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$̀  9<="&& < =*̀k ̀ cuel }$8b Àk@ a&=<' '<8&:9+a$ @$"#=*8*;&& Ã� =< *:A<# yil c̀$/$=( j&=? 
JTUIKX qYOZKXUC o g*9*̀=>̀>=?% ̀bA8$/'wl |*'+/ A$ @b'> *:A<#+ @+'+4 $�&A@+a$ ̀?"$ 
oqTRVpVRWLRS NKJONLRS PXKTW �s N 9w)=b"# )<_?)$=?"#4 '/$ ̀)@<# a$ :+Ä ' /(8"$ _$@k)"w 
UIoBJLRS WCoTKVJQ JTZO pYTWNTJRV NLoWCBn WIYZOÅCKONLRS oWnqVJ] �TPC JTM�NVoKT JI PXKW�RS 
_$@k)"wl �k'/- A$ ̀bA8$/'- )?A'>̀<a? '*%:&=<"? ̀b@kh=*A@& A&;=>8+ /̀*+ =$:* ̀?"$ ̀#*/=b"# 
8̀=*̀b"# /(8$'l ¡(8'- _$@k)"w < A@+g$� =<A-"$=*A@& %<A@=b"# '-A$8&= ̀ $A@$9$"# *̀,$% 
g*/8(#<a? A$)z==?% ̀8&̀w% ̀bh&̀- /*a=&"l ¡<8,? &=@$9v$9$=j=? ̀8&̀- %wh$ )<=>,$@ g_?g</=b 



 ! 

"#"$% &'()&*+, -+).$/ 01 2'3 +4.0-)%567) (/-)48 9 )7&"4": 50 $.;-, 5"<) 20$) 4/9&"4"$ 
:"=705'=$*=7> ()(?6(04@ :'$.)<')&)A'=$*=7 -&'-/ 50 :&B$)C D,%) "#"$%, :)7)8 - E09" 
.)+./+5'% -+%07 ."#"."5="F'59%.8:"5% GHFIJ 0 :"%)4, (.)%) -,304826 (.0-'4"&5)8 ."$0&'<.KLMN 
D0$%) <, <,&) :)35B ()$.0E)-0% 4;&" -*E%": 40&O6=7 0 40&O6=7 9("='#'% 8 40&O6=7 8$0+0%"&/ 
$-0&'%, :&B$0 G5"2"5 =7":'=$*=7> .)-5@3 #,+'$;&56=7> :'$.)<')&)A'=$*=7> <')&)A'=$*=7 5"<) 
PQRKSTUVWLX YZ[PMT\T]ML̂_LX̀̀N 

abcdef ghiejikli efmnohflp qr sht fkfmudv wvhtjxyt zmxef 

{."$-"5=" $0&'<.0=6 :/3" <*% ./+5;C |).:0 G}~| �� ����J 8$&;40&0 :'5':;&5@ 
2"4"5$.;% +0 %?' :@96="C � }H 9" :69%, ()836-; 8-"4"5* '5%".-0&> 0&" - 9,9%B:8 ."#"."5E5@�
.8%'556=7 &0<).0%)?6 (/-)45@ $)5%.)&, :&BE5B 83'%$)-)9%' 9" )4 .)$8 ���� ()836-; '5%".-0& 
:@96E56C ��'9%826 -O0$ ' %*4"556 #."$-"5="> 50(?C (.) )<907 &0$%�+, - �VUKRM� Y������� �U K\� 
����JC �.) :@96E56 '5%".-0& "�'9%82" ?040 -*+$8:5@> -*-)2)-@ 0 +$8O"5)9%6 ()4()?"5*=7 
0.A8:"5%/> %"4, %")."%'=$*=7 ' (.0$%'=$*=7� 

� -&'- 9"+�5, G:)35*=7 +:@5 )<2":5B7) $.:"56J 50 9%0<'&'%8 97)4, ."#"."5E56 0 
5"(?6:B :"%)4, G��|�� �U K\N� ����̀� 

� 58%5)9% )(.0- -*+50:5@ #85$E56=7 $):()5"5% +0%63"5*=7 050&,+;%)./> $%".B .)-5@3 
().8O6 -+%07 HFI> $4, 2" -*7)45@2O6 40&O6 )#'=';&56 %".:65 $0&'<.0=" -O"=7 (?69%.)2/ 
+07.58%*=7 4) 9,9%B:8> 5"3 :':)?;45; $0&'<.0=" 2"45)7) (?69%.)2"> $%".; %0$ +05;O6 
40&O6 +4.)2 5"2'9%)% 4) 9,9%B:8 G)(.0-, 0 -*:@5, 4/&"3'%*=7 E;9%6 (?69%.)2/ 5"29)8 8 
-,%63"5B7) 9,9%B:8 ?64$BJ  

� 50 :"5O6: ¡+":56: ="&$8 &+" ()-03)-0% ="5%.;&56 $0&'<.0=' 50 2"45)%5B $0&'<.0E56 
-+).$, 0 7)45)%, +0 ¡E"&5@2O6> 5"3 -6=" 9"(0.;%56=7 $0&'<.0=6 - :69%56=7 &0<).0%)?6=7 
YS (?6(04@ ="5%.;&56 $0&'<.0=" 9" %"4, 9 2'9%)%)8 2"45; ) 9563"56 +4.)2/ 5"2'9%)%JC 

¢£¤¥¦¦¥§̈¦© ̈ª§̈¥«¬¦© «ª «­®̄° ¦­ ¤­±²̄³­́² µ wsilngnbf zmxe­¶§¤£́· ­¦­±£®  

<̧"=5@ 9" - :&B$0?9$*=7 050&,%'=$*=7 ()9%8("=7 ()836-; $" $0&'<.0=' G+ 4/-)48 
"�'9%"5=" E"%5*=7 '5%".#"."5E56=7 "#"$%/ 50 -+%07 (?6:B G."#"."5E56J 0 5"(?6:B :"%)4,J 9040 
-6=" -+).$/ G5"2E09%@2' 4"96%' 5"<) O"9%'J> 2"5 -*2':"E5@ -+)."$ 2"4"5> 5"<) 4-0C �)4)<5@ %) 
(&0%6 (.) :"%)4, -*$)55)9%567) %"9%)-;56 050&,%'=$B +(/9)<'&)9%'C ¹ X\�QMº̂K S_̂TVVTºUVWXT 
%"9%)-;56 :; <*% +0+50:"5;5 ¡9(@=7 (.) :"%)48 - &0<).0%)?' -" -*$)55)9%56: %"9%8 0&"9()» 
¼�Q�V̂R½U PK K�QMU�¾ º\�QTSKV¿ TÀQTÀWN Á :&B$0?9$B 050&,%'=" 8:)3»826 -*9&"4$, (.-56=7 
:@?"56 904 9%"25*=7 -+).$/ :&B$0 -O":' (?69%.)2' - 96%' 50 9%;-026=6=7 $0&'<.0E56=7 7&04'5;=7 
%0$B 9)8E095@ (?' $0&'<.0E56: (.)="98 -,7)45)="56 - .;:=' %"9%)-;56 050&,%'=$B +(/9)<'&)9%'C 
Â@96E56 $0&'<.0E56 '5%".-0& %0$ +;.)-"» 8:)3»82" )4()-64026=6 ()E"% %"9%/ 050&,%'=$B 
+(/9)<'&)9%'C �?' -+5'$8 -*9&"4$)-B 5"97)4, - %"9%8 :; (0$ &0<).0%)? E09%@2' $ QMºÃTPMLM 
)<2"$%'-56 $)5%.)&8 9-B (.;=" 0 :/3" %8%) 5"97)48 4?6-" 50(.0-'%C �?' 5"¡9(@=78 - :B5@ 
#."$-"5%56=7 %"9%"=7 G�F 03 �F .)E5@J 9" 7/?" +02'O182" 5;(.0-0C �?' -,OO6 #."$-"5=' 0(&'$0=" 
$0&'<.0=" 0 -*$)55)9%56=7 %"9%/ 9)8E095@ (.)%) :/3" &0<).0%)? 95045@2' +69$0% 4)$8:"5% ) 
5;(.0-@ -*9$,%8 5"97)4,> =)3 +-,O82" (.)-)+56 2'9%)%8 :050A":"5%8 :&B$0?9$*=7 &0<).0%)?6C  

Ä¥ÅÆ©«­¦Ç ³ªÈª³ª¦É¦© Êª̈¥ËÌ Í³¥ Í¶©Í³­«Å ³ªÈª³ª¦É¦©́· §̈­¦Ë­³ËÎ 

Á ºT�\KQ� º (&0%5*:' '5%".50=')5;&56:' 9%0540.4, G�| I~̧ J ()836-;:" - }H 20$) 
."#"."5E56 (.) (?6(.0-8 $0&'<.0E56=7 9%0540.4/ :'5".0&'+0E5@�4"9%'&0E5@�%'%.0E56 Ï2"&407&)-8 
:"%)48 G}~| �� ����J 8.E"56 )<907� Q�ºŴ� S :&B=" 0 5;9&"45@ G#0$%). �>��J )<9078 
7.8<*=7 <6&$)-'5C �)4)<5@ (0$ :)4'#'$)-05)8 9" 9.;3"=6: 0 #'&%.0E56: ()9%8(": (.) )<907 
$09"'58 G8-"4"5B (&0%6 ="&)9-@%)-@JC �.) Ð 2" %) :"%)40 ()&0.':"%.'=$; G}~| �� ����J> ' $4,3 
\P� S[ÀWRKU P O'.O67) 9("$%.0C �.) ~D� :"%)40 A.0-':"%.'=$; G}~| �� ����JC Ï.,)9$)('=$B 
:"%)4, 29)8 (?"-;35@ ()36-;5, 20$) (?6:B :@?"56 - H�ÐC Ñ"5 :69%, 2" -,836-;5 



 ! 

