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ABSTRACT. This study was done to assess the effects of dietary Dill (Anethum graviolens L.) inclusion on
growth performance, carcass characteristics, some blood metabolites, ileal micro-flora, humoral immunity,
and immune-related gene expression in broilers. This experiment arranged by using a total of 600 day-old
Ross-308 broilers with 5 treatments, 6 replicates as 20 birds per replicate. Treatments included: basal diet
contained 1% dill plant powder, basal diet contained 2% dill plant powder, and basal diet contained 3% dill
plant powder, basal diet, basal diet + Lincomycin (0.05%, positive control). The results indicated that during
the whole period of the experiment (1-42 day), dietary dill powder inclusion at the levels of 1 or 2 percent
increased body weight gain of the broilers (p<0.05). Production efficiency index of the broilers fed with 2
percent dill powder was higher than the control group (p<0.05). The birds consumed 2 percent dill powder
had higher ileal Lactobacillus population (p<0.05). Feeding the birds by 2 or 3 percent dill caused to decrease
ileal Escheriashia-Coli count of the broilers (p<0.05). In conclusion, using 2% dill powder in broilers diet
could improve growth performance and intestinal micro-flora without any adverse effect on the birds’
carcass traits.
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Introduction

Today, medicinal plants” products are using in birds” diet to promote the quantity and quality of products,
along with their health state. Dill (Anethum graviolens L.), a medicinal herb, which is a permanent plant from
the family Umbelliferae (Aljabary, 2017). The main essential oils of dill are carvone, limonene, and
phellandrene. Also, the other effective substances of dill are pinene, diterpene, dihydrocarvone, cineole,
myrcene, paramyrcene, dillapiole, isomyristicin, myristicin, myristin, apiol, and dillapiole (Al Masoody et al.,
2023; Patel et al., 2025). Dill has antioxidant properties and is an effective medicinal plant that influences the
level of glucose, triglyceride, low- density lipoprotein (LDL). It has negative effect on blood cholesterol and
increases HDL level (Satyanarayana et al., 2004; Panda, 2008; Yazdanparast & Bahramikia, 2008). It was
reported that dill leaves contain high levels of vitamin C, vitamin A (beta-carotene), and fibers essential for
controlling the absorption of fats and sugars (Oni et al., 2023). The dill seed has a pleasant taste and is a good
source of iron, potassium, calcium, vitamin K and vitamin B complex and it can increase appetite and feed
intake (Al-Janabi, 2013). Vispute et al. (2019) reported that dill supplementation at the level of 0.3% had no
effect on growth performance and carcass characteristics of broiler chickens. Torki et al. (2018) reported that
dill supplementation decreased serum triglycerides and cholesterol levels in chickens under heat stress
condition. In a recent study, Hamodi et al. (2021) reported that using dietary dill at the levels of 0.4-0.6%
improved growth performance of the broilers. Eftekhari et al. (2020) reported that using dietary 0.5 or 1% dill
powder improved the birds” performance, immune state, and intestinal Bacillus count. In challenge with
Newcastle and influenza viruses, broilers consumed dill powder had higher antibody titer compared to the
group fed control diet (Eftekhari et al., 2020). Thus, this study was done to assess the effect of dietary dill
(Anethum graviolens L.) on the growth performance, carcass characteristics, some blood metabolites, humoral
immunity and immune-related gene expression in broiler chickens.

Acta Scientiarum. Animal Sciences, v. 48, e75690, 2026



mailto:H.khamisabadi@reeo.ac.ir
mailto:hkhamisabadi50@gmail.com
https://orcid.org/0000-0002-9080-7742

Page 2 of 10 Khamisabadi and Hajati

Materials and methods

Ethical statement

The authors have followed EU standards for the protection of the broiler chickens used for scientific targets. All
the chickens’ procedures and ethics considerations were done according to the Guide of the Care and Use of
Agricultural Animals in Research and Teaching (Federation of Animal Science Societies, 2010).

