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0. Take Home Message

The efficiency of energy and protein utilization
in the rumen may be improved through the ma-
nipulation of microbial population. Antibiotic
ionophores have been very successful in improv-
ing these efficiencies, but its use in animal feeds
is facing reduced social acceptance. For this rea-
son, other alternatives to control specific micro-
bial populations are currently being investigated.
Some essential oils have antimicrobial activities
resulting in reduced peptidolysis, deamination and
methanogenesis. Because the effects of essential
oils are diet and pH dependent, the selection of
the appropriate essential oil will depend on the
specific objectives and target animal. Moreover,
because essential oils may act at different levels in
the energy and protein metabolic pathways, their
careful selection and combination may provide a
useful tool to effectively manipulate rumen mi-
crobial fermentation.

1. Introduction

The efficiency of energy and protein utilization
in the rumen is relatively low and can be im-
proved by the modulation of several metabolic
pathways, including the inhibition of methane
production and deamination. This low efficiency
not only reduces production performance, but
also contributes to the release of pollutants to the
environment (Tamminga, 1996). This efficiency
can be improved by modulating the activity of
specific rumen microbial populations involved
in the previously mentioned metabolic pathways.
For example, the utilization of ionophores, a po-
tent antibiotic against gram-positive bacteria, has
proven effective in improving the efficiency of
energy and protein utilization in the rumen (Van

Nevel and Demeyer, 1988). However, the use of
antibiotics in animal feeds is facing reduced social
acceptance due to the appearance of residues and
resistant strains of bacteria, and the search for
alternatives, including yeast, organic acids, plant
extracts, probiotics and antibodies, has become
necessary (Calsamiglia et al., 2006).

Plants produce an extensive variety of organic
compounds derived from their secondary me-
tabolism that are classified in three main groups:
saponins, tannins, and essential oils. Some es-
sential oils have antimicrobial activities and are
currently considered safe for human and animal
consumption, and are categorized as GRAS (Gen-
erally Recognized as Safe; FDA, 2004) in the
USA. Their potential use in ruminants has been
recently reviewed by Calsamiglia et al. (2007) and
Benchaar et al. (2007).

The objective of the present paper is to review
current knowledge on the potential benefits of
essential oils and their active components as modi-
fiers of rumen microbial fermentation.

2. Origin, Clasification and Activity of Essen-
tial Oils

Essential oils are a blend of secondary metabolites
obtained from the plant volatile fraction by steam
distillation (Gershenzon and Croteau, 1991). They
are generally clasified in two chemical groups that
originate from different precursors of the primary
metabolism and are synthesized through separated
metabolic pathways (Figure 1 and 2):

a. Terpenoids: Terpenoids are the more numer-
ous and diversified group of plant secondary
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metabolites and derive from an isoprenoid
structure (C,H,). Within terpenoids, the
most important components of essential oils
belong to the monoterpenoid and sesquiter-
penoid families (Gershenzon and Croteau,
1991).

b. Phenylpropanoids. They are not the most
common compounds of essential oils and
derive from a structre with a chain of three
carbons bound to an aromatic ring of 6
carbons.

Essential oils have a wide variety of effects on
health, including positive effects on cardiovascu-
lar diseases, some tumors, inflammatory processes
and, in general, diseases in which the uncontrolled
proliferation of free radicals is very damaging
(Harborne and Williams, 2000; Reddy et al., 2003;
Trouillas et al., 2003). However, the most impor-
tant activity of these compounds is as antiseptics
and antimicrobials (Burt, 2004; Table 1).

Terpenoids and phenylpropanoids develop their
action against bacteria through the interaction with
the cell membrane (Griffin et al., 1999; Davidson
and Naidu, 2000; Dorman and Deans, 2000).
This interaction causes conformational changes
in the membrane and results in the leakage of
ions across the cell membrane and the loss of
the transmembrane ionic gradient (Griffin et al.,
1999). In most cases, large amounts of energy are
diverted to this function and bacterial growth is
reduced and, in some cases, microbial death oc-
curs (Griffin et al., 1999; Ultee et al., 1999; Cox
et al., 2001). This mechanism of action makes
these essential oils more effective against gram-
positive bacteria, where the cell membrane can
interact directly with hydrophobic compounds of
essential oils (Smith-Palmer et al., 1998; Chao and
Young, 2000; Cimanga et al., 2002). However,
and in contrast to monensin and other ionophores,
the small molecular weight of most essential oils
allows them to cross the external hydrophilic cell
wall of gram-negative bacteria, being also active
against them (Calsamiglia et al., 2007; Griffin et
al., 1999; Dorman and Deans, 2000). This prop-

