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Abstract
This experiment used the in vitro gas production method to investigate the ef-
fects of adding oregano oil to the incubation medium on rumen fermentation
characteristics and methane production in sheep. A single-factor completely ran-
domized experimental design was adopted, with 0 (control), 100, 200, 300, and
400 mg/L of oregano oil added to the medium in each group, with 5 replicates
per group. After 12 h of fermentation, total gas production, methane produc-
tion, medium pH, and concentrations of total nitrogen, ammonia nitrogen, urea
nitrogen, protein nitrogen, and volatile fatty acid concentrations and propor-
tions were measured. The results showed: 1) The addition of 100, 200, 300,
and 400 mg/L oregano oil to the medium significantly increased the medium
pH (P<0.05); high addition levels (300, 400 mg/L) of oregano oil significantly
decreased the total volatile fatty acid concentration and propionate proportion
in the medium (P<0.05), significantly increased the acetate proportion and
acetate/propionate ratio in the medium (P<0.05), and inhibited rumen fermen-
tation. 2) Compared with the control group, ammonia nitrogen concentration
in the medium was significantly decreased in all treatment groups except the 100
mg/L oregano oil group (P<0.05). 3) High addition levels (300, 400 mg/L) of
oregano oil significantly decreased methane production while also significantly
decreasing total gas production (P<0.05). It can be concluded that oregano
oil can regulate rumen fermentation and reduce methane production, but ex-
cessively high addition levels have an inhibitory effect on rumen fermentation,
with the optimal addition level under in vitro conditions being 200 mg/L.
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Abstract

This study investigated the effects of oregano oil on ruminal fermentation
characteristics and methane production in sheep using in vitro gas production
technique. A single-factor completely randomized design was employed, with
oregano oil added to the culture medium at concentrations of 0 (control), 100,
200, 300, and 400 mg/L, each group having five replicates. After 12 hours of
fermentation, total gas production, methane production, pH, concentrations
of total nitrogen, ammonia nitrogen, urea nitrogen, and protein nitrogen, as
well as volatile fatty acid concentrations and proportions were measured. The
results showed: (1) Addition of oregano oil at 100, 200, 300, and 400 mg/L all
significantly increased culture medium pH (P<0.05). High supplementation
levels (300 and 400 mg/L) significantly decreased total volatile fatty acid con-
centration and propionate proportion (P<0.05), while significantly increasing
acetate proportion and acetate/propionate ratio (P<0.05), indicating inhibited
ruminal fermentation. (2) Compared with the control group, ammonia nitrogen
concentration was significantly reduced in all treatment groups except the 100
mg/L group (P<0.05). (3) High supplementation levels (300 and 400 mg/L)
significantly decreased both methane production and total gas production
(P<0.05). In conclusion, oregano oil can regulate ruminal fermentation and
reduce methane production, but excessive supplementation levels inhibit
ruminal fermentation. The optimal supplementation level under in vitro
conditions is 200 mg/L.

Keywords: oregano oil; in vitro gas production technique; fermentation char-
acteristics; methane yield

Introduction
Oregano essential oil (OEO) is a volatile plant oil extracted from the leaves
and flowers of oregano (Origanum vulgare), containing over 30 antimicrobial
compounds. Its active components are primarily carvacrol (2-methyl-5-
isopropylphenol) and thymol (5-methyl-2-isopropylphenol) [1], which are

chinarxiv.org/items/chinaxiv-201812.00279 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00279


