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NEL (MJ/kg DM) = 0.54 +0.096GP +0.0038CP 
+0.000173CF2 

:ME +S �� W'�\ ,�
 * <9	
 )�*S�4) �� � 2	0�- ���) 

h�9(�  :GP�Q^ ,�2 +.�R	3 �� 24 <1�
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� 2	0�- ���) (h�9 �NEL "!� �� �R�9 +S �� :

)�*S�4) �� � 2	0�- ���) h�9 �(CF "' L :��9 � 2)  ' 

� 2	0�- ���) (h�9.  

��*: ' +�!.�
� d L  �Q�, ��3	- :(SCFA) �� D7Q(
� = 

�' ���M8
� ,� 7J'��   �,7$
�e) �. )Gottschalk, 1986:(                                                                                                                           
SCFA=0.00425+0.0222 GP                                        

 :SCFA+�!.�
� d L ��3	-  �Q�, �GP,�2 �Q^ : 

 �� +.�R	324 "0�) ) <1�
 8�R  ' 200 "0�)� 2 ���) 

(h�9.  

+,�	! +��.���:  X���)+��.��� +,�	! ,� ���M8
� �' A*� 

Adesogan et al. (2002)  .� 7$
�e)A*� D�� �� .� 

 ��.i)200 h� r* � X*�� �� �� /3  ! ,� � 2r _) ��' 
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 "=��_3 `T)�-�'  7�*� GLM���=� � � SAS (2002) ��Q�� 
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 ��) �! 

��
8^� 05/0  (.N��.� ���M8
� 7' I % +��): �.) .

:�	'  �, P�	N  
Y ij = μ + Tj + eij 

Y ij = ��.i)  ! �.!��)� μ = D�4���) W-� = Tj ��
�3  E�� 

eij = +�J9 ��),:."�  

@�� � A��%!  

P�$�- 3 * P��N	_9 	0�
 ,� W$\ 7Q�	� "���
��  X� -

 �*.g ��1 7v��� .<
� �.�  D�([
!]��8� {	' ) 7'  E� 

K��
�+�! "!��2  ' a�- 3 "���
�� 7Q�	� ST�
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�*.g 2 X��� ���� �.� 
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�

X��� .����  X���) 7Q�	� ST�
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 "(#) �	% 6!�- +���) <=��05/0<P( D�� .

6!�-pH  7'  �	g* W�R�+ 8-�'+�!  "/�8-o .�
�<
� 

 7'  Q() * ���� 6���=� �� 	0�
 �� h�8-o .�
� .�R	3 7-

") h� �3	' * h�8
� .�
� .�R	3 6!�-	� .�

)Rowghani et al., 2008(.  ]��8� 6��),: D�� ]��8�

Chavez et al. (2012)  .�� - A���2 7- � - .���3 ��

K��
� X�*�=� �"!	- 7�	� "!��2 +�! ��i3 � * D�L���

 YJ
 ��5/37 �75  *120 "0�) � 2	0�-  ! +�,� 7' � 2

h�9 ���) ��.i) �	g ST�
 pH ST�
 .��� 6!�- �� 	g

 

 �*.g1 - �$�- 3 P W$\ 7Q�	� "��
�� ,� - 	0�
h�9 ���) .N�� .N n�
�  ' X� D�4���))±(���#) +�J9  
Table 1. Chemical compositions of alfalfa before ensiling based on 100% DM (Mean±SE) 

Chemical composition 
Item 

DM pH CP ASH WSC NDF ADF 

22.2±0.975 6.14±0.011 19.6±0.427 11.6±0.028 3.74±0.087 24.8±1.058 17±1.40 Alfalfa 
DM: Dry matter; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; WCS: Water soluble 
carbohydrate. 
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 ag	)����: * �!��R	f3* � W
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.� A���2 "���),: a�- 3 7- �	
�3 * �* -�*��- 

<�R�#= .x + 8-�' + 3o�' ,� h3 <�R�#=h3 X:�! 7' 

"���(3 ���� )Lambert et al., 2001( . E� "2.((-���) 

K��
� 7�	� `�3.
1 "!	- 7' W�R� W
1 "����=� .x 

"��� 8-�' D�� *� a�- 3 .<
� "�!*C� ���Falcone et al. 

(2005)  A���2 .�� - 7- �	
�3 �1�' 7�	2 ���)+�! ��/� 

* �.�.��- ")�	� 7- D�� �! 
H) 7' X�	(1 ��b=  2,�c: �� 

	0�
 789�(� �.�.�� (Pahlow et al., 2003).  