erty of being active against gram-positive and
negative bacteria reduces the selectivity of these
compounds against specific populations, making
more difficult the modulation of rumen microbial
fermentation. Other mechanisms of action have
also been described, including the coagulation of
some cell constituents, denaturation of proteins
and interaction with DNA (Gustafson et al., 1997,
Juven et al., 1994). The essential oil of garlic is a
special case because many compounds of this oil
are not in the whole plant, but are produced from
thiosulfates during the steam treatment of the plant
(Pentz and Siegers, 1996). The main antimicrobial
mechanism appears to be related to its capacity to
interact with the sulphydril groups (-SH) of other
active compounds (Reuter et al., 1996), resulting
also in instability of the cell membrane of some
specific microbial groups (see discussion on garlic
below).

3. Effects of Essential Oils on Ruminal Fer-
mentation

The potential use of essential oils in ruminant
diets was first reported in the ‘60s (Borchers,
1965; Oh et al., 1967, 1968; Nagy and Tendergy,
1968). However, as a result of the approval of the
use of antibiotics in animal feeds at the beginning
of the ‘70s, few studies were published thereafter
(Broderick and Balthrop, 1979). Only after the an-
nouncement of the ban on the use of antibiotics as
feed additives in the EU, has there been a renewed
interest in the study of essential oils as rumen
microbial modifiers. Since then, more than 20 dif-
ferent studies have been published. In most cases,
a positive effect was described as an increase in
propionate and decrease in acetate, methane and
ammonia-N production without reducing total
VFA production. The effect of the main essential
oils available to be used as feed additives will be
presented separately by active components.

3.1. Carvacrol and thymol

Carvacrol and thymol are monoterpenoids with a
strong antimicrobial activity against a wide range
of gram-positive and negative bacteria. Both are
found in oregano (Origanum spp.) and thyme
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(Thymus ssp.). Busquet et al. (2005a) reported
that in vitro, carvacrol (2.2 mg/L) decreased large
peptide and increased ammonia-N concentrations
at 2 h after feeding, suggesting that it either inhib-
ited proteolysis or stimulated peptide lyses. Higher
doses (300 mg/L) increased pH and butyrate
proportion, and decreased acetate and propionate
proportions, and total VFA concentration.

Brochers (1965) was the first to report that thymol
inhibited deamination. A similar conclusion was
reached by Broderick and Balthrop (1979) after
incubating rumen fluid with thymol in vitro. More
recently, Evans and Martin (2000) reported that
thymol affected energy metabolism of two rel-
evant rumen bacteria grown in pure culture: Strep-
tococcus bovis and Selenomonas ruminantium.
It reduced methane and lactate concentrations,
although at higher doses also reduced overall
nutrient digestion and total VFA production, a
clear indication that microbial metabolism was
inhibited. However, moderate doses resulted in
an increase in the acetate to propionate ratio. It is
interesting to point out that S. ruminantium was
more sensitive to thymol than S. bovis which
may result in an increased accumulation of lac-
tic acid because the production of lactate by S.
bovis (a major lactic acid producer) may not be
metabolized fast enough by S. ruminantium (a
major lactic acid utilizer). Castillejos et al. (2006)
reported that low doses of thymol (50 mg/L) had
no effects on in vitro rumen microbial fermenta-
tion, but at higher doses (500 mg/L) total VFA and
ammonia-N concentrations decreased, and the ac-
etate to propionate ratio increased. Similar results
were reported in a long-term continuous culture
fermentation study. Furthermore, several in vitro
studies suggested that the effects of thymol are diet
and pH dependent (Castillejos et al., 2006; Car-
dozo et al., 2005). While Castillejos et al. (2006)
reported that thymol increased the acetate to pro-
pionate ratio in 60:40 alfalfa hay:concentrate diets
at high pH (6.4), Cardozo et al. (2005) observed
changes in the opposite direction (a reduction
in the acetate to propionate ratio) when thymol
was incubated in rumen fluid from cattle fed a
10:90 straw:concentrate (based on corn, barley

