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Abstract 

This study aimed to examine the effects of fermentation parameters on adding 

clove oil to oat straw, alfalfa hay, and maize silage at a 3% dry matter basis. In 

vitro gas production, methane production (CH4), metabolic energy (ME), net 

energy lactation (NEL), and organic matter digestion (OMD) were all 

influenced by the addition of clove oil to oat straw, alfalfa hay, and maize 

silage (P<0.001). The in vitro gas production, CH4 (mL), CH4 (%), ME, NEL, 

and OMD of roughages were found to be between 29.48-48.31 mL, 4.95-8.37 

mL, 15.11-19.96%, 6.53-9.68 MJ kg-1 DM, 3.59-5.79 MJ kg-1 DM, and 41.03-

57.64%, respectively. When roughage samples with and without addition were 

compared, clove oil supplementation decreased net gas production values by 

10 to 28% (P<0.001). The CH4 of roughages with and without clove oil was 

examined. A reduction of 1.31, 2.67, and 3.12 was observed on a mL basis,  to 

11.64, 12.17, and 15.23% on a % methane basis, respectively. At ME, NEL, 

and OMD values calculated with gas production values and chemical 

composition data, the lowest values were found in oat straw with clove oil 

added, and the highest in alfalfa hay without additions (P<0.001). 

As a consequence, the gas production values of the roughages decreased 

significantly with the addition of clove oil. However, the decrease had no anti-

methanogenic effect on CH4, one of the greenhouse gases released by 

ruminants. The use of clove oil in addition to roughage to decrease gas and 

methane production may be advised, although the effect on total mixed rations 

or animals should be examined further through in situ and in vivo 

investigations. 
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1. INTRODUCTION 

It is known that antibiotic feed additives are utilized in ruminant animals to increase feed efficiency 

to prevent metabolic illnesses and diseases and to reduce the amount of methane gas produced in the 

environment, and it is still being researched (Gerber et al., 2013; Jouany and Morgavi, 2007). Antibiotic 

feed additives have been banned in the European Union since January 2006 because of transmission 

from animal products to people, causing antibiotic resistance in microorganisms (Chesson, 2006). The 

interest in alternative plant-based feed additives that increase the performance of animals instead of 

antibiotics and are acceptable in terms of environmental friendliness has led researchers to work in this 

direction (Sarnataro et al., 2020; Geraci et al., 2012; Busquet et al., 2006; Patra et al., 2006). Essential 

oils are plant secondary metabolites composed of terpenoids and phenylpropanoids isolated from various 

plant sections (Calsamiglia et al., 2007). Essential oils have been shown to have the ability to reduce 

energy loss and greenhouse gas emissions through CH4 gas (Benchaar and Greathead, 2011; Nanon et 

al. 2015; Ratika and Singh, 2018). They have also been shown to inhibit rumen microbes, total volatile 

fatty acids, total gas generation, and feed digestion (Wallace et al., 2002; Castillejos et al., 2006; Joch et 

al., 2019). It has been reported that clove oil is the active component of Eugenol and has appetizing, 

digestive stimulant, and antiseptic properties (Franklič et. al., 2009). Also, it contains 14.71% 

Caryophyllene, 14.13% Eugenyl acetate, and 66.59% Eugenol in its chemical composition (Özüretmen, 
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2013). Oils as a feed addition have been used as an option to minimize CH4 in the rumen in recent years 

(Boadi et al., 2004; Martin et al., 2010). Methane, a byproduct of ruminal microbial fermentation, 

contributes significantly to global warming (IPCC, 2014). Ruminants are crucial participants in the 

production of CH4. The quantity of CH4 produced in the rumen is used to calculate environmental 

consequences and energy costs in the animal production industry (Auffret et al., 2018). It is estimated 

that 2-15% of feed energy is wasted as CH4 throughout rumen fermentation. Furthermore, the 

greenhouse impact of CH4 is 23 times that of CO2 (Kim et al. 2012). Dong et al. (2010) concluded that 

the addition of various plant extracts to different diets reduced CH4 emissions. According to Martin et 

al. (2010), the most efficient approach to reducing methane emissions is to enhance ruminant diets with 

oil. Essential oils and their constituents have been shown to influence rumen fermentation and increase 

nutrient use in ruminants (Cardoza et al., 2004; Busquet et al., 2006; Calsamiglia et al., 2007). Ruminant 

nutrition consists of a variety of vegetables, animal by products, and oils (NRC, 2001). Several dietary 

and nutritional techniques, such as using essential oils in the feed, have been suggested to reduce 

ruminant enteric CH4 emissions (Benchaar and Greathead, 2011). It is also stated that farm animals 

contribute 18% of greenhouse gas emissions. It was estimated that around 15% of this constituent was 

produced by fermentation in rumens and ruminant animal manure (Takahashi et al., 2005). The addition 

of oil to animal feeds has been reported in vivo and in vitro studies to kill pathogenic microorganisms in 

the digestive system, improve the flavor and consumability of the feed, increase digestibility, improve 

feed efficiency, increase weight gain, and contribute to a healthier environment by forming compounds 

with ammonia (Tuncer et al., 1989; Kutlu and Görgülü, 2001) The in vitro gas production methodology 

can determine the potential degradability and degradation rate of feeds. This study examined the effects 

of fermentation parameters on the addition of clove oil to oat straw, alfalfa hay, and maize silage at 3% 

dry matter. 

