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ABSTRACT 
This experiment was performed to compare the absorption kinetics and utilization of different methionine (Met) sources 
including synthetic-free crystalline DL-Met (DL-Met), L-methionine (L-Met) and dipeptide (Met-Met) and protein-bound 
methionine (PB-Met) in broilers with single-meal feed consumption. A total of 100 female Ross 308 broiler chickens were 
fed in a completely randomized design with five experimental diets (basal, DL-Met2.0, L-Met2.0, Met-Met2.0 and PB-Met2.0) 
in accordance with compliance to the single-meal broiler breeder from 39 to 60 days of age. During experimental period, 90 
grams of pellet feed was given per chicken once a day, which was consumed within 17±2.5 minutes. The results showed 
that dietary supplementation with PB-Met2.0 caused a significant improvement (P<0.01) in growth performance, compared 
to the consumption of synthetic amino acids. The maximum blood plasma methionine concentration was observed at 1 hour 
after consumption of diets containing DL-Met2.0 and Met-Met2.0 and 2 hours after consumption of diets containing PB-
Met2.0 and L-Met2.0 (P<0.01). The highest carcass protein content and protein utilization efficiency (P<0.01) and also the 
lowest excreta nitrogen content (P<0.05) were observed in treatment containing PB-Met2.0. The efficacy of essential amino 
acids, especially methionine was increased in chickens fed diet containig PB-Met (P<0.01). As a result, it seems that DL-
Met and Met-Met have less efficiency in broilers with single-meal feed consumption, due to the lack of absorption 
synchronization with other amino acids. Therefore, the absorption synchronization of methionine using appropriate sources 
increases its efficiency. In conclusion, PB-Met is recommended as a preferred source of methionine in diet of broilers with 
single-meal feed consumption. 
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Table 1. The ingredients and nutrients composition of experimental diets (g/kg, unless otherwise stated) 
 Dietary treatments 

 
Basal DL-Met2.0 L-Met2.0 Met-Met2.0 

DL-Met0.0 

PB-Met2.0 
Maize 678.5 678.5 678.5 678.5 680.0 
Soybean meal 285.7 285.7 285.7 285.7 169.4 

Canola meal 0.0 0.0 0.0 0.0 100.0 

Menhaden meal 0.0 0.0 0.0 0.0 25.0 
Maize oil 1.2 1.2 1.2 1.2 0.0 

Monocalcium phosphate 10.3 10.3 10.3 10.3 6.8 

Limestone 12.3 12.3 12.3 12.3 9.5 
Sodium chloride 2.5 2.5 2.5 2.5 2.2 

Sodium bicarbonate 1.0 1.0 1.0 1.0 1.0 

Vitamin and mineral premix1 5.0 5.0 5.0 5.0 5.0 
DL-Met 0.0 2.0 0.0 0.0 0.0 

L-Met 0.0 0.0 2.0 0.0 0.0 

Met-Met 0.0 0.0 0.0 2.0 0.0 
L-Lys-HCl 1.1 1.1 1.1 1.1 1.1 

Sand 2.4 0.4 0.4 0.4 0.0 

Analyzed nutrient content      
ME (Kcal/kg) 2959 2969 2971 2940 2963 

Dry matter 917.1 913.9 917.2 912.0 912.5 

Crude protein 173.0 176.7 175.6 172.7 176.3 
Ether extract 35.8 41.6 41.7 42.4 38.2 

Ash 56.2 54.9 57.2 51.0 50.6 

Ca (calculated) 7.1 7.1 7.1 7.1 7.1 
Available Phosphorus (calculated) 3.5 3.5 3.5 3.5 3.5 

