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ABSTRACT 

 

Two experiments were conducted to evaluate the effect of thyme (Thymus vulgaris) essential oil (EO) 

doses on rumen fermentation, nutrient digestibility, and nitrogen metabolism, as well as performance and 

coccidia oocyst discharge. In experiment I, 20 rumen-cannulated wethers received the experimental diets 

containing 80% dry matter (DM) of haylage and 20% DM of concentrate. Treatments were 25mg of 

monensin/kg DM or doses of 1.25, 2.50, or 3.75g of thyme EO/kg DM. In experiment II, 50 ewe lambs 

received the same diets from experiment I, including a diet without feed additives. Wethers fed with diets 

containing 1.25g/kg DM of thyme EO had higher molar proportion of propionate (P= 0.03) and butyrate 

(P< 0.01), and lower (P= 0.04) acetate to propionate ratio than other treatments. Adding thyme EO to 

diets increased (P= 0.02) nitrogen retention compared to monensin. The performance of ewe lambs was 

not affected (P≥ 0.05) by treatments. However, lambs fed monensin had a lower (P= 0.04) number of 

coccidia oocyst discharge than others. Adding 1.25g/kg DM of thyme EO in high-forage diet improved 

ruminal fermentation. Thyme EO enhanced nitrogen metabolism, however, it did not improve 

performance. 
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RESUMO 

 

Dois experimentos foram conduzidos para avaliar o efeito de doses de óleo essencial (OE) de tomilho 

(Thymus vulgaris) sobre a fermentação ruminal, a digestibilidade de nutrientes e o metabolismo de 

nitrogênio, bem como sobre o desempenho e a descarga de oocistos de coccídeos. No experimento I, 20 

ovinos canulados receberam dietas experimentais contendo 80% de matéria seca (MS) de pré-secado e 

20% de MS de concentrado. Os tratamentos foram 25mg de monensina/kg de MS ou doses de 1,25, 2,50 

ou 3,75g de OE de tomilho/kg de MS. No experimento II, 50 borregas receberam as mesmas dietas do 

experimento I, incluindo uma dieta sem aditivos. Os animais alimentados com dietas contendo 1,25g de 

OE de tomilho apresentaram maior proporção molar de propionato (P=0,03) e de butirato (P<0,01) e 

menor (P=0,04) relação acetato/propionato do que outros tratamentos. A adição de OE de tomilho nas 

dietas aumentou (P=0,02) a retenção de nitrogênio em comparação com a monensina. O desempenho de 

cordeiros não foi afetado (P≥0,05) pelos tratamentos. No entanto, cordeiros alimentados com monensina 

apresentaram menor (P=0,04) número de oocistos de coccídeos. A adição de 1,25g/kg de MS de OE de 

tomilho na dieta forrageira melhorou o perfil da fermentação ruminal. O OE de tomilho aumentou a 

retenção de nitrogênio, no entanto não melhorou o desempenho. 
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INTRODUCTION 
 

Ionophores are one of the most used feed 

additives for ruminants (Oliveira and Millen, 

2014), however, the use of monensin as a growth 

promoter was banned in the European Union 

(OJEU, 2003), therefore, it is necessary to find 

substitutes from monensin, if it is also prohibited 

in Brazil. One alternative has been the essential 

oils (EO) that are aromatic compounds extracted 

from plants. Thyme EO was able to change the 

rumen microbial population (Cristani et al., 

2007; Ultee et al., 2002; Juven et al., 1994), as 

well as decrease molar proportion of acetate and 

acetate to propionate (Ac:Prop) ratio, and 

increase the molar proportion of propionate in 

cattle fed high-concentrate diets (Vakili et al., 

2013). Besides the EO rumen effects, these 

compounds may also present activity against 

intestinal parasites, such as coccidian or 

nematodes (Benchaar et al., 2008). Monensin is 

already used as coccidiostat for ruminants 

(Chartier and Paraud, 2012), preventing clinical 

coccidiosis.  
 