and soybean meal) diet at pH 5.5. Therefore, it
is important to define the conditions where these
additives are used to modify rumen microbial
fermentation in the desired direction. Compounds
with phenolic structures, such as thymol and
carvacrol, are more effective as antimicrobials in
comparison with other non-phenolic secondary
plant metabolites due to the presence of a hydroxyl
group in the phenolic structure (Helander et al.,
1998; Ultee et al., 2002). Furthermore, the small
molecular weight of thymol and carvacrol allows
them to gain access to the cell membrane through
the pores of the external wall. As a result of the
strong and wide-spectrum activity against gram-
positive and negative bacteria, the narrow margin
of security between an optimal and a toxic dose,
and the effects reported, which were not always
in the desired direction (Castillejos et al., 2006),
suggest that their antimicrobial activity may be
too strong and non-specific to modulate the fer-
mentation in a complex microbial environment
such as the rumen.

3.2. Cinnamadehyde, eugenol and anethol

Cinnamaldehyde, eugenol and anethol are phenyl-
propanoids with a wide spectrum of antimicrobial
activity against gram-positive and negative bac-
teria.

Cinnamaldehyde is the main active component of
cinnamon (Cinnamomum cassia) oil, accounting
for up to 75% of its composition. Cardozo et al.
(2004), in a continuous culture experiment, were
the first to suggest that cinnamon oil modified N
metabolism of rumen microorganisms by inhibit-
ing peptidolysis, but the effects on VFA concen-
tration was negligible. Higher doses of cinnamon
oil and cinnamaldehyde decreased total VFA
and ammonia-N concentrations, although cin-
namaldehyde had stronger effects compared with
cinnamon oil (Busquet et al., 2006). However,
the effects on the proportions of individual VFA
were different, and while cinnamon oil increased
acetate without affecting propionate or butyrate
molar proportions, cinnamaldehyde increased
propionate without affecting acetate and butyrate
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proportions. These results suggest that, although
cinnamaldehyde is the main and most active com-
ponent in cinnamon oil, other substances within
cinnamon oil may interact with cinnamaldehyde,
although cinnamaldehyde resulted in a more desir-
able fermentation profile. Busquet et al. (2005ab)
tested the effect of low doses of cinnamaldehyde
in a long-term, dual flow, continuous culture fer-
mentation study and reported similar trends, where
cinnamaldehyde numerically decreased the molar
proportion of acetate and numerically increased
the proportion of butyrate, but differences did
not reach significance. When higher doses (31.2
and 312 mg/L) were used (Busquet et al., 2005b),
cinnamaldehyde reduced the molar proportion of
acetate and increased the molar proportions of
propionate and butyrate. This fermentation profile
is similar to that observed when antimethano-
genic compounds, such as amicloral or carbon
monoxide, were used to modify rumen microbial
fermentation, suggesting that its mechanism of
action may involve the inhibition of methano-
genesis (Horton, 1980; Hino and Russell, 1985),
but the hypothesis needs to be confirmed with
experimental data. The effects of cinnamaldehyde
on N metabolism were inconsistent. While some
studies reported changes in N metabolism (Car-
dozo et al., 2004; Busquet et al., 2005a) others
found no effects (Busquet et al., 2005b). At least
part of these inconsistencies may be related to the
dose used. However, Ferme et al. (2004) reported
that the addition of cinnamaldehyde to an in vitro
rumen simulation system resulted in a reduction
in Prevotella spp., a group of bacteria known to
be involved in deamination, providing evidence
of a mechanism of action. Results presented in
the previous discussion were conducted using
rumen fluid from dairy cattle and a high forage
diet, but as demonstrated in other essential oils,
the effects may change depending on the type of
diet and pH. Cardozo et al. (2005) tested the ef-
fects of cinnamon oil and cinnamaldehyde in vitro
using rumen fluid from beef cattle fed a 10:90
forage to concentrate diet. At pH 7.0, cinnamon
oil and cinnamaldehyde resulted in higher acetate
to propionate ratio and lower total VFA concen-
tration, suggesting a lower efficiency of nutrient

utilization in the rumen. In contrast, at pH 5.5,
total VFA increased and ammonia-N concentra-
tion and the acetate:propionate ratio decreased
with cinnamon oil and cinnamaldehyde. Juven et
al. (1994) already reported that the antimicrobial
effect of cinnamon oil increased as pH decreased
from 6.5 to 5.5. Results indicate that cinnamon oil
and cinnamaldehyde have the potential to improve
nutrient utilization in the rumen, but in beef pro-
duction systems the effects may be more relevant
in feeding conditions that favor low ruminal pH.
Busquet et al (2003) reported that the addition of
cinnamadehyde to lactating dairy cattle resulted in
a slight reduction in feed intake (0.3 kg/d), but an
increase of 1.0 L/d in milk production, although
differences did not reach significance.

