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This study aims to examine the effects of Ferula root powder (FRP) on performance, 
egg quality, egg oxidant/antioxidant levels, some serum hormone/biochemical 
parameters, and physical properties of the oviduct in laying hens. A total of 72 (8 
replicates, 3 hens/subgroup) laying hens (Nick Brown, 30 weeks) were divided into 
three groups (FRP-0, FRP-1, FRP-2). During the 9-week trial, FRP-0 (control) was fed 
with a basal diet (16.88% crude protein, 2,725 kcal/kg metabolizable energy). FRP-1 
and FRP-2 groups, however, were fed a diet supplemented with 1 g/kg and 2 g/
kg FRP, respectively. The results showed that laying performance, serum hormone 
(estradiol, progesterone) levels, and some internal organ weights were not affected 
by FRP supplementation. In comparison to the control group, higher yolk height 
and yolk index were found in the FRP-added groups. The albumen pH was found 
to have decreased in FRP-2 group. DPPH radical scavenging activity increased in 
egg yolk. TBARs value decreased in FRP-1 and FRP-2 groups. Serum triglyceride 
and cholesterol levels decreased in group FRP-2. Moreover, a higher uterus length 
was found in the FRP-supplemented group. Given the results achieved, it was 
determined that FRP does not have a significant estrogenic effect. However, FRP 
can be utilized to prevent lipid oxidation and for its hypocholesterolemic effect.
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1 Introduction

The use of natural substances that can replace reproductive hormones in farm animals 
offers significant advantages. There has been interest in studies on this subject in recent years. 
In particular, isoflavones, phytohormones, carotenoids, and various mineral substances are 
known to have positive effects on reproductive functions (1). Phytoestrogens are natural, 
non-steroidal plant components that can mimic the function of estrogen in the body. Their 
effects can be beneficial or harmful depending on the dose, age, and gender (2).

Steroid hormones including estrogen and progesterone that affect the ovary play an active 
role in maintaining and terminating pregnancy. Phytosteroids can be used against deterioration 
in reproductive functions due to some negative factors. They bind to hormone receptors in the 
reproductive system (3). Therefore, when taken with food and plant-based supplements, 
phytosteroids can interact with steroid receptors in the target organ and affect the endocrine 
system (4). It is known that phytoestrogens can either enhance or suppress existing estrogenic 
effects by mimicking or modifying estrogen receptors in tissues (3).

Ferula belongs to the group of plants having phytoestrogenic effects. Ferula, which 
belongs to the Apiaceae family, has 170 species known today (5). Ferula plant contains 
ferutinin, which has hypoglycemic and estrogenic properties. This substance has an agonistic 
effect on estrogen receptors. For this reason, it was stated that this material is used in some 
countries to eliminate various infertility problems (6). Direct application of ferutinin can have 

OPEN ACCESS

EDITED BY

Tugay Ayasan,  
Osmaniye Korkut Ata University, Türkiye

REVIEWED BY

Arda Sözcü,  
Bursa Uludağ University, Türkiye
Sugiharto Sugiharto,  
Diponegoro University, Indonesia
Sibel Canoğulları Doğan,  
Niğde Ömer Halisdemir University, Türkiye

*CORRESPONDENCE

Arda Onur Özkök  
 arda.ozkok@amasya.edu.tr

RECEIVED 08 November 2024
ACCEPTED 19 December 2024
PUBLISHED 22 January 2025

CITATION

Özkök AO and Kılınç G (2025) Ferula (Ferula 
elaeochytris) as a phytoestrogen: Use of 
Ferula in laying hens.
Front. Vet. Sci. 11:1525101.
doi: 10.3389/fvets.2024.1525101

COPYRIGHT

© 2025 Özkök and Kılınç. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 22 January 2025
DOI 10.3389/fvets.2024.1525101

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2024.1525101&domain=pdf&date_stamp=2025-01-22
https://www.frontiersin.org/articles/10.3389/fvets.2024.1525101/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1525101/full
https://www.frontiersin.org/articles/10.3389/fvets.2024.1525101/full
mailto:arda.ozkok@amasya.edu.tr
https://doi.org/10.3389/fvets.2024.1525101
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2024.1525101


