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The effect of reducing the ratio of omega-6 to omega-3 fatty acids on blood
metabolites, reducing inflammation and modulating insulin resistance in dairy cows

By:Mir Hossein Najafi', Saeed Zeinoaldini*?, Mahdi Ganjkhanlou?, Abolfazl Zali?

1. Ph.D. Graduated, University College of Agriculture & Natural Resources, University of
Tehran, Karaj, Iran

2. Associate Professor, University College of Agriculture & Natural Resources, University
of Tehran, Karaj, Iran

Received: July 2018 Accepted: December 2018

The aim was to determine the effect of different dietary n-6/n-3 fatty acid (FA) ratio during
the postpartum period on plasma haptoglobin, metabolic profile, and insulin resistance in
Holstein dairy cows. 24 multiparous cows were randomly assigned to three treatments with
a ratio of omega-6 fatty acids to omega-3: 2.5 to 1 (low ratio); 4.5 to 1 (average ratio); and
6.5 to 1 (high ratio) were distributed. Blood samples were collected on d 7, 14, 28, 42, 56
and 70 postpartum to determine blood metabolites and haptoglobin concentrations.
Intravenous glucose tolerance tests and insulin challenges were performed on d 28 and 42 of
experiment. Plasma concentrations of haptoglobin were significantly higher in the cows fed
with high ratio than the other two treatments. The 42-day postpartum results of insulin
challenge test indicates that the change in the ratio of fatty acids to moderate treatment
causes an increase in the clearance rate and a decrease in the area under the curve of the
insulin. The results of this study indicate that the moderate ratio of omega-6 to omega-3

fatty acids in dairy cows decreases insulin resistance by reducing inflammatory factors.

4[ Key words: fatty acids, insulin resistance, inflammation, dairy cows.

]7

o OLEY gramme 5 n p 558 15 Sn i1 pls & 55 (o gae
O3 wle Jske gls 0dile (b 4 Ll ¢ JoSs pms 0357
3 il pn 0385 S| s 3T 008 g ) s
Gl BBl o Ol el Gl iS5 T Sl
o b Zisie (Ol Sl e pe S e Ol ms
;ju@rﬁ\;b&@ﬁaobwlwdﬁgw
350 bl S age sl a5 (YOI (0, Ken s Caroprese)
33 U= 3 e e Sl o S Sl ol 3,8 5w

Sosb 413 3 daly o gl 4y S slie bl 5 (6, 5

400

wr g Sy e O S5 Olgdl wadS laaas s
3 Sl Sllas .l 4 515 6 b 58 glaca S 5
Sles Gl e (b s b LB Sl Ci
Canglde 5 Gdd S o 025 |y ESatonn Ol 1 ilzes
s s pdiz (ol Sisline Ly 5 ol S
3 See 2alS 5 lagsslen 4l SRI5I L 1) (il de led)

(Y0 O SKes 5 Bradford) wiasls Ls o i a5
slis sl it 3l 30 Lol gla 55 31 (G e 8 sl

LSLAQJ{)K shls e sl b gla @S)ﬂ6@| O‘l‘Jf

%(ﬁ%/w g-)



PR L PP P TN FCIR BTN g |

5 Griffin) was o 513 56 o 1) sl 4 Conlas
p VKl s -l O bl Cd (Y08 O
spdier B o Cor Sladl oS5 1 08 Sl s
o) o 3 g e 33 (Y0 0Sa 5 KiM)
o (ST s ) des g 53 (s 3L ) 4 Y o
Wl 53 e a8 WBL o ) AN I Pl
33 ol (Y 0L 5 Kim) il e 08 ws,l s
St 4 bl (e 03 Vb Hskate 4 cels 5 Ol 4l

.aj\sak)&\q?&|q@yﬁdh@\w
Coaslie Sl (s Sy o ¥ Kl gLl e sl SUlS
25 ol digw 350 Sy OB S I nis )3 gl &
456 ol Sl 8 8 O ata) al 53 (oS Slallas
¥ K a Kl b G 4 b gy (slandlls
N S R R Ny . R L
o ¥l 48 Kl O o] i ialS I &S
o5 o il 4 Canglie b Ol SRalST L 0T el

A gy p G s s

by 99 3Mg0
PrOde 4 Bolas S slacS 4l A B e sy ol
$3031S sy ol ke ass - 55 peT ol 53 5,
I o skt 4 3 8 1l 0,6 o8l ank e
o VKl 4 Kl O lad] (ke oo 4ds
On ) ORI A sl 4 Caslae baw s Cldl sl
o368 aly YF slaw ¢ 85507 oSt )3 552 50 (sla s
Sl 3 h Sy cpese 03 I dble L G s L
Pl SMSe b Ol o ale slyls o s s

oﬁg&bj\fwkuh;db@]@)‘kbféf

®%ﬁ%/w

LS o Sl It il SIS > el Jolse S
bl Sldlas @ 3L ams 53 (Y 0L 5 ZarTin)
LT Sl cman 5 938 [atmie ol e Sledl st 5o
Sly o oedlls gdre slge b lag,yls I diedds eslizl
0 Sty ssg |y s g s 5 S 5 ol
Al il e Ol il a8 ki ey Slallas
Slagols Slheslital fuoman 5 pls Sl o et la Ay
et 5 G5 2 Slas 35 o S5l b Dl
o) (Y 0L 5 Oh) ot ous S 5 58 K i
Ao dlge g bagyls Sleslinal 4 b 5 1) Wl S5l 5 5 Laasily
S 2 Sladel Sl 0357 (515 Ay 0595 53 el
Caols gy &S Wb @l o Kl Jle
23 skl pla OS5 b (o) 55|l g s Sledlus
O 5 ZArTIN) Cl 45 8 15 4 5 5550 5,08 S5
Cos 58S L (Y410) 0SKes 5 GrECO anfllas 5. (Y41
A5 03 eh sasl o 53 BN w8 IV Kl 4 8 Kl
St et Mg Sas 5 Ao s 4 el Ao
s 55 b W5 5 b e $Sis e3le S g5k 4 (L
SRRSO T IRV U C R PSS g Jv5
OLKer 5 S5 adlas s (Y40 OL,Kes 5 Greco)
5 Kl S s S115 0 0S5 e slasE > (Y410)
(5 b p SIS VY 5500) i o3 My o Kol o
Crimes (ol gl 358 3 e &S esle 53 Sl b LS
SIS AP AN R PR SIS REIN | gt e g g
S5y a5l 6 S (Sy5b 1y Sdke s g Ay
3385 b My Spo (Bl Ll 551 sdes g S
oli iyl F Slal Sllas 53 (Y410 I, Ken 5 Greco)