"#$%%&'&()*+ ,)"-., /)&0./-)1%-$'#/23) 145%&6 " $%($%"&61 *+,)7-%1 899 ,)0:% 
;)3:%0&4&6 )<"=3. -./. = <6:/)*'&> ?)0)<&4 @% -)1. . /)&#%&-$=#% 1)7)*'&A BCDEFDGH IJJJK 
LGMNOFPQ RSSSQ RSSTUQ /-%$V @% 7="-) 145%&= * GNC W XY ,561). 1%-)0). B&=,5> Z$%=/*=&-[ 
\]̂ Z_ %- =:>Q RSS̀U> ̂4/0A )*a%1 ' /=:'<$)*=&). &%,561). 1%-)0). 9bYcEO defghiifijkli 
*% "-5%0)*2 )<:="-' " mnopfqjqres EqthenhqWkop mhifugqhvioswx Ffghiifijkli y z{ji |ijezhqW}fi 
fi Wkujn~|{ �n�spq gqmqvnmheo|�pq umifqWnfs Wn uhqWf}Wiosop Wlqhosop vj�|ix  

���� �������� ������������ ������ ���������� ������ ��� ����� �������� ����  

?).;% )<"=3 -./. <A: 0),)".0 *a.0% * onj� XY /=:'<$)*V& ,)0:% *+":%0/� 
ioe~qztm{hqvnmheo|� vnmq~{ �q~jn �nhznhi d�wx Oq fnz{jq W ").:=0. "% "*4-)*+1' "-=&0=$0A> 
PGCc�� �hqmq W $)#% RSST )*45)*=:= = ,$)*%0:= *=:'0=#' = )03=0 &%@'"-)-A *+":%0/� 145%&6 
1%;'&V$)0&4 .;&=&2 $% %$%&7&6 %¡-$=/7&4crhiWevnmheo|� vnmq~{ �q~jn G¢unc�qmmjenzi dGc�wx 
Z*%0%&2 <A:) ,$)*%0%&) *% *=;<4 &= *+/)&&)"-&6 -%"-)*V&6 =&=:A-'#/2 ;,�")<':)"-' b£]Yc
£¤£]¥]b¦Q ]§¤9] = *&'-$):=<)$=-)$&6 "$)*&V&6 *+":%0/� " 056*% =/$%0'-)*=&). = 
1%;'&V$)0&4 /)&-$):)*=&). 1%-)0). ̈ > © hqon ª««¬ �i| PGCc­9 ,5%a:= &= ,56,$=*. 
/=:'<$=7&6#3 "-=&0=$0� ,)1)#6 =/$%0'-)*=&2 1%-)0A Yc�x �nmq~i Gc� z{ji W XY 0),)".0 
:%('":=-'*&4 $%",%/-)*V&=Q =:% &'/+1 &%=,:'/)*V&=> ®:=*&61 0�*)0%1Q ,$)7 "% 1%-)0= 
W $%:%*=&-&6#3 :=<)$=-)56#3 ,$=/-'#/A &%,).̄6*=:= @% @%@6 ,$=#&)"-Q &%,56@%1&)"- =̄ 
&%<%;,%7&)"-> ° ,$*&6#3 *+":%0/� .*%0%&23) -%"-)*V&6 @=/) *=:'0=#% 1%-)0A Yc� 
W ,)$)*&V&6 / 1%-)04 ̈ B,$V#% <A:= ,$)*%0%&= &= '0%&-'#/+#3 *;)$#6#3 1:2/=U <A:) ;@'a-4&)Q 
%̄ /)$%:=#% 1%;' 1%-)0=1' <A:A ;,$=*'0:= &= ±$)*&' $ ² ̀QS> ³V:%Q ̄% ,)/.0 "% @%0&V ) 
*A@V05%&6 *4$)3)0&)"-' *+":%0/� B",$V*&)"-'UQ ; pjn~eu|i hn�hq~t|qWimnjfqume �n vnmq~i Gc� 
TQ́µ ¶3)0&)-&4@a6· &%̄ ̈Q ; 3:%0'"/= ),=/)*=-%:&)"-' TQTµ ¶:%,a6· = ; 3:%0'"/= *A@V05%&6 
&%@'"-)-A *+":%0/� ̧QSµ ¶",):%3:'*4@a6· B¶@'"-4@a6·U &%̄ ̈ B¦=<> ̀Q R = ́U>       

¹º��������� ������»�� �������¼�� ��½��������� �����¾��º¼� ��������¾� 

¿ 1:27&+#3 :=<)$=-)56#3 @"). ,$) 3)0&)#%&6 -%"-� ;,�")<':)"-' &%@7="-4@' ,).̄6*V&A 
u{um�v{À  

c Dt|je~eo|} Wl~}jnfqum dDK CDGÁÂH IJJÃK FyÁG mnum{ i f}hq~fs mnum{ PGCc�� �hq OH 
®8Q ¥Q 9 = 899U )0 ,)7V-/. B*+3)0). @% 0*).$);14$&+ $);/:=0 *+":%0/)*2 
&%"3)0A &= "A"-%1=-'#/+ = &V3)0&+ ;0$)@ #3A<A = 0%"'(& ,5%0&)"-&4 .;,�")<%&+ 
Wsonc*;)$/)*+1 1:2/=5"/+1 -%"-�1UQ @=/) ;5%@14 &%@:%,a6 ;,�")< *A3)0&)#%&6Q /0% 
miztj|qW� W{�V05%&6 ,)"/A-.@% 5=;%&6 ±7="-&6/� ,)0:% *4$)3)0&)"-' 0)"=̄%&+#3 
*+":%0/�[ 

c Ä).0%& ,:)-Q ,).̄6*=&+ * mnumnop ÁED�Á dENy\�Q RSSSU .;,�")<%&+ ,$) 0*).c
*;)$/)*2 0%"'(&A -%"-� B*+3)0= ;0$)@)*23) $);/:=0. *+":%0/)*2 &%"3)0AU[ 

c Åcuoqhn dÆMMÇH IJJÈH IJJÉK yM¿DPDÂH ª««IK ÁÊCÁyH Á�CÁL i f}hq~fs mnum{ PGCc
�� �hq L��w �hq �n~fqcH ~Wqtc e Wsonc*;)$/)*2 0%"'(&A -%"-� B&%,)"/A-.@% *+3)0. 
l~hq�qW�pq hql|ji~t Wkujn~|qW� fnupq~{wx 

X="-) "% * 1:2/=5"/+#3 *+/)&&)"-&6#3 -%"-%#3 .,:=-Ë.@% -=/2 *A76":%&6Q $%",> 
lqzhilnfs hnoqWnh{ �$) ",%#'V:&4 *A<$=&2 &%<) ,5',$=*%&2 *;)$/A ; /)&-$):&6 "=0A> ̂=,5> ,5' 
=&=:+;V#3 )<"=3. 0."6/. *% ;&V1+#3 /)&#%&-$=#6#3 $);-)/� =1'&)/A"%:'& @=/) (:A#'& &%<) 
mh{�mqgif �hq |qfmhqjt ifijkl{ �q~jn Ì�nj~ipji d�i|q FyÁGc£¤£]¥]b¦U &%<) 1)7)*'&A * 
vj�on d�i|q PGCc­9U> Z*%0%&2 .1)̄Ë.@% :%,a6 )$'%&-=#' ,5' *A3)0&)#)*V&6 -%"-� * vnlfsop 
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1_=K?KP ̀ AGA@ MFNIFBH W >D[F@AOPE >CD>IA @À̂HPE CJHG>=EX aO>E BTFDFNIKDAW>Gb@Q 
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N)9+ 0;4C1 -$8<(2&9; -7 0565 ( ®Ǵ£H �© � ��!� ¥©� È� M ���! ¥©� ���rstÄ �É���"� M 

-$(P8-74-C (8#B&0797 yoo +N+5 4$0+, &$ (8#B&0$4 9760«8) @# v x'w� 7 x'��E ~Êx'x�A' 60$#P 

G�ËJ£L� LGHKMG �© � rx'��E ~�x'xxwA /12 6+-.$-0#+(<-3 0565O ̧807* (P&9$,6B yoo 4$82 Çq 7 

���r�� N)9 (P8-74-P @(792,7=-3 # v x'��E ~�x'xxwA /12 /#B4C#-; ,2D$#$-.2 r���² !���² 

®ËÌ!��®Gu �� ¥©�¬HIH|} LMGJ�©M£H ���r�� /+,9$ (P&9$,6B Çq 98$ (C#+*+,-+&0 (P&9$,6B 

/+(7?+(70 87 ,+N#+5O ~#+ 4$0+,) 4C1$-3 yoo -$-3 01$N7 (92() 0565' N396+(2- 7 9760«8) 



 !" 

#$%&'()* +) #$(,*)*-./ 01*$() 023456 789 :;; <= 79>?@AB C<98DE F=A@CFBG9 HIJD=K 
7LB7=MFN O 7LBM=CDP >8QPK HNI= M9R89> CN89G9MF9OAS ;QA9M> ;TU4VW X1 YZ$(-. %)&[\]$Y)* 
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MQAQD̂Q I@79Ì<P RPIP 79 =F=IPA@̂DJ OA8tF̂Q f@? MLBCQ 797OtFP b½¾¿�j¾¿l !ÅoÆ~ Ç||w½ 1* )&/l 
!ÅÅnp/ 
��,&1(1% #]$Y1(1-. %)&[\])r1 0234VW X1 +$\])+1- -) |\]/ Å y] È nlÅmÅ~ wÉnlnn!p ) 023 -) 
ÄR8S �� b8 � �K Ê�{ = �K���� 9R= D9Q_@̂@QFAP ���K��dS cD=<>fQ OQ 78=C@MQIFNK ?Q AQ̂GF9I9�@Q 
023456 Ht IQ7gB 7LQM79DI=MPK A<FS @FGQ8QFAFB CI=OAF9OA@ HQA9MPK 789 M9O=?QFB O9>I=M> 
, 8Q_Q8QFaFBH@ G9MF9A=H@ b8Q_Q8QFaFB HQA9M9> 789 e;:d C #$]$Y-'-x % 023/ ��,&1(1% 
FtOIQMFJG9 C̀D9FF9OAFBG9 AQOA> MC= HNOB̂Q 79 D=I@R8=̂@ F= O=MN C<98DE HIJD= bF � ��K 
H=F@7>I=̂Q OQ OI9?D=H@d DQ D=I@R8=̂@ <tDI=MFB̂G OI9?QD HIJD= bA>DK RBID9C@FPK D=OQ@FK I=DA�<= 
= O>g[-) *�%�#]$,*'p X1 +$\])+1- -) |\]/ !! ) Y 6=RS �S Ë=IgB AQOA AL@ HNOB̂Q 79 D=I@R8=̂@ ;TU 
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[\]\̂ _̀abcd̂efaf d â]ghi jhikl mĥnogi_lef ogig\og\apql _rd]is]qog ]i btin\]̂ u v wxgln̂]gy
 

 

 

z{h| }" ~dgib 0*+,-./J @ABCDE ;>= 6%�-24 )@G 0 8,I�2I8 36/6 ( 89+4:- ;1 /<,=$%<:= ?#$%& 

''M E<$& '� �@ K ;%024 89>-24 E K )@G 0 881,�'LL� 0 8,I�2I8 36/6F& 

 � � ������� � ������

�� � ������

����

����

����

����

����

����

���� ���� ���� ���� ����

������

�
��
�
��

 
 

#$%& '� )H3<5 0*+,-./J @ABCDE ?'F < @AB ?(F ;>= 6%�-24 )@G 0 8,I�2I8 36/6 ( 89+4:- ;1 

pit\{hia\ wz{h| }}� �i{| }y| 

 � � ������ � ������

�� � ������

����

����

����

����

����

����

���� ���� ���� ���� ����

������

�
��
�
��

 
 



 !" 

#$%& '( )*+,-. /012/3*4 .565 7 -4+2789 9/8:;< *73=;>? 2@-AB5 72/>3:B 9A-.>3:B 64-;/0> 
C)DEF< 2B+2G;>? 67A/0.4 9/86A A 73+2@6, * >HB2 I JA6.2+4 A K;K0:B 629@0>A:;< 7*.AG;>2 6; 
*7?L;.0 A .;:B>2/2M00 C92N0J0627O>2 12N/; PQRSTQR U'VW"XY PZ[\\[] ̂ _̀a& U'VWbXY #cdefRT ̂ 
_̀a& U'VVWXY ghijklim)n ̂ _̀a& U!oooXY pR ̂ _̀a& U!oooXY RTq#T[\\f ̂ _̀a& U!oo!XY PRTq#P 
 ̂_̀a& U!oorXY sftfTu ̂ _̀a& U!oorY !oovXY Zwxyz ̂ _̀a& U!oo"Y !ooWXY qZ#pP#T ̂ _̀a& 
U!oo(XY {[e\R] ̂ _̀a& U!oovXY ujx|y}m)n ̂ _̀a& U!ooVY !o''XY pftS\#g~ U!o''X ̂ Zwxyz ̂ 
_̀a&Y !o'rX& 
 

 
 
 
m@+� �� )*.AB 9;*0 73-/;N64 -.A>27;>? 6;.2>, E;.21BA>;9 7 92�0 A E;.2.;-.;9 7 9/8:; 
�������_��� _%̂� U� � bv� % � oYWb� ��oYoo'� Zwxyz �� ̂a&Y !oo' $X& 

 
 



 !" 