The thymol is the main compound found in EO 

extracted from thymus plant (Thymus vulgaris; 

Table 1; Juven et al., 1994), which is able to 

inhibit gram-positive and gram-negative bacteria 

by decreasing enzyme activity and modifying 

membrane integrity (Juven et al., 1994). In the 

same line, p-cymene, another compound found in 

high concentration in thyme EO (Table 1), may 

diffuse through the plasma membrane into the 

bacterial cytoplasm (Cristani et al., 2007), 

causing expansion of the cell, allowing the 

passage of ions through the membrane (Ultee et 

al., 2002). Thus, this study aimed to determine 

the effects of thyme EO on rumen fermentation, 

nutrient digestibility, performance and coccidia 

oocyst discharge of the sheep fed with high-

forage diets. 
 

MATERIALS AND METHODS 
 

This study was carried out in the sheep research 

facilities at the Sheep and Goat Intensive 

Production System of the Department of Animal 

Science, Escola Superior de Agricultura “Luiz de 

Queiroz”, University of São Paulo. All animal 

procedures followed the guidelines 

recommended by the Animal Care and Use 

Committee at the same university (# 

4214031014). 

Table 1. Chemical composition of thyme 

(Thymus vulgaris) essential oil used in 

experiments 

Item % DM
1
 

Thymol 46.6 

p-cymene 38.9 

Linalool 3.8 

α-pinene 3.3 

Myrcene 1.7 

1,8-cineole 1.2 

Camphene 1.0 

Limonene 0.8 

β-pinene 0.6 

γ-terpinene 0.3 

Others 1.8 
1 DM: dry matter. 

 

At the beginning of experiment I, twenty rumen-

cannulated crossbred wethers (½ Dorper x ½ 

Santa Inês) were blocked according to initial 

body weight (BW; 68.0±2.5kg) and randomly 

assigned to receive one of the following 

treatments (5 wethers/treatment): 25mg of 

monensin/kg of dry matter (DM) 

(Rumensin
®
100, Elanco Brazil, São Paulo, SP, 

Brazil), or 1.25 (1.25EO), 2.50 (2.50EO) or 3.75 

(3.75EO) g of thyme EO/kg DM (Tomilho 

Branco QT Timol
®
, Laszlo Aromaterapia, Belo 

Horizonte, MG, Brazil).  

 

Wethers were housed in individual pens 

containing feed bunks, mineral boxes and 

waterers. The diets were composed of 800g/kg 

DM of coastcross haylage and 200g/kg DM of 

concentrate (Table 2). On a daily basis, the 

concentrate was weighed using an electronic 

scale accurate to 0.1g (Marte
®
, AC 10K, São 

Paulo, SP, Brazil) and offered at 7:00 am. The 

haylage was weighed in the same scale and 

offered twice a day. Orts of each animal were 

weighed every morning in order to calculate DM 

intake (DMI). The orts were re-offered mixed to 

new haylage, to avoid changes in the relation 

between haylage and concentrate, and discarded 

once a week. The haylage was ground in a 

grinder without a sieve (Nogueira
®
, DMP – 4, 

Itapira, São Paulo, Brazil), whereas the 

concentrate was mixed in a horizontal mixer 

(Lucato, Limeira, São Paulo, Brazil). The 

additives were mixed with concentrate at the 

time of feeding. 
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Table 2. Proportions of ingredients and chemical composition of the experimental diets used in 

experiments 

Item 
Treatments

1
 

CONT MON 1.25EO 2.50EO 3.75EO 

Ingredients (% DM)      

Coastcross haylage 80 80 80 80 80 

Ground corn 12.0 12.0 11.9 11.7 11.6 

Soybean meal 4.5 4.5 4.5 4.5 4.5 

Limestone 1.0 1.0 1.0 1.0 1.0 

Mineral mix
2
 2.5 2.5 2.5 2.5 2.5 

Thyme essential oil 0 0 0.125 0.250 0.375 

Exp. I - Chemical composition (% DM) 

