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ABSTRACT. Modifying ruminal biohydrogenation (BH) is a widely investigated approach to
improve the fatty acid (FA) profile of ruminant-derived products. This study evaluated the
effects of thyme (Thymus vulgaris; TEO), peppermint (Mentha piperita; PEO), and lavender
(Lavandula angustifolia; LEO) essential oils (EOs) on in vitro ruminal short-chain fatty acid
(SCFA) profiles and BH of polyunsaturated fatty acids (PUFAS). A basal substrate consisting
of alfalfa hay and a concentrate mixture (60:40) supplemented with 2% fish oil (FO) was used
as a source of long-chain PUFAs. The treatments included a control (FO-supplemented TMR
without EO) and three EO groups, each added at 1.5 ul/ml of buffered rumen fluid. All EOs
significantly inhibited the final step of BH, as indicated by a marked reduction in stearic acid
(C18:0) concentration (P < 0.01). TEO supplementation resulted in the highest concentrations
of c9, t11-CLA, and linoleic acid, suggesting inhibition of the final BH step and greater
availability of vaccenic acid for endogenous CLA synthesis. Conversely, PEO resulted in the
highest concentrations of eicosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid
(DHA, C22:6 n-3) (P < 0.01), together with the lowest concentration of palmitic acid (C16:0),
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indicating greater protection of fish oil-derived PUFAs. TEO also increased the acetate-to-
propionate ratio (P < 0.01). Our findings demonstrate that the effects of the essential oils on
ruminal BH differed between plant species. TEO promoted CLA accumulation, whereas PEO
more effectively preserved EPA and DHA and reduced palmitic acid concentration.

Keywords: CLA; fish oil; essential oils; PUFA; rumen fermentation; ruminal
biohydrogenation.

Introduction

Improving the nutritional value and fatty acid profile of ruminant-derived products has
long been an important objective in animal nutrition research (Givens and Shingfield, 2004).
Recent meta-analyses have indicated that increasing the proportion of polyunsaturated fatty
acids (PUFAS) to saturated fatty acids (SFAS) improves the nutritional quality of these products
and addresses the growing demand for foods produced using sustainable production systems
(Frutos etal., 2020). However, dietary PUFAs undergo extensive biohydrogenation (BH),
during which rumen microorganisms convert them into intermediate products and, ultimately,
into SFAs (Kepler and Tove, 1967). As a result, only a limited proportion of beneficial PUFAs,
such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), reaches the lower
digestive tract. Therefore, modifying specific steps of ruminal biohydrogenation (BH) has been

proposed as an approach to increase PUFA availability in ruminant products.

Ruminal BH is carried out by specific microbial consortia, with species belonging to
the Butyrivibrio group playing a major role (Maia et al., 2007). These microorganisms convert
PUFASs to stearic acid (C18:0) through a series of intermediate products, including conjugated

linoleic acid (CLA) and vaccenic acid (VA). Therefore, natural compounds capable of



modifying specific steps of BH may increase the accumulation of beneficial intermediates while

limiting the hydrogenation of long-chain PUFAs.

EOs are complex mixtures of bioactive compounds that have been investigated as
natural modifiers of the ruminal environment (Vasta and Bessa, 2012). Recent studies have
prioritised the effects of different EO constituents, including phenolic compounds and
terpenoids, on ruminal microbial activity and BH (Vasta et al., 2019). However, existing data,
due to differences in EO composition, concentration, and experimental conditions, remain
inconsistent. For instance, thymol-rich oils have been reported to inhibit the final step of BH,
reducing C18:0 formation (Makmur et al., 2023). In contrast, the impact of terpenoids, such as
menthol, on the BH of fish-derived long-chain n-3 PUFAs is less explored (Ishlak et al., 2015).
These findings suggest that the effects of EOs result not only from microbial inhibition but also

from changes in metabolic pathways.

