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ABSTRACT

The aim of this study was to evaluate the effects of CLA supplementation in diets with different levels of forage NDF on
Eerformance, serum metabolites and liver functionality in Holstein fresh cows. Forty Cows were blocked based on their

ody condition score at calving and 305-d mature-equivalent milk yield, and randomly allocated to 1 of 4 experimental diets
from calving to 21 days in milk (DIM). Treatments were used in a 2x2 factorial arrangement with 2 levels of fNDF and 2
doses of CLA supplement; Treatments were formulated to contain 18.0 or 23.0% fNDF without or with CLA supplement
for diets 18fNDF-CLA, 18fNDF+CLA, 23fNDF-CLA and 23fNDF+ CLA. There was no effect of fNDF by CLA
interaction on investigated items. Dry matter intake increased up to 1.5 kg with 18fNDF diet compared to 23FNDF
(P<0.01), while the addition of CLA reduced the dry matter intake to I.15 kg/d compared to diets without CLA
supplementation (P<0.01). Cows fed 23fNDF diet lost more body weight than those fed 18fNDF. Milk yield was higher for
cows fed 18fNDF than 23fNDF (P<0.01). Cows fed diets containing (%LA produced more milk, lower milk fat percentage,
and higher lactose content. (P<0.05). Serum glucose was higher in cows fed CLA-containing diets (P<0.01). Cows fed
18fNDF had lower serum concentrations of NEFA and BHBA compared to those fed 23fNDF (P<0.05), but CLA
supplementation did not affect serum NEFA and BHBA (P>0.05). (P<0.05). In general, the reduction of forage NDF in the
diet of fresh cows led to improved feed intake and production performance. Addition of CLA to the diet of fresh cows led to
glucose savings by reducing fat synthesis, increasing lactose content and milk production.

Keywords: Dry mater intake, Energy balance, Fresh dairy cows, Milk fat percentage.
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Table 1. Ingredient and chemical composition of experimental diets (% of DM).

Experimental diets’

Ingredients Close-up 23FNDF T3INDF

Legume Forage Hay, mature’ 18.89 20.16 20.16
Corn Silage, normal® 41.00 25.56 13.55
Sugar Beet Pulp, dried* - 0.00 12.00
Barley Grain, ground, dry 8.00 13.32 13.36
Corn Grain, ground, dry 15.45 10.60 10.59
Soybean Meal, solve. 6.00 8.68 8.67
Extruded full-fat soybean - 4.38 4.38
Corn Gluten Meal, dried - 349 3.49
Fish Meal - 3.49 3.49
Cottonseed, Whole with lint 5.00 7.00 7.00
Canola Meal, mech. Extract 1.60 - -
Calcium Carbonate 1.35 0.72 0.72
Calcium Phosphate (Di-) - 0.18 0.18
Magnesium Oxide 0.15 0.18 0.18
Magnesium Sulfate 0.85 - -
Calcium Chloride 0.45 - -
Salt - 0.30 0.30
Sodium Bicarbonate - 0.90 0.90
Bentonite 047 0.33 0.33
Biotin 0.004 0.004 0.004

. 0.004 0.004 0.004
Selenium
Choline Chloride 024 0.24 0.24
Monensin 001 0.01 0.01
Mineral premix’® 0.27 0.23 0.23

Lo 6

Vitamin premix’ 0.27 0.23 0.23
Chemical Compositions’
NE_, Mcal/kg of DM* 1.60 1.70 1.68
CP, % of DM 124+0.5 18.0+0.3 18.0+0.30
NDF, % of DM 352+0.8 33.8+0.9 34.4+£0.80
Forage NDF, % of DM 28.00 23.00 22.00
ADF, % of DM 23+0.70 21.8+0.9 21.6 £0.60
NFC, % of DM’ 43+£0.70 37.6+0.5 36.5+0.80
EE, % of DM 3.6 +£0.30 42+03 4.1+£0.30
Ash, % of DM 6+0.15 73+04 7.5+0.30
DCAD, mEq/kg DM" -28.00 246.00 246.00

NDF 0,3 VA (55l sy 18INDF=INDF ¢ fNDF 0,0 23 (551> YU 23NDF=fNDF .\

( Sz oole bl ) b5 1555 5 0o ;0 VY/B g ADF ao )0 YA/F INDF as,0 OV/Y (Sis ool oy AY/+ (gol> ¥

(Sis oole wlusl ) pls a5 5 woj0 AIB 9 ADF woyo Y4/+ INDF ao,s FH/V (i oole do )0 Y- (g5l> ¥

