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ABSTRACT 

This study was performed to evaluate the effect of adding a mixture of peppermint, thyme and rosemary essential oils 
(EOs) in a ratio of (3:1:2), respectively, to the diet, on growth performance, rumen and blood parameters of fattening 
lambs. Twenty-one Mehraban lambs with an average weight of 29.80 kg were randomly allocated to one of three 
diets: 1) control, 2) base diet+1.25ml of EOs and 3) base diet+2.5ml of EOs. Daily weight gain was greater in the 
groups receiving the EOs than in the control, although this increase was mainly due to the interactions of treatment 
over time. Feed consumption and feed conversion ratio compared to the control did not altered. The total 
concentrations of VFAs and acetate in the groups receiving EOs decreased (P<0.05), while the concentration of 
propionate increased (P<0.05) at the level of 2.5ml of EOs and isovalerate increased (P<0.05) in both levels of EOs 
compared to the control. Total population of protozoa, rumen pH and ammonia nitrogen concentration were not 
affected by treatments. Glucose concentration increased at high level of EOs (P<0.05). Concentrations of urea, 
cholesterol, triglycerides, creatinine, total protein and albumin did not altered. The number of red blood cells, 
hemoglobin, hematocrit, number and percentage of white cells including lymphocytes and eosinophils were not 
affected by treatments but the percentage of monocytes decreased (P<0.05) at low level of the EOs. The results of this 
experiment showed that the addition of mixture of EOs to the diet did not have a significant effect on performance 
parameters and immune system of lambs, although it reduced the total concentration of VFA and acetate and 
increased the concentration of propionate. 
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 % 
Ingredients  
Alfalfa 9 
Wheat Straw 21 
Barley grain 41.64 
Wheat grain 9 
Wheat bran 7.5 
Soybean meal 8.7 
Urea 0.41 
Salt 0.40 
Sodium bicarbonate 1 
Dicalcium phosphate 0.35 
Mineral and vitamin supplement* 

1 
Chemical composition (%)  

Dry matter 95.38 
Organic matter 92.43 
Ash 7.57 
Crude protein 13.80 
Ether extract 1.84 
Acid detergent fiber (ADF) 17.30 
Neutral detergent fiber (NDF) 31.45 

* B	 � �.K3� B��
500000 K��� 7#: ++	C�� 7#���6� A� 100000 

K��� 7#: ++	C�� 7#���6� D3� 300 K��� 7#: ++	C�� 7#���6� E� 180 A"I 
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* Mineral supplement: Vitamin A 5000 IU, Vitamin D3 100000 IU, 
Vitamin E 300 IU, Calcium 180 g, Phosphorus 30 g, Magnesium 19 
g, sodium 60 g, zinc 3000 mg, iron 3000 mg, manganese 2000 mg, 
copper 300 mg, cobalt 100 mg, iodine 100 mg, Selenium 12 mg, 
antioxidant 1000 mg, chlorite 1000 gr. 
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Table 2. Effect of experimental diets on growth performance of fattening lambs 

Performance characteristics 
Experimental treatments 1

 

SEM2 P-value 

1 2 3 Treatment Time Treatment×Time 
Initial weight (kg) 31.21 31.62 31.05 0.999 0.902 - - 
Final weight (kg) 49.65 50.14 50.29 1.164 0.527 - - 
Average daily gain (g/d) 204.87

 
205.76

 
213.76

 
5.835 0.415 <0.001 0.007 

Feed intake (g/d) 1520.26
 

1541.13
 

1582.05
 

40.764 0.523 0.555 0.714 
Feed conversion ratio 7.42 7.49 7.40 0.265 0.821 <0.001 0.119 

1. �"#;0�! �86���5 B��
 1 - �"#; K!�
 
�K:) 
��'(� y*+,� -.�/��(�! 2 - �"#; 96�W + 25/1 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0�����  �: 

HG�. )2:1:3( 9: 0��� "! �": �� ���� 3 - �"#; 96�W + 5/2 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � �����0 �: HG�. )2:1:3( 9: 0��� "! �": �� .���  