In the present study, we investigated the effects of thyme, peppermint, and lavender
essential oils on microbial metabolism, each characterized by a distinct major bioactive
constituent (thymol, menthol, and linalool, respectively). Given the unique chemical structures
of these oils, we hypothesised that they would exert differential effects on the biohydrogenation
of afish oil-supplemented diet. Specifically, this study aimed to determine whether these
chemotypes could act as targeted modifiers to promote ruminal vaccenic acid accumulation for

CLA enrichment or to preserve n-3 PUFAs.

Materials and methods

Ethical statement, donor animals, and inoculum preparation

Rumen fluid was collected post-mortem at a commercial slaughterhouse immediately
following the routine slaughter of animals for meat production. The biological material was

obtained as a byproduct of commercial slaughter and no invasive or experimental procedures



were performed on live animals, thus institutional animal care and use committee approval was

not required under national legislation.

Rumen fluid was collected within 10 — 15 min post-mortem from three healthy beef
steers with documented health status and dietary history. Before slaughter, the animals were
maintained on a standard high-forage backgrounding diet containing at least 60% forage on
a dry matter (DM) basis. The animals had no prior exposure or adaptation to FO or EOs to

ensure a microbial profile typical of forage-based ruminant diets.

To obtain a representative and homogenous microbial inoculum, rumen content from
each steer was collected separately, filtered through four layers of cheesecloth into pre-warmed
(39 °C) insulated flasks under continuous CO: flushing and mixed in equal volumes before
being pooled for use as the inoculum in batch cultures. The pooled inoculum was then mixed
with an anaerobic buffer solution prepared according to Menke and Steingass (1988) at a 1:2

(v/v) ratio under strict anaerobic conditions (pH 6.8 + 0.05, 39 °C).
Substrate preparation and experimental design

The basal fermentation substrate used in all experimental treatments consisted of a total
mixed ration (TMR; 60% alfalfa hay and 40% concentrate mixture on a DM basis)
supplemented with 20 g/kg DM FO as a source of long-chain PUFAs. The chemical and fatty
acid composition of the FO-supplemented TMR are presented in Table 1, whereas the fatty acid
profile of the FO is provided in Table 2. The TMR contained 14.2% crude protein and 4.6%
ether extract. Supplementation with 2% FO increased the concentrations of DHA
(21.63 g/100 g) and EPA (8.14 ¢g/100 g) in the diet. The FO utilised in this study had a high

DHA content (26.44 g/100 g).

The experimental groups consisted of a control (FO-supplemented TMR without EO) and
three EO treatments: TEO (FO-supplemented TMR + thyme [Thymus vulgaris] EO), LEO (FO-

supplemented TMR + lavender [Lavandula angustifolia] EO), and PEO (FO-supplemented
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TMR + peppermint [Mentha piperita] EO). Pure EOs were obtained from the Department of
Field Crops, Faculty of Agriculture, Erciyes University. Each EO treatment was added directly
to the corresponding incubation vials at a concentration of 1.5 ul/ml of buffered rumen fluid.
EO composition was determined by GC/MS (Shimadzu QP2020 NX, Tokyo, Japan) using an
Rtx-5MS column (Agilent, GA, USA). The oven temperature program started at 40 °C for
3 min, increased to 240 °C ata rate of 5 °C/min, then at 1 °C/min, and was finally held at 240 °C
for 10 min. Volatile compounds were identified using the FFNSC3, WIN11, and NIST11 mass
spectral libraries. The essential oil composition of thyme, lavender, and peppermint is shown
in Table 3. Thyme EO contained mainly p-cymene (44.78%) and thymol (30.96%), lavender
EO linalool (40.23%) and linalyl acetate (21.52%), and peppermint EO menthol (49.08%) and
menthone (21.72%) (Table 3).

In vitro incubation and sampling

Approximately 500 + 5 mg of the respective substrate was weighed into 250 ml serum
bottles, followed by the addition of 50 ml of buffered rumen fluid under a stream of COa. The
bottles were sealed with butyl rubber stoppers and aluminium crimps. To assess the
reproducibility of the invitro system, incubations were performed in three independent
analytical batches on different days, with five replicates per treatment in each batch
(n =5 replicates x 3 batches). Each serum bottle was considered an experimental unit.