Özkök and Kilinç 10.3389/fvets.2024.1525101

Frontiers in Veterinary Science 02 frontiersin.org

estrogenic or antiestrogenic effects depending on the estrogen activity 
status (7). It is known that the compounds contained in the root, leaf, 
and rhizome of Ferula have different pharmaceutical effects. Even 
though ferulenol, which is included in the composition of Ferula, has 
a lethal effect when taken at high doses, it has an effect that can 
tolerate estrogen deficiency when used at low doses (8). The 
composition of Ferula species includes coumarin and coumarin 
esters, monoterpene coumarins, prenylated coumarins, various 
sulfur-containing compounds, sesquiterpenes, sesquiterpene lactones, 
carbohydrates, flavonoids, and phytoestrogens that have estrogenic 
effects in vivo (9). In addition, ferula species also contain cancer-
preventing components such as ferprenin, ferrutinin, farnesifenol A, 
farnesivenol B, daucan esters, galbanic acid, sinciangenorin C, 
sinciangenorin E, umbelliprene and aurapren. In addition, terpene 
biosynthesis in ferula roots is much higher than in other parts of the 
plant (10). Terpenoids are known to have anti-inflammatory, 
antibacterial, and antiviral effects, reduce the incidence of 
cardiovascular diseases, and regulate sugar levels in blood (11). The 
terpenoid structure found in Ferula species has some components 
that stimulate estrogenic activity. Among the approximately 200 types 
of estrogenic plants in the world, 60 of them belong to the Ferula 
species (12). Ferula elaeochytris is a perennial plant, which is native to 
Türkiye. Also known as çakşır (a type of sage), it is commonly utilized 
for its aphrodisiac, anti-inflammatory, anti-diabetic, and antioxidant 
features (5). F. elaeochytris was reported to contain 25.9% khusinol, 
known for its anti-inflammatory effect, 13.9% ferutinine, an estrogenic 
component, and beta-ionone, as well as 22% beta-ionone, which has 
antiproliferative and antioxidative effects (13).

Reviewing the literature, it was determined that there are many 
studies examining the effect of Ferula on performance and egg quality 
in poultry. However, the number of studies on the effects of ferula, 
known for its phytoestrogenic properties, on reproductive hormones, 
follicles, and oviducts in laying hens is limited. This study aims to 
examine the effects of Ferula (F. elaeochytris) root powder in diets of 
laying hens on laying performance, egg quality traits, oxidant/
antioxidant levels of eggs, the concentrations of some blood serum 
parameters and serum reproductive hormones, internal organ 
weights, follicles, and some parts of the oviduct.

2 Materials and methods

2.1 Ethical approval

This study was approved by the Animal Ethics Committee of 
Ondokuz Mayıs University, Türkiye (2023/95).

2.2 Preparation of FRP and chemical 
analysis

Ferula was collected with its roots from the Yayladağı district of 
Hatay province. The species of the plant was identified as Ferula 
elaeochytris by Prof. Dr. Cengiz YILDIRIM (Amasya University, 
Faculty of Education, Türkiye). Ferula roots were separated and 
rinsed. Then, the samples were dried in an drying oven (Gemo 
DT107) at 45°C and powdered using a laboratory blender (Waring 
Laboratory Blender, United States).

Proximate composition of FRP was determined by using the 
process introduced by the Association of Official Analytical Chemists, 
AOAC (14).

Volatile oil constituents were analyzed by using gas 
chromatography/mass spectrometry (GC–MS; Agilent:6890 MS:5973, 
New Jersey, USA). Component mass spectra were determined by 
comparing them with the current libraries (Flavor2, W8N05ST, and 
HPCH1607). Volatile compounds with a confidence level lower than 
50% were not considered during the evaluation.

2.3 Experimental plan, management, and 
diets

The animal experiments within the scope of this study were 
conducted in the Experimental Poultry Unit of Suluova Vocational 
School of Amasya University, Türkiye. A total of seventy-two (8 
replicates, 3 hens/subgroup) 30-week-old Nick Brown commercial 
hens were randomly allocated to 4-storey cages as three groups 
(FRP-0, FRP-1, and FRP-2). The number of replicates in each group 
was calculated by using G*Power (version, 3.1.9.4) package software. 
The homogeneity of variances was tested for initial body weight 
(p > 0.05). The experimental design is given in Table 1.