Na (calculated) 1.5 1.5 1.5 1.5 1.5 

Cl (calculated) 1.8 1.8 1.8 1.8 1.8 
Met` 3.4 4.8 3.9 4.6 3.7 

Cys 3.2 3.2 3.1 3.1 3.3 

Met+Cys 6.6 8.0 7.0 7.7 7.0 
Lys 10.8 10.5 10.4 10.3 10.7 

Thr 7.0 6.9 6.8 6.9 7.1 

Arg 12.2 11.9 11.8 11.8 11.4 
Ile 7.4 7.5 7.4 7.2 7.4 

Leu 15.1 15.2 15.0 15.1 15.0 

Val 8.6 8.6 8.5 8.2 8.8 
His 4.9 4.9 4.8 4.8 5.0 

Phe 8.7 8.7 8.5 8.5 8.3 

Gly 7.7 7.6 7.5 7.5 8.1 
Ser 9.1 8.9 8.7 9.0 8.5 

Pro 11.0 11.1 11.1 11.0 11.2 
Ala 9.3 9.2 9.1 9.2 9.5 

Asp 18.3 18.1 17.7 17.7 16.6 

Glu 31.7 31.6 31.1 31.4 30.8 

1 . �-/��. � 7	�� ���4Q� ? K��#F R1T#N/+ 1� �� �� 1 � 1 ����c 0/��� :�#	�10000 0/� 4X�� 0/��. � �NN	%�A � 3500 0/� 4X�� �NN	%�  0/��. �D3 �

100 0/� 4X�� �NN	%�  0/��. �E �3 �N/�  0/��. � R1TK �3 �N/�  0/��. � R1TB1 �6 �N/�  0/��. � R1TB2 �35 �N/�  0/��. � R1TB3 �15 �N/�  0/��. � R1T

B5 �3 �N/�  0/��. � R1TB6 �15/0 �N/�  �0/?#/� R1T50/1 �N/�  �J/%#_ 4/8� R1T02/0 �N/�  0/��. � R1TB12� 16 �N/�  �t� R1T25/1 �N/�  �4  R1T40 

�N/�  �0�* R1T120 �N/�  �R# Y/-� R1T30/0 �N/�  � �R#/-N8 R1T110 �N/� .&�� R1T  
1. Vitamin and mineral premix supplied the following per kg of diet: Vitamin A, 10000 IU; Vitamin D3, 3500 IU; Vitamin E, 100 IU; Vitamin K, 3 

mg; Vitamin B1, 3 mg; Vitamin B2, 6 mg; Vitamin B3, 35 mg; Vitamin B5, 15 mg; Vitamin B6, 3 mg; Biotin, 0.15 mg; Folic Acid, 1.50 mg; Vitamin 

B12, 0.02 mg; Copper, 16 mg; Iodine, 1.25 mg; Iron, 40 mg; Manganese, 120 mg; Selenium, 0.30 mg and Zinc, 110 mg. 
  

  

  

  

  

  

  

  



 ���� ���	
����  

 ����53 ���	
 �1 � ��
�1401  �)11-1(  

Iranian Journal of Animal Science 

Vol 53, No 1, Spring 2022 (1-11) 

DOI: 10.22059/ijas.2020.301751.653781   
  

 

* Corresponding author E-mail: mzaghari@ut.ac.ir  

�����0 � !"  � 1(23����("� �!(�� ��  

 5��� u�1
 �� 7:; �7��+ !
E U�:/+1? ! YL? <
)

 08) �B ���*38  ��1�? 1� �� �(�T���1  �� !)#) !Q=;

 !� 5�1T ��� 0/$��/� �� !��B� ���  4��
 !
E ��#-2

 ���* �81.8�) 54
 !.
�� !$� !-81T }
 J  �'�O.��

��� W��4L� 4Q� ��� �('* !�  ��T �� �$dF ]�� �� ��B+

CO2 !
E te8 � ��.B+ !� ��  &��� �� 7��+ �#920 - 

 08 �� .4�4
 Y 1_ &4Q� Y/%��* <
) ��1$/.��8 !)��

60  ��1�? 1� �� Y/� �T���1  !.dT ]�� �� 54�1H !Q=;

 ���� �� .4
 Y 1_ � ��.B+ �'�O.�� 4��
 !
E &�1� 54


 �! YL?!Q=;  f1z � ��1+  !
E 7��+ ��& 1_ Y  54
 �

!�#	�  ���1�& $	� �� tH 0 f1z !
E ��#	�  54
 �

JBF  #	��JBF 5�$.8� �� 5��d.8� �� � ��	L�� 0+ &

)Freeze dryer �(8*/'�  !�#	� ��#	� ��& JBF  54
  �

!L-8�1_ ! YL? te8&�� 5���   0/G?�1H �JBF  �R�F

��1z  1."+�F � R�F  ]�� �� R�F �L�� ���4��.8� &�� R

 4
)AOAC, 1990(4/8� #-/�* AL-8 .  �� 5��d.8� �� ��

) E�� � ���+ �� , �� �_�1T#?���1+ 5�$.8�Knauer 

HPLC, Germany 4
 R�L�� <-8�#N_ ��8���
* � (

)Henderson et al., 2000; Bartolomeo & Maisano, 

2006 .(4/8� #-/�* �� J  1� � *��+  U�#Z 0 � !� ��

.4 �1T !:8�>�  

+ = � *��4/8� #-/�* (R1T/R1T)  

