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Highlights

Alfalfa is one of the most important sources of forage in ruminant diet which is cultivated widely around the 

world. 

However, a significant amount of nutrient losses from alfalfa due to the mechanical treatments during drying 

and storage process. 

Therefore, alfalfa as silage is an alternative way to prevent drying losses. 

A large number of additives can improve the silage quality but processing of alfalfa silage with essential oils 

has not yet been widely investigated.

Abstract

Purpose of the experiment was to evaluate the effect of lemon-seed essential oils on chemical composition 

and in vitro degradability of alfalfa silage. Treatments were alfalfa silage with no additive (control) or treated 

with 60 ml kg-1 DM of lemon-seed (LEO60), of lemon-seed (LEO120) essential oils and equal mixed of them 

(M60). Whole plant alfalfa silage was ensiled for 60 d in triplicate laboratory scale tubes. Dry matter, organic 

matter, crude protein, insoluble fiber in acidic and neutral detergent, water soluble carbohydrate, pH, were 

measured with 3 replicates by in vitro gas production method. Dry matter (DM) content was greater for 

LEO60 than control. Compared with control, neutral detergent fiber (NDF) concentration was decreased 

in LEO120. Addition of essential oils and their combination to the silage significantly decreased (p < 0001) 

silage pH compared with untreated silage interestingly increased for all the silages containing essential oil 

compared with untreated silage. Addition of lemon-seed essential to alfalfa silage decreased the rate of 

disappearance of organic matter and dry matter in all treatments compared to the control treatment. The 

degradability potential of alfalfa silage has increased in treatments containing lemon-seed essential oil (60 
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ml kg-1 DM) which is significantly different from the control. In general, the obtained data show the positive 

effect of lemon-seed essential oil on the quality of alfalfa silage and its fermentation properties.

Key words: Alfalfa silage. Degradability. Lemon-seed essential oil. Fermentation.

Resumo
Objetivo do experimento foi avaliar o efeito do óleo essencial de semente de limão na composição química e 

degradabilidade in vitro da silagem de alfafa. Os tratamentos foram silagem de alfafa sem aditivo (controle) ou 

tratada com 60 ml kg-1 MS de óleos essenciais de caroço de limão (LEO60), de óleos essenciais de semente 

de limão (LEO120) e misturas iguais (M60). Silagem de planta inteira de alfafa foi ensilada por 60 dias em 

tubos triplicados em escala de laboratório. Matéria seca, matéria orgânica, proteína bruta, fibra insolúvel em 

detergente ácido e neutro, carboidrato solúvel em água, pH foram medidos com 3 repetições pelo método 

de produção de gás in vitro. O conteúdo de matéria seca (MS) foi maior para LEO60 do que para o controle. 

Em comparação com o controle, a concentração de fibra em detergente neutro (FDN) diminuiu no LEO120. 

A adição de óleos essenciais e sua combinação à silagem diminuiu significativamente (p < 0,0001) o pH da 

silagem em comparação com a silagem não tratada aumentou de forma interessante para todas as silagens 

contendo óleo essencial em comparação com a silagem não tratada. A adição de caroço de limão essencial 

à silagem de alfafa diminuiu a taxa de desaparecimento da matéria orgânica e da matéria seca em todos 

os tratamentos em relação ao controle. O potencial de degradabilidade da silagem de alfafa aumentou nos 

tratamentos contendo óleo essencial de semente de limão (60 ml kg-1 MS), o que é significativamente diferente 

do controle. Em geral, os dados obtidos mostram o efeito positivo do óleo essencial de semente de limão na 

qualidade da silagem de alfafa e suas propriedades fermentativas.

Palavras-chave: Silagem de alfafa. Degradabilidade. Óleo essencial de semente de limão. Fermentação.