2. MATERIALS AND METHODS 

In the study, oat straw, alfalfa hay, and maize silage (Table 1), which are used in dairy cattle rations 

in the Atatürk University Research and Application Center, were used as feed material. Experimental 

groups were prepared by adding 3% clove oil to raughages. Clove oil, used as an additive, was obtained 

from a commercial herbalist from Iğdır Province, Turkey. The research was carried out at Atatürk 

University's Laboratory of Feed and Animal Nutrition, Department of Animal Science, Faculty of 

Agriculture, Erzurum, Turkey. 

The roughage samples were dried at 70°C for 72 hours in an oven until they reached a consistent 

weight, then powdered in a grinder to pass a 1 mm filter and stored for further nutrient content and gas 

production (GP) parameters assessment.. 

Table 1. Nutrient content of roughages 

 

 

 DM (%) CA (%) EE (%) CP (%) ADF (%) NDF (%) 

Oat straw 94.92 6.39 1.20 4.94 39.05 65.98 

Alfalfa hay 95.04 6.97 1.97 16.05 38.94 56.78 

Maize silage 93.28 8.84 2.52 9.85 34.02 67.05 

DM: Dry matter (%), CA: Crude ash (% of DM), EE: Ether extract (% of DM), CP: Crude protein (% of DM), 

ADF: Acid detergent fiber (% of DM), NDF: Neutral detergent fiber (% of DM) 
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The DM, CA, EE, and CP analyses of roughages were determined with the methods reported by 

AOAC (1990); the ADF and NDF were obtained using the ANKOM and the procedures described by 

Van Soest et al. (1991). 

The amount of gas released as a result of the 24-hour incubation of the ration by method Menke 

et al. (1979) according to the technique reported. The rumen fluid used in the analysis was obtained from 

two cattle brought to the slaughterhouse for slaughter. The methane contents produced at the end of the 

24-hour incubation were determined using an infrared methane analyzer (Goel et al., 2008). 

The following equation was used to determine the methane production of roughages per mL; 

CH4 production (mL) = Total gas production (mL) x Percentage of CH4 (%) 

The ME, NEL, and OMD values of the roughages were calculated with the following equations 

stated by Menke and Steingass (1988). Data from GP, CP, EE, and CA in the equations was used. 

ME = 2.2 + 0.1357 x GP + 0.057 x CP + 0.002859 x EE2     (1) 

NEL= 0.101 x GP + 0.051 x CP + 0.112 x EE      (2) 

OMD = 14.88 + 0.8893 x GP + 0.448 x CP + 0.651 x CA     (3) 

ME: Metabolisable energy (MJ Kg-1 DM) GP: Gas production of 24H (200 mg mL-1) 

CP: Crude protein (%) EE: Ether extract (%) NEL: Net energy for lactation (MJ Kg-1 DM) 

OMD: Organic matter digestibility (%) CA: Crude ash (%) 

One-way analysis of variance (ANOVA) was used to determine the effects of clove oil on gas 

production, methane production, metabolisable energy, and organic matter digestibility of the 

roughages. The obtained data were analyzed using SPSS 17.0 (2011), and the differences between the 

means were determined using Tukey multiple comparison tests. The mean differences were considered 

significant at p<0.001. 

3. RESULTS AND DISCUSSION 

The effects of clove oil on gas production, methane production, metabolisable energy and organic 

matter digestibility were given in Table 2. In vitro gas production, methane production (CH4), metabolic 

energy (ME), net energy lactation (NEL), and organic matter digestion (OMD) were all influenced by 

the addition of clove oil to oat straw, alfalfa hay, and maize silage (P<0.001). The in vitro gas production, 

CH4 (mL), CH4 (%), ME, NEL, and OMD of roughages were found to be between 29.48-48.31 mL, 4.95-

8.37 mL, 15.11-19.96%, 6.53-9.68 MJ kg-1 DM, 3.59-5.79 MJ kg-1 DM, and 41.03-57.64%, respectively. 