 <
�:��4/8� #-/�*  /(R1T) !
E ��4/8� #-/�*  7��;

(R1T) !
E �� <
�:�� <
) j1.8�  

  

 ��Y/� !:8�>� &�1� <
�:��4/8� #-/�* !
E �� 

 <
�:�� ��Y/� ��B ���* 5��� �94/8� #-/�*  !
E ��

 4Z�� �� 4��
 !
E ��� '1gNZ�X) 4��
 #-/�*

4/8� ��
 !
E <
�:�� �� (44/8� #-/�*  !
E ��

 4Z�� �� � �
� !
E ��� '1gNZ�X) � �
� #-/�*

4/8�  ��Y/� 0//Q? <
) .4 �1T 1"+ (� �
� !
E

4/8� #-/�*  �!
E �� <
�:�� <
) j1.8� 7��;

 4Z�� �� �B ���* 5��� �9 �_13� K��#F C8#.�

4/8� #-/�*  0/G?�1H � *��+ .4
 '1^ K��#F �� Y/�

T ]�� � 54
 !.d <
�:�� 0/� <:"� ����* <84� ��

 <
) j1.8� 7��; 0/G?�1H � !
E �� 0/G?�1H

.4
 !:8�>� �!
E �� <
�:��  


�4(� � !" ,5�6# 
7��8(�  

 td; 1� UE#g_ �UE#g_ �y�1./� ��Y/� 0//Q? <
)

!�   �9 !����� �#94 5��� 1F* ���  ,	) ��B ���*  � &��*

 &��� �� ! YL? ��� �?20 -  .4 �1T Y 1_ ��1$/.��8 !)��

 M#NO� ��y�1./� Y/%��* ���� ��  ��#	�4  !� M#�1� !�#	�

 �td; 1�!�#	�  ���1�& �� tH 0$	�   �M#NO� ��#	�

JBF #	��JBF 5�$.8� �� 5��d.8� �� � ��	L�� 0+ �&

8*/'�  !�#	� ��#	� ��& JBF  54
  U�� Y/%��* te8 �

!�#	� �� .8� �� 5��d.8� �� �� �� h��=� � P�4N+ 5�$

]��  4
 R�L�� ���4��.8� &��)AOAC, 1990(. 

  

� !"��# �9����� �'5 %�� 

��� �� tH  08) �B ���* 5��� �� �H �� �B+60 

 !.
�� !$� !-81T }
 J  ��T4�1H �(�T���  4�4


 08 �� � ('* !� ���* �81.8�)61  W��4L� �T���

���  � �B+2 �� ��1�? 1� �� 54�1H !Q=;  �� !��B� ���

!� 5�1T ��� 0/$��/�  ��.B+ � '�O.�� �_��3? �#9

��� � J/�d? .4�4
  0//Q? <
) !
E U�Q=; �B+

 ��1z 5���� � 4:+ 5���� �!-/8 5���� �!
E 5����  51dX

 .4
 R�L�� �-=�  

  

%���� :(�;3 � ��4 3  

5��� ) �_��3? W~��+ �19 }%�; �� ��5 ��	/?× 4 ��1�?× 5 

 (54��B�R1� �� 5��d.8� ��  &���* ��Y_�SAS  A �1 �1/9 

)SAS Institute, 2003(  �! ��GLM   &�1�)

!L-8�1_ J  C�_ !+ � ��   A ���* P#9 �� ���

5��4��  ! �� � (4�4
 &1/TMIXED !L-8�1_ &�1�) 

!� !+ �	8~H 0/�#/.� ��1�? U�#Z   5��� P#9 �� 54�#


5��4�� A ���*1a� 7��
 � 4
 &1/T  �� 4Q� ���� 1a� �51/)

 V13�  ��#� (�#� ���� � 51/) 7���.� 1a� � K��#F

 U��d? !" ��� .4-._1T ��1; &���* 7/N>? � ! YL?