Introduction

Because of increasing public pressure 
to decrease the use of antimicrobials in 
livestock production and the regulations 
that ban the use of these substances in 
Europe, scientists and the livestock feed 
industry have been actively working to find 
alternatives to antimicrobials (Hoelzer et al., 
2018; Oladokun & Adewole, 2020). Among 
these alternatives, essential oils and their 
compounds have attracted much attention 
because of their antimicrobial properties that 
may high potential for binding to proteins 
(Hodaj-Çeliku et al., 2017; Abudunia et al., 
2017). Therefore, these compounds modulate 
rumen fermentation (Joch et al., 2019; Garcia 

et al., 2020). Essential oils from aromatic and 
medicinal plants have been shown to have 
selective antimicrobial properties and also 
have a are able to affect the microbiology and 
protein breakdown in silage (Besharati, Palangi, 
Moaddab, Nemati, Pliego, & Salem, 2020). The 
use of essential oils in animal feed is beneficial 
due to their antimicrobial properties, but 
determining the effect of these compounds 
on silage fermentation is a relatively new issue 
(Besharati, Palangi, Niazifar, & Nemati, 2020). 
According to the arid climate and economic 
situation of Iran the need to use waste is quite 
obvious, especially since all citrus fruits are 
mere waste in terms of bitterness, while rich in 
essential oil. Methods have been developed for 
separating and drying seeds and commercial 
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production of citrus seed essential oil has 
become possible previously. The composition 
of citrus seed essential oil (EO) has been 
studied in other countries and suitable 
methods for drying citrus seeds for essential 
oils and is provided for refining these essential 
oils (Geraci, Di Stefano, Di Martino, Schillaci, & 
Schicchi, 2017; Youcef-Ettoumi, Zouambia, & 
Moulai-Mostefa, 2020). Lemon belongs to the 
citrus family and is an evergreen tree up to 6 
meters tall, it has a straight stem and barbed 
branches, the leaves of this shrub are alternate 
green or yellowish green and shiny. The fruits 
are small, ovate and green, yellowish green or 
yellow (Palangi, Taghizadeh, & Sadeghzadeh, 
2013; Aghdam et al., 2019; Rafique, Hassan, 
Mughal, Hassan, & Shabbir, 2020). Lemon tree 
is grown in the Mediterranean and tropical 
regions, unlike other varieties, its lemon tree is 
constantly bearing fruit (Triantafyllidis, Zotos, 
Kosma, & Kokkotos, 2020). Due to the lack 
of sufficient knowledge about the nutritional 

value, restrictions and the appropriate amount 
of citrus waste, especially the EO of sour lemon 
seed in the diet by farmers as well as the lack 
of appropriate and practical research in this 
field in the country, the present study seems 
necessary.

Materials and Methods

Essential oils preparation

The collected lemon pomace from 
Tabriz markets were cut and the seeds 
were separated, washed and dried at room 
temperature for a few days. About 200 g 
of milled lemon seed were immersed by 
maceration using N-hexane solvent (Sayyah, 
Moaied, & Kamalinejad, 2005). The essential 
oils were stored at 4 °C until they were used 
in the experiment. Aromatic compounds of 
lemonseed essential oil are shown in Table 1.

Table 1
Aromatic compounds in lemonseed essential oil (percentage of total compounds)

Compounds %

C18H34O 6.63

C10H16 0.09

C9H8O 0.1

C20H40 0.09

C16H32O2 2.63

C18H34O2 80.11

C18H32O2 9.9

C18H36O2 0.18

C19H38 0.05
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Experimental treatments and silage preparation

The alfalfa samples were collected from 
a field in Tabriz province and then chopped at 
3-5 cm length and ensiled in laboratory scale 
tubes (3±0.25 kg) for 60 days. Three silos for 
each treatment were made and stored at 
ambient temperature (28°C to 33°C). The mini-
silos (10 cm diameter and 70 cm height) were 
then sealed and stored at room temperature 
for 60 days. After 60 days of ensiling, all silos 
were opened and were used for the analysis 
of fermentation quality and aerobic stability 
test. So the treatments were: without essential 
oil (control), with essential oil 60 mg kg-1 DM 
(LEO60) and 120 mg kg-1 DM (LEO120). Each 
treatment was provided in triplicate tubes. 
All essential oils were dissolved in aqueous 
ethanol (Chaves, 2012) and sprayed onto the 
chopped forages. The same amount of the 
ethanol was also added to the control.

