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ABSTRACT

The present experiment was carried out to evaluate the effect of different levels of fennel essential oil nanoemulsion (FEON)
on energy and protein efficiency ratio, litter and excreta quality and welfare related parameters of broiler chickens reared
under heat stress. A total of 200 day-old Ross 308 broiler chicks were assigned in a completely randomized design with 5
treatments and 4 replicates. The experimental treatments were control (basal diet with no additive), basal diet and 200 mg/kg
fennel essential oil (FEO) and basal diet with 50, 100 and 200 mg/kg of FEON. The results of this experiment showed that
trans-anethole, fenchone and limonene with the values of 81.49, 7.16 and 4.98 percent, respectively were the main
compounds of fennel essential oil. The protein and energy efficiency ratios were not affected by different experimental
treatments. The excreta pH of chicks fed diet containing 200 mg/kg FEON was significantly (P<0.05) less than those of fed
diets containing 50 and 100 mg/kg of FEON and the control group. The litter moisture was decreased significantly (P<0.05)
by supplementation of diet with 50 mg/kg FEON when compared with control group. The hock burn and abdominal
plumage scores were decreased significantly (P<0.05) in chicks fed diet containing 50 mg/kg FEON when compared with
other groups. According to the results of this experiment, it seems that the utilization of FEON in heat stress condition can
improve broiler welfare related parameters via decreasing the litter moisture.
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Table 1. The ingredients and nutrients composition of
basal diets in starter and grower periods of broilers

Starter diet  Grower diet

Ingredients (%) (1-21 days (22-42 days
of age) of age)
Corn 55.24 60.94
Soybean meal (44% CP) 37.70 31.80
Sunflower oil 3.00 3.60
Oyster shell 1.15 1.45
Dicalcium phosphate 1.60 1.15
Sodium bicarbonate 0.23 0.23
Sodium chloride 0.30 0.18
Vitamin premix* 0.25 0.25
Mineral premix? 0.25 0.25
DL-Methionine 0.23 0.10
Coccidiostate 0.05 0.05
Calculated analysis
Metabolizable Energy (kcal/kg) 2976 3086
Crude Protein (%) 21.40 19.20
Calcium (%) 0.90 0.90
Auvailable phosphorus (%) 0.45 0.35
Sodium (%) 0.20 0.15
Chlorine (%) 0.20 0.15
Methionine (%) 0.50 0.40
Methionine + Cystine (%) 0.91 0.72
Lysine (%) 1.15 1.00
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1. The vitamin premix supplied the following per kilogram of diet:
retinyl acetate, 1.5 mg; cholecalciferol, 0.025 mg; o-tocopheryl
acetate, 20 mg; menadione, 2 mg; thiamine, 3 mg; riboflavin, 6 mg;
cyanocobalamin, 0.016 mg; niacin, 15 mg; folic acid, 1.75 mg;
pantothenic acid, 15 mg and choline chloride, 250 mg.

2. The mineral premix supplied the following per kilogram of diet:
Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; Se, 0.3 mg and I, 1.25 mg.
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Table 2. The chemical analysis of fennel essence

Chemical Compound Percent
Trans-Anethole 81.49
L-Fenchone 7.16
DI-Limonene 4.98
Benzene 291
2-Cyclohexen-1-one 0.67
Benzaldehyde 0.40
Fenchylacetate 0.49
Alpha-Pinene 0.42
1,3,6-Octatriene 0.39
Beta-Myrcene 0.23
1,8-Cineole 0.21
Camphor 0.14
Benzene,1-methyl-2-(1-methylethyl)-(CAS) 0.14
Benzene,1-methoxy-4 0.13
I-Phellandrene 0.09
Gamma-Terpinene 0.08

Sabinene 0.07
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Table 3. The effect of experimental treatments on feed intake and body weight gain of broiler chickens

Starter (1-21 days of age) Grower (22-42 days of age) Total (1-42 days of age)

1

Treatment Feed intake (gr) Weight gain (gr)  Feed intake (gr)  Weight gain (gr)  Feed intake (gr)  Weight gain (gr)
1 822.58" 610.60° 2446.92 1311.67 3260.50 1922.27

2 944 54 670.50° 2563.31 1488.75 3480.84 2159.25

3 887.55% 666.58" 2563.31 1368.75 3450.86 2035.33

4 909.98° 706.83% 2576.58 1391.46 3486.55 2098.29

5 902.40° 682.63% 2657.32 1473.56 3559.72 2156.18
SEM? 13.26 9.84 25.40 31 34.81 34.38
P-value 0.03 0.01 0.11 0.35 0.08 0.14
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1. Treatments were 1, Control (basal diet with no additive), treatment 2, basal diet with 200 mg/kg fennel essential oil, treatment 3, basal diet with 200
mg/kg fennel essential oil nanoemulsion (FEON), treatment 4, basal diet with 100 mg/kg FEON and treatment 5, basal diet with 50 mg/kg FEON.

