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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 
performance, serum metabolites and liver functionality in Holstein fresh cows. Forty Cows were blocked based on their 
body 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 2×2 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 1.15 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 CLA 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. 

  

  

  

  

  

  



172   :�����	� �  !"�#���$% ����&� '��( )�*) +�, -.�/+0 1(
 �� 2�13 4�� �5 6 7' 8��9:#  NDF ... 

 
 

���A� 

<	" ����. �=��> >� ?
  4@3"� (+"� AB��C 1(
  >�

 ��(D# <&3E# ,FC 1��# G!H -5 �� 3�
 I�3J

) (++0 ��3K2Kokkonen et al., 2005 -5 3#� L�� -0 (

 M�N5 =���&��CO 3P+# 4@3"� <9+# �>� A � <"(5 3�

4��P+��" >�35 =���&� �5 -0 (
 (�� C ,�) 5�:# 4��

 -+�F�5 .G'� 1�3	� =��0 � <&3E# 4@3"� ��30

 -5 -0 (+:N� 4������ �� �3�
 I�3J >� 4@3"� B�3C

 <9+# �>� A 8(# � 8(
 =��0 4�35 1(	H � J

<# 1��9:'� 4@3"�  4@3"� Q3E# =���&� .(" 
-5 '� -!�

13�2 �("�� C R	�# ����&� �� 8ST 3
 4�� 4��

 37C =���&� �5 (+�%3& L�� -0 G'� L�	# <53U

'��
 >�(�-K	=��0 �� � 4�  1�3	� <&3E# V�� C

) (
�5Kay et al., 2006 W�D) -5 3�
 <53U .(@3"� 4

��3. �K�3XA -0 G'� 3�
 Y�03A L�3A50  >� (Z��

<# R#�
 �� 3�
 4@3"�  �A � � 
35  (Z��>�  4@3"�

 <��3�
 1��� R���� �� <&3E#-5 [�N\ <#) (�%Kay 

et al., 2006]&� � (�) A �� =��0 .(  �� 3�
 <53U

<# ��:N
 ^7'-&3Z -5 3P+# ("� A 4�35 4@3"� <� 2

1��9:'� 3_�� (�) A �3�
 (�) A (+"�# 3_�� 4��

 �(5 (
� �� � 3�
 8�K�03A .� 
��	� � J -0 4

`' A  G'� 1(
 a���. ��3_F��/
 >� <C35

)Piantoni et al., 2014�( <)�	:\� ������ ,�  4�35

�0 � 4@3"� Q3E# � Kb5 >� 3�
 4@3"� B�3C =�

���� =��0 I�3J  3�
 <53U<#  =��0 ("� ANDF 

-& !H4� 13�2 �� 1>�A ��. 4��(
�5 �>)NRC, 2001; 

Piantoni et al., 2015������ ,� .( _�� =��0 4�35 3

 �3�
 <53U ���� =��0 I�3J >� 3�
 <2�3C 4@3"�

13�2 -5 -.�/+0 ,�*) +�) (�'� ����&�  1��� �� ��.

X:"�c� ) G'�Schlegel et al., 2012 <./�� -5 -2 A �5 .(

=��0 1(+�� 13�2 �� 3�
 <53U �5 ��NDF -& !H 4�

 ����&� � L���
CLAd�P"� >� Q(� �  3e�\ =��/


 R5�X:# 3$� <'�35fNDF  ����&� �5CLA 13�2 ��  4��

1>�A ��. =��0 -0 G'� L�� 35 f3& .� 5 �>fNDF  1�3	�

 R	�# ����&� �5CLA 1>�A 4����. 13�2 �� L�	# �>

 �� (�(FA � <&3E# 4@3"� � ,FC 1��# =���&� �5 G'�

 4@3"� <9+# �>� A � Kb5 -5 3�
 <53U =��0

)Negative energy balance: NEB.� 
 3P+# (  

B�� � ���� �$  

 <&��EA R#�0 V !5 63J ,� Y)�g �� 3e�\ =��/


GF0 G03
) ��& 43�
 ��. -H��# �� c��h:#�"  �

(��3�� ���b9Z� ���& 4��3i#�� � Gh+Z  ���3# �A ���3C >�

 c�'1394  4��� ��& 43�
 ��. -H��# .(
 d�P"�7000 

 3�
 (�) A `' :# �5 L��:F!� 43�
 ��. kl�40 

 RbU .� 5 d3. !�0kl�  =��> ��5 (+U L��:F!� ��.

 3�
 (�) A � =��> ��#> �� <"(5 G�he� >��:#� k�'�35

 m !5 c��h#305 -  >��V !5 4(+5  � ("(
-5 � J  <&��EA

 >� <�� -54  �� ����	�A .(+:&�� ��E:C� <F��#>% ��	�A

 R�� :0�& =���% ,�2 × 2  �52  ^7'fNDF )18  ��

 35�3523  � ((Z��2  R	�# ^7'CLA  ��(5)CLA  ��

 35�35200  R	�# d3.CLA o�3
 �� .("(
 YA3# (

 ����. <"(5 >��:#� `' :# �=��#>%3/0±5/3  � (\��

m !5 c��h# 3�
 `' :# 410±11301  � d3. !�0

 <��3�
 1��� `' :#5/0±5/2 13�2 .� 5  <F��#>% 4��

 4�3510/23  �20/18  (Z��fNDF  R	�# ��(5 � �5

CLA 13�2 q("(
 -) #3&  <F��#>% 4��18fNDF-CLA �

18fNDF+CLA �23fNDF-CLA  �23fNDF+ CLA 

 (Z�� .("� 5fNDF -5 Q(� � ��30 L��_��2 -!�'12 

(#% G'� -5 (+g�(+rU -)�9A �5 8�O @S�' >� (Z��. 