Chemical analysis

Chemical compositions of the silage 
samples were measured before and immediately 
after the opening. After the opening of silages, 
the pH, dry matter (DM) (method ID 942.05) and 
soluble carbohydrate (WSC) of the samples 
were determined. DM content of the silages 
was determined by oven drying of lucerne 
samples (65 °C for 48 h). DM, ash (CA), ether 
extract (EE) and crude protein (CP) (CP, method 
ID 984.13) contents were determined by the 
procedures given by Association of Offical 
Analytic Chemists [AOAC] (2002). The neutral 
detergent fiber (NDF) and acid detergent 
fiber (ADF) concentrations were determined 
according to Van Soest, Robertson and Lewis. 
(1991) procedures without the use of amylase 
and sodium sulphite. NDF was analyzed without 
amylase and contains the ash. Aqueous extract 

was prepared from ensiled samples by mixing 
20 g of forage with 180 ml of deionized water 
and homogenizing this mix for 1 min. Then, 
silage pH was determined using a portable 
pH meter. Ammonia-N (NH3-N) concentration 
of acidified silage extracts were determined 
using Kjeldahl method. Phenol sulfuric acid 
method was used to measure WSC contents 
(Dubios, Giles, Hamilton, Ronerts, & Smith, 
1956). The distillation method described by 
Markham (1942) was used to measure total 
volatile fatty acids (tVFA) in silages. One ml of 
25 % meta-phosphoric acid (v/w) was added to 
5 ml of filtered extract to calculate the volatile 
fatty acids. For the determination of lactic acid 
(LA) contents, the method of Borshchevskaya 
et al. (2016) was used. 

In vitro degradability

Ruminal fluid was taken from two 
sheep fitted with cannulae and transferred 
immediately to laboratory. Approximately 300 
mg of samples added to serum bottles. The 20 
mL of Buffered rumen fluid with McDougall’s 
buffer was pipetted into each serum bottle. 
The degradability was recorded after 2, 4, 8, 
12, 24 h of incubation. Seven replicates with 
3 blanks were considered for each treatment. 
The volumes of fermentation were corrected 
for the blank incubation, and degradability 
values are expressed as mL g-1 of DM. Rate 
and extent of degradability was determined 
for each treatment by fitting data to the non-
linear function Y = a+b (1 − e−ct), where y is 
the volume of gas produced at time t, a+b the 
fermentation of soluble and insoluble fraction 
(mL g-1 of DM), and c the constant fractional 
rate of fermentation.

PD= a+b

ED= a+[bc/(c+k)] 
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Figure 1. Effect of lemonseed Essential Oil on Chemical Properties of Alfalfa Silage after 60 d of 
Silage (%DM)
Treatment: control: Alfalfa silage without additives, LEO60: alfalfa silage with 60 ml lemonseed 
essential oil kg-1 DM, LEO120: alfalfa silage with 120 ml lemonseed essential oil kg-1 DM.
Chemical composition2: DM, dry matter; CP, crude protein; CA, crude ash; NDF, neutral detergent 
fiber; ADF, acid detergent fiber, WSC: water soluble carbohydrate.

Where ‘a’, ‘b’ and ‘c’ are the constants as 
described earlier in the different mathematical 
models above and ‘k’ is the rumen fractional 
outflow rate (Palangi, Macit, & Bayat, 2020; 
Palangi, & Besharati, 2020).

In vitro degradability

Data obtained from chemical 
composition and gas production were 
subjected to analysis of variance as a 
completely randomized design by the 
GLM procedure of SAS, and were analyzed 
according to statistical model:

 Yij= μ + Ti + eij

Where, Yij is the dependent variable, μ is 
overall mean, Ti is effect of treatment and eij is 
random error. The significance of differences 
among treatments was tested using Duncan 
test. Differences were declared as significant 
at p ≤ 0.05.