approved as antimicrobial growth promoters by China’s Ministry of Agri-
culture. Previous studies have demonstrated that dietary supplementation
with oregano oil in ruminants can regulate ruminal fermentation, reduce
ruminal methane emissions [2] and ammonia nitrogen concentration [3-4], and
improve animal performance [5]. As global warming intensifies, greenhouse gas
(CO�, CH�, and N�O) emission reduction has garnered widespread attention.
Methane, with its long atmospheric lifetime, has a global warming potential
approximately 25 times that of carbon dioxide [6]. In the rumen, 82% of
methane is produced by Methanobrevibacter spp. utilizing metabolic hydrogen
to reduce CO� [7]; however, methane is not utilized by the animal and is
expelled through eructation, representing a significant energy loss. As a feed
additive, oregano oil can control greenhouse gas emissions, reduce energy
loss, and improve feed utilization efficiency. Therefore, in-depth research on
oregano oil application in animal production is of great significance. This study
employed in vitro gas production technique to investigate the effects of different
oregano oil supplementation levels on ruminal fermentation characteristics and
methane production, aiming to determine the optimal supplementation level
and provide scientific basis for oregano oil application in ruminant production.

Materials and Methods
1.1 Materials

Oregano oil was purchased from Jinan Shangda Bioengineering Co., Ltd., with
a purity of 90%.

1.2 Experimental Animals and Management

Four crossbred male sheep (Xinjiang fine-wool × Dorper), aged 4 years and
weighing 40.83 ± 4.11 kg, fitted with permanent rumen fistulas, served as ru-
men fluid donors. The basal diet was formulated according to nutrient require-
ments recommended in Feeding Standard of Meat Sheep (NY/T816-2004), with
a concentrate-to-forage ratio of 30:70. Diet composition and nutrient levels are
shown in . Animals were fed equal amounts twice daily at 07:00 and 17:00
(forage first, then concentrate) with free access to water. A 10-day pre-feeding
period preceded rumen fluid collection for in vitro fermentation trials.

1.3 Experimental Design

A single-factor completely randomized design was adopted. The in vitro fer-
mentation system consisted of six fermentation vessels (effective volume: 200
mL each). One vessel served as a blank control (no substrate or oregano oil,
for gas production correction), while the remaining five vessels received culture
medium + fermentation substrate + oregano oil. Oregano oil concentrations
in culture medium were set at 0 (control), 100, 200, 300, and 400 mg/L, with
fermentation lasting 12 hours. The experiment ran for five consecutive days,
providing five replicates per supplementation level.
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1.4 Experimental Procedures

1.4.1 Apparatus The in vitro gas production system was the “Six-channel
Instantaneous Fermentation Micro-gas Automatic Recording Device and Soft-
ware System”(Model Qtfxy-6) independently developed by the Branch Academy
of Animal Science, Jilin Academy of Agricultural Sciences. The apparatus com-
prises a constant-temperature anaerobic fermentation system and a data acqui-
sition system. Each of the six stainless steel fermentation vessels is connected
to two latex tubes: one linked to a nitrogen tank providing continuous nitrogen
flow to maintain anaerobic conditions, and another connecting to the data ac-
quisition system to deliver fermentation gases. Methane (Semsorseurope, Ger-
many), carbon dioxide (Semsorseurope, Germany), oxygen (AMI, USA), and
hydrogen (CITY, UK) concentration sensors detect gas composition. The data
acquisition instrument collects gas data from each vessel sequentially (1-6) at
1-minute intervals, completing a cycle every 6 minutes.

1.4.2 Buffer Preparation Anaerobic artificial rumen buffer was prepared
according to Menke et al. [8].

1.4.3 Rumen Fluid Collection On the experimental day, before morning
feeding, sufficient rumen fluid was collected from different sites in the rumen of
the four fistulated sheep using negative pressure. The fluid was mixed under
anaerobic and sterile conditions, then filtered through four layers of cheesecloth
to separate solid and liquid fractions.

1.4.4 Experimental Process The culture medium (150 mL) consisted of
rumen fluid and buffer at a 1:2 ratio. Fermentation substrate (2 g) was composed
of diet with a concentrate-to-forage ratio of 30:70. Oregano oil was prepared
by dissolving 0, 150, 300, 450, and 600 mg in 10 mL anhydrous ethanol to
create solutions of 0, 15, 30, 45, and 60 mg/mL, respectively. One milliliter
of each solution was added to the corresponding culture medium to achieve
final concentrations of 0, 100, 200, 300, and 400 mg/L. The blank control also
received 1 mL anhydrous ethanol. The water bath shaker was maintained at
39°C with a rotation speed of 80 r/min.