 R	�#CLA )200  (>�� �� d3.-5 8� Z  1(H� -5 V3'

 V�� C^KZ R	�# 4��\ <F��#>% 4����	�A .(
 -&�e� 

CLA )LactoPlus CLA 200; Bewital GmbH & Co. 

KG (5 ?"�3A d3. -10?�' � - 12  �5 ?�' d3. - 9 �

?"�3A - 11 CLA  .(
 -e3H ��. 3� 4�>� -5 >�� 3� ��

13�2  <!# 8�X�XDA 4�� 
 �5 I5�7# <F��#>% 4��

)2001(  L�#�A 4�35">�� �sT<� =�5 �� �5 ��. ,� 3A

 <��3�
 4��>��11 �(5 �>� �680 � d3. !�0  (�) A

 3�
39  �5 >�� �� d3. !�05/3  � <53U (Z��2/3 

.("(
 -) #3& L�*A�3
 (Z�� 13�2 ��30 t��3& 4�35 ��

18  �d�C L�*A�3
 (Z��7/1  u)�C 4@3"� 43)�0 �_#

 8��9:# 6 7' �5 ,FC 1��# d3. !�0 3� �� <��3�


fNDF  ��N�� 6 7' �NDF ("(
 -) #3&. 13�2  -' ��

 8�H�' �� >�� �� ��58:00 �16:00 � 24:00  (\ ��

 �b:
��5 Q(�  � C% ?
5  �A10  -' .("(
 -v��� (Z��

 -:9� �� ����. ���w:"� �� # =��> >� =�
RK7'� �� 4

43&  �� ��5 �� =��> ��w:"� 13�2 ,� �5 � 4��(b_" c�:'�



   d !H<#�� ��3����� �� 53��	
 �� 3 � ����
1401  173 

 

 GH�' �� >��08:00  �18:00 )CP=12.4%, and 

DCAD=-28 mEq/kg DM, NEL=1.6 Mcal/kg q

 c�(21 .("(
 -�srA (-5  xD#  ����. -�+��tvSH  -�)��

 �("��� ��F" �� =��>��+0��0 # -H������.  -5 ��

?0�5 4��  4��39"�4×4 ]53#3:#  �5 -'�# >� 43:N5 �5

GK$ 4����. .("�30 RX:+# [% -5 ��>% <'3:'�  �� 1(


-0 ("� 5 1�3. L�)�� =��#>%  8�H�' ��07:00 �15:00 

 �23:00  =��> 8S�F# -0 <�����. .("(
 <
��3�


Gy') 1�3# �� <��> !g�� �<��> >� <	vSH �� (<��>  YA

G'�� -2��) YA �� �=_+) ���:N
 d�� �3�
 1���  4�

 >� =�54/39 <:"�' -2��  ���� �("��� ��F" (��3.

]	2 1��� <J .("(F" =��#>%  4����. �1��� 4��%

4��P+��" <'�35 4�35 =��#>% �� 1(
����  <:#S' 4��

-5 ,
�i#�� `' A  .("(
 c3:+0 -"�>�� � J  

 V�� C-e3H 1(
 -5 ���X5 �  >� -"�>�� � J1  �A21 

 4�35 <��3�
 >��1>�("� . � �>� <&3E# V�� C 43�

-" 	" 4���X5 � V�� C 4��]	2 ��%4  ��. 3� 4�35 1(


 4�#� ��18- <:"�' -2��  ����
 �� .("(
 13�CO ��3.

]	2 1��� -" 	" �-" 	" 4��%  4��TMR  � [�O

 ��) ��	�A �� -:9� k�'�353  ("(
 z !y# (��3�A

35) �� ?i' (35�35 �>� k�'�60 <:"�' -2��  ��3.

 4�3548 ��% �� GH�'  <KN" ,FC 1��# L��hA 4�35

)partialt� V�� C 4���X5 .("(
 ,FC (  [�O L�+U

� z !y# ��	�A �� -:9� k�'�35 � ("(
  4�35

1>�("�  4�#� �� <&3E# ,FC 1��# 43�.60  -2��

<:"�'  8(# -5 ��3.48 " 	" .("(
 ,FC GH�'- 4��

,FC 13�2 1(
  [��'% V�� C 4���X5 � <0�� C 4��

("(
 ) c�(21 �,FC 1��# 4�35 � (*A�3
 d�C L�

-5  B�3y:'� a�� �5 43A� 1��EH �c�(!P0 a�� -!�'�

) 3:N0�C �3A� R�A� 4� �5 -!N0 'AOAC, 1990 � (

) 4(�'� 1(+� 
 >� RZ�\ Q��)�ADF-5 (  -!�'�

R�:' -43A (��#�35 d " #% R�:# )cetyl-trimethyl-

ammonium bromide; CTAB(  ,�� 9) ' (�'� �1 

) c�#3"AOAC, 1990; method 973.18 .("(
 ��)�"% (

 ��(X#NDF -5  G�9) ' � 8��3\ -5 d��X# >S�#% -!�'�

) (
 L��hA t�('Van Soest et al., 1991 L��hA 4�35 .(

 ,FC 1��# �� c���A�"% ,FC 1��# �R0 ,FC 1��#

 <KN") (
 [3eUndersander et al., 1993.(  

 <J 3�
 (�) A21  c�� >��1���  � (
 GK$ <��3�


-" 	"  (�) A �5 Y'�+:# <)� :# <
��3�
 -' >� 3�
 4��

4375 �� 3�
 4��100 <!�# <J 3�
 43:�)21  c�� >��

]	2 =��> >� ?
 -!Z�&S5 .("(
 4��%  >� ?


