+'0-.;"F(*","*&4+")+;;"*:,-"87";+'0-.;"&;"
%+'044+-.+."*0"%+.('+"F)00.";3),;:9""
"
 
 
Chilling 
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\:0%*+-&-$"0A"*:+"4(;')+"3%&0%"*0"%&$0%"40%*&;"$&2+;",".%,4,*&'"*0($:+-&-$"+AA+'*9""V*":,;"
F++-"A0(-."*:,*"*:+"4&-&4(4";:0%*+-&-$"A0%"),4F"0''(%;",*"':&))&-$"*+43+%,*(%+;"0A"X"*0"
67" nJ" ,-." 4,E&4(4" ;:0%*+-&-$" 0''(%;" ,*" 7nJ" H'0)." ;:0%*+-&-$I" ,-." R7nJ" H:0*"
;:0%*+-&-$I"HJ00@",-.">,-$;B0%*:<"8MZZm"h++;&-@"et al<"6777I9"">,4F;",%+"3,%*&'(),%)D"
;(;'+3*&F)+" *0"'0).";:0%*+-&-$"F+',(;+"0A" *:+";4,))";&_+"0A" *:+"',%',;+"B:&':"+-,F)+;"
%,3&.":+,*")0;;"30;*";),($:*+%9""O:+%+"&;"'0-A)&'*&-$"+2&.+-'+",;"*0"B:+*:+%"4+,*"B:&':"
:,;" F++-" ;:0%*+-+." %+;30-.;" *0" ,$+&-$9" O:+" ;,A+;*" '0(%;+" 0A" ,'*&0-" &;" *0" ,20&."
;:0%*+-&-$o"
"
O:+"@+D"A,'*0%;"&-".+*+%4&-&-$";:0%*+-&-$",%+")0B"0%":&$:"*+43+%,*(%+;",-."3/"02+%"Z96"
'0(3)+."B&*:",";(AA&'&+-*"#OL")+2+)"HW9X "40)+[$"4(;')+I"A0%"'0-*%,'*&0-9" "#;","$+-+%,)"
%()+<" ':&))&-$" *0" ,20&." ," *+43+%,*(%+" F+)0B" 87nJ" &-" ,-D" 4(;')+" B&*:&-" 87" :0(%;" 0A"
;),($:*+%" B&))" ,20&." '0)." ;:0%*+-&-$" ,-." :0*" ;:0%*+-&-$" &;" %,%+)D" ,-" &;;(+" 3%02&.+."
',%',;+;" ,%+" ':&))+." A0))0B&-$" ;),($:*+%9" U&*:" *:+" (;+" 0A" +)+'*%&',)" ;*&4(),*&0-" H=\I<"
A,;*+%"':&))&-$" %,*+;"',-"F+",':&+2+."F(*" *:+",&4";:0()."F+" *0" %+,':" ","3/"0A"Z",*"8NY
WX0J<",;"&.+-*&A&+."FD"2,%&0(;"%+;+,%':";*(.&+;<"&-"0%.+%"*0"%+.('+"*:+"%&;@"0A";:0%*+-&-$"
,-."&;"'&*+."&-"Q+,*"\*,-.,%.;"#(;*%,)&,"$(&.+)&-+;"HL+,%'+"+*",)<"677ZI9""""
"
O:+" )0&-" 4(;')+" HLongissimus thoracis et lumborumI" &;" ," $00." 4,%@+%" A0%" '0)."
;:0%*+-&-$9" " V*" &;" 3,%*&'(),%)D" ;(;'+3*&F)+" F+',(;+" 0A" &*;" ;:,3+" ,-." )0',*&0-" &-" *:+"
',%',;+9"T+'+-*"B0%@"'044&;;&0-+."FD"=5>=?<"&.+-*&A&+."*:,*"&-"=-$)&;:"),4F"3),-*;<","
2,%&,*&0-" &-" *:+" %,*+" 0A" 3/" A,))" &;" ,33,%+-*<" F0*:" B&*:&-" *:+" ;,4+" 3),-*" ,-." F+*B++-"
3),-*;9"U:&);*" *:+" %&;@"0A" ;+2+%+"'0)." ;:0%*+-&-$",33+,%+." *0"F+"4&-&4,)<" *:+%+"B,;","
%&;@" &-"3),-*;"-0*"(;&-$"=\9"J0-2+%;+)D" &-"3),-*;"(;&-$"/&$:"`0)*,$+"=\"*:+%+"B,;"*:+"
30*+-*&,)"A0%":0*";:0%*+-&-$9"J0-;&.+%,*+"':&))&-$"&;"+;;+-*&,)"*0"+-;(%+"*:,*"':&))&-$".0+;"
-0*")+,."*0"*0($:-+;;"HQ,**:+B;<"6788I9"9""
"
J,%',;+"A,*-+;;"',-":,2+","40%+"4,%@+."+AA+'*"0-"*:+"+,*&-$"P(,)&*D"0A"),4F;"*:,-"*:+"
0*:+%";3+'&+;"F+',(;+"0A" *:+";(;'+3*&F&)&*D" *0"'0).";:0%*+-&-$9" "O:+" &-;(),*&-$"+AA+'*"0A"
;(%A,'+" A,*" 0-" *:+" ',%',;+" ',-" %+.('+" *:+" %,*+" 0A" :+,*" )0;;" ,-." *:+%+A0%+" 3%0*+'*" *0"
;04+" +E*+-*" ,$,&-;*" '0)." ;:0%*+-&-$9" " O:&;" B,;" 3,%*&'(),%)D" B+))" &))(;*%,*+." FD" *:+"
+E3+%&4+-*"'0-.('*+."FD"\4&*:"et al"H8MSZI".+;'%&F+.",F02+9"
"
O:+%+":,;"F++-";04+"+2&.+-'+"*:,*"*:+",33)&',*&0-"0A",-"()*%,"%,3&."':&))&-$"%+$&4+"H,-"
,&%" *+43+%,*(%+"0A" Y67nJ",*" ," ;3++."0A" 89X4[;" A0%" +E,43)+I" ',-" %+;()*" &-" *+-.+%"4+,*"
B&*:",..+.",.2,-*,$+;"0A"%+.('+.".%&3")0;;9""O:+"%+;()*;"0A"2,%&0(;"*%&,);":,2+<":0B+2+%<"
F++-"&-'0-;&;*+-*",-."*:+%+"&;",".,-$+%"0A"&-.('&-$"'0).";:0%*+-&-$"%+;()*&-$"&-"*0($:+%"
4+,*9" " \)&$:*" 2,%&,*&0-;" &-" *:+" ':&))&-$" '0-.&*&0-;" ;++4" *0" D&+)." .&AA+%+-*" %+;()*;" ,-.<"
F+',(;+"0A"*:+".&AA&'()*D"0A";*,-.,%.&;&-$"':&))&-$"&-"'044+%'&,)"3%,'*&'+<"&*",33+,%;"*0"F+"
,"%&;@D",33%0,':9"
"
#-",)*+%-,*&2+",33%0,':<";04+*&4+;"',))+."'0-.&*&0-&-$"H-0*"*0"F+"'0-A(;+."B&*:",$+&-$"
0%"4,*(%,*&0-I<" &;" *0".+),D"':&))&-$"(-*&)" *:+"4(;')+;"0A" *:+"',%',;+":,2+",)%+,.D"$0-+"
&-*0"%&$0%"40%*&;9""V-"3%,'*&'+"*:&;"4+,-;":0).&-$"*:+"',%',;+",*","*+43+%,*(%+"0A"S"*0"8N"
nJ"A0%","3+%&0."0A"*&4+"F+A0%+"+-*%D"*0"*:+"',%',;+"':&))+%9"
"
V-"4,-D";*(.&+;".+),D+."':&))&-$":,;"F++-"'043,%+."B&*:";,43)+;"':&))+.",*"7nJ"B:&':<"
,;" ;*,*+." ,F02+<" &;" @-0B-" *0" &-.('+" '0)." ;:0%*+-&-$9" " V*" ;++4;" )&@+)D" *:,*" ,))" *:+"
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'0-.&*&0-&-$"3+%&0.",':&+2+;"&;"*:+"3%+2+-*&0-"0A";:0%*+-&-$9""J,%+",);0":,;"*0"F+"*,@+-"
*0" ,20&." :0*" ;:0%*+-&-$" B:&':" '0()." 0''(%" &A" *:+" :0).&-$" *+43+%,*(%+" +E'++.;" 8NnJ9""
f2+%,))" *:&;" ,33%0,':" ,..;" )&**)+" *0" *:+" F+-+A&*;" 0F*,&-+." FD" '0-*%0)" 0A" ':&))+%"
*+43+%,*(%+;" *0" ,20&." '0)." ;:0%*+-&-$9" " V*" ',-" ,);0" %+;()*" &-" 300%+%" '0)0(%" ;*,F&)&*D" 0-"
%+*,&)".&;3),D9"
"
Practical Messages 
"
J:&))&-$"-++.;"*0"F+"'0-;&.+%,*+"*0"4&-&4&;+"*:+"%&;@"0A"+&*:+%"'0)."0%":0*";:0%*+-&-$9""
"
U:+%+"=\"&;"-0*"(;+.",20&."':&))&-$"*0"870J",-."F+)0B"B&*:&-"*:+"A&%;*"87":0(%;9"U:+%+"
=\"&;"(;+.",&4"*0",':&+2+","3/"0A"Z",*"8NYWX0J9""
"
O,@+"&-*0",''0(-*"2,%&,F)+"',%',;+;";&_+;",;"),%$+%"',%',;+;"B&))"F+")+;;"3%0-+"*0"'0)."
;:0%*+-&-$9"T+$(),%)D"40-&*0%"3/"A,))",-."*+43+%,*(%+9"""
"
"
 