S S s o Kl # Kl o Sl ST

! Partitioning



oo S Y N Y/ Bl 4 -l O sladkend
Cond Y 5 N B0 VKl 4 9Kl O o sladn] S b
o N 70 Y-l 4 5Kl O o glaiten] o b 13L
NRC 2001 s,z 58 glagtnls ulul » glie sls
35 031 AMINO COW 531 5 5 eslizal by 5 A5 o Lo
CPM- 51 o5 51 eslinal b e, oz ladeal S
3503 Gl glae,e bl b s s S oL Dairy
Lagls lestl 53 eks b glins SLST &) s (s 5 ) ok
Jdr 53 LOT gbeed S 5 5 2aleT Gl .28 5 15

1wl o 0als OLES Y

Y s=torirocnsiarr ]

S Cnygd 5335 ¥ 31 S L F 1 SYL LT S Card
Coypa ol A os S ¥ 5315056 58 al,y YF slaw i K
3ol es 8 o clas &S ol a S o was s Sl
(F/FE 2 /YF) S Cands 0,0 5 (F/YE 2/V0) u:.q_ljrg.ijﬁj
e 4565 b o3,a1 ol 53 by timsls SLS Curds
09 Jf)))bﬁ&&ﬂj}ﬁ&?.x& ‘_;)‘.ngj
Glaoy S amils ST s e O @ s bt
S5 e Bl 51 a8 Slde o, ¥ 4 dola )k slesT

Coglite oslisul 3550 o ¢ 5 Llod 5l Js 0SS o5

N-6/N- © > gladnl s S dibly polams| S 4 s g

o b =) 508 i 338 ol 5 S8 4l 2 5 3




3T Sl 0y  lowds o § 9 PYSI-) Jouo

(et 03le | dasy3) LS 5

Y. \D AL dorei g2
\B \E Y [SBENCE
0 0 0 CIps
/¥ WP \W/¥ e
Ve /A Ve /A VoA b g S
Y& \nkd \vkd BEES Al
/v YV v wls
V¥ Ve VY b s
WA WA A ST
Y/0 Y78 Y78 b8 g
VA VY . Y-l S5l Ly
Nt CIVO Y TRl gl 5 L,
/0 /0 /0 Fosliy,
A AT AV Slid ol (5
¥ ¥ ¥ ST Sl S
\ \ \ e ol S
At Ats AL e eS|
Y oY Al S
\ ) \ ]
ey e 2 ol S 5
F gl SLS 5
\/EA \/EA A/SA NEL, Mcal/kg
W/i§ 74 7 %, CP
\RVAL ARYAR ARAN %, NFC
AW/ W/ Wi %, ADF
YA/ YA/ YA/YY %, NDF
¥/a¢ ¥/a8 ¥/af %, Ether extract
/Y /Y VY %, Ca
S 0V + /0Y %, P

Bl 0 53163 O ol o S e
2- Persia Fat®: Ca salts enriched in soybean oil FA. Fatty acid composition, /100 g ) s K8 anis &5 60 .l 250 LaS” 257,072
oftotal FA: C14:0=1; C16:0=28; C16:1 =3; C18:0=5;C18:1 =26; C18:2=30; C18:3=3; other=4. 3- Persia Fat®: Ca

salts enriched in fish oil FA. Fatty acid composition, g/100 g of total FA: C16:0=20; C18:0=15; C18:1 =25; C18:2=5; C18:3=
)5, C20:5 n-3=5; C22:6 n-3= 9; other = 16).

A @ 5 Y b S g SO AT N R0 S0 a0 ST S S F R b SV IS s wlep FS a s oS 5T
(Ml o oy YO e D3 g (Ml o s fg 1P A g o S Ol ST ST 5 Y0 G S aSse 0 ) a0 SR 5505
el o sty Ve Bl

OS2 03l i T e o)l A )3 0 5 DS da )3 A0 (5l (OLIT oS b 287,28




O gl Il 9 379l oo s

33k plonil 50551 e BY 5 YA Gy S e s
Sy s 8 e 0T S Shg s el 1 S sl
S eslizal b1y i 5l de S e e plo
05 e YO (sl oSl 53 3 se s 5515
Sy JHs Sose 4 0L O pf)l:f Aulile S48
A5 (Ul) s (BB Agd oluguls B 5 x8Ts)
P el ey sl (YA s 5 PireS) ws s 8
.u\.i:4:.:&3'&F\dhﬁ&j@@k})&%&&g)‘)chg
Gk 3l A e B S Sl sl U S 5
- & o3 L;),Tc?)uvwa_;;v;m,; b5 5 S
eV 0l 2 8 e Ko S Sl eslinl b 3 05 e
£ ey TU2) TS 08 Chle Gaal 4 Ok, 1y
Olye a° somn 5 o 5 (4835 53 4o )) S5 Says;
B I e
Aol e S plandl (51 SIS 355 1 ey 4B WA
0SS 2 il 4 Ll VS, o il (L) o s o/
5 e OB sk 4 il G35 Rl VSl e O 05
)Lg)\.lfj;lfa}xi.McéJ?JEJJsjlfﬁé\jUaﬁ-ﬁlf
Jow s Wiles sl Gl sy O slad s J
(VoA O 5 Pires) s, 548

2> Gk e ol gl Ay S eslial L O gla sl
e 4233 VA Q0 VO B B (Fr Fe Y A e =0 10
s 53 4 Sl ol b s B8 sl b S G5

Llad g sg 5 lol 0 aids 55 O e SO o gl 2l

? Glucose tolerance test (GTT)
* Time to reach half concentration
* Clearance rate (CR)

> Area under curve (AUC)

