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ABSTRACT

The aim of this study was to evaluate the effect of dietary dried oregano on the intake of dry 
matter and digestible nutrients in growing goats. Fifteen 7-month old male goats were fed on diets 
with 0, 10 and 50 g kg-1 of dried oregano based on dry matter (DM). A completely randomized design 
was used, and each animal was assigned to one pen and treatment (3 treatments x 5 replicates) for 
45 days. Voluntary intake of DM and nutrient digestibility were measured using acid insoluble ash 
as an indigestible marker. Daily weight gains were 146, 126 and 122 g d-1 per treatment (P = 0.08). A 
positive effect on digestible nutrient intake was obtained with both oregano concentrations. Linear 
and quadratic effects were obtained in the digestible neutral detergent fibre (NDF) and the other 
nutrient intakes, respectively. No effect was observed in DM or digestible acid detergent fibre (ADF) 
intakes. Therefore, there was a positive effect on the coefficient of DM in both treatments and NDF 
digestibility in the treatment with the highest concentration of dietary dried oregano. The positive 
effect of dried oregano on the goats’ diet in terms of digestible nutrient intake suggests that oregano 
essential oil (EO) modifies the ruminal microflora by improving digestibility, rather than having an 
effect on the feeding behavior of the animal due to the flavour of the diet. The treatment containing 
10 g kg-1 of dietary dried oregano promoted voluntary DM consumption and increased the intake of 
digestible nutrients, while that containing 50 g kg-1 of dried oregano only promoted the intake of 
digestible NDF.
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RESUMEN

El objetivo de este estudio fue evaluar el efecto del orégano seco dietario sobre el consumo de 
materia seca y de nutrientes digestible en caprinos en crecimiento. Los animales de 7 meses de edad, 
recibieron dietas con 0, 10 y 50 g kg-1 de orégano seco en base materia seca (MS). Cada animal fue 
asignado a un corral y tratamiento (3 tratamientos x 5 repeticiones) por 45 días. El consumo voluntario 
de MS y la digestibilidad de nutrientes fue medida usando ceniza insoluble en ácido como marcador 
indigestible.  La ganancia diaria de peso fue 146; 126; y 122 g d-1 por tratamiento (P = 0,08). Un resultado 
positivo en el consumo de nutrientes digestibles fue obtenido con ambas concentraciones de orégano. 
Un efecto lineal y cuadrático fue obtenido para consumo de fibra detergente neutra digestible (FDN) 
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y consumo de otros nutrientes, respectivamente. No se observó efecto en el consumo de MS ni de 
fibra detergente ácida (FDA) digestible. Sin embargo, se encontró un efecto positivo en el coeficiente 
de digestibilidad de MS en ambos tratamientos y de digestibilidad de FDN para el tratamiento con 
mayor concentración de orégano. El resultado positivo del orégano seco en las dietas de caprinos 
en el consumo de nutrientes digestibles, sugiere que los aceites esenciales de orégano modifican la 
microflora ruminal, mejorando la digestibilidad, más que teniendo un efecto en el comportamiento 
alimenticio del animal debido al flavor de la dieta. El tratamiento con 10 g kg-1 de orégano seco 
dietario, tendió a promover el consumo de MS y aumentó el consumo de nutrientes digestibles. La 
dieta con 50 g kg-1 de orégano seco solo promovió el consumo de FDN digestible.

Palabras clave: Capra hircus, digestibilidad, Origanum vulgare, saciedad sensorial especifica.

respectively (Bakkali et al., 2008). Carvacrol and 
thymol have antiseptic properties because they 
cause disruption of the bacterial membrane, 
coagulating the cytoplasm and damaging lipids 
and proteins (Bampidis et al., 2005; Bakkali et al., 
2008). In vitro studies have shown an increase in 
the efficiency of ruminal metabolism since the 
EO would have a selective effect on the rumen 
microflora, increasing the digestibility of the diet 
and promoting animal growth (Calsamiglia et al., 
2007). However, Chaves et al. (2008) indicated 
that carvacrol at a dose of 0.2 g kg-1 DM as an 
additive in the diet of lamb did not modify DM 
intake or live weight (LW) gain (P > 0.05). In vivo 
studies have been conducted in order to evaluate 
the effect of the inclusion of EO in the diets of 
broilers (Pirgozliev et al., 2015), pigs (Lan et al., 
2016) and sheep (Bampidis et al., 2005, Chaves et 
al., 2008; Simitzis et al., 2008). The inclusion of EO 
did not have a positive effect in all the studies, 
which can be probably explained by the use of 
low concentrations. Furthermore, no studies have 
been conducted on the use of oregano essential 
oils in goats, which is particularly interesting if we 
consider that they exhibit selective consumption 
behaviour. 