Carcase suspension method 
 
#;" &;" ')+,%" A%04" *:+" +AA+'*" 0A" ;:0%*+-&-$" 0-" *0($:-+;;<" *:+" ;*,*+" 0A" '0-*%,'*&0-" 0A"
4(;')+;" &;",";&$-&A&',-*" A,'*0%" &-".+*+%4&-&-$"+,*&-$"P(,)&*D9" "Q(;'(),%"'0-*%,'*&0-"30;*"
40%*+4" &;"40.+%,*+."FD" *:+",**,':4+-*" 0A" *:+"4(;')+;" *0" *:+" ;@+)+*0-9" "O:+" *+-;&0-"
&430;+." 0-" ,-D" &-.&2&.(,)" 4(;')+" &-" *:+" ',%',;+" .+3+-.;" 0-" *:+" 30;&*&0-" 0A" *:+"
;@+)+*0-9" " `,%&0(;" 4+,-;" 0A" ;(;3+-.&-$" *:+" ',%',;+" ,-." 4,-&3(),*&-$" *:+" ;@+)+*0-"
:,2+"*:+%+A0%+"F++-"*+;*+."A0%"*:+&%"+AA+'*"0-"*+-.+%-+;;9"
"
V-"),4F<"1,2+D",-."h&)F+%*"H8MSWI"A0(-."*:,*";(330%*&-$","),4F"',%',;+"0-","F%004;*&'@"
&-" ," l-,*(%,)b" ;*,-.&-$" 30;&*&0-" &43%02+." *:+" )0&-" Hlongissimus dorsiI" ,-." )+$" HBiceps 
femoris, semimembranosus",-."gluteus mediusI9""`,%&0(;";*(.&+;":,2+";:0B-"F+-+A&*;"
0-"*:+")+$",-.")0&-"4(;')+;"A%04":&3";(;3+-;&0-"0A"),4F"',%',;+;9""O:&;"B,;",);0"A0(-."
&-"Q>J"%+;+,%':"B:+%+":&3";(;3+-;&0-"D&+).+."*:+"F&$$+;*" &43%02+4+-*" &-"*+-.+%-+;;"
,':&+2+." FD" ," ;&-$)+" A,'*0%9" " O:+" +E*+-*" 0A" *:+" &43%02+4+-*" ,':&+2+." B&*:" :&3"
;(;3+-;&0-";($$+;*;"*:,*"*:+%+"4,D"F+"F+-+A&*;"&-",..&*&0-"*0",20&.&-$";:0%*+-&-$"B:&':"
,%+"-0*"D+*"(-.+%;*00.9""f-"*:+"0*:+%":,-."*:+")0&-"0A","'0-2+-*&0-,)",':&))+;";(;3+-.+."
',%',;+"B&))"+-*+%"%&$0%"&-",";:0%*+-+.";*,*+"&-",-D"',;+9"
"
#..&*&0-,)" *+-;&0-" 0A" *:+" )0&-" 0A" :&3" ;(;3+-.+." ',%',;+;" ',-" F+" ,':&+2+." FD" *:+"
,33)&',*&0-" 0A" B+&$:*;" 0%" FD" ;+2+%&-$" 2+%*+F%,+" 0%" A,;'&,[*+-.0-;" 02+%)D&-$" *:+" )0&-9""
O:+;+" :,2+" -0*" $+-+%,))D" F++-" ;:0B-" *0" F+-+A&*" *+-.+%-+;;" ,-D" A(%*:+%" *:,-" :&3"
;(;3+-;&0-",)0-+"H+$"5(+$+",-."\*0(AA+%<"8MSRI9""
"
#FF,-"et al"H8MSXI"&-2+;*&$,*+."*:+"+AA+'*"0A",)*+%&-$"*:+"30;*(%+"0A"*:+"',%',;+"FD"(;+"0A"
," ;&43)+" ,-." 3%,'*&',)" 3%+Y%&$0%" *+-;&0-&-$" 4+*:0.9" " O:&;" %0*,*+." *:+" A+4(%" &-*0" ,"
30;&*&0-" ')0;+%" *0" *:,*" &-" *:+" )&2+" ,-&4,)9" " O:&;" %+;()*+." &-" &43%02+." *+-.+%-+;;" &-" Z"
4(;')+;" ,;;+;;+." B&*:" -0" +AA+'*" &-" *:+" psoas major" 0%" rectus femoris9" T+'+-*"
*+':-0)0$&',)" &-*%0.('*&0-;" ;++-" &-" #(;*%,)&," B:&':" ;*%+*':" ,-." ;:,3+" ',%',;+;" B+%+"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"
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A0(-." *0" :,2+" A(*(%+" 30*+-*&,)" &-" &43%02&-$" *:+" +,*&-$" P(,)&*D" ,;" B+))" ,;" *:+" " 3%0.('*"
%,-$+"0A"),4F"'(*;"H/03@&-;<"6788I9"9"
"
V*" :,;" ,);0" F++-" ;($$+;*+." *:,*" *+-;&0-" 0A" *:+" longissimus dorsi" B&))" &43%02+" *:+"
'0-;&;*+-'D"0A"*+-.+%-+;;",)0-$"&*;")+-$*:9""O:+"40;*"3%,'*&',)"4+*:0."0A"*+-;&0-&-$"*:+"
4(;')+;"0A"*:+"',%',;+",33+,%;"*0"F+":&3";(;3+-;&0-"H,&*':"F0-+":,-$&-$I",-."*:&;":,;"
,".%,4,*&'"+AA+'*"0-"P(,)&*D9""
 
Practical Messages 
 
/&3";(;3+-;&0-"03*&4&;+;"*:+"*+-.+%-+;;"0A"*:+":&-.")+$",-.")0&-"4(;')+;9"
"
 
 
Electrical stimulation (ES) 
 