]	2 -" 	" 4��% -" 	" �3�
 4�� 35 �� 8�K�03A L��hA 4�

 �<53U) 3�
> :0{  L�'� �!�# >� 1��9:'� �5 (L�*A�3
 �

)CombiFoss 78110; Foss Analytical A/S, 213 

Hillerød, Denmark^�DEA 3�
 .("(
 ��)�"% (  1(


 k�'�354 <53U (Z��  �5 I5�7#Gaines & overman 

)1983.("(
 -K'�D# (  

 >�� � =��> >�� ��21  =�
 <��3�
 >�

V�� C 8�3��rA L��hA 4�35 ����. �^KZ <��  ��(5 �>�

�>� F0 >� 1��9:'� �5 <"(5 G�he� 4�35 ����. .("(
 <

 t:N�' ,�5 ) ("(
 <��>��:#� �4>��:#�Wildman et 

al., 1982 �3& �� .( 8��9:#BCS -5 ��  RX:N# � J

-5 M��:" � ("�30 uyF#  � ("(
 ��)�"% L�_"��# 8� Z

 4@3"� �>� A)Energy Balance; EB k�'�35 (NRC 

)2001-5 ( .(
 -K'�D# 3�> 8� Z 

) <&3E# u)�C 4@3"�NEI ��30 [3e �5 (DMI 

 d3. !�0 3� �� 4@3"� Gw!T ��DM .(
 -K'�D#  

) 4��(b_" 4�35 >��"�� # u)�C 4@3"�NEM � (

) <��3�
NELc #3& �5 ( :("(
 -K'�D# 3�> 4��  
NEM= 0.08 × BW

0.75 
NEL= (0.0929×fat%+0.0563×protein% + 0.0395 
× lactose%) × milk yield 

EB -5 (>��" >� 4(Z��) :("(
 -K'�D# 3�> 8� Z 

EB=NEI- (NEM + NEL) 
-" 	" ) � C 4��10 <!�# (3:�)4  >� ?
 GH�'

V�� C ^KZ <�� -) ) >� 1��9:'� �5 <#� (��� >�  4��

 GDA|C ) ��Xh"�(e �� # ��(5Vacumed® no 

additive, FL medical, Italy �39Z >�� �� (3 �7 �14  �

21 <��3�
 4��>�� -" 	" .("(
 -:&3.  >� ?
 d3' 4��

 �� @ �9�3:"�'2500  4�35 ���10  � ("(
 1��#% -X�g�

 4�#� ��20 - <:"�' -2��  4����)�"% d�P"� Gb2 ��3.

-" 	" .("(
 13�CO 4(h5  Gw!T L��hA 4�35 d3' 4��

1��� �@�3:�") � C 4�Blood urea nitrogen: BUN �(

�#�. ��0 !. -?"�3A R�#�A !. >�(�:i
 )Gamma-glutamyl 

transferase; GGT<!�5 �c�3:N!0 �L�# K)% �(  R0 L�5��

� 43A G�0 >� 1��9:'� �5 (�3�N�!.  ("(
 ��)�"% 4��PA 4��

)Pars Azmoon Laboratory, Tehran, Iran .(  
  

  

  

  

  



174   :�����	� �  !"�#���$% ����&� '��( )�*) +�, -.�/+0 1(
 �� 2�13 4�� �5 6 7' 8��9:#  NDF ... 

 
    

 c�(21A �� # .R��F 13�2 <���	�
 Y�03A � 1(+�� 1��� �� <F��#>% 4�� -5�
 4�� 1>�A � 1�#.(,FC 1��# >� 4(Z��) �>  
Table 1. Ingredient and chemical composition of experimental diets (% of DM). 

Ingredients Close-up 
Experimental diets1 

23fNDF 18fNDF 

Legume Forage Hay, mature2 18.89 20.16 20.16 

Corn Silage, normal3 41.00 25.56 13.55 

Sugar Beet Pulp, dried4 - 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 - 3.49 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 
0.47 

 
0.33 0.33 

Biotin 0.004 0.004 0.004 

Selenium 
0.004 

 

0.004 

 

0.004 

 
Choline Chloride 

 
0.24 

0.24 

 

0.24 

 

Monensin 
 

0.01 
0.01 

 
0.01 

 

Mineral premix5 0.27 0.23 0.23 

Vitamin premix6 
 

0.27 
0.23 

 
0.23 

 

Chemical Compositions7    

NEL, Mcal/kg of DM8 1.60 1.70 1.68 

CP, % of DM 12.4 ± 0.5 18.0 ± 0.3 18.0 ± 0.30 
NDF, % of DM 35.2 ± 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 DM9 43 ± 0.70 37.6 ± 0.5 36.5 ± 0.80 

EE, % of DM 3.6 ± 0.30 4.2 ± 0.3 4.1 ± 0.30 
Ash, % of DM 6 ± 0.15 7.3 ± 0.4 7.5 ± 0.30 

DCAD, mEq/kg DM10 -28.00 246.00 246.00 

1. 23fNDF=fNDF  4��\ �{�523 Z��( fNDF q18fNDF=fNDF  4��\ �L���
18 (Z�� fNDF.  