#$%&'(')* '&+&'&),& 
-./01223.4 567 89:;<:=>?=@9:A 9B CD99E ?:E F@DG G<=9:< C9E@<A4 CD99E @A9H>9H?:9D ?:E 
HD?AF? IDJ;9A< @: E?@>K ;9LA @: ><D?=@9: =9 =M< E<I><< 9B MKH<>G<=9:?<F@? ?:E ;D@:@;?D 
A@I:A6 NCD6 O<=6 P<E64 -4 QR4 RSTU4 VTQWVSQ6 

-./01223.4 567 2JC;D@:@;?D G<=9A@A @: E?@>K ;9LA6 O<=<>@:?>K 8D@:@;?D 9B .9>=M -F<>@;?7 
X99E -:@F?D Y>?;=@;<4 U4 RSTT4 !4 !QQW!"R6 

-./01223.4 56W 0P-.Z0523.4 Z67 -: <H@E<F@9D9I@;?D A=JEK 9B MKH<>G<=9:?<F@? @: 2L<E@AM 
E?@>K ;9LA7 E<=<>F@:?=:=A ?:E =M< ><D?=@9: =9 B<>=@D@=K6 Y><[6 O<=6 P<E64 Q4 RST"4 UUS6 

-./01223.4 56W 5Z./2\1]P4 ̂ 67 P@DG ?:E CD99E G<=9:< C9E@<A4 CD99E @A9H>9H?:9D ?:E 
HD?AF? IDJ;9A< @: E?@>K ;9LA4 F<=M9E@;?D A=JE@<A ?:E E@J>:?D [?>@?=@9:A6 NCD6 O<=6 P<E64 
QR4 RSTU ?4 QU_WQUS6 

-./01223.4 56W 5Z./2\1]P4 ̂ 67 0BB<;= 9B <:<>IK C?D?:;< 9: HD?AF? IDJ;9A< ?:E G<=9:< 
C9E@<A @: CD99E ?:E F@DG ?:E @:BDJ<:;< 9B MKH<>G<=9:?<F@? 9: F@DG H>9EJ;=@9: 9B 
H9A=H?>=J>@<:= E?@>K ;9LA6 NCD6 O<=6 P<E64 QR4 RSTU C4 "QSW"Ù6 
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\inqr�0 u:c ;̂ ipp0 i:c rul�0 k:c kl#]0 q:c \r�i[\l0 s:c j�̂ r0 j:w ̂('*+,%673,<7 &(+y((6 
),'- 9$(* *64 <$%492+,%60 69+$,+,%6 *64 x($+,',+8 +$*,+7 ,6 l7$*(', 4*,$8 3($47: n: u*,$8 ]2,:0 
"{0 !̀ �̀0 à àcàaa: 
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hYj]m;iY�0 u:w jxx(2+ %x 3($40 <*$,+80 7+*5( %x '*2+*+,%6 *64 ),'- 8,('4 %6 9$(* 
2%62(6+$*+,%6 ,6 ),'-: [/(23 n: r6,): ]2,:0 ba0 !̀ �̀0 a!0 bàcba{: 
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���§������� ] [dW]ŴR�� }��¡����� �����̈������ \ ̀S_UT d [©STaT̀  ̂ ] ̀ [̂XW[VX̂ª 
d«¬ZSX̂XUZ­U© ZTW®̄ a[°̂XU % L2,12(0) #$'*'1I' #$2368L2*:*J ()09%I7 *' *:,)*i .2K1)I % 
K'K)IJ #h7#%.1:IJ #$2.95/17IJ #2$9IJ ±'1'$m'0)I58J2 .'M)I)09 ±²³́ µk $'(#N 5'0�jµ 
#$2(0h'.1)I0*7L #$2025269 ¶'02E;E ·>@G?= E 12*29 *+447 )1M2$L%/17 'M'50)*)029u 
 
A̧=G F>=Gn;qA <ACAp�z> EyE=>FA=;Bqy A F>=Gn;Bqy <A CHEx>nqy #h'.'468J2 *:*2K' L'02. 
;n><=;t;qAB> q>=rpy¹ =>ny B>?=;t;qGCA<G� F>=Gn;q� ·º»"¼! ½¾ ¿Àu   
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]̂>B@B>] HNC>NJ] Ǹ@OHD YBJNA?JBY L[N YOkCND CNE>WGW ̂B @ABCN̂O>_\ ǸCǸFa >O N@B 

] LOY HNC>NJ] LMF@AD|>_HN LN\m[N̂_HN DYOfOJBAB @ANkB>F \A_YO K>OLMP JDY�L[NJBW>RP 

�[OXWGY] E@ND NLmJ NCAW|B>] Ǹm @YDLW>] CNE>WG ̂]ĴNMB>_ >O f?YAOCm OYJD?A>FHN 

AOYJOI>FHN C>BP sN\NGF JOYJN ̂]ĴNMB>_HN \OJWGN̂_HN �[OXD AfB L[N̂_@J CBJOWA>F 

F̂GB[Nf\m[>ND W>JB[L[BJOGW OYJD?A>F @WJDOGB >O XO[\m f b7:2(=9# &h=#b$ 9:%&70%:9 *: 

*)%#b$ 9 \A_I>_ DkWJYN̂N@JWa @JDL>W AOYJOGB O LN\m[N̂lGH DYOfOJBAg O AfB JOY 

XN[\DAN̂OJ H]LNJ_f]a LMFLOC>m NLOJMB>Fa L[N MB|B>F OYJD?A>F @WJDOGB ̂l@Y]JD YBJofa 

LMFLOC>m WCB>JWXWYN̂OJ [WfWYN̂_ @YDLW>] CNE>WG v >OLMP �CNE>WGB @ ̂]@NYND DkWJYN̂N@JF 

LNC pqq C>g AOYJOGB ̂ OYJD?A>F\ \m@FGW ĴNMF >O \OJWGN̂lGH �[OXBGH WfNAN̂O+, 

@YDLW>] D ̂|BGH DYOfOJBAg ̂fJOHDEFGFGH @B YB YBJof?\ O ̂B ̂|BGH LN\m[N̂lGH 

$9#)#%:71/b # <=&$ * @WA>_\ YN[BAOI>F\ ̂fJOHD v <: +$%+, =: * LA?>N̂O>lGH NLOJMB>FGH 
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13O4*, 8 13O4*, +323-.(1+DW �]IM$JM� 51(3 +82D 1>(;2, 74*(.4+*9h 7:+8/(>4+, 1 �IFea _$Ipea 

*8 <T;4<(<T 1+8< )(5*46h =:57D*8 2:+(*, _ fGfKY� M:5.S=*05O96' d(.7C6' 8 7(U(<4*8h F̀EGgKM$ 

YK%[eMe_� $ _̀p[$M� J$E%M� F̀EGgKM̀ 7>DU*D'( +323W �g�Fe =854O�35: 1*8)*T ()/0. <=(.2S $ 
?8)8 8*8>,+462T6' -(1+3-S 5: ->*0 83+(78+4=(<C*8 1 <,1(2(3 :d:2+4<4+(3 8 -?458+:>*T74 
M�Fg$#̀W  
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FGFHIJKLM NOP NQRLQSM TO HOP UFIVWXM GOP NWKSKFRM SOY Z[\]̂_̀a b̂ c[̀d[]def b_ ][_g 
h̀e]idj_̂ b_ k[d] b̂ c[\l̂O JSIF m̀eb_\]O FfdnOM oM pM "qqrM "osP"trO 

FGFHIJKLM NOP NQRLQSM TO HOP UFIVWXM GOY Z[\]̂_̀a b̂ c[̀d[]defa b_ ̀[hhè] b̂a ]̂f̂_̀a ̂f 
n[]dì̂a ù[aâa ̂] h̀e]idj_̂a b_ k[d] b̂ c[\l̂O JSIF m̀eb_\]O FfdnOM !M pM "qq"M "!"P"!qO 

FSvKIwwQSM LOY Nef\̂f]̀[]defa ex ykeeb [fb ndkz ẑ]ef̂ yebd̂aM ykeeb daeh̀eh[fek [fb 
hk[an[ uk_\eâ df b[d̀{ \e|a df ̀̂k[]def ]e ]l̂ b̂ù̂  ̂ex l{ĥ z̀̂]ef[̂nd[ [fb \kdfd\[k 
adufaO }ykO ~̂]O U b̂OM F o"M "q�!M ��oP�qoO 

FSvKIwwQSM LOY w_y\kdfd\[k ẑ]eada df b[d̀{ \e|aO ~̂ ]̂̀df[̀{ Nkdfd\[k ex Sè]l Fn̂ d̀\[Y 
Zeeb Ffdn[k m̀[\]d\̂M !M pM "q��M pooPpt"O 

FSvKIwwQSM LOP KUFSRKLwQSM ROY Ff ̂hdb̂ndekeud\[k a]_b{ ex l{ĥ z̀̂]ef[̂nd[ df w|̂bdal 
b[d̀{ \e|aY b̂]̂̀ndf[]f]a [fb ]l̂ ̀̂k[]def ]e x̂̀]dkd]{O m̀ ĉO ~̂]O U b̂OM oM "q�tM !!qO 

FSvKIwwQSM LOP LRSvwVI�UM �OY Udkz [fb ykeeb ẑ]ef̂ yebd̂aM ykeeb daeh̀eh[fek [fb 
hk[an[ uk_\eâ df b[d̀{ \e|aM n̂]lebd\[k a]_bd̂a [fb bd_̀f[k c[̀d[]defaO }ykO ~̂]O U b̂OM 
o"M "q�! [M o!rPo!qO 

FSvKIwwQSM LOP LRSvwVI�UM �OY Kxx̂\] ex ̂f̂ ù{ y[k[f\̂ ef hk[an[ uk_\eâ [fb ẑ]ef̂ 
yebd̂a df ykeeb [fb ndkz [fb dfxk_̂f\̂ ex l{ĥ z̀̂]ef[̂nd[ ef ndkz h̀eb_\]def ex 
hea]h[̀]_̀d̂f] b[d̀{ \e|aO }ykO ~̂]O U b̂OM o"M "q�! yM toqPt!sO 

HKIFSM TOP wV�vS��M LOP v�������M TOP Q�IQRWL�M UOY Îk[]defaldha ŷ]|̂ f̂ \l[fûa df 
Weka]̂df \e|�a yeb{ \efbd]defaM [\̂]ef̂ [fb _̀̂ [ \ef]̂f] df ndkz [fb \̂ c̀d\[k n_\_a [fb 
aĥ ǹ a_̀cdc[kO F\][ _fdcO [ùd\O ̂] adkcd\O U f̂b̂kO H̀_fOM L�M tM pr"pM oqP!�O 

H�IQM vOP LFHRvFM TOP NFHFvFTQ~�M UOY Z[\]èa dfxk_̂f\dfu \e| ndkz h̀eb_\]def [fb x[] ]e 
������� ������� ������ ��� ������� ���� � ¡¢�� £ �¤��¥ ¦� §��̈� ����© osM �PsM "qqpM tp"P
tp�O 