Eugenol is one of the main active components
of clove bud (Eugenia caryophyllus or Syzygium
aromaticum) and cinnamon (Cinnamomum cas-
sia) oils (accounts for up to 85 and 8% of these
oils, respectively; Davidson and Naidu, 2000). In
a continuous culture study, low doses of clove bud
oil resulted in lower molar proportions of acetate
and branch-chained VFA (BCVFA) and higher
molar proportion of propionate (Busquet et al.,
2005a). Clove bud also affected N metabolism,
increasing peptide N and numerically decreased
AA-N concentrations, suggesting that it decreased
the peptidolytic activity in the rumen. In an in
vitro batch culture dose response study, Busquet
et al. (2006) confirmed that clove bud oil affected
rumen fermentation, reducing total VFA and
ammonia-N concentrations, and showing a linear
increase in the molar proportion of propionate,
and a quadratic effect on the molar proportions of
acetate and butyrate. In general terms, the effects
of' eugenol were similar to those reported for clove
bud oil. The fermentation profile observed sug-
gests that, when used at optimal doses, efficiency
of energy and protein utilization in the rumen
was improved. The potential benefits of eugenol
on rumen microbial fermentation were further
tested in vitro by Castillejos et al. (2006) with two
different types of diets. Data confirmed that in a
60:40 forage:concentrate dairy cattle diet based on
alfalfa hay, corn grain, barley grain and soybean
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meal, eugenol reduced ammonia-N and BCVFA
concentrations, suggesting that deamination was
inhibited. Effects on VFA production and propor-
tions were more variable. In contrast, in a 10:90
beef-type diet based on straw, corn grain, barley
grain and soybean meal, eugenol reduced total
VFA concentration and the proportion of propi-
onate, and increased the proportion of acetate and
the acetate to propionate ratio. This fermentation
profile may not be desirable for beef production.
Therefore, it appears that eugenol may improve
VFA production and profile, and N utilization in
the rumen of lactating animals, but the fermenta-
tion profile does not support its recommendation
for beef cattle diets.

Anethol is the main active component of anise
(Pimpinella anisum) oil and is responsible for its
antimicrobial activity that has been related to the
ether group on its aromatic ring (Figure 1 and 2;
Davidson and Naidu, 2000). In vitro studies with
rumen fluid showed that anethol and anise oil de-
creased total VFA and the proportions of acetate
and propionate, and increased the proportion of
butyrate, although anethol had stronger effects
compared with anise oil. Anise oil and anethol did
not affect ammonia-N concentration (Busquet et
al., 2005a). In contrast, Cardozo et al. (2004) sug-
gested that lower doses of anise oil in continuous
culture stimulated protein degradation, increasing
the concentration of peptides and ammonia-N, but
reported no effects on the VFA profile. However,
when anise oil was used in in vitro fermentation
studies using rumen fluid from beef cattle fed
a 10:90 forage to concentrate diet and pH 5.5,
ammonia-N concentration and acetate proportion
decreased, and propionate proportion increased
without affecting total VFA production (Cardozo
et al., 2005). Cardozo et al. (2006) supplemented
anise oil to growing heifers fed a 10:90 forage to
concentrate diet and reported a trend to increase
DM intake. Total VFA concentration was not
affected, but the molar proportion of acetate de-
creased and the molar proportion of propionate
increased, and the acetate to propionate ratio
decreased. Anise oil also decreased ammonia-N
concentration and protozoa counts. These results

are consistent with previous in vitro trials simu-
lating beef cattle conditions fed high concentrate
diets (Cardozo et al., 2005; Fandifio et al., 2006).
Our results suggest that anise oil inhibited deami-
nation of amino acids and reduced the acetate to
propionate ratio in the rumen, and may be benefi-
cial for beef production systems.