The hypothesis of this work is that dietary 
dry oregano improves digestible nutrients intake. 
The aim of this study was to evaluate the effect of 
the inclusion of dried oregano in goats’ diets on 
dry matter and digestible nutrient intakes. 

MATERIALS AND METHODS

The trial was conducted in Chillán (36°34' S; 
74º06' W), Biobio Region, Chile, between June 
and November of 2007. The approval of the 
Bioethics Committee of the School of Veterinary 
Sciences, Universidad de Concepcion, was 
obtained to carry out this research. Fifteen Creole 
x Boer entire growing goats (7 ± 1 month old) 
were allocated to individual pens of 1.3 x 2.1 
m, with individual feeders, water bowls and 
bedding of wheat straw. The experiment was a 
completely randomised design, and each animal 

INTRODUCTION

Changes in the characteristics of feeds, such 
as odour, taste or visual presentation,  affect dry 
matter (DM) intake of ruminants (Favreau-Peigne 
et al., 2013) and, in turn, the supply of nutrients to 
the gut of the animal. Digestibility, as an indicator 
of the degree of disappearance of nutrients 
contained in the food through the gastrointestinal 
tract (Pacheco and Waghorn, 2008), is used to 
estimate the intake of digestible nutrients. 

Manipulation of the rumen microbial 
population through the use of additives can 
be used to inhibit or modulate the activity of 
microbial species involved in the digestion of 
nutrients in the rumen (Cieslak et al., 2013), 
increasing the amount of fermented nutrients, 
changing the volatile fatty acids (VFA) profile, 
and maximising the efficiency of microbial 
protein synthesis (Tedeschi et al., 2011; Bodas et 
al., 2012). Furthermore, some additives have been 
used to minimise both ammonia accumulation 
and methane production in the rumen (Tedeschi 
et al., 2011). 

Traditionally, antibiotics have been included 
in diets as growth promoters at sub-clinical doses 
with the risk of creating resistance to antibiotics 
used in human therapy (Jouany and Morgavi, 
2007). Nowadays, consumers and different 
government agencies want to eliminate the use 
of these animal husbandry practices, leading 
to more restrictive food regulations in Europe 
(Official Journal of the European Union, 2003). 
This situation has given rise to the study of some 
plant extracts as natural alternatives to chemical 
antibiotic growth promoters (Bampidis et al., 
2005; Spanghero et al., 2008). 

The essential oil (EO) of oregano (Origanum 
vulgare L.) has a great potential as an additive 
in ruminant diets due to its antimicrobial, 
antioxidant and anti-mutagenic activity (Bampidis 
et al., 2005; Bodas et al., 2012). The main active 
components of oregano EO are the monoterpenes, 
carvacrol and thymol (Bampidis et al., 2005) 
which  represent 50 and 30% of its composition, 
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was assigned to one pen and treatment. A total 
mix ration using ryegrass (Lollium perenne) hay, 
grounded lupin and grounded whole maize was 
formulated as a control diet. The trial included 
a control group (n = 5; initial live weight LW = 
24,3 kg), and two treatments with two contrasting 
concentrations of oregano to prospect, which 
were higher than those reported by literature 
(Bampidis et al., 2005): 10 g kg-1 (n = 5; initial LW= 
24.7 kg) and 50 g kg-1 (n = 5; initial LW = 23.7 kg) 
of dried oregano, on a DM basis (P = 0.85). The 
animals were weighed at the beginning and the 
end of the trial. Isonitrogenous and isocaloric 
diets were formulated according to the nutritional 
requirements of goats (NRC, 1981), and the 
ration was adjusted according to changes in live 
weight (LW) of the animals during the study.  
The nutritional composition of oregano and of 
the diets is shown in Table 1. The animals were 
fed twice a day, 60/40% of the ration morning/
afternoon in order to stimulate feed consumption. 
Water was available ad libitum during the study. 