Dry matter (as-fed-basis)  56.8 56.7 56.8 56.7 

Organic matter  87.7 87.7 87.7 87.4 

Crude protein  14.0 14.0 14.2 14.3 

Neutral detergent fiber  61.0 61.0 60.4 60.2 

Exp. II - Chemical composition (% DM) 

Dry matter (as-fed-basis) 65.8 65.8 65.8 65.8 65.8 

Organic matter 88.6 88.6 88.6 88.6 88.6 

Crude protein 13.4 13.4 13.9 13.9 14.2 

Neutral detergent fiber 60.7 60.7 60.9 60.7 60.3 
1 CONT: no additive diet; MON: 25mg of monensin/kg DM; 1.25EO: 1.25 g thyme EO/kg DM; 2.50EO: 2.50 g 

thyme EO/kg DM; 3.75EO: 3.75 g thyme EO/kg DM. 
2 Composition: 7.5% P; 13.4% Ca; 1.0% Mg; 7% S; 14.5% Na; 500 ppm Fe; 300 ppm Cu; 4600 ppm Zn; 15 ppm Se. 

 

In experiment II, 50 ewe lambs (½ Dorper x ½ 

Santa Inês), aged approximately 150 days, were 

blocked according to initial BW (30.7±0.9kg), 

and assigned to receive one of the treatments 

previously described in Exp. I, including a 

negative control (CONT; no feed additive). 

Lambs were housed in individual pens with 

concrete floors, feed bunks, and waterers. The 

ratio of feed inclusion and chemical composition 

of diets are shown in Table 2, and the method of 

feeding and processing was similar to Exp. I.  

 

Experiment I lasted 28 days, of which the first 23 

days were used for diet adaptation and the last 5 

days for sampling of feces and urine. The 

animals were kept in metabolism crates (1.30 × 

0.55m) for metabolism trials that were fit with a 

feeding trough, drinking trough, and a system for 

collecting urine. The metabolism crates were 

kept in an indoor environment that was protected 

from rain and direct sunlight. The feces were 

collected using bags to avoid urine 

contamination, which was collected in plastic 

recipients containing HCl (6N) to prevent 

ammonia volatilization. In addition, urine pH 

was measured twice a day to ensure that urine 

pH was below 3.0, avoiding ammonia 

volatilization. Fecal and urine production was 

collected twice a day. The 24-hour fecal and 

urine production was weighed using an 

electronic scale accurate to 0.1g, and 10% of 

daily feces and urine production were sampled 

and stored at -18°C (wet weight). Subsequently, 

feces and urine samples were used to determine 

nutrient digestibility in the total digestive tract 

and nitrogen retention, respectively. 

 

On the 7
th

, 14
th

, 21
st
 and 28

th
 days, 100mL of 

ruminal fluid were collected at 0 (before 

feeding), 3, 6, 9 and 12 hours after the first 

feeding, to determine short chain fatty acids 

(SCFA) and ammonia-N. After collecting, 

ruminal fluid pH was measured with a digital 

potentiometer (Digimed
®
, D20, Piracicaba, São 

Paulo, Brazil). The samples from each hour were 

pooled per day, resulting in one sample per 

animal per day, aiming to evaluate the effects of 

additive inclusion during the adaptation period 

(7
th

, 14
th

 and 21
st
 days) and after the adaptation 

(28
th

 day).  

 

Experiment II lasted 84 days, which was divided 

into three periods of 28 days each. The lambs 

were weighed after a 14-hour fast of feed on 

days 0, 28
th

, 56
th

 and 84
th

. At the end of each 

period, average daily gain (ADG) and feed 

efficiency (FE = ADG/DMI) were calculated, 

considering the DMI average during each period. 



Ribeiro et al. 

2068  Arq. Bras. Med. Vet. Zootec., v.71, n.6, p.2065-2074, 2019 

On the last day of each period, fecal samples 

were collected directly from the lambs’ rectum 

on the last day of each period for oocyst 

discharge estimation by lambs under a natural 

coccidia infection. The oocysts were isolated 

from fecal samples by sucrose gradient flotation 

(Buret et al., 1990) in order to determine the 

number of coccidial oocysts. The samples were 

examined microscopically (Bel photonics
®
, 

BIO2, Monza, Italy) using a McMaster chamber. 

