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Table 1- Ingredients of thyme extract (%)
Compounds %
Thymol 55.33
Carvacrol 3.57
P-Cymene 13.47
y-Terpinene 8.86
a-Pinene 3.08
Myrcene a- phellandrene 2.38
a- Terpinene 2.37
B-Caryophyllen 1.17
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Table 2- Ingredients and chemical composition of the basal experimental diet (percentage of dry matter of the

diet)

Ingredients %

Corn silage 20.0

Barley grain 45.0

Bagasse 2.0

Wheat bran 25.0

Soybean meal 4.5

Baking soda 0.5

Salt 0.5

Vitamins and Minerals premix 1.0

Oyster powder 1.5

Chemical compounds

Metabolisable Energy (Mcal/kg) 2.70
Crude protein (%) 14.12
NDF (Neutral detergent fiber) (%) 33.00
ADF (Acid detergent fiber) (%) 17.00
Ca(%) 0.78

P(%) 0.53

1. Supplied per Kg of Diet: 2500 mg Mn; 3000 mg Fe; 4000 mg Zn; 60 mg Co; 200 mg I; 50000 mg Mg; 25 mg Se;
250000 I1U Vitamin A; 50000 I1U Vitamin D; 500 IU Vitamin E
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Table 3- Apparent nitrogen balance in lambs and kids by feeding different levels of thyme extract (g/day)

N intake Faecal N Urinary N Faecal and Urinary N Body N retention Digested N
Main effects
Thyme extract level

Control 34.60 10.08? 3.892 13.978 20.63° 21.81°
250 Mg 34.04 6.97° 2.31°¢ 9.28¢ 24.762 22.042
500 Mg 34.00 9.88b 3.21° 13.10° 20.91¢ 21.42°
SEM 0.067 0.076 0.043 0.081 0.107 0.045
P-value 0.2491 0.0001 0.0001 0.0001 0.0001 0.0001
Effect specie
Lamb 35.52 7.05° 2.70° 9.75° 25.77% 22.17
Kid 35.24 9.902 3.582 13.48? 21.76° 22.12
SEM 0.055 0.062 0.035 0.066 0.087 0.036
P-value 0.0892 0.0001 0.0001 0.0001 0.0001 0.0646
Interactions
LambxControl 34.72 9.35b 3.118 12.46° 22.26° 21.75
Lambx250 Mg 34.49 6.62¢ 2.05°¢ 8.67¢ 25.82° 22.30
Lambx500 Mg 3451 8.19¢ 2.940 11.13¢ 23.382 20.68
KidxControl 34.49 10.802 3.682 14.48? 20.01° 21.87
Kidx250 Mg 34,58 9.32b 2.58P 11.90°¢ 22.68P 22.42
Kidx500 Mg 34.49 11.582 3.482 15.062 19.43¢ 20.72
SEM 0.095 0.108 0.061 0.115 0.152 0.063
P-value 0.2341 0.0001 0.0001 0.0001 0.0001 0.1571

a-d Means with different letters in a column differ significantly (P<0.05)

Table 4- Gas production and methane in lambs and Kids by feeding different levels of thyme extract

Gas production(after 24 h) Methane(after 24 h)
Main effects (m1/200mg DM) (Percentage of produced gas)
Thyme extract level
Control 53.372 86.522
250 Mg 40.71° 81.81°
500 Mg 38.44¢ 79.16°
SEM 0.086 0.086
P-value 0.0001 0.0001
Effect specie
Lamb 44.62 83.14
Kid 43.72 82.86
SEM 0.086 0.023
P-value 0.1527 0.3780
Interactions
LambxControl 53.77 87.74
Lambx250 Mg 41.29 82.19
Lambx500 Mg 38.81 79.49
KidxControl 52.98 85.31
Kidx250 Mg 40.13 81.43
Kidx500 Mg 38.07 78.84
SEM 0.122 0.040
P-value 0.1812 0.2600

&¢ Means with different letters in a column differ significantly (P<0.05)
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Table 5- Protozoa and mmicrobial population in lambs and kids by feeding different levels of thyme extract