The bottles were incubated in a shaking water bath at 39 °C for 24 h. Fermentation was
terminated by placing the bottles on ice, after which the incubation fluid and residues were
immediately collected for short-chain fatty acid (SCFA) and FA analyses.

Lipid extraction and fatty acid composition

The initial TMR, FO-supplemented TMR, and post-incubation residues were
lyophilised using a freeze-dryer. Total lipids were extracted from the solid residue and the
corresponding fluid phase according to the protocol described by Folch et al. (1957) using
a chloroform-methanol (2:1, v/v) mixture. The crude lipid extract was washed with
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a 7.3 g/l NaCl solution. Fatty acid methyl esters (FAME) were prepared by transesterification
with 2 N methanolic KOH solution, followed by dilution in hexane and centrifugation at
4000 rpm for 10 min (Fritsche and Steinhart, 1998).

The quantitative FA composition was determined using a gas chromatograph (GC-2010
Plus, Shimadzu Corporation, Kyoto, Japan) equipped with a flame ionisation detector (FID)
and ahighly polar capillary column (HP-88, 100 m x 0.25 mm ID x 0.2 um, Agilent
Technologies, CA, USA). Individual FA CLA isomers, and medium-chain FAs were identified
by comparing their retention times with external reference materials (AOAC 996.06 Standard,
FAME Mix, and CLA standard). To evaluate BH, the BH rate of individual FAs was calculated
after 24 h of incubation according to the following equation (expressed as g/kg of the initial FA
content in the DM substrate):
Biohydrogenation rate (g/kg) = [(Initial FA content — Residual FA content)/(Initial FA
content)] x 1000
The calculations were performed for oleic acid (OA), linoleic acid (LA), EPA, and DHA.
Short-chain fatty acid analysis

The relative molar proportions (%) of SCFAs (acetic, propionic, isobutyric, butyric,
isovaleric, and valeric acids) in rumen fluid were determined according to the method of Erwin
et al. (1961). Briefly, 5 ml of each sample was collected and 2 drops of saturated HgCl> were
added to stop fermentation. Subsequently, 1 ml of 25% metaphosphoric acid was added, the
samples were mixed thoroughly, incubated for 10 min, and centrifuged at 900 x g for 10 min.
The supernatant was passed through a 0.45 um filter into GC vials and kept on ice until analysis.
Individual SCFAs were identified by comparing their retention times with those of external

standards.

Statistical analysis



Data obtained from three independent in vitro incubation batches were pooled and
analysed using the General Linear Model (GLM) procedure of SPSS (Version 22.0; IBM Corp.,
Armonk, NY, USA) in acompletely randomised design. The statistical model included
treatment (Control vs. TEO vs. LEO vs. PEOQ) as a fixed effect, with the individual incubation
bottle as the experimental unit (n = 15 per treatment). Homogeneity of variances and normality
of residuals were verified using Levene’s test and the Shapiro-Wilk test, respectively.
Treatment means were compared using Tukey’s post-hoc test. Differences were considered

significant at P < 0.05.

Results

The effects of TEO, LEO, and PEO on the ruminal FA profile after 24 h of in vitro
incubation are shown in Table 4. The FA profile differed significantly among treatments
(P < 0.05). The concentration of myristic acid (C14:0) was highest in the TEO-supplemented
group and lowest in the control (P < 0.01). Palmitic acid (C16:0) concentrations were highest
in the TEO and LEO groups, and significantly lower in the PEO group (P < 0.01). Stearic acid
(C18:0) concentrations were significantly lower in all EO-treated groups compared to the

control (P < 0.01), indicating inhibition of the final step of BH.

The concentrations of VA (C18:1t-11) and eicosatrienoic acid (C20:3n-6) were not
significantly affected by the treatments (P > 0.05). OA (C18:1n-9c) concentrations were higher
in the TEO and LEO groups but significantly lower in the PEO group (P <0.01). LA
(C18:2n-6¢) reached its highest concentration in the TEO group after 24 h of incubation,
whereas the lowest values were recorded in the control and PEO groups (P < 0.01). In contrast,
gamma-linolenic acid (C18:3n-6) concentration was highest in the control and lowest in the

TEO group.



