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Table 1- Ingredient and chemical composition of diet (%)

Ingredients DM (%)
Alfalfa 30
Barley 33
Soybean meal 7
Wheat bran 28.5
Calcium carbonate 0.7
Vitamin and mineral mixture 0.5
Salt 0.3
Chemical Composition

Dry Matter 94
Organic matter 87.15
Ash 6.85
Crude protein 16.99
Ether extract 2.95
ADF! 21.47
NDF? 40.78

*Acid detergent fiber, 2Neutral detergent fiber

Table 2- Different ratios of mixed essential oils tested (uL)

Essential oil Mixture A Mixture B Mixture C
Peppermint 150 300 450
Thyme 450 150 300
Rosemary 300 450 150
Ratio of mixtures 1:3:2 2:1:3 3:2:1

Table 3- Effect of different doses (6, 12,18 pL) of three mixtures of peppermint, thyme and rosemary essential oils

on gas production (mL/g DM) during 96 h of incubation

Time . Mixture 2 Dose (ul) . P-value
(h) Control A B C 6 12 18 SEM Mixture Dose Mixture*Dose
2 28.492 22.56° 16.08° 6.70¢ 17.63° 15.65° 11.99¢ 0.74 0.001 0.001 0.127
4 53.632 43.93° 33.41° 19.67¢ 36.65° 32.86° 27.50° 1.14 0.001 0.001 0.032
8 64.972 62.012 50.30° 38.17¢ 55.18° 52.59° 42.71° 1.85 0.001 0.003 0.006
12 86.16% 78.72% 69.77° 60.98° 76.03° 73.98° 59.45° 2.28 0.001 0.001 0.004
24 111.43%  101/28%  92.89% 86.92°  101.58% 97.90° 81.61° 3.10 0.013 0.004 0.004
36 133.84*  118.31° 107.18* 103.67¢ 119.55°  113.32° 96.30° 3.85 0.036 0.001 0.007
48 153.478  12851° 11598° 113.97° 131.88° 122.02® 104.56° 4.58 0.075 0.002 0.002
72 168.06°  132.95°  121.36° 119.21° 139.89° 126.18> 107.44° 5.5 0.154 0.001 0.002
96 176.33  134.88"° 124.06° 121.58° 144.26° 128.05" 108.21° 5.52 0.219 0.007 0.003

! Control = Without additive

2 Mixture = Peppermint: Thyme: Rosemary, A (1:3:2) = 6, 12, 18 pl, B= (2:1:3)=6, 12, 18 pl, C=(3:2:1) =6, 12, 18 pl.

3SEM: Standard error of mean
&d Means within the same row with different superscript differ significantly (P<0.05).

Table 4- Effect of different levels (6, 12,18 pL) of three mixtures of essential oils of peppermint, thyme and
rosemary on Kinetic parameters of gas production

Mixture 2 Dose (ul) P-value

1 3
Parameter  Control A B C 6 12 18 SEM Mixture Dose  Mixture*Dose
(ml /gDMB) 180.05*  134.40° 123.48> 121.67°  143.26 127.52%  108.75° 5.40 022 001 0.01
¢ (ml/h) 0.056° 0.079° 0.068° 0.050¢ 0.060° 0.070% 0.066° 0.01 <0.01 <0.01 <0.01
L(h) -41.46° -16.66°  -6.54° 8.65° -9.34° -3.11% -2.10° 1.79 <0.01 0.02 0.86

Control = without additive
2 Mixture = Peppermint: Thyme: Rosemary, A (1:3:2) = 6, 12, 18 ul, B= (2:1:3)=6, 12, 18 pl, C=(3:2:1) =6, 12, 18 pl.
3SEM: Standard error of mean

=d Means within the same row with different superscript differ significantly (P<0.05).
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Table 5- Effect of 18 microliter level of mixtures of peppermint, thyme and rosemary essential
oils on gas and methane production in 24 hours
Mixture Mixture

Parameter Control A B Mixture C  SEM P-value
Gasz ml/g DM 219.222 204> 198.80° 200.08° 2.38 0.001
Methane (%) 36.242 3438  32.69° 34.16" 0.53 0.002

Treatment: Control = without additive, Mixture A= Peppermint: Thyme: Rosemary (1:3:2) = 18 pul, Mixture
B= Peppermint: Thyme: Rosemary (2:1:3) =18 ul, Mixture C=Peppermint: Thyme: Rosemary (3:2:1) =18 pl.
2GP: amount of gas produced after 24 h incubation