WAA b lopsloas 25 OV YF o Lol

St 5l e Ve 508 Y YA OF O S5y 53 055 (6,5 4 e
K2-EDTA Ss cou gladd 1 oslizal b s o3 <5 sl
e ooy St iy 3l e Sl 33 (6,0 5 A5 ol
G b Aol 0 S e (6,55 S ey o el
Accu-check, ) 2508 51 eslizal L 5 olad s S
Lol bawse s ¢, So5lul (NSW  Australia
VO Sode 4 4y Fogles s Sladbebe e e 1 eslinl
boalol lewdly (il Sods Sl Yorv 20 D93 Loy aads
33 50T Ole) U 5 s by Coa s ,SKn 5 hew I eslizul
Gy chle i S o sl s Ve e gles
55T 51 o&ews L LDL s HDL (Js 28 oyl oy S
o> o saes oSl eslizal L 5 ( Hitachi Japan)
g0 Gy A S 03T Ll S8 YT
il OS5 0kd 4 5 gy il (5,8 03I (gl oslinul
S ook b g 4k ful il O Sladl Hlde sy S
ol S Sl eslial b 2 S L s le3T 53 O
oIl S Jodly sz plal Ly (OudSSH () 03, Te sl )
S s bbbl oS mls Slie imes A8 (S
35 (OkudSl e, T wsdily) usily oS 51 eslizul L
bs T390 o bbby il (3.8 O g0 Ln oty T
(Monobind Inc., Lake wulgse oS 51 sl
» IL-6 , TNF-a dGF-1 1. s Forest, CA, USA)
(IGF-1; Hangzhou 4, eSSl eslizal L s
(Kingfisher Biotech . Eastbiopharm Co., USA)
(Aushon BioSystems,  Inc., St. Paul, MN)
A3 s,S o5l Billerica, MA)

ﬂﬁﬂé/w §



ety =8 G o (Slado] S 2alS S

Bl S I Slewdy Chle ioran (BN gl Calibes
Jp gle gyles 56 e IL-6 s TNF-a AGF-1
AL e (110) oL 5 Greco alas 5 .o K
W5 05, s o 3 /N 4 8/ 5 N-6/N-3 s
JA A6 cos IGF-1 5 suil S8 plewdy il
L Sea 5 Dirandeh  alas s " codlo s ) 03 K
i Sl 05 S JE LSl CEL 1 (1Y)
Pl i i o Sl b aglie 53 ¥ Bl i il
el chle Jnals (Y009) oL Kes 5 Bilby cas 2,18
GFa s A o bl 4l 4 x5 | G s
Sl 3 ¥ Bl O gladnl Ygame s S )15 abe
S o el 5035 Sy g 5 g sl Sl (6l (Glodae S
W3 o Al 4 Sl (IBL 5 el 3lelT
cble ol adlae s (YWY 0K 5 Sinedino)
6.5, 15 byl 56 s BHBA S NEFA Sl
sl cLle (YooA) « Do Amaral asiles ;s wlie b
ol eSS wdi 36 s BHBA 5 NEFA
adlae 53 iman .23 55 LY Kl L 8 Kal O o (sladenl
g bt sbs& wix (2006) o, Kes 5 Ambrose
SN S e gl gyl e ST KL 8 K
AL 5 (Y1) 0l Ses 5 GreCo adlos s addlas s
03,05 g8 o 3 BN 4 8 Y Kl a8 Kl
S5 56 cos BHBA s NEFA Lo cble «Js
64 (Y0 A) O, 5 STIVESEre adlbs 53 poeen .23 K
S b Gy Eas oelS S b Jlasl o5 slasE
sl BHBA 5 NEFA Loy cble |, 6,50 K8
sy s BHBA Ll cble & o s o

S Sl edS Gls S L ods wdis () (WS

@%ﬂ%/w

VO Soe 4y s Fogles 53 Hladbmde s sle I eslinal
boalol lowdly LS 50t Sle YArr 50 593 b 5 4ads
ST Ol b 5 b ) s Sen 53 Jhew I eslizl
G o) Kl a3 Yo e slos s o sl s NEFA
ooy b sl s NEFA S8 jluis 6,5 o5l s
5 Dy e g2 eks S

Sobol 4 o
B8 SlaeSoh = b mass nl 3 eslizalsge 55LT £ b
NGI g X\
il s ) Do gen 2L s
Yijkl=p+ Tit+ Pj+ Rk+ Sl+ A(i)l +(T*R)ik+
(T*S)il +(T*P)ij +eijklm
Ti camslr :S5le 1 isle3T 5l sualin o YijKI 0T s &
ol FTAM oz oS 31 RKeys 31 Plols 3l
e Jlaze 31 (TFR)IK (s ;84 505 0Le3 Sl s Ol
(§ S 63w Olo3 53 e Jlize 31 (THS)ile ;v-{—" BE
sble 3L 1 eljkIm 5 o555 s blae 1 (T*P)ij
ATy
UNIVARIATE 44, ;I eslizsl L esls Jl Ok
s gy 2 SAS Ll le
MIXED w3y, 31 eslizal b ,do)l SO slaosls oles 5JUT

A& plnil SAS il

g s
Q55 Sy dminl
LgLM); BX) J:.ll.a)T 093 33 S sl aml p Chle

&LMN{‘ cble Ll odd esls olas ¥ d}b BE) Calides

Gl o5 8 w53 Js S 5 el (65 sl ossl O35



55 Gt 38 53 Sllls das o EalS Wy Oolial (gl |
2 b My B e Ol S s Ol
GAS 555, &K LSTHL (Y10 O, Ka 5 Bradford)
sl 5B s ) 35 o S e gl SacS e 53 9 ol
Sl oy55 slas& 5 (Y410 0, Kes 5 Bradford) (i
2 esde sy Hlay s YL 0 SUsSTY LBl eSS
ol g S GAS sl 56 gty 4 s ROS il oS5
W5 ek 4 S 555 Y00 3 (S hn b UYF spue Wy
L& 5 Bertoni (v++v ol 5 Bionaz) ws s
U ol gls Sl hyls sl oS wsls i1 (YeA)
4 Ayl (xS b A gAY seds as b Jgl ol b
Ao p SN VL Bl deik slasE s calia b
0353 sk 53 s o S AST A0 2l L ety o S e
omemen (YOY 0L 5 HUZZEY) 55 ol on 23,5
VO ialS w5, Jyl ais Jsb s TNFa 5,5
Shestizal (YA L s YUAN) ws § s ud g iy
Ll o 55 (B3 0095 Laulsl s s alie S5
5@l slaws (Yoor o, 5 Kushibiki) sis oles
boeb g 2 LPS ey s (e e 1 55 s
Sldlas ol s (YY QLK 5 Ballou) wiesls oLz
NS ol Gladanly 4 sl ol A5 alS
S ol pls g sliw pl 53 ool (g 3l ge Sdoma janats
LS 5 Ballow) uS o 555 o SLj5 1, 55 Wy