2.  4��\0/83  �,FC 1��# (Z��3/52  (Z��NDF �4/39  (Z��ADF  �5/13 .(,FC 1��# k�'�35) d�C L�*A�3
 (Z��  

3.  4��\0/23  �,FC 1��# (Z��3/44  (Z��NDF �0/29  (Z��ADF  �5/8 .(,FC 1��# k�'�35) d�C L�*A�3
 (Z��  

4.  4��\0/87  �,FC 1��# (Z��5/43  (Z��NDF �2/24  (Z��ADF  �3/9 .(,FC 1��# k�'�35) d�C L�*A�3
 (Z��  

5.  4��\32 /0  �G)�K0 d3. !�0 3� �� d3.3/13  �?# d3. !�0 3� �� d3.5/0  �(� d3. !�0 3� �� d3.04/0  �L�% d3. !�0 3� �� d3.4/33  3� �� d3.

 ��+_+# d3. !�08 3. !�0 3� �� d3. �d �+!' d2/56  .4�� d3. !�0 3� �� d3.  

6.  4��\18000000 L�#�:�� d3. !�0 3� �� <!!	)� L�5 (\��A �200000  L�#�:�� d3. !�0 3� �� <!!	)� L�5 (\��D � �15000  3� �� <!!	)� L�5 (\��

L�#�:�� d3. !�0E.  

7.  L�_"��# 8� Z -5 �� 1���± � -" 	" -' >� RZ�\ 1�K:
� ���("�:'�.("(
 -v��  

8. ) <!# 8�X�XDA 4�� 
 c��(2 k�'�352001.(  

9. d�C L�*A�3
 (Z��)- 43A� 1��EH (Z��- <}+C 1(+� 
 >� RZ�\ Q��)�(Z��- (3:N0�C (Z��- 100<&��)� 3�T 8��(�� 530 =  

 R	�# **CLA )200 .("(
 1("�� C ^KZ 1(H� �� V3' 8� Z -5 (d3.  
1. 23fNDF=high fNDF, containing 23.0% fNDF; 18fNDF=Low fNDF , containing 18.0% starch;  

2. Contained 83.0% DM, 52.3% NDF, 39.4% ADF, and 13.5% CP (DM basis). 

3. Contained 23.0% DM, 44.3% NDF, 29% ADF, and 8.5% CP (DM basis). 

4. Contained 87.0% DM, 43.5% NDF, 24.2% ADF, and 9.3% CP (DM basis). 

5. 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. 
6. 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. 

7. Data are presented as the mean ± SE of 3 samples. 

8. 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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Gw!T T [3U 4��(�'� <#3' 4�� -�9�3:'� 3�

)Non-esterified fatty acid: NEFA�:5 � ( - 

) 8�3�A 5 <N0��(��Beta-hydroxy butyrate acid: 

BHBA; McMurray et al., 1984 >� 1��9:'� �5 (

G�0 ) ?0�("� 4��Randox Laboratories Ltd., 

Crumlin, County Antrim, UK`' A � (  1�_:'�

) 3:# :& :�i'�UNICCO, 2100, Zistchemi Co., 

Tehran, Iran (1>�("� L��hA Gb2 .("(
 43�.

) (K0 G�)�h& uC�
liver functionality index 

:LFI-" 	" �( 1>�("� 4�35 � C 4��  �c�3:N!0 43�.

<!�5 � L�# K)% L�5��  4��>�� �� R03  �28  >� ?


]	2 ��" =��>  Gw!T ����. -	� 4�35 .("(
 4��%

5 � c�3:N!0 �L�# K)%<!�  4��>�� �� R0 L�5��3  �

28  ���%35 4�35 <��3�
LFI  �5 I5�7#Bertoni & 

Trevisi (2013)  .("(
 1��9:'�  

 Qs\ =��#>% >� ��	�5 ����. <F��#>% 1��� <J

 .("(
��  �R01 ��.  ��	�A >�23fNDF-CLA ] G�3:#

)1=n �[(2  >� ��.23fNDF+ CLA ) G�" :�3
]1=n �(

) 3�
 YA1=n �[(1 ��.  >�18fNDF - CLA  � {�5 YA]

