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Introduction: Essential oils are volatile and concentrated liquids extracted from various parts of medicinal plants.
In recent years, the use of essential oils in animal nutrition has gained interest as an alternative for antibiotic
growth promoters. The main issue with using essential oils in poultry diets is the high volatility, which must be
addressed by developing encapsulation techniques to preserve their efficacy. The purpose of the current
experiment was to determine the effects of dietary supplementation of microencapsulated essential oil of Satureja
khuzistanica on growth performance, oxidative stability of meat, and intestinal microflora of broilers.

Materials and methods: A total of 320 1-d-old Ross 308 chicks were studied in a completely randomized design
with a 2x4 factorial arrangement of treatments. The factors were two administration forms of essential oils (free
and microencapsulated) and four levels of dietary supplementation (0, 50, 100, and 150 mg/kg). The experiment
consisted of eight treatments, four replicates, and 10 broilers per replicate. The essential oil of Satureja
khuzistanica was microencapsulated using a 2% sodium alginate solution, which was mixed and homogenized
before being transferred into a funnel and dropped into a beaker containing a 5% calcium chloride solution using
a needle from a syringe. The beads were gently stirred for an hour to solidify. After one hour, the beads were
filtered through a sieve and washed with distilled water. The beads were thoroughly rinsed before being air dried
at 23 °C for 12 hours and kept in airtight containers. Body weight and feed consumption were monitored in pens
weekly. From these data, average daily gain (ADG), average daily feed intake (ADFI), and feed conversion ratio
(FCR) were calculated weekly and throughout the entire rearing period. The European production efficiency factor
(EEF) was also calculated for the whole rearing period. The minimum inhibitory concentration (MIC) of Satureja
khuzistanica essential oil was determined by broth microdilution method for each of Escherichia coli, coliforms
and lactobacillus bacteria. On day 42, two birds from each replicate were slaughtered and ileal samples were taken
for microflora analysis. Total Escherichia coli, coliforms, and lactobacilli were enumerated in ileal digesta by the
plate method using specific mediums. The thiobarbituric reactive substances (TBARS) assay was used to
determine the oxidative lipid changes of the meat.

Results and discussion: The in vitro results demonstrated that the MIC of savory essential oil against gram-
negative Escherichia coli and coliforms was higher (0.276) than its MIC for gram-positive lactobacillus bacteria
(0.069). Throughout the in vivo study, the ADFI of broilers fed the diet with 150 mg/kg of essential oil was lower
than the control (103.3 vs. 108.8; P<0.05). The ADG of broilers fed 100 mg essential oil/kg of diet was more than
those fed 150 mg/kg (60.1 vs. 54.2; P<0.05). Broilers fed microencapsulated essential oil in their diet had a higher
(P<0.05) EEF than those fed free essential oil. The addition of savory essential oil at 100 and 150 mg/kg of diet
reduced (P<0.05) the lipid peroxidation in broilers meat stored for 60 and 90 days compared to the control. Lipid
peroxidation of meat was lower (P<0.05) in broilers fed microencapsulated essential oil in the diet than those fed
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free essential oils. The addition of savory essential oil at different levels of 50, 100, and 150 mg/kg diet reduced
the count of coliforms in the ileum compared to the control (P<0.05). Moreover, the data indicated that the addition
of the essential oil at 100 and 150 mg/kg diet reduced the number of Escherichia coli (P<0.05). The bacterial
count of coliforms and E. coli was lower in broilers fed microencapsulated essential oil than those fed free essential
oil.

Conclusions: The results of this study showed that supplementation of Satureja khuzistanica essential oil in the
diet improved broilers' performance and intestinal microflora. Microencapsulation of savory essential oil with
alginate improved broiler growth performance, EEF, and increased the antibacterial activity of the essential oil
which resulted in a further decrease of pathogenic bacteria. According to the findings of this study, 100 mg of
microencapsulated savory essential oil per kg of broilers’ diet can be recommended due to its beneficial effects
on performance, oxidative stability of meat, and intestinal microflora.
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Table 1. Ingredients and chemical composition of the basal diet during starter (0-10 d), grower (11- 24 d), and
finisher (25-42 d) periods

