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Taking rumen conditions under control has great importance for productivity and animal health. By using aro-
matic plants it is aimed to provide rumen manipulation for making modifications in the activities of rumen microor-
ganisms, optimizing the nutritional value of the feeds, improving the efficiency of the fermentation. The limitation of 
use of antibiotics in animal nutrition directed scientists to make studies about the use of alternative antimicrobial sub-
stances. For this aim, aromatic plants and volatile oils produced from them have been used. In this review; aromatic 
plants owning antimicrobial and antioxidant properties and their efficiency mechanisms, chemical compositions, 
volatile oils and their properties, utilization of aromatic plants in ruminant nutrition and its effects on rumen fermen-
tation were summarized. In general evaluation of the performed researches it was concluded that the antimicrobial 
property of aromatic plants contributes to the increase of protozoa numbers, utilization of aromatic plants and the 
volatile oils produced from them with regard to their active substances and their limited utilization which improves 
the rumen fermentation. 

Key words: aromatic plants; rumen fermentation; volatile oils; antimicrobial; antioxidant 

ЕФЕКТИ НА АРОМАТИЧНИ РАСТЕНИЈА ВРЗ ФЕРМЕНТАЦИЈАТА ВО РУМЕНОТ 

Контролата на условите во руменот има големо значење за продуктивноста и здравјето на животните. 
Со користење на ароматични растенија се обезбедува модификација на активностите на руминалните микро-
организми, оптимизирање на нутритивната вредност на храната и подобрување на ефикасноста на фермента-
цијата. Ограничувањето на употребата на антибиотици во исхраната на животните ги насочи научниците кон 
истражување на употреба на алтернативни антимикробни супстанции. За оваа цел се користени ароматични 
растенија и етерични масла произведени од нив. Во овој труд беа испитувани ароматичните растенија кои 
имаат антимикробни и антиоксидантни својства, механизми, хемиски состав, етеричните масла и нивните 
својства, како и користењето на ароматичните растенија во исхраната на преживарите и нивните ефекти врз 
ферментацијата во руменот. Општ заклучок е дека антимикробните својства на ароматичните растенија 
придонесуваат за зголемување на бројот на протозои, а со користење на ароматичните растенија и етеричните 
масла произведени од нив, со оглед на нивните активни супстанции и нивната ограничена искористеност, се 
подобрува ферментацијата во руменот. 

Клучни зборови: ароматични растенија; ферментација во румен; етерични масла; антимикробни; 
антиоксидантни 

INTRODUCTION 

During the process of rumen fermentation in 
ruminants, energy and protein losses that limit feed 
efficiency occur. As converted to the methane gas 
during the process of rumen fermentation, ap-
proximately 12 per cent of gross energy of feed is 
released into the atmosphere through belching 

(ructus). On the other hand, the excreted urea con-
sists of the protein in feed that the animal cannot 
make use of and corresponds to the 20 to 25 per 
cent of the nitrogen taken in from the feed. In the 
formation of such losses, the gram-positive bacte-
ria in rumen, which produce more hydrogen, meth-
ane, ammonia and lactic acid, play a major role 
compared to the gram-negative bacteria (Görgülü 
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2004, Calsamiglia et al., 2007, Hart et al., 2007, 
Demirtaş et al., 2011). It is stated that in order to 
optimize the nutritive value of the feed by sup-
pressing the gram positives, and improve the effi-
ciency of fermentation and the use of substrate, 
rumen can be manipulated and rumen manipula-
tion strategies can be implemented indirectly with 
ration manipulation (McIntosh, 2003; Wanapat, 
2008a). Following the prohibition of antibiotic 
ionophores that regulate rumen fermentation, the 
use of volatile oils in the regulation of rumen fer-
mentation has become a current issue based on the 
idea that volatile oils can be an alternative to anti-
biotics because of their antimicrobial properties 
(Wallace, 2004; Tekeli et al., 2007; Canbolat et al., 
2011). Therefore, in recent years, aromatic plants 
and volatile oils produced from them are one of 
the most important sources of natural additives 
(Önenç and Akkan, 2008). Among aromatic plants, 
are those contain volatile oils and they are called 
essential oil crops which have an important role. In 
this review, some researches on aromatic plants 
owning antimicrobial and antioxidant properties 

and their efficiency mechanisms, chemical compo-
sitions, volatile oils and their properties, impor-
tance of utilization of aromatic plants in ruminant 
nutrition and its effects on rumen fermentation 
were addressed. 

