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4. Metabolizable Energy (ME) 
5. Organic Matter Digestibility (OMD) 
6. Short Chain Fatty Acid (SCFA) 
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1. Phenol Hypochlorite Assay 
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2. Partitioning Factor (PF) 
3. Efficiency Microbial Biomass (EMB) 
4. Least Significant Difference (LSD) 
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1. Prevotella 
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Table1. Effect of bacterial inoculation and essential oils of spearmint, serviceberry and cumin on chemical composition of corn silage 

 
pH WSC (%)6 NH3-N (mg/dl)5 ADF (%)4 NDF (%)3 CP (%)2 Ash% DM (%)1 Treatment 
3.41 16.92d 2.93 41.33ab 61.33ab 7.87a 5.40b 22.24 Control 
3.45 25.08b 3.04 41.66ab 57.33b 6.82c 6.72a 22.25 Bacterial inoculation 
3.45 14.83e 3.02 40.00abc 60.00ab 8.57a 6.05ab 23.25 Spearmint (125 µl)  
3.46 19.22c 3.72 42.66a 58.00b 8.57a 5.70ab 22.51 Spearmint (250 µl) 
3.44 19.96c 2.88 38.00abcd 59.33ab 7.87b 5.71ab 23.53 Serviceberry (125 µl) 
3.43 36.36a 2.72 37.00bcd 66.66ab 8.57a 5.76ab 22.53 Serviceberry (250 µl) 
3.42 9.86f 3.01 36.00dc 66.66ab 8.57a 6.33ab 23.03 Cumin (125 µl) 
3.44 17.12d 3.03 33.33d 69.66a 8.57a 5.41b 22.09 Cumin (250 µl) 
0.021 0.334 0.214 3.728 2.394 1.886 0.428 0.480 SEM 
0.84 0.0001 0.89 0.03 0.92 0.0001 0.39 0.36 P value 

a-f Different superscript letters in the same column represent a significant difference (P<0.05) 
1Dry matter, 2Crude protein, 3Neutral detergent fiber, 4Acid detergent fiber, 5Ammoniacal nitrogen, 6Water soluble carbohydrate 
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Table 2. Effect of bacterial inoculation and essential oils of spearmint, serviceberry and cumin on in vitro gas production of corn silage at different times 

of incubation (ml/g DM) 
96 72 48 36 24 12 8 6 4 2              Incubation time (h)   

Treatment 
251.00a 232.33a 203.16abc 173.16bc 140.66bc 93.33bc 63.33bc 44.33dce 29.33c 19.66bc Control 
254.83a 234.83a 207.33a 187.33ab 152.66ab 109.33a 77.66a 56.60a 39.83a 29.00a Bacterial inoculation 
256.16a 240.33a 218.66a 197.00a 160.33a 104.50ab 71.00ab 48.16bcd 28.16dc 20.00bc Spearmint (125 µl) 
251.16a 233.33a 206.66ab 175.00bc 141.66bc 97.50abc 67.50abc 52.50ab 35.83ab 25.00ab Spearmint (250 µl) 
248.33a 231.33a 210.50a 187.50ab 147.50abc 94.16bc 62.50bc 39.16e 28.66dc 19.00c Serviceberry (125 µl) 
225.83b 210.00b 190.00bc 170.00bc 135.00c 87.50c 59.83c  43.33de 23.33d 13.33d Serviceberry (250 µl) 
255.16a 238.83a 214.83a 188.16ab 149.83abc 103.16ab 71.50ab 51.66abc 33.00bc 23.00bc Cumin (125 µl) 
226.33b 209.33b 189.33c 164.33c 134.33c 91.83bc 63.50bc 48.50abcd 32.00bc 21.16bc Cumin (250 µl) 
5.268 5.830 5.744 6.225 5.463  4.694  3.527  2.683  1.957  1.868 SEM  
0.002  0.004  0.019  0.024 0.046  0.063  0.039 0.007  0.001  0.001 P value 

 a-e Different superscript letters in the same column represent a significant difference (P<0.05) 
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Table 3. Effect of bacterial inoculation and essential oils of spearmint, serviceberry and cumin on gas 

production parameters of corn silage 
SCFA (mmol/200 

mg DM)5 
ME (MJ/Kg)4 OMD (%)3 c (ml/h) 2  b (ml) 1  Treatment 

0.620bc 10.950bc 40.020bc 0.032c 257.83a Control 
0.673ab 10.271e 42.165ab 0.041a 248.76a Bacterial inoculation 
0.707a 11.485a 43.535a 0.039ab 259.50a Spearmint (125 µl)  
0.624bc 10.977bc 40.199bc 0.035bc 254.13a Spearmint (250 µl) 
0.650abc 10.734cd 41.241abc 0.034bc 258.30a Serviceberry (125 µl) 
0.595c 10.394cd 39.010c 0.036bc 229.96b Serviceberry (250 µl) 