YNy

WAA b lopsloas 25 OV YF o Lol

6 .(Yo4 O, 5 Castafieda) s 5" a8 5 Kl
@ el 5l Olalllas o Sgm g0 gl dy oo LS
o el JMae 5 g5 s 4 Ll e bl JaSe
Aoy o b wds pah Ol oz B pae Ol S
Sladewl Sy Wl or oS ABL 5 A M L s 2
ME 1 g Sl s e s 53 5 L by o

sl
Y N T R R e R
J:.(PD'/~V)>‘:&AKIJL->\¢&:U.\?}:1LAQEJ§L;)\>
N-6/N-3 s 288 L 55 (Y410) 0L Kan 5 GreCo aallas
PR RCH AW RN BP P PP JAR YR AN
sl @5 3 Crmen oS mle S el £ads @
o sladel (Y0 Kanno , Katoh) s,ls :5 o~
e 05 e Gadsle 5 Slae s LY Bl s i
s O Jlab s e O ) 3 Sledl ds JBT (s
i p s S el ol (G Al B S O !
Loy dsle (65506 8 slad Shas 51 (6551 5 sdan 5 g0 Soms
51 eslizal L (Y+44) 0, 5ea 5 DIANGEID it o 5 s
) s OLs Jlas &S Wisls O e Ol 4 0 gm0 wSe
DS e 05n S g D3l 5 ] (e Al )
4238 o oy Al o Ll 5 0ol () gl SIS
il caw 3 53 NF-KB o> 51 i 0L calie b
OLSas 5 TANG) w5 8 055 Sl 5l Bl 5 550 e
Sl S Cal e ol S Ol ol ks (Y0

S 33 855 a%bf Sdre 3l g0 Sdome janadd Ca g

@%ﬂi/w &



P Szl f ol p bl S ed w56 - Jauo

/08
Y
' /¥f
IV
Y
V¥
A
N
/0¥

Vi
/YA
o/FY
VO

PYIAS ) N mg/dL. 5 &

1A\ \O/AS OO (mg/dL) gl o5l 055 2
12 OIA ory ( Eq/L) NEFA
'/F4 \/¥8 +/00 (mmol/L) BHBA
AN /8 Y (IU/mL) :,J gl
/Y FF/V\ el (mg/L) IGF-1
VSN Vi (mg/mL) .. 5 sl
VA /54 VF (ng/mL) TNF-q
Mg oA Y (OD") IL-6
\Vals WOV A/ (mg/dL)w 8 s 5
\F/YF \F7/AY \Y4/FY (mg/dL)J; zls
Wy V' AF /ry (mg/dL) HDL
YA YF/Y 7 (mg/dL) LDL
Y/fY ¥/0) L4 (mg/dL) VLDL

il g0 IO/ 0 Sl o S bl

.t 0/05 d..,;‘s,uT@uo,w,i'l:p,-,aou,,bL;hd,»:b,a




25 g s jesaas S Fogss 5 5K Sl
o= O A Sy FY il S s e S o
2 il 5 S A e 5 e oS Sl OT ediasolss
K3 bl & S 1) e o 208 Lawgie Cod e

3yl

ol guil 4 il G aSLE 5 alo3T Gk T

o Y-l 4 Kl O ot Calitee (gl i
S 4 gy 53 05 gl s NEFA 5,8 Ssps5
s b el ok 03l QL P 5 ¥ Jads s SIS Jesw
Sali 2l e e YA s SIS e s s
Gladel Calides (ot b odd 4 dis slaslE o (5505 gme
chle S Al bl bl G r-Kl 4 -5l o

395YA) 3ol Joow Cud 4 el 35 085 pdguil 9NEFA (35al5% 53985 p Shalo3T Sl slosd T - Joua

(G153
asles
P-value - |
S
5
YE \/$ F 4l ey (A 3 305 ko) wl il
“/FA v/A YYY/Y YYAY YO/ (A 30508 ko) ST il
OV AT YAy VYA Y/ (485 )3 4o )3) (83535 & 5
IA$ Y/0 £7/4 FF/0 fo/4 (4353) Canas 4 Sl Oty 61 25 O
JYE \WA Farv Foo- FAS G (3 93 0.5 (ha) P dids 53 mia 5 o
/50 i\ VAVA Fa9F Z\s Gl w3 53 0,5 (o) VAY dids )3 ot § ebams
A
AN VAN Y FINY N Gad o s Ml o Aoy 5 o) by clale
CNO Y va/a \Allig YA/S Gad oo 93 (Ml ol 9 Sn) S ke
/¥4 VAT o/ £/ /0 (@ads 55 A y3) (S3935 ¢ 5
YE oV AR ng 14AD ot 22 el Gt s 3 R 20 5 33 i 1) gl
()
YV \as YYYY \0% YA Rl el B b e ile
o
NEFA
/A or OF oVY ors Gd 53 0¥y (ST 5 Kn) aly clale
V2% N /0 Y/AY /Y (4285 )3 Ao y3) #+ 4ids S3535 & 5
VA \A Yo/ \\s Ya/0 (4253) Canas 4 Sl Oy 51 5V O
Vi o —YYY . —)4F. VY5 (3 015 (S 5 Se) 70 dids 55 fomie ) pelaw
VY FYOF —Foyyy Ra%at RAE (A 530V (S 9 S VAL dids 53 (foie 5 wlaw

Al o 0 3 N-O/D-3 O slaidd s KL sl




5938Y) 9l Joo8 Cand 4 gl 33 095 (gl NEFA (359 (3935 » Giala3T sloslows G- ¢ Jgor
(ol 3w