AROMATIC PLANTS AND THEIR EFFI-
CIENCY MECHANISMS 

The term aromatic plants is used to indicate 
the plants that produce various fractions in order to 
reproduce, sustain their lives and protect them-
selves. Such fractions are extracted from the plants 
via steam distillation or the squeezing method. 
These are often phenol compounds inherent in 
volatile oils, with anti-oxidative, fungicidal, and 
antimicrobial effects (Ilçım et al. 1998, Toroğlu 
and Çenet, 2006; Yeşilbağ, 2007). Rates of active 
substances in aromatic plants vary with respect to 
the source of the plant. Each aromatic plant be-
comes effective with the active chemical com-
pounds in its seed, fruit, leaves or roots (Table 1). 

      T a b l e  1  

Aromatic plants, their used parts, active substances and mode of action. 

Name of the plant Used parts Active substances Mode of action 
Cumin 
Anise 
Black pepper 
Chaste 
Paprika 
Ginger 

Seed 
Seed 
Fruit 
Fruit 
Fruit 
Rhizome 

Cuminaldehyde 
Anethole 
Piperine 
Limonene 
Capsaicin 
Zingorole 

Digestive stimulant 

Horseradish Root Allylisothiocyanate Appetite enhancer 
Celery 
Coriander 

Leaf 
Leaf, seed  

Phtalides 
Linalol 

Appetite enhancer, digestive stimulant  

Garlic 
Rosemary 
Sage 

Bulb 
Leaf 
Leaf  

Alicin 
Cineole 
Cineole 

Digestive stimulant, antiseptic 

Fennel Seed Trans-anethol Digestive stimulant, antioxidant 
Carnation 
Cinnamon 
Parsley 
Laurels 
Mint 

Flower 
Crust 
Leaf 
Leaf 
Leaf 

Eugenol 
Cinnamaldehyde 
Apiol 
Cineole 
Menthol 

Appetite enhancer, digestive stimulant, antiseptic 

Thyme  All plant Thymol, Carvacrol Digestive stimulant, antiseptic, antioxidant 
Mustard Seed Allylisothiocyanate Appetite enhancer, digestive stimulant, antioxidant 

(Özgüven and Kırıcı, 1998; Güler and Dalkılıç, 2005; Önenç and Açıkgöz, 2005; Altundağ and Aslım, 2005; Calsamiglia et al., 2007; 
Önenç, 2011; Sanlı et al., 2008; Şengezer and Güngör, 2008; Uzun et al., 2010; Demirtaş et al. 2011) 
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Aromatic plants, changing the sensory char-
acteristics of feed such as taste and odor, manipu-
late feed consumption and feed palatability, and as 
they stimulate digestion enzymes and secretions, 
help better digestion and absorption of nutrients 
(S. Ando et al., 2003; Hosoda et al., 2005). This 
particular positive effect develops by the increases 
in salvation, gastric acid salvation and certain di-
gestive enzymes (Yeşilbağ, 2007). Additionally, as 
a result of the chemicals in their structure, their re-
laxing, antimicrobial, fungicidal and anti-oxidative 
effects, and their brain stimulating, sedative and 
antidepressant effects relate to increased cerebral 
blood flow. The most important property of aroma-
tic plants and their extracts such as rosemary and 
thyme is that they have antioxidant activity (Demir-
taş et al., 2011; Altundağ and Aslım, 2005). By neu-
tralizing free radicals which are triggered by ex-
ogenous factors such as ultraviolet rays, radiation, 
infections and stress, and cause oxidation, aro-
matic plants allow the body to protect itself from 
such substances or renew itself through anti-
oxidants (Svoboda and Hampson, 1999). By means 
of the phenol compounds they contain, their growth 
factor does not constitute a bacterial resistance 
compared with antibiotics, and they lead to bacte-
riolysis directly affecting the cell wall (Yeşilbağ, 
2007). 

CHEMICAL COMPOSITIONS  
OF AROMATIC PLANTS 

Volatile compounds which produce aroma, 
and non-volatile flavor and color pigments consti-
tute the main characteristic of the aromatic plants 
which consist of different chemical compositions 
(Gill, 1999) such as: 

Water; unless freshly consumed, the water 
content of spices is low. Following desiccation, the 
water content is between 5 to 12 per cent. 

Carbohydrates; spices mostly contain glu-
cose, fructose, sucrose, maltose and raffinose. De-
pending on the type of spice, the amount of starch 
varies between 0.5 per cent. 

Nitrogenous substance; proteins do not con-
tribute to aroma significantly. The heat treatment 
gives some sensory properties. 