=\" ',-" F+" ,-" +AA+'*&2+"4+,-;" 0A" &43%02&-$" *+-.+%-+;;" 0A" ),4F9" " =\"B,;" .+2+)03+."
3%&4,%&)D"*0",))0B"%,3&."':&))&-$"B&*:0(*"*:+"%&;@"0A"'0).";:0%*+-&-$9""O:+"+)+'*%&',)"'(%%+-*"
,33)&+." ;*&4(),*+;" *:+" 4(;')+;" *0" '0-*%,'*" ,-." :+-'+" (;+" (3" #OL" H,-." :+-'+"
$)D'0$+-I9" " O:&;" ,''+)+%,*+;" *:+" 0-;+*" 0A" %&$0%" 40%*&;" +-,F)&-$" ':&))&-$" *0" *,@+" 3),'+"
+,%)&+%9" " V*" ,);0" ,33+,%;" *:,*" /&$:" `0)*,$+" =\" H/`=\I" :,;" ,..&*&0-,)" F+-+A&*;" &-"
*+-.+%-+;;<"3+%:,3;"*:%0($:",''+)+%,*&-$"*:+",$+&-$"3%0'+;;"0%".&%+'*"3:D;&',)".,4,$+"
*0"*:+"4(;')+"A&F%+";*%('*(%+"H1(*;0-"et al<"8MSXm"\,2+))"et al<"8MSSm"\,2+))"et al<"8MSNI9"
"
VA" )0B" 20)*,$+" ;*&4(),*&0-" &;" (;+." &*"4(;*" F+" ,33)&+."B:&);*" *:+" -+%20(;" ;D;*+4" &;" ;*&))"
&-*,'*9""V-"3%,'*&'+"*:&;"4+,-;"B:&);*"*:+",-&4,)"&;"F+&-$"F)+.9""h00."'0-*,'*"H&+"+)+'*%0.+"
30;&*&0-&-$I",-."*&4&-$",%+"'%&*&',)"A0%")0B"20)*,$+";*&4(),*&0-"*0"F+"+AA+'*&2+9""O:&;"4+,-;"
*:,*"&*"&;",")+;;"%+)&,F)+",33%0,':"*:,-":&$:"20)*,$+";*&4(),*&0-9""O:+%+"&;",);0"*:+"%&;@"0A"
,"*0($:+-&-$"+AA+'*"0A">`=\".(+"*0":0*";:0%*+-&-$9""U:+%+">`=\"&;"+AA+'*&2+"&*";++4;"*0"
;&43)D"3%+2+-*"'0).";:0%*+-&-$"H+$"/&).%(4"et al<"6777m"1+2&-+"et al<"8MMMI"
"
/`=\" .0+;" -0*" .+3+-." 0-" ,-" &-*,'*" -+%20(;" ;D;*+49" " V*" &;" ,33)&+." ),*+%" 0-" *:+"
;),($:*+%)&-+" H,A*+%" 3+)*&-$I" ,-." *:+%+A0%+" +)+'*%0.+" '0-*,'*" &;" +,;&+%" ,-." *:+" :&$:"
20)*,$+" 4,@+;" 30;&*&0-&-$" )+;;" '%&*&',)9" " 5+',(;+" &*" &;" ,33)&+." ),*+%" *:+" ',%',;+" :,;"
'00)+."*0",-"+E*+-*"B:+%+":0*";:0%*+-&-$"&;")+;;")&@+)D"*0"F+"&-.('+."FD";*&4(),*&0-9""
"
O:+"(;+"0A"Q+.&(4"`0)*,$+"=\"HQ`=\I"&;"'0440-"3),'+"&-"'0(-*%&+;";(':",;"#(;*%,)&,9"
L+,%'+" et al" H677MI" )00@+." ,*" ,)*+%-,*&-$" *:+" ,33)&+." A%+P(+-'D" ,-." *:+" %+;30-;+" *0"
;*&4(),*&0-<" +;3+'&,))D" &-" %+),*&0-" *0" 03*&4&;&-$" 3/" .+')&-+9" T+;()*;" ;:0B+." *:,*" *:+"
*%+,*4+-*" F%&-$&-$" ,F0(*" *:+" :&$:+;*" %+;30-;+" .&." -0*" -+'+;;,%&)D" 3%02&.+" *:+" 40;*"
*+-.+%"4+,*<" 3+%:,3;" .(+" *0" *:+" A,'*" *:,*" *:+%+"B,;" )+;;"4D0A&F%&)),%" .&;%(3*&0-9" " O:+"
.+2+)034+-*"0A"-+B"*+':-0)0$D";(':",;"\4,%*"\*(--&-$"0AA+%;"*:+"30*+-*&,)"*0"&43%02+"
',%',;+"'0-;&;*+-'D9"O:+";D;*+4<"B:&':"&;"'(%%+-*)D"&-"(;+"&-";04+"#(;*%,)&,-",-."C+B"
g+,),-."3),-*;<"&;".+;&$-+."*0"$&2+",";+%&+;"0A"*+;*"3();+;",-."FD"4+,;(%&-$"*:+"',%',;+"
%+;30-;+" *0" *:+;+<" ',-" ,.,3*" *:+" ,40(-*" 0A" ;*&4(),*&0-" .+)&2+%+." *0" +,':" ',%',;+" *0"
+-;(%+"',%',;+;"%+,':+;"*:+"%+P(&%+."3/")+2+)"H1,)D"et al<"677NI9"""
"
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=\" ,);0" :,;" *:+" F+-+A&*" 0A" F+&-$" 40;*" +AA+'*&2+" 0-" *0($:+%" ',%',;+;" *:(;" %+.('&-$"
2,%&,*&0-9" " f-" *:+" 0*:+%" :,-." =\" :,;" F++-" $+-+%,))D" &-+AA+'*&2+" &-" ',))&3D$+" ),4F;9""
i+%*:"et al"H8MMMI"A0(-."*:,*"=\",*"XX7`"&43%02+."*:+"*+-.+%-+;;"0A"*:+"longissimus"F(*"
-0*"*:+"semitendinosus<"semimembranosus<"supraspinatus 0% triceps brachii 0A"',))&3D$+"
),4F;9"
"
U:&);*"=\":,;"F++-";:0B-"*0"&43%02+"*+-.+%-+;;",-.",))0B"A0%"A,;*+%"':&))&-$<"&*",33+,%;"
*0":,2+")&**)+"&-A)(+-'+"0-"A),20(%<"(-)+;;"'04F&-+."B&*:"0*:+%"A,'*0%;9"""
 
Practical Messages 
 
=\"',-" &43%02+" ),4F" *+-.+%-+;;<"+;3+'&,))D"B:+%+":&3";(;3+-;&0-" &;"-0*"(;+.9" V*"',-"
+-,F)+" A,;*+%" ':&))&-$" ,$,&-;*" *:+" %&;@" 0A" '0)." ;:0%*+-&-$" F(*" ',%+" ;:0()." F+" *,@+-" *0"
+-;(%+":0*";:0%*+-&-$".0+;"-0*"0''(%9"T+$(),%)D"40-&*0%"3/"A,))",-."*+43+%,*(%+9""
"
 
