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 `!��  �;� *�5  *
�[ *�

200 &-;#  �"�� 	/0 ) �lw�/,�   � ��/S� .%�  �?4 (

  � +�0 %;L"� ��#+   *�Y52 )4 )6 )8 )12 )24 )36 )48 )72 

 
96  �";���",�� D.�� -;�
  �  b'���E �%3# ��1���

  *%Y;L"� +�0 K;1��;# K���( �� +�0 {L�! �R[ .%� D3O
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065/0  A  

ME, (MJ/kg DM) = 20/2 + 136/0  GP + 0574/0  

CP2 
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=E� +� ���P��� Q;(/� /� j-�?# *�5

 �$ &4�;�;� Q;�/�  �%S �� �
1  
2  �%� ���� ����

 �  L�,;�4/� �%� "-;�  E"-.  ( ��� ���� b4��� .D��

��#+ 	��� � "S `;XT �%� "-;�  E"-. ��  �4�:# *�5

&'@# "A  � ��/( "-;� +� \7� */�c�� a�! ���# *�

D��� ) 05/0P<.( /5  �4�=E� �� a�! ���# �%:# %'w

 &�5�( %�
 �%� "-;�  E"-. 
� /5 � ��/( "-;� ��#+

.D���  "-;�  E"-. K;� &L$ ���# 
 	�! /��(�! /N� +�

 � �l'� "S �%� "-;�  E"-. 
  L�,;�4/� �%� *�5"-;�

&'@# dW�!� 	"� +
D��� �"S
 *�� ) 05/0P<.( 

 E"-. ��  �4�:# � "S �%� "-;�  E"-.  �%� "-;�

 */�c�� 	�! K;n�
/7 �%:# �5��;� /4�� =;� 
  L�,;�4/�

D��� ) 05/0P<(.  R'��/E /N� +�*/;�?� *�5) pH  


&(�;�"#$ �g
/�;�  E"-. h=S  �)�%� "-;� *�5  +
DP5 

 
45 (��/( "-;� +� \7 �%� "-;�  E"-. K;� =;�  
 "S

 L�,;�4/� �%� "-;�  E"-. &'@# dW�!� �"S
 *��

D��� ) 05/0P<.(  

  

  

  

�
%S 1- �/;S &4�;�;�  4=R� 
 &(�"! ��"# 9�3;(/�  
Table 1. The feed ingredients and chemical analysis of the diets  

0-10 d                           10-24 d                             24-42 d Ingredients (% of diet) 
Without fat With fat Without fat With fat Without fat With fat  

72.71 61.11 70.98 59 62.42 53.66 Corn 
20.56 23.23 21.65 28.19 29.95 32.50 Soybean 

- 3.5 - 3 - 3 Soybean oil 
3.5 3.5 3.3 3 3.1 3 Fish meal 
1.02 1.03 1.37 1.25 1.56 1.53 Dicalcium phosphate 
0.97 0.95 0.92 0.97 1.16 1.44 Calcium carbonate 
0.28 0.25 0.23 0.26 0.26 0.26 Salt 
0.13 0.09 0.38 0.30 0.44 0.26 L- Lysine 
0.25 0.23 0.35 0.25 0.45 0.46 DL- Methionine 
0.08 0.07 0.27 0.28 0.11 0.11 L- Threonine 
0.25 0.25 0.25 0.25 0.25 0.25 Vitamin premix1 
0.25 0.25 0.25 0.25 0.25 0.25 Mineral premix2 
0.05 0.05 0.05 0.05 0.05 0.05 Sodium bicarbonate 

- 5.49 - 2.95 - 3.23 Anzymit 
 
Calculated composition 

3000 3000 3000 3000 2900 2900 ME (kcal/kg) 
17.8 17.8 20 20 21.1 21.1 Crude protein (%) 
0.80 0.80 0.85 0.85 1 1 Ca (%) 
0.39 0.39 0.43 0.43 0.48 0.48 Available phosphorus (%) 
0.16 0.15 0.14 0.15 0.15 0.15 Na (%) 
1.02 1.05 1.23 1.25 1.47 1.37 Lysine (%) 
1.05 1.10 1.10 1.22 1.30 1.33 Arginine (%) 
0.52 0.55 0.67 0.58 0.48 0.48 Methionine (%) 
0.81 0.84 0.96 0.90 1.02 1.02 Met. + Cys. (%) 
0.74 0.67 0.89 0.79 0.90 0.90 Threonine (%) 