4
/¥ VY sy ard PN (A (g3 330 5 (Jho) wly ke
Uig) NO  XFY YFrY Yoo/ (A o2 930 8 ko) Sl il
g oy VAY Y/ Yy (Wad> 3> doys) (S3935 &5
\YE Y/\ V0 FF/A 22\ (4253) s 4y ke Oy 51 p3Y 0o
¥ \# o OFr PV Fao. (A 3 33 0.5 k) §1 4 53 owia 5 mbau
SN VR PAYA pafy"e (2 g3 33 05 o) WAr i 3 a5 e
R
50 \/0 MA #/5 8/7 i o 35 el oy ol 9 Sn) wly e
VO /AN VE/A A /X (i b 53 Mol o sty 9 Sa) STl ke
YA YR 8/ Y (Wiss 53 40 )3) 53935 ¢ 5
YE ey 1A8.° VT e o s Ml i ol 5 S B0 iS5 53 o ) e
A VY YooF! YV A Yy (e 93 Ml oty 5 SCo) WA i3 55 gomia 5 b
(7
NEFA
VO # vy Y% Y (& s 0¥l ST Se) al clile
V/¥0 A \ /¥ Y\ (4is3 53 doyd) F+ aids S3535 ¢ 5
Nias TR TV Yo/ YAY (4253) i 4y ke Oy 51 3 0o
'OF \OFF SV —)VYY VYA (A0 53 0V (ST 5 S §0 4l 53 omin 5 elaw
oy FIVY  —Fuay “¥VOF) ¥4y Y (2 52 0¥l5 (ST 5 S VA 485 53 o 1§ b

.l 0/05 ck.a)a ‘QLT,:'M Q,U:,i;\z O 2 )3 Oluasr 2 thfib 5a

(5335w 9 vy 3y)




Y s=torirocnsiatr ]

YA) crdguil (il a4 Gonly 33 095 pdguil 9 NEFA (56l5 (53955 » (halo3T sl sloss 15T -0 Jgur
(3 3 o= 395

55

/50 A Y/ #1/Y ov/A (i g3 03 0.5 o) 0l il

VYA Y \/d \/YY \/¥ (4255 y5 4o yd) Yo ads Ssp35 &5

/0 VA FY/Y ¥5/0 FAA (4283) o 4 Sl Oy gl 03V 0o

AL V4 -YF -y -y, (i g3 93 .5 ) Yo i 5 fomta 5 b

VY YAV Yre SAND -\ar (A g3 03 0.5 k) VY i )3 sonte 5 oo
o

YF \/Y M #1% v/o (o 5o Ml o a5 S0) b e

o/8) vf YFA YYA Y. (i shon 53 ol s ol 5 Sa) ST el

ini A Y/0 \/AY " (4235 )3 Ao y>) ¥+ aids Ss43) &5

AR 114 YY/N¢ \V/# YV (4283) Caad & B Oy 515 05V 0L

/Y VFO AYY \ad VAY: (ad o 3 (I s donly 5 S) ¥ 4B 55 fowia 5 b

Y0 YYOA YT Yy V\AS (A (ko 03 Ml g oty 5 SCa) VY0 iz )3 gomin 5 ela
NEFA

“/AY 4 g oYY OFA (& 53 0¥y ST 5 Se) wl ke

Y WAL Y5 Y/A Y/¥ (4235 y5 4o yd) Yo aids Sap35 &5

/f VA ¥Y/A YAY Yox (4283) o 4 Bl Oy sl 05Y 0o

VE \FY. —FFYF ~0%A: —#YY. (53 01y ST 5, Y 453 43 a5 ek

JAY O OVAF SWAFSL S\VAAF )AL (2d 53 015 (ST 5 S VYe aids 53 ot 5 rbam

LB o 0 3 N6/M-3 O o ol i Ky ajlas




£Y) ol guil WL S ) gl 38 093 (pdguil gNEFA (5ol 53903 » iloiT sl slod Wb -1 Jour

(! 31w 595
P-value ' ks
v M s s
598
|/¥0 W #/) oF/Y 08/y () o3 53 0.5 k) iy il
AL ¥ VYA \/FY \YF (@ids 5> A yd) Yo aids 393555
+/OF /0 FA/Y Y¥F/Y VY (4235) i & B Oy 615 25V 0L
‘YE 3 -Yrd Y F -YY$ (R 3 33 05 (o) Yo aiBs 55 fouia 5 ol
Al Y. YV SVAYY —\AVA (A (3 3305 o) VYo 4ds 5 o 5 mlaw
]
‘50 W A #/0 s G ey adl o oty 5 ) b 2 lale
TAas £ vy YYe Yy i hen 53 Ml oy oy 9 ) ST ke
JeF NE e v/42° Y/ (Wi )3 dwoyd) Yo wids F3p35 ¢ 5
Ar VA YA/ \o/f Y/ (4235) vl 4y Ble Oty 51 3V 0L
oY qF. vag.? 714.€ very? e 93 ell 2 2y 5 ST SBlightepige
(A
AR Yy 1w VoY VVFY. (oo 3 (Ml g ol Sa) VY0 i y3 fomia 5 elaw
(A
NEFA
VY oY ory OVF ovf (33 0¥y ST K)ol lale
YF XY v/8 /¥ /Y (aids > A yd) ¥ aids $3935 55
Y \/¥ ¥\/f YW/ YAV (4id3) s & il Oy 512 p5Y 0L
V/NA \or —pray -OAY+ 514, (2 55 0Vly (ST Sa) T aids )3 ota 5 o
/5Y OFF8  —IAYVY. Al ~\VsoF (a0 53015 (S5 Sa) \Ye aids )3 fouia 5 el

il o 0 3 1-0/0-3 O (Gl i KL bl

el 0/05 s 33 g T e S35 Kby 05 o g3 Olad b o D 52

Ol e a2 Jll oy s (65 cl;.u Colda ol Lol
sl Comluom i 5 L0 ga) 90 5l (5 SBIE 55 gled
Bauman and ) L. g « Sl el bOseys ol &
Ao odal ¢SS Ol (VAL 0L 5 Currie
;J.,»béii,;).z@o.xigobl,ul;ﬁcu,;&;,Nuﬁﬁ

Sy opl 5SSl 355 Sleds) mendi (gl ol

il sl 4 Cawlus 28 JUEl oy93 53 K5 5en

&

(GF 335w 9 Hiudrg )

Sl g bl s, gl oS ST S
o obad g Ulg Jsl oy 55 58 55 eSKis asle s puas
w0 S Bl dal Sy p oo 0 26 i
o b Ol Coowr 4 S48 Culda 558 Culde Oy Cam
gl bag S (o me Cusgdoee Y ol Sas sy
Rl g Y S b S it 5 Y O sl