2. 0�R@ ���K.��/� 7#T.�#�  
1. Experimental diets include: 1- Control diet (without adding essential oil mixture), 2- Basal diet + 1.25 ml of mixed peppermint, thyme and rosemary 
essential oils (2: 1: 3) per lamb per day, 3- Basal diet + 2.5 ml of mixed peppermint, thyme and rosemary essential oils (2: 1: 3) per lamb per day. 
2. Standard error of mean.  
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Table 3. Effect of experimental treatments on concentration of volatile fatty acids, pH and ammonia nitrogen of 
ruminal fluid 

Parameter 
Experimental treatments 1

 

SEM2 
P-value 

1 2 3 
Acetate (%) 67.61a 62.47b 61.42b 0.750 0.002 
Propionate (%) 20.24b 18.98b 23.58a 0.593 0.004 
Butyrate (%) 8.47 8.31 7.15 1.104 0.674 
Valerate (%) 1.45 1.71 2.05 0.167 0.113 
Isovalerate (%) 0.24b 0.54a 0.81a 0.079 0.007 
Total VFA (%) 98.13a 92.01c 95.22b 0.576 0.001 
Acetate: propionate (%) 3.35a 3.29a 2.61b 0.089 0.002 
pH 6.33 6.35 6.40 0.099 0.865 
NH3-N (mg/dL) 17.43 17.42 17.26 1.413 0.995 

a, b, c: 7#T.�#� 0�!  K;��Z�"� "#o ^"�8� �� "! tR/ 0���� ZJ�@� �23� ��� K2��! )05/0 <P(.  

1. �"#;0�! �86���5 B��
 1 - �"#; K!�
 
�K:) 
��'(� y*+,� -.�/��(�! 2 - �"#; 96�W + 25/1 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0����� �: 

HG�. )2:1:3( 9: 0��� "! �": �� ���� 3 - �"#; 96�W + 5/2 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � �����0 �: HG�. )2:1:3( 9: 0��� "! �": �� .���  

2. 0�R@ ���K.��/� 7#T.�#�  
Means within same row with different superscript differ significantly (P<0.05). 
1. Experimental diets included: 1. Control diet (without adding essential oil mixture), 2. Basal diet + 1.25 ml of mixed peppermint, thyme and rosemary essential 
oils (2: 1: 3) per lamb per day, 3. Basal diet + 2.5 ml of mixed peppermint, thyme and rosemary essential oils (2: 1: 3) per lamb per day. 
2. Standard Error of Mean. 

  

 U�K;4#3	; ": �86���5 0�!��	#& "$� .9�@�6 =& H9G	 
 0�!  
Table 4. Effect of experimental treatments on ruminal protozoan population 

Protozoa (× 105/ml) 
Experimental treatments 1

 

SEM2 
P-value 

1 2 3 
Entodinium 62.375 59.875 54.875 1.225 0.415 
Epidinium 0.375 0.625 0.25 0.559 0.354 
Diplodiniinae 0.375 0.125 0.25 1.318 0.440 
Ophry oscolecidae 0.125 0.125 0.125 1.250 1 
Isotricha 0.5 0.5 0.25 0.589 0.569 
Dasytricha 0.125 0.375 0.25 1.318 0.440 
Total protozoa 63.875 61.625 56 1.209 0.366 

1�"#; . B��
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�K:) K!�
 �"#; -.�/� y*+,� �(�!2 -  + 96�W �"#;25/1 �+#�-.�/� y*+,� �� "�#C0����� � 786�5 ��+4+( 1�23. 0�!   �:

) HG�.2:1:3 ���� �� �": "! 0��� 9: (3 -  + 96�W �"#;5/2 �+#�-.�/� y*+,� �� "�#C) HG�. �: 0����� � 786�5 ��+4+( 1�23. 0�!2:1:3.��� �� �": "! 0��� 9: (  

2�R@ .7#T.�#� ���K.��/� 0.�!  
1. Experimental diets included: 1. Control diet (without adding essential oil mixture), 2. Basal diet + 1.25 ml of mixed peppermint, thyme and rosemary essential 
oils (2: 1: 3) per lamb per day, 3. Basal diet + 2.5 ml of mixed peppermint, thyme and rosemary essential oils (2: 1: 3) per lamb per day. 
2. Standard Error of Meanl 
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U�K; 5. "#$%& �"#;0�! �86���5 ": H#C*:���0�! �.*@ �":0�! 0���"W  
Table 5. Effects of experimental diets on blood metabolites of fattening lambs 