1 Supplied per kilogram of diet: 10000 IU Vitamin A, 500 IU Vitamin D3 , 45 IU Vitamin E , 3 mg K3 , 3 mg B1 , 9 
mg B2 , 10 mg B3 , 30 mg B5 , 4 mg B6 , 2 mg B9 , 0.02 mg B12 , 0.1 mg H , 1000 mg Choline.  
2 Supplied per kilogram of diet: Fe 55 mg, Mn 120 mg, Zn 100 mg, Cu 16 mg, I 1.3 mg, Se 0.3 mg. 
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Table  2. Effect of bacterial additives, organic acid and urea on the chemical composition (percent) of ensiled forages 

NH3-N 
(mg/dl) 

pH WSC7 ADF6 NDF5 OM4 CP3 Ash DM2 Treatments1 Ensiling 
days 

1.05a 4.90ab 16.86c 31.33ab 58.00b 92.66a 10.25b 7.33b 40.58a 1  
0.96ab 4.90ab 16.66c 28.66b 58.66b 91.77ab 9.96c 8.22ab 40.32a 2  
0.81ab 4.92ab 17.47b 28.66b 58.00b 92.22ab 10.36b 7.77ab 39.04a 3 3 
1.10a 4.96a 18.50a 34.00a 53.33c 92.66a 10.25b 7.33b 37.89a 4  
0.63b 4.66b 19.56a 29.33ab 62.00a 91.55b 11.46a 8.44a 30.95b 5  
0.122 0.083 0.1940 1.659 0.988 0.344 0.125 0.344 1.363 SEM  

1.39 4.56a 15.48b 30.00b 58.00 91.77 9.02c 8.22 37.92a 1  
0.88 4.48ab 16.36b 28.66b 58.00 92.55 9.20c 7.44 37. 39 a 2  
1.01 4.50ab 16.39b 29.33b 58.00 92.22 9.78b 7.77 37.83a 3 7 
1.37 4.55a 18.10a 34.00a 56.00 92.11 10.45a 7.88 37.78a 4  
1.11 4.32b 18.46a 33.33a 50.00 91.66 10.48a 8.33 30.90b 5  
0.190 0.053 0.3045 1.032 5.641 0.289 0.097 0.289 0.822 SEM  

1.24b 4.51a 12.59c 29.33b 57.33bc 91.88 9.55c 8.11 38.77a 1  
0.76c 4.42a 13.78b 30.00b 54.00cd 92.33 9.08d 7.66 38.53ab 2  
1.08b 4.50a 13.93b 28.66b 53.33d 92.22 9.31cd 7.77 38.80a 3 21 
1.55a 4.50a 14.00ab 35.33a 58.66ab 92.66 10.20b 7.33 37.50b 4  
0.74c 4.14b 14.88a 30.66b 61.33a 91.77 11.18a 8.22 26.33c 5  
0.074 0.018 0.3400 2.385 1.074 0.354 0.090 0.354 0.376 SEM  

0.75 4.47a 10.67b 30.66c 54.66b 91.88 9.08d 8.11 37.35b 1  
1.01 4.35a 12.24a 34.00b 54.66b 91.77 9.37c 8.22 38.35ab 2  
1.02 4.37a 12.35a 32.00bc 55.33b 91.88 9.20cd 8.11 39.32a 3 45 
1.11 4.50a 11.75ab 34.66b 55.33b 91.66 10.15b 8.33 37.71b 4  
0.84 4.00b 12.36a 38.00a 58.33a 92.22 11.05a 7.77 25.44c 5  
0.142 0.029 0.3841 0.666 0.988 0.314 0.082 0.314 0.610 SEM  

1- Treatments: 1) Triticale silage without any additive (Control), 2) Control + Bacterial Inoculant (Ecosyl), 3) Control + Organic acid, 4) Control + Urea 
and 5) Barley silage. 2- Dry Matter, 3- Crud Protein, 4- Organic Matter, 5- Neutral Detergent Fiber, 6- Acid Detergent Fiber, 7- Water Soluble 
Carbohydrate. 
Means within a column that do not have a common superscript are significantly different (P<0.05). 



