
 

 

 
Abstract— To compare peppermint essential oil versus a 
mixture of formic and propionic acids a study was conducted 
to their effects on volatile fatty acid proportion and VFA score 
of corn silage. Chopped whole crop corn (control) was treated 
with peppermint essential oil (240 mg kg-1 DM) or a mixture 
of formic and propionic acids (2:1) at 0.4% of fresh forage 
weight, and ensiled for 30 days. Then, silage extract was 
provided and the concentration of each VFA was determined 
using gas chromatography. The VFA score was calculated 
according to the patented formula proposed by Dairy One 
Scientific Committee. The score is calculated based on the 
positive impact of lactic and acetic acids versus the negative 
effect of butyric acid to achive a single value for evaluating 
silage quality. The essential oil declined pH and increased the 
concentration of lactic and acetic acids in the silage extract. 
All corn silages evaluated in this study had a VFA score 
between 6 through 8. However, silage with peppermint 
essential oils had lower volatile fatty acids score than those of 
the other treatments. Both of applied additives caused a 
significant improvement in silage aerobic stability.  
 
Keywords— Peppermint, essential oil, corn silage, VFA. 

Introduction 
 
Essential oils (EO) are compounds which were extracted from 
different plant tissue by distillation methods [1]. They may 
alter fermentation process in rumen [4] or silo [5] through 
stimulation or inhibition of their microbial populations [3]. 
Moreover, EO may influence on volatile fatty acid (VFA) 
proportions. Inclusion of a specific blend of EO in dual flow 
continuous culture system enhanced total VFA concentration, 
and both acetate and acetate to propionate ratio [2]. This 
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experiment was conducted to determine the effect of 
peppermint essential oil or mixture of formic and propionic 
acids on fermentation characteristics and VFA score of corn 
silage. 
 
Material and Methods 
Whole crop corn (about 29% DM) was harvested and chopped 
at 20 mm length. The forage evaluated as non-treated  
 
(control), treated with pepermint essential oil at rate of 240 mg 
kg-1 DM (Mint) or a mixture of formic and propionic acids 
(2:1) at the rate of 4 ml kg-1 fresh forage (F+P) in 4 replicates. 
The forages then were ensiled in trench silos for at least 45 
days. Samples of dried silages were grind to pass through a 1 
mm-screen and kept for next analysis. A part of silage liquid 
extract were prepared from each sample by mixing 50 g of wet 
silage with 450 ml of deionized water and homogenizing this 
mix for 2 min. Immediately, after that, the pH of the mixture 
was determined using a portable pH meter. A sample of 
aqueous extracts were filtered through four layers of 
cheesecloth and then acidified with 0.2 N HCl (1:1). Ammonia 
nitrogen (NH3-N) concentration obtained from each acidified 
silage extracts were determined using distillation method. 
Volatile fatty acids (VFA) were measured using gas 
chromatography as described by Ottenstein and Bartley 
(1971). The VFA score was calculated according to the 
formula proposed by Dairy One [6]. The score is related to the 
positive effect of both lactic and acetic acids and negative 
impact of butyrate. Data were analysed as completely 
randomized designs by using GLM procedure of SAS. The 
model used for each of the analysis was Yij = μ + Ti + eij, 
where Yij was the dependent variable; μ was the population 
mean for the variable; Ti was the effect of treatment i; eij was 
the random error associated with the observation ij. When the 
overall F-test was significant, differences between means were 
consider significant at P< 0.05 using the Tukey’s test. 
 
Results and Discussion  
Silage fermentation characteristics of the experimental silages 
are presented in Table 1. Lower pH value in silage treated 
with min EO is in consistent with higher lactic acid 
concentration in this silage. When silage treated with F+P, 
NH3-N concentration decreased indicating restriction of 
deamination. The chemically processing had no effect on 
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lactic acid and VFA proportions of corn silage compared with 
the untreated silage. Lower VFA score in silage treated with 
mint EO are in consistent with the lower lactic acid to acetic 
acid ratio in this treatment. Indeed, VFA score weighs the 
positive impact of lactic and acetic acids against the negative 
impact of butyric acid. However, all of the treatments had a 
score between 6-8 indicating their satisfactory quality based 
on Dairy One suggestion.  
 
 
Table1.  Fermentation characteristics and VFA score of the 
experimental silages 
 

Item 
 Treatments1 

SEM P-value 
 Control Mint F+P 

pH  3.63b 3.57a 3.70c 0.01 0.002 

NH3-N (mg dL-1)  1.10b 1.05b 0.93a 0.03 0.006 

Lactic acid (% of DM)  2.50a 2.63b 2.55a 0.06 0.008 

Acetic acid (% of DM)  0.41a 0.85b 0.47a 0.14 0.04 

Propionic acid (% of DM)  0.023 0.016 0.020 0.008 0.81 

Butyric acid (% of DM)  0.020 0.026 0.020 0.007 0.76 

VFA score  7.02b 6.38a 6.87b 0.084 0.001 

Aerobic stability (h)  27a 83b 78b 10.62 0.02 

1 Control: corn silage with no additive, Mint: corn silage treated withmint 
essential oil at rate of 240 mg kg-1 DM, F+P: corn silage treated mixture of 
formic and propionic acids (2:1) at the rate of 4 ml kg-1 fresh forage 
a,b Means within rows with unlike superscripts differ (P < 0.05). 
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