Broiler chickens, experimental diets, and house management

A total of 600 one day- old broiler chicks (as mixed sex, Ross 308) were prepared from a broiler breeder
flock at 38 weeks age. The chicks were weighted on arrival moment (42.05 * 0.46), then allocated to 30 litter
pens (1 m x 2 m?) in a completely randomized design with five treatments, 6 replicates, and 20 chicks per
experimental unit. Dill (Anethum graviolens L.) waste was prepared from fresh vegetable selling market, air
dried, and then ground. Chemical analysis of dill powder was done according to Association of Official
Analytical Chemists (1991) that is shown in Table 1.

Table 1. Chemical analysis of dill powder.

Dry matter (%) Crude protein (%) Ether extract (%) Crude fiber (%) Nitrogen free extract (%) Ash (%)
91.85 14.48 11.54 15.63 40.18 7.70

The experimental treatments was as bellow: 1- diet contained 1 percent dill, 2- diet contained 2 percent dill, 3-
diet contained 3 percent dill, 4- Basal diet, 5- Basal diet + 0.05% dietary antibiotic (Licodan contained 8.8 g
Lincomycin HCL kg-1). The experimental diets were iso-caloric and iso-nitrogenous (Tables 2 and 3).

Table 2. Feed ingredients and chemical composition of starter (1-21 d) diets.

Ingredients of diets (%)

Treatments'

T5 T4 T3 T2 T1
58.95 58.95 56.80 57.45 57.55 Corn
33.00 33.00 31.65 32.00 33.00 Soybean meal (44%)
5.00 5.00 5.00 5.00 5.00 Concentrate’
1.40 1.40 1.40 1.40 1.40 Di calcium phosphate
0.10 0.10 0.10 0.10 0.10 Salt (NaCl)

0.30 0.30 0.30 0.30 0.30 L-Lysine hydrochloride
0.25 0.25 0.25 0.25 0.25 DL-Methionine
1.00 1.00 1.50 1.50 1.40 Vegetable oil

- - 3.00 2.00 1.00 Dill powder
Chemical compositions of diets

2900 2900 2900 2900 2900 ME (Kcal kg™!)
21.05 21.05 21.00 21.03 21.01 CP (%)

1.40 1.40 1.40 1.40 1.40 Ca (%)

0.68 0.68 0.67 0.67 0.68 Available P (%)
1.03 1.03 1.02 1.02 1.03 Lysine (%)

0.49 0.49 0.49 0.49 0.48 Methionine (%)

“Each Kg of concentrate contained: 1700 ME Kg'!, 25% Cp, 2.50% Lysine, 2.20% Methionine, 2.5% Met+ Cys, 0.82% Thr, 2.50% Ca, 1.60% P, 2.0% Na, 220000 IU
vitamin A, 100000 IU vitamin Ds, 2500 IU vitamin E, 6 mg vitamin Ks, 6 mg Thiamine, 160 mg Riboflavin, 300 mg Pantothenic acid, 1200 mg Pyridoxine, 80 mg Folic
acid, 0.32mg Cobalamin, 3 mg Biotin, 2.4 g Mn, 20 g Zn, 0.8 g Fe, 0.32 g Cu, 25 mg I, 6 mg Se, 120 g choline chloride. T1: diet contained 1 percent Dill, T2: diet
contained 2 percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05% dietary antibiotic (Licodan contained 8.8 g Lincomycin HCL kg).

Table 3. Feed ingredients and chemical composition of starter (22-42 d) diets.

Ingredients of diets (%)

Treatments'

T5 T4 T3 T2 T1
62.00 62.00 58.40 60.00 60.80 Corn
30.50 30.50 30.20 30.20 30.50 Soybean meal (44%)
5.00 5.00 5.00 5.00 5.00 Concentrate
0.50 0.50 0.50 0.40 0.50 Di calcium phosphate
0.16 0.16 0.15 0.14 0.15 Salt (NaCl)

0.04 0.04 0.06 0.06 0.05 DL-Methionine
1.80 1.80 2.70 2.20 2.00 Vegetable oil

- - 3.00 2.00 1.00 Dill powder
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Chemical compositions of diets

3000 3000 3000 3000 3000 ME (Kcal kg'!)
20.00 20.00 20.00 20.00 20.00 CP (%)
1.12 1.12 1.10 1.11 1.11 Ca (%)
0.46 0.46 0.47 0.48 0.47 Available P (%)
0.80 0.80 0.80 0.81 0.81 Lysine (%)
1.26 1.26 1.30 1.28 1.27 Methionine (%)
0.58 0.58 0.68 0.58 0.48 Met + Cys (%)