20                    ���,�5 
 *�,#  �A�E :/O� ���P��� +� ��
=E�& /�(��4�&4) ��;% L$& 
 �
� /� (/�;Q �;�;�&4) ^"X!;9� */;�?�...  

 

� &�"^   DY;@�S  Y(  /Y�?# �Y5  D3Y��   Y�  DY;@�S 

*/�(���5 QL�> �%� "-;�  E"-. � %�"� �%� "-;�  E"-. 

/��%4�7�� %5�"! �"� )Reynar et al., 2007 .(a�(�5  =Y;� 

�:� �%�.*� � *+�"5 ���E  E"-.�%� "-;� �5 %��� 
 

 � �64
 � �%� "-;�  E"-.  ';#�/0 �"#   YS"�  .%'�Y�5 

� �&q@  E"-.�5*  )�%Y� "-;�   aY�( %Y� �Y5  \Y7 +� 

/�?#�5 ��P�� &# %Y�E� 
  KY4�  DYL�[   9"Y^  Y� 
� �
� 

&��/[ � &A ���E *+�"5 �%5��# `��T K;L
� .D�� �
� 

 � �5/�?# u"�/# &#�"�  ( 
�  �Y�   Y� +
  \Y7 +� � 

y/@# �"5 �/T K�E/0   �%Y� "-;Y�  E"-.  &Y# � %Y5� 
 

K;#
� �
� &��/[  ( #z-@�  � a�(D�� �5  � �� �lw 

+
 %@� ��P�� &# %Y�E� )Kung and Ranjit, 2003( . DY-. 

dW�!� � ��#+ �%;�  � �
� �#� � &#��"�  �  9
�YP� 

 �pH 
 =;� ���# a�!  E"-. "-;� �%� u"�/#   .DY����

   )r�"Y! *JYk# ��"# dW�� QS"# *+�"5 *�%4�7 �5�(


 r�"YY! *JYYk# ��"YY# d/YYX# �5�YY( �/YYl� /YY��( *


) */;� *�5
�0Hoffman and Ocker, 1997  *�Y5
�0 
 (

 &��"0)Whitlock et al., 2007 (&#"� .�    )��Y[ KY4� �Y�

   � *+�"Y5 ��Y�E  (  ���� �"S
 �5"�(�E +� /14� *��%@�

&# /O��#    YE"-. aY�! ���# )��;0 h��'# :%'��# �+��   *�Y5

?� *�/���"� 
 &M;<# 9�/[  S� )�%� "-;� */Y;� .

 &-3T �?� �  ( "M���5�%5��#   �%Y� "-;�  E"-. %�

K;4�7 "S K4/�pH   �Y� �D��� �5��;� /4�� ��  �4�:# � �

 .D��� � *+�"5 *�%4�7 K4/��( `^�[ *"-;� )��[ K4�

  � �%;� )9�@L�M# %;(�� K4/��;�pH   `Y[�/# � K;4�7

/E  ;L
�$      +� K�Y��( DYlS ��/Y( "-;Y� %Y'4 /YM!   %Y�

�-(��;��0�
/,;# /4�� 
 �5�4%4/�  f"-M#�� *�5D��  � .

    �4�=YE�  Y( %Y� ���� ���� ) R;��pH  &Y#    �Y;@# %Y��"�

 "-;� ���E &��4+� *�/� *%;P# %��� )��[ K4� �� . )1991( 

et al.   Pitt %���� 8�=0  ( &��#+pH  +�6   �3   �5�Y(

&#  %��4*�%4�7 �$ �� Q��'�# =;� &# �4�=E��4   � �Y#� )%Y�

 a4 � ) ���# ��#+pH  &'@4 "-;� � &L"�@#7/3   �Y�5 )

pH D��� *�%4�7 /� &�=S �;�� /O�.  

  � u"�/# b4���/O� &��
=E�  %Y;L"� `;����7 /� j-�?# *�5

 �
%S � +�03    Y( ��� ���� b4��� .D�� �%� ���� ����

        �%Y� "-;Y�  YE"-. �Y�  Y�4�:# � "YS �%Y� "-;�  E"-.