(Sis oole wlaly) plo (15950 wo )0 AIY 9 ADF ws o YE/Y NDF as )0 FY/0 «Sis oole auoy0 AV/- (54l .
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. 23fNDF=high fNDF, containing 23.0% fNDF; 18fNDF=Low fNDF , containing 18.0% starch;
. Contained 83.0% DM, 52.3% NDF, 39.4% ADF, and 13.5% CP (DM basis).
. Contained 23.0% DM, 44.3% NDF, 29% ADF, and 8.5% CP (DM basis).
. Contained 87.0% DM, 43.5% NDF, 24.2% ADF, and 9.3% CP (DM basis).
Premix contained 0.32 g of Co/kg, 13.3 g of Cu/kg, 0.5 g of I/kg, 0.04 g of Fe/kg, 33.4 g of Mn/kg, 8 g of Se/kg, 56.2 g of Zn/kg.
. Premix contained 1,800,000 IU of vitamin A/kg, 200,000 IU of vitamin D/kg, and 15,000 IU of vitamin E/kg.
. Data are presented as the mean + SE of 3 samples.
. Based on tabular value (NRC, 2001).
9. NFC%= 100%- (CP%- EE%-NDF% -Ash%)
10. DCAD= (Na+K)- (S+Cl)
** The CLA supplement (200 gr) was top dressed at the morning feeding
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Table 2. Effects of dietary forage NDF (fNDF) content and CLA supplementation on DMI (kg/d), EB and BCS
changes during experimental period.

fNDF' CLA’ P-value
< ) =
<9 29 = £ g x
a a s < < s I3 < Q O = =) <
4 — — a g X X |
frem £ & 4 © 2 & z © &€ & & % O
Q x a &) S| X
& Z @) o9
a
&
DML, kg/d 17.06 15.49 0.22 16.85 15.7 020  <0.01 <0.01 <0.01 0.7 <001 085 <0.01
Net energy intake, Mcal/d 30.24 2735 0.33 2882 2877 035 <001 0.89 <0.01 075 0.02 0.97 0.10
NE;, Mcal/d, 27.49 26.81 0.80 2733 2697 075 0.53 0.63 <0.01 065 0.48 0.12 0.17
Energy balance, Mcal/d® -8.6 -10.77 0.85 9.75 -9.67 0.9 0.09 0.82 <0.01 065 0.10 0.46 0.21
BCS change -0.41 -0.44 0.031 -0.42 -0.43 0.04 0.45 0.72 - 0.38 - - -
BW change, kg -24.53 -35.36 2.58 29.6 30.31 2.78 0.01 0.85 - - 0.59 -

INDF a8 VA (55l> ¢yl I8INDF=NDF #NDF wo)s YY (s5l> YL 23fNDF={NDF .\

JEER W a\_\i\)?@oou\;s)o S)u u)ﬁom(f;Y")CLAMY
(V1) o ol sly58 Jghaz olal ¥

1. 23fNDF= high fNDF, containing 23% fNDF; 18fNDF= Low fNDF, containing 18% fNDF
2. The CLA supplement (200 gr) was top dressed at the morning feeding

3. Calculated based on NRC, 2001. EB=NEI - (NEM + NEL)
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Figure 1. Effects of dietary forage NDF (fNDF) content on DMI (kg/d) over time during the experimental period.
HF=High NDF MP, LF=low fNDF, HMP=high containing 19 and 23 % of DM, respectively. fNDF, P <0.01; CLA
supplement , P <0.01; time, P <0.0001; fNDF x CLA, P=0.70; fNDF x time, P <0.01; CLA x time, P=0.85; fNDF x
CLAX time, P<0.01.
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Figure 2. Effects of dietary forage NDF (fNDF) content by CLA supplement interaction on DMI (kg/d) over time
during the experimental period. HF=High NDF MP, LF=low fNDF, HMP=high containing 19 and 23 % of DM,
respectively. fNDF, P < 0.01; CLA supplement , P < 0.01; time, P < 0.0001; fNDF x CLA, P=0.70; fNDF x time, P
<0.01; CLA x time, P=0.85; fNDF x CLAXx time, P < 0.01.
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Figure 3. Effects of dietary forage NDF (fNDF) content on energy intake (Mcal/d) over time during the experimental
period.. fNDF, P <0.01; CLA supplement , P=0.89; time, P < 0.01; fNDF x CLA, P=0.75; fNDF X time, P=0.02;
CLA x time, P=0.85; fNDF x CLAX time, P=0.97.
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Figure 4. Effects of dietary forage NDF (fNDF) content on energy Balance (Mcal/d) over time during the
experimental period. fNDF, P=0.09; CLA supplement , P=0.82; time, P < 0.01; fNDF x CLA, P=0.65; fNDF x time,
P=0.1; CLA x time, P=0.46; fNDF x CLAX time, P=0.21.
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Figure 5. Effects of dietary forage NDF (fNDF) content on energy intake (Mcal/d) over time during the experimental
period.. fNDF, P=0.01; CLA supplement , P < 0.01; time, P < 0.01; fNDF x CLA, P=0.81; fNDF X time, P=0.5;
CLA x time, P=0.01; fNDF x CLAX time, P=0.14.
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Figure 6. Effects of dietary forage NDF (fNDF) content on energy intake (Mcal/d) over time during the experimental
period.. INDF, P=0.93; CLA supplement , P <0.01; time, P < 0.01; fNDF x CLA, P=0.18; {NDF x time, P=0.67;
CLA x time, P=0.06; fNDF x CLAx time, P=0.2.