1.4.5 Sample Collection After 12 hours of fermentation, pH was measured
immediately, and culture medium samples were collected and stored at -20°C for
subsequent determination of total nitrogen, ammonia nitrogen, urea nitrogen,
and volatile fatty acid concentrations.

1.5 Measurement Indicators and Methods

pH: Measured using a pH meter (pHS-3C, Shanghai Leici Instrument Factory).

Volatile fatty acid concentration: Determined by gas chromatography
(6890N, Agilent, USA) using an HP19091N-213 capillary column (Agilent,
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USA). Chromatographic conditions: injector temperature 220°C, nitrogen flow
rate 2.0 mL/min, split ratio 40:1, injection volume 0.6 �L, temperature program
(120°C for 3 min, then increased to 180°C at 10°C/min, held for 1 min), flame
ionization detector (FID) temperature 250°C, FID air, hydrogen, and nitrogen
flow rates of 45, 40, and 45 mL/min, respectively.

Total nitrogen concentration: Determined by Kjeldahl method [9].

Ammonia nitrogen concentration: Measured by modified colorimetric
method according to Feng et al. [10].

Urea nitrogen concentration: Determined by diacetyl monoxime method
using assay kits purchased from Nanjing Jiancheng Bioengineering Institute.

Protein nitrogen concentration was calculated as: Protein nitrogen
(mg/dL) = Total nitrogen (mg/dL) - Ammonia nitrogen (mg/dL) - Urea
nitrogen (mg/dL).

Total gas production and methane production: Collected and recorded
in real-time by the data analyzer.

1.6 Statistical Analysis

Data were analyzed using one-way ANOVA in SPSS 19.0 software. When sig-
nificant differences were detected, multiple comparisons were performed using
Turkey’s test (for homogeneous variances) or Tamhane’s test (for heterogeneous
variances). Significance was declared at P<0.05.

Results
2.1 pH and Volatile Fatty Acid Concentration and Proportion in Cul-
ture Medium

As shown in , compared with the control group, pH values in all treatment groups
increased by 2.6%, 5.6%, 7.2%, and 6.8%, respectively, and were all significantly
higher (P<0.05). The 300 and 400 mg/L groups showed significantly lower total
volatile fatty acid concentration and propionate proportion compared with other
groups (P<0.05), while acetate proportion and acetate/propionate ratio were
significantly increased (P<0.05). Butyrate and other acid proportions showed
consistent changes: the 200 mg/L group was significantly higher than the control
(P<0.05), while the 400 mg/L group was significantly lower (P<0.05).

2.2 Nitrogen Concentration in Culture Medium

As shown in , ammonia nitrogen concentration was significantly reduced in
all treatment groups except the 100 mg/L group compared with the control
(P<0.05). Total nitrogen concentration in the 300 mg/L group was significantly
higher than in the 100 and 400 mg/L groups (P<0.05) but did not differ sig-
nificantly from other groups (P>0.05). Urea nitrogen concentration showed no
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significant difference compared with the control (P>0.05), though the 400 mg/L
group was significantly higher than the 200 mg/L group (P<0.05). Protein ni-
trogen concentration in the 300 mg/L group was significantly higher than in the
400 mg/L group (P<0.05), with no significant differences among other groups
(P>0.05).

2.3 Total Gas Production and Methane Production

As shown in , total gas production and methane production showed consistent
patterns: both were significantly reduced in the 300 and 400 mg/L groups com-
pared with the control (P<0.05), with no significant differences among other
groups (P>0.05). The dynamic changes in methane production at different
time points are illustrated in [Figure 1: see original paper]. At all time points,
the control group showed the highest methane production, while the 300 and
400 mg/L groups were substantially lower.