L�,;�4/�  � ��#+ 	���     Y� �";Y���",�� +� \Y7 *�Y5  "YA

&'@#  .�"Y� ��"Y!/� */�c�� +�0 %;L"� `;����7 +� *��  +�

        `Y��T *g/Y�� )/Y;R�+ ��Y�"( f/Yw *�5%;Y�� DYN-> /N�

���# �q5 D;-��T 
 ��;L"���#    "-;Y�  YE"-. ��;� =;� &L$

     YL�,;�4/� �%Y� "-;Y�  E"-. ��  �4�:# � "S `;XT �%�

YYYYY� /4��YYYYY:#DYYYYY��� */�c� )05/0<P.(  ���YYYYY;#

 

  
Fig. 1. Effect of various additives aerobic stability of ensiled forages on 45 days after ensiling 

(Treatments: 1. Triticale silage without any additive (control), 2. Control + Bacterial inoculant (Ecosyl), 3. Control + 
Organic acid, 4. Control + Urea, and 5. Barley silage) 
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Table 3. Effect of bacterial additives and organic acid on gas production parameters of ensiled forages 

OMD6 ME5 SCFA4  C3  2)a + b(  Treatments1  

  
Ensiling 

days  
37.27c  7.27c  0.55 c 0.002±0.022  16. 65±290.8  1    
39.20c  7.73c  0.60c  0.002±0.023  13.35±298.5  2    
39.05c  7.51c  0.59c 0.002±0.025  11.05±287.2  3  3  
54.17a  9.56a  0.97a  0.001±0.034  9.23±386.7  4    
51.37b  9.18b  0.90b  0.002±0.032  9.54±363.3  5   
0.7555 0.1296 0.0188  -  - SEM   

38.90bc 7.49bc 0.59bc 0.002±0.024  14.57±293.6  1    
36.68c  7.18c 0.53c  0.002±0.022  18.19±282.1  2    
38.90bc  7.49bc 0.59bc  0.002±0.024  15.10±291.5  3  7  
42.17b 9.93b 0.67b 0.003±0.027  15.03±290  4    
47.96a 8.72a  0.82a  0.001±0.031  8.86±342  5   
1.0747 0.2218 0.0268  -  - SEM   

37.27b 7.26c  0.55b 0.022±0.021  19.40±301.2  1    
38.46b 7.43c  0.58b  0.002±0.023  15.32±292.2  2    
40.53b  7.71bc  0.63b 0.004±0.026  24.09±293.1  3  21  
41.28b 7.81b  0.65b  0.002±0.025 14.58±309  4    
48.70a  8.82a  0.83a  0.002±0.030  10.43±350.4  5   
1.6314 0.2785 0.0407  -  - SEM   

36.38c 5.97d 0.53c 0.002±0.021  16.85±284.3  1    
37.42bc  6.25c 0.55bc  0.002±0.022  15.97±290.7  2    
49.87a  6.24c 0.86a 0.001±0.032  7.88±360.1  3  45  
39.20b  6.68b  0.60b  0.002±0.023  13.99±303  4    
33.29d  7.23a 0.45d  0.002±0.015  33.16±337.8  5   
0.8407 0.0450 0.0209  -  - SEM   

1. Treatments: 1) Triticale silage without any additive (Control), 2) Control + Bacterial Inoculant (Ecosyl), 3) Control + Organic Acid, 4) 
Control + Urea and 5) Barley silage. 2. Gas production potential (ml/g DM). 3. Gas production rate (ml/h). 4. Organic Matter Digestibility 
(%DM). 5. Metabolizable Energy (Mj/Kg DM). 6. Short Chain Fatty Acids (mmol). 
Means within a column that do not have a common superscript are significantly different (P<0.05). 
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Fig. 2. Effect of various additives on gas production of ensiled forages on 3, 7, 21 and 45 days after ensiling (1- 
Treatments: 1) Triticale silage without any additive (Control), 2) Control + Bacterial Inoculant (Ecosyl), 3) Control + Organic Acid, 4) 

Control + Urea and 5) Barley silage.) 
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Table 4. Effect of different additives on digestibility of dry matter, organic matter and fermentation Parameters in 

vitro 
EMB7  MB6  PF5 4Gas yield24  NH3-N

  pH  IVOMD 3  IVDOD2  Treatments
1  

Ensiling 
days  

0.66ab  150.40ab  6.59ab  176.58bc 4.52a 6.68ab  48.00bc  39.00b 1    
0.63ab  134.48bc  6.00b  200.62ab  3.43b  6.69a 46.00bc 35.00c 2    
0.68a  158.51a  7.01a  159.68c  2.72c  6.67b 50.00b  41.00b 3  3  
0.61b  129.33bc 5.74b  190.64abc  3.41bc  6.68ab 45.00c  38.00bc 4    
0.48c  119.44c  4.25c  216.26a  2.93bc  6.60c 54.00a 54.00a 5    
0.017  6.963  0.317  9.907  0.221  0.004  0.012  0.011  SEM   