390 Foml ohbojl oys0 b —CLA & cud
sl o Wz weys (b S P<[0)
I18fNDF L awslis ;5 (o, Y/AY) 23fNDF
(P=2/V o) sl ol a4 bl (o, YIFO)
e 2yz (aoyo YIYA) +CLA slagls aS > o
(do,o Y/A+) —CLA g8 4 cas 50wk
Pl Cod pd gy lade Ll oP=-/+)) ails
CLA i S (Y Jgaz) <8,5 1,8 byl bl
30 e gy dwoyn o als as ol las ley o
ey sybar s P<-0)) 35y ST (2,05 A 5,

Y/AY) 23fNDF slogls o0 o oy oy

bles (auo,o Y/TO) I8INDF L aslio ,o (ao,0
sl oS J>ps (P=-/Ve) cunls mlpl 4
SAomb = oz ey (e, YIVA) +CLA
sl (deys YA+) —CLA byl 4 oo
INDF 50 cow ol oy Jlaie Ll «(P=2/-))
S Jeaz) 8,5 18 oyl blaw 5l CLA
deoyd 0 guals as ol i ley 4o CLA  Jlake
P < efoV) 05 JSBT (23,05 A 55y 0 5ed 257
FCLA L cosadns oyl o atugn ,ebay



VAN VFY 50l o 65l Y 8,90 )l ) ols pole

SRl 000 18 3l 508 b sz doys Wo)S
Hutchinson et al., 2011; Schlegel et al., ) csb
o gl b Ll yo (2012; Hotger etal., 2013
Kay ) o 5B S 5 iy slogimgiy 2l
L lasangs U (ef al., 2006; Pappritz et al., 2011

(Hotger etal., 2013;Chandler et al., 2017) yiy
So 9 CLA Gras g9yd ) b (22 (20l )0
3,8 S b 22 0 i HB als
52 CLA Jlogs as wo 5 (555 b iagh (&0
e 4y Zol (Soe ol 1y alalB slaatin
aol gl sae lawg CLA 4ol ciloy
oly ogelm 0 NEFA aisl ol slacdale
Sy CLA L cnl (S ¢ 0y <8l gram donis )0
Kay et ) acil cold, o ol sue lawgy cuiloy
as oy lad peion o iegys Ll «al., 2006
Jol aae ;0 CLA VY — s Vo =il 5 093]
CLA L oadardss sbagll 1ol 2y 0 ol 5 o
Castafieda-Gutiérrez et al., ) cul ool Jils
3 b gy g CLA Jl ogs culply 42005
23 Sudgaze & lgs ced |y Rl 5l o ol sl
ods slgadin 018 Cawns CLA jogpl Sliwy cudls
Comlus pae Lds 4 cenl (S yol ol a5 o]
2o 090 sl el el pae L
Sloyme 5 sl Glampl o ks s
Ml (2o g9,0 5l Culex lp berdsn
(Castafieda-Gutiérrez et al., 2005)
OeSgn e 9 0oy CLA o INDF zolaw 42 51
s Odgi b Laly o Lol csolad 13 150 cou |y i
Oy Hle oy 4 bl I8INDF  (slagls
il 50 VYY) auisls 23fNDF b avslie 1o (65 st
o b obly jo (P=+/-V ¢, 0 p,5sLS VYA
a5, %138 Piantoni et al. (2014) o> iagh
Aoy Sz oole o, Yo 4 Y7 SIHNDF | ials oS
il 4 e Ll O 13 6 o 1y e Sy
2 Galy 5l Jl ey YA 50 et Gefgn e
IR 86 od CLA Lawgi 1o (g jlade oy
8l el g SB35 b sy doys Wl (28
sl iagh sloadl b ol jiagh mbs (P<-/+V)