2. Standard error of means.
a-b: Means within a column with different superscripts are statistically of significant difference (P<0.05).
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Table 4. The effect of experimental treatments on protein efficiency ratio of broiler chickens

Starter Grower Total

1
Treatment (1-21 days of age) (22-42 days of age) (1-42 days of age)
1 3.48 2.78 2.90
2 3.30 3.08 3.05
3 3.53 2.80 2.88
4 3.63 2.83 2.98
5 3.53 2.88 2.98
SEM? 0.04 0.06 0.04
P-value 0.12 0.56 0.73
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1. Treatments were 1) Control (basal diet with no additive), treatment 2) basal diet with 200 mg/kg fennel essential oil, treatment 3) basal diet with 200
mg/kg fennel essential oil nanoemulsion (FEON), treatment 4) basal diet with 100 mg/kg FEON and treatment 5) basal diet with 50 mg/kg FEON.
2. Standard error of means.
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Table 5. The effect of experimental treatments on energy efficiency ratio of broiler chickens (Cal/gr)

Treatment® Starter Grower Total
(1-21 days of age) (22-42 days of age) (1-42 days of age)

1 4020.1 5762.9 5157.8
2 4194.2 5358.7 4928.2
3 3963.4 5797.3 5149.6
4 3831.0 5729.7 5041.8
5 3933.8 5567.5 5004.7
SEM? 46.7 95.8 63.1
P-value 0.15 0.62 0.79
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1. Treatments were 1) Control (basal diet with no additive), treatment 2) basal diet with 200 mg/kg fennel essential oil, treatment 3) basal diet with 200
mg/kg fennel essential oil nanoemulsion (FEON), treatment 4) basal diet with 100 mg/kg FEON and treatment 5) basal diet with 50 mg/kg FEON.

2. Standard error of means.
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Table 6. The effect of experimental treatments on
excreta traits of broiler chickens

1 Ash Moisture
Treatment %) (%) pH
1 12.77 81.44 7.23®
2 16.21 85.00 6.63™
3 15.11 79.18 6.46°
4 16.00 82.37 7.36%
5 18.00 82.80 7.60°
SEM? 0.74 0.85 0.14
P-value 0.27 0.30 0.01
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1. Treatments were 1) Control (basal diet with no additive),

treatment 2) basal diet with 200 mg/kg fennel essential oil, treatment

3) basal diet with 200 mg/kg fennel essential oil nanoemulsion

(FEON), treatment 4) basal diet with 100 mg/kg FEON and
treatment 5) basal diet with 50 mg/kg FEON.

2. Standard error of means.

a-c: Means within a column with different superscripts are
statistically of significant difference (P<0.05).
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Table 8. The effect of experimental treatments on
behavioral characteristics of broiler chickens
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Table 7. The effect of experimental treatments on
litter traits of broiler chickens

Treatment’ Ash (%) Moisture (%) pH
1 15.36 62.53° 7.80
2 19.17 59.00% 8.07
3 17.22 56.78% 8.22
4 16.39 60.00* 8.25
5 15.79 54.40° 8.50
SEM? 0.62 0.96 0.11
P-value 0.33 0.05 0.46

Abdominal hock Footpad

Treatment! Plumage burn burn Gait

score

score score score

1 2.10° 2.70° 2.9 0.25
2 2.15° 2.65° 2.65 0.05
3 1.55° 2.65° 2.75 0.15
4 1.75% 2.80° 2.65 0.05
5 1.45° 2.45° 2.65 0.30
SEM? 0.11 0.05 0.12 0.05
P-value 0.02 0.02 0.96 0.48
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1. Treatments were 1) Control (basal diet with no additive),

treatment 2) basal diet with 200 mg/kg fennel essential oil, treatment

3) basal diet with 200 mg/kg fennel essential oil nanoemulsion

(FEON), treatment 4) basal diet with 100 mg/kg FEON and
treatment 5) basal diet with 50 mg/kg FEON.

2. Standard error of means.

a-b: Means within a column with different superscripts are
statistically of significant difference (P<0.05).
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1. Treatments were 1) Control (basal diet with no additive),
treatment 2) basal diet with 200 mg/kg fennel essential oil, treatment
3) basal diet with 200 mg/kg fennel essential oil nanoemulsion
(FEON), treatment 4) basal diet with 100 mg/kg FEON and
treatment 5) basal diet with 50 mg/kg FEON.
2. Standard error of means.
a-b: Means within a column with different superscripts are
statistically of significant difference (P<0.05).
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