Protozoa Total bacteria Coliforms Acid Lactic bacteria
Main effects (x10%) (log/ml) (log/ml) (log/ml)
Thyme extract level
Control 5.692 10.43 3.89 6.36
250 Mg 4.27° 9.15 2.31 5.49
500 Mg 3.93¢ 9.31 3.21 5.18
SEM 0.024 0.022 0.043 0.004
P-value 0.0001 0.1243 0.0844 0.3990
Effect specie
Lamb 4.69 9.39 3.37 5.81
Kid 4,57 9.20 3.27 5.54
SEM 0.020 0.018 0.004 0.003
P-value 0.3781 0.0954 0.0862 0.4122
Interactions

LambxControl 4.76 10.45 3.85 6.44
Lambx250 Mg 4.36 9.23 3.19 5.77
Lambx500 Mg 3.95 9.49 3.08 5.23
KidxControl 4.62 10.41 3.64 6.28
Kidx250 Mg 4,17 9.06 3.14 5.21
Kidx500 Mg 3.91 9.13 3.02 5.14
SEM 0.035 0.031 0.008 0.006
P-value 0.1590 0.2631 0.0731 0.6811

&¢ Means with different letters in a column differ significantly (P<0.05)
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Table 6- Blood metabolites in lambs and kids by feeding different levels of thyme extract (Mg/dL)

Glucose Cholesterol Triglyceride BUN LDL HDL

Main effects

Thyme extract level

Control 76.36° 74.68 19.54 26.142 27.29 33.15
250 Mg 83.10° 71.60 18.20 19.99° 23.80 36.76
500 Mg 84.41° 70.52 17.81 18.15¢ 24.26 36.61
SEM 0.091 0.153 0.113 0.140 0.160 0.188
P-value 0.0001 0.6910 0.4312 0.0001  0.0705  0.0812

Effect specie
Lamb 80.97 71.53 19.37 22.52 25.99 38.12
Kid 81.28 72.01 18.00 21.32 24.31 37.56
SEM 0.074 0.125 0.092 0.114 0.131 0.153
P-value 0.5641 0.2800 0.6802 0.3510  0.8872  0.4933

Interactions
LambxControl 81.24 73.79 18.62 24.13 26.42 35.30
Lambx250 Mg 83.47 70.97 16.90 21.47 24.69 40.34
Lambx500 Mg 84.21 69.82 15.48 18.98 25.15 38.73
KidxControl 80.49 72.58 20.47 25.15 26.37 31.01
Kidx250 Mg 83.73 72.23 19.51 18.51 22.92 31.19
Kidx500 Mg 84.61 71.22 18.14 17.32 23.56 32.49
SEM 0.128 0.216 0.161 0.198 0.227 0.266
P-value 0.3551 0.4640 0.0712 0.8722  0.0921  0.0610

a-c Means with different letters in a column differ significantly (P<0.05)
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Introduction: During fermentation in the rumen produce methane, carbon dioxide and ammonia,
causing loss of protein and energy, environmental pollution and greenhouse gases and thereby,
reduce feed efficiency (Bunthoeun 2007 and Benchaar et al. 2008). Methane gas is one of the most
important greenhouse gases in the global warming process after carbon dioxide. The use of food
additives in the diet, including solutions that can be applied in the field. One of the suitable options
to replace antibiotics aimed at improving rumen fermentation in ruminants’ plant extracts. One of
the plant essential oils that has a great potential for use in ruminant diets is thyme essential oil
(Thymus Vulgaris).

Material and methods: In this study, 15 goat kids (average initial BW of 17.3 + 1.2 Kg, 3-month-
old) and 15 Dalagh lambs (average initial BW of 21.4 + 1.5 Kg, 3-month-old) were randomly
assigned to three dietary treatments: 1) control (without thyme extract), 2) supplemented with 250
mg thyme extract and 3) supplemented with 500 mg thyme extract. Animals were kept in individual
pens with self-mangers for 84 days. To calculate consumption and nitrogen balance in 80 days of
fattening period, samples were taken from three replicates per treatment for four days. Nitrogen
balance for each animal was obtained from the difference between nitrogen consumption and
excretion per day; so that, the nitrogen consumption was corrected from the difference between the
fed nitrogen and the remaining manure of each animal. Glucose, triglyceride, cholesterol, urea
nitrogen (BUN), high-density lipoprotein (HDL) and low-density lipoprotein (LDL) were measured
using a spectrophotometer. For measuring gas production, 200 mg of experimental diets with 3
levels of thyme essential oil (0, 250 and 500 mg) were incubated with 30 ml of buffered-rumen
fluid for 24 hours. After 24 hours of incubation total gas production volume in each bottle with a
calibrated syringe and methane (gas chromatography) was read. Total population of bacteria,
coliforms and lactic acid bacteria and total population of protozoa were counted with five
replications. This experiment was performed based on a completely randomized design with 3 x 2
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factorial arrangement including three levels of thyme extract (0, 250 and 500 mg of dry matter) and
two species of ruminants (sheep and goats).