3SEM: Standard error of mean

&d Means within the same row with different superscript differ significantly (P<0.05).
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Introduction: The use of food additives such as antibiotics is a useful tool in reducing energy loss
(methane) and nitrogen (ammonia). However, the use of antibiotics in animal feed has been banned
in the EU since January 2006 due to their residual risk in milk and meat and its subsequent effects on
human health (Aminipour et al. 2017). Essential oils of herbals are used because of their antimicrobial
effect against bacteria, protozoa and fungi, their ability to manipulate rumen fermentation, and their
potential to reduce methane production in ruminant diets (Gunal et al. 2017). The results of research
show that peppermint essential oil reduces methane, ammonia nitrogen concentration, number of
protozoa and changes the molar ratio of short-chain fatty acids (Ahmad et al. 2014). Some
experiments show that thyme essential oil reduces the production of gas (Roy et al. 2015), methane
(Baraz et al. 2018). Although there is useful information about the effects of peppermint, thyme and
rosemary essential oils on their positive effect on rumen fermentation, a study examining the effect
of a mixture of these essential oils is not available. Therefore, this study was conducted to evaluate
the effect of different doses of three mixes of peppermint, thyme and rosemary essential oils (6, 12
and 18 pul) on in vitro gas production parameters.

Material and methods: The essential oils were mixed in three levels of 150, 300, 450 ul, with three
different ratio including A=(1: 3: 2), B=(2: 1: 3) and C=(3: 2: 1); thereafter, the effect of different
doses (6, 12, 18 ul) of these three combinations on fermentation parameters was studied. Rumen fluid
was obtained from three sheep before morning feeding via rumen fistula. The effect of the mixture of
essential oils on gas production and kinetics of gas production was investigated by incubating 125
mg of each sample at 2, 4, 6, 8, 12, 24, 36, 48, 72 and 96 hours. Also, in another experiment, by
incubating the samples for 24 hours, gas production and methane production were estimated. Also,
different mixtures were compared in terms of their effect on reducing the amount of methane
production.

Results and discussion: Adding a mixture of essential oils in different doses reduced gas production
compared to the control group (P<0.05). Comparison of the three mixtures of essential oils tested
showed that during the incubation period of 2 to 12 hours, mixtures B and C showed a decreasing
trend in gas production, meanwhile mixture C had the lowest value compared to the other two
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mixtures (P<0.05). There was no significant difference between mixtures A and B during 24 to 48
hours of incubation, but mixture C showed the lowest value compared to the other two mixtures
(P<0.05). At 72 to 96 hours of incubation, mixtures A, B and C did not show significant differences
in gas production (P<0.05). The results of this experiment showed that mixture C caused a further
reduction in gas production than other mixtures. Decreased gas production can be related to a decrease
in the fermentation activities of microorganisms and a decrease in dry matter digestibility (Tan et al.
2011). On the other hand, reduction in gas production by essential oils may indicate more efficient
use of energy due to inhibition of energy loss in the form of methane (Aminipour et al. 2017). In the
present experiment, different doses of essential oil mixtures reduced gas production, so that at 2 to
96 hours of incubation, doses of 6 and 12 did not differ significantly in terms of gas production (P
<0.05); but the level of 18 pl compared to other doses showed a significant decrease in gas production
(P <0.05). The mixture of essential oils at the level of 6 ul showed that mixture A, which contained
the highest amount of thyme and rosemary essential oils, had no effect on gas production during
incubation compared to control, while mixture C, which contained higher amounts of peppermint and
Thyme essential oils had the greatest impact on gas production. The gas production potential (B) was
not significantly different between the three mixtures (P>0.05), although numerically it was the
lowest in mixture C (19.53 versus 11.82). Gas production rate (c) had a similar trend so that despite
the lack of significant differences between the three mixtures (P>0.05), numerically C mixture
showed the lowest value in terms of this parameter. A decreasing trend in methane production at the
level of 18 ul of essential oil of a mixture of three herbals was observed, so that in mixture B was the
lowest value compared to the control group (P <0.05). Essential oils may directly inhibit the growth
and activity of methanogenic microbes, or indirectly by reducing the number of methanogen-related
protozoa (Gonal et al. 2017) or by indirect reduction in some processes of methanogenic microbial
metabolism (Cobellis et al. 2015) affect methane production. Due to the fact that the proportion of
two thirds of mixture B is peppermint essential oil, the percentage of methane production in mixture
B compared to the control showed a significant decrease. It has been reported that the decrease in
methane production may be due to the reduction of total protozoan by menthol as the main active
ingredient of peppermint essential oil (Roy et al. 2015).

Conclusion: The results of this study showed that in the gas production test at 2 to 96 hours, all three
levels of 6, 12 and 18 microliters significantly reduced gas production at all incubation times, even
24 hours, so at the level of 18 microliters, the largest decrease in gas production was observed. Of the
three mixtures used, mixture B showed the greatest effect in reducing methane production. Therefore,
a dose of 18 ul with a decrease in total gas production and mixture B with a dose of 18 ul with a
decrease in methane production has the potential to change ruminal fermentation.

Keywords: Gas production potential, Gas production rate, Secondary metabolites, Methane, Menthol