HIFSvVM FOP mFHwVM IOP wNWRLVKPNQKISKM WOP GIF~KIVM WOQOY vd̂ Ŵ d̀][ydkd]ª] b̂  ̀
Z_]]̂̀[_xf[ln̂ ŷd Udk\lz«l̂fO }«\l]_fuaz_fb̂M tsM "q�tM pqqPor�O 

HIQRVJSM mOY �̂]eada b̂]̂\]def df vWJF ]̂a]dfu P F f̂| ukey[k n̂][yekd\ dfx̀[̀̂b aĥ\]̀[k 
�������¥� ��¬ ­®�� ���� §¥��̄° ������������� ��̈����M Ĥf]k̂{ Jfa]̀_n̂f]aM F[̀l_aM 
Seĉnŷ  ̀sP"rM pr"�O 

NFIIJKIM TOP wVK±FIVM wOP GQvvKSM wOP ZKVIQ±M TOP IFmSJN�JM mOY Kc[k_[]def [fb _â ex ]l̀̂  ̂
\e|adb̂ ]̂a]a xè b̂]̂\]def ex a_y\kdfd\[k ẑ]eada df ̂[̀k{ hea]h[̀]_n \e|aO TO v[d̀{ w\dOM 
�sM prr!M osptPosotO 

NQw�RSM HOP JSFLM ZOP G²IH²}M KOP mQLFVM KO wOP FLFVFwM UO wOY Vl̂ ̂xx̂\]a ex [bbd]def[k 
uk{\̂ èk df bdxx̂̀ f̂] x̂̂b xèn ef b[d̀{ \e|aO �[xz[a RfdcO ~̂]O Z[zO v̂ ùOM "�M "M pr"pM 
""tP"prO 

vJK�UFSSM LOY Kf̂ ùd̂ydk[f³ cè _fb f[\l b̂n �[kŷfO Vd̂̀³«\l]̂̀M pM "q�sM spPsoO 
vIJZV ~FS vKIM wO GO �OP TQIIJVwUFM IOP wNWQSK±JLLKM TO VOP �SJTSM WO UOP wVKGKUFSM TO FOY 
Ie_]df̂ b̂]̂\]def ex l{ĥ z̀̂]ef̂nd[ df b[d̀{ \e|a _adfu Ze_̀d̂̀ ]̀[faxèn dfx̀[̀̂b 
aĥ\]̀ea\e�́ ����́µ�µ �¶ ·Pl{b̀eg{y_]{̀[]̂ [fb [\̂]ef̂ df ndkz df \enydf[]def |d]l ]̂a]P
b[{ dfxèn[]defO TO v[d̀{ w\dOM qtM qM pr"pM !���P!�q�O 
vRZZJKLvM VOY w_y\kdfd\[k ẑ]eada df k[\][]dfu b[d̀{ \[]]k̂O ~̂]O NkdfO Sè]l FnO Zeeb FfdnO 
m̀[\]OM "�M prrrM po"PptoO 
vRZZJKLvM VO ZOP �KLVQSM vO ZOP LKwLJKM �O KOP LJwwKUQIKM �O vOP LRUwvKSM TO WOY Râ ex ]̂a] 
b[{ ndkz x[] [fb ndkz h̀e]̂df ]e b̂]̂\] a_y\kdfd\[k ẑ]eada df b[d̀{ \[]]k̂ df Qf][̀deO N[fO 
~̂]O TOM o�M "qqsM s"oPs"�O 
vRZZJKLvM VO ZOP LJwwKUQIKM �O vOP UN HIJvKM HO ±OP LKwLJKM �O KOY Jnh[\] ex 
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ÌYª, fWU XIYZK, [WU �j:f�eX, ̀WU ��e:\, �WU «I¬­]JHqm, �WU ĉY]Z_Hqm, rWU ̀:h:fi\g, jW< 
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In high producing dairy cows during early lactation, a negative energy balance (NEB) can be induced by an imbalance 
between energy intake and increasing demand for milk production leading to: 
 

o Fat mobilization from adipose tissue  
o Production of ketone bodies (acetone,  β-hydroxybutyrate…).  
o Sub-clinical(SCK) or clinical ketosis (CK)  

 

 

 

o  

 

 
 

Why testing for ketosis? 
  

 

K) 

 
Ketosis metabolic disorder has a high prevalence (12-43%), is difficult to detect (1/5), and can lead to major 

negative impacts on dairy farms profitability and animal welfare: 
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In high producing dairy cows during early lactation, a negative energy balance (NEB) can be induced by an imbalance 
between energy intake and increasing demand for milk production leading to: 
 

o Fat mobilization from adipose tissue  
o Production of ketone bodies (acetone,  β-hydroxybutyrate…).  
o Sub-clinical(SCK) or clinical ketosis (CK)  

 

 

 

o Decrease in milk production (-300 to 450 kg/lactation) (Duffield,2000) 

o Substantial modification of milk composition (fat↑, protein↓, fatty acids profile…) 

o Impaired reproduction with conception rate at AI1 down -3 to 35% (Fourichon et al,2000)  

o Increased risk for other metabolic disorder (clinical ketosis, displaced abomasum, metritis…) 

o Increased severity and duration of mastitis cases with depletion of the immune system 

o Indirectly increases culling rate 

 

 

 
 

Why testing for ketosis? 
  

 

CK) 

 
Ketosis metabolic disorder has a high prevalence (12-43%), is difficult to detect (1/5), and can lead to major 

negative impacts on dairy farms profitability and animal welfare: 
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How to diagnose subclinical ketosis (SCK)? 
2 types of ketosis and associated biomarkers: 

  

  

 

 

2 types of ketosis and associated biomarkers: 

Ketosis type biomarker Concentration range Status 

Hypoglycemic  high [Blood BHB] * Blood BHB > 1,2 mmol/l SCK 

* BLOOD BHB = GOLD STANDARD   

** NEFA: Non Esterified Fatty Acids 
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How to diagnose subclinical ketosis (SCK)? 
2 types of ketosis and associated biomarkers: 

  

  

 

 

2 types of ketosis and associated biomarkers: 

Ketosis type biomarker Concentration range Status 

Hypoglycemic  high [Blood BHB]* Blood BHB > 1,2 mmol/l SCK 

Hyperglycemic high [NEFA] in blood** < 0,4 mmol/l physiological

0,4-0,6 mmol/l mild mobilization 

> 0,6 mmol/l severe fat 

mobilization 

* BLOOD BHB = GOLD STANDARD   

** NEFA: Non Esterified Fatty Acids 

 

But Blood BHB (Gold Standard) & NEFA determinations are invasive and not 

practical for routine DHIA testing   
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Are Ketosis biomarkers detectable in milk by infrared? 

 

o Milk Acetone:    - very volatile and low concentration in milk typically < IR detection limit 

o Milk BHB:   - more stable than acetone but levels also very low  typically < IR detection limit 

    - content decreases also rapidly if milk not stored at 4°C right after milking 

 
 

 

  

Cc:  Direct Milk Acetone & BHB determination by IR present some major drawbacks 

because of their volatility, very low concentration levels, and very variable correlation with 

blood BHB (Gold Standard)  
 

- Milk BHB (0.10 – 0,60 mmol/L) = (1,04–6,24 mg/dl!!) << urea (10-100  mg/dl) 

 

- Correlation (r) between milk and blood BHB very variable (0,00-0,87)  (Enjalbert et al. 2001) 
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Gold Standard: Blood BHB 
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Enjalbert  et al.  

Journal Dairy Science  

2001 84:583-589 

 

Which biomarker should be monitored by infrared? 
 
 

 

Correlation (r) between milk 

and blood BHB very variable 

(0,00-0,87) 

            Milk BHB not a reliable  

biomarker for SKC 



  

A new global metabolic infrared spectral approach for Blood BHB 
prediction and SKC detection 

  

1 – Is there a correlation between ketosis metabolic  

disorder and overall milk composition & spectra?
 

 

2 - Can the metabolic disorder be modeled (PLS)  

to predict Blood BHB from the milk spectra? 

 

? 

BENTLEY INTERNATIONAL SEMINAR & USERS GROUP MEETING 

 AARHUS, DENMARK, NOVEMBER 7-10, 2016 



Study Protocol:  

o 696 Holstein cows tested for blood BHB (Optium Xceed reader) over a 6 months period 
(DIM<100) 

o Blood taken from the coccygeal vein (AM/PM) 

o Samples cooled down immediately at 4°C after milking 

o Milk samples tested on Bentley FTS within 12 hours to collect MIR spectra 

o Development of a PLS model to predict Blood BHB based on Milk spectra 

  

  

Blood BHB determination by infrared spectroscopy for the monitoring of 
the cows metabolic activity and SKC detection 

Optium Xceed reader Bentley Ilas Combi 600 MIR spectra 
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Blood BHB PLS Calibration 
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y = 5,5817x + 0,6154 

r = 0,6555 

n=280 
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A new global metabolic infrared spectral approach for Blood 
BHB prediction and SKC detection 
Poor correlation between Blood and Milk BHB 

n=280 (individual cows) 

 

Mean Blood BHB = 1,043 mmol/L = 10,41 mg/dl 

 

Mean Milk BHB = 0,058 mmol/l= 0,6 mg/dl < DL 

 

Blood BHB > 13,6 x Milk BHB 

 

r=0,6555   (r=0,66* but can vary from 0 to 0,87) 
 

0

1
 

 
*Enjalbert  et al. Journal Dairy Science, 2001 84:583-589 
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y = 0,8132x + 1,2413 

R² = 0,1066 
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A new global metabolic infrared spectral approach for Blood BHB 
prediction and SKC detection 
Evaluation of the Blood BHB daily variation (Optium) 

 

  



A new global metabolic infrared spectral approach for Blood BHB prediction and 
SKC detection 
Evaluation of the Blood BHB daily variation (Optium) 
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Animal n° 

Blood BHB daily Differential (AM/PM) on 54 cows 

High potential variation between AM and PM Blood BHB 
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Cow PM AM PM AM PM AM 
Mean BHB  

(mmol/l) 

n°1 2,6 2,1 2,1 2,2 3,3 3,0 2,6 

n°2 0,9 0,7 0,7 0,6 0,9 0,8 0,8 

n°3 2,6 0,7 1,4 0,7 2 0,6 1,3 

        

      Blood BHB Daily Variations: 3 Cases 

 

 

 

 

 

    → Blood BHB PM >> Blood BHB AM 

    → Poor correlation (r²=0,11) between Blood BHB AM and PM 
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A new global metabolic infrared spectral approach for Blood BHB 
prediction and SKC detection 
Evaluation of the Blood BHB daily variation (Optium) 
 



1 – Is there a correlation between SKC metabolic disorder and overall 
milk composition & spectra (696 samples)?  
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Correlation(r) between Blood BHB and Milk spectra 
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1 – Is there a correlation between SKC metabolic disorder and overall 
milk composition & spectra (696 samples)? 

 

Cc: Blood BHB is mostly correlated to the milk Fatty Acids Profile (FAP) 
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1 – Is there a correlation between SKC metabolic disorder and overall 
milk composition & spectra (696 samples)? 