 
Ageing 
 
O:+";*0%&-$"0A" ),4F",*" )0B" *+43+%,*(%+" A0%","3+%&0."0A" *&4+" &;"B&.+)D"(;+." *0" &-'%+,;+"
*+-.+%-+;;9""O:+"%,*+"0A"*+-.+%&;,*&0-".+'%+,;+;"B&*:"*&4+9""O:,*"&;"*0";,D"*:,*"40;*"0A"
*:+" F+-+A&*" &;" ,':&+2+." +,%)D" 0-9" " #$+&-$" *+-.+%&;,*&0-" 0''(%;" ,;" +-_D4+;" -,*(%,))D"
3%+;+-*" B&*:&-" *:+" 4+,*" F%+,@" .0B-" *:+" 4D0A&F%&)),%" ;*%('*(%+9" " 1%,-;A&+)." H8MM7I"
',)'(),*+." *:,*"N7e"0A" *:+" *+-.+%&;,*&0-"0A" ),4F" longissimus dorsi":,;"0''(%%+.",*"S9S"
.,D;"30;*";),($:*+%",*"8nJ9""Q>J"*%&,);";:0B+.","F+-+A&*"0A",$+&-$"),4F")0&-"A0%"(3"*0"87"
.,D;"B&*:"40;*"0A"*:+"F+-+A&*"0''(%%&-$"FD"S".,D;9"
"
#$+&-$":,;"F++-"A0(-."*0"F+"+AA+'*&2+"&-"+&$:*"4(;')+;"0A"*:+")0&-",-.":&-.")+$"F(*")+;;"
;0"0-"*:%++"4(;')+;"0A"*:+";:0().+%"H50(*0-"et al<"8MSWI9""V*";:0().",);0"F+"-0*+."*:,*"
,$+&-$",-."'0-.&*&0-&-$"H,*"87nJI"',-":,2+","-+$,*&2+"+AA+'*"0-"*:+"%+*,&)".&;3),D")&A+"0A"
4+,*"HQ00%+",-."k0(-$<"8MM8I9""
"
#$+&-$" &-A)(+-'+;" ),4F" A),20(%9" V-" ," ),%$+" ;*(.D" )00@&-$" ,*" +,*&-$" P(,)&*D" &-" ),4F"
H\==T#1<"677RI"&*"B,;"'0-')(.+."*:,*",$+&-$"A0%","3+%&0."0A"87".,D;"&-"'043,%&;0-"*0"X"
.,D;"&43%02+."*:+"&-*+-;&*D"0A"*:+"),4F"A),20(%9""V-",..&*&0-",$+&-$"A0%"87".,D;",-."*:+"
(;+"0A"=\";,B",".+')&-+"&-",F-0%4,)"A),20(%9"U:+%+"=\"B,;"-0*"(;+.",F-0%4,)"A),20(%"
&-'%+,;+.9"""
"
"
Practical Messages 
 
#$+&-$" ),4F<"+&*:+%" &-"',%',;+" A0%4"0%" &-"2,'((4"3,'@;" A0%","3+%&0."0A"4&-&4(4"0A"S"
.,D;",-."03*&4(4"0A"87".,D;"&43%02+;"),4F"*+-.+%-+;;""
"
"
"
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Ultimate pH 
 
\+2+%,)";*(.&+;",'%0;;"*:+"U0%).":,2+"+E,4&-+."*:+"%+),*&0-;:&3"F+*B++-"()*&4,*+"3/"
,-." *+-.+%-+;;9" " V-" ;04+" ;*(.&+;" *:+%+" &;" -0" %+),*&0-;:&3"B&*:" *+-.+%-+;;9" "U:+%+" ,"
%+),*&0-;:&3" +E&;*;<" *:+" *0($:+;*" 4+,*" :,;" $+-+%,))D" F++-" *:,*" B&*:" ,-" &-*+%4+.&,*+"
()*&4,*+"3/9""]0%"+E,43)+","3/"0A"Z97X"$,2+"*:+":&$:+;*"3,-+)" *0($:-+;;";'0%+"B:+-"
;*(.&+."FD"k0(-$"et al"H8MMWI9""C+B"g+,),-."B0%@+%;"HU,*,-,F+"et al<"8MMZ<"1+2&-+"et 
al<"8MMWI"A0(-."*:,*",-"()*&4,*+"3/"0A"X9NYZ96"$,2+",":&$:+%";:+,%"A0%'+"*:,-":&$:+%"0%"
)0B+%"3/"2,)(+;"B:+-"3/"B,;"4,-&3(),*+."B&*:",.%+-,)&-+" &-G+'*&0-;"0%"3%+Y;),($:*+%"
:,-.)&-$9" "U&*:&-" *:+" -0%4,)" %,-$+" 0A" 3/(" 2,)(+;" +E3+'*+." HX9R" *0" X9SI" *:&;" &;" -0*" ,"
3%0F)+49""V*"4,D<"*:+%+A0%+<"F+"B0%*:"+E')(.&-$",-&4,);"B&*:",-"()*&4,*+"3/"0A"X9N",-."
:&$:+%9"""
"
Practical Messages 
 
Q0-&*0%"3/[*+43+%,*(%+"30;*";),($:*+%",-.",.G(;*";*&4(),*&0-[':&))&-$"%,*+;"*0"+-;(%+"3/"
Z"&;"%+,':+.",*"F+*B++-"8N"a"WX0J9"
"
Q0-&*0%"()*&4,*+"3/9"VA"*:&;"A,));"0(*;&.+"*:+"-0%4,)"%,-$+"%+2&+B"*:+":,-.)&-$"3%0'+.(%+9""
"
 
 
Retail Packaging 
"
#$+&-$" H0%" 4,*(%,*&0-I" 0A" 4+,*" ,A*+%" ;),($:*+%" &;" ," B&.+)D" (;+."4+,-;" 0A" +-:,-'&-$"
4+,*"+,*&-$"P(,)&*D<"3,%*&'(),%)D" *+-.+%-+;;9" " V*":,;"$+-+%,))D"F++-"*:0($:*" *:,*",$+&-$"
*+-.+%&;,*&0-" 0''(%;" *:%0($:0(*" *:+" *&4+" (-.+%" ':&))" *+43+%,*(%+;" A%04" ;),($:*+%" *0"
'0-;(43*&0-9" " O+-.+%&;,*&0-" .0+;" -0*" 0''(%" *0" ,-D" ;(F;*,-*&2+" .+$%++" .(%&-$" A%0_+-"
;*0%,$+"0%"0-'+"*:+"4+,*"&;"'00@+.9"
"
#" ;&$-&A&',-*" 3%030%*&0-" 0A" :&$:" 2,)(+" 4+,*" '(*;" ;0)." *:%0($:" *:+" 4()*&3)+" %+*,&)+%;" &;"
3,'@,$+." '+-*%,))D" &-"40.&A&+." ,*40;3:+%+" 3,'@;" HQ#L<" 3%&4,%&)D" N7e"f6[67e"Jf6I9""
Q>J" $(&.+)&-+;" :,2+" &-')(.+." *:+" 3+%&0." &-" Q#L" ,;" 3,%*" 0A" *:+" 4,*(%,*&0-" 3+%&0."
H5)(+3%&-*"%+'044+-.,*&0-;";*,*+","4&-&4(4"0A"S".,D;"&-*+%2,)"A%04";),($:*+%"*0"%+*,&)"
;,)+I9" V-"'043,%&;0-" *0"'0-2+-*&0-,)"02+%B%,3<"Q#L"',-";&$-&A&',-*)D"+E*+-.";:+)A" )&A+<"
,)*:0($:"*:+"F+-+A&*"&;"2+%D"4(':"*+43+%,*(%+".+3+-.,-*"Hk0(-$"et al,"677XI9""
"
Q#L"'0-*,&-&-$":&$:")+2+);"0A"0ED$+-":+)3;"4,&-*,&-"*:+"4+,*"'0)0(%"F(*"*:&;"',-",);0"
)+,." *0" *:+".+2+)034+-*"0A"0AA" A),20(%;",;" *:+"%,*+"0A" )&3&."0E&.,*&0-"',-"F+" &-'%+,;+.9"
Q+.+)"et al"H677WI""A0(-."*:,*"+E*+-.+."3+%&0.;"0A";*0%,$+"&-"Q#L"%+.('+."),4F"A),20(%"
,;" B+))" ,;" 02+%,))" ,''+3*,F&)&*D9" Q>J" %+;+,%':" :,;" ,);0" ;:0B-" *:,*" :&$:Y0ED$+-"
3,'@,$&-$"',-"%+;()*"&-"*0($:+-&-$"0A"*:+"4+,*9"">&-,%+;"et al"H677MI"30;*(),*+."*:,*"*:+"
&-')(;&0-" 0A" ," ;4,))" ,40(-*" 0A" ',%F0-" 40-0E&.+" &-" Q#L" '0()." :+)3" 3%040*+" ,-"
&43%02+4+-*"&-"'0)0(%";*,F&)&*D",-."*+-.+%-+;;9"""
"
`,'((4" 3,'@,$&-$" %+;()*;" &-" ," .,%@+%<" 40%+" 3(%3)+<" '0)0(%" $+-+%,))D" *:0($:*" )+;;"
.+;&%,F)+9" " V*":,;"F++-";:0B-<":0B+2+%<" *:,*"2,'((4";@&-"3,'@,$&-$" &-"F++A",':&+2+;"
F+**+%" '0)0(%" ;*,F&)&*D" *:,-" ;*,-.,%." 2,'((4" 3,'@,$&-$" ,-." +P(&2,)+-*" '0)0(%" *0"Q#L"
!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"
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,A*+%"X".,D;"H>&"et al<"6787I9"O:&;"3%02&.+;",-"0330%*(-&*D"*0"402+",B,D"A%04"Q#L"B:&)+"
3%02&.&-$" ,-" ,''+3*,F)+" 2&;(,)" ,33+,%,-'+9" T+'+-*" B0%@" &-" #(;*%,)&," ;($$+;*;" *:,*"
2,'((4"3,'@,$+."3%&4,);"',-":,2+"," A,%" )0-$+%"30*+-*&,)";:+)A" )&A+" *:,-" *:+"6"40-*:;"
0A*+-"'&*+.<":0B+2+%"*+43+%,*(%+"'0-*%0)"&;"2&*,)"H\(4-+%"et al,"6788I9"O:+"&.+,)";*0%,$+"
*+43+%,*(%+"&;"*:0($:*"*0"F+",%0(-."Y89X0J"*0"Y60J9" "
"
"
Practical message"
#20&.":&$:"0ED$+-"3,'@,$&-$"B:+%+2+%"30;;&F)+9"
 