Slldl plo sl Nl o W 5 (615 O 6551 e




Pires allas 55 63,8 5,18 ol adllas s alie ol
Al Cus b oedsG, 5 gl 55 (YA QLS
555 3 Ay b ekiads Sy s 1y SIS Saps; o gl
Ob Olises cpl 39 05ls 513 50 o 01 & w0 55 ¢S,
OF Clale o sl Gop3 b (sl (Al S (b & s 58
N RSN SR P PR REPREN I PR
chle HIB1nlpl sk b Ol eddG 5 o s
23 Soled w e b aiS o Jsb S o5Ikla o sl
L gto G (S5l gE 0 Ko o b 3l 5d Ladeia OT
S2335 53 i e YUl 4 B G slaitd
s al) 5l e 555 FY 3 el o5 Clate o s
0 Kl O el Lo gto s U3 eme Aad 0 OLES Lo
655 o 13 31 BY L ol gl 4 el 3 g o Y-
S8 Mo mh5 Lol S O pae Sl S
Azl g YU Cond eSO e Sblg b anslie 53 o gl
Saednl adlae ¢ s e SalS 1y O sl Sl
(b e oSz o3le Lo )3 ¥ Olje 2) e Esy 1o,
YWossle JAS e pte bamlis 5o 288 S badl S
SIS o il D5 sy deed YW 5 4l B,y Ao
Fr s A GRIB L sl e Jless)s el
O JS 03 1y o el 51 (86 ST 5 T (slacnl (Sags;
wdw adlae g3 53 YooV QLK 5 GINGras) sls s e
4 ol s e 06K 4 C1B:3N-3 5 slas
N OLKes 5 Storlien) ws ow S s sl
s NEFA b 855k (Y05 o, 5 Mustad
NEFA ol stinlgitny Jy Cund Lot 08 A8l huis
ssbie gl 0l S ey ST s D
2 2L Gl 4 el LS e e o sl
¥ oKl G bkl oipe S ol O S ts
iy OB i 5 0Ll 53 o sl 4 Canslin I Al e
&S ples poskies drw g 3 1y (5 m GBS japol 3L S

TNF-0) Sl s gl 08 50T Wy il aaulga

WAA b lopsloas 25 N YF o led

Ol s & 3558 Coln 5 (0 S35 apnle o Lo
b Cuslie OT 4 S sy 11440 LK 5 Bell) e
el Calits Gl 1 i 558 o i o g
YA 5315 S S et e plids slagl 4 Y-Sl 4 7Kl
Sy JHs Cd (b sl 1 3T S 5 Sl ey s
Cope SNl S el i SUE fuu
4 Oy Oloj S ke Cal a4 Oy Ole ¢ 83335
352 0SS s a3 S ot 5 ke 5 4l bl
4 ofay S es s Gy 5 (YA OIS 5 Pires)
oz gl 5 S I e 655 1y &SHd o)
Cou S @ by e slaastls 15 0T anlas 3 . Lsls,l 3
ia gl S5 3y S 13 g el lasles 3G
S bl ey el Chle js s (g 45T Wsls Ol
sl s geie 5 e s Sl bl o el
Sy Gy ol 0LES &S 5 5ol OS5y gy eSS0 5o
Al 4 SOk sy L ediads gl oa gl
S b sl 4 bg e gl ot ls o aallae jy il .
S 5y FY 3 olsiime ssba LT Sl S s
G Bl Sl steTws @ sde 5 Sl a3 8515 36 S
(Yo +A) OLa 5 Pires 2L 6oL sl Cald Sl
35 &S das e Ol S Ll Ok L, s L3l
S Chle Lol ST 5 50 o Cus Olejde b
Pl kel ol o 0 S 5L s (slasE s
o sl VL Cos oS I8k s glas Sl Seml

Ak oo V- Kl 4 -l
33 YA 53 G sedl s S Giu 5 sl Pl s B
boles ples 53 Lol S pre GRS el sl e
boodsadis glasl s Lwdl S sals cus Jy i
ol FoKal 4 oKl O sladenl (il gl
ey S8 (S3555 & 5 5o sbar Sl pal gl snn
a2 3 ylogel 5 e 5l CBE Caal 4 0w 0L
sy addllas 3 35 (Y00 A) L, 5 Pires sy 0l Jls

ﬂﬁfﬁ;/w (>



PR L PP P TN FCIR BTN g |

S olgdl mll &8l sdiesls ol (Y404 Kelley
4 Cwslis drng 4 e Llg o S Cnl e Julss
Il o 53 (TLR) wile 60555 oot 18 555 o gl
s L33 6 o b STL gl E b (LI LS Sl
Ll o b ol gle oS e I g g 1, NF-KD
St J5 ale lab 1) odi ;S ol Ll O (sladnd
LS o 8 g TLRA 5 TLR2 cled 5l plst e o
£5 5 olis 5 Wlosls OLas Solalllas (Y1 F OLKes 5 Lee)
2 A5 e Bl Al Qe o s o sl
sLichtenstein and Schwab) wasb o o il 4 o slis
4 e pldl O el O ae GBI H1 (Y O
gLl o el S s 558 o i) & Caslae
Sllas 1S o (6 Kb gl 4 nglin drnn g 1 YKl
4 Caglis 5l ale ey, aS Wlesls OLis b Sse 59y 5 ]
5 Storlien) o >, slee o dbulsa sdisloul o sul
sLou) ws 5 (V44 1, Kes 5 Storlien ;1aAY ol ,Kes
(Yoo 0L 5 D’Alessandro ;Y448 of,Kas
S Wsls Ol (144Y I, 5 Storlien) .us” ¢, 8 sl
4 Caglae Sl ale o, L oplll o ladl sl
355 dlalsty S o tn 53 s 35 (5 Sy oo g
Sl S sl el 035 31 L3 53 0 pglan (ol gl 4 55,5 5
213 35 o el 40 1) (s (Sladl ol S

(v+-5 [Natarajan , lbrahim)

S 5 Ao
i 45,5 23 S U5 o 3T o) b 4 42 5 L
S R el YKl 4 oKl O skl Lo s
G5 ) o sl 53535 TF 0® N o et
S das e DL Lo gl s (1550 e S FY L3 sl
o e Yol Pl o sladal Lo e i 5 s
s a3 5 oo a3 5 A FY 5o o sl 4 franly 35
Sl S 6 rals Y Kl 4 -l O o glatnl I Lo g0