 

  

Cc: Low correlation between Milk spectra and Blood BHB where BHB molecule main 

absorption wavebands are located (1410; 1562 cm–1)   



  Components  (X)  r/BBHB(Optium) 
BBHB <1,2 

(mmol/l) 

BBHB >1,2* 

(mmol/l) 
Wi % Wi 

Protein -0,26 32,58 31,56↓ -1,02 -3,13% 

Palmitic(C16:0) -0,13 1,36 1,35= -0,01 -0,81% 

SCC -0,12 165,00 114,00↓ -51,00 -30,91% 

Saturated FA -0,07 2,73 2,76 0,03 1,21% 

Lactose 0,02 48,07 48,45↑ 0,38 0,79% 

Fat 0,15 41,73 43,34↑ 1,61 3,86% 

Poly Unsaturated FA 0,27 0,16 0,17 0,02 10,97% 

Fat/Protein 0,39 1,279 1,379↑ 0,100 7,82% 

Unsaturated FA  0,47 1,20% 1,35%↑ 0,15% 12,50%↑ 

Mono Unsaturated FA 0,48 1,08% 1,20%↑ 0,12% 11,11%↑ 

Oleic (C18:1)% 0,52 0,84% 0,96%↑ 0,13% 15,21%↑ 

Stearic (C18:0)% 0,57 0,36% 0,41%↑ 0,06% 16,01%↑ 

Oleic/Protein 0,66 0,026 0,031↑ 0,005 19,23%↑ 

Stearic/Protein 0,66 0,011 0,013↑ 0,002 18,18%↑ 

More research under way: 416 fatty acids in bovine milk (Jensen, 2002)  

20%

08%
 

12,50%↑

11,11%↑
 

1 – Is there a correlation between SKC metabolic disorder and overall 
milk composition & spectra (696 samples)? 
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More research under way: 416 fatty acids in bovine milk (Jensen, 2002)  

1 – Is there a correlation between SKC metabolic disorder and overall 
milk composition & spectra (696 samples)? 
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  Components  (X)  r/BBHB(Optium) 
BBHB <1,2 

(mmol/l) 
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Bentley Fatty Acids Calibrations 

Typical results obtained on bulk cow milk with PLS Calibrations   

Components 
Measuring 

Range 
Validation range Repeatability (Sr) 

Accuracy (Sy,x) 

(Bulk) 
Carry-Over 

C:16:0 (Palmitic) 0,43-2,45% 0,78-1,51% 0.027% 
0.056% (0,070-0,094)* 

 
< 1.0% 

C:18:0 (Stearic) 0,12-0,70% 0,24-0,47% 0.012% 0.035% (0,040-0,055)* < 1.0% 

C:18:1 (Oleic) 0,21-1,81% 0,34-1,81% 0.020% 0,027%-0.050% < 1.0% 

Saturated FA 0,96-4,50% 1,27-4,38% 0.025% 0.045% (0,037-0,055)* < 1.0% 

Unsaturated FA 0.41-2.17% 0,41-2,17% 0.024% 0.049% < 1.0% 

Mono Unsaturated FA 0,33-1,99% 0,37-1,96% 0.023% 0.046% (0,040-0,061)* < 1.0% 

Poly Unsaturated FA 0.03-0.24% 0,10-0,24% 0.006% 
0.020%  (0,010-0,020)* 

 
< 1.0% 

    *  Bulletin of International Dairy Federation 406/2006, p.25  
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y = 0,736x + 0,3047 

R² = 0,736 

n=696 

SEC= 0,298 mmol/l 
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2 - Can the metabolic disorder be modeled (PLS) to predict Blood BHB 
indirectly? Yes  
 
 

 

My =1,15 mmol/l (12 mg/dl) 

 Milk BHB < 1,0 mg/dl!! Blood BHB Infrared PLS Calibration  
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A new global metabolic infrared spectral approach 
How to implement it? 
 

Blood BHB(IR)   

(mmol/l) 

Blood BHB Infrared PLS Calibration  
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y = 0,8036x + 0,2276 

R² = 0,8458 

Sy,x = 0,13 mmol/l (1,35 mg/dl) 
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A new global metabolic spectral approach 
How to implement it? 
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A new global metabolic infrared spectral approach 
How to implement it (at herd level)?  

 

Blood BHB(IR)   
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Blood BHB Infrared PLS Calibration  
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y = 54,685x - 0,3707 

R² = 0,4326 
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How to improve still ketosis diagnostic?  
A multi-dimension approach 

  

Oleic Acid/Protein  

Blood BHB (IR) 

(mmol/l) 
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How to improve still ketosis diagnostic?  
A multi-dimension approach 

Blood BHB(IR) 

(mmol/l)
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y = 54,685x - 0,3707 

R² = 0,4326 
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y = y  
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How to improve still the ketosis detection?  
A multi-dimension approach 

Blood BHB(IR) 

(mmol/l) 



Blood BHB Concentration distribution in DHIA samples 
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- Our global metabolic spectral model is a very exhaustive and powerful approach to understand the relationship between a 

metabolic disorder and the milk spectra 

 

- Blood BHB (IR), Milk BHB and Milk Fatty Acids Profile (and especially oleic acid) can successfully be used as ketosis 

biomarkers to improve SKC detection and to: 
 

 

o monitor individual cow Blood/FAP/Milk BHB variations over time 

o compare individual cows at herd level to develop a relative approach by setting a baseline (intra-herd) – 

recommended approach 

o to detect ketosis prevalence at herd level (inter-herds) 

 

The Oxygen DHIA/FR laboratory has been using this model very successfully over the last 3 years with the detection of over 

90% of the ketosis cases (over 10 million IR spectra collected) 

 

- More frequent sampling protocol should be considered during early lactation to further improve diagnostic performance. 
 

  

Conclusions: 
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Ketosis Detection
A New Probabilistic Approach

Ketosis

is diesease caused by negative energetical disbalance between income 

energy and energy needed 

of lactation (40 days)

 
consumption a lot of energy

causes fertility problems, displacement of abomasums etc.

has clinical and subclinical stage

-
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Ketosis
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Ketosis Detection =

 Genetics

 – Parents

 –

 +  Metabolic state of cow

 – On farm screening & detection – KetoTest

 + Lactation & milk yield effect 

 – Day of lactation, no. of lactation

 + Farm effect

 – Farm management issues and decisions

 – Feeding

 +

 + error

A New Probabilistic Approach
Ketosis Detection using

FTIR instruments & 
Animal Recording data & 

Samples
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Ketosis Detection - Probabilistic Approach

Main Goals 

usage of milk recording samples & automated SW solution

 – overview of herd situation in time, monthly based report, animal recording 
data, no additional sampling&costs, to give a new tool for farm management

to combine different group of parameters to increase probability of  
detection

 – animal recording data, ketosis related results, milk components ratios

minor milk components calibrations related to ketosis

 – Aceton, BHB, BBHB, OA, CA, sampling frequency related calibrations
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Ketosis Detection - Czech Example

Experiment & Data Description

Farms

 – 13 farms; >300 dairy cows; March, April, May 2015 combine different group of 
parameters to increase probability of detection

Parameters | Effects

 – ID, Date of AR, TTA, Lactation Day, Milk Yield, Fat, Protein, Lactose, TS, SNF, 
Urea, FPD, pH, Caseine, FFA, Citric Acid, Oleic Acid, Acetone, BBHB, BHB, BHB 
GC, F/P, F/TS, F/SNF, F/L, logAC24, logAC48, SCC, Lactation Group

Report using A New probabilistic Approach - farm evaluation
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Data description

March 2015 April 2015 May 2015 Total

Farm ID Farm
No.  

of  Animals
TTA

No.  
of Animals

TTA
No.  

of Animals
TTA

No. Of 
Animals

530200811 ZD Sloupnice, Dolní 
Sloupnice

472 3 528 2 533 2 1533

530203811 Letohradská ZS, Lukavice 426 3 482 3 494 4 1402

610335779 LUKA a.s., Vysoké Studnice 553 2 568 2 580 4 1701

610527911 AGRAS Bohdalov 654 3 660 2 662 4 1976

610539211 ZERAS Radostín, Radostín 586 3 615 2 622 2 1823

610539349 ZERAS Radostín, Pavlov 606 2 625 2 620 5 1851

620135959 772 3 773 3 736 4 2281

710209012 Libinská AGRO, Šumvald 1135 2 1111 3 1091 4 3337

720241111 916 2 1006 2 1009 2 2931

810165935 461 2 461 3 606 2 1528

530201371 227 2 243 3 238 2 708

710207341 Senice na Hané 1127+464 2 452 2 459 3 2502

530197774 209 2

Total 7272 7733 7650 23573
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Data description - 2
Mean Minimum Maximum Std.Dev.

TTA (days) 2.69 2.00 5.00 0.82

Lactation day 182.22 0.00 926.00 110.20

Milk Yield (kg) 36.59 0.00 101.00 15.74

Fat (%) 3.62 0.07 9.94 0.73

Protein (%) 3.37 1.32 5.71 0.32

Lactose (%) 4.98 1.29 5.80 0.25

Total Solids (%) 12.35 3.79 18.97 0.86

SNF(%) 8.98 3.22 10.49 0.35

Urea (mg/l) 29.83 0.00 69.80 4.60

FPD 540.78 164.00 581.00 9.53

pH 6.49 5.69 6.78 0.06

Caseine 2.63 1.01 4.33 0.25

FFA 0.36 -12.62 6.80 0.76

Citric Acid (%) 0.18 0.07 0.38 0.03

BHBA (mg/l) 3.87 0.00 17.70 1.47

BHBB (mg/l) 164.11 17.70 661.04 37.26

BHB GC (mg/l) 2.79 65.17 3.28

OA (%) 0.05 2.85 0.16

Acetone (mg/l) 2.13 0.00 18.01 1.45

logAc2 0.55 -0.74 6.69 0.25

logAc3 0.55 -0.72 2.74 0.23

SCC 245.69 0.00 9500.00 606.44

LactG 0.74 0.00 1.00 0.44
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Ketosis Detection - Czech Example

Model no. 1

Citric Acid | Oleic Acid | Acetone | BBHB | BHB | BHB GC | logAC24 |  
logAC48 = 

 – Lactation Group + FarmID + TTA

Answers on:

 – how are keton bodies results depent on TTA?

 – differencies between Lactation Groups (more - 1 & less - 0 than 100 days)?

 – differencies between farms - Farm Effect?
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How do keton bodies results depent on 
TTA?
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How do keton bodies results depent on 
TTA?
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Differencies between Lactation Groups 
(more - 1 & less - 0 than 100 days)?
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Differencies between Lactation Groups 
(more - 1 & less - 0 than 100 days)?
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Differencies between Lactation Groups 
(more - 1 & less - 0 than 100 days)?
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Correlations between AR data & Ketone 
bodies in < 100 Lactation Group
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Detailed Farm Results - Discussion

Typical farm with 
couple of cows 

with ketosis
“Random” 
occurence 
of ketosis
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Detailed Farm Results - Discussion

Farm with no  
occurence  
of ketosis

Lact. Group 0= 
Lact. Group 1
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Detailed Farm Results - Discussion

Feeding problem
Protein part of 
feeding could 

resolve situation
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Detailed Farm Results - Discussion

General 
feeding problem 

expressed on Lact. 
Group 0

Lact. Group 0  is
separated by 
keton bodies 

content and milk 
yield
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Farm Report - I
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Farm Report - II - Summary
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Farm Report - II - Overview
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Detailed Farm Results - Correlations
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Farm Report - II - Individual Report
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Ketosis Detection - Farm Feedback

Unique solution done by Bentley Instruments
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Ketosis Detection - Probabilistic Approach

Main Goals
usage of milk recording samples & automated SW solution

 – overview of herd situation in time, monthly based report, animal recording 
data, no additional sampling&costs, to give a new tool for farm management

to combine different group of parameters to increase probability of de-
tection

 – animal recording data, ketosis related results, milk components ratios

minor milk components calibrations related to ketosis

 – Aceton, BHB, BBHB, OA, CA, sampling frequency related calibrations

Unique solution done by Bentley Instruments
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Thank you for your attention!!