0/$��/�4-z �#��* �� 5��d.8� �� ��!-��� R�L�� 0���� &�

.4
   

  

?@  � A����  

��	/? 1/ac? �h/�>? 0 � �� 7	�� �B ���* &�� &��8   54




6   :�����	� � �������� !" #$%�& '() � *��+�  ,��-� .�/�#/0 ���* 1+ "!%�. 2#-3�� � 4��� 54
 !� ... 

 

xN.O� ,��-� �� ) 0/�#/.�DL-Met �L-Met �Met-Met  �

PB-MetU�dZ 1� (  S1� �1�N	2 &��  �-Q� ��.
#T  ���

)01/0P<!� .�#� (   &�#9 ��	/? ��T4�1H �� !+   7	��

 4��� 0/�#/.� �� 54
  ) 0/G?�1H �� 54
PB-Met2.0 �(

 � ��� A �Y_� 0/$��/�  } 1^ � A �Y_� ��4� � �
� ���

!" ��� �� K��#F 7 4:? ��	/? �� 7	�� &��   �� 54


) �2#-3� 0/�#/.� ,��-�DL-Met2.0 ،L-Met2.0  �Met-

Met2.0 7	�� <:�� ��a* Y/� �N:; ����>� .<_�  A��+ (

 #-/�* �� K��#F &��8 4/8�  4��� &��  �d-� ��a* � 54


#-/�* �- Y$ �) 4/8� 4��� &�� #-/�* �� 54
 4/8�  ���* &��

 �1�N	2 1� �2#-3� ���YT A��+ .4��1+ ��/� � ]�

0/G?�1H  #-/�* �� �* �- Y$ �) � 51/) R�F 4/8�  &��

 ��� A��+ })#� !%�." 1+ A �Y_� �� �
�   � ���

 V13� ���4��� ) 4 �1T K��#FGuay et al., 2006 �� .(

!L-8�1_ �#3F  &�� 7	�� �!
E  K��#F &��8   ��

�-Q� 1/ac? 0/�#/.� xN.O� ,��-� 5���� 1� &���  �!
E

 ��1z � 4:+ �!-/8  51dX ) <
�4� �-=�05/0P> (

 P�4))2.(  

 7�
 �� h��=�17	�� 1a� �  ,��-� �� K��#F &��8

V13� ���� � 0/�#/.� xN.O�   <oND 1� K��#F

�-Q� ��#F &�	8~H 0/�#/.� ) �#� ���01/0P<!� .(  

 &�#9 E�� !+  �� ��#F &�	8~H 0/�#/.� <oND 0 1?

S1� ! (I? &��  51/) �� 54
 7	�� &��   �� 54
DL-Met 

 �Met-Met �� �1 V13� �� 4Q� <2�8   !�) K��#F

  }/?1?ng/µl 60/156  �ng/µl 98/159 V13� �� � (

51/)  &��X &�� PB-Met �L-Met �� �2  �� tH <2�8

 !�) ! (I?  }/?1?ng/µl 55/89  �ng/µl 15/52 54��B� (

18 '() 54-�� ��B� !L/.� 0 � .4
,   ���* 0/�#/.� 1?

 u#� �� !%�." 1+DL-Met  �Met-Met S1� ��  ! (I? &��

 !� 54
 J? �#9 542� .�#� &�  

 &�	8~H 0/�#/.� <oND 1//I? 4��� �� <;� ��

��	/? V13� �� tH xN.O� U�2�8 �� �#F  &��

�� �B ���* 54�1H �� !+ <dT ��#?��	/? &��  &��

 &��XDL-Met2.0   �Met-Met2.0H �0/ �  <oND 0 1?

 �� A/H) 1dZ <2�8 �� �#F &�	8~H 0/�#/.�

 V13� E�� � (K��#F  �* <oND 0 1?1  �� 4Q� <2�8

V13�   !+ 4
 54��B� K��#F2  �3  �� tH <2�8

�-Q� �#=� K��#F V13� <_�  A��+ &���

)01/0P<54�1H �� �t�Q%�� .(��	/? &��  &��X &��

PB-Met2.0 
  �L-Met2.0.� <oND � &�	8~H 0/�#/

 �� �#F1  �2 V13� �� tH <2�8   � A �Y_� K��#F

 �� te83  A��+ �K��#F V13� �� tH <2�8

) <_� 01/0P< ,:-� �#3F �� .(L-Met ��  ��#?

 !� 0/�#/.� ,:-� 0 � !+ <_1T !L/.�  � #$%� 7/%�

4��� 0/�#/.� �� !��B� '() <218  }8�-� �54
  �� 1?