 

Samples of the offered feed, orts, and feces were 

thawed, compounded by animal per period, dried 

in a forced-air oven at 55°C for 72 hours and 

ground in a Wiley mill (Marconi
®
, Piracicaba, 

SP, Brazil) passing a 1mm screen. The DM 

content was determined by drying the samples at 

105°C for 24 hours according to the method of 

the Association of Official Analytical Chemists 

(Official…, 1990; method #934.01). Ash content 

was obtained by incinerating the samples in an 

oven at 600°C for 2 hours (method #942.05; 

Official…, 1990). The organic matter content 

was calculated by the difference between the DM 

and ash (OM = 100% of DM - ash% of DM). 

Neutral detergent fiber was determined 

according to Van Soest et al. (1991) using α-

amylase and sodium sulfite in a 2000 Ankom
®

 

system (Ankom Tech. Corp., Fairport, NY, 

USA). Total nitrogen of the offered feed, orts, 

feces, and urine was determined using Leco
®

 

FP528 instrument (Leco Corporation, St. Joseph, 

MI, USA; Official…, 1990; method #968.0). 

Short chain fatty acid profile was determined 

according to Ferreira et al. (2016). The NH3-N 

concentration was determined with a 

colorimetric method that was described by 

Chaney and Marbach (1962), adapted for a 

microplate reader (EON
®
, BioTek Instruments, 

Winooski, VT, USA) with a 550nm absorbance 

filter. 

 

Animals were used as the experimental unit for 

ANOVA analyses. The data for SCFA profile, 

ruminal pH, ammonia (Exp. I), DMI, ADG, FE, 

and coccidia oocyst discharge (Exp. II) were 

analyzed as repeated measures over time. The 

statistical model used was yijk = μ + Di + bj + eij + 

Tk + DiTk + bjTk + eijk, in which μ = overall mean, 

Di = fixed effect of treatment, bj = random block 

effect, eij = random error A, Tk = fixed effect of 

time, DiTk = fixed effect of treatment × time 

interaction, bjTk = random effect of block × time 

interaction, and eijk = random error B. All data 

analyzed as repeated measures were tested for 

the same covariance matrices used by Polizel et 

al. (2017), and the best covariance matrices was 

defined according to the lowest Akaike's 

Information Criterion value. The effect of 

treatment, day and interaction of treatment x day 

were defined by the F test (P< 0.05) of variance 

analysis. 

Nutrient intake and digestibility, variables related 

to N (Exp. I) and BW (Exp. II) were analyzed 

using the model yij = μ + Di + bj + eij, in which μ 

= overall mean, Di = fxed effect of diet, bj = 

random effect of block, and eij = random error. 

The means were obtained by the LSMEANS 

command, whereas the treatment effect was 

defined by Tukey test (P< 0.05). Before ANOVA 

by MIXED procedure (SAS version 9.0; SAS 

Inst. Inc., Cary, NC), data were analyzed by 

normality (Shapiro–Wilk) and homogeneity of 

variance (Levene) tests, and the data respected 

these statistics premises. In addition, there was 

no outliers (studentized residual >3 or <-3). 

 

RESULTS 

 

In experiment I, feed additives did not affect 

DMI (P= 0.36), nutrient intake, total digestible 

nutrient intake (P= 0.19), and nutrient 

digestibility coefficients (P> 0.05; Table 3). 

There was (P< 0.05) interaction between 

treatments and days on the molar proportion of 

propionate and butyrate, total SCFA 

concentration and Ac:Prop ratio (Table 4). 

 

The molar proportion of propionate was higher 

(P< 0.05) in monensin and 1.25EO treatments 

than in 2.50EO treatment on the 7
th

 and 14
th

 

days. Moreover, wethers fed diets containing 

1.25 of EO/kg DM had higher (P> 0.01) molar 

proportion of butyrate compared to other 

treatments on the 7
th

 and 28
th

 days (Figure 1B). 