 
Other treatments 
 
/&$:"&-*+-;&*D"()*%,;0(-.":,;"F++-"A0(-."*0"$&2+"-0"F+-+A&*"&-"*+%4;"0A"+,*&-$"P(,)&*D9"
"
#" *%+,*4+-*" ',))+." l:D.%0.D-+b" :,;" F++-" (;+." *0" *+-.+%&;+"4+,*" '(*;9" " V-" +;;+-'+" ,"
4+,*"'(*" &;"3,'@,$+.",-."3),'+."&-","2+;;+)"'0-*,&-&-$")&P(&.9""#-"+E3)0;&2+"':,%$+"&;"
.+*0-,*+."B&*:&-" *:+"2+;;+)",-." *:+":D.%0;*,*&'" ;:0'@"$+-+%,*+." *+-.+%&;+;" *:+"4+,*9""
O:&;"3%0'+;;":,;"F++-"3,*+-*+.9""V*;"(;+A()-+;;"&;"'0-A&-+."*0";&*(,*&0-;"B:+%+","F,*':"
3%0'+;;"',-"F+"(;+.9"">,%$+"3%+;;(%+"2+;;+);",%+"$+-+%,))D"'0;*)D";0"*:&;"4,D";(&*";4,))"
*:%0($:3(*"03+%,*&0-;"B:+%+",";4,))+%"2+;;+)"',-"F+"(;+.9"
"
`,;'(),%"3+%A(;&0-"':&))&-$<" H`LJI<"',-"3%02&.+",";&$-&A&',-*)D"40%+" %,3&.",)*+%-,*&2+" *0"
;(%A,'+" ':&))&-$9" `LJ" &-20)2+;" *:+" '&%'(),*&0-" 0A" ," '0)." A)(&." ,%0(-." ," ',%',;+;" &-*,'*"
2,;'(),%" ;D;*+49" T+;+,%':" :,;" ;:0B-" ;04+" (3*,@+" 0A" *:+" 3+%A(;,*+" &-*0" *:+" 4+,*9"
O%+,*+." ',%',;+;" ;:0B+." '0)0(%" .&AA+%+-'+;" F(*" B+%+" ;&$-&A&',-*)D" 40%+" *+-.+%<"
,)*:0($:"*:&;"'0()."B+))"F+".(+"*0"*:+",..&*&0-,)"B,*+%"&-"*:+"4+,*"H5%0B-"+*",)<"677MI9""
"
J,)'&(4"':)0%&.+" &-G+'*&0-[4,%&-,*&0-"0A"4+,*"'(*;"30;*";),($:*+%" &-'%+,;+;"*+-.+%-+;;"
FD",''+)+%,*&-$" *:+",$+&-$"3%0'+;;9" "O:&;" :,;"+2+-"F++-"+AA+'*&2+" &-" ',))&3D$+" ),4F;9""
Q>J" ;+-;0%D" 3,-+))&-$" &.+-*&A&+." ," 4,%@+." &-'%+,;+" &-" 0AA" A),20(%;" B&*:" *:+" (;+" 0A"
',)'&(4"':)0%&.+"F(*"C0%*:"#4+%&',-"B0%@" ;:0B;" *:,*" *:&;"4,D"-0*"F+","3%0F)+4"B&*:"
'0-;(4+%;<" 3,%*&'(),%)D" &A" ,-*&0E&.,-*;" H;(':" ,;" 2&*,4&-" =" 0%" ,;'0%F,*+I" ,%+" &-')(.+.9""
Q+,*"*%+,*+."&-"*:&;"B,D"B0().":,2+"*0"F+"*%+,*+.",''0%.&-$"*0"4+,*"3%0.('*")+$&;),*&0-"
F(*"*:&;"*%+,*4+-*"4,D"0AA+%",.2,-*,$+;"&-"%+,.D"4+,)"*D3+"3%0.('*;9"
 