Discussion
3.1 Effects of Oregano Oil on pH and Volatile Fatty Acid Concentra-
tion and Proportion in Culture Medium

Ruminal pH is a primary indicator for diagnosing ruminal acidosis in rumi-
nants, with volatile fatty acids and lactic acid being the main factors causing
pH changes [11]. In this study, pH values in all treatment groups ranged from
6.63 to 7.17, significantly higher than the control and within the optimal range
(5.5-7.5) for rumen microbial growth, development, and fermentation [12], indi-
cating that oregano oil can increase in vitro culture medium pH. Xu [13] investi-
gated the effects of different oregano oil levels (0, 27, 53, 80 mg/dL) on ruminal
fermentation characteristics of yellow cattle using in vitro batch culture with
a 60:40 concentrate-to-forage diet, reporting that oregano oil increased culture
medium pH in a dose-dependent manner. Evans et al. [14] demonstrated that
thymol inhibited the growth of Streptococcus bovis and Selenomonas ruminan-
tium, which are associated with ruminal energy metabolism, thereby reducing
lactic acid concentration. Lactic acid is a strong acid with a dissociation con-
stant (pKa 3.9) lower than that of volatile fatty acids (4.8), contributing nearly
ten times more to ruminal pH reduction than volatile fatty acids [15-16], thus
reducing organic acid accumulation and increasing ruminal pH.

Volatile fatty acids are the end products of rumen microbial fermentation and
the primary form of energy supply for ruminants [17]; therefore, any oregano oil
level that reduces total volatile fatty acid concentration is considered detrimen-
tal. In this study, high supplementation levels (300 and 400 mg/L) significantly
decreased total volatile fatty acid concentration (by 21.6% and 35.5%, respec-
tively) and propionate proportion (by 21.3% and 24.9%, respectively), while sig-
nificantly increasing acetate proportion (by 3.8% and 7.3%, respectively) and
acetate/propionate ratio (by 32.3% and 43.2%, respectively), indicating that
oregano oil concentrations above 300 mg/L inhibited ruminal fermentation and
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microbial activity. Lin et al. [18] studied the effects of oregano oil and its main
component carvacrol on in vitro ruminal fermentation, adding 0, 50, 200, 500,
and 750 mg/L oregano oil to culture medium, and found that total volatile fatty
acid concentration decreased with increasing oregano oil levels, with high levels
(500, 750 mg/L) inhibiting ruminal fermentation. This effect is attributed to
loss of cell membrane integrity and reduced glucose uptake [14]. Castillejos et
al. [19] investigated the effects of various plant oils at different concentrations
(5, 50, 500, 5,000 mg/L) on in vitro fermentation products, finding that 500
mg/L thymol significantly reduced total volatile fatty acid concentration and
propionate proportion while significantly increasing pH, acetate proportion, and
acetate/propionate ratio, whereas low levels (5, 50 mg/L) had no significant ef-
fects. Patra et al. [20-21] reported that oregano oil supplementation in vitro
reduced populations of rumen protozoa, bacteria, and major cellulolytic bac-
teria (Fibrobacter succinogenes, Ruminococcus flavefaciens, and Ruminococcus
albus) in a dose-dependent manner. In this study, total volatile fatty acid con-
centration decreased with increasing oregano oil levels, showing a dose-response
effect likely because high oregano oil levels inhibited fiber degradation by cel-
lulolytic bacteria and protozoa, thereby reducing total volatile fatty acid con-
centration. However, some studies reported that plant oil supplementation had
no effect [22-23] or even increased total volatile fatty acid concentration [24-
25], possibly because the supplementation level and chemical structure of the
main components determine the effect. Plant essential oils have differential
effects on individual volatile fatty acids. Some studies reported that plant es-
sential oils selectively inhibit rumen microbial populations, with high oregano
oil levels promoting Gram-positive bacteria (acetate producers) while inhibit-
ing Gram-negative bacteria (propionate producers), thereby increasing acetate
proportion, decreasing propionate proportion, and elevating acetate/propionate
ratio [14], consistent with our findings.