The ¢9, t11-CLA isomer was significantly increased by TEO supplementation, reaching
the highest level in this group, while the lowest concentration was observed in the PEO group.
Moreover, the concentrations of EPA (C20:5n-3) and DHA (C22:6n-3) were significantly
higher in all EO groups compared to the control, with the PEO group showing the greatest

preservation of these long-chain n-3 FAs (P < 0.01).

The effects of TEO, LEO, and PEO on ruminal SCFA molar proportions after 24 h of
in vitro incubation are shown in Table 5. Acetic acid concentration was highest in the TEO
group and lowest in the control (P < 0.05). Propionic acid was lower in all EO groups compared
to the control group (P < 0.01). Isobutyric acid concentration was highest in the LEO group and
lowest in the PEO group (P <0.01). Butyric and valeric acids were not affected by the
treatments (P > 0.05). The acetate-to-propionate (A/P) ratio was highest in the TEO and PEO

groups and lowest in the control (P < 0.01).

The effects of TEO, LEO, and PEO on the BH rates of long-chain FAs after 24 h of
incubation are presented in Figure 1. OA BH was significantly reduced in the TEO
(604.18 g/kg) and LEO (592.90 g/kg) groups than in the control (737.11 g/kg) (P <0.05). LA
BH was lowest in the TEO group (555.65 g/kg), differing significantly from both the control
(758.32 g/kg) and PEO (750.70 g/kg) groups (P < 0.05). Regarding n-3 PUFAs, PEO was the
most effective in reducing BH. The BH rate of EPA in the PEO group was 282.19 g/kg,
representing a nearly 63% reduction compared to the control (759.19 g/kg) (P < 0.05).
Similarly, DHA BH was lower in the PEO group (783.93 g/kg) compared to the control

(947.39 g/kg) (P < 0.05).

Discussion

Effects on ruminal biohydrogenation

The primary objective of manipulating ruminal BH is to modify the FA profile by

reducing the formation of saturated end-products. In the present study, the concentration of
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palmitic acid (C16:0) was significantly lower in the PEO group than in the control (P < 0.01).
Although palmitic acid (C16:0) is conventionally recognized for its potential to increase blood
cholesterol levels, recent evidence suggests that circulating C16:0 levels are also heavily driven
by de novo lipogenesis from carbohydrate intake rather than dietary fat alone (Keys et al., 1965;
Givens, 2022). The lower concentrations of C14:0 and C16:0 in the PEO group suggest that
menthol-rich EOs may influence the metabolic pathways involved in de novo FA synthesis or
the early stages of FA saturation (Ishlak et al., 2015). Unlike TEO and LEO, which increased
concentrations of these SFAs, PEO appears to be more effective candidate for reducing the

hypercholesterolemic risk associated with dairy fat consumption (Givens, 2022).

In the present study, the concentration of stearic acid (C18:0), the final end-product of
C18-series BH, was significantly lower in all EO groups compared to the control (P < 0.01).
This finding indicates inhibition of the final step of BH (Vasta et al., 2019). The accumulation
of intermediates, particularly c9,t11-CLA, together with the lower C18:0 concentration,
suggests that EOs, especially TEO, inhibited the development of microorganisms from the

Butyrivibrio group, including Butyrivibrio proteoclasticus (Maia et al., 2007).