-3� 0/�#/.� ,��-� 1 �8 ���Y	� 5��d.8� <
) �2#

4��� 0/�#/.� ,:-� ��   �#_ @ �.� .<8� 0/G?�1H �� 54


]��YT ��  &��Yen et al. (2004)  0 � .4���� <���=�

 0 Y/% � �	8~H <oND A �Y_� ��B ���* �� ����>�

 ���� �� �� 0/�#�1? �1  K��#F V13� �� tH <2�8

4/8� #-/�* �� 54
 7	��  ���� �� � ��5/2 8 tH <2�

7	�� 4;�_ K��#F V13� ��   ��4/8� #-/�* �� &��8

4/8� #-/�* .4��1+ ]��YT � 54��B�  �� !%�." 1+ &��

4/8� #-/�* !� <:"� &1.B/� <218  !� 73.� &��

J? ! (I? C �1
 �� 0/G?�1H 542� �� '() &� .4�#
 

Batterham & Bayley (1989)  ! (I? !+ 4���� ��B�

J? 542� �� 51/) &� 7	  !%�." 1+ 0 Y/% �� 54


'() })#� , 18 1? 0 Y/%  R42 ����* P��Q?  #-/�*

&4/8� �� ���� !L/.� �� � ��8 � <F#8 

�#/8�4/"+� 1.B/� 4/8� #-/�* &�� &��1^ <:"� !� 

����� 4 �1T !+ !	� 4/8� #-/�* �� �� 7�
 73.� !� 

0/G?�1H 0/�c? .4�4
  
  

 P�4)2. 51/) 1/ac? � �B ���* &��!L-8�1_ � �1�N	2 1 &��  S1� !
E &�� J? V13� �� �.
#T 542�  08 �� K��#F &�39  �?60 �T��� 

Table 2. The effect of experimental diets on performance and carcass characteristics of broilers with single-meal feed 
consumption from 39 to 60 days of age 

Dietary treatments 
 Performance  Carcass characteristics (%) 
 BW (g) WG (g) FCR (g/g)  Carcass Breast Liver Abdominal fat pad 

Met source DL-Met L-Met Met-Met PB-Met          

Met amount 
(g/kg) 

----------------------Basal-----------------------  2326.46c 631.05c 2.93a  77.46 37.63 1.60 0.53 
2.0 - - -  2381.56ab 768.00a 2.34d  76.66 37.97 1.54 0.34 
- 2.0 - -  2343.46bc 752.84a 2.46c  75.76 38.89 1.66 0.64 
- - 2.0 -  2356.18bc 701.33b 2.64b  77.01 37.88 1.68 0.40 
- - - 2.0  2411.65a 798.15a 2.32d  76.98 39.93 1.43 0.57 

P-value  0.006 <0.0001 <0.0001  0.51 0.23 0.24 0.69 
SEM  14.22 15.18 0.03  0.69 0.75 0.08 0.16 

a-d:  V�1XU��d.�  �#.8 1� ��1$��/� �-Q� U��d? 0/$��/� 0/� ��� ) 4
�� �� ��05/0P<.(  

a-d: Means in each column with different superscripts are significantly different (P<0.05). 
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Figure 1. The effects of experimental diets on blood parameters of broilers with single-meal feed consumption from 

39 to 60 days of age 
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Table 3. The effect of experimental diets on blood parameters of broilers with single-meal feed consumption from 39 
to 60 days of age 

Dietary treatments 
 Blood parameters 

 GSH/GSSG1 HCY2 (µmol/L) AST3 (U/L) ALT4 (U/L) 

Met source DL-Met L-Met Met-Met PB-Met      

Met amount 
(g/kg) 

----------------------Basal----------------------  3.77d 21.50b 218.50 10.90 
2.0 - - -  15.63a 34.38a 234.75 11.02 
- 2.0 - -  11.19ab 33.05a 221.00 9.91 
- - 2.0 -  13.56bc 40.43a 241.19 11.32 
 - - 2.0  12.94c 25.68b 218.75 10.27 