During the experiment, which took 8 weeks after a 1-week 
adaptation period, feed/water was given ad-libitum, and a photoperiod 
16 h of light and 8 h of dark was performed. The temperature in the 
experiment unit was controlled by using a digital thermometer (data 
logger, testo 174 T) for 24 h and kept at 22–24°C by making use 
of ventilation.

FRP-0 (control) was fed a basal diet (Table 2). However, the diet 
given to FRP-1 and FRP-2 groups was supplemented with 1 g/kg and 
2 g/kg FRP, respectively.

The composition and nutrient levels of FRP are presented in Table 3.

2.4 Sample collection

To determine performance parameters (egg weight, feed 
conversion ratio, egg production, feed intake, egg mass), feed was 
weighed and administered daily, and eggs were also counted and 
recorded daily. Performance parameters were determined bi-weekly. 
Egg quality (egg width and length, shape index, yolk diameter, yolk 
height, albumen height, albumen index, yolk index, Haugh unit, 
shell thickness, shell weight, egg yolk’s color L, a, b values, and 
albumen pH) was analyzed on 20 eggs collected from each group 
after the trial was completed. TBARs values were determined for 10 
eggs collected at the end of the experiment. Moreover, DPPH radical 
scavenging analysis was conducted on 20 eggs. At the end of the 

TABLE 1 Experimental design.

Groups Replicates Hens in 
subgroups

Experimental diets

FRP-0 8 3 Basal (control) diet

FRP-1 8 3 1 kg basal diet +1 g FRP

FRP-2 8 3 1 kg basal diet +2 g FRP

FRP, Ferula root powder.
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experiment, approximately 4 mL of blood was collected from seven 
hens through intravenous puncture into yellow-capped vacuum 
tubes to assess certain serum biochemistry parameters (aspartate 
transaminase, alanine aminotransferase, alkaline phosphatase, total 
protein, triglycerides, and total cholesterol) and reproductive 
hormone concentrations (estradiol and progesterone). These 
samples were then centrifuged (Hermle Z206A) at 3000 rpm for 
10 min to separate the serum, and the serum samples were kept at 
−21°C until analysis.

After the completion of the experiment, 7 hens from each group 
were killed by cutting the jugular vein. Then, some of their internal 
organs (liver, spleen, gizzard, and heart) were weighed. The oviducts 
and follicles of the same animals were removed, and total follicle 
weight, graff follicle weight, total oviduct weight, uterus width, uterus 
length, and graff follicle diameter were determined.

2.5 Traits measured

Egg weights were determined by using a scale with 0.01 g 
precision (KERN PFB). Egg production (15), feed conversion ratio 
(16), egg mass (17), and feed consumption (18) were calculated by 
making use of the following formulae.

 

  
 / 100

−
  = × 
 

Total feed given
remaining feedkg feedFeed consumption kg egg Day X Hens

 

  
/  100

  
  = × 
 

Avarege feed
consumptionkg feedFeed conversion ratio kg egg Avarege eggs
weight

 
( )    % 100Total number of eggsEgg production

Day Hens
= ×

×

 ( )/ /Egg mass g hen day Avarege egg weight Egg production= ×

Egg width, egg length, yolk diameter, albumen length, and 
albumen width values were determined by using a digital caliper 
(1108–150, Insize, China). Albumen height and yolk height values 
were determined by using a tripod micrometer (Mitutoyo, 
0.01–20 mm; Kawasaki, Japan). Considering these values, the shape 
index (19), albumen index (20), yolk index (21), and Haugh unit (22) 
values were obtained using following formulae.

 
( ) ( )

( )
 % 100

Egg width mm
Shape index

Egg lenght mm
= ×

 

( ) ( )

( )

Albumen height mm
m % 100

 / 2 

= ×
+ 

 
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Albu en index
Albumen width mmAlbumen lenght

 
( ) ( )
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 % 100
 

Yolk height mm
Yolk index

Yolk lenght mm
= ×

 ( ) ( )0.37 % 100 log H 7.57 1.7WHaugh unit = × + −

H = Albumen height, W = Egg weight.
Eggshells were weighed using a digital scale (0.001 g precision, 

RADWAG, AS 220.R2 Plus). Eggshell thickness was measured by 
using a micrometer (Mitutoya, No. 1044 N, 0.01–5 mm; Kawasaki, 
Japan) on three different parts of shells (upper, middle, and lower).