“Each Kg of concentrate contained: 1700 ME Kg', 25% Cp, 2.50% Lysine, 2.20% Methionine, 2.5% Met+ Cys, 0.82% Thr, 2.50% Ca, 1.60% P, 2.0% Na, 220000 IU
vitamin A, 100000 IU vitamin Ds, 2500 IU vitamin E, 6 mg vitamin Ks, 6 mg Thiamine, 160 mg Riboflavin, 300 mg Pantothenic acid, 1200 mg Pyridoxine, 80 mg Folic
acid, 0.32 mg Cobalamin, 3 mg Biotin, 2.4 g Mn, 20 g Zn, 0.8 g Fe, 0.32 g Cu, 25 mg L, 6 mg Se, 120 g choline chloride. T1: diet contained 1 percent Dill, T2: diet
contained 2 percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05 % dietary antibiotic (Licodan contained 8.8 g Lincomycin HCL kg™).

The birds had free access to feed and water during the whole period of the experiment. The initial
temperature of the rearing house was set at 33 = 1°C during the first week of age, then gradually reduced 3°C
weekly to reach 22°C, the final temperature kept until the end of the experiment. The relative humidity was
kept around 55-65% during the whole period of the experiment. The experiment lasted 6 weeks. Cross
ventilation was used, and the lighting program was done as 23h light: 1 h dark. Vaccination program was done
via drinking water using dry milk according to a local veterinarian. About 2 hours before vaccination, the
access of the birds to water was restricted.

Growth performance

The broiler chickens “growth performance traits such as body weight (BW), body weight gain (BWG), feed
intake (FI), and feed conversion ratio (FCR) were recorded weekly according to Hajati et al. (2018). About 4
hours before weighting the birds, their access to feed was restricted to have similar state of the
gastrointestinal tract. Also, the production efficiency factor (PEF) was calculated for the whole period of the
experiment. The PEF was calculated using the following formula: PEF = [live ability (%) xlive weight (kg)]/
[age (d) x FCR] x 100 according to Aljumaah et al. (2020).

Humoral immunity

About 10 days after each vaccination against Newcastle disease (ND, Table 4), blood sample of two birds
each replicate was collected into blood tubes, centrifuged at 3000 rpm for 10 minutes, serum samples were
separated. Then the humoral immune response against ND was determined by Hemagglutination Inhibition
(HI) antibody titration according to Majid et al. (2023).

Table 4. Vaccination program against Newcastle disease.

Day Form
1 Spray
11 Oral
27 Eye drops

Hematological parameters

At 42" day, two birds with body weight near to the mean of each replicate was selected to take the blood
samples from the brachial vein. The blood of the birds were collected into blood collection tubes without any
anticoagulant agent, centrifuged at 3000 rpm for 10 minutes to prepare serum (Al-Sagan et al., 2021). The
level of glucose, triglyceride (TG), cholesterol, and malo-dealdehyde (MDA) was evaluated by using
commercial kits (Prasazmoon). Aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
activity was assessed according to Gudiso et al. (2019).

Intestinal bacteria population

On day 42M, after slaughtering, the ileal content was collected into sterile tubes; carry on ice to
microbiological laboratory for assessing the counts of Lactobacillus by using MRS agar media, and E. coli by
applying MacConkey agar media according to Zaghari et al. (2020).

Carcass characteristics

On day 42", after slaughtering two birds from each experimental unit the carcass yield were calculated as
the carcass weight (without the head, feet, neck, and viscera) relative to the live weight of the birds. Also, the
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breast and legs (thigh and drumstick) yields were calculated as their relative weight to eviscerated carcass
weight according to Santos et al. (2021). The percentages of abdominal fat, liver, pancreas, bursa fabricius
were calculated as the percentage of live weight.