0.661abc 11.199ab 41.659abc 0.038ab 256.46a Cumin (125 µl) 
0.592c 10.777bcd 38.889c 0.038ab 226.03b Cumin (250 µl) 
0.0237 0.148 0.975 0.001 4.642 SEM 
0.046 0.0005 0.046 0.029 0.0002 P value 

a-e Different superscript letters in the same column represent a significant difference (P<0.05) 
1Gas production potential, 2Gas production rate, 3 Organic matter digestibility, 4Metabolizable energy,  
5 Short chain fatty acid 
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Table 4. Effect of bacterial inoculation and essential oils of spearmint, serviceberry and cumin additive on dry matter and organic matter digestibility, ammoniac 
nitrogen, pH and estimated parameters of corn silage 

EMB6  MB (mg/gDM)5 Gas yield  

(ml) 
PF (mg/ml)4 pH   NH3-N (mg/dl)3 OMD ( %)2 DMD (%)1 Treatment 

0.31bc 90.11bc 315.35ab 3.21bc 6.48ab 2.96a 60.00b 56.00b Control 
0.31bc 95.94abc 308.49bc 3.20bc 6.44b 2.92a 65.00a 62.00a Bacterial inoculation 
0.39a 113.72a 282.62c 3.62a 6.50ab 2.44b 61.00b 56.00b Spearmint (125 µl)  
0.33ab 97.16abc 310.15abc 3.28bc 6.55a 2.41bc 62.00ab 58.00ab Spearmint (250 µl) 
0.27c 75.59c 337.16a 3.02c 6.49ab 2.35bc 59.00b 54.00b Serviceberry (125 µl) 
0.35ab 99.60ab 300.49bc 3.38ab 6.51ab 2.42bc 60.00b 56.00b Serviceberry (250 µl) 
0.35ab 98.72ab 293.98bc 3.38ab 6.50ab 2.45b 60.00b 56.00b Cumin (125 µl) 
0.36ab 104.83ab 293.69bc 3.45ab 6.52a 2.26c 61.00b 57.00b Cumin (250 µl) 
0.023 7.38 9.41 0.092 0.026 0.054 0.012 0.013 SEM 
0.012 0.085 0.027 0.012 0.025 0.0001 0.076 0.072 P value 
 a-c Different superscript letters in the same column represent a significant difference (P<0.05) 

1Dry matter digestibility, 2Organic matter digestibility, 3Ammoniacal nitrogen, 4Partitioning factor, 5Microbial biomass, 6Efficiency of microbial biomass 
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Abstract 

This research was conducted to investigate effects of bacterial inoculation (lactobacillus plantarum, one mg/kg 
of fresh forage) and essential oils of spearmint, serviceberry and cumin (125 or 250 µl /kg of fresh forage) on 
chemical composition, gas production parameters and in vitro digestibility of corn silage in a completely 
randomized design (8 treatments and 3 replicates). Whole-plant corn was harvested at the dough stage (30 
percent of dry matter), and chopped to 2 and 3 cm lengths. The ensiling process was performed in two-layer 
plastic bags. Additives were sprayed on the chopped corn, and then mixed thoroughly. The silos were opened 
after 45 days. Chemical composition of corn silage was affected by additives (P<0.05). Bacterial inoculation, 
spearmint (250 µl) and serviceberry increased the water soluble carbohydrates. Crude protein content of silage 
was decreased in bacterial inoculation and serviceberry (125 µl) treatments. The concentration of acid detergent 
fiber was decreased by addition of serviceberry (250 µl) and cumin extracts. The 250 µl of serviceberry and 
cumin essential oils decreased the volume and potential of gas production (P<0.05). Metabolizable energy and 
short chain fatty acids concentration were increased by 125 µl of spearmint (P<0.05). Bacterial inoculation 
increased in vitro digestibility of dry matter and organic matter (P<0.05). Spearmint extract (125 µl) increased 
total bacterial count and microbial efficiency (P<0.05). Overall, the bacterial inoculation and the low level (125 
µl) of spearmint extract were more effective in improving the nutritional value of corn silage. 
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