The significant increase in the concentration of ¢9,t11-CLA and LA (C18:2 n-6) in the
TEO group confirms the effective accumulation of vaccenic acid in the rumen. Reduced
conversion of VA to C18:0 may increase the flow of VA to the lower digestive tract (Frutos
et al., 2020). As VA is the main precursor of endogenous CLA synthesis in the mammary gland
and muscle catalysed by delta-9 desaturase, its accumulation is considered beneficial (Griinari
et al., 2000; Piperova et al., 2002). The higher CLA and lower C18:0 concentrations in the TEO
group are consistent with reports that thymol disrupts the membrane integrity of terminal BH-
inducing bacteria (Cobellis et al., 2016). Similarly, the lower LA BH observed in the TEO
group (555.65 g/kg vs. 758.32 g/kg in the control) supports the inhibitory effect of thymol-rich

EOs on Butyrivibrio spp. (Figure 1). The effects of LEO on BH, may be related to its dominant



constituents, linalool and linalyl acetate, which show intermediate antimicrobial activity against
ruminal microorganisms (Benchaar et al., 2008). These differences in chemical composition
may explain why TEO promoted the greatest CLA accumulation, while PEO and LEO differed
in their ability to preserve unsaturated intermediates (Benchaar et al., 2008; Lourengo et al.,

2010).

An interesting finding was the greater preservation of long-chain n-3 FAs in the PEO
group than in the control and other EO groups (P < 0.01). Although the BH pathways of 20-
and 22-carbon PUFAs have not been fully elucidated (Toral etal., 2018), the present data
suggest that menthol- and menthone-rich PEO may reduce the microbial conversion of these
FAs (Calsamiglia et al., 2007). The decrease in EPA BH to 282.19 g/kg in the PEO group
(a 63% decrease compared to the control group) supports this interpretation. Similarly, DHA
BH was lowest in the PEO group (783.93 g/kg) (Figure 1). This effect could be related to the
selective antimicrobial activity of terpenoids against specific microbial consortia, such as
certain protozoa or specialised cellulolytic clades, that participate in the BH of n-3 fatty acids
(Patra and Saxena, 2010; Toral et al., 2018). By reducing the BH of EPA and DHA, PEO could
potentially increase their flow to the duodenum, thereby increasing their concentration in

ruminant-derived products (Wachira et al., 2000; Chikunya et al., 2004).
Effects on rumen short chain fatty acids

Changes in SCFA proportions reflect alterations in ruminal fermentation.
Supplementation with TEO significantly increased the A/P ratio (P < 0.01), altered hydrogen
metabolism during fermentation (Benchaar et al., 2008). Considering that BH is an important
hydrogen-utilising process in the rumen, its suppression by EOs may alter hydrogen use and

contribute to maintaining ruminal redox balance (Ungerfeld, 2020).

The increase in A/P ratio, a major precursor of milk fat synthesis, combined with the

reduction in propionate, suggests that TEO shifts fermentation towards cellulolytic pathways
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leading to the production of acetate rather than propionate (Cobellis et al., 2016). Maintaining
total SCFA concentrations indicates that the applied EO dose acted as selective metabolic
modulators rather than a broad-spectrum inhibitor (Castillejos et al., 2006). While some studies
have reported inconsistent effects on the A/P ratio depending on dosage, the present findings
demonstrate that the EO dose used selectively modified ruminal fermentation without inducing

general microbial toxicity (Spanghero et al., 2008; Vasta et al., 2019).

Conclusions

The results of the current study demonstrate that thyme, lavender, and peppermint
essential oils differ in their effects on ruminal biohydrogenation. Supplementation with dietary
essential oils significantly inhibited the final reductive step of biohydrogenation in vitro,
resulting in lower stearic acid (C18:0) concentrations. Among the tested essential oils, thyme
oil application resulted in the highest ¢9,t11-CLA concentration, whereas peppermint
(Mentha piperita; PEO) essential oil was associated with the highest eicosapentaenoic acid and
docosahexaenoic acid concentrations, and the lowest levels of hypercholesterolemic saturated

fatty acids, such as C16:0.