) d��(#1=n[(  .("(
 Qs\�b"�� <��b" ��)�"% �� G�

 �� ��. ��(hA23fNDF-CLA �23fNDF+ CLA �

18fNDF – CLA  �18fNDF+CLA  Y�A3A -59 �8 �

10  �9 kl� .("� 5 d3" �5 4��#% 4����)�"% ���&� SAS 

) (
 d�P"�version 9.4; SAS Institute Inc., Cary, 

NC13�2 4sr# �� # Y�03A .( -5 <F��#>% 4��  -!�'�

 -���MEANS d3"  ���&�SAS  >� =�
 .("(
 ��)�"%

1��� ��)�"%1��� -	� ��� � �� 5 c�#3" 4�35 ��

?"����� <:C� +��1��� q("(
 <5��>�� ���� ��	
 4

c !'f3& �5 �(
 ��.>�' 4�35 43��
 4�� R�(KA ��

E# ,FC 1��# .("(
 t:���_) (�) A �4@3"� �>� A �<&3

 � > :0{ �L�*A�3
 �<53U) 3�
 8�K�03A �SCC �(

G�) 5�:# Gw!T ���"% �t� -5 d3' 4(K0 4��  8� Z

1���  � <&��EA 3$� �� +H -5 V !5 �5 1(
 ��3�A 4��

-5 V !5 �� ��. G�P5�' �� +H )Subject�5 (  >� 1��9:'�

 -���MIXED d3"  ���&�SAS ) ("(
 ��)�"%Littell et 

al., 2006 ,FC 1��# 4�35 <��3�
 4��>��) ��#> .(

G�) 5�:# � <&3E#-:9� � <" C 4�� <��3�
 4��

-5 (3�
 (�) A 4�35  c(# ���� 1(
 ��3�A 3�r:# �� +H

 � ("(
 <'�35 ?"����� 0 4����:C�' .(


Y'�+# ,U 0 k�'�35 ?"����� 0 ��:C�' L�3A L�3A 

A�HSJ� ���h# 4�35 3���X#^�DEA ,�v�0% <  � 1(


L���5 <A�HSJ� ���h#  c(# .(
 [�y:"� ��)�"% 3� 4�35

:� 5 3�> 63
 -5 4��#%  

Yijkl= μ+fNDFi+CLAj+(fNDF×CLA)ij + Timek+ 

(fNDF×Time)ik+(CLA×Time)jk+ (fNDF× CLA× 

Time)ijk+blockl+Cow (blockl)+eijkl 

 -0Yij  �-:N5�� 3�r:#μ �R0 L�_"��# FNDFi 3$� 

 G5�$FNDF� CLAj R	�# G5�$3$�CLA �Timej  3$�

) ���#> G5�$Diet×Time)ijkl  <F��#>% 13�2 R5�X:# 3$�

 ���#> ��blockl -5  � <&��EA 3$� �� +HCow (blockk) 

� V !5 3� ���� 4����. eijkl <g�5  L�	� .G'� 1("�#

1��� 4�35 c(# � �(5 �>� 8�3��rA 4��BCS  �LFI 

 � ��#> 3$� ��(5 � ��#> �� <F��#>% 13�2 R5�X:# 3$�

-5 V !5 ��30���� �5  .(
 1��9:'� �<&��EA 3$� �� +H

1���-5 �� ) 8�h53# Rg�(\ L�_"��# 8� ZLSM (

<+h# ^7' � ("(
 a���.t0 �� 4���  >� 3A05/0  �

<+h# -5 R��	A���5 c�	:\� ^7' �� 4���  >� 3A05/0 

,U 0 �  4��N# � 3A1/0 3.� .(
 uyF#  GNAF 

�% R5�X:# ��$% � G5�$ ��$% <+h# �� �� 5 ���LSM �� 

-5  �L�_"��# -N��X# 4�35 <0 A � #>% � :'� -!�'�

<A� Z�� .("(
 ��)�"%  �� <F��#>% 13�2 R5�X:# 3$� -0

<+h# ��#> 8��9A �� 5 ���13�2 4����	�A L�5 �� �� 4�

 -+��. >� 1��9:'� �5 <"�#> -7X" 3�SCLICE  ��

 :'� �LSMEANS  -��� >� RZ�\MIXED  ��)�"%

.("(
  

  

CD" � E2��4  

����� ����� � ��� �	��  

 ^7'fNDF R	�# � CLA  R5�X:# 3$� �fNDF  ��

 ��#>-5 � J +h#<  GDA �� <&3E# ,FC 1��# 4���

 c�(2) ��� ��3g 3�$�A2 �A <&3E# ,FC 1��# .(5/1 

-5 d3. !�0  13�2 -!�'�18fNDF  �5 -N��X# ��

23fNDF ) G&�� =���&�01/0<P �()�\��<  ����&� -0

CLA (+CLA �A �� <&3E# ,FC 1��# (15/1 

13�2 �5 -N��X# �� >�� �� d3. !�0 R	�# ��(5 4�� 

CLA (-CLA) ��� =��0 (01/0< P ��F" ��#> 3$� .(

 ,FC 1��# <��3�
 4��>�� G&3F�
 �5 -0 ���
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 G&�� =���&� <F��#>% 4����	�A -	� 4�35 <&3E#