 X��� h�9 ���) X���) "
� '7- ��� K��
� X�*�=� 

���) X���)  ' 7Q�	� ST�
 7' "!��2 7' h�9  W'�\ �	%
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� �.(�	� �� �	0e)�� r��R� �h�9 ���)

  8b-�9 * "k(9 �.(�	� �� �	0e)�� r��R� *A���2 �.� 

)Chavez et al., 2012( .D�f3* � 6���=�   8b-�9 * ��9

 .!�� �' 7b��i) �� ��9 �.!��) "���),: +�!��
�3 ��

.� D� 8��' .X���)  YJ
 7' {	' )120  X: ,� .#' *

YJ
 60 �	' "(#) P*�M3 .!�� �' 7- +��� <���

)05/0P<(� 7- `o�
8^�  +Bm) ��	)  ��
  ��m3 W�R� 7'

) <
�Amanullah et al., 2014.(  
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� D/
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�  E�  7J
�*

+ 8-�' <�R�#= * <�#
g  '  �E�3 �!.��'�  D�� � �,

+ 8-�'�"/�8-o	0�): <�R�#=  ' �*T1 �! 7'  7J
�*

 ����	0- * X.�$bL �"(�f3* � W
/) ��! �� <-���)

"-��	9 ���) 7' X.��  6!�- �� "/�8�o	f3* � <�R�#=

")!�(..  "���),: �� A���2<
� �.� K��
� 7- �!

W�/�3 ��	) ,� "�#' ��i#�� W�b��8� +������	�� �.(!� �

0
 ,� �"R	��� D�f3* � X� - ��	3��� �!.(8b! 

)Gustafson and Bowen, 1997( P�$�- 3 ,� "�#' .

 �c * "R	(=D�f3* � �' h�R	(=)  ��
 * �!	�	/R ��#= +�!

����: .(��
! "8b�,") 6(-�* �!.(!� )Juven et al., 

1994.( 7' ")  F� ST�
 7' D�L��� K��
� X�*�=� .
�

 ,� "/�8-o	f3* � <�R�#= ���) �1�' �7Q�	����  ���)

+ 8-�'7��Q3 +�! D�f3* � �.((-�.�  �1�' 7Q�8� �� *

"(#) 6���=� .!�� ��
�3 7' <$b� ��9 D�f3* � ���")-

�	� .K��
� 7- <
� �.� X��' ,� + �2	0g ��� ,� �!

 pM^ �1�' h�9 ���) rT3�") ST�
 ��9 D�f3* �-

) .�	�Soycan-Onenc et al., 2015.(  

 �*.g2 -  ,� K� 7Q�	� ST�
 "���
�� P��N	_9  ' D�L��� K��
� X�*�=�  E�60 	0�
 ,*� X� - (%DM)  
Table 2. Effect of Cinnamon essential oil on chemical properties of alfalfa silage after 60 d of ensiling (%DM) 

Chemical composition2 Treatments1 

EE pH LA CP CA 
NH3-

N 
TVFA WSC ADF NDF DM 

12.63a 4.66a 69.37c 11.62c 11.40c 84.93a 12.63a 4.08b 22.67b 49.07a 24.44c Control 
11.65c 3.67b 80.28a 12.29b 11.65b 79.80b 11.66c 4.80a 25.67a 43.43b 25.68b CEO60  
12.45b 3.80b 78.26b 12.47a 12.37a 73.26c 12.46b 4.11b 22.33b 43.46b 27.77a CEO120  
0.114 0.061 0.277  0.045 0.036 0.555 0.045 0.036 0.066 1.188 0.201 SEM 
0.1715 <.0001 <.0001 <.0001 <.0001 <.0001 .0001< <.0001 0.0228 0.0155 <.0001  P-value 

1 Control: Alfalfa silage without additives, CEO60: Alfalfa silage with 60 mL cinnamon essential oil/kg, CEO120: Alfalfa silage 
with 120 mL cinnamon essential oil/kg. 
Chemical composition2: DM: Dry matter; CP: Crude protein; EE: Ether extract; CA: Crude ash; NDF: Neutral detergent fiber; 
ADF: Acid detergent fiber; NH3-N: Ammonium nitrogen (% of total nitrogen), TVFA: Total volatile fatty acid (mm), LA: Lactic 
acid. WSC: Water soluble carbohydrate. 
a-c Means within the same column with different superscripts differ significantly (P<0.05). 
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Fig. 1. Effect of different levels of cinnamon essential oil on gas production at different incubation times of 
alfalfa silage. CONTROL: Alfalfa silage without additives, CINAMON60: Alfalfa silage with 60 mL cinnamon 

essential oil/kg DM, CINAMON120: Alfalfa silage with 120 mL cinnamon essential oil/kg DM. 
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Table 3. Effect of different levels of cinnamon essential oil on in vitro gas production of alfalfa silage in incubation times (mL/g 