0.69ab  150.28ab 7.28a  161.25bc 5.06a 6.70ab  46.00c  37.00b 1    
0.71a  169.37a  7.80a  142.35c 5.05a  6.69b  51.00ab  42.00b 2    
0.64c  144.51bc 6.19b 181.64ab  4.62a  6.70ab  48.00bc  40.00b 3  7  
0.64bc  145.42b  6.30b  170.92bc  2.75c 6.71a  48.00bc  42.00b 4    
0.49d  123.66c  4.38c  207.82a  3.73b  6.63c  54.00a  54.00a 5    
0.015  6.817  0.309  10.212  0.221  0.004  0.012  0.018  SEM   

0.69b  154.57b  7.18c  160.83b 3.94b  6.79a  48.00b  38.00b 1    
0.73a  178.60a  8.42a  131.11c  3.56b  6.70b  52.00ab  44.00b 2    
0.71ab  172.17ab  7.70b  146.97bc  2.26c  6.78a  52.00ab  42.00b 3  21  
0.69b  163.33ab  7.10c  153.82b  6.05a  6.72b  51.00ab  43.00b 4    
0.49c  122.75c  4.34d  207.69a  2.50c  6.60c 54.00a  55.00a 5    
0.008  5.925  0.146  5.261  0.251  0.006  0.014  0.060  SEM   

0.75a  169.24a  9.17a  128.48b 3.88b  6.80a  48.00b  38.00c 1    
0.71b  164.35a  7.80b  139.66ab  3.95b  6.73b  49.00ab  42.00b 2    
0.73ab  177.51a  8.18ab  137.12ab  3. 29c  6.69c  52.00a  43.00b 3  45  
0.70b  159.73a  7.62b  153.59a  3.98b  6.83a  49.00b  38.00c 4    
0.64c  91.24b  6.25c  150.95a  4.65a  6.75b  50.00ab  50.00a 5    
0.012  5.785  0.336  5.363 0.156  0.007  0.011 0.011 SEM   

1-Treatments: 1) Triticale silage without any additive (Control), 2) Control + Bacterial Inoculant (Ecosyl), 3) Control + Organic Acid, 4) Control 
+ Urea and 5) Barley silage. 2- In Vitro Dry Matter Digestibility, 3- In Vitro Organic Matter Digestibility, 4- Gas Production Efficiency (ml ), 5- 
Partitioning Factor, 6- Microbial biomass, 7- Efficiency of microbial biomass. Means within a column that do not have a common superscript are 
significantly different (P<0.05). 
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Abstract 

A study was conducted to evaluate the effect of different additives on chemical composition, fermentation 
characteristic, gas production and digestibility parameters of triticale silage and its comparison with barley 
silage in a complete randomized design. Whole crop triticale and barley were harvested and chopped with a 
conventional forage harvester under farm condition to length of 2-3 cm. Representative of triticale and barley 
forage samples were packed manually, in triplicate into plastic bags. The filled silos were stored at ambient 
temperature and allowed to ensile for 3, 7, 21 and 45 days. The following treatments were applied to the forage 
samples: 1) triticale silage without any additives (control), 2) control + bacterial inoculants, 3) control + organic 
acid, 4) control + urea and 5) barley silage. Results showed that triticale silages had higher DM content than 
barley silage, although there were no significant differences among triticale silages. However, barley silage had 
lowest pH than other treatment in all times after ensilage. Triticale silage treated with organic had highest 
aerobic stability (P<0.05). There were significant differences among treatments on gas production parameters 
and barley silage had highest gas production potential than others (P<0.05).Organic acid treated triticale silage 
on day 3 and 45 and bacterial inoculated silage on days 7 and 21 had highest, partitioning factor, microbial 
biomass and microbial biomass efficiency. Generally, it was concluded that different additives had variable 
results on nutritive value of triticale silage, however, silage treated with bacterial inoculant and organic acid 
improved aerobic stability. 
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