Results 

Chemical composition 

Chemical composition, pH of the 
experimental silages is shown in figure 1. 
Higher DM content was observed in LEO60 
and LEO120 compared with the control 
(p<0.001), which could be attributed to the 
limitation of development of special groups of 
microorganism and therefore smaller loss of 
nutrients (Besharati & Niazifar, 2020). Relative 
to the control, CP concentration was increased 
with other treatments supplemented with 
essential oils (P<0.001). The LEO60 and 
LEO120 silages had lower NDF concentration 
compared with control (p<0.001). The ADF 
content decreased in all treatments compared 
with control silage. addition of essential oils to 
alfalfa silage resulted in decreasing pH value 
(p<0.001) compared with control.

 
 
Figure 1. Effect of lemonseed Essential Oil on Chemical Properties of Alfalfa Silage after 60 d of Silage 
(%DM) 
Treatment: control: Alfalfa silage without additives, LEO60: alfalfa silage with 60 ml lemonseed essential oil kg-1 DM, 
LEO120: alfalfa silage with 120 ml lemonseed essential oil kg-1 DM. 
Chemical composition2: DM, dry matter; CP, crude protein; CA, crude ash; NDF, neutral detergent fiber; ADF, acid 
detergent fiber, WSC: water soluble carbohydrate. 

 

In vitro degradability 

Results of degradability values and degradability parameters are shown in Table 2. Addition of 

lemonseed essential oil to alfalfa silage increased the rate of degradability of organic matter and dry matter in 

all treatments compared to the control (p <0.05). After 24 hours of incubation, the treatment LEO60 had the 

highest and the treatment control had the lowest fermentation of organic matter (p <0.05). According to the 

presented results, in 2 hours after incubation, the highest rate of degradability of crude protein was related to 

the treatment LEO60 and the lowest rate of degradability of crude protein is related to the control. In 24 

hours after incubation, the highest rate of fermentation was related to the control, which was significantly 

different from other treatments. The concentration of essential oils in plants is affected by factors such as 

species, subspecies, geographical location, harvest time of the plant and the part used for essential oil 

collection. In addition, factors such as light and heat and moisture stress also affect their concentration in the 

plant. 

 

Table 2  
The effect of different levels of Lemonseed essential oil on fermentation properties of alfalfa silage (ml/g 
DM) 

Incubation times (h) Treatments1 
24 12 8 4 2  
     DM 

61.88c 51.24c 46.64c 34.99c 24.93c control 
65.82a 57.97a 53.94a 49.44a 40.11a LEO60 
63.16b 56.70ab 50.22b 40.22b 28.67b LEO120 
0.289 0.622 0.608 1.155 0.935 SEM 

<.0001 <.0001 <.0001 <.0001 <.0001 p-value 
     OM 

61.84c 52.52b 38.33ab 27.67c 27.67ab control 
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In vitro degradability

Results of degradability values and 
degradability parameters are shown in Table 
2. Addition of lemonseed essential oil to alfalfa 
silage increased the rate of degradability of 
organic matter and dry matter in all treatments 
compared to the control (p <0.05). After 24 
hours of incubation, the treatment LEO60 had 
the highest and the treatment control had 
the lowest fermentation of organic matter (p 
<0.05). According to the presented results, in 
2 hours after incubation, the highest rate of 

degradability of crude protein was related to 
the treatment LEO60 and the lowest rate of 
degradability of crude protein is related to the 
control. In 24 hours after incubation, the highest 
rate of fermentation was related to the control, 
which was significantly different from other 
treatments. The concentration of essential oils 
in plants is affected by factors such as species, 
subspecies, geographical location, harvest 
time of the plant and the part used for essential 
oil collection. In addition, factors such as light 
and heat and moisture stress also affect their 
concentration in the plant.