L, a, and b values of yolks were determined by using a colorimeter 
(PCE-CSM 4). L, a, and b values refer to lightness, redness, and 
yellowness, respectively.

In order to measure albumen pH, the albumen was separated and 
homogenized (Ultra turrax; CAT, 33.000 rpm) for 20 s. Then, pH 
levels of albumen samples were measured by using a pH meter 
(OHAUS, Aquasearcher AB41PH, NJ, USA) that was calibrated (23).

The malondialdehyde (MDA) concentrations were determined as 
an index of lipid peroxidation and thiobarbituric acid reactive 
substances (TBARs) values were calculated by making use of the 
following formulae as μmol MDA/kg egg.

TABLE 2 The composition and nutrient levels of basal feed.

Items kg/ton

Maize 475.00

Soybean meal (46% CP) 41.44

Full fat soybean (34% CP) 150.00

Wheat 143.86

Sunflower seed meal (34% CP) 86.29

Sunflower oil 5.10

Limestone 88.00

Dicalcium phosphate 3.79

Salt 2.50

DL-Methionine 0.87

Lisin sulphate 0.65

Premix* 2.50

Chemical composition (analyzed) %

Dry matter 89.08

Crude protein 16.88

Ether extract 5.49

Crude ash 11.92

Calcium 3.60

Metabolizable energy (kcal/kg)**2275

*Supplied the following per 2.5 kg of diet: 10.000.000 IU vitamin A, 3.000.000 IU vitamin 
D3, 25.000 mg vitamin E, 4000 mg vitamin K3, 2.000 mg vitamin B1, 5.000 mg vitamin B2, 
40.000 mg niacin, 12.000 mg calcium D pantothenate, 4.000 mg vitamin B6, 20 mg vitamin 
B12, 1.000 mg folic acid, 60 mg biotin, 120.000 Mn, 40.000 mg Fe, 70.000 Zn, 7.000 mg Cu, 
500 mg Se, 2.000 mg canthaxanthin, and 1.200.000 phytase.
**The metabolizable energy level was calculated as stated by Carpenter and Clegg (50).

TABLE 3 Some nutrient composition of Ferula (F. elaeochytris) root.

Items %

Dry matter 93.4

Crude protein 4.3

Ether extract 4.0

Crude fiber 16.0

Crude ash 9.0
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( )
absorbance /

TBARS 6.8 1000 / sample weightk 0.06 2 / 1000
  

= × ×  ×  

k = Value obtained from the standard curve.
Yolk MDA values were measured by following the method 

developed by Tarladgis et al. (24) and modified by Lemon (25).
Two grams of yolk were weighed in a 50 mL beaker and 12 mL 

trichloro-acetic acid (TCA) solution prepared using EDTA (1%), 
propyl gallate (1%), and TCA (7.5%) was added. The mixtures were 
homogenized (Ultra turrax; CAT, 33.000 rpm) for 15 s. TCA-yolk 
mixtures were filtrated through Whatmann (No.1) filter paper in a 
25 mL beaker, 3 mL of filtered samples were taken in a glass tube, and 
thiobarbituric acid (0.02 M) was added. The tubes were kept at 100°C 
in a water bath (Wise Bath) for 40 min. Then, the absorbance values 
were determined by making use of a spectrophotometer (Genesys 10S 
UV–VIS, Therma Scientific) at 530 nm wavelength.

DPPH radical scavenging activity values were determined by 
following the methods of Farıvar (26). Two grams of yolk were weighed 
in a 45 mL falcon conical tubes, and 25 mL methanol was added. The 
tubes were then placed in an ultrasonic bath (CALISKAN Ultrasonic 
Cleaner) for 25 min. Methanol-yolk mixtures were filtrated using 
Whatmann (No.1) filter paper in a 25 mL beaker. Then, 100 μL of 
filtrated samples were taken in a 15 mL glass conical tube, and 2.9 mL 
DPPH solution (0.0025 g DPPH +100 mL methanol) was added. The 
tubes were vortexed for 20 s. and then incubated for 60 min. 
Subsequently, the absorbance values were determined by making use 
of a spectrophotometer (Genesys 10S UV–VIS, Therma Scientific) at 
517 nm wavelength. DPPH radical scavenging activity values were 
evaluated by making use of the following formula (27) as %.