Isolation of RNA, reverse transcription, and real-time PCR

At 42" day, blood samples of one bird per replicate was collect into tubes contained ethylene-
diamine-tetra-acetic acid (EDTA), then centrifuged at 3000 rpm for 10 minutes to prepare plasma. Total
RNA was extracted from blood plasma samples using Trizol according to Zaghari et al. (2020). Briefly,
two micrograms of RNA was reverse transcribed to cDNA by using reverse transcription enzyme (Thermo,
USA), Oligo-dT, and random primers. The considered primers were interleukin 10 (IL10), Interferon
gamma (INF-y), and glyceraldehyde 3 phosphate dehydrogenase (GAPDH) as control. Real-time
quantitative polymerase chain reaction (QRT-PCR) was performed in triplicate reactions. The sequences
of the primers are seen in Table 5. The average gene expression relative to the GAPDH was calculated
using the 2722t method.

Table 5. Broiler chicken GAPDH and cytokine primer sequences.

Gene! Primer sequence?(5°-3") Tm Ref Amplicon
F:CGGGAGCTGAGGGTGAA 58
1L-10 R:GTGAAGAAGCGGTGACAGC 60 NM_001004414.2 272
F: CAACTTGTTTGTTCTGTCTGTCATC 60
IFN-y R:TTCTCATTTCTCTCTGTCCAGTTCT 60 NM_205149.1 185
GAPDH F:CTTTGGCATTGTGGAGGGTC 60 NM 204305.1 198
R:ACGCTGGGATGATGTTCTGG 60 - )

IGAPDH = Glyceraldehyde-3-phosphate dehydrogenase; IL = interleukin; IFN = interferon. 2 F = Forward primer; R =Reverse primer.

Statistical model and analysis

Completely randomized design was used according to the following model: X; = p + Ti + eij. Generalized
linear model (GLM) procedure was used to analyze the data by using SAS software version 9.1 (SAS Institute,
2004). Duncan’s multiple range test was applied to evaluate the differences among treatments. Probability
values (Pvalue) at p<0.05 were recognized as significant.

Results and discussion

Growth performance

The effects of ‘the experimental’ treatments on the growth performance of broiler chickens are shown
in Table 6. Dill powder inclusion did not have any significant effect on body weight gain, feed intake, and
feed conversion ratio of the birds during 1-21% day of age (p>0.05). Also, different treatments had no
significant effect on body weight gain of the birds during 22-42" day of age (p>0.05). However, dietary
dill powder inclusion at the levels of 1 or 2 percent or adding dietary Lincomycin increased feed intake
of broilers during 22-42" day of age (p<0.05). Inclusion of dietary dill powder at the level of 3 percent or
adding dietary Lincomycin increased feed conversion ratio of the broilers during 22-42"¢ day (p<0.05).
During whole period of the experiment (1%*-42"¢ day), dietary dill powder inclusion at the levels of 1 or 2
percent increased body weight gain of the broiler chickens (p<0.05), however, different dietary
treatments had no significant effect on feed intake and feed conversion ratio of the birds (p>0.05).
Production efficiency index of the broilers fed with 1 percent dill powder was not different from the
control group (p>0.05), however, production efficiency index of the broilers fed with 2 percent dill powder
was higher than the control group. The group fed with 3 percent dill powder or Lincomycin had lower
production efficiency index (p<0.05).

Dill powder inclusion did not have any significant effect on the growth performance of the birds during
starter and grower periods. This may be due to the level of Dill powder used at present study. At present
study, using dietary dill at the levels of 1 or 2 had positive effect on feed intake of the birds during finisher
period. Also, applying 1 or 2 percentages of dill powder improved the body weight gain of the broilers
during the whole period of the experiment. Production efficiency index of the broilers fed with 2 percent
dill powder was higher than the control group. Parallel to these results, Hommod et al. (2020) reported
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that applying dill powder significantly improved feed intake and body weight gain compared to control
group. In contrast, Rafiei-Tari et al. (2016) reported that the birds consumed diet included dill seeds had
lower feed intake during the experiment. The discrepancy in results may be due to the different dosage,
period of usage, processing method, level of effective substances, basal diet composition, age, strain,
health state, and rearing condition of the birds. Also, it was reported that dill powder can improve
digestion in the intestine (Ali et al., 2024). Kheiri et al. (2015) stated that active materials of medicinal
plants can stimulate the appetite of broilers and improves the endogenous enzyme secretion. The
effective substances of dill powder such as Limonene, Carvone, phenolic acids, and some necessary
vitamins and minerals have antimicrobial effects which can improve the health and growth performance
of the broilers (Bahadori et al., 2013; Jannesar et al., 2024). It was reported that nano-encapsulated dill
extract improved growth performance of the broiler chickens, and can be considered as a novel
alternative for antibiotic (Meimandipour et al., 2017). At present study, using 3 percent dill powder had
negative effect on feed conversion ratio of the broilers during finisher period. Also, the birds consumed
3 percent dill powder had lower production efficiency index. So, it seems that 3 percent dill powder is too
high for the broilers and it has negative effect on the birds” growth performance.