On the 28
th

 day, the 1.25EO treatment increased 

molar proportion of propionate (P= 0.01) and 

decreased (P= 0.04) Ac:Prop ratio and total 

SCFA (P< 0.01) compared to others (Figure 1A, 

C and D).  
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Table 3. Nutrient intake and digestibility in wethers (½ Dorper x ½ Santa Inês) fed high-forage diets from 

experiment I 

Item 
Treatments

1
 

SEM
2
 p value 

MON 1.25EO 2.50EO 3.75EO 

Intake (kg/d)       

Dry matter 1.04 1.12 0.95 1.02 0.08 0.36 

Organic matter 0.91 0.99 0.83 0.89 0.07 0.36 

Crude protein 0.15 0.16 0.14 0.15 0.01 0.45 

Neutral detergent fiber 0.63 0.68 0.57 0.62 0.05 0.32 

Total digestible nutrient intake 

(kg/d) 
0.54 0.60 0.50 0.52 0.05 0.19 

Total apparent digestibility coefficient 

Dry matter 0.52 0.53 0.53 0.51 0.02 0.86 

Organic matter 0.53 0.54 0.54 0.52 0.02 0.91 

Crude protein 0.69 0.69 0.67 0.67 0.01 0.66 

Neutral detergent fiber 0.51 0.51 0.51 0.48 0.02 0.87 
1 MON: 25mg of monensin/kg DM; 1.25EO: 1.25g thyme EO/kg DM; 2.50EO: 2.50g thyme EO/kg DM; 3.75EO: 

3.75g thyme EO/kg DM. 
2 Standard error of the means. 

 

Table 4. Ruminal levels of short chain fatty acids (SCFA), ammonia, and ruminal pH in wethers (½ 

Dorper x ½ Santa Inês) fed high-forage diets from experiment I 

Item 
Treatments

1
 

SEM
2
 

p value
3
 

MON 1.25EO 2.50EO 3.75EO T D T*D 

SCFA (mM/100mM)         

Acetate (Ac) 72.2 70.9 72.6 73.1 0.61 0.22 0.99 0.39 

Propionate (Prop) 15.6
a
 15.6

a
 14.5

b
 14.8

ab
 0.32 0.05 0.09 0.03 

Isobutyrate 1.10 1.12 1.19 1.11 0.06 0.69 0.02 0.06 

Butyrate 8.12
b
 9.54

a
 8.45

b
 8.15

b
 0.30 0.03 <0.01 <0.01 

Isovalerate 1.50 1.42 1.41 1.30 0.10 0.57 0.01 0.06 

Valerate 0.69 0.77 0.81 0.77 0.03 0.07 0.27 0.83 

Ac:Prop ratio 4.61
a
 4.59

a
 5.04

b
 4.96

ab
 0.13 0.04 0.23 0.04 

Total SCFA (mM/L) 91.1 87.8 93.5 97.1 3.30 0.21 <0.01 <0.01 

Ammonia (mg/dL) 9.12 8.56 10.1 10.1 1.25 0.79 0.04 0.95 

pH 6.51 6.61 6.56 6.47 0.05 0.14 <0.01 0.12 
1 MON: 25mg of monensin/kg DM; 1.25EO: 1.25g thyme EO/kg DM; 2.50EO: 2.50g thyme EO/kg DM; 3.75EO: 

3.75g thyme EO/kg DM. 
2 Standard error of the means. 
3 T: fixed effect of treatment; D: fixed effect of day (samples of ruminal fluid were collected on the 7th, 14th, 21st and 

28th days of each period); T×D: fixed effect of treatment × day interaction. Within a row, mean values with different 

superscript differ significantly (P< 0.05). 