DM) 
Treatments1 Incubation times (h) 

2 4 6 8 12 16 24 36 48 72 96 120 
Control 17.61a 32.39a 40.06a 51.20a 65.80a 82.27a 103.98a 111.98b 123.10a 130.90b 134.42b 136.52b 
CEO60 15.51a 30.83a 38.50a 42.82b 55.94b 70.79a 89.02b 104.74b 115.54b 122.13c 126.46c 128.70c 
CEO120 17.11a 34.62a 42.22a 52.75a 66.63a 86.10a 110.60a 123.13a 132.72a 141.75a 145.58a 147.14a 
SEM 1.115 2.005 1.900 2.050 2.521 2.835 2.983 2.911 3.381 3.332 3.221 3.106 
1 Control: Alfalfa silage without additives, CEO60: Alfalfa silage with 60 mL cinnamon essential oil/kg, CEO120: Alfalfa silage with 120 mL 
cinnamon essential oil/kg. 
a-c Means within same column with different superscripts differ significantly (P<0.05). 
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Table 4. Effect of different levels of cinnamon essential oil on gas production parameters of alfalfa silage 

Treatments1 Items2 
b c pH NEL SCFA ME OMD DOMD tVFA NH3-N 

Control 133.36b 0.059a 6.60 1.68 0.152 3.22 27.22 24.01 8.62a 41.22a 
CEO60 126.16b 0.053b 6.63 1.16 0.128 3.08 26.55 23.45 7.14b 29.36b 
CEO120 145.20a 0.056ab 6.59 1.29 0.158 3.26 27.88 24.41 4.16c 48.00a 
SEM 0.0019 3.109 0.034 0.041 0.0095 0.058 0.385 0.352 0.426 1.354 
P-value 0.0033 0.0971 0.6927 0.1079 0.1079 0.1084 0.0884 0.1987 <.0001 <.0001 
1 Control: Alfalfa silage without additives, CEO60: Alfalfa silage with 60 mL cinnamon essential oil/kg, CEO120: Alfalfa 
silage with 120 mL cinnamon essential oil/kg. 
2 b: Potential gas production (mL/g DM); c: Rate constant of gas production during incubation (mL/h); ME: Metabolizable 
energy (MJ/Kg DM); SCFA: Short chain fatty acid (mmol/ 0.2 g DM); DOMD: Digestible organic matter in dry matter (%); 
NEL: Net energy for lactation (MJ/Kg DM); tVFA: Total volatile fatty acids (mmol/L); NH3-N: Ammonium nitrogen 
(mg/L); OMD: Organic matter digestibility (%). 
a-c Means within same column with different superscripts differ significantly (P<0.05). 
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Fig. 2. Effect of adding cinnamon essential oil on aerobic stability of alfalfa silage. CONTROL: Alfalfa silage 
without additives, Cinamon60: Alfalfa silage with 60 ml cinnamon essential oil/kg DM, Cinamon120: Alfalfa 

silage with 120 mL cinnamon essential oil/kg DM.  
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Abstract 

This study was conducted to evaluate the effect of different levels of cinnamon essential oil (CEO; 0, 60 or 120 
mg/kg) on chemical composition, aerobic stability and gas production parameters of alfalfa silage on in vitro 
condition. Experimental treatments included: alfalfa without additive (control), alfalfa with 60 mg cinnamon 
essential oil/kg (CEO60), and alfalfa with 120 mg cinnamon essential oil/kg (CEO120). Silos were kept at room 
temperature for 60 days. After opening the silos, the chemical composition of the treatments and aerobic 
stability of the silages were measured. Gas production was measured by in vitro method with five replications at 
2, 4, 6, 8, 12, 16, 24, 36, 48, 72, 96, and 120 hours. The data were analyzed in a completely randomized 
design. The results showed that adding the essential oil to alfalfa silage significantly reduced the pH of the 
silage in comparison to control (P<0.05). Adding CEO to alfalfa silage at 60 mg increased water soluble 
carbohydrate concentration (4.80%; P<0.05) in comparison to control (4.08%). Crude protein content increased 
in treatments supplemented with CEO (12.47%) in comparison to control. Aerobic stability was increased in 
CEO treated groups compared to control. Adding 60 mg/kg of CEO reduced the gas production volume 
compared to control treatment (P<0.05). Overall, the obtained data indicated a positive effect of cinnamon 
essential oil on the quality of alfalfa silage and its fermentation properties.  

Keywords: Cinnamon essential oil, Aerobic stability, In vitro gas production, Alfalfa silage  

 
 

 
*Corresponding author: m_besharati@hotmail.com 

doi: 10.22124/ar.2020.14695.1456 