b ~CLA & cored +CLA | suias3is slagls )
(O JSo P < /0 0) 09 y5omb Stalesl 0,90
& ymie el YU INDF L asle  slao o
Jerred et al., ) digdh oo o y> Qo wliél
51 o (2010) Holt et al. lin gbay (1990
A& 5 Lgw atwgy L ladgle NDF 551>
3 ae,0 VYR &4 YVY GHINDF als 5 oid o
SG (RO 0590 blol sglE 0 o0 S ools
B wsyS BIF ) @z weps o Sels
51,51 (2003) Rabelo et al. o>  igh guls
P T ey Gy p ooxx dsle e alS
Piantoni et al. Ll 55,55 conlive 15050 slagls
Yo 4 YF 5 INDF _ials a5 wo,S 5,155 (2015)
o bl el slegd o Sz oole 5l aoys
cpl poedle auils b oy doye jo els
L ooadadss slags o 0 o YL chale
5 (V Jgo=) 59 <! wliél L 23fNDF
L awlie 0 (F Jgoz) NEFA YL slaclale
Cewl pogro (pl b gllas cds> o 18fNDF o>
T 4y Gy boolpen VL b oz oS
B o0 &) (o7 S8l S
Olie 2alS 5l CLA sl oS 51 colazul
Oz 5o Al oyl slagls o kel oz
b s e ige b So asile Sy s
ol e (Bauman et al., 2008) col ool
CLAVY — oo Vo =l jegpl a5 ol ool
9930 Solo o b 5l wd o2 B ot
Sl palS izea g Gl 938 50 0z al
e @y JopuedS Jelisy 5l (8 Sloitis e
Bauman ef al., ) ol oo 3Lt a9 pend Lo
A g, YIA o VY als SO L Ll o (2011
Ol Giogh )0yl oy e 9 ho s )0
B CLA L cobaydss slagls aS cuwl ool 5,158
B Ve ) o oz doyd (20,ed 59, 70 5l 56
P e YW L VO b oy jlade g asy0 VP
Hutchinson ef ) aisls galS 20,05 0,90 bl
gls a5 =38 .(al., 2011; Chandler et al., 2017

b, 20, 0,90 39, 70 5l Liew 1) CLA JoSo



W NDF Sglie zghaws b (sloo pom 55 00l a5 958 Setloi asl 509381 6T 1)Ko g shiLal VAY

» 2 e Sl sl JeedS
Bauman & ) <l jLo 5,50 3 oS leseis
Hotger et .(Griinari, 2003; Voigt et al., 2005
adsi jo als o8, e wis,S 5155 (2013) al.
CLA JoSo L oobabdss slagls djiyg,0 35415
oS 09,5 b anglie )0 6 5VL b 595y oo
Sials a5 wo,S o8 byl cads o anil
e b oz Sl Glp b sy SIS
39S aeys s Gl Cex SIS o a5z e
(osmoregulator) (g ol odisS oudais ddlie lgicay
@S a5 0sdion pd Wdsi SRl axmisys 9

P scad gl

Ja...uy ;515 S cdale aloads 4.:“)‘ A Jj..\?
5 gl Lol (F Jgaz) bS5 15 b o olo;
b aelin o 5508 clale 133l 4 Lles 18ENDF
oS oo FEN e ol s OAY+) wizils 23fNDF
(P=ofoq i s yo

Hotger etal., 2013; Chandler ef ) Cuwl guod yuiin
(al., 2017
8,55 L8 INDF 50 cog 55y asy
S b e b adg jo alEl Ll o«(P=+/4Y)
sl yo b ey e gl s bl
wly 55 VAB) ol 23fNDF L awslis ,o 18fNDF
g P=+/"1) do,0 (P=+/+% ¢35, ;0 p,55LS V/VY
dwlie ,0 +CLA slagly jo P=+/+Y) ;55Y laie
30 pSelS cNNY g ase /Y g 4 —CLA L
oley ;o CLA Llase 31.(P < +/+V) 09 5YL 54,
< [N VY logg, yo FCLA slagls aS ols ylis
365Y asys ol oy (P=+/eY) VF 4 (P
el (¢ JS) asls CLA L aslin jo 5L
slagiosy slbash L @8l o yol- tegh
Piantoni ) fNDF zghaw ialS bl g9, o opmion
0y ilucS 4y ddgle Cos ualS L (et al., 2014
Sade g do,0 (g9, ,» (Rabelo et al., 2003)
5 ol yin BoasS lesiad oy euSY
slosswl cobo Glp imgw pleea |) Ol ss
yoodle Sel5 Lol caisS o ocolaiul Ll o>
Gz sl 3355 <l gl NADPH (y3,5 ol