3.2 Effects of Oregano Oil on Nitrogen Concentration in Culture
Medium

In this study, total nitrogen, urea nitrogen, and protein nitrogen concentrations
showed no significant differences compared with the control, while ammonia
nitrogen concentration ranged from 8.81 to 12.64 mg/dL, within the normal ru-
minal ammonia nitrogen range (85-300 mg/L) [26]. Compared with the control,
oregano oil at 100, 200, 300, and 400 mg/L reduced ammonia nitrogen concentra-
tion by 9.8%, 21.0%, 13.1%, and 20.3%, respectively, with significant reduction
only at levels above 100 mg/L. These results align with Bai [27], who added dif-
ferent concentrations (0, 45, 450, and 4,500 mg/L) of oregano oil and thymol to
in vitro culture medium and found no significant difference at 45 mg/L oregano
oil after 24 hours, while other treatment groups were significantly lower than the
control; all thymol groups were significantly lower than the control. Our results
are similar to those of Castillejos et al. [19] and Cobellis et al. [2]. The mech-
anism for reduced ammonia nitrogen concentration involves: (1) inhibition of
hyper-ammonia-producing bacteria (e.g., Clostridium sticklandii, Peptostrepto-
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coccus anaerobius) and reduced deaminase activity, leading to decreased amino
acid deamination [28-29]; and (2) reduced protozoal numbers, as protozoa are
net ammonia nitrogen producers in the rumen [30].

3.3 Effects of Oregano Oil on Total Gas Production and Methane
Production

Total gas production is an important indicator reflecting feed fermentability
and rumen microbial activity [31]. The primary pathway for methane synthesis
in the rumen involves hydrogen reduction of carbon dioxide, with secondary
pathways from volatile fatty acids such as acetate, formate, and butyrate [12];
thus, any factor affecting methane formation pathways alters methane produc-
tion. This study showed that total gas production decreased with increasing
oregano oil concentration, with significant reduction at high levels (300 and
400 mg/L), indicating inhibited ruminal fermentation. Similarly, only high
oregano oil levels (300 and 400 mg/L) significantly reduced methane produc-
tion. Evans et al. [14] reported that thymol at 50, 100, and 200 mg/L had
no effect on methane production in vitro, while 400 mg/L significantly reduced
methane production. Chaudhary et al. [32] reported that 450 mg/L thyme oil
and oregano oil significantly reduced in vitro methane production (by 68.8% and
82.5%, respectively), while 50 and 150 mg/L had no significant effects. Studies
by Günal et al. [33] and Macheboeuf et al. [34] are consistent with our results,
possibly because rumen microorganisms develop tolerance to low plant essential
oil levels, rendering them ineffective. Wang et al. [35] demonstrated in vivo
that 0.25 g/d oregano oil mixture reduced methane production in sheep. Some
scholars propose that plant essential oils reduce methane production by directly
inhibiting methanogen activity or indirectly reducing protozoal numbers that
symbiotically associate with methanogens [20-21,36]. Another theory suggests
an inverse relationship between propionate proportion and methane production,
as propionate acts as a hydrogen sink, utilizing hydrogen required for methane
synthesis [12]. However, this relationship was not observed in our study, war-
ranting further investigation.

Conclusion
(1) High supplementation levels (300 and 400 mg/L) of oregano oil signifi-

cantly reduced methane production but also significantly decreased total
gas production and total volatile fatty acid concentration, inhibiting ru-
minal fermentation and proving detrimental to ruminant nutrition. In
contrast, 200 mg/L oregano oil significantly reduced ammonia nitrogen
concentration without significantly affecting total gas production or total
volatile fatty acid concentration. (2) Based on comprehensive evaluation
of all indicators, the optimal supplementation level under in vitro condi-
tions is 200 mg/L.
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