( ) ( )DPPH radical scavenging activity % A0 A1 / A0 100= − × .

A0: Absorbance of the control (free yolk-sample), A1: Absorbance 
of the samples.

Serum aspartate aminotransferase (AST, ottoBC127), alkaline 
phosphatase (ALP, ottoBC124), alanine aminotransferase (ALT, 
ottoBC128), triglyceride (ottoBC155), total protein (ottoBC154), and 
total cholesterol (ottoBC135) concentrations were measured by using 
an auto-analyzer (Mindray-BS400) with commercial test kits (Otto 
Scientific, Türkiye).

Serum progesterone (ng/ml) and Estradiol (pg/ml) hormone 
levels were determined by using electrochemiluminescence 
immunoassays - ECLIA (Roche, e601) with commercial kits (Roche).

The weights of liver, spleen, gizzard, and heart were determined 
using a digital scale (0.001 g precision, RADWAG, AS 220.R2 Plus).

The oviducts and follicles of hens cutting were removed. Then, the 
measurements were performed following the method introduced by 
Patil et al. (28). Total follicle, graff follicle, and total oviduct weights 
were measured using a digital scale (0.01 g precision, KERN PFB). 
Additionally, uterus width, uterus length, and graff follicle diameter 
were measured using a digital caliper (Insize, 1,108–150, China).

2.6 Statistical analysis

The SPSS 21.0 package program was used in the statistical analysis 
process and One-way ANOVA procedure in determining the difference 

between groups. Duncan’s post hoc test was utilized in comparing the 
differences among the means of groups. Effects of dietary FRP levels 
(1 g/kg and 2 g/kg) were determined using polynomial contrasts. 
p ≤ 0.05 values were considered statistically significant (29). In 
addition, numbers of replicates for hens in this study were calculated 
using the G*Power (version 3.1.9.4) package software (30).

3 Results

3.1 Characteristics of FRP

The results of the GC/MS analysis of volatile oil isolated from 
roots of the F. elaeochytris are given in Table  4. Given the results 
achieved, there are a total of 52 components in this volatile oil. Major 
compounds are carvacrol (28.6%), cadalene (9%), and E-nerolidol 
(4.8%), respectively.

3.2 Productive performance

The impacts of supplementing FRP (0, 1, and 2 g/kg) in diet on 
productive performance are presented in Table  5 (1–28 days), 6 
(28–56 days), and 7 (1–56 days). The results indicate that adding FRP 
to the diets of laying hens did not affect egg weight, feed conversion 
ratio, feed consumption, egg production, and egg mass (Tables 5-7).

3.3 Egg quality

The impacts of FRP (0, 1, and 2 g/kg) in the diets of laying hens 
on egg quality traits are summarized in Table 8. Higher yolk height 
(p = 0.001) and yolk index (p < 0.05) values were achieved in the 
FRP-added groups when compared to the control group. The 
albumen pH (p < 0.05) was determined to be at a lower level in FRP-2 
group. Other egg quality parameters in Table 8 were not affected by 
FRP supplementation.

3.4 Egg oxidant and antioxidant parameters

The impacts of FRP (0, 1, and 2 g/kg) in the diets of laying hens 
on oxidant (TBARs) and antioxidant (DPPH radical scavenging 
activity) levels are presented in Table 9. FRP-3 (8.731%) was found to 
have an increase (p < 0.05) in DPPH radical scavenging activity values 
when compared to FRP-0 (control) and FRP-1. TBARs levels in yolk 
were found to have decreased (p < 0.05) in FRP-1 (1.238 μmol MDA/
kg egg) and FRP-2 (1.034 μmol MDA/kg egg) groups in comparison 
to the FRP-0 group. Given the results of the polynomial analysis, there 
was a significant linear effect for both TBARs (p = 0.001) and DPPH 
(p = 0.001) levels. A linear increase was observed in DPPH level and 
a linear decrease in TBARs level with increasing dose of FRP.