3.3. Capsaicin

Capsaicin is tetraterpenoid found in hot peppers
(Capsicum annum ssp.) and is the main com-
ponent of capsicum oil (10 to 15%; Cichewicz
and Thorpe, 1996). When supplied to in vitro
culture of rumen fluid from dairy cattle, the ef-
fects have been negligible in the short and long
term (Cardozo et al., 2004; Busquet et al., 2005a).
However, Cardozo et al. (2005) demonstrated that
the effects were different in an in vitro system
with rumen fluid from beef cattle fed a 10:90
straw:concentrate ratio diet, and reported that
at pH 7.0 total VFA and ammonia-N concentra-
tions were reduced and the acetate to propionate
ratio increased. In contrast, at pH 5.5 capsicum
oil reduced ammonia-N concentration, increased
total VFA production and propionate proportion,
and reduced acetate proportion and the acetate
to propionate ratio. Therefore, its effects on high
concentrate diets at low pH suggest that nutrient
utilization in the rumen may be improved. The
low pH appears to shift the molecule to a more
hydrophobic status, being more active as antimi-
crobial. Cardozo et al. (2006) tested the effect of
feeding capsicum oil in ruminally cannulated beef
cattle fed a high concentrate diet. Total VFA con-
centration was not affected, but the molar propor-
tion of acetate decreased. Capsicum oil reduced
the ruminal concentration of large peptides and
increased that of small peptides and amino acids,
but had no effect on ammonia-N concentrations.
These effects suggest that it stimulated peptidoly-
sis, which may provide more peptides and amino
acids, and enhance microbial protein synthesis
and flow to the small intestine. Although these
changes were in the same direction as the in vitro
study (Cardozo et al., 2005), effects were smaller.
However, this effect was not always consistent
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(Cardozo et al. 2004; Busquet et al., 2005a). In
addition, capsicum oil increased DM and water
intake. There is evidence that capsaicin increases
DM and water intake in rats and humans (Zafra
et al., 2003; Calixto et al., 2000). Similar results
were reported by Fandino et al. (2006) and Rodri-
guez et al. (unpublished results). Therefore, there
seems to be potential for using capsaicin in beef
cattle diets based on its effects increasing DM
intake and potential effects on rumen microbial
fermentation.

3.4. Garlic ail

Garlic oil is a mix of a large number of different
molecules that are found in the plant or are the
result of changes occurring during oil extraction
and processing (Lawson, 1996). Although garlic
oil is known for its therapeutic properties (anti-
parasitic, insecticidal, anti-cancer, anti-oxidant,
immunomodulatory, anti-inflammatory, hypogly-
cemic), its antimicrobial activity against a wide
spectrum of gram-positive and negative bacteria
is its most prominent activity and has been thor-
oughly studied (Reuter et al., 1996). Busquet et
al. (2005abc and 2006) have consistently shown
that garlic oil reduced the proportions of acetate
and BCVFA, and increased the proportions of
propionate and butyrate. This fermentation profile
is different from that of monensin (that reduces the
acetate to propionate ratio and butyrate concen-
trations) and is consistent with changes observed
when methane inhibitors are supplied to rumen
microbes (Chalupa et al., 1980; Martin and Macy,
1985). In fact, in vitro studies demonstrated that
garlic reduced the CH, (umol):VFA (umol) ratio
from 0.20 to 0.05 (Busquet et al., 2005). Methane
is the main hydrogen sink in the metabolic path-
way of rumen fermentation, and the inhibition of
its synthesis generates reducing equivalents that
need to be disposed of, propionate and butyrate
being the main alternatives (Van Nevel and De-
meyer, 1988). In order to identify the main active
component in garlic oil, the oil and four purified
active components (allicin, diallyl sulfide, diallyl
disulfide and allyl mercaptan) thought to play
a major role in its antimicrobial activity were