Ketosis Farm& Individual Cow Report

Farm ID: 810165935

27. 04. 2015

Selected month for detailed report:
4-2015

Time Period

2-2013
3-2013
4-2013
5-2013
6-2013
7-2013
8-2013
9-2013
10-2013
11-2013
12-2013
1-2014
2-2014
3-2015
4-2015

1 / 11



Summary Table - Lactacion group < 100 days - time period

Mean Values

Count
Milk Yield

(l)
OA % F/P F/S F/SNF F/L

Ac1

(mg/l)

Ac2

(mg/l)

Ac3

(mg/l)

BHBA

(mg/l)

BHBB

(mg/l)

BHBGC 

(mg/kg)

3-2013

4-2013

5-2013

6-2013

7-2013

8-2013

9-2013

10-2013

11-2013

12-2013

1-2014

2-2014

3-2015

4-2015

Totals/Avg

Month

118 32.88 0.88 1.29 0.31 0.48 0.85 3.71 6.00 4.79 4.46 203.82 13.19

102 32.96 0.74 1.16 0.28 0.42 0.74 2.81 5.26 3.82 3.44 184.45 13.99

105 30.25 0.91 1.28 0.31 0.47 0.84 3.86 4.54 4.45 4.61 211.77 14.02

84 31.06 0.88 1.25 0.30 0.46 0.82 4.27 9.90 8.61 4.15 230.88 15.92

99 34.00 0.77 1.15 0.29 0.43 0.76 4.78 13.73 13.15 3.56 203.62 17.20

128 30.98 0.84 1.28 0.31 0.47 0.84 4.75 10.97 11.57 4.09 204.89 15.02

13 33.92 0.83 1.31 0.36 0.50 0.91 4.47 5.86 6.15 4.48 202.43 18.01

7 37.36 0.81 1.24 0.34 0.47 0.84 4.23 7.76 6.42 3.72 194.37 17.80

126 34.89 0.71 1.15 0.33 0.45 0.82 4.50 6.60 5.96 3.80 158.41 18.03

119 34.93 0.72 1.17 0.30 0.45 0.83 4.11 3.16 2.17 3.58 139.81 12.00

109 34.67 0.72 1.20 0.34 0.47 0.86 3.86 5.70 6.01 3.95 170.25 17.60

96 32.55 0.86 1.25 0.32 0.48 0.87 4.68 4.22 5.67 4.71 186.18 12.90

104 33.17 0.66 1.04 0.29 0.40 0.73 3.47 4.93 5.22 4.14 161.58 14.17

96 35.31 0.70 1.13 0.30 0.42 0.74 3.36 4.88 5.30 3.64 170.52 14.71

1306 33.49 0.79 1.21 0.31 0.45 0.82 4.06 6.68 6.38 4.02 187.35 15.32

Summary Table - Lactacion group > 100 days - time period

Mean Values

Count
Milk Yield

(l)
OA % F/P F/S F/SNF F/L

Ac1

(mg/l)

Ac2 

(mg/l)

Ac3 

(mg/l)

BHBA

(mg/l)

BHBB

(mg/l)

BHBGC

(mg/kg)

3-2013

4-2013

5-2013

6-2013

7-2013

8-2013

9-2013

10-2013

11-2013

12-2013

1-2014

2-2014

3-2015

4-2015

Totals/Avg

MESIC

311 23.74 0.81 1.19 0.31 0.47 0.87 2.99 5.93 4.44 4.79 184.21 11.92

304 25.22 0.71 1.11 0.29 0.43 0.80 1.57 3.08 2.51 3.36 165.23 11.79

304 25.66 0.78 1.13 0.29 0.44 0.81 2.39 2.56 2.39 4.11 182.59 11.13

317 25.70 0.75 1.12 0.29 0.43 0.79 3.31 7.12 5.82 4.01 204.35 14.61

294 24.69 0.74 1.06 0.29 0.42 0.78 3.81 8.67 7.67 3.90 198.42 14.50

285 24.94 0.78 1.13 0.30 0.45 0.85 3.21 6.84 6.84 4.21 190.00 12.83

32 26.52 0.69 1.14 0.34 0.46 0.88 1.94 4.21 3.58 3.32 162.27 15.39

24 23.76 0.68 1.14 0.34 0.47 0.90 1.65 3.23 2.69 3.25 152.38 15.04

303 25.40 0.74 1.12 0.34 0.46 0.89 3.51 6.52 5.54 4.33 158.60 16.87

305 25.56 0.72 1.11 0.30 0.46 0.89 3.00 2.78 1.87 4.19 135.00 10.90

325 26.44 0.72 1.14 0.35 0.47 0.90 2.56 4.62 4.71 3.96 160.25 15.69

347 25.89 0.79 1.13 0.31 0.46 0.87 3.51 3.00 3.76 4.73 174.70 11.02

357 26.60 0.66 1.07 0.30 0.42 0.79 2.07 3.82 3.59 3.95 159.72 12.80

365 25.95 0.69 1.11 0.31 0.44 0.82 2.11 3.44 3.49 4.00 160.95 13.35

3873 25.43 0.73 1.12 0.31 0.45 0.84 2.69 4.70 4.21 4.01 170.62 13.42

2 / 11



Farm ID: 810165935
Selected month: 4-2015
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Milk Yield

Mean - LG0 Upper C.I. 95 % Lower C.I. 95 % Mean - LG1 Upper C.I. 95 % Upper C.I. 95 %
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Mean - LG0 Upper C.I. 95 % Lower C.I. 95 % Mean - LG1 Upper C.I. 95 % Upper C.I. 95 %
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Time report on milk indicators & keton bodies results
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Fat/SNF

Mean - LG0 Upper C.I. 95 % Lower C.I. 95 % Mean - LG1 Upper C.I. 95 % Upper C.I. 95 %
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Acetone3
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Oleic Acid Fat/Protein Fat/Solids Fat/SNF Fat/Lactose
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Individual cow (lactation day<100) report based on dataset limits.

Result under 75 % quantile Result under 95 % quantile Result above 95 % quantile

OA F/P F/S F/SNF F/L Ac1 Ac2 Ac3 BHBA BHBB BHBGC Lact. Day

CZ0001377459

CZ0001780879

CZ0001912489

CZ0001912999

CZ0001913939

CZ0002030729

CZ0002030949

CZ0002031209

CZ0002077199

CZ0002077219

CZ0002077619

CZ0002079139

CZ0002079239

CZ0002079389

CZ0002079539

CZ0002079649

CZ0002079719

CZ0002080269

CZ0002080279

CZ0002080379

CZ0002200349

CZ0002200429

CZ0002200449

CZ0002235639

CZ0002235649

CZ0002235719

CZ0002235749

CZ0002235939

CZ0002235999

CZ0002236559

CZ0002236989

CZ0002238599

CZ0002238769

CZ0002358039

CZ0002358549

CZ0002358559

CZ0002358699

CZ0002429899

CZ0002429949

CZ0002429969

CZ0002429999

CZ0002430019

CZ0002430049

CZ0002430089

CZ0002430189

CZ0002430449

CZ0002430509

CZ0002430589

ID

1.11 1.32 0.34 0.49 0.89 5.23 13.04 14.51 7.29 274.82 20.09 12

0.79 1.45 0.38 0.59 1.15 1.74 0.95 1.17 3.12 137.41 17.01 77

0.72 0.98 0.28 0.37 0.67 1.74 3.75 3.74 3.12 192.59 13.49 30

0.66 1.13 0.30 0.41 0.73 0.00 1.88 1.22 2.08 168.64 12.74 78

0.68 0.95 0.27 0.35 0.63 3.49 3.29 3.27 4.16 163.44 14.82 51

0.79 1.06 0.28 0.37 0.65 3.49 2.88 2.77 3.12 209.24 15.54 33

0.70 1.10 0.31 0.44 0.83 3.49 2.08 2.08 3.12 148.86 14.85 93

0.85 1.26 0.32 0.45 0.79 4.07 3.64 4.82 3.12 190.50 13.33 27

1.39 1.56 0.39 0.61 1.11 4.07 11.59 10.46 7.29 301.89 22.83 10

0.61 1.10 0.28 0.38 0.66 3.49 5.01 4.97 4.16 200.91 20.03 38

0.70 1.26 0.33 0.49 0.89 5.23 4.68 5.78 6.25 164.48 18.18 46

0.62 1.06 0.28 0.38 0.66 2.90 3.36 2.95 2.08 186.34 11.90 56

0.62 1.13 0.29 0.40 0.69 2.90 4.01 3.39 2.08 164.48 11.50 89

0.45 0.77 0.23 0.30 0.54 4.07 6.08 6.84 4.16 130.13 13.96 91

0.60 1.09 0.30 0.41 0.74 2.32 1.71 2.02 1.04 104.10 16.48 40

0.55 0.93 0.27 0.36 0.67 2.32 5.88 5.22 3.12 134.29 16.46 49

0.60 1.09 0.28 0.39 0.67 1.74 9.26 7.42 3.12 173.85 12.48 99

1.57 1.79 0.45 0.76 1.48 6.39 13.23 18.07 10.41 324.79 19.78 52

0.52 1.09 0.29 0.40 0.69 3.49 7.80 7.05 3.12 163.44 17.05 40

0.49 0.72 0.21 0.27 0.47 4.65 4.24 3.44 5.20 166.56 19.13 58

0.57 0.94 0.28 0.38 0.70 5.23 5.32 5.34 5.20 133.25 16.55 83

0.59 0.96 0.28 0.38 0.72 2.32 5.65 6.18 3.12 119.71 10.63 44

0.55 0.87 0.28 0.38 0.77 4.07 6.35 6.23 7.29 119.71 22.42 41

0.68 1.03 0.31 0.43 0.84 4.65 2.58 2.92 4.16 113.47 14.51 92

0.78 1.14 0.30 0.41 0.73 1.74 4.41 4.35 4.16 191.54 15.51 39

1.24 2.18 0.61 0.86 1.58 4.07 6.78 8.02 8.33 282.11 28.81 82

0.51 0.94 0.27 0.36 0.64 1.16 3.96 3.68 4.16 141.58 13.14 88

0.47 0.84 0.24 0.30 0.53 2.90 8.11 7.25 2.08 148.86 13.77 38

1.17 2.12 0.56 0.77 1.34 5.23 8.68 7.85 6.25 315.42 28.17 132

0.73 1.09 0.31 0.43 0.80 2.32 4.69 5.20 4.16 163.44 18.43 29

0.73 1.05 0.29 0.39 0.69 4.65 8.09 9.35 3.12 190.50 14.64 17

0.57 0.98 0.28 0.38 0.69 3.49 2.18 2.16 1.04 106.18 8.27 76

0.60 0.96 0.30 0.41 0.81 1.74 3.46 3.01 2.08 65.58 9.24 85

1.49 1.83 0.40 0.62 1.06 10.46 21.27 13.75 6.25 334.16 15.63 17

0.84 1.35 0.34 0.49 0.85 5.81 8.19 10.36 3.12 198.83 15.92 15

0.60 0.98 0.27 0.36 0.64 1.16 5.24 6.71 3.12 144.70 15.62 75

0.84 1.45 0.36 0.55 0.99 9.30 7.85 7.12 6.25 192.59 18.27 51

0.39 0.72 0.22 0.27 0.49 2.32 3.22 4.39 3.12 114.51 15.96 65

0.49 1.00 0.28 0.37 0.66 2.32 4.94 5.25 5.20 165.52 22.33 56

1.95 2.45 0.46 0.79 1.33 13.36 20.61 16.42 6.25 421.61 17.51 40

0.46 0.91 0.25 0.33 0.57 2.90 3.70 3.93 4.16 127.00 16.29 43

0.60 1.32 0.32 0.45 0.77 4.07 4.44 3.77 3.12 157.19 11.57 41

0.69 1.16 0.31 0.43 0.77 4.07 5.26 9.34 4.16 163.44 15.63 15

0.64 1.09 0.31 0.44 0.83 2.90 6.00 9.54 5.20 155.11 18.22 26

0.48 1.08 0.30 0.43 0.79 2.90 6.13 6.90 4.16 115.55 17.78 26

0.47 0.98 0.27 0.35 0.62 2.32 5.08 5.62 4.16 149.90 18.11 40

0.76 1.22 0.31 0.43 0.74 5.23 4.46 6.49 4.16 178.01 14.98 13

0.72 1.17 0.29 0.39 0.65 4.65 8.00 7.87 4.16 211.32 18.54 39
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Result under 75 % quantile Result under 95 % quantile Result above 95 % quantile