"
"
"
"
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3) BACKGROUND INFORMATION - The conversion of muscle to meat 
"
From living muscle to rigor mortis 
"
#*" *:+" *&4+" 0A" ;),($:*+%" *:+" 4(;')+;" 0A" *:+" ,-&4,)" ,%+" 3%+.04&-,-*)D" 4+*,F0)&;&-$"
,+%0F&',))D"H$+-+%,*&-$"+-+%$D"*:%0($:"F&0':+4&',)"3,*:B,D;"*:,*"'0-;(4+"0ED$+-I9""#*"
*:+"*&4+"0A"+E;,-$(&-,*&0-"HF)++.&-$"0(*I"*:+"F)00.";(33)D"*0"*:+"4(;')+;"'+,;+;9""O:&;"
4+,-;" *:,*" *:+"0ED$+-";(33)D" &;"'(*"0AA",-."*:+"3%0.('*;"0A"4+*,F0)&;4" &-" *:+"4(;')+"
',--0*" F+" %+402+." 2&," *:+" F)00.;*%+,49" " O:+;+" *:+%+A0%+" ,''(4(),*+" &-" *:+"4(;')+9""
O:+"-0%4,)"%+;30-;+"0A"*&;;(+;"*0"0ED$+-".+3%&2,*&0-"&;"*0",**+43*"*0"4,&-*,&-"'+))(),%"
+-+%$D"H#OLI")+2+);9""O&;;(+;"B&*:",":&$:"0ED$+-"%+P(&%+4+-*<";(':",;"*:+"F%,&-<"B&))".&+"
2+%D" P(&'@)D<" F(*" ;04+" 0*:+%" *&;;(+;<" 3,%*&'(),%)D" 4(;')+<" ',-" :,2+" ," :&$:" ,-,+%0F&'"
',3,'&*D9""O:&;"4+,-;"*:,*"*:+D",%+"',3,F)+"0A"3%0.('&-$"#OL"A%04"$)('0;+"B&*:0(*"*:+"
-++."A0%"0ED$+-"H$)D'0)D;&;I9""f-+"0A"*:+"3%0.('*;"0A"*:&;",-,+%0F&'"4+*,F0)&;4"&;"),'*&'"
,'&.9""O:&;",''(4(),*+;"&-"*:+"*&;;(+",-."$%,.(,))D"%+.('+;"*:+"3/"0A"*:+"4(;')+"A%04"
,F0(*"S96"&-","-0%4,)"%+;*&-$")&2+"4(;')+"*0",-"()*&4,*+"3/"H3/(I"0A",F0(*"X9R"*0"X9S"&-"
-0%4,)"4+,*9""Q(;')+"',-"$+-+%,*+"+-+%$D"A%04"$)('0;+"(-*&)",))"*:+"$)('0;+"&;"(;+."(3"
0%"(-*&)"*:+",''(4(),*&0-"0A",'&."&-"*:+"4(;')+".+;*%0D;"*:+"4+*,F0)&'"3%0'+;;+;9"
"
O:&;",F&)&*D"*0"$+-+%,*+"+-+%$D"+2+-",A*+%";),($:*+%"4+,-;"*:,*"4(;')+"',-"'0-*&-(+"*0"
'0-*%,'*<" A0%" +E,43)+" &-" %+;30-;+" *0" ,-" +E*+%-,)" +)+'*%&',)" ;*&4(),*&0-" H=\I<" A0%" ,"
'0-;&.+%,F)+"*&4+",A*+%"*:+",-&4,)b;"'+-*%,)"-+%20(;";D;*+4"&;".+,.9""1&AA+%+-*"4(;')+;<"
0%"+2+-".&AA+%+-*"4(;')+"A&F%+"'+));"B&*:&-","4(;')+<".0"-0*"'0-*&-(+"A(-'*&0-&-$"A0%" *:+"
;,4+"3+%&0.",A*+%";),($:*+%"0A"*:+",-&4,)9""V*"&;",-"02+%;&43)&A&',*&0-"*0";,D"*:,*"4(;')+;"
'0-;&;*"0A"*B0"A&F%+"*D3+;<"%+.",-."B:&*+<"F(*"&*"&;",";&43)&A&',*&0-"*:,*"B&))";(AA&'+"A0%"*:+"
3(%30;+;"0A"+E3),-,*&0-9""\04+"4(;')+;"0%"%+$&0-;"0A"4(;')+;"'0-;&;*"3%&4,%&)D"0A"%+."
A&F%+;<"B:+%+,;"0*:+%;",%+"3%+.04&-,-*)D"B:&*+9""O:+";3+'&+;".&AA+%+-'+;"&-"*:&;"%+$,%."
,%+";*%&@&-$)D"0F2&0(;9" "T+." A&F%+;",%+"40%+",;;0'&,*+."B&*:";(;*,&-+.",'*&2&*D";(':",;"
30;*(%,)"B0%@"0%")0'040*&0-"&-",-&4,);",'*&2+"A0%")0-$"3+%&0.;";(':",;"$%,_&-$",-&4,);9""
O:+;+"A&F%+;":,2+":&$:+%")+2+);"0A"*:+"0ED$+-"F&-.&-$"3&$4+-*"4D0$)0F&-9""Q0;*"0A"*:+&%"
4+*,F0)&'" ,'*&2&*D" &;" 0E&.,*&2+" ,-." *:+" %,*+" ,*" B:&':" *:+D" ',-" .+%&2+" +-+%$D" &-" *:+"
,F;+-'+"0A",-"0ED$+-";(33)D"&;")&4&*+.9"
"
J0-2+%;+)D<"B:&*+"A&F%+;",%+"40%+",;;0'&,*+."B&*:"4(;')+;"*:,*":,2+";:0%*"F(%;*"0A":&$:"
,'*&2&*D<" ,-." B:+-" 40;*" ,'*&2+" ',--0*" %+)D" 0-" 0ED$+-" F,;+." 4+*,F0)&;4" *0" 3%02&.+"
;(AA&'&+-*"+-+%$D9""O:+D"*:+%+A0%+":,2+",":&$:+%"$)D'0)D*&'"',3,'&*D9""O:&;":&$:"$)D'0)D*&'"
',3,'&*D" 4+,-;" *:,*" B:&*+" 4(;')+" A&F%+;" B&))" +E:,(;*" *:+&%" +-+%$D" ;(33)&+;" ,A*+%"
;),($:*+%"4(':"40%+"P(&'@)D"*:,-"%+."4(;')+"A&F%+;9"""
"
O:+" 4,&-" F()@" 0A" *:+" 4(;')+" A&F%+;" &;" 4,.+" (3" 0A" 4D0A&F%&);" B:&':" (-.+%*,@+" *:+"
'0-*%,'*&)+"A(-'*&0-"0A"4(;')+9""O:+"40;*",F(-.,-*"3%0*+&-;"&-"4D0A&F%&);",%+"4D0;&-",-."
,'*&-9" "U:+-" ,))" 0A" *:+" ,2,&),F)+" +-+%$D" &;" +E:,(;*+." &-" *:+" 30;*"40%*+4"4(;')+" *:+"
4D0;&-" ,-.",'*&-"40)+'()+;" F&-." A&%4)D" *0$+*:+%" ,-." *:+"4(;')+" )0;+;" &*;" +E*+-;&F&)&*D"
,-."A)+E&F&)&*D9""O:&;"30&-*"&;"*+%4+."%&$0%"40%*&;9"
"
O:+"%,*+",*"B:&':","4(;')+"0A","$&2+-"A&F%+"'0430;&*&0-"B&))"$0"&-*0"%&$0%"40%*&;"',-"F+"
&-A)(+-'+." FD" ," ;(F;*,-*&,)" -(4F+%" 0A" A,'*0%;9" " O:+;+" &-')(.+K" *:+" +-+%$D" ;*0%+;"
,2,&),F)+"B&*:&-"*:+"4(;')+"B:+-"*:+",-&4,)")+,2+;"*:+"A,%4m"*:+".+$%++"*0"B:&':"*:+;+"

!"#$%&'()*(%+",-."/0%*&'()*(%+"1+2+)034+-*"50,%."67869"#))"%&$:*;"%+;+%2+.9"
"