Table 2
The effect of different levels of Lemonseed essential oil on fermentation properties of alfalfa silage 
(ml/g DM)

Treatments1 Incubation times (h)

2 4 8 12 24

DM

control 24.93c 34.99c 46.64c 51.24c 61.88c

LEO60 40.11a 49.44a 53.94a 57.97a 65.82a

LEO120 28.67b 40.22b 50.22b 56.70ab 63.16b

SEM 0.935 1.155 0.608 0.622 0.289

p-value <.0001 <.0001 <.0001 <.0001 <.0001

OM

control 27.67ab 27.67c 38.33ab 52.52b 61.84c

LEO60 40.11a 49.45a 53.95a 57.98a 65.82a

LEO120 28.67b 40.23b 50.23b 56.70ab 63.15b

SEM 0.056 0.138 0.049 0.093 0.064

p-value <.0001 0.0045 <.0001 0.0003 <.0001

CP

control 17.59a 23.16b 34.44a 45.32a 56.52a

LEO60 14.05c 24.46a 30.30b 33.05c 45.54b

LEO120 15.36b 23.54ab 27.17c 35.97b 40.18c

SEM 0.456 0.583 2.402 1.386 0.769

p-value <.0001 <.0001 0.007 <.0001 <.0001

continue...
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Degradation parameters

The fermentation properties of dry 
matter, crude protein, neutral detergent-
insoluble fibers and organic matter of alfalfa 
silage are presented in Table 3. The results show 
that LEO60 significantly increases the effective 
degradability (ED) at a passage rate of 2% per 
hour, which also increases the soluble fraction 
of dry matter (a). The degradability potential 
(PD) of alfalfa silage in the LEO120 increased, 
which is statistically significant with the control 
(p <0.05). Decreased degradability of insoluble 
part (b) of alfalfa silage by adding LEO60, 
which was significant compared to the control. 
Increasing or decreasing the degradability 
of the insoluble part depends on the dose 
used at the silage level. Constant dry matter 
degradability rate, LEO60 was significantly 
different from control and was numerically 
higher than them. According to the reported 

NDF

control 24.32a 42.58c 31.57b 36.767b 47.43ab

LEO60 23.11b 45.60b 32.13a 37.43a 48.03a

LEO120 20.93c 51.40a 28.83c 34.17c 44.84b

SEM 0.825 1.151 1.187 1.380 1.437

p-value 0.0387 0.014 0.040 0.0246 0.0312

contuation...

Treatment1-control: Alfalfa silage without additives, LEO60: alfalfa silage with 60 ml cinnamon essential oil kg-1 DM, 
LEO120: alfalfa silage with 120 ml cinnamon essential oil kg-1 DM. Means within same column with different superscripts 
differ (P<0.05).
DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber.

results, the organic matter solution (a) was 
significantly different, which was statistically 
significant with the control treatment. LEO60 
treatment significantly increased the soluble 
fraction of organic matter compared to the 
control. The effective digestibility of organic 
matter (ED) at a passage rate of 2% per hour 
was the highest for LEO60. According to the 
reported results, the rate of degradability of 
the rapidly decomposing part (a) of crude 
protein, LEO120 has a significantly increase 
with the control. The results of this experiment 
showed that the addition of essential oils to 
alfalfa silage caused a significant Decrease in 
insoluble fraction (b) of crude protein (p <0.05). 
In terms of effective degradability (ED) of crude 
alfalfa silage protein, the highest amount is 
related to the control and the lowest amount of 
ED is related to LEO60 at a passing rate of 2% 
per hour, which shows a significant decrease 
compared to all treatments (p <0.05).
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Table 3
The effect of different levels of cinnamon essential oil on fermentation properties parameters of alfalfa 
silage

Treatments1 Items

a b c PD ED K(0.01) K(0.05) K(0.08)