Blood metabolites 
Experimental treatments1 

SEM2 P-Value 
1 2 3 

Glucose (mg/dl) 49.25b 52.50b 67.50a 3.827 0.033 
Urea (mg/dl) 29.01 30.75 31.50 3.581 0.406 
Cholestrol (mg/dl) 46.25 34.50 45.50 3.786 0.156 

Triglyceride (mg/dl) 13.67 10.01 13.01 2.827 0.805 

Creatinine (mg/dl) 0.54 0.53 0.55 0.040 0.930 
Total protein (g/dl) 4.43 3.48 4.90 0.401 0.166 
Albumin (g/dl) 2.45 2.03 2.30 0.164 0.382 
HDL (mg/dl)3  16.25 13.50 17.25 1.462 0.376 
LDL (mg/dl)4 24.67 21.67 24.01 1.482 0.215 

a, b, c: 7#T.�#� 0�!  K;��Z�"� "#o ^"�8� �� "! tR/ 0���� ZJ�@� �23� ��� K2��! )05/0 <P(.  

1 .�"#;0�! �86���5 B��
 1 - �"#; K!�
 
�K:) 
��'(� y*+,� -.�/��(�! 2 - �"#; 96�W + 25/1 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0�����  �: 

HG�. )2:1:3( 9: 0��� "! �": �� ���� 3 - �"#; 96�W + 5/2 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0����� �: HG�. )2:1:3( 9: 0��� "! �": �� .���  

2 .0�R@ ���K.��/� 7#T.�#��!. 

3 � 4. 7#\&�"W*k#C �: 9�#�.�� �P�: 7#\&�"W*k#C �: 9�#�.�� 7#6�W.  
Means within same row with Different superscript differ significantly (P<0.05). 
1. Experimental diets: 1- Control diet (without adding essential oil), 2- Basal diet+1.25 ml of mixed peppermint, thyme and rosemary essential oils (2: 1: 3) per 
lamb per day, 3- Basal diet+2.5 ml of mixed peppermint, thyme and rosemary essential oils (2: 1: 3) per lamb per day. 
2. Standard Error of Mean. 
3, 4. High density lipoprotein, Low density lipoprotein. 
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Table 6. Effect of experimental diets on number and percentage of blood cells in fattening lambs 

P-Value SEM2 Experimental treatments1 
Blood parameters 

3 2 1 
0.814 0.901 5.47 6.23 6.65 RBC (106/ul) 

0.316 0.768 6.85 8.05 8.77 Hb (g/dl) 

0.085 1.589 18b 
21.20ab 24.50a HCT (%) 

0.593 1.913 10.50 10.50 13.27 WBC (103/ul) 

0.409 1.355 90.37 88.39 91.08 Lymphocyte (%) 
0.052 0.211 1.70a 0.80b 

1.63ab 
Monocyte (%) 

0.576 0.155 0.60 0.43 0.38 Eosinophil (%) 

a, b, c: 7#T.�#� 0�!  K;��Z�"� "#o ^"�8� �� "! tR/ 0���� ZJ�@� �23� ��� K2��! )05/0 <P(.  

1 .�"#;0�! �86���5 B��
 1 - �"#; K!�
 
�K:) 
��'(� y*+,� -.�/��(�! 2 - �"#; 96�W + 25/1 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0����� �: 

HG�. )2:1:3( 9: 0��� "! �": �� ���� 3 - �"#; 96�W + 5/2 �+#�"�#C �� y*+,� -.�/�0�! 1�23. ��+4+( 786�5 � 0����� �: HG�. )2:1:3( 9: 0��� "! �": �� .��� 

2 0�R@ ���K.��/� 7#T.�#�.  
Means within same row with Different superscript differ significantly (P<0.05). 
1. Experimental diets include: 1- Control diet (without adding essential oil mixture), 2- Basal diet + 1.25 ml of mixed peppermint, thyme and rosemary essential 
oils (2:1:3) per lamb per day, 3- Basal diet + 2.5 ml of mixed peppermint, thyme and rosemary essential oils (2:1:3) per lamb per day. 
2. Standard Error of mean. 
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