)01/0< P R5�X:# 3$� .(fNDF  -0 ��� ��F" ��#> ��

 ,FC 1��#&3E# >�� �A <7  L�5 <��3�
 4��>��

13�2  4��23fNDF �18fNDF  >� ?
 �#� �� 5 -5�F#

 �%-5 � J  4����. �� <&3E# ,FC 1��# -:' �


srA-�  �5 1(
18fNDF  ���X#-N� 23fNDF  ����
 �A

) � 5 3A{�5 =��#>%01/0<P R�
 q1 .( R5�X:# 3$�

CLA  ��fNDF ) ��" ��#> <J01/0<P R�
 q1 (

 4����. ��� ��F"srA-�  �5 1(
18fNDF-CLA  1��#

 1��� <J 43A{�5 <&3E# ,FC�#>% ���# �� <F�

��	�At� .G
�� �� =�5 GH3' �5 Q3E# L�+U  �� 43A

13�2 �5 4��fNDF L���
 ��(5 � �5 3ACLA 

(18fNDF-CLA)  �18fNDF+CLA) �� ( �5 -N��X#

13�2 �5 4��fNDF {�5 ��(5 � �5 3ACLA (23fNDF-

CLA  �23fNDF+CLA��&� (G&�� =� ) R�
2.( 

d(H  rA <J <&3E# ,FC 1��# 3��7  1��� c�� >��

 �3�> �� K" 13w:+#3�T <��3�
8�g�9A�  � <" #� �

,�) 5�:# 8�3��rA 1�3	�  �5�>=� -5 �� +H  R#�H

1(++0��(D# <J <&3E# V�� C  =��> � #�3�
 1���

-:C�+
 1(
 ("� )Allen et al., 2009 3w" -5 L��35�+5 q(

#< 13�2 8�3��rA -0 ('�<# 4� 4�35 -� "�$ R#�H ("� A

.(+
�5 Q3E# c3:+0  <&3E# ,FC 1��# =���&� ��

18fNDF  G'� L�	#:"�� t�� G�!5�g -P�

3A{�5NDF -& !H 3�T Q��)� >� RZ�\) 4�Non Forage 

fiber; NFFS-5 GKN" (NDF -& !H) 4�Bradford & 

Mullins, 2012(
�5 (  8��O 1>�("� L�+�	� �

,U 0 3A �% �� <#  �� <��sT 13�2 <.(++03
 3$� ("� A

�� ) (�� ��3g 3�$�A GDA -K	�
Allen & Piantoni, 

2013 -U3.� L��35�+5 .(V�� C  -5 <&3E#  c�	:\�

GC ' 4(K0 � �'�(�N0� `' A S5 ��� >� ?
 -!Z�&

<# c3:+0 =��> ) � 
Allen & Piantoni, 2013 �#� �(

=���&� DMI  4����. 4�3518fNDF
<# ��b+F�  (��

-0 DMI -5  4����. �� -K	�
 o�NA� � <.(
3
 -!�'�

23fNDF  >� ?
7 <��3�
 1���  3e�\ -h)�7# ��

��(D# 1(
  ,FC 1��# �� =���&� ��% 35 1�SH .G'�

 4����. �� <&3E#18fNDF  -P�:"�� G'� L�	#

Gw!T L���
 4�� 3ANEFA  4����. ��18fNDF  ��

 4����. �5 -N��X#23fNDF ) (
�566/0  �� 35�3588/0 

<!�#=��0 ���32 -5 3P+# -0 (3:�) 35 c #  -:&��

NEFA  V�� C =���&� � 43�' =��0 � (K0 -5

<# <&3E# ) � 
Allen et al., 2009 4�:'�� �� .(

3e�\ I�XDA �Miron et al. (2010)  -0 ("�30 a���.

 ^7' =��0fNDF  >�7/18  -58/12 -5 (Z��  -!�'�

 ,FC 1��# �� ' -:' 
 �5 -& !H ��30 L��_��2

 <&3E#7/1  �A 39Z 4��>�� >� d3. !�090  <��3�


-5 .G&�� =���&�  ��(X# ���� =��0 �-5�F# � JfNDF 

1>�A 4����. �� >� �>26  -520  1��# (Z�� <J ,FC

29  �A �� Q3E# <��3�
 c�� >��2  =���&� d3. !�0

) ���Piantoni et al., 2015 .(Rabelo et al. (2003) 

 <J -& !H ��(X# =��0 -0 (+:&����20  ?
 c�� >��

 {�5 -& !H �5 13�2 ,� �("�� C �5 -N��X# �� =��> >�

) G
�� <&3E# ,FC 1��# =���&� -5 R��	A5/16  ��

 35�354/15 =��/
 .(>�� �� d3. !�0 L�F�
 4��

�'�
����&� >� <�g�+:# 4��CLA  1��# 4�� 35

-:&�� �5 I&� A �� .("�30 a���. <&3E# ,FC 4��

=��/
 ��# ����&� >� <F��0 3$� ,� L�F�
 4��

CLA  ("�30 a���. <&3E# ,FC 1��# 4�� 35

)Pappritz et al., 2011; Hötger et al., 2013; 

Schäfers et al., 2017 1(��F# L�XXD# R5�X# �� .(

 ����&� -0 ("�30CLA  3��rA �� <&3E# ,FC 1��#

) ��("von Soosten et al., 2011 ��� =���&� �� � (

)Schlegel et al., 2012.( 

8��9A ��  3A{�5 <&3E# 4@3"� -5 3P+# �Q3E# ��

 4����. ��18fNDF  4����. -5 GKN"23fNDF  (


)24/30 35�35 �� 35/27 3)�0 �_# q>�� �� 401/0<P .(

 R5�X:# 3$�fNDF ��F" ��#> ��  <&3E# 4@3"� -0 ���

1�3. L�5  4��23fNDF  �18fNDF  4��>�� ��

 <��3�
4 -5 �#� �� 5 -5�F#  4����. �� -:' �
 � J

18fNDF  -5 GKN"23fNDF  3A{�5 =��#>% 1��� <J

) � 502/0=P R�
 q3.( >� A � 3�
 4@3"� -U3.� �

-5 4@3"�  -!�'�fNDF �CLA  R5�X:# 3$� �fNDF  ��

CLA -�srA 4����. �#� �G&3_" ��3g 3�$�A GDA  1(


 �518fNDF -:&��� Kb5 4@3"� �>� A -5 R��	A  �� 4�

 �5 -N��X#23fNDF ) (+:
��08/0=P R5�X:# 3$� .(

fNDF  4����. -0 ��� ��F" ��#> ��18fNDF  ��12 

 �16 >� A <��3�
 4��>��-:&��� Kb5 4@3"� �  �� 4�
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 �5 -N��X#23fNDF ) (+:
��03/0<P R�
 q4 .(

13�2 -0 ��� ��F" L�F�
 8�h)�7# L���
 -& !H �5 4��

=���&� -5 3P+# � ��� =��0 �� 4@3"� <9+# �>� A 

-:9� <J <&3E# 4@3"�  (
 =��> >� ?
 c�� 4��

)Jerred et al., 1990; Rabelo et al., 2003 .(Rabelo 

et al. (2003)  -5 -& !H GKN" �5 13�2 -0 ("��� ��F"