DM

Control 14.73b 49.01a 0.125b 63.75b 56.89c 60.13c 50.46c 44.63c

LEO60 34.97a 32.71c 0.112c 67.68a 59.45a 64.97a 57.54a 54.03a

LEO120 15.84ab 47.94b 0.164a 63.77b 57.23b 61b 52.56b 48.07b

Sem 1.994 1.917 0.010 0.66 1.055 0.537 0.616 0.331

P-value 0.0006 <.0001 <.0001 0.008 <.0001 0.001 <.0001 <.0001

OM

Control 48.53b 16.25a 0.046c 64.78b 63.209a 66.1a 63b 61.9c

LEO60 48.48b 15.12b 0.177a 63.0c 63.18ab 63.3c 62.5c 62ab

LEO120 49.82a 15.91ab 0.0772b 65.73a 62.70c 65.1ab 63.4a 62.7a

Sem 0.661 0.761 0.0300 0.596 0.681 0.382 0.123 0.0745

P-value 0.014 0.019 0.018 0.004 0.051 <.0001 <.0001 <.0001

CP

Control 7.83b 54.70a 0.090c 62.53a 56.87a 42.67a 35.50a 46.30a

LEO60 6.39c 34.46ab 0.155a 40.84c 38.63c 32.13c 24.13c 33.18c

LEO120 8.55a 37.54b 0.119b 46.09b 42.80b 34.10b 30.06b 33.67ab

Sem 0.614 3.186 0.0204 3.359 2.574 1.087 0.701 1.246

P-value 0.0128 0.008 0.016 <.0001 0.005 <.0001 <.0001 <.0001

NDF

Control 22.71a 42.58b 0.036b 65.30b 56.03 40.43a 35.93a 40.48a

LEO60 19.43b 45.60c 0.042a 65.03c 56.06 40.03b 34.96b 40.05ab

LEO120 17.89c 51.40a 0.031c 69.29a 56.67 37.56c 32.26c 37.57c

Sem 0.864 3.178 0.0032 2.808 1.787 1.191 1.176 1.195

P-value 0.0574 0.017 <.0001 0.023 0.0612 0.024 0.015 0.025

Treatment1-control: Alfalfa silage without additives, LEO60: alfalfa silage with 60 ml lemon seed essential oil kg-1 DM, 
LEO120: alfalfa silage with 120 ml lemon seed essential oil kg-1 DM. Means within same column with different superscripts 
differ (P<0.05).
DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber.

Ruminal metabolites

The effect of adding essential oils in 
this study on the concentration of total volatile 
fatty acids and ammonia nitrogen and pH 
alfalfa silage in 24 hours after incubation is 
shown in Table 4. After 24 hours of incubation, 

the amount of ammonia nitrogen in LEO60 
increased and the LEO120 decreased (p 
<0.05). The results show that the addition 
of LEO60 caused a significant increase in 
total volatile fatty acid (p <0.05). The lowest 
amount of volatile fatty acids was related to 
the treatment LEO120. However, decreased 
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Treatment1-control: Alfalfa silage without additives, C60: alfalfa silage with 60 ml cinnamon essential oil kg-1 DM , C120: 
alfalfa silage with 120 ml cinnamon essential oil kg-1 DM . Means within same column with different superscripts differ 
(P<0.05).

ruminal ammonia nitrogen concentration 
along with decreased total volatile fatty acid 
concentration, indicates that fermentation in 
the diet as a whole has decreased The results 
of pH changes in 24 hours after incubation 

show that the pH of all treatments increased 
slightly. The highest significant increase was 
related to the treatment LEO120 compared to 
the control (p <0.05). 