OA F/P F/S F/SNF F/L Ac1 Ac2 Ac3 BHBA BHBB BHBGC Lact. Day

CZ0002430629

CZ0002430709

CZ0002430879

CZ0002430899

CZ0002430969

CZ0002431029

CZ0002431159

CZ0002431209

CZ0002431229

CZ0002431679

CZ0002432129

CZ0002432639

CZ0002432779

CZ0002432869

CZ0002433049

CZ0002433269

CZ0002433409

CZ0002433449

CZ0002433649

CZ0002433759

CZ0002433789

CZ0002564149

CZ0002564279

CZ0002564329

CZ0002564349

CZ0002564369

CZ0002564699

CZ0002564729

CZ0002564739

CZ0002564839

CZ0002564849

CZ0002564939

CZ0002564949

CZ0002564959

CZ0002564989

CZ0002565029

CZ0002565039

CZ0002565089

CZ0002565099

CZ0002565209

CZ0002565239

CZ0002565249

CZ0002565309

CZ0002565369

CZ0002565439

ID

0.56 1.05 0.29 0.39 0.70 4.65 7.14 8.57 3.12 140.54 13.43 24

0.52 1.07 0.28 0.38 0.66 2.90 2.25 2.42 2.08 139.49 12.22 75

0.55 0.89 0.24 0.31 0.53 2.32 5.08 5.29 4.16 189.46 18.44 41

0.49 0.84 0.24 0.31 0.54 3.49 4.06 3.75 3.12 133.25 13.09 69

0.70 0.97 0.28 0.39 0.72 2.32 3.56 2.97 3.12 157.19 8.95 72

1.29 1.52 0.37 0.57 1.02 5.23 14.95 17.34 4.16 272.74 12.93 8

0.55 0.84 0.24 0.31 0.56 4.07 1.45 1.58 3.12 150.95 12.78 94

0.60 1.14 0.32 0.46 0.87 2.32 4.83 5.90 2.08 100.98 13.59 15

0.50 0.93 0.26 0.35 0.63 2.32 4.92 5.14 4.16 147.82 18.11 31

0.73 1.26 0.34 0.49 0.91 4.65 2.94 3.88 3.12 123.88 14.57 8

0.60 0.95 0.27 0.36 0.65 2.32 4.08 3.33 3.12 147.82 12.16 22

0.56 0.97 0.27 0.37 0.66 0.58 1.21 1.27 1.04 122.84 8.82 79

1.03 1.34 0.33 0.46 0.79 1.16 1.81 1.91 4.16 250.88 14.03 43

0.63 1.22 0.31 0.44 0.76 0.00 1.32 1.57 2.08 158.23 12.15 98

0.50 0.88 0.24 0.32 0.55 1.74 1.42 1.42 3.12 138.45 13.61 78

0.50 1.01 0.26 0.35 0.60 1.16 1.45 2.04 2.08 142.62 15.55 40

0.63 1.15 0.31 0.43 0.77 1.74 1.34 1.71 5.20 162.40 15.58 94

0.54 0.82 0.24 0.30 0.54 1.74 0.55 0.97 3.12 140.54 10.39 97

0.48 0.94 0.27 0.35 0.63 2.32 1.33 1.52 2.08 117.63 13.72 96

0.68 1.06 0.28 0.38 0.67 3.49 1.70 1.96 3.12 170.72 12.78 36

0.52 0.95 0.26 0.34 0.59 0.58 1.79 1.80 3.12 153.03 13.63 80

0.69 1.20 0.31 0.43 0.75 4.65 3.10 4.55 3.12 155.11 15.30 26

0.68 1.12 0.30 0.41 0.72 1.74 2.43 3.76 2.08 157.19 13.06 38

0.91 1.55 0.36 0.53 0.90 3.49 5.10 4.96 4.16 233.18 12.42 43

1.39 2.05 0.45 0.77 1.39 6.39 2.97 3.43 6.25 290.44 12.10 56

0.50 1.04 0.27 0.36 0.62 2.90 2.92 3.38 2.08 137.41 13.29 32

0.66 1.07 0.29 0.40 0.72 3.49 6.74 9.16 6.25 195.71 16.51 76

0.64 1.04 0.26 0.35 0.59 4.07 5.77 7.84 4.16 193.63 15.39 41

0.80 1.49 0.34 0.49 0.82 3.49 5.69 5.34 2.08 206.12 14.84 40

0.58 0.97 0.25 0.33 0.56 3.49 4.38 6.10 5.20 202.99 19.47 40

1.22 1.47 0.36 0.54 0.95 4.07 8.62 14.21 5.20 264.41 15.73 13

0.66 1.06 0.28 0.38 0.66 2.90 2.18 3.38 2.08 149.90 12.23 35

0.64 1.04 0.27 0.35 0.60 4.07 1.62 2.36 2.08 180.09 12.18 35

0.66 0.98 0.27 0.37 0.65 3.49 3.63 4.76 3.12 139.49 15.42 18

0.72 1.37 0.34 0.49 0.86 1.74 1.46 2.08 2.08 161.35 9.03 54

1.04 1.88 0.53 0.70 1.24 6.39 4.11 4.56 5.20 271.70 25.69 134

0.76 1.21 0.31 0.43 0.74 2.32 6.22 5.97 2.08 187.38 11.54 39

0.76 1.19 0.30 0.42 0.72 2.90 5.30 6.14 4.16 213.40 18.64 21

0.51 1.08 0.29 0.39 0.68 4.65 3.03 4.12 4.16 157.19 15.73 29

0.70 1.16 0.30 0.41 0.70 4.07 3.71 4.28 3.12 170.72 13.68 29

0.64 1.21 0.29 0.39 0.65 4.65 4.37 4.55 3.12 171.76 12.23 33

0.97 1.32 0.33 0.48 0.83 3.49 10.85 12.79 4.16 232.14 12.66 12

0.64 1.15 0.30 0.42 0.74 1.74 3.92 4.89 1.04 120.76 11.72 22

0.68 1.19 0.32 0.45 0.81 3.49 2.51 3.44 2.08 125.96 11.79 16

0.71 1.17 0.31 0.43 0.75 3.49 5.26 6.01 3.12 168.64 13.31 18
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Individual cow (lactation day<100) report based on actual month computed limits.

Result under 50 % quantile Result under 75 % quantile Result under 95 % quantile Result above 95 % quantile