Lipids; lipids such as fixed oils, phospholip-
ids, sterols and waxes are found particularly in the 
fruits and seeds of aromatic plants. 

Glycosides; they affect the characteristics of 
aromatic plants such as taste, smell and color. 

Alkaloids; most of the alkaloids taste bitter 
and are colorless, and others have a strong odor. 

Tannins; some aromatic plant species contain 
tannins, and as well as the antimicrobial and anti-
oxidant effects, they give the plant its acrid taste. 

Organic acids; Malic, citric, tartaric and suc-
cinic acid are the most common organic acids. 

Vitamins; most of the aromatic plants plays 
an important role in nutrition with regards to vita-
mins. Especially, freshly consumed leaves are rich 
in vitamin C. 

Minerals; being in higher levels in the leaves, 
they contain approximately 3 to 10 per cent of ash. 

Antimicrobials; volatile oils found in most of 
the aromatic plants (especially in rosemary, thyme, 
mustard, cloves and cinnamon) show antimicrobial 
effects. 

Volatile oils; they can be found in almost all 
aromatic plants. 

VOLATILE OILS AND THEIR PROPERTIES 

Volatile oils are oleaginous mixtures which 
can be produced from plants usually by means of 
distillation. They are generally in liquid form at 
room temperature and can be washed away with 
the water vapor (Adıyaman and Ayhan, 2010; 
Önenç, 2011). It is widely known that the anti-
microbial activity of plant extracts results from the 
secondary plant components such as terpenoids 
(thymol, carvone, carvacrol, terpinene-4-ol) and 
phenylpropanoids (cinnamaldehyde, eugenol, anet-
hole) which can be found in most of the plant vola-
tile oils (Busquet et al., 2005a). The antioxidant 
activity of aromatic plants is closely related to the 
amount of the essential oil in the quality of secon-
dary metabolite in their structures. The amount of 
such components varies in each plant due to indi-
vidual (morphogenetic and ecologic factors), ge-
netic and genome differences (Skerget et al., 2005; 
Çalıkoğlu et al., 2006; Evren and Tekgüler, 2011) 
and they can be found in most of the plants at cer-
tain amounts because of the protective role they 
play against the attacks by bacteria, fungi or in-
sects. They mostly consist of cyclic hydrocarbons 
and aldehyde or ester derivatives of cyclic hydro-
carbons (Wallace et al., 2002). 

The basic mechanism of action of volatile 
oils is the inhibition of production of ammonia 
from amino acids. This mechanism of action was 
formed by means of the effects of volatile oils on 
the bacteria that can produce high levels of ammo-
nia (Öztürk et al., 2001; Molero et al., 2004). The 
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capability of the bacteria that can produce high 
levels of ammonia in generation of ammonia from 
amino acids is very high and even the smallest re-
duction in the rate of generation of ammonia can 
be beneficial in terms of nutrition (Wallace et al., 
2002). 

THE IMPORTANCE OF UTILIZING  
AROMATIC PLANTS IN RUMINANT  

NUTRITION 

In rumen, a relatively high amount of energy 
and protein is lost in the form of methane and am-
monia nitrogen as a consequence of microbial fer-
mentation (NRC, 2001). During the anaerobic fer-
mentation process of soluble and structural carbo-
hydrates, methane is produced via methanogenesis 
(methane formation) by the microorganisms and 
this leads to the energy loss (Calsamiglia et al., 
2007; Benchaar et al., 2008). In order to reduce 
this loss, it is required for an increase in propion-
ate or butyrate through the bacterial transfer of 
hydrogen (Dominguez Bello and Escobar, 1997; 
Kung et al., 2008). In general, an increase in 
propionic acid can cause a reduction between 4 to 
31 per cent in the amount of methane produced in 
rumen (Güçlü and Kara, 2009). It is possible to 
find evidence in most of the researches conducted 
supporting this conclusion. On the other hand, 
fermentation products generated by the microor-
ganisms cause the release of contaminants onto the 
environment (Calsamiglia et al., 2007). Given to 
their nitrogen bonding and ammonia controlling 
properties, extracts of aromatic plants also facili-
tate the formation of a cleaner and healthier envi-
ronment (Tekeli et al., 2007). By the use of crude 
protein resources with low degradability in rumen 
or through the modification of rumen microbial ac-
tivity with plant extracts, microbial degradation of 
crude protein that belongs to the ration can be con-
trolled. It is indicated that in this way, the effici-
ency of use of N was improved and N losses were 
significantly reduced (Cardozo et al., 2004; Cal-
samiglia et al., 2007; Benchaar et al., 2008). The 
extracts of plants form a complex with the proteins 
of the ration and protect them from the microbial 
fermentation. Those which contain saponin in par-
ticular have a strong antiprotozoal activity when 
used in a limited amount (Wei-Lian et al., 2000, 
Güçlü and Kara, 2009). 