Table 3. Effects of dietary forage NDF (fNDF) content and CLA supplementation on milk yield and composition
during experimental period.

Forage NDF' CLA’ P- value
Q
< oz =
E o
[ [ | R=) § X
> 3 5 oz 5 5 &g 98§ ¢ &
ftem % % 7 Q Q 7 z @ = x5 é ©
& & © E
Milk yield, kg/d 39.50 3654 073 36.65 3945 075 <0.01 <001 <001 0.62 048 0.04 047
4% FCM, kg/d 3579 3520 1.03 3601 3589 1.1 0.67 036 <0.01 070 059 0.11 0.17
Milk composition, %
Fat 345 382 016 390 338 0.14  0.10 001 <0.01 081 050 001 0.14
Protein 354 356 0045 356 353 0.05 0.67 0.65 <0.01 021 076 065 030
Lactose 471 472 007 46l 481 0062 093 001 <0.01 0.18 067 006 020
Yields, kg/d
Fat 1.34 137 0067 141 130 0.062 0.73 0.11 0.10 070 055 0.05 0.18
Protein 1.37 129 033 1.30 135  0.044 007 028 <0.01 030 069 0.10 052
Lactose 1.85 1.73 0.06 1.70 1.87  0.043  0.06 0.03 <0.01 09 062 030 0.12

NDFauo,0 VA (55l> ¢yl I8INDF=NDF ¢ fNDF w5 23 (s5l> YL 23fNDF=fNDF .\

A ol g To 0389 5O S s O y90 A.g(fa)f Yee)CLA JoS&6.¥
1. 23fNDF= high fNDF, containing 23% fNDF; 18fNDF= Low fNDF, containing 18% fNDF
2. The CLA supplement (200 gr) was top dressed at the morning feeding
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Table 4. Effects of dietary forage NDF (fNDF) content and CLA supplementation on serum metabolites and LFI
during experimental period.

Forage NDF' CLA? P- value
=
g 8 < < b é g Bz
Q
- ¢ ¢ & 35 3§ & g8 3§ & i : % 8
] g ¥ g & 3 x
& & © =
a
&
Glucose, mg/dl 64.10 58.30 3.75 56.19 66.20 3.62 0.09 <0.01 <0.01 0.17 0.39 0.18 0.29
NEFA, mmol/l 0.66 0.79 0.029 0.75 0.70 0.031 <0.01 0.30 <0.01 0.35 0.69 0.88 0.14
BHBA, mmol/l 0.76 0.98 0.054 0.91 0.83 0.057 0.01 0.27 <0.01 091 0.54 0.21 0.15
GGT, Unit/I’ 23.24 25.10 1.67 24.16 24.02 1.75 0.40 0.99 0.02 0.18 0.90 0.71 0.48
Albumin, g/dl 3.63 370 0.046 371 3.65 0.057 0.29 0.37 <0.01 0.90 0.18 0.20 043
Cholesterol, mg/dl 127.6 129.46 6.40 130.84 126.58 7.61 0.80 0.57 <0.01 0.72 0.68 0.18 0.90
Bilirubin, umol/l 5.67 5.20 0.30 5.58 5.30 0.32 0.15 0.38 <0.01 0.15 0.41 0.47 0.17
TAG,mg/dI* 24.69 22.77 1.57 2391 23.56 1.51 0.23 0.82 <0.01 043 0.38 091 0.88
BUN, mg/dl 14.52 14.30 041 14.20 14.61 0.39 0.63 0.38 <0.01 0.37 022 0.38 0.85
LFP 1.43 132 0.75 1.21 1.50 0.78 0.88 0.68 - 0.45 - -
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1. 23fNDF= high fNDF, containing 23% fNDF; 18fNDF= Low fNDF, containing 18% fNDF

2. The CLA supplement (200 gr) was top dressed at the morning feed
3. Gamma glutamyl transferase

4. Triacylglycerol

S. Liver functionality index

ing.
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