The study lasted for 62 days, with a 17 d 
period of adaptation to housing conditions in 
which animals were fed with ryegrass (Lollium 
perenne) hay, twice a day. During the last 45 
days, diets including oregano were offered to 
the animals and feed intake was recorded. The 
food intake was calculated by weight differences 
of food offered and rejected. In vivo digestibility 
trials were carried out the last 4 weeks. Total 

faeces were collected during 3 consecutive days, 
using a collection harness; samples were taken 
in the morning on a daily basis, collected in 
sealable plastic bags and then frozen. These were 
processed as composite samples per animal per 
week, and chemically analysed. Acid insoluble 
ash (AIA) was used as a natural marker to 
evaluate the digestibility of diets by analysing 
its concentration in different diets and faeces 
(Van Keulen and Young, 1977). The digestibility 
of DM and nutrients was calculated as follow: 
DM digestibility (%) = [1 - (MC / FM)] * 100, and 
Nutrient digestibility (%) = 1 - (MC / FM) * (FN 
/ DN) * 100, where MC indicates concentration 
of the marker in the diet; FM corresponds to 
the concentration of the marker in the faeces; 
FN denotes the concentration of the nutrient in 
the faeces; and DN indicates the concentration 
of nutrient in the diet. Dry matter and nutrient 
digestibility were calculated by multiplying 
the DM content by the nutrient digestibility 
coefficient.

The total mixed diets, oregano and faeces 
were chemically analysed in the Laboratory of 
Animal Nutrition, Universidad de Concepción. 
Dry matter, total ash (TA), crude protein (CP) and 
ether extract (EE) were determined according 
to AOAC procedures (AOAC, 1997). Neutral-
detergent fibre (NDF) was determined using the 
method of Van Soest et al. (1991). Acid-detergent 
fibre (ADF) was determined using the method 

Table 1. Diets and their nutritional composition on dry matter basis (DMB)

                                                                          Composition of the diet (g kg-1)
                                                                Control                  10 g kg-1              50 g kg-1

                                                                                         dietary dried       dietary dried
                                                                                        oregano DMB    oregano DMB 
Ryegrass hay 670 670 640 
Whole corn 170 160 150 
Ground lupine  160 160 160 
Dried oregano     0   10   50 
                                                                 Nutritional composition of diets and oregano (g kg-1)
                                                                 Control               10 g kg-1                    50 g kg-1               Pure
                                                                                       dietary dried    dietary dried          dried    
                                                                                       oregano DMB   oregano DMB       oregano 
                                                                                                                                                     DMB
Dry matter  863 865 865 858
Ash    60   64   67 91
Crude protein  113 120 122 111
Ether extract    26   25   25 42
Metabolizable energy Mcal kg-1  2.2  2.2  2.2 2.5
Neutral- detergent fibre  586 523 590 324
Acid- detergent fibre  331 337 341 240
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973.18 of AOAC (1996). Acid insoluble ash (AIA) 
was determined using 2.5 g of sample, which was 
burned at 500°C for 5 h, and then boiled in 25 mL 
of 10% HCl for 5 min and filtered. Subsequently, 
the residue was calcined at 550°C and the sample 
was finally weighed (Van Keulen and Young, 
1977). The metabolisable energy (ME) was 
calculated using the formula given by Marble 
(1984). 

Repeated measures were used to analyse feed 
intake digestibility, and daily live weight gain. The 
data were analysed using the MIXED procedure 
of SAS software 8 (SAS, 1999). The model 
included the fixed effects of treatment (dried 
oregano), time, and treatment x time interactions. 
Each goat was used as an experimental unit 
for statistical analysis. The minimum values 
of Akaike`s information criterion were used to 
select the covariance structure among compound 
symmetry, heterogeneous compound symmetry, 
autoregressive and heterogeneous autoregressive. 
Orthogonal polynomial contrasts were carried 
out to test for linear and quadratic responses on 
the daily digestible intake of DM, NDF, ADF and 
protein, as well as daily metabolisable energy 

intake due to increasing concentrations of dried 
oregano in the diet.   