Table 6. Effect of the experimental diets on the growth performance of broiler chickens.

Treatments
T1 T2 T3 T4 T5 SEM p-value
BWG (g-bird 1) 28.11 28.92 26.09 26.93 27.05 0.474 0.390
1-21d FI (g-bird ) 47.25 45.16 45.40 45.48 50.61 0.870 0.236
FCR (g-gY) 1.38 1.37 1.34 1.39 1.37 0.037 0.097
BWG (g-bird ) 91.47 93.22 87.12 86.82 88.37 3.978 0.068
22-42d FI (g-bird ) 154.96# 153.722 151.702 146.86° 155.58» 1.865 0.048
FCR (g-.gh) 1.69° 1.65> 1.742 1.69° 1.762 0.021 0.050
BWG (g-bird 1) 59.6120 60.882 56.56¢ 55.65¢ 57.35b 2.563 0.005
1424 FI (g-bird ) 100.76 99.14 98.47 94.06 102.45 1.193 0.235
FCR (g:gY) 1.69 1.63 1.74 1.69 1.79 0.019 0.075
PEF 344> 3528 333¢ 344> 3254 1.973 0.001

*Means within each row with no common superscript differ (p<0.05). **SEM: Standard error of means. T1: diet contained 1 percent Dill, T2: diet contained
2 percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05% dietary antibiotic (Licodan contained 8.8 g Lincomycin HCL kg").

Humoral immunity
Table 7, shows the antibody titers against Newcastle disease 10 days after each vaccination. There was no
significant different among the primary, secondary, and third humoral immunity responses of the birds (p > 0.05).

Table 7. Effects of the experimental treatments on anti-body titers against Newcastle disease (primary, secondary, and thid responses)
in broiler chickens.

Third Secodary Primary Treatments
6.00 2.75 3.67 T1
6.25 3.50 3.00 T2
6.25 3.00 3.67 T3
6.75 3.00 4.25 T4
6.86 3.20 3.85 T5

0.231 0.175 0.143 SEM™**

0.682 0.935 0.213 p-values

*Means within each column with no common superscript differ (p<0.05). **SEM: Standard error of means. T1: diet contained 1 percent Dill, T2: diet contained 2
percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05% dietary antibiotic (Licodan contained 8.8 g Lincomycin HCL kg™).

At present study, there was no significant different in anti-body titers against Newcastle disease in broiler
chickens. In contrast to these results, Jangali et al. (2021) reported that using 3 percent dill powder increased
antibody titers against the viruses of Newcastle disease and avian influenza. The difference between findings can
be related to the differences in birds’ diet and rearing house management. It was revealed that flavonoid substances
of dill have antioxidant properties that can promote the immune state of the birds (Jangali et al., 2021).

Hematological parameters

Table 8 shows the effects of the experimental diets on some blood metabolites in broiler chicken at 42
day of age. Dietray inclusion of dill powder at the levels of 2 or 3 percent decreased the serum glucose and
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tryglyceride levels compared to the control group (p<0.05). Using dill dietary powder at different levels
decreased the serum cholesterol and MDA levels in broilers (p<0.05). There were no difference in serum ALT
or AST levels of the birds fed with different experimental treatments (p>0.05).

Table 8. Effects of the experimental diets on some blood metabolites in broiler chicken.