Table 4
Efects of cinnamon essential oil on volatile fatty acids, ammonia nitrogen and pH of pomegranate seed 
in 24 h of incubation

Treatments1 Incubation times (h)

2 4 8 12 24

DM

control 6.93a 6.83a 6.77ab 6.603b 6.49c

LEO60 6.86b 6.82ab 6.78a 6.666a 6.54b

LEO120 6.84c 6.81b 6.71b 6.593c 6.55a

SEM 0.0175 0.013 0.009 0.0292 0.0211

p-value 0.0046 0.0058 0.004 0.0236 0.0021

NH3-N

control 84a 100.33a 112a 135.33a 142.33b

LEO60 77c 81.67c 91c 107.33c 170.33a

LEO120 82b 95.67b 105b 116.67b 133c

SEM 4.04 2.33 4.41 4.145 4.467

p-value 0.004 0.003 0.027 0.007 0.0026

VFA

control 61b 46.33b 40.33b 35b 24.67b

LEO60 91.67a 68.33a 61a 54.33a 49a

LEO120 33.33c 29c 23.33c 13.66c 11.33c

SEM 0.922 2.325 0.922 1.401 1.551

p-value <.0001 <.0001 <.0001 <.0001 <.0001
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Discussion

Chemical composition 

Sheikh and Jain. (2016) estimated 
the average dry matter, crude protein, ether 
extract, crude ash and neutral detergent-
insoluble fibers in alfalfa forage19.18, 16.6, 
1.47, 11.12, 36.15, respectively. Gozalpur, 
Besharati, Nemati and Abdi. (2017) expressed 
the amount of dry matter, crude protein, ether 
extract, ash and neutral detergent-insoluble 
fibers in alfalfa 35, 14.70, 6.1, 9.8, 41.86, 
respectively, which differs from the findings 
of the present experiment, these differences 
can be due to differences in environmental 
conditions, type of cultivar and agricultural 
management.

Vasconcelos, Croda and Simionatto. 
(2018) reported that essential oils have 
the potential to coagulate some cell wall 
constituents by denaturing proteins. In 
agreement with our result, one experiment 
also reported that essential oils had inhibitory 
effect on growth of clostridia (Vergis, 
Gokulakrishnan, Agarwal, & Kumar, 2015). 
From the results of this experiment it can 
be concluded, probably because essential 
oils inhibit the microorganisms that are 
responsible for spoilage in the silo, they have 
lowered the pH. On the other hand, lowering 
the pH reduces the action of proteolysis and 
plant enzymes or respiratory enzymes, which 
prevents the degradation of silage and the 
conversion of protein to non-protein nitrogen. 
The loss of ADF in supplemented silages could 
be related to more acidic condition in these 
treatments leading to hydrolyses of cell wall 
during of fermentation. Lower pH value in 
treated silage could be resulted of increasing 
in activity of Lactobacillus bacteria, as greater 

amounts of lactic acid can lead to decreased 
silage pH (Borreani, Tabacco, Schmidt, Holmes, 
& Muck, 2018). Some in vitro experiments 
have reported the effect of essential oils on 
the growth and development of acetic acid 
bacteria (Júnior, Capucho, Garcia, Del Valle, 
Campana, Zilio, Azevedo, & Morais, 2020). 
Experimental results show the amount of 
soluble carbohydrates in alfalfa silage varies 
significantly depending on the amount, level 
and type of essential oils. So that the highest 
amount is related to the essential oil of lemon 
seed at the level of 120 and the lowest amount 
is related to the essential oil of lemon seed at 
the level of 60 (p <0.05). The effect of silage on 
the concentration of forage carbohydrates is 
complex and concentration of insoluble fibers 
in neutral detergent in addition to hydrolysis, 
due to other effective factors such as plant 
respiration, the effluent is removed and the 
fermentation changes.