RESULTS AND DISCUSSION

No effect on dry matter intake of feed was 
observed in goats fed with 10 or 50 g kg-1 of 
oregano as part of the DM (P = 0.10) as shown in 
Table 2. However, the inclusion of dried oregano 
in the diets of growing goats had a positive effect 
on digestible intake in terms of all the other 
parameters evaluated, with the exception of 
digestible ADF intake (Table 2).

Dry matter intake did not show a positive 
linear effect due to the inclusion of dried oregano 
in the goats’ diet. Instead, the effect tended (P = 
0.06) to be quadratic, with no interaction between 
treatment and time. Only digestible NDF intake 
showed a linear effect due to the inclusion of dried 
oregano in the goats’ diet in both concentrations. 
A positive quadratic relationship was observed 
in digestible DM, digestible CP and ME intakes. 
The positive effect of dried oregano on DM and 
digestible DM intake may be due to an acceptable 
taste and odour. However, when oregano was 

Table 2. Dry matter (DM) and digestible nutrient intake (as metabolic live weight unit) including 10 
and 50 g kg-1 (DM Basis) dried oregano in the diets of growing goats. 

                                           Unit                Dietary dried                                                    
 P- values                                                                                     oregano                       SEM

                                                                                 (g kg-1 DM)      
                                                                          0     10 50               P L Q
DM intake g kg 0.75 d-1 87.09 ab 93.58 a 79.40 b 1.66 0.103 0.180 0.060

Digestible DM  g kg0.75 d-1 54.47 b 63.89 a 57.24 b 1.47 0.002 0.260 0.001
intake
 
Digestible crude  g kg0.75 d-1 8.87 b 10.25 a 8.59 b 0.23 0.021 0.510 0.001
protein intake
 
Digestible neutral   g kg 0.75 d-1 21.83 b 25.02 a 25.71 a 0.48 0.002 0.001 0.210
detergent fibre 
intake
 
Digestible acid   g kg 0.75 d-1 12.89 13.91 13.61 0.28 0.260 0.260 0.260
detergent 
fibre intake
 
Metabolisable  Kcal kg 0.75 d-1 192.77 b 222.77 a 185.95 b 4.88 0.002 0.460 0.000
energy intake
 
a, b, c  Mean values in the same row with a different letter differ by least square linear hypothesis test (P ≤ 0.05).
SEM: standard error of the mean 
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used at a higher rate (50 g kg-1), it resulted in a 
reduced intake of both DM and digestible DM; 
values observed were lower at the lowest dose of 
oregano, but similar to the control.

 A study in lambs conducted by Simitzis et 
al. (2008) found no effects with the use of dietary 
oregano EO supplementation (1 g kg-1 as feed), 
except during the first 2-3 days. The treated 
group of lambs seemed to eat smaller quantities 
of feed compared to the control group whose 
diet included no oregano EO. Other studies in 
lambs using pure carvacrol and cinnamaldehyde 
at concentrations of 0.2 g kg-1 of DM offered, 
reported no effects on the food intake (Chaves 
et al., 2008). Similar results were obtained by 
Bampidis et al. (2005) in lambs fed on diets with 
oregano at concentrations of 4 and 8 g kg-1 of 
DM. This indicates that the negative effects on 
voluntary intake would be observed using levels 
above 20 g kg-1. In present study, the negative 
effect occurred with a higher content of dried 
oregano in the diet, which can be explained by the 
lower concentration of EO present in the oregano 
rather than the concentration used.. 

The results also showed that the lower 
concentration of dried oregano increased 
consumption of digestible nutrients, but 
increasing the concentration of oregano depressed 
intake. This could be explained by the saturation 
of the animal senses with the smell, producing 
what is known as ”sensory-specific satiety”. This 
argument was also used by Simitzis et al. (2008) 
for lambs supplemented with 1 mL kg-1 oregano 
essential oil. With increasing concentrations of 
feed additive, the initial positive effect would 
decrease, reducing voluntary intake (Rolls, 1986), 
or may cause ”aversion”, which results in the 
animal eating less of that food (Provenza, 1996). 
Otherwise, the voluntary food consumption 
might be stimulated (Early and Provenza, 1998). 
This concept may be considered to be bi-phase, 
the first when an increase in the digestibility of 
the nutrients limits consumption, and the second 
when the presence of oregano EO at ruminal level 
could lead to a toxic effect. 