Ingredients (%) Starter Grower Finisher Calculated analysis Starter Grower Finisher
(0-10d) (11-24d) (25-424d) (0-10d) (11-24d) (25-424d)
Corn grain 54.04 57.72 6266  Metabolizable 2780 3000 3100
energy (kcal’kg)
Soybean meal 39.08 35.23 30.02 Crude protein (%) 22 20.8 18.9
Soybean oil 2.33 292 3.52 Dig. Methionine (%) 0.63 0.57 0.52
Dicalcium phosphate 2.03 1.73 1.52 Dig. Met + Cys (%) 0.99 0.85 0.78
Calcium carbonate 1.04 0.92 0.85 Dig. Lysine (%) 1.34 1.13 1.00
Sodium chloride 0.23 0.29 0.28 Dig. Threonine (%) 0.82 0.75 0.67
Sodium bicarbonate 0.15 0.10 0.12 Dig. Arginine (%) 0.91 0.85 0.77
L-Lysine HC1 78% 0.21 0.18 0.17 Calcium(%) 0.96 0.87 0.78
DL-Methionine 99% 0.30 0.28 0.25 Available P (%) 0.48 0.44 0.39
L-Threonine 98% 0.09 0.08 0.07 Sodium (%) 0.15 0.16 0.16
Coccidiostat 0.00 0.05 0.05 Potasium (%) 0.91 0.88 0.79
Vitamin premix! 0.25 0.25 0.25 Chlorine (%) 0.22 0.25 0.24
Mineral premix? 0.25 0.25 0.25

! Vitamin premix provided the following per kilogram of diet: vitamin A, 9000IU; vitamin D3 (cholecalciferol), 2000 1U;

vitamin E (DL-alpha-tocopherol acetate),

18 IU; vitamin K3 (bisulfate menadionecomplex), 2 mg; thiamine

(thiaminemononitrate), 1.8 mg; riboflavin6.6 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 10 mg;
vitamin B6, 3mg; folic acid, 1 mg; vitamin B12 (cyanocobalamin), 0.015 mg and choline (choline chloride), 500 mg;

antioxidant, 1 mg.

2 Mineral premix provided the following per kilogram of diet: iron (FeSO4+7H20), 50 mg; iodine (Ca (103)2), 1 mg;
manganese (MnSO4+H20), 100 mg; zinc (Zn0O), 85 mg; copper (CuSO4+5H20), 10 mg; selenium (Na2SeO3), 0.2 mg.

Sl js3 o) 50 Guilal olonds GLLS 5 -V Joo

Table 2. Chemical compounds of Satureja khuzistanica essential oil

Components % Components %
a-Thujene 0.18 Carvol 0.42
a-Pinene 0.2 Carvacrol Methyl Ether 0.13
B-Myrcene 0.35 Phenol, 2-methyl-5-(1-methylethyl) 0.36
a-Terpinene 0.33 Carvacrol 91.53
Cymene 1.63 Eugenol 0.13
Limonene 0.2 Carvacryl acetate 0.22
v-Terpinene 1.44 Trans-B-caryophyllene 0.18
Linalool 0.36 -Bisabolenef3 0.8
Borneol 0.18 Cis-a-Bisabolene 0.15
4-Terpineol 0.69 Caryophyllene oxide 0.10
a-Terpineol 0.29
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Table 3. Effect of different levels of free and microencapsulated essential oil of Satureja khuzistanica on
average daily gain (ADG), average daily feed intake (ADFI), feed conversion ration (FCR), and European
production efficiency factor (EEF) in broilers