L���
 13:"�N+0) 3A25  (Z��NDF �� <&3E# 4@3"� (

 �A11  <J (Z��20  -5 R��	A � ��� =���&� c�� >��

-�srA ����. �5 -N��X# �� 3A{�5 4@3"� �>� A  �5 1(


 <J 3A{�5 13:"�N+0 -5 -& !H GKN"4  >� ?
 c�� -:9�

.G
�� =��> �t  L�+UPiantoni et al. (2015) 

 =��0 -0 ("�30 a���.fNDF  >�26  -520  >� (Z��

1>�A 4����. �� ,FC 1��# �>� A � <&3E# 4@3"� �>

 �� 4@3"�75/2  �63/3  <J >�� �� 43)�0 �_#29  >��

 �5 �# M��:" �5 I&� A �� -0 ��� =���&� <��3�
 c��

13�2 4��\ 4��fNDF L���
 <J 3A3 -:9�  ?
 c��

 .G'� =��> >�� 2��5 � -0 G'� 1(
 a���. -0 L�

 �("�� CCLA  (�) A 4�35 4@3"� -+��� G'� L�	#

-5 �� 3�
  � "� GC�' =��0 >� -P�:" ,� �� +H

) (�� =��0 3�
 <53UBaumgard et al., 2000�( �� 

 3e�\ -h)�7#d(H rA 4@3"� � 3�
 4@3"� B�3C �� 3��

 -0 <�����. �� <&3E#CLA  3P+# ("�30 G&���� ��

 4����. L�5 -5�F# 4@3"� �>� A -5+CLA  �–CLA 

 ����&� .(
CLA  c�X:"� 1��� <J 4����. 13�2 -5

) ��� =��0 �� 4@3"� <9+# �>� ASchlegel et al., 

2012�� � ( ) �30 (�(FAPappritz et al., 2011; 

Hötger et al., 2013 �()�\��< <C35 -0 =��/
 ��

3$� ���) ("�3�" 1(��F# 4Moallem et al., 2010; 

Schäfers et al., 2017xg�+A .(�� ��  R	�# 3$�CLA 

 G'� L�	# 4@3"� �>� A � <&3E# ,FC 1��# 4�� 35

8��9A -P�:"�� ��(X# �� ��CLA  -!\3# �1(
 1�� C

 R	�# Q3E# 8(# c J � <��3�
CLA .(
�5  

  


�  
!� � ���  "#$%� !�#&��  

 QSA�BCS  8��9:# 6 7' L�5fNDF  �CLA  3$� �

�% R5�X:#  c�(2) � 5 -5�F# ��2-�srA 4����. .(  �5 1(


13�2 23fNDF �>� =�5 �(5  4����. �5 -N��X# �� 43A

-�srA  �5 1(
18fNDF ) ("��� G'� >�26/35  35�35 ��

53/24  qd3. !�001 /0=P �()�\��< 8�3��rA -0  �>�

 R	�# �5 �(5CLA 3�$�A GDA ) G&3_" ��3g85/0 =P.( 

<5  Q3E# �� 53$�CLA  8�3��rA 4�� 35BCS  �>� �

 �5 I&� A �� �(5d(H rA 4����. �� 4@3"� �>� A 3��
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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. 
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DMI, kg/d 17.06 15.49 0.22 16.85 15.7 0.20 <0.01 <0.01 <0.01 0.7 <0.01 0.85 <0.01 

Net energy intake, Mcal/d 30.24 27.35 0.33 28.82 28.77 0.35 <0.01 0.89 <0.01 0.75 0.02 0.97 0.10 

NEL, Mcal/d, 27.49 26.81 0.80 27.33 26.97 0.75 0.53 0.63 <0.01 0.65 0.48 0.12 0.17 

Energy balance, Mcal/d3 -8.6 -10.77 0.85 -9.75 -9.67 0.9 0.09 0.82 <0.01 0.65 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 - - 

1. 23fNDF=fNDF  4��\ �{�523  (Z��fNDF q18fNDF=fNDF  4��\ �L���
18 (Z�� fNDF.  

2.  R	�#CLA )200 .("(
 1("�� C ^KZ 1(H� �� V3' 8� Z -5 (d3.  

3.  
 c��(2 k�'�35) <!# 8�X�XDA 4��2001.(  
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) 

  

  
 R�
1.  ^7' R5�X:# 3$� -5 (>�� �� d3. !�0) <&3E# ,FC 1��# �'�
fNDF  .��#> �� 13�2fNDF �01/0 < P qCLA �01/0 < 

P ���#> 3$� q01/0 < P R5�X:# 3$� qCLA  ��fNDF �70/0 =P R5�X:# 3$� qfNDF  ���#> ��01/0 < P R5�X:# 3$� qCLA  ���#> ��85/0 =

P R5�X:# 3$� qfNDF  ��CLA �#> �� ��01/0 < P.  
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 × CLA, P=0.70; fNDF × time, P < 0.01; CLA × time, P=0.85; fNDF × 

CLA× time, P < 0.01. 
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< 0)d3. !�  ^7' R5�X:# 3$� -5 (>�� ��fNDF 213�  R	�# ��CLA J< �#>% 1���<F� .fNDF �

01/0<P qCLA �01/0<P  ���#> 3$� q01/0 < P3$� q  R5�X:#CLA  ��fNDF �07/0=P  R5�X:# 3$� qfNDF  ���#> ��01/0 < P q

 R5�X:# 3$�CLA  ���#> ��85/0 =P$� q3  R5�X:#fNDF  ��CLA  ���#> ��01/0 < P.  
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 × CLA, P=0.70; fNDF × time, P 

< 0.01; CLA × time, P=0.85; fNDF × CLA× time, P < 0.01. 
  