P-value  <0.0001 0.0005 0.32 0.39 
SEM  0.60 2.43 11.12 0.55 

a-c:  V�1XU��d.�  �#.8 1� ��1$��/� �-Q� U��d?  0/� ���0/$��/� �� ��) 4
��05/0P<.(  

a-c: Means in each column with different superscripts are significantly different (P<0.05). 
1. Reduced glutathione to oxidized glutathione ratio. 
2. Homocysteine. 
3. Aspartate aminotransferase. 
4. Alanine aminotransferase. 
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Table 4. The effect of experimental diets on whole body composition (% dry matter), efficiency of protein utilization 

and excreta nitrogen content of broilers with single-meal feed consumption from 39 to 60 days of age 

Dietary treatments  Body composition 
(% based on %DM) 

 
Efficiency of protein 

utilisation (g/g) 
Nitrogen content of 

excreta (%) 
 CP EE ASH  

Met 
source 

DL-
Met 

L-
Met 

Met-
Met 

PB-
Met     

   

Met 
amount 
(g/kg) 

----------------Basal----------------  63.98b 25.87 7.15  0.41d 5.32a 
2.0 - - -  66.33b 63.98b 7.57  0.48b 4.61ab 
- 2.0  -  65.64b 63.98b 8.15  0.50b 4.40ab 
- - 2.0 -  66.81b 63.98b 6.79  0.45c 5.22a 
- - - 2.0  70.34a 63.98b 7.67  0.54a 4.04b 

P-value  0.006 0.81 0.02  <0.0001 0.05 
SEM  0.98 1.23 0.25  0.01 0.32 

a-c:  V�1XU��d.�  �#.8 1� ��1$��/� Q� U��d?�- 0/$��/� 0/� ��� �� ��) 4
��05/0P<.(  

a-c: Means in each column with different superscripts are significantly different (P<0.05). 
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Table 5. The effect of experimental diets on efficiency of essential amino acid utilization of broilers with single meal 

feed consumption from 39 to 60 d of age 

Dietary treatments 
 Efficiency of utilisation (g/g) 

 Met Asp Glu Ser His Gly Thr Arg 

Met 
source 

DL-
Met 

L-
Met 

Met-
Met 

PB-
Met 

 
        

 ----------------Basal----------------  0.56b 0.31b 0.26b 0.41c 0.39 0.39c 0.69c 0.41c 

Met 
amount 
(g/kg) 

2.0 - - -  0.36c 0.37b 0.36ab 0.49bc 0.43 0.52bc 0.61d 0.40c 
- 2.0 - -  0.48bc 0.42ab 0.39ab 0.60ab 0.62 0.65ab 0.79b 0.55b 
- - 2.0 -  0.41c 0.29b 0.27b 0.36c 0.50 0.39c 0.72c 0.38c 
- - - 2.0  0.69a 0.51a 0.45a 0.73a 0.55 0.76a 0.85a 0.71a 

P-value  0.002 0.03 0.03 0.004 0.13 0.0005 <0.0001 <0.0001 
SEM  0.04 0.04 0.04 0.05 0.06 0.04 0.02 0.02 

a-c:  V�1XU��d.�  �#.8 1� ��1$��/� �-Q� U��d? 0/$��/� 0/� ��� �� ��) 4
��05/0P<.(  

a-c: Means in each column with different superscripts are significantly different (P<0.05). 
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Table 5 Continued. The effect of experimental diets on efficiency of essential amino acid utilization of broilers with 

single meal feed consumption from 39 to 60 d of age 

Dietary treatments 
 Efficiency of utilisation (g/g) 

 Ala Cys Val Phe Ile Leu Lys 

Met source 
DL-
Met 

L-
Met 

Met-
Met 

PB-Met  
       

 ------------------Basal------------------  0.34c 0.60 0.42b 0.37 0.42 0.36bc 0.45bc 

Met 
amount 
(g/kg) 

2.0 - - -  0.42b 0.70 0.46ab 0.44 0.41 0.43abc 0.46bc 
- 2.0 - -  0.50a 0.81 0.57ab 0.54 0.51 0.49ab 0.57ab 
-  2.0 -  0.32d 0.55 0.38b 0.33 0.42 0.32c 0.41c 
- - - 2.0  0.49a 0.84 0.66a 0.63 0.62 0.56a 0.65a 

P-value  <0.0001 0.09 0.05 0.16 0.11 0.02 0.02 
SEM  0.01 0.08 0.06 0.09 0.06 0.04 0.04 

a-c:  V�1XU��d.�  �#.8 1� ��1$��/� �-Q� U��d? 0/$��/� 0/� ��� �� ��) 4
��05/0P<.(  

a-c: Means in each column with different superscripts are significantly different (P<0.05). 
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