6R



;*0%+;" ,%+" .+3)+*+." .(%&-$" *%,-;30%*" ,-." ),&%,$+m" *:+" ;*&4(),*&0-" 0A" *:+" 4+*,F0)&'"
3%0'+;;+;" 2&," 3%+Y;),($:*+%" ;*%+;;m" ;*&4(),*&0-" 0A" 4(;'(),%" ,'*&2&*D" .(%&-$" *:+"
;),($:*+%&-$"3%0'+;;",-."*:+"%,*+",*"B:&':"*:+"4(;')+"&;"'00)+.9"
"
Shortening 
"
Q(;')+"B&))"'0-*%,'*" H;:0%*+-I"-,*(%,))D",;" &*"$0+;" &-*0"%&$0%"40%*&;" &A" &*" &;"-0*" %+;*%,&-+."
A%04".0&-$";09""Q0;*"4(;')+;",%+"(-.+%"*+-;&0-"B:+-"*:+";@+)+*0-"0A"*:+"',%',;+"&;"&-"
&*;"-0%4,)"30;*(%+9""VA"4(;')+"&;"%+;*%,&-+."&*"B&))".+2+)03"*+-;&0-",;"&*"$0+;"&-*0"%&$0%"F(*"
B&))"-0*"F+",F)+"*0";:0%*+-"&-"&*;"02+%,))")+-$*:9""O:+"+E*+-*"*0"B:&':"4(;')+;",%+",F)+"*0"
;:0%*+-".+3+-.;"0-"*:+"%+4,&-&-$"+-+%$D"H#OLI",2,&),F)+",*"*:+"*&4+"0A";:0%*+-&-$<"*:+"
)0,." 0-" *:+"4(;')+" ,-." *:+" *+43+%,*(%+" 0A" *:+"4(;')+"B:+-" *:+;+" +2+-*;" 0''(%9" " #"
;:0%*+-+."4(;')+"B&))":,2+";:0%*+%";,%'04+%+")+-$*:;<"&+";:0%*+%"%+3+,*&-$"(-&*;"B&*:&-"
*:+"'0-*%,'*&)+"4D0A&F%&);",-.","$%+,*+%"02+%),3"F+*B++-"*:+"'0-*%,'*&)+"A&),4+-*;9"
"
\:0%*+%" ;,%'04+%+" )+-$*:;" ,%+" $+-+%,))D" ,;;0'&,*+."B&*:" *0($:+%"4+,*9" " V-" ;:0%*+-+."
4(;')+" ;:+,%" A0%'+"2,)(+;"',-" &-'%+,;+"FD"02+%"W77e<"F(*" *:+" %+;30-;+" &;"-0*" )&-+,%"
B&*:"*:+".+$%++"0A";:0%*+-&-$9""O+-.+%-+;;":,;"F++-"-0*+."*0"F+",*"&*;")0B+;*"B&*:"6XY
R7e" ;:0%*+-&-$" ,-." ;+2+%+)D" ;:0%*+-+." 4(;')+" HB:&':" :,." ;:0%*+-+." Z7eI" B,;" ,;"
*+-.+%",;"(-;:0%*+-+."4(;')+"HQ,%;:",-.">++*<"8MZZI9"""
"
O:+" *+43+%,*(%+" +AA+'*" 0-" *:+" ,F&)&*D" *0" ;:0%*+-" .(%&-$" %&$0%" &;" 3,%*&'(),%)D" &-*+%+;*&-$<"
B&*:" *:+" +E*+-*" 0A" F++A" 4(;')+" ;:0%*+-&-$" 2,%D&-$" B&*:" *+43+%,*(%+" ,*" B:&':" %&$0%"
0''(%%+.",''0%.&-$"*0"*:+";+P(+-'+"8"p"WS"p"X"p"67"qJ"H5(;':"et al<"8MZSI9""]%04",-."
;&4&),%" 0F;+%2,*&0-;<" *:+" -0*&0-" +4+%$+." *:,*" *:+%+"B+%+" *B0" *D3+;"0A" ;:0%*+-&-$",-."
*:,*" A0%"4&-&4(4";:0%*+-&-$"4(;')+";:0()."F+",*",F0(*"8XqJ",;" &*"+-*+%;" %&$0%"40%*&;9""
O:&;" ',-" -+2+%" F+" ,':&+2+." &-" 3%,'*&'+" A0%" ,))" 4(;')+" A&F%+;" F+',(;+" 0A" *:+" .&AA+%+-*"
%,*+;" 0A" '00)&-$" &-" .&AA+%+-*" )0',*&0-;" 0A" *:+" ',%',;+" ,-." *:+" .&AA+%+-*" %,*+;" 0A" %&$0%"
.+2+)034+-*"&-".&AA+%+-*"A&F%+;9""V*"&;":0B+2+%","(;+A()"$(&.+)&-+9"
"
O:+";:0%*+-&-$"*:,*"0''(%;"B&*:"%&$0%",F02+"67qJ"0''(%;",;"*:+"+-+%$D";(33)D"&;"F+&-$"
+E:,(;*+." ,-." &*" &;<" *:+%+A0%+<" $+-+%,))D" P(&*+" B+,@9" " O:&;" A0%4" 0A" %&$0%" ;:0%*+-&-$" &;"
;04+*&4+;"*+%4+."l:0*b";:0%*+-&-$9""V*".0+;":,2+"*:+"30*+-*&,)"*0",AA+'*"4+,*"P(,)&*D"F(*"
&*;"&430%*,-'+"&;";*&))".+F,*+.9""lJ0).b";:0%*+-&-$"&;"P(&*+".&AA+%+-*9""V*"0''(%;"&A"*:+"4(;')+"
&;" +E30;+." *0" )0B" *+43+%,*(%+" H;,D" r88qJ" >0'@+%" ,-." /,$D,%.<" 8MZWI" 3%&0%" *0" *:+"
.+2+)034+-*"0A"%&$0%9""^-.+%"*:+;+"'0-.&*&0-;"*:+"4(;')+";30-*,-+0(;)D"'0-*%,'*;",-.<"
;&-'+" &*" .0+;" ;0" ,*" :&$:+%" )+2+);" 0A" #OL" ,-." 3/" *:,-" %&$0%" ;:0%*+-&-$<" *:+" .+$%++" 0A"
'0-*%,'*&0-"',-"F+"'0-;&.+%,F)+9"
"
V*"4(;*"F+";*%+;;+." *:,*"4,-D"0A" *:+";*(.&+;"0A";:0%*+-&-$":,2+"F++-".0-+" &-"4(;')+"
B:&':":,;"F++-"%+402+."A%04"*:+"',%',;+",-." *:+%+A0%+" &;"40%+",F)+" *0";:0%*+-" *:,-"
4(;')+"B:&':" &;"%+;*%,&-+."&-"*:+"',%',;+"FD" &*;",**,':4+-*"*0"*:+";@+)+*0-9" "/0B+2+%<"
*:+" .+$%++" 0A" %+;*%,&-*" B&))" .+3+-." 0-" *:+" ',%',;+" ;(;3+-;&0-" ;D;*+4" ,-." +2+-" ,"
%+;*%,&-+." 4(;')+" ',-" ;*&))" '0)." ;:0%*+-" ,*" )+,;*" *0" ;04+" +E*+-*<" %+.('&-$" ;,%'04+%+"
)+-$*:;"&-"0-+",%+,",-.";*%+*':&-$"0%"F%+,@&-$";,%'04+%+;"&-",-0*:+%"HQ,%;:",-.">++*<"
8MZZI9"
"
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O:+%+";++4;")&**)+".0(F*"A%04"*:+")&*+%,*(%+",-."3%,'*&',)"&-.(;*%&,)"+E3+%&+-'+"*:,*"l'0).b"
;:0%*+-&-$"',-"0''(%",-."&-";04+"'&%'(4;*,-'+;<"+;3+'&,))D"&-"F++A",-."),4F<"',-"F+","
;&$-&A&',-*" ;0(%'+" 0A" *0($:+-&-$9" " /0B+2+%<" *:+" 3&'*(%+" &;" -0*" ;0" ')+,%" A0%" l:0*b"
;:0%*+-&-$9""V-"0-+";*(.D"H>0'@+%",-."1,&-+;<"8MSXI"4(;')+"%+402+."A%04"*:+"',%',;+"
;00-",A*+%";),($:*+%",-.",))0B+."*0"$0"&-*0"%&$0%",*"WS"qJ":,.";:0%*+-+."W89Xe",-."D+*"
:,." )0B+%";:+,%" A0%'+" *:,-"4(;')+;":+).",*"8XYWR"qJ"B:&':":,.";:0%*+-+." )+;;9" "O:+"
+E3),-,*&0-"0A"*:&;"&;"(-')+,%"F(*"*:+"30;;&F)+":&$:+%",'*&2&*D"0A"+-_D4+;",;;0'&,*+."B&*:"
30;*Y40%*+4" *+-.+%&;,*&0-" 0A" 4(;')+" &;" 0-+" 30;;&F&)&*D9" " V*" :,;" F++-" 3%030;+." FD" ,"