@%ﬂ%/w

0SsesT 5 S 4esT Wy ialS 5 (MCP-1 JL-6
s (Y0 0V O, 5 Gustafson) us” s 5L wlgdlas
AP el ol b ST 5 Gd e 2
3L 0T 53 o5 4,8 e 13T el i Cands 65 s Bl
sl s 58 53 ol Ol wibte e o
&l MRNA GL xSl eslinal b o2 S3L 6 5,505,5
(S 5sT ) MCP-1 dL-6 TNF-0  (slao
g0 ] P R P
Yooy LK 5 Ingvartsen and Boisclair)
¥ed o, 5 Lemor yeeo oL, s Komatsu
SOY ol 5 Saremi ;v y e ol 5 Mukesh
Al b 0ddeS o S IE il s b 555 T
TNF-0 &l 5 4 58 53 o ol 5 ISl gladoals s
LTNF-00 o e 55 Sde GV 3b o5 515 ol abetial
4 Caslie slml Ceb Gloyss sy Sl 5l eslawl
4S5 lacy S 5 il 5 0 Ol el S s o s
OLaa 5 KUShibiKD) ol osls 2l 1) ¢ b slas&
5 b; Bradfordy.+y o, 5 a; Kushibikiy. .y
o) 4 () oL s OHTSUKA (-4 o, Kan
A bl oz AS s Gl s S Lk s
Sl 5 Lng Seslie sl 4 cails pw 3 NEFA
0L, 8as 5 Delarue) wsy Y4 T o w55 TNF-0
350 Sl  Cl 0T 6L S Gios pl ls (Yoo F
Ses Js el IL-6 s TNF-a , (gols sne 50 2ole3T
Sl el YKl 4 -l O sladn] Lo e S

ssb om IS 5ls Ol e
Y-Sl plal e ©pr laded 4085 o5 Coal sdesls OLiS
sladshe Glis Oz ladl Ld5, 50 Gled S5 el
53550 Y-l O ladn] G 4 gl 4 ulas
e Glaldl s d e ool maly 02 g Sl ol nen
(oA &K 5 Masson) s o dsadl w

Fedor) was o sl 1) oo sl e 5 ol K g5 S0

® _ proinflammatory



Ballou, M. (2012). Growth and development
symposium: inflammation: role in the
etiology and pathophysiology of clinical
mastitis in dairy cows. Journal of animal
science. 90:1466-1478.

Bauman, D.E. and Currie, W.B. (1980).
Partitioning of nutrients during pregnancy and
lactation: a review of mechanisms involving
homeostasis and homeorhesis. J. Dairy Sci.
63:1514-1529.

Bell, AW. (1995). Regulation of organic
nutrient metabolism during transition from
late pregnancy to early lactation. J. Anim. Sci.
73:2804-2819.

Bionaz, M., Trevisi, E., Calamari, L., Librandi,
F., Ferrari, A. and Bertoni, G. (2007). Plasma
paraoxonase, health, inflammatory conditions,
and liver function in transition dairy cows.
Journal of Dairy Science. 90:1740-1750.

Bradford, B., Yuan, K., Farney, J., Mamedova,
L. and Carpenter, A. (2015). Invited review:
Inflammation during the transition to
lactation: New adventures with an old flame.
Journal of dairy science. 98:6631-6650.

Bradford, B.J., Mamedova, L.K., Minton, J.E.,
Drouillard, J.S. and Johnson, B.J. (2009).
Daily injection of tumor necrosis factor-a
increases hepatic triglycerides and alters
transcript abundance of metabolic genes in
lactating dairy cattle. The Journal of nutrition.
139:1451-1456.

Caroprese, M., Albenzio, M., Marino, R.,
Santillo, A. and Sevi, A. (2013). Dietary
glutamine enhances immune responses of
dairy cows under high ambient temperature.
Journal of dairy science. 96:3002-3011.

D’Alessandro, M.a.E., Chicco, A., Karabatas,
L. and Lombardo, Y.B. (2000). Role of
skeletal muscle on impaired insulin sensitivity
in rats fed a sucrose-rich diet: effect of
moderate levels of dietary fish oil. The
Journal of nutritional biochemistry. 11:273-
280.

WAA jobc alopseas 2V YF o)l
&b

Delarue, J., LeFoll, C., Corporeau, C. and
Lucas, D. (2004). N-3 long chain
polyunsaturated fatty acids: a nutritional tool
to prevent insulin resistance associated to type
2 diabetes and obesity? Reprod. Nutr. Dev.
44:289-299.

Gingras, A.A., White, P.J., Chouinard, P.Y.,
Julien, P., Davis, T.A., Dombrowski, L. and
et al. (2007). Long-chain omega-3 fatty acids
regulate  bovine  whole-body  protein
metabolism by promoting muscle insulin
signalling to the Akt-mTOR-S6K1 pathway
and insulin sensitivity. The Journal of
physiology. 579:269-284.

Greco, L., Neto, J.N., Pedrico, A., Ferrazza, R.,
Lima, F., Bisinotto, R. and et al. (2015).
Effects of altering the ratio of dietary n-6 to n-
3 fatty acids on performance and
inflammatory responses to a
lipopolysaccharide challenge in lactating
Holstein cows. Journal of dairy science.
98:602-617.

Griffin, M.D., Sanders, T.A., Davies, |.G.,
Morgan, L.M., Millward, D.J., Lewis, F. and
et al. (2006). Effects of altering the ratio of
dietary n— 6 to n— 3 fatty acids on insulin
sensitivity, lipoprotein size, and postprandial
lipemia in men and postmenopausal women
aged 45-70 y: the OPTILIP Study. The
American journal of clinical nutrition.
84:1290-1298.

Gustafson, B., Hammarstedt, A., Andersson,
C.X. and Smith, U. (2007). Inflamed adipose
tissue a culprit underlying the metabolic
syndrome and atherosclerosis.
Arteriosclerosis, thrombosis, and vascular
biology. 27:2276-2283.

Huzzey, J., Nydam, D., Grant, R. and Overton,
T. (2012). Association of biomarkers of
stress, inflammation, and negative energy
balance with milk yield and reproductive
performance in Holstein dairy cows. J. Dairy

ﬁﬁﬂé/w (



PR L PP P TN FCIR BTN g |

Ingvartsen, K.L. and Boisclair, Y. (2001).
Leptin and the regulation of food intake,
energy homeostasis and immunity with
special focus on periparturient ruminants.
Domestic Animal Endocrinology. 21:215-250.