These findings suggest that the effects of essential oils on ruminal biohydrogenation
depend on their chemical composition. The high potential of thyme (Thymus vulgaris; TEO) to
increase conjugated linoleic acid (CLA) concentration and of peppermint (to preserve beneficial
n-3 fatty acids may contribute to the manufacture of ruminant products with an improved fatty
acids profile. Future in vivo research is required to validate the stability of these effects and to
precisely identify the microbial taxa involved. Studies evaluating different essential oils doses
and combinations may contribute to the development of nutritional strategies to improve the

fatty acid profile of milk and meat without adversely affecting ruminal fermentation.
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Table 1. Feed ingredients, chemical, and fatty acid composition of the experimental diet

Ingredients g/kg DM Fatty acids g/100g in FAME
Alfalfa hay 600 (C14:0) Myristic Acid 5.19
Barley grain 174 (C16:0) Palmitic Acid 19.77
Corn grain 81 (C16:1) Palmitoleic Acid 5.04
Sunflower meal 45 (C17:0) Heptadecanoic Acid 1.58
Soybean meal 15 (C18:0) Stearic Acid 443
Corn DDGS 26 (C18:1n9c) Oleic Acid 18.39
Molasses (C18:2n6c¢) Linoleic Acid 7.86
Marble 9 (C18:3n6) y-Linolenic Acid 1.49
Wheat bran 21 (C20:1n9) Eicosenoic Acid 343
Vit-Min Premix* 5 (C18:3n3) a-Linolenic Acid 0.81
Fish oil 20 (C20:5n3) Eicosapentaenoic Acid 8.14

(C22:6n3) Docosahexaenoic Acid 21.63

Chemical Composition Other Fatty acids 2.24
DM, % 88.6
CP, % DM 14.2
EE, % DM 4.6
NDF, % DM 32.6
ADF, % DM 18.4
ME, Mcal/kg DM 2.6

FAME — fatty acid methyl esters; DM - dry matter, CP — crude protein, E.E. — ether extract, NDF — neutral detergent fiber,
ADF - acid detergent fiber, ME — metabolizable energy; * Contains in per kilogram: IU: vitamin A 5000, vitamin D3 600; mg:
Fe 50, Mn 30, Co 0.18, Se 0.15, Zn 40, 10.8, Cu 10

Table 2. Fatty acid composition of fish oil used in the substrate diet

Fatty acids 9/100 g in FAME
(C14:0) Myristic Acid 6.17
(C16:0) Palmitic Acid 21.08
(C16:1) Palmitoleic Acid 6.18
(C18:0) Stearic Acid 4.82
(C18:1n9c) Oleic Acid 19.89
(C18:2n6c) Linoleic Acid 2.65
(C20:5n3) Eicosapentaenoic Acid 9.95
(C22:6n3) Docosahexaenoic Acid 26.44
Others* 2.82

*Sum of fatty acids detected in amounts less than 1%. FAME - fatty acid methyl esters
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Tablo 3. Thyme (Thymus vulgaris L.), Lavander (Lavandula angustifolia Mill.) and Peppermint (Mentha piperita L.) essential
oil composition

Compound (Thyme) % Compound (Lavander) % Compound (Peppermint) %
Alpha-Pinene 128 | 1,8-Cineole 512 1,8-Cineole 5.8
1-Octen-3-Ol 1.45 | Cis-Linalool Oxide 1.07 Trans-Sabinene Hydrate 2.2
Para-Cymene 44.78 | Linalool 40.23 Menthone 21.72
Gamma-Terpinene 1.03 Camphor 8.37 Neo-Menthol 6.8
Linalool 2.53 Borneol 3.49 Menthol 49.08
Borneol 1.2 Alpha Terpineol 4.49 Terpinene-4-0l 1.28
Thymol 30.96 | Linalyl Acetate 21.52 Menthyl Acetate 3.62
Carvacrol 3.97 | Lavandulyl Acetate 2.6 Others* 95
Others* 12.8 | Geranyl Acetate 1.74

Others* 15.86

*Sum of components detected in amounts less than 1%

Table 4. The effects of essential oil supplementation to fish oil-supplemented diet on ruminal fatty acid composition after
24 h incubation