The structure of ration consumed determines 
the number of bacteria and protozoa in rumen and 
depending on that, ratio of volatile fatty acids can 

vary (Demirtaş et al., 2011). All protozoa store 
starch-like carbohydrates, keep the speed of bacte-
rial multiplication under control by reducing the 
amount of substrate and ensure the stabilization of 
the rumen environment. In the presence of proto-
zoa in rumen, the total amount of volatile fatty ac-
ids and the amount of rumen ammonia-N are 
higher (Öztürk et al., 2001; Görgülü, 2004). In 
most of the researches conducted, the scientists 
have reported that the extracts of plants have an 
impact on the number of protozoa. 

Secondary components, found in the structure 
of most of the plants such as phenolic compounds, 
volatile oils and sarsaponin, can be used against 
the gram positive and gram negative bacteria as 
natural additives in animal nutrition (Hart et al., 
2007; Wallace, 2004; Benchaar et al., 2008). Thus, 
reduction in rumen microbial activity and ration 
fermentability can be achieved (Cardozo et al., 
2004). 

RESEARCH ON THE EFFECTS  
OF AROMATIC PLANTS ON RUMEN  

FERMENTATION 

In one of the recent studies conducted with 
volatile oils, it is confirmed that the mixture in-
cluding cinnamaldehyde as the main component 
has an antibacterial activity against escherichia 
coli, enterococcus faecalis, staphylococcus aureas, 
salmonalla sp and vibrio parahemolyticus (Wal-
lace et al., 2002). 

It is reported that thymol inhibited the gram 
positive and gram negative bacteria with oral se-
lenomonads and streptocci; and some volatile oils 
modified the concentrations of rumen volatile fatty 
acids and reduced the speed of amino acid deami-
nation, the speed of ammonia production and the 
number of bacteria that can produce high levels of 
ammonia (Evans and Martin, 2000). It is stated 
that as the essential oil, cinnamon extract of which 
the active ingredient is eugenol showed antimicro-
bial activity over the gram positive and gram nega-
tive bacteria given to its phenolic compounds (Fra-
ser et al., 2007). It is presented that a commercial 
essential oil mixture containing thymol, eugenol, 
vanillin and limonene as the active substances in-
hibited the rate of deamination in rumen, and that 
manipulation of rumen fermentation could be en-
sured by suppressing certain rumen microor-
ganisms (McIntosh et al., 2003). According to a 
similar research, it is indicated that a mixture of 
essential oil with thymol, guajacol and limonene as 
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the active substances tended to increase the total 
volatile fatty acids concentration (Newbolda et al., 
2004). It is reported that ammonia-nitrogen (NH3–
N) concentration of the extracts of plants could 
affect the rates of propionate and butyrate with the 
ruminal pH and the numbers of protozoa (S. Ando 
et al., 2003; Busquet et al., 2005b; Öztürk et al., 
2012). Additionally, it is asserted that extracts of 
mint (Hosoda et al., 2005), carnation and garlic 
(Patra and Kamra, 2006) reduce the energy loss 
caused by methane generation and methane. Ac-
cording to some scientists, it is revealed that while 
NH3–N concentration decreased parallel to the in-
crease in essential oil percentage, microbial pro-
tein production increased and a significant rise in 
the number of protozoa was achieved (Sallam et 
al., 2009a; Sallam et al., 2009b). Therefore, it is 
confirmed that natural plant extracts can be util-
ized in selective regulation of certain microbial 
types and hence modification in rumen microbial 
activity can be delivered (Cardozo et al., 2004; 
Benchaar et al., 2007). 

According to the recent research conducted, it 
is concluded that aromatic plants and volatile oils 
produced from them facilitate rumen fermentation 
with regard to the active substances in their con-
tent and limited utilization (Cardozo et al., 2005; 
Castillejos et al., 2006; Sallam et al., 2009b; Can-
bolat et al., 2010; Kongmun et al., 2010; Canbolat 
et al., 2011; Taghavi et al., 2011). 

CONCLUSION 

It is concluded that the use of aromatic plant 
extracts: 

– facilitates rumen fermentation with regard 
to the active substance and limited utilization, 

– reduces energy loss caused by methane, 
– reduces the release of methane into the at-

mosphere, 
– and affects the number of protozoa. 
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