  
 R�
3 .@3"� �'�
4 &3E#< 3)�0�_#)4  ^7' R5�X:# 3$� -5 (>�� ��fNDF 213�  .��#> ��fNDF �01/0 < P  qCLA �89/0=P  q

 ���#> 3$�01/0 < P R5�X:# 3$� qCLA  ��fNDF �75/0=P  R5�X:# 3$� qfNDF  ���#> ��02/0=P R5�X:# 3$� qCLA  ���#> ��

85/0 =P R5�X:# 3$� qfNDF  ��CLA �� > ���#97/0=P. 

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 × CLA, P=0.75; fNDF × time, P=0.02; 

CLA × time, P=0.85; fNDF × CLA× time, P=0.97. 
  

  
 R�
4 ^7' R5�X:# 3$� -5 (>�� �� 43)�0�_#) 4@3"� �>� A �'�
 .fNDF  .��#> �� 13�2fNDF �09/0=P qCLA �82/0=P 3$� q

 ���#>01/0 < P R5�X:# 3$� qCLA  ��fNDF �65/0=P R5�X:# 3$� qfNDF  ���#> ��10/0=P R5�X:# 3$� qCLA  ���#> ��46/0 =P q

 3$� R5�X:#fNDF  ��CLA  ���#> ��21/0=P.  
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 × CLA, P=0.65; fNDF × time, 

P=0.1; CLA × time, P=0.46; fNDF × CLA× time, P=0.21. 
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01/0 < P R5�X:# 3$� qCLA  ��fNDF �81/0=P  R5�X:# 3$� qfNDF ���#> ��50/0=P R5�X:# 3$� qCLA  ���#> ��01/0 =P 3$� q

 R5�X:#fNDF  ��CLA  ���#> ��14/0=P. 

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 × CLA, P=0.81; fNDF × time, P=0.5; 

CLA × time, P=0.01; fNDF × CLA× time, P=0.14. 
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 R5�X:#fNDF  ��CLA  ���#> ��20/0=P.  
Figure 6. Effects of dietary forage NDF (fNDF) content on energy intake (Mcal/d) over time during the experimental 

period.. fNDF, P=0.93; CLA supplement , P < 0.01; time, P < 0.01; fNDF × CLA, P=0.18; fNDF × time, P=0.67; 

CLA × time, P=0.06; fNDF × CLA× time, P=0.2. 
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Table 3. Effects of dietary forage NDF (fNDF) content and CLA supplementation on milk yield and composition 

during experimental period. 
 Forage NDF1  CLA2  P- value  
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Milk yield, kg/d 39.50 36.54 0.73 36.65 39.45 0.75 <0.01 <0.01 <0.01 0.62 0.48 0.04 0.47 

4% FCM, kg/d 35.79 35.20 1.03 36.01 35.89 1.1 0.67 0.36 <0.01 0.70 0.59 0.11 0.17 

Milk composition, %              

Fat 3.45 3.82 0.16 3.90 3.38 0.14 0.10 0.01 <0.01 0.81 0.50 0.01 0.14 

Protein 3.54 3.56 0.045 3.56 3.53 0.05 0.67 0.65 <0.01 0.21 0.76 0.65 0.30 

Lactose 4.71 4.72 0.07 4.61 4.81 0.062 0.93 0.01 <0.01 0.18 0.67 0.06 0.20 

Yields, kg/d              

Fat 1.34 1.37 0.067 1.41 1.30 0.062 0.73 0.11 0.10 0.70 0.55 0.05 0.18 

Protein 1.37 1.29 0.33 1.30 1.35 0.044 0.07 0.28 <0.01 0.30 0.69 0.10 0.52 

Lactose 1.85 1.73 0.06 1.70 1.87 0.043 0.06 0.03 <0.01 0.90 0.62 0.30 0.12 

1 .23fNDF=fNDF  4��\ �{�523 (Z�� fNDF q18fNDF=fNDF  4��\ �L���
18 (Z�� fNDF. 

2 R	�# .CLA )200 .("(
 1("�� C ^KZ 1(H� �� V3' 8� Z -5 (d3.  

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 NDF1  CLA2  P- value  
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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 0.91 0.54 0.21 0.15 
GGT, Unit/l3 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 3.70 0.046 3.71 3.65 0.057 0.29 0.37 <0.01 0.90 0.18 0.20 0.43 
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, µmol/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/dl4 24.69 22.77 1.57 23.91 23.56 1.51 0.23 0.82 <0.01 0.43 0.38 0.91 0.88 
BUN, mg/dl 14.52 14.30 0.41 14.20 14.61 0.39 0.63 0.38 <0.01 0.37 0.22 0.38 0.85 
LFI5 1.43 1.32 0.75 1.21 1.50 0.78 0.88 0.68 - 0.45 - - - 

1. 23fNDF=fNDF  4��\ �{�523 (Z�� fNDF q18fNDF=fNDF  4��\ �L���
18 (Z�� fNDF. 

2 . R	�#CLA )200 .("(
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3 .�A !.�#�.>�(�:i
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4 .c�3N�!. R�'% 43A 

5 .(K0 �3�!	H uC�
  
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. Gamma glutamyl transferase 
4. Triacylglycerol 
5. Liver functionality index 
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