0-21 days 22-42 days 0-42 days
Sources ADG  ADFI  FCR ADG ADFI  FCR ADG ADFI FCR  EEF
Form Level
Free 0 31.8 50.8 1.60 83.1 167.1 2.01 57.5 108.9 1.90 277.0
50 29.6 48.4 1.63 82.7 164.4 1.99 56.1 106.4 1.90 254.2
100 325 50.2 1.55 86.7 163.3 1.88 59.6 106.7 1.79 292.1
150 273 453 1.67 76.8 156.6 2.04 52.0 100.9 1.94 234.7
Encapsulated 0 325 51.1 1.58 83.3 166.1 2.00 57.9 108.6 1.89 280.4
50 33.1 50.9 1.54 85.2 165.4 1.94 59.2 108.1 1.83 298.3
100 335 51.1 1.53 87.5 164.1 1.87 60.5 107.6 1.78 327.1
150 313 493 1.58 81.3 161.9 2.00 56.3 105.6 1.88 280.8
SEM 1.78 1.91 0.057 2.13 2.67 0.056 1.68 1.62 0.052 21.80
Form
Free 30.3 48.7 1.62 82.3 162.8 1.98 56.3 105.8 1.88 264.5°
Encapsulated 32.6 50.6 1.56 843 164.4 1.95 58.5 107.5 1.84 296.7°
SEM 0.89 0.96 0.028 1.06 1.33 0.028 0.84 0.81 0.026 10.90
Essential oil (mg/kg)
0 322 50.9 1.59 83.2%  166.6 2.01 57.7¢  108.82 1.89 278.7
50 31.3 49.7 1.59 84.0® 1649 1.97 577 1073 1.86 276.3
100 33.0 50.7 1.54 87.12 163.7 1.88 60.12  107.2%  1.78 309.6
150 293 473 1.63 79.0° 159.2 2.02 542% 103.3° 1.91 275.8
SEM 1.26 1.35 0.040 1.50 1.89 0.039 1.19 1.14 0.037 1541
Effect P-value
Form 0.080  0.168 0.176 0.191 0.425 0.523 0.081 0.143 0.309 0.048
Essential oil 0.222  0.246 0.480 0.009 0.063 0.076 0.016 0.015 0.094 0.149
Form *Essential oil 0.720 0.772 0.859 0.748 0.686 0.964 0.632 0.480 0.909 0.746

b Means within the same column with different superscripts differ significantly (P<0.05).
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Table 4. Effect of different levels of free and microencapsulated essential oil of Satureja khuzistanica on fat
peroxidation of meat stored in the freezer

After 60 days of storage

After 90 days of storage

Sources TBRS TBRS
(nmol/g) (nmol/g)
Form Level
Free 0 0.559 0.630
50 0.502 0.534
100 0.436 0.499
150 0.458 0.476
Encapsulated 0 0.515 0.558
50 0.430 0.459
100 0.408 0.437
150 0.403 0.426
SEM 0.0325 0.0435
Form
Free 0.495* 0.5352
Encapsulated 0.439° 0.470°
SEM 0.0163 0.0217
Essential oil (mg/kg)
0 0.537° 0.594
50 0.466% 0.497%
100 0.435° 0.468°
150 0.430° 0.451°
SEM 0.0230 0.0307
Effect P-value
Form 0.022 0.046
Essential oil 0.011 0.014
Form*Essential oil 0.978 0.992

b Means within the same column with different superscripts differ significantly (P<0.05).
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Table 5. Effect of different levels of free and encapsulated Satureja khuzistanica essential oil on ileal bacteria
population (logio CFU/g) of broilers at 42 days of age

Items Coliforms E. coli Lactobacillus
Logl0 (CFU/g) Logl0 (CFU/g) Logl0 (CFU/g))
Form Level
Free 0 5.97 5.92 6.31
50 5.90 5.85 6.34
100 5.89 5.83 6.35
150 5.87 5.83 6.35
Encapsulated 0 5.96 5.89 6.30
50 5.85 5.80 6.36
100 5.83 5.78 6.38
150 5.82 5.77 6.40
SEM 0.031 0.033 0.033
Form
Free 5.91¢ 5.86% 6.34
Encapsulated 5.86° 5.81° 6.36
SEM 0.016 0.017 0.016
Essential oil (mg/kg)
0 5.96* 5.90° 6.30
50 5.88° 5.83%® 6.35
100 5.86° 5.80° 6.36
150 5.85% 5.80° 6.38
SEM 0.022 0.024 0.023
Effect P-value
Form 0.043 0.043 0.338
Essential oil 0.002 0.009 0.150
Form*Essential oil 0.894 0.975 0.805

b Means within the same column with different superscripts differ significantly (P<0.05).
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