tested in vitro to determine their effect on rumen
microbial fermentation (Busquet et al., 2005¢).
Garlic oil, diallyl disulphide and allyl mercap-
tan reduced acetate and methane, and increased
propionate and butyrate proportions to the same
extent, suggesting that diallyl disulphide and allyl
mercaptan they were responsible for most of its
effects. In contrast, allicin and diallyl sulfide had
minor effects on rumen microbial fermentation.
Similar results have also been reported recently by
Kamel et al. (2007). The effects of garlic oil and
its main active components on N metabolism were
more variable. While Cardozo et al. (2004) sug-
gested that garlic oil inhibited deamination, others
reported only small and variable effects (Busquet
et al., 2005bc). Ferme et al. (2004) reported that
garlic modified the microbial population profile
in a continuous culture experiment, reducing
the contribution of Prevotella ssp. to the overall
microbial population in the rumen. Prevotella
ssp. are mainly responsible for protein degrada-
tion and amino acid deamination. Cardozo et al.
(2005) also tested the effects of garlic oil using
rumen fluid and a high concentrate diet typically
found in feedlot beef at different pH (7.0 vs.
5.5). While at pH 7.0 garlic oil resulted in lower
ammonia-N and total VFA concentrations, at pH
5.5 ammonia-N concentration was also reduced,
but total VFA concentration and propionate pro-
portion increased, and acetate proportion and the
acetate to propionate ratio decreased compared
with a control with no garlic, suggesting a shift in
rumen microbial fermentation. As pH decreases,
acids tend to become undissociated and more hy-
drophobic, therefore interacting more easily with
cell membranes and exerting their antimicrobial
effect. Furthermore, bacteria seem to be more
susceptible to the effects of essential oils at low
pH (Skandamis and Nychas, 2000).

The mechanism of action of garlic oil and its main
active components on rumen microbial fermen-
tation are very different from all other essential
oils. Busquet et al. (2005bc) suggested that the
anti-methanogenic effect of garlic and its active
components was the result of the direct inhibition
of Archaea microorganisms in the rumen through
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the inhibition of HMG-CoA reductase (Gebhardt
and Beck, 1996), and as a result, the reduction in
the synthesis of the isoprenoid unit responsible
for the cell membrane stability. Miller and Wolin
(2001) provided further support for this hypothesis
by demonstrating that lovastatin and mevastatin,
which decrease cholesterol production in human
liver cells by inhibiting HMG-CoA reductase, spe-
cifically inhibit rumen methanogenic Archaea.

There are few reports on the effects of garlic ex-
tract on animal performance. Busquet et al. (2003)
reported an increase of 1 L/animal/d in milk pro-
duction compared to a control, but the difference
was not significant. Yang et al. (2006) reported
no effect of garlic powder on milk production
and composition, although the effect may be dif-
ferent if the extract instead of the powder would
have been used, because main active components
identified are the result of transformation during
oil extraction (Lawson, 1996).

3.5. Combinations of essential oils

The additive, synergistic and (or) antagonistic ef-
fects of combined essential oils have been reported
previously (Burt, 2004). Many commercial prod-
ucts on the market have combined one or more
essential oils, but very limited research is available
on the potential synergies among them. A blend
of essential oils (CRINA®, dsm Nutritional Prod-
ucts, Heerlen, NL) containing thymol, eugenol,
vanillin and limonene, among other compounds
(patent EP 0646321 B1; Rossi, 1999) has been
studied for its effects in vitro and in vivo. Several
studies in situ (Newbold et al., 1999; Molero et
al., 2004) observed that CRINA inhibited protein
degradation, although changes reported were
small and variable depending on the feed being
degraded, the type of ration fed to the animals and
the length of the adaptation period. Benchaar et al
(2006b) reported no changes in in situ protein deg-
radation of SBM samples in sheep or cattle supple-
mented with 0.11 or 2 g/d of CRINA. McIntosh
et al. (2003) tested the proteolytic, peptidolytic
and deaminase activity of ruminal fluid of dairy
cows supplemented during 4 weeks with 1 g/d of