The use of dietary oregano promoted an 
increase in voluntary intake of metabolisable 
energy, with no interaction with the time of 
evaluation (Table 2). The increase of metabolisable 
energy intake seems to be due to the influence of 
the EO on digestibility, which supports the first 
theory proposed by Early and Provenza (1998). 
Bampidis et al. (2005) did not observe any effects 
on digestible nutrients in lambs using a lower 
concentration of oregano than in the present 
study. Nevertheless, they found a positive effect 
on the digestibility coefficient of NDF. This could 
be explained by the increase in the digestibility 

of the diet due to selective inhibition of rumen 
microbial population by oregano EO. This action 
could produce a positive effect on propionate 
production, reducing energy losses by decreasing 
CH4 and CO2 production (Tedeschi et al., 2011; 
Bodas et al., 2012). 

Hristov et al. (2013) obtained opposite results 
in dairy cows and found that digestibility of NDF 
decreased when fresh oregano was incorporated 
in the diet at concentrations of 0.35; 0.7; and 0.98 
g kg-1 of LW, without affecting digestibility of 
other nutrients. Moreover, they indicated that 
the presence of the bacterial species Ruminococcus 
flavefaciens slightly increased in the rumen 
when a low concentration of oregano was used, 
but decreased when increasing the amount of 
oregano (quadratic effect) in the diet. This species 
of bacteria is one of the largest rumen fibrolytic 
species, and might have caused the increase in 
the digestibility of NDF. 

The oregano concentration intake of 0.57 g 
kg-1 of LW was between low and intermediate 
concentrations, while that of 2.7 g kg-1 of LW 
doubled the maximum value reported by Hristov 
et al. (2013). In addition, an increase in the intake 
of digestible protein implies an increase in the 
availability of metabolisable protein and amino 
acids in the animal, with positive effects on growth, 
implying an increase in the efficiency of nitrogen 
use. However, this effect was not observed in the 
present study. The effect of EO, such as thymol, 
eugenol, and limonene, among others, on the 
efficiency of the utilisation of ingested nitrogen 
is related to the inhibition of the growth and the 
activity of microorganisms. Clostridium sticklandii 
and Peptostreptococcus anaerobius are considered 
ammonium hyper-producers (Tsiplakou et al., 
2017), causing an increase of the live weight of 
the animal. Moreover, EO rich in thymol affects 
proteolysis in the rumen due to the probable 
toxicity of some species of bacteria, protozoa and 
fungi present in the rumen, inhibiting proteolysis 
and the degradation of fibres (Tedeschi et al., 
2011; Cieslak et al., 2013). These considerations 
are important and the concentration of plant 
extracts and/or EO should be included in the 
diets. In the present study, the positive effect of 
dried oregano on the digestible NDF suggests 
that the concentrations used were not toxic to 
fibrolytic species. It could be thought that dietary 
dried oregano was included in the diet with an 
optimum value close to 5% of the DM offered 
(Table 2).

No effects were observed in live weight gain. 
Daily live weight gains of the goats were 146 g 
d-1 in the control, 126 g d-1 with 10 g kg-1 DM , 
and 122 g d-1 with 50 g kg-1 DM, which were 
not different from each other (P = 0.08), while 
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final live weight was 30.9; 30.4; and 30.1 kg per 
treatment, respectively (P = 0.77). Therefore, the 
inclusion of dried oregano in the goats’ diet  had 
no effect on animal weight. 

CONCLUSION

The inclusion of dried oregano in the diet 
of growing goats increases the digestibility of 
nutrients with no effect on live weight gain. This 
effect was evident in all the parameters analysed, 
except digestible ADF intake. The inclusion of 
50 g kg-1 of oregano in the diet only stimulated 
consumption of the digestible neutral-detergent 
fibre fraction. Dried oregano at the concentration 
used in this study does not act as a natural growth 
promoter. 
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