Table 2. Gas production, methane content, metabolic energy, net energy for lactation and organic matter digestibility of 

roughages and clove oil mixtures 

 Net Gas 

(mL) 

CH4 

(mL) 

CH4 

(%) 

ME 

(MJ Kg-1 DM) 

NEL 

(MJ Kg-1 DM) 

OMD 

(%) 

Oat straw 38.37b 7.66a 19.96a 7.69b 4.41b 48.54b 

Alfalfa hay 48.31a 8.37a 17.34b 9.68a 5.79a 57.64a 

Maize silage 36.59bc 6.26b 17.10b 7.75b 4.43b 47.49b 

Oat straw + %3 CO 29.48d 4.99c 16.92b 6.53c 3.59c 41.03c 

Alfalfa hay + %3 CO 34.46bcd 5.25bc 15.23c 7.86b 4.50b 45.93b 

Maize silage + %3 CO 32.68cd 4.95c 15.11c 7.28bc 4.10bc 44.19bc 

SEM 1.69 0.33 0.29 0.23 0.16 1.43 

P. 0.000 0.000 0.000 0.000 0.000 0.000 
abcColumn means with common superscripts do not differ. CH4: Methane, ME: Metabolisable Energy (MJ kg-1 

DM), NEL: Net Energy for Lactation (MJ kg-1 DM), OMD: Organic Matter Digestibility (%), CO: Clove Oil, SEM: 

Standard Error Mean, Sig: Significant level, ***: P<0.001 
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Comparing the roughage samples with and without additives, the addition of clove oil reduced the 

net gas production values by 10 to 28% (P<0.001). The CH4 of roughages with and without clove oil 

was examined. A reduction of 1.31, 2.67, and 3.12 was observed on an mL basis, which corresponds to 

11.64, 12.17, and 15.23% on a % methane basis, respectively. Sembiring and Baba (2022) tested the in 

vitro gas production of different roughages and reported that the gas productions of between 44 and 68 

mL in 24 hours. The stated values are higher than the without additive roughage values obtained in the 

current study. With the addition of clove oil, the gas values obtained from the present study decreased 

further. Kaya and Kaya (2021) reported that decreasing in methane percentage (1.2%) with adding corn 

oil to TMR compared to the control group. Although the stated value is very low compared to the current 

study, the effect of feed additives in TMR on gas production values of feeds needs to be tested with 

further studies. 

 
Figure 1. Percentage methane changes of forages with and without clove oil addition 

Baraka and Abdl-Rahman (2012) investigated the effects of fumaric acid (0.5 mg L-1) and different 

doses of eugenol (100, 200, and 400 mg L-1) combinations on in vitro rumen fermentation. It was 

observed that the total VFA ratio and the amount of CH4 gas decreased in the combination. The stated 

results are consistent with the data obtained as a result of the current study. The fact that eugenol, the 

active ingredient of clove oil, has digestive stimulant and antiseptic properties, is thought to be related 

to the results of the study. 

At ME, NEL, and OMD values calculated with gas production values and chemical composition 

data, the lowest values were found in oat straw with clove oil added, and the highest in alfalfa hay 

without additions (P<0.001). 

Canbolat et al. (2011) investigated the effects of some essential oils (thyme, clove, mint, orange, 

and cinnamon) on in vitro gas production, OMD, and rumen fermentation of sainfoin, another roughage. 

It has been reported that with the addition of essential oils OMD and ME, a decrease was observed in 

the production of VFA, NH3-N, and CH4 gas. In the study, OMD and ME values for the control group 

were 69.7% and 10.8 MJ kg-1, respectively, while in terms of the same parameters, they were found to 

be 55.7% and 8.6 MJ kg-1 for clove oil. The stated ME and OMD values are higher than the values 

obtained in the current study. Since the chemical composition of the feeds and gas production values are 

used in the calculation of the ME and OMD values, it is thought that the roughage types may have an 

effect on the variability of the current values. 

In a study on in vitro dry matter digestibility and ME value of clove essential oil, it was reported 

that a dose of 300 ppm increased feed digestibility (10%) and ME value (11%) (Rofiq et al., 2012). The 

reported results are conflict with the data obtained as a result of the present study.  

It has also been reported that essential oils have different effects on rumen bacteria; they stimulate 

microbial activity in some cases, but generally negatively affect the digestion of feed and reduce the 

metabolizable energy (ME) value (Canbolat et al., 2010). 
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According to Lopez et al. (2010), methane gas levels generated in feeds may be classified as low 

anti-mehanogenic (>11% and 14%), medium anti-metanogenic (>6% and 11%), or high anti-

methanogenic (>0% and 6%). By taking these classes into account, ruminant energy usage efficiency 

may be raised while methane gas, which causes global warming, can be minimized. The result of this 

study indicate that the addition of clove oil decreases the methane percentages of roughages to some 

extent, but not sufficiently to be classified as anti-methanogenic. 

4. CONCLUSION 

Considering the results of many studies in the field of animal nutrition, it is seen that oils obtained 

from different plants have an effect on enteric gas production. However, the desired results could not be 

achieved in terms of minimizing the environmental damage to the emissions in terms of methane 

percentage. 

As a consequence, the gas production values of the roughages decreased significantly with the 

addition of clove oil. However, the reduction had no anti-methanogenic effect on CH4, one of the 

greenhouse gases released by ruminants. The use of clove oil in addition to roughage may be advised to 

decrease gas and methane production, but the effect on total mixed rations or animals should be 

examined further studies through in situ and in vivo investigations. 
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