OA F/P F/S F/SNF F/L Ac1 Ac2 Ac3 BHBA BHBB BHBGC Lact. Day

CZ0001377459

CZ0001780879

CZ0001912489

CZ0001912999

CZ0001913939

CZ0002030729

CZ0002030949

CZ0002031209

CZ0002077199

CZ0002077219

CZ0002077619

CZ0002079139

CZ0002079239

CZ0002079389

CZ0002079539

CZ0002079649

CZ0002079719

CZ0002080269

CZ0002080279

CZ0002080379

CZ0002200349

CZ0002200429

CZ0002200449

CZ0002235639

CZ0002235649

CZ0002235719

CZ0002235749

CZ0002235939

CZ0002235999

CZ0002236559

CZ0002236989

CZ0002238599

CZ0002238769

CZ0002358039

CZ0002358549

CZ0002358559

CZ0002358699

CZ0002429899

CZ0002429949

CZ0002429969

CZ0002429999

CZ0002430019

CZ0002430049

CZ0002430089

CZ0002430189

CZ0002430449

CZ0002430509

CZ0002430589

ID

1.11 1.32 0.34 0.49 0.89 5.23 13.04 14.51 7.29 274.82 20.09 12

0.79 1.45 0.38 0.59 1.15 1.74 0.95 1.17 3.12 137.41 17.01 77

0.72 0.98 0.28 0.37 0.67 1.74 3.75 3.74 3.12 192.59 13.49 30

0.66 1.13 0.30 0.41 0.73 0.00 1.88 1.22 2.08 168.64 12.74 78

0.68 0.95 0.27 0.35 0.63 3.49 3.29 3.27 4.16 163.44 14.82 51

0.79 1.06 0.28 0.37 0.65 3.49 2.88 2.77 3.12 209.24 15.54 33

0.70 1.10 0.31 0.44 0.83 3.49 2.08 2.08 3.12 148.86 14.85 93

0.85 1.26 0.32 0.45 0.79 4.07 3.64 4.82 3.12 190.50 13.33 27

1.39 1.56 0.39 0.61 1.11 4.07 11.59 10.46 7.29 301.89 22.83 10

0.61 1.10 0.28 0.38 0.66 3.49 5.01 4.97 4.16 200.91 20.03 38

0.70 1.26 0.33 0.49 0.89 5.23 4.68 5.78 6.25 164.48 18.18 46

0.62 1.06 0.28 0.38 0.66 2.90 3.36 2.95 2.08 186.34 11.90 56

0.62 1.13 0.29 0.40 0.69 2.90 4.01 3.39 2.08 164.48 11.50 89

0.45 0.77 0.23 0.30 0.54 4.07 6.08 6.84 4.16 130.13 13.96 91

0.60 1.09 0.30 0.41 0.74 2.32 1.71 2.02 1.04 104.10 16.48 40

0.55 0.93 0.27 0.36 0.67 2.32 5.88 5.22 3.12 134.29 16.46 49

0.60 1.09 0.28 0.39 0.67 1.74 9.26 7.42 3.12 173.85 12.48 99

1.57 1.79 0.45 0.76 1.48 6.39 13.23 18.07 10.41 324.79 19.78 52

0.52 1.09 0.29 0.40 0.69 3.49 7.80 7.05 3.12 163.44 17.05 40

0.49 0.72 0.21 0.27 0.47 4.65 4.24 3.44 5.20 166.56 19.13 58

0.57 0.94 0.28 0.38 0.70 5.23 5.32 5.34 5.20 133.25 16.55 83

0.59 0.96 0.28 0.38 0.72 2.32 5.65 6.18 3.12 119.71 10.63 44

0.55 0.87 0.28 0.38 0.77 4.07 6.35 6.23 7.29 119.71 22.42 41

0.68 1.03 0.31 0.43 0.84 4.65 2.58 2.92 4.16 113.47 14.51 92

0.78 1.14 0.30 0.41 0.73 1.74 4.41 4.35 4.16 191.54 15.51 39

1.24 2.18 0.61 0.86 1.58 4.07 6.78 8.02 8.33 282.11 28.81 82

0.51 0.94 0.27 0.36 0.64 1.16 3.96 3.68 4.16 141.58 13.14 88

0.47 0.84 0.24 0.30 0.53 2.90 8.11 7.25 2.08 148.86 13.77 38

1.17 2.12 0.56 0.77 1.34 5.23 8.68 7.85 6.25 315.42 28.17 132

0.73 1.09 0.31 0.43 0.80 2.32 4.69 5.20 4.16 163.44 18.43 29

0.73 1.05 0.29 0.39 0.69 4.65 8.09 9.35 3.12 190.50 14.64 17

0.57 0.98 0.28 0.38 0.69 3.49 2.18 2.16 1.04 106.18 8.27 76

0.60 0.96 0.30 0.41 0.81 1.74 3.46 3.01 2.08 65.58 9.24 85

1.49 1.83 0.40 0.62 1.06 10.46 21.27 13.75 6.25 334.16 15.63 17

0.84 1.35 0.34 0.49 0.85 5.81 8.19 10.36 3.12 198.83 15.92 15

0.60 0.98 0.27 0.36 0.64 1.16 5.24 6.71 3.12 144.70 15.62 75

0.84 1.45 0.36 0.55 0.99 9.30 7.85 7.12 6.25 192.59 18.27 51

0.39 0.72 0.22 0.27 0.49 2.32 3.22 4.39 3.12 114.51 15.96 65

0.49 1.00 0.28 0.37 0.66 2.32 4.94 5.25 5.20 165.52 22.33 56

1.95 2.45 0.46 0.79 1.33 13.36 20.61 16.42 6.25 421.61 17.51 40

0.46 0.91 0.25 0.33 0.57 2.90 3.70 3.93 4.16 127.00 16.29 43

0.60 1.32 0.32 0.45 0.77 4.07 4.44 3.77 3.12 157.19 11.57 41

0.69 1.16 0.31 0.43 0.77 4.07 5.26 9.34 4.16 163.44 15.63 15

0.64 1.09 0.31 0.44 0.83 2.90 6.00 9.54 5.20 155.11 18.22 26

0.48 1.08 0.30 0.43 0.79 2.90 6.13 6.90 4.16 115.55 17.78 26

0.47 0.98 0.27 0.35 0.62 2.32 5.08 5.62 4.16 149.90 18.11 40

0.76 1.22 0.31 0.43 0.74 5.23 4.46 6.49 4.16 178.01 14.98 13

0.72 1.17 0.29 0.39 0.65 4.65 8.00 7.87 4.16 211.32 18.54 39
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Result under 50 % quantile Result under 75 % quantile Result under 95 % quantile Result above 95 % quantile

OA F/P F/S F/SNF F/L Ac1 Ac2 Ac3 BHBA BHBB BHBGC Lact. Day

CZ0002430629

CZ0002430709

CZ0002430879

CZ0002430899

CZ0002430969

CZ0002431029

CZ0002431159

CZ0002431209

CZ0002431229

CZ0002431679

CZ0002432129

CZ0002432639

CZ0002432779

CZ0002432869

CZ0002433049

CZ0002433269

CZ0002433409

CZ0002433449

CZ0002433649

CZ0002433759

CZ0002433789

CZ0002564149

CZ0002564279

CZ0002564329

CZ0002564349

CZ0002564369

CZ0002564699

CZ0002564729

CZ0002564739

CZ0002564839

CZ0002564849

CZ0002564939

CZ0002564949

CZ0002564959

CZ0002564989

CZ0002565029

CZ0002565039

CZ0002565089

CZ0002565099

CZ0002565209

CZ0002565239

CZ0002565249

CZ0002565309

CZ0002565369

CZ0002565439

ID

0.56 1.05 0.29 0.39 0.70 4.65 7.14 8.57 3.12 140.54 13.43 24

0.52 1.07 0.28 0.38 0.66 2.90 2.25 2.42 2.08 139.49 12.22 75

0.55 0.89 0.24 0.31 0.53 2.32 5.08 5.29 4.16 189.46 18.44 41

0.49 0.84 0.24 0.31 0.54 3.49 4.06 3.75 3.12 133.25 13.09 69

0.70 0.97 0.28 0.39 0.72 2.32 3.56 2.97 3.12 157.19 8.95 72

1.29 1.52 0.37 0.57 1.02 5.23 14.95 17.34 4.16 272.74 12.93 8

0.55 0.84 0.24 0.31 0.56 4.07 1.45 1.58 3.12 150.95 12.78 94

0.60 1.14 0.32 0.46 0.87 2.32 4.83 5.90 2.08 100.98 13.59 15

0.50 0.93 0.26 0.35 0.63 2.32 4.92 5.14 4.16 147.82 18.11 31

0.73 1.26 0.34 0.49 0.91 4.65 2.94 3.88 3.12 123.88 14.57 8

0.60 0.95 0.27 0.36 0.65 2.32 4.08 3.33 3.12 147.82 12.16 22

0.56 0.97 0.27 0.37 0.66 0.58 1.21 1.27 1.04 122.84 8.82 79

1.03 1.34 0.33 0.46 0.79 1.16 1.81 1.91 4.16 250.88 14.03 43

0.63 1.22 0.31 0.44 0.76 0.00 1.32 1.57 2.08 158.23 12.15 98

0.50 0.88 0.24 0.32 0.55 1.74 1.42 1.42 3.12 138.45 13.61 78

0.50 1.01 0.26 0.35 0.60 1.16 1.45 2.04 2.08 142.62 15.55 40

0.63 1.15 0.31 0.43 0.77 1.74 1.34 1.71 5.20 162.40 15.58 94

0.54 0.82 0.24 0.30 0.54 1.74 0.55 0.97 3.12 140.54 10.39 97

0.48 0.94 0.27 0.35 0.63 2.32 1.33 1.52 2.08 117.63 13.72 96

0.68 1.06 0.28 0.38 0.67 3.49 1.70 1.96 3.12 170.72 12.78 36

0.52 0.95 0.26 0.34 0.59 0.58 1.79 1.80 3.12 153.03 13.63 80

0.69 1.20 0.31 0.43 0.75 4.65 3.10 4.55 3.12 155.11 15.30 26

0.68 1.12 0.30 0.41 0.72 1.74 2.43 3.76 2.08 157.19 13.06 38

0.91 1.55 0.36 0.53 0.90 3.49 5.10 4.96 4.16 233.18 12.42 43

1.39 2.05 0.45 0.77 1.39 6.39 2.97 3.43 6.25 290.44 12.10 56

0.50 1.04 0.27 0.36 0.62 2.90 2.92 3.38 2.08 137.41 13.29 32

0.66 1.07 0.29 0.40 0.72 3.49 6.74 9.16 6.25 195.71 16.51 76

0.64 1.04 0.26 0.35 0.59 4.07 5.77 7.84 4.16 193.63 15.39 41

0.80 1.49 0.34 0.49 0.82 3.49 5.69 5.34 2.08 206.12 14.84 40

0.58 0.97 0.25 0.33 0.56 3.49 4.38 6.10 5.20 202.99 19.47 40

1.22 1.47 0.36 0.54 0.95 4.07 8.62 14.21 5.20 264.41 15.73 13

0.66 1.06 0.28 0.38 0.66 2.90 2.18 3.38 2.08 149.90 12.23 35

0.64 1.04 0.27 0.35 0.60 4.07 1.62 2.36 2.08 180.09 12.18 35

0.66 0.98 0.27 0.37 0.65 3.49 3.63 4.76 3.12 139.49 15.42 18

0.72 1.37 0.34 0.49 0.86 1.74 1.46 2.08 2.08 161.35 9.03 54

1.04 1.88 0.53 0.70 1.24 6.39 4.11 4.56 5.20 271.70 25.69 134

0.76 1.21 0.31 0.43 0.74 2.32 6.22 5.97 2.08 187.38 11.54 39

0.76 1.19 0.30 0.42 0.72 2.90 5.30 6.14 4.16 213.40 18.64 21

0.51 1.08 0.29 0.39 0.68 4.65 3.03 4.12 4.16 157.19 15.73 29

0.70 1.16 0.30 0.41 0.70 4.07 3.71 4.28 3.12 170.72 13.68 29

0.64 1.21 0.29 0.39 0.65 4.65 4.37 4.55 3.12 171.76 12.23 33

0.97 1.32 0.33 0.48 0.83 3.49 10.85 12.79 4.16 232.14 12.66 12

0.64 1.15 0.30 0.42 0.74 1.74 3.92 4.89 1.04 120.76 11.72 22

0.68 1.19 0.32 0.45 0.81 3.49 2.51 3.44 2.08 125.96 11.79 16

0.71 1.17 0.31 0.43 0.75 3.49 5.26 6.01 3.12 168.64 13.31 18
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Tabulka možných variant interpretace ketózního stavu (subklinických ketóz a klinické 
ketózy) podle ukazatelů v mléce s indikací závažnosti stavu ve vazbě na možné výsledky 
indikace ketózy z kontroly užitkovosti (předmět a výstup této certifikované metodiky 

QJ1510339 RO1417 CM 34) a s náznakem směru možných řešení (Hanuš et al., 2001). 

 
Diagnostické indikační hodnoty acetonu v mléce (mg/l): 

konzervované objemné 

krmivo (zimní, případně i 

letní sezóna) - 

< 7 7 až 10 > 10 až 20 > 20 až 35 > 35 

zelený pás krmení (letní 

sezóna) - 

< 5 5 až 8 > 8 až 15 > 15 až 30 > 30 

Interpretace: 

Diagnóza zdravá 

dojnice 
možný nástup 
subklinické 
ketózy 1  ⃰  

méně závažná 
subklinická ketóza 

2  ⃰ 

závažná 
subklinická ketóza 

3  ⃰ 

možnost klinické 
ketózy 4  ⃰  a 5  ⃰ 

rizika přímá i nepřímá — vznik ketózy zhoršení plodnosti zhoršení plodnosti a 

dojivosti, posunutí 

slezu, acidóza, 

jaterní steatóza, 

imunosuprese a 

mastitidy 

zhoršení plodnosti, 

dojivosti i kvality 

mléka, posunutí slezu, 

acidóza, jaterní steatóza, 

imunosuprese a 

mastitidy 

průvodní jevy a příznaky — — snížení příjmu 

krmiva, zvýšení tuku 

v mléce, ztráta 

kondice 

snížení příjmu 

krmiva, zvýšení tuku 

v mléce, ztráta 

kondice 

snížení příjmu krmiva, 

pokles dojivosti, zvýšení 

tuku v mléce, větší 

ztráta kondice 

klinické příznaky     zvíře uléhá, trpí 

nechutenstvím, ubývá 

na hmotnosti, je 

dehydratované, srst 

ztrácí lesk, pach dechu 

po acetonu, zvíře může 

v těžších případech i 

uhynout 

Rámcová preventivní a léčebná opatření: 

 — preventivně 

zabránit 

ztučnění před 

porodem 

preventivně zabránit 

ztučnění před 

porodem, zvýšení 

přívodu energie 

v krmení, preventivní 

zkrmení 

propylenglykolu 

preventivně zabránit 

ztučnění před 

porodem, léčebné 

podání 

propylenglykolu, 

použití 

hepatoprotektivních 

preparátů 

preventivně zabránit 

ztučnění před porodem, 

léčebné podání 

propylenglykolu, použití 

hepatoprotektivních 

preparátů, léčebná 

nitrožilní a podkožní 

aplikace glukózy a 

inzulinu, atp. 

 

  