 

No treatment effects were observed on nitrogen 

intake (P= 0.45) and fecal excretion (P= 0.86; 

Table 5). However, wethers fed with monensin 

had higher (P= 0.02) nitrogen excretion in urine 

than wethers fed with diets containing thyme EO, 

regardless of the dosage. Consequently, the 

addition of monensin in the diet resulted in lower 

nitrogen retention (P= 0.02) than in diets 

containing thyme EO. In experiment II, the 

treatments did not affect final BW (P= 0.25), 

ADG (P= 0.25), DMI (P= 0.59 and P= 0.81 for 

g/d and kg/100kg BW, respectively), and FE (P= 

0.21; Table 6). Nonetheless, ewe lambs fed with 

diets containing monensin had less (P= 0.04) 

coccidia oocyst discharge compared to the 

negative control and doses of thyme EO. 

 

During the adaptation to the diets (period 1), 

lambs had reduced (P= 0.05) ADG compared to 

periods 2 and 3 (56.05 vs 87.53 and 77.70g, 

respectively), whose DMI (P< 0.01 g/d and 

kg/100kg BW) increased along the time (782.1, 

974.6 and 1046.0g/d; 2.52, 2.94 and 2.98% of 

BW for periods 1, 2 and 3, respectively). 



Ribeiro et al. 

2070  Arq. Bras. Med. Vet. Zootec., v.71, n.6, p.2065-2074, 2019 

Similarly, the number of coccidia oocyst 

discharge increased (P< 0.01) from the second to 

the third period (4.76 vs 22.95, respectively). 

 

DISCUSSION 

 

This study aimed to evaluate whether adding 

thyme EO in sheep diets changes the rumen 

fermentation process, improving animal 

performance as occurs with monensin use. The 

results demonstrated that molar proportion of 

propionate and the Ac:Prop ratio obtained from 

1.25EO treatment were the highest on the 28
th

 

day (after adaptation period) when compared to 

other treatments, suggesting that this dose of 

thyme EO can improve rumen fermentation. The 

great advantage of monensin use in ruminant 

diets is its capacity in increasing molar 

proportion of propionate (Ellis et al., 2012). 

Therefore, identifying a dosage of thyme EO that 

demonstrates better results on rumen 

fermentation compared to monensin means a 

great potential for using this additive. On the 

other hand, the use of thyme EO in high doses 

resulted in lower molar proportion of propionate, 

which could be explained by toxic effect of 

thyme EO on gram-negative bacteria (Nazzaro et 

al., 2013). 

 

 
Figure 1. Description of interaction effects between treatments and days for molar proportion of propionate (A) and 

butyrate (B), total short chain fatty acids (SCFA; C) concentration, and acetate to propionate (Ac:Prop; D) ratio. 

Treatments - MON: 25mg of monensin/kg DM; 1.25EO: 1.25g thyme EO/kg DM; 2.50EO: 2.50g thyme EO/kg DM; 

3.75EO: 3.75g thyme EO/kg DM.  T: fixed effect of treatment; D: fixed effect of day (samples of ruminal fluid were 

collected on the 7th, 14th, 21st and 28th days of each period); T×D: fixed effect of treatment × day interaction. Mean 

followed by different letters differ significantly (P< 0.05). 

 

Table 5. Nitrogen balance in wethers (½ Dorper x ½ Santa Inês) fed high-forage diets from experiment I 

Item 
Treatments

1
 

SEM
2
 p value 

MON 1.25EO 2.50EO 3.75EO 

N intake (g/d) 23.2 25.2 21.6 23.3 1.77 0.45 

Fecal N (g/d) 7.23 7.92 7.37 7.71 0.69 0.86 

Urinary N (g/d) 8.72
a
 4.79

b
 4.62

b
 3.54

b
 1.09 0.02 

N retention (g/d) 7.2
b
 12.8

a
 10.5

a
 12.2

a
 1.24 0.02 

1 MON: 25mg of monensin/kg DM; 1.25EO: 1.25g thyme EO/kg DM; 2.50EO: 2.50g thyme EO/kg DM; 3.75EO: 

3.75g thyme EO/kg DM. 
2 Standard error of the means. 
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Table 6. Performance of ewe lambs (½ Dorper x ½ Santa Inês) fed high-forage diets from experiment II 