CRINA and did not observe effects on proteolytic
or peptidolytic activity, but ammonia production
from casein degradation decreased, and research-
ers concluded that CRINA was likely inhibiting a
specific group of gram-positive bacteria generally
called hyper ammonia producing bacteria. This
hypothesis was confirmed when McIntosh et al.
(2003) observed that pure cultures of hyper am-
monia producing bacteria, such as Clostridium
sticklandi and Peptstreptococcus anaerobius,
were very sensitive to the addition of CRINA.
However, other ammonia-producing bacteria as
Prevotella ruminicola, Butyrivibrio fibrisolvens
or Clostridium aminophilum were less sensitive
to CRINA. Wallace et al. (2002) also reported that
ammonia production and hyper ammonia produc-
ing bacteria decreased in sheep fed this CRINA in
a low protein diet. These effects were associated
with a decrease in the microbial colonization of
protein feeds. Most studies which have evaluated
the effect of CRINA on rumen microbial fermenta-
tion have not observed effects on the synthesis of
microbial protein (Mclntosh et al., 2000; Wallace
et al., 2002). Castillejos et al. (2005 and 2007)
observed in vitro that CRINA increased total VFA
production and acetate proportion. More recently,
Benchaar et al. (2006b and 2007) reported that
feeding this CRINA to dairy cattle increased ru-
minal pH and ADF digestion, but had no effects
on VFA, N metabolism, protozoa counts or animal
performance. Benchaar et al. (2006a) also reported
no effects of the addition of CRINA on DM intake
and growth rate of beef cattle.

The combination of cinnamaldehyde and eugenol
(XTract Dairy, Pancosma, Geneve, Switzerland)
has also been tested for its effects on rumen fer-
mentation. Cardozo et al. (2006) reported that the
combination of cinnamaldehyde (180 mg/d) plus
eugenol (90 mg/d) reduced total DM and water
intake in beef cattle. The reduction in DM intake
was also observed in dairy cattle supplemented
with high doses of cinnamaldehyde (500 mg/d;
Busquet et al., 2003), and may be related to palat-
ability problems, suggesting that the product needs
to be encapsulated to overcome this problem.
However, XTract Dairy treatment had no effects
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on total and individual VFA concentrations, but
increased the concentration of small peptide and
amino acids, and decreased the concentration of
ammonia-N, which suggests that XTract Dairy
treatment inhibited deamination of AA. This re-
duction in deamination is consistent with results
observed in vitro with clove bud, eugenol and
cinnamaldehyde (Busquet et al., 2005ab; Cardozo
et al., 2005). Entodinium spp. counts tended to
decrease, and Isotricha spp. counts increased 3
h after feeding, suggesting that the cinnamalde-
hyde plus eugenol treatment had some effect on
protozoa populations. It is likely that the limited
effects of cinnamaldehyde and eugenol on ru-
men microbial fermentation were related to the
relatively low dose used. In a second experiment
using canulated beef cattle, Cardozo et al. (2006)
fed XTract Dairy encapsulated to prevent effects
on DM intake and at three times the dose fed in
their previous study (600 mg/d of cinnamalde-
hyde and 300 mg of eugenol). Intake of DM was
not affected, suggesting that encapsulation was
successful in preventing palatability problems
reported in previous studies. Furthermore, the
effects of higher doses were more apparent; total
VFA concentration was not affected by treatments,
but the molar proportion of acetate decreased and
the molar proportion of propionate increased. The
XTract Dairy treatment resulted in the accumula-
tion of small peptides and AA and the reduction
of BCVFA and ammonia-N concentrations, sug-
gesting that it inhibited deamination activity. The
anti-protozoal effect of the cinnamaldehyde plus
eugenol treatment was confirmed by the reduction
in Entodinium spp. and Isotricha spp. counts 3 h
after feeding, in agreement with the previous trial.
These results are encouraging in the development
of alternative products to ionophores for beef
cattle, but other compounds or mixes may provide
similar or better results.

4. Conclusions

Essential oils and their active components may
have a strong antimicrobial activity against gram-
positive and negative bacteria. At doses between
50 and 500 mg/L, some essential oils and their

active components were able to modify rumen fer-
mentation by changing VFA production and (or)
protein metabolism. In general terms, the fermen-
tation profile suggests that the main mechanism
of action is the inhibition of methanogenesis and
deamination. However, these effects may be diet
and pH dependent. Based on the mechanisms of
action of different additives on nutrient degrada-
tion and fermentation in the rumen, it is possible
to identify potential synergies. A clear definition
of the effects and target activities to modify, and
a careful selection and combination of essential
oils or their active components to modify these
activities may provide a useful tool to improve
the efficiency of nutrient utilization in the ru-
men. However, the limited scientific information
published on the ruminal effects of many of the
commonly used essential oils may result in confu-
sion and inappropriate use of products and doses.
Furthermore, there is an urgent need to conduct
in vivo studies to determine the optimal dose and
effects on animal performance.
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