Kim, S.C., Adesogan, A.T., Badinga, L. and
Staples, C.R. (2007). Effects of dietary n-6:n-
3 fatty acid ratio on feed intake, digestibility,
and fatty acid profiles of the ruminal contents,
liver, and muscle of growing lambs. J Anim
Sci. 85:706-716.

Komatsu, T., Itoh, F., Kushibiki, S. and
Hodate, K. (2005). Changes in gene
expression of glucose transporters in lactating
and nonlactating cows. Journal of animal
science. 83:557-564.

Kushibiki, S., Hodate, K., Shingu, H., Obara,
Y., Touno, E., Shinoda, M. and et al. (2003).
Metabolic and lactational responses during
recombinant bovine tumor necrosis factor-o
treatment in lactating cows. Journal of dairy
science. 86:819-827.

Kushibiki, S., Hodate, K., Shingu, H., Ueda,
Y., Mori, Y., Itoh, T. and et al. (2001a).
Effects of long-term administration of
recombinant bovine tumor necrosis factor-o
on glucose metabolism and growth hormone
secretion in steers. American journal of
veterinary research. 62:794-798.

Kushibiki, S., Hodate, K., Shingu, H., Ueda,
Y., Shinoda, M., Mori, Y. and et al. (2001b).
Insulin resistance induced in dairy steers by
tumor necrosis factor alpha is partially
reversed by 2, 4-thiazolidinedione. Domestic
Animal Endocrinology. 21:25-37.

Lee, J.Y., Zhao, L., Youn, H.S., Weatherill,
A.R., Tapping, R., Feng, L. and et al. (2004).
Saturated  fatty acid  activates  but
polyunsaturated fatty acid inhibits Toll-like
receptor 2 dimerized with Toll-like receptor 6
or 1. Journal of Biological Chemistry.
279:16971-16979.

Lemor, A., Hosseini, A., Sauerwein, H. and
Mielenz, M. (2009). Transition period-related
changes in the abundance of the mRNAs of
adiponectin and its receptors, of visfatin, and
of fatty acid binding receptors in adipose

@@fﬂﬁfﬁi/w

tissue of high-yielding dairy cows. Domestic
animal endocrinology. 37:37-44.

Lichtenstein, A.H. and Schwab, U.S. (2000).
Relationship of dietary fat to glucose
metabolism. Atherosclerosis. 150:227-243.

Lou, J., Rizkalla, S., Boillot, J. and
Alamowitch, C. (1996). Dietary (n-3)
polyunsaturated fatty acids improve adipocyte
insulin action and glucose metabolism in
insulin-resistance rats: relation to membrane
fatty acids. J. Nutr. 126:1951-1958.

Masson, V.R., Lucas, A., Gueugneau, A.-M.,
Macaire, J.-P., Paul, J.-L., Grynberg, A. and
et al (2008). Long-chain (n-3)
polyunsaturated fatty acids prevent metabolic
and vascular disorders in fructose-fed rats.
The Journal of nutrition. 138:1915-1922.

Mukesh, M., Bionaz, M., Graugnard, D.,
Drackley, J. and Loor, J. (2010). Adipose
tissue depots of Holstein cows are immune
responsive: inflammatory gene expression in
vitro. Domestic animal endocrinology.
38:168-178.

Mustad, V.A., DeMichele, S., Huang, Y.-S.,
Mika, A., Lubbers, N., Berthiaume, N. and et
al. (2006). Differential effects of n-3
polyunsaturated fatty acids on metabolic
control and vascular reactivity in the type 2
diabetic ob/ob mouse. Metabolism-Clinical
and Experimental. 55:1365-1374.

Oh, J., Harper, M., Giallongo, F., Bravo, D.M.,
Wall, E.H. and Hristov, A.N. (2017). Effects
of rumen-protected Capsicum oleoresin on
productivity and responses to a glucose
tolerance test in lactating dairy cows. Journal
of dairy science. 100:1888-1901.

Pires, J., Pescara, J., Brickner, A., del Rio,
N.S., Cunha, A. and Grummer, R. (2008).
Effects of abomasal infusion of linseed oil on
responses to glucose and insulin in Holstein
cows. Journal of dairy science. 91:1378-
1390.

Saremi, B., Al-Dawood, A., Winand, S.,
Mdller, U., Pappritz, J., Von Soosten, D. and
et al. (2012). Bovine haptoglobin as an
adipokine: serum concentrations and tissue
expression in dairy cows receiving a



conjugated linoleic  acids  supplement
throughout lactation. Veterinary immunology
and immunopathology. 146:201-211.

Storlien, L.H., Kraegen, E.W., Chisholm, D.J.,
Ford, G.L., Bruce, D.G. and Pascoe, W.S.
(1987). Fish oil prevents insulin resistance
induced by high-fat feeding in rats. Science.
237:885-888.

Storlien, L.H., Jenkins, A.B., Chisholm, D.J.,
Pascoe, W.S., Khouri, S. and Kraegen, E.W.
(1991). Influence of dietary fat composition
on development of insulin resistance in rats:
relationship to muscle triglyceride and ®-3
fatty acids in muscle phospholipid. Diabetes.
40:280-2809.

Tang, T., Zhang, J., Yin, J., Staszkiewicz, J.,
Gawronska-Kozak, B., Jung, D.Y. and et al.

WAA b lopsloas 25 OV YF o Lol

(2010). Uncoupling of inflammation and
insulin resistance by NF-kB in transgenic
mice through elevated energy expenditure.
Journal of Biological Chemistry. 285:4637-
4644.

Yuan, K., Farney, J.K., Mamedova, L.K.,
Sordillo, L.M. and Bradford, B.J. (2013).
TNFa altered inflammatory responses,
impaired health and productivity, but did not
affect glucose or lipid metabolism in early-
lactation dairy cows.

Zarrin, M., Grossen-Rosti, L., Bruckmaier,
R.M. and Gross, J.J. (2017). Elevation of
blood beta-hydroxybutyrate concentration
affects glucose metabolism in dairy cows
before and after parturition. Journal of dairy
science. 100:2323-2333.