Item§ 
Treatments

1
 

SEM
2
 

p value
3
 

CONT MON 1.25EO 2.50EO 3.75EO T D T×D 

BW (kg)          

Initial 31.0 30.9 30.2 30.1 30.9 0.89 0.20 - - 

Final P1 31.3 33.1 31.5 32.0 32.9 1.19 0.17 - - 

Final P2 34.0 36.0 33.5 34.4 34.9 1.04 0.06 - - 

Final P3 36.1 38.1 35.8 36.8 36.7 1.06 0.25 - - 

ADG (g) 60.0 86.3 69.2 80.5 71.9 8.67 0.25 0.05 0.36 

DMI,           

g/d 930 972 912 932 922 28.4 0.59 <.01 0.37 

% of BW 2.85 2.82 2.81 2.83 2.73 0.09 0.81 <.01 0.53 

FE 0.06 0.09 0.08 0.08 0.08 0.01 0.21 0.15 0.43 

Coccidia
4
 17.6

b
 2.0

a
 14.5

b
 17.2

b
 17.9

b
 4.07 0.04 <.01 0.18 

1 CONT: no additive diet; MON: 25mg of monensin/kg DM; 1.25EO: 1.25g thyme EO/kg DM; 2.50EO: 2.50g thyme 

EO/kg DM; 3.75EO: 3.75g thyme EO/kg DM. 
2Standard error of the means. 
3T: fixed effect of treatment; D: fixed effect of day (lambs were weighed on days 0, 28th, 56th and 84th of experiment); 

T×D: fixed effect of treatment × day interaction. Within a row, mean values with different superscript differ 

significantly (P< 0.05). 
4Coccidia oocyst discharge per gram of faces. 

BW: body weight; ADG: average daily gain; DMI = dry matter intake; FE = feed efficiency (kg of BW gain/kg of 

feed). 

 

The 1.25EO treatment also increased the molar 

proportion of butyrate, suggesting that thyme EO 

did not inhibit butyrate production during 

fermentation. In the same line to this finding, 

several authors reported that high doses of EO 

increased butyrate proportion (Ramos-Morales et 

al., 2013). On the other hand, Ellis et al. (2012) 

reported a decrease in the molar proportion of 

butyrate when monensin was used, mainly in 

high forage diets. In addition, the 1.25EO also 

decreased the SCFA concentration on the 28
th

 

day of experiment, indicating that this dose of 

EO may decrease the fermentation rate or 

increase disappearance of SCFA in the rumen. 

However, the effects of EO on ruminal 

fermentation have been extremely variable 

(Calsamiglia et al., 2006), which may also be 

observed in results during the adaptation period. 

The interaction between treatments and days 

observed in molar proportion of propionate, 

butyrate and total SCFA indicate that the 

responses was dosage dependent, as well as the 

time of supplementation with additives. Thus, the 

molar proportion of SCFAs evaluated in this 

study had different results during the adaptation 

period, suggesting the use of doses throughout 

the production stages. In addition, there are few 

studies evaluating the effect of feed additives on 

rumen metabolism during the adaptation period, 

further research is necessary to elucidate what 

occurs during this period.  

 

The monensin and thyme EO doses resulted in 

similar ruminal ammonia concentration, and a 

remarkable effect of monensin and thyme EO on 

ruminal ammonia concentration is described in 

the literature. Hassanat and Benchaar, (2013) 

reported that monensin decreased ruminal 

ammonia concentration in vitro study by 

decreasing the deamination of amino acids 

(Russell and Strobel, 1988). Russell and Strobel 

(1988) found that a group of gram-positive 

bacteria, which are monensin-sensitive, called 

hyperammonia-producing bacteria, had high 

specific activity for ammonia production. In the 

same line, some in vitro experiments have 

demonstrated a reduction in ammonia 

concentration when thyme EO was added 

(Castillejos et al., 2008). The thyme EO can 

interact with microbial cell membranes and 

inhibit the growth of some bacteria, resulting in 

lower ammonia concentration (Calsamiglia et al., 

2007). Although the thyme EO did not affect 

ammonia concentration on rumen compared to 

monensin, the addition of thyme EO on diets 

increased the N retention by decreasing urinary 

N excretion. Rajabi et al. (2017) observed the 

similar effect on urinary N and balance when 

used pomegranate peel extract; however, the 
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exact mechanism for positive nitrogen balance is 