-(4F+%"0A"%+;+,%':+%;"*:,*"F++A"*+-.+%-+;;"&;"40%+"')0;+)D"%+),*+."*0"*:+"*+43+%,*(%+"
0A" *:+" 4(;')+" *B0" :0(%;" 30;*Y40%*+4" *:,-" ),*+%" *+43+%,*(%+;" HQ,%;:" et al<" 8MN7Y8m"
T0;':+-" et al<" 8MX7I9" " Q,%;:" et al" H8MNSI" 3%030;+." *:,*" &-*+%4+.&,*+" %,*+;" 0A" %&$0%"
.+2+)034+-*<"B:&':"%+.('+"*:+"%&;@"0A"%&$0%",*"*00":&$:","*+43+%,*(%+"F(*"+-;(%+"%&$0%"&;"
,':&+2+." F+A0%+" l'0).b" ;:0%*+-&-$" *+43+%,*(%+;" ,%+" %+,':+.<" ,%+" 40;*" .+;&%,F)+" A0%"
*+-.+%-+;;9""]0%"F++A"*:+D"3%030;+."*:&;"'0()."F+".+*+%4&-+."FD","3/"0A"s"Z98",*"*:%++"
:0(%;"30;*"40%*+49"
"
Proteolysis 
"
O:+",'*&0-"0A"+-_D4+;" *:,*".,4,$+"0%".+;*%0D"3%0*+&-;" H3%0*+0)D*&'"+-_D4+;I" &-"30;*Y
40%*+4"4(;')+"&;"%+4,%@,F)D")&4&*+."Hh%+,;+%<"8MNZI<"F(*"B:,*",'*&2&*D"*:+%+"&;";++4;"*0"
F+",":&$:)D";&$-&A&',-*";0(%'+"0A"2,%&,*&0-"&-"*:+"*+-.+%-+;;"0A"4+,*9""Q,-D"0A"*:+"4,G0%"
3%0*+&-;" 0A" 4(;')+" ,%+" %+),*&2+)D" (-.+$%,.+.<" F(*" ;&$-&A&',-*" 3%0*+0)D;&;" *0" 0*:+%;" &;"
,;;0'&,*+." B&*:" &-'%+,;&-$" A%,$4+-*,*&0-" 0A" 4D0A&F%&);" ,;" 30;*" 40%*+4" ;*0%,$+" *&4+"
3%0$%+;;+;9""#)*:0($:"*:+"A,'*"*:,*"4+,*"*+-.+%&;+;"B&*:"30;*"40%*+4";*0%,$+"*&4+":,;"
F++-"@-0B-"A0%"2+%D"4,-D"D+,%;<" *:+".+F,*+",;"*0"B:&':"3%0'+;;+;"B&*:&-" *:+"4(;')+"
,%+" %+;30-;&F)+" :,;" F++-" ," )0-$" 0-+9" " O:+%+" &;" -0B" ),%$+)D" ," '0-;+-;(;" *:,*" *:+"
+-_D4+;" %+;30-;&F)+" A0%" *:+" *+-.+%&;,*&0-" 3%0'+;;" ,%+" ," A,4&)D" 0A" ',)'&(4" ,'*&2,*+."
+-_D4+;<"',))+."*:+"',)3,&-;<",-."*:+&%"&-:&F&*0%"',)3,;*,*&-<"Hi00:4,%,&+<"8MMRm"O,D)0%"
et al<" 8MMXFI9" "O:+%+" %+4,&-";&$-&A&',-*"(-,-;B+%+."P(+;*&0-;",;" *0":0B" *:+"',)3,&-;"
,%+" %+$(),*+.<" *:+" B,D" *:,*" *:+D" &-*+%,'*" B&*:" *:+" .+2+)034+-*" 0A" %&$0%" 40%*&;" ,-.<"
&430%*,-*)D<" B:+*:+%" 0*:+%" 3%0'+;;+;" H3+%:,3;" -0-Y+-_D4&'I" ,%+" ,);0" &-20)2+." &-" *:+"
*+-.+%&;,*&0-"0A"4+,*".(%&-$",$+&-$9"""
"
h+-+%,))D"3%0*+0)D*&'".+$%,.,*&0-",-.":+-'+"*+-.+%&;,*&0-" &;"'0-;&.+%+."*0"0''(%"40%+"
P(&'@)D" &-" B:&*+" A&F%+;<" ,-." 4(;')+;" 4,.+" (3" 3%+.04&-,-*)D" 0A" *:+;+<" *:,-" &-" %+."
A&F%+;[4(;')+"H;++"A0%"+E,43)+"1(*;0-"et al<"8MSRI9""O:&;"&;"%+A)+'*+."&-".&AA+%+-'+;"&-"*:+"
%,*+" 0A" *+-.+%&;,*&0-" H,-." :+-'+" 03*&4(4" ,$+&-$" *&4+I" F+*B++-" 4(;')+;" B&*:&-" ,"
',%',;+",-."F+*B++-"*:+";3+'&+;9""O:+";&$-&A&',-'+"0A"*:+"',)'&(4".+3+-.+-'D"0A"*:+;+"
',)3,&-"+-_D4+;";:0()."-0*"F+"02+%" )00@+.9" "O:+"+-_D4+;",%+"40%+",'*&2+",*"-+,%+%"
-+(*%,)"3/",-.",*":&$:+%" *+43+%,*(%+;<" *:+%+A0%+"*:+&%"$%+,*+;*" )+2+)"0A",'*&2&*D"4,D"F+"
,%0(-."*:+"*&4+"0A"%&$0%"B:+-";(AA&'&+-*)D":&$:")+2+);"0A"',)'&(4"4,D"F+'04+",2,&),F)+9""
T+'+-*)D<" 4+,;(%+4+-*;" 0A" *:+" ,'*&2&*D" 0A" ',)3,&-" +-_D4+;" &-" *:+" +,%)D" 30;*Y40%*+4"
3+%&0.":,2+"F++-",;;0'&,*+."B&*:"*:+"*+-.+%-+;;"0A"30%@",A*+%"N".,D;"0A",$+&-$"H\+-;@D"
et al<"8MMNI9" " V*";++4;"30;;&F)+" *:,*" &-*+%,'*&0-;"F+*B++-"*:+"3%0'+;;+;"0A"%&$0%"40%*&;"
,-."3%0*+0)D;&;"4,D"F+" &430%*,-*" *0" *+-.+%-+;;"2,%&,*&0-".,D;" ),*+%9" "O:&;" %+4,&-;",;"
,'*&2+" ,%+,"0A" %+;+,%':"F(*" *:+" 3%,'*&',)" '0-;+P(+-'+;<" F,;+."0-" '(%%+-*" @-0B)+.$+<"
,%+".&AA+%+-*"%+'044+-.+.",$+&-$"3+%&0.;"A0%".&AA+%+-*"4+,*"'(*;9"
"
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"
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Abnormal conditions 1.  - DFD 
"
VA" *:+" +-+%$D" %+;+%2+;" 0A" *:+" 4(;')+" ,%+" .+3)+*+." 3%&0%" *0" ;),($:*+%" *:+" .+$%++" 0A"
$)D'0)D;&;"B:&':"',-"0''(%"&;".&4&-&;:+.",-."*:+"()*&4,*+"3/"H3/(I"B&))"-0*"F+",;")0B",;"
&-"-0%4,)"4(;')+"B&*:":&$:+%"+-+%$D"%+;+%2+;9""VA"*:+"3/("&;"$%+,*+%"*:,-"Z97"*:+"4(;')+"
B&))":,2+",".,%@",-.".%D",33+,%,-'+"B&*:","A&%4"*+E*(%+9""O:&;"'0-.&*&0-"&;"*+%4+."1,%@"
]&%4"1%D"4+,*" H1]1I"0%" ;04+*&4+;" l.,%@Y'(**&-$b"4+,*9" " V*" &;"40;*" '0440-)D" ;++-" &-"
F++A<" F(*" ',-" ,);0" F+" ;++-" &-" 3&$4+,*" ,-.<" %,%+)D<" ),4F9" " #" :&$:+%" )+2+)" 0A" 0ED$+-"
'0-;(43*&0-"FD" *:+" *&;;(+",-.":+-'+"," %+.('+.".+3*:"0A" 0ED$+-"3+-+*%,*&0-" &-*0" *:+"
4+,*" %+;()*;" &-" )+;;"2&;&F)+" %+."0ED4D0$)0F&-"3&$4+-*" HF%&$:*" %+.I",-.":+-'+" *:+".,%@"
,33+,%,-'+9""O:+".%D-+;;"&;"*:0($:*"*0"F+","'0-;+P(+-'+"0A"*:+":&$:+%"3/")+,.&-$"*0","
:&$:+%"B,*+%":0).&-$"',3,'&*D"0A"*:+"4D0A&F%&)),%"3%0*+&-;9""1]1"4+,*"&;"-0%4,))D"A0(-."*0"
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