In vitro degradability

Effects of essential oils on rumen 
microbial populations are dose-dependent 
(Macheboeuf, Morgavi, Papon, Mousset, 
& Arturo-Schaan, 2008). The results of 
this experiment are in agreement with the 
findings of Hodjatpanah-Montazeri, Danesh 
Mesgaran, & Vakili. (2016) and Chavez (2012). 
Moselhy, Borba, & Borba. (2015) used pulp 
lemon essential oils as an additive to alter the 
fermentation characteristics of lucerne silage 
in ruminants and showed that thyme essential 
oil reduced the amount of degradability 
values in comparison with control silage. 
Elcoso, Zweifel and Bach. (2019) reported that 
bacterial inoculation increased the digestibility 
of dry matter, organic matter, insoluble fibers in 
neutral detergents, and insoluble fibers in acidic 
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detergents. In another experiment, processing 
of alfalfa silage with thyme essential oils 
resulted in decreasing of in vitro Degradation 
(Pour, Naserian, Vakili, & Tahmasbi, 2017). In the 
experiment of Hodjatpanah-Montazeri, Danesh 
Mesgaran, & Vakili. (2016) by examining the 
essential oils of mint, oregano, thyme, cumin 
and cinnamon to change silage fermentation 
and in-vitro gas production showed that the 
degradability of essential oil treatments in 24 
hours of incubation increased significantly 
compared to the control.

Degradation parameters

Moselhy et al. (2015) stated that the 
addition of essential oils has an effect on 
functionality no digestion by laboratory method. 
In general, it can be concluded that citrus 
essential oils have the ability to alter ruminal 
fermentation processes, however, more tests 
are needed to determine the appropriate dose 
of essential oil for different species essential 
oils can alter the binding and colonization of 
ruminal microbes relative to plant materials 
entering the rumen and are likely to affect the 
segregation of insoluble protein sources as 
opposed to soluble protein sources (Moselhy 
et al., 2015). Due to the low amount of soluble 
carbohydrates, alfalfa makes the fermentable 
substrate as a limiting factor in the process of 
changing silage compositions. In this case, the 
addition of compounds such as essential oils 
with cell wall digestion provides the amount of 
substrate available for fermentation (Besharati, 
Shafipour, & Nemati, 2019). High cell wall 
digestibility has a positive effect on dry matter 
intake, while cell wall concentration has a 
negative correlation with the amount of feed 

cell wall (Duodu, Taylor, Belton, & Hamaker, 
2003). Lemus, Bonilla, Plasencia, & Ly. (2012) 
investigated the effect of plant essential oils 
on ruminal microbial fermentation and feed 
utilization in vitro. The results showed that 
the effect of essential oil composition on 
ruminal microbial activity varied depending on 
the concentrations. Foskolos, Cavini, Ferret, 
& Calsamiglia. (2016) stated that the upper 
cell wall reduces food intake by filling the 
gastrointestinal tract. Kouazounde et al. (2015) 
reported that the addition of Citrus, Ocimum 
reduced the digestibility of crude fiber in vitro 
and this is probably due to the fact that they 
have used their active ingredients instead of 
essential oils.

 

Ruminal metabolites

Busquet, Calsamiglia, Ferret, Carro and 
Kamel. (2005) stated that the essential oils of 
cinnamon, cloves, oregano and green tea as 
well as garlic oil, cinnamaldehyde, caracrol 
and eugenol increased the pH of the abdomen 
during 24 hours of incubation. In studies 
(Kolling, Stivanin, Gabbi, Machado, Ferreira, 
Campos, & Fischer, 2018; Foskolos, Cavini, 
Ferret, & Calsamiglia, 2016), an increase in 
pH was associated with a decrease in the 
concentration of total volatile fatty acids, which 
indicates a decrease in the fermentability of the 
diet due to the antimicrobial activity of phenolic 
compounds. In general, the differences 
between the results of the present study and 
other studies can be related to differences in 
the type, dose and chemical composition of 
the essential oil used, the composition of the 
basic diet and test conditions (in vivo versus in 
vitro, the duration of the test). 
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Conclusions

Alfalfa is one of the most important 
sources of forage in ruminant diet which is 
cultivated widely around the world. However, 
a significant amount of nutrient losses from 
alfalfa due to the mechanical treatments during 
drying and storage process. Therefore, feeding 
alfalfa as silage is an alternative way to prevent 
drying losses. A large number of additives 
can improve the silage quality but processing 
of alfalfa silage with essential oils has not yet 
been widely investigated. 
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