AST(UIL™Y) ALT(UIL™Y) MDA (mmol mL™!) Cholesterol (mgdL'') TG (mgdL?') Glucose (mgdL')  Treatments

175.23 19.17 5.61° 121.63° 86.45% 190.34% T1
178.45 22.15 4.83¢ 118.12° 80.12° 185.12° T2
181.34 21.31 5.47° 112.23° 81.32° 178.23¢ T3
180.86 19.74 6.15° 128.32° 88.71° 194.45° T4
182.31 21.12 6.04* 130.21* 92.62° 197.722 T5
3.342 0.816 0.112 1.92 1.87 2.27 SEM™
0.223 0.411 0.038 0.041 0.049 0.234 p-values

*Means within each column with no common superscript differ (p<.05). **SEM: Standard error of means. T1: diet contained 1 percent Dill, T2: diet contained 2
percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05% dietary antibiotic (Licodan contained 8.8 g Lincomycin HCL kg™).

At present study, dill powder reduced the serum glucose, triglyceride, cholesterol, and MDA levels
compared to the control birds. These results are in agreement with the findings of Mohammadi (2020)
who reported that dill powder decreased serum cholesterol, triglyceride, and MDA in broiler chickens. It
is well known that MDA is considered as an end product of lipid peroxidation. It has been measured as a
biomarker of oxidative stress in different biological samples such as blood (Cordiano et al., 2023).
Takahashi et al. (2013) reported that dill seed extract had positive effect on activation of peroxisome
proliferator-activated receptor-a (PPAR-a), that is an essential regulator for hepatic lipid metabolism,
and increasing the expression of fatty acid oxidation-related genes. Previous researchers have found that
flavonoid composition of quercetin was the cause of reduced glucose, cholesterol, and low density
lipoprotein in animals (Azimi et al., 2022).

Intestinal bacteria population

Effects of the experimental diets on ileal microbial population of broiler chickens is shwon in Table 9. The birds
consumed 2 percent dill powder had higher ileal Lactobacillus population (p<0.05). Feeding the birds by 2 or 3
percent dill powder caused to decrease ileal Escheriashia-Coli count of the broiler chickens at day 42" (p<0.05).

Table 9. Effects of the experimental diets on ileal microbial population of broiler chickens (logl0 CFU g'}).

Escheriashia-Coli Lactobacillus Treatments

7.17* 8.1520 T1
6.98" 8.7512 T2
6.91° 8.253b T3
7.59° 7.952° T4
6.83" 8.052° T5
0.215 0.134 SEM™
0.050 0.050 p-values

*Means within each column with no common superscript differ (p<0.05). **SEM: Standard error of means. T1: diet contained 1 percent
Dill, T2: diet contained 2 percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05 % dietary antibiotic
(Licodan contained 8.8 g Lincomycin HCL kg™).

It is well known that due to antioxidant, antimicrobial, and anti-inflammatory properties of dill essential
oil, it can be applied in different industries such as food and feed industries (Jeet & Baldi, 2021). The results
of the present study showed that feeding the birds by 2 or 3 percent dill powder caused to decrease ileal E. coli
count of the broilers. These results are in agreement with the findings of Eftekhari et al. (2020), who reported
that the counts of E. coli and Lactobacilli in broilers fed dill were lower and higher than broiler chickens
consumed basal diets. Parallel to this result, Ali et al. (2022) have found that essential oils derived from the
seeds of dill had antibacterial properties and its usage is common in South Asia. Milenkovi¢ et al. (2024)
reported that the monoterpenes limonene and carvone are the major essential oils of dill that have
antibacterial activity. Burt (2004) have found that the essential oils react with the lipid parts of the bacteria
cell membrane and cause either higher ion permeability and leakage of cell content, or destroy the enzymes
involved in polysaccharide synthesis. The higher count of Lactobacillus in broilers received 2 percent dill
powder might be due to lower pH of the intestinal environment of the birds which is desired for the growth of
Lactobacillus bacteria.
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Carcass characteristics

Effects of the feeding different levels of dill powder or Lincomycin supplementation on carcass
characteristics of broiler chickens is shown in Table 10. There was no difference in carcass, breast,
thigh+drumstick, abdominal fat, pancreas, or bursa fabricius percentages of the birds at 42" day. The birds
consumed Lincomycin had lower liver percentage compared to the control group (p<0.05).

Table 10. Effects of the experimental treatments on carcass characteristics (%) of broiler chickens.