Results and discussion: The results showed that there was no significant difference in nitrogen
consumption through the use of extracts between different treatments. However, fecal and urinary
excretion nitrogen was lower in treatments receiving 250 mg of thyme extract and retained and
digested nitrogen was more than other treatments (P <0.01). Examination of interactions and species
effects showed that the effect of thyme extract on excreted nitrogen and nitrogen retention in lambs
was different from that of goat kids; so that, excreted nitrogen was higher in goats, while nitrogen
retention was lower. Nitrogen metabolism depends on the composition of the diet and the species of
the animal (Woodward and Reed 1997). Sinz et al (2018) confirmed the findings of this study
showed that kids retain more nitrogen than lambs, which were probably due to the growth potential
of genetically related used strains. Goats are more susceptible to secondary plant compounds than
sheep, the protective mechanisms against these compounds included higher concentrations of
specific salivary proteins, which resulted in a higher capacity to bind to these compounds in saliva
(Lam et al. 2011). With increasing levels of thyme extract, a significant decrease in gas and
methane production was observed in both species (P <0.01). In agreement with the results of the
present study, Talebzadeh et al (2012) reported a decrease in gas volume at different incubation
hours by adding different levels (0, 150, 300 and 600 pg / ml) of thyme essential oil. In the present
study, the results showed that there was no significant difference between species effect and
interaction of experimental treatments, which agrees with the results of Sinz et al (2018), whom did
not observe a significant difference in gas and methane production between lamb and goat species
using grape seed extract. Rumen microbial population (total bacteria, coliforms and lactic acid
bacteria) decreased due to the addition of thyme extract in both species, but this decrease was not
significant. Also, in lambs and goats receiving thyme extract, with increasing the levels of the
extract in the diet, the number of protozoa decreased significantly (P <0.01), so that the group
receiving 500 mg of extract had the lowest number of protozoa. According to the results of this
study, Pour Arefi et al (2016) found that the addition of cinnamon essential oil had no significant
effect on the total number of bacteria and lactic acid bacteria. Khorrami et al (2015) in a study of
the use of thyme and cinnamon essential oils (500 mg / kg dry matter) in the diet of Holstein cows
found that the number of protozoa decreased. They suggested that the anti-protozoan effects of
thyme essential oil may be due to its hydrophobicity, which penetrates the protozoan cell
membrane, binds to it, interferes with cytosolic metabolic pathways, and alters cell membrane
permeability, eventually leading to cell death. Concentrations of triglycerides, cholesterol, low-
density lipoprotein and high-density lipoprotein were not affected by the use of the extract.
However, blood glucose concentration increased significantly with increasing the extract in the diet
and blood urea nitrogen concentration decreased (P <0.01). One of the reasons that extracts and
their compounds can increase blood glucose is that the extracts can reduce the thickness of the
intestinal wall by reducing the undesirable microflora and thus, improve the absorption of nutrients,
which can also increase the plasma glucose by improving its absorption. Similar to the results of
this study, higher glucose concentration and lower blood urea nitrogen were observed in the plasma
of fattening lambs using thymol (Zamani et al 2014) and in the plasma of bulls fed with medicinal
plant extract (Mohammed et al 2004).

Conclusion: In general, the results of this study showed that the use of thyme extract in the diets of
lambs and goats can significantly reduce gas production, especially methane gas and excretion of
nitrogen through urine and feces, and thus increase nitrogen retention and digestion.
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