Fatty acids g/100 g in FAME CON TEO LEO PEO SEM P-value
C14:0 Myristic Acid 3.56¢ 6.11a 5.16ab 4.43bc 0.30 0.000
C16:0 Palmitic Acid 15.50b 18.37a 17.89a 13.07¢c 0.67 0.000
C16:1 Palmitoleic Acid 2.99 3.92a 3.96a 2.7% 0.20 0.031
C18:0 Stearic Acid 40.61a 19.45b 22.81b 24.81b 2.56 0.000
C18:1 t-11 Vaccenic Acid 3.01 3.91 3.90 2.74 0.21 0.064
C18:1 n9c Oleic Acid 10.67b 15.02a 15.05a 9.12b 0.82 0.000
C18:2 néc Linoleic Acid 4.20c 7.21a 5.92b 4.17c 0.41 0.000
C18:3 n6 Linolenic Acid 10.17a 5.42¢ 7.18bc 7.61b 0.56 0.002
CLA c-9t-11 1.44bc 2.15a 1.76ab 1.25¢ 0.12 0.008
C20:3 n6 Eicosatrienoic Acid 4.71 3.59 4.58 5.06 0.63 0.000
C20:5 n3 Eicosapentaenoic Acid 4.33c 6.40b 6.58b 12.40a 0.92 0.000
C22:6 n3 DocosahexaenoicAcid 2.50c 6.44b 4.48bc 9.92a 0.87 0.000

FAME - fatty acid methyl esters; CON — control (diet supplemented with 2% fish oil), TEO — control + thyme essential oil
(1.5 pl/ml rumen fluid), LEO — control + lavender essential oil (1.5 pl/ml rumen fluid), PEO — control + peppermint essential oil
(1.5 pl/ml rumen fluid); SEM — standard error of means; ac — means within a row with different superscripts are significantly
different at P < 0.05

Table 5. The effects of essential oil supplementation to fish oil-supplemented diet on ruminal volatile fatty acid (VFA) molar
proportions after 24 h incubation

VFA CON TEO LEO PEO SEM  P-value
Acetic acid 53.58> 55.962 54.952b 54 .552b 0.34 0.052
Propionic acid 20.142 17.21¢ 17.05¢ 18.48b 0.39 0.000
Isobutyric acid 1.85° 1.89p 2,912 1.30c 0.18 0.000
Butyric acid 16.74 17.13 17.54 17.69 0.16 0.140
Isovaleric acid 4412 44720 3.980 4922 0.12 0.023
Valeric acid 3.29 3.34 3.57 3.06 0.10 0.366
AP 2.66¢ 3.252 3.222 2.950 0.08 0.000

CON - control (diet supplemented with 2% fish oil), TEO - control + thyme essential oil (1.5 pl/ml rumen fluid),
LEO - control + lavender essential oil (1.5 pl/ml rumen fluid), PEO - control + peppermint essential oil (1.5 pl/ml rumen fluid);
A/P — acetate/ propionate ratio; SEM - standard error of means; 2 - means within a row with different superscripts are
significantly different at P < 0.05

16



(C18:1n9¢) OA (C18:2n6¢) LA

900 800 758.32a
766.58a
800 : 700
737.11a 625.47b
700
%o 604.18b 592.90b w 600 555.65¢
® 600 %
5 ® 500
— o
& 500 2
S £ 400
g 400 H
S % 300
£ 300 £
s s
o
200 200
100 100
0 0
Control TEO LEO PEO Control TEO LEO PEO
(C20:5n3)EPA (C22:6n3) DHA
800 759.19a 1000 947.39a
896.84b
00 900 855.31b :
619.11b 597.48b 800 :
600 -
700

Biohydrogenation g/kg
IS
o
©
Biohydrogenation g/kg
U
o
o

Control Control TEO

Figure 1. Effects of adding thyme, lavender, and peppermint essential oils to a fish oil diet on the biohydrogenation rate of
oleic (OA), linoleic (LA), eicosapentaencic (EPA), and docosahexaenoic (DHA) fatty acids after 24-hour in vitro incubation;
different letters (a, b, ¢) within the same fatty acid category indicate significant differences between treatments (P < 0.05)
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