Bursa fabricius Pancreas Liver Abdominal fat ~ Thigh+drumstick Breast Carcass Treatments

0.19 0.33 2.56% 1.10 28.79 43.81 72.03 T1
0.20 0.31 2.74° 0.98 27.59 44.00 73.39 T2
0.14 0.31 2.792 1.15 29.25 44.22 72.80 T3
0.16 0.33 2.96° 0.81 28.76 44.64 72.82 T4
0.15 0.26 2.20° 1.21 26.76 40.21 72.17 T5
0.016 0.011 0.084 0.138 0.471 0.798 0.305 SEM™
0.701 0.194 0.016 0.929 0.482 0.441 0.794 p-values

*Means within each column with no common superscript differ (p<0.05). **SEM: Standard error of means. T1: diet contained 1 percent
Dill, T2: diet contained 2 percent Dill, T3: diet contained 3 percent Dill, T4: Basal diet, T5: Basal diet + 0.05% dietary antibiotic
(Licodan contained 8.8 g Lincomycin HCL kg™).

As mentioned above, using dill powder did not have effect on the carcass, breast, thigh + drumstick,
abdominal fat, pancreas, or bursa fabricius percentages of the broilers at 42" day. Parallel to these results,
Rafiei-Tari et al. (2016) reported that using 3% dill in quails diet had no significant effect on carcass, breast,
thigh, liver, and heart relative weight (g 100 g! live body weight). In contrast, Bahadori et al. (2013) revealed
that thigh weight percentage was better in dill consumed broilers (up to 3% during starter and grower periods,
up to 6% during finisher period) compared to control group. The discrepancy in results may be due to the fact
that the level of active substances at present study was not enough to affect the carcass traits of the broilers.

Cytokine gene expression

Figure 1 shows the effects of the experimental diets on INF gamma and IL-10 gene expression in broiler
chickens. There was no difference among the cytokine gene expression (INF gamma and IL-10) of the birds
fed with different experimental diets (p>0.05).

INF gamma 1L-10

> 3
1 2.5
3 2
L5

2
1
1 i 0.5
0 0

T1 T2 T3 T4 TS Tl T2 T3 T4 TS

Figure 1. Effects of the experimental diets on INF gamma and IL-10 gene expression in broiler chickens.

It is well known that IL-10 is an anti-inflammatory cytokine that interfere the inflammatory responses against
infections caused by different pathogens (Couper et al., 2008). Also, Manzanillo et al. (2015) reported that this
cytokine is critical in intestinal immunity and homeostasis. Kaiser and Staheli (2014) reported that interferon
gamma (IFN-vy) is one of the critical cytokines in poultry that fight against pathogens in poultry. Interferon gamma
regulates the activity of macrophages and binds the innate and adaptive immunity of the chickens, MHC I and
MHC II expression, Th1 and Th2 responses, antigen presentation and damage of pathogens (Santhakumar et al.,
2017). Previous researchers revealed that IFN-y released by T-cells after stimulating by different antigens such as
viral (Sabbaghi et al., 2020) and protozoan (Lagler et al., 2021). Actually, it can promote cellular immunity after
infection or vaccination. At present study, there was no difference among the gene expression of INF gamma and
IL-10 in broilers fed with different levels of dill. This result might be due to health state of the broilers that had no
pathogenic challenge.
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Conclusion

Dill (Anethum graviolens L.) is a medicinal herb which contains a variety of bioactive compounds such as
carvone and limonene. These compounds have antimicrobial properties, which can promote a healthier gut
due to the microflora modulation of the intestines. Inclusion of 2% dill powder in broilers improved the
broilers” body weight gain and production efficiency index. Also, it decreased serum cholesterol, triglyceride,
MDA, and increased ileal Lactobacillus population. Applying dill powder at the levels of 2 or 3 percent
decreased Escheriashia-Coli count in the ileum of the broilers. The cytokine gene expression (INF gamma and
IL-10) of the birds fed with different experimental diets was not different among the broilers. Using dill
powder up to 3 percentages had no significant effect on carcass, breast, thigh + drumstick, abdominal fat,
pancreas, or bursa fabricius percentages of the broilers. However, applying 3% dill powder in broilers diet had
negative influence on production efficiency index which can be due to the level of effective substances higher
than the birds” cell tolerance.

Data availability

The datasets generated and analyzed during the current study are available from the corresponding author
upon reasonable request.
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