yet not clear. In addition, it is important to 

highlight that thyme EO, overall, was able to 

decrease N excretion without decreasing the N 

level in the diet, which may reduce 

environmental pollution by N. 

 

Possibly, the main effect of EO in the feed 

digestion is the reduction of protein and starch 

degradation, as reviewed by Patra (2011). In this 

study, no treatment effects of thyme EO were 

observed in nutrient digestibility, whose diet was 

composed mainly of tropical grass. There are few 

studies evaluating the effect of thyme EO in 

tropical grass digestibility, but Kouazounde et 

al., (2015) observed a decrease in digestibility of 

tropical grass using EO containing thymol in in 

vitro experiment. In addition, the diets used in 

the current research had 80% DM of forage, 

containing 60% DM of neutral detergent fiber, 

which results in a physical limitation intake. The 

literature is scarce concerning forage quality 

impact in the relation between DMI and 

additives used in high forage diets, precluding 

the establishment of the relation among forage 

quality, DMI and additives. 

 

There is no consensus whether thyme EO 

changes palatability of feed intake, however, 

many researches have established that EO 

utilization in ruminant diet did not affect the 

DMI (Benchaar et al., 2007), corroborating with 

the results from this work. On the other hand, 

some authors reported that EO could stimulate 

DMI (Fandiño et al., 2008). Moreover, the 

answers regarding the EO use in ruminant diets 

depended on dosage, showing differences 

according to its amount in the diet (Yang et al., 

2010). Therefore, the discrimination among the 

EO types and mainly their composition, which 

may result in changes to physiological processes, 

ruminal fermentation, nutrient digestibility, as 

well as issues related to sensory, such as flavor, 

odor, and acceptability are important. 

Furthermore, we observed that even adding the 

total amount of thyme EO or monensin in 

concentrate, which represented only 20% of the 

diet, did not result in a negative impact on 

concentrate intake in both experiments. 

Despite the changes observed on ruminal 

fermentation and nitrogen balance in experiment 

I, there was no difference in lambs’ performance 

in experiment II. However, lambs feeding diets 

containing monensin had decreased coccidia 

oocyst discharge compared to lambs fed with 

thyme EO or no additive. Perhaps the potential 

effect of thyme EO as a manipulator of ruminal 

fermentation was not expressed because of the 

infestation of coccidia in lambs, which did not 

occur with lambs feeding monensin, an efficient 

coccidiostat for ruminants (Chartier and Paraud, 

2012). Clinical coccidiosis occurs when lambs 

are submitted to physiological stress (Chartier 

and Paraud, 2012). Although an infestation 

occurs, clinical signs may be absent, but a lower 

BW gain is common (Andrews, 2013), which 

probably occurred during the adaptation period 

because the concentration ratio in the diet 

changed from 50% to 20%. This was confirmed 

by lower ADG and DMI in the first period, 

reflecting in an increase of coccidia oocyst 

discharge in period 3. The EO compounds may 

also present activity against intestinal parasites, 

such as coccidian or nematodes (Benchaar et al., 

2008). However, EO effectiveness against such 

parasites in the lower digestive tract may depend 

on the antimicrobial components` capacity to 

remain active after passage through the rumen 

(Benchaar et al., 2008) and abomasum, which 

probably did not occur in this study. 

 

CONCLUSION 

 

Adding 1.25g/kg DM of thyme EO to high-

forage diet improved ruminal fermentation on the 

28
th

 day. In addition, thyme EO improved 

nitrogen metabolism compared to monensin. 

However, thyme EO did not improve 

performance, nor prevent coccidiosis in lambs.  
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