3.5 Serum biochemical parameters

Table  10 presents the results obtained for some serum 
biochemical parameters. Except for serum triglyceride (p < 0.05) and 
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cholesterol (p < 0.05) levels, other serum biochemical parameters 
(AST, ALP, ALT, and total protein), were not affected by FRP 
supplement. Serum triglyceride (947.10 mg/dL) and cholesterol 
(59.49 mg/dL) levels were found to have decreased in FRP-2 group. 
The linear effect was significant in terms of triglyceride and total 
cholesterol concentrations in serum.

3.6 Serum reproductive hormones

The mean concentrations of some serum reproductive 
hormones are given in Table  11. Considering the results 

presented, it can be seen that serum estradiol and progesterone 
concentrations were not affected by FRP supplementation 
(p > 0.05).

3.7 Internal organ weight

The effects of FRP (0, 1, and 2 g/kg) supplement on some internal 
organ weights are summarized in Table 12. It can be seen that liver, 
spleen, gizzard, and heart weights were not affected by 
FRP supplementation.

TABLE 4 Volatile oil profile of Ferula (F. elaeochytris) root.

Volatile oils g/100 g Volatile oils g/100 g

m-Tolualdehyde 2.0 Thujopsan-2-alpha-ol 0.4

p-Tolualdehyde 0.8 1,4-Methanobenzocyclodecene 1.0

Ethanone, 1-(2-hydroxphenyl) 0.4 1,4-Methanoazulen-7-ol,decahydro- 0.7

Carvone 0.4 Benzene 2.1

Phenol, 4-(1-methylethyl) 0.5 trans-beta-Guaine 0.2

Cyclohexanone, 2-methyl-5-(1-methylethenyl)-,(25-cis) 0.4 Neo-Intermedeol 0.3

p-Cymen-7-ol 1.1 Cyclohexane 1.5

Benzoic acid, 0.4 Oplopenone 3.5

Carvacrol 28.6 Viridiflorol 1.0

1-10-Decanediol 1.5 Cadalene 9.0

β-Citronellene 0.5 Helifolen-12-AL D 1.1

Geranylaceton (isomer 2) 4.3 1,2-Dimethyl-3-ethylbenzene 0.3

ar-Curcumene 0.8 ar-Turmerol 0.7

alpha-trans-Bergamotene 0.9 Helifolen-12-AL B 0.4

Cuparene 2.3 E-Sesquilavandulol 0.6

β-Bisabolene 1.8 E-Nuciferol 0.9

Hexahydro-1-methyl-2H-azepine-2-thione 2.3 Himachalol 0.2

Nerolidoloxide 1.2 neo-allo-Ocimene 2.0

Hexanedioic acid, 3-methyl-, bis (1-methyl propyl) ester 1.3 Furanmethanol 3.6

Bisabolol oxide A 0.4 Z-Lanceol 1.0

Bicylo (2.2.1.) heptane,2,2-dimethyl-3-methylene 1.4 Z-alpha-trans-Bergamotol 2.6

E-Nerolidol 4.8 alpha-Curcumen 0.6

2,6-Octadien-1-ol,3,7-dimethyl-acetate 0.5 Diisobutyl phthalate 0.8

Benzene, 1-(1.5-dimethyl-4-hexenyl)-4-methyl- 0.3 β-Curcumene 0.2

3,5,9-undecatrien-2-one, 6,10-dimethyl-,(E,E) 0.6 Z,E-Farnesol 2.1

Cyclohexene, 1,3,3-trimethyl-6-methylene 2.5 Ethanone, 1-(1,4-dimethyl-3-cychexen-1-YL) 1.2

TABLE 5 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on performance parameters (1–28 days).

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Egg weight, g 63.89 65.05 64.10 0.333 0.319 0.797

Feed conversion ratio, kg feed/kg egg 1.86 1.85 1.86 0.016 0.914 0.988

Feed consumption, g 118.93 120.10 119.40 0.804 0.841 0.816

Egg production, % 86.50 93.19 87.17 1.587 0.166 0.862

Egg mass, g/hen/day 55.37 60.63 55.85 1.106 0.098 0.854

n = 16.
SEM, Standard error of mean.
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3.8 The follicles and physical properties of 
oviduct

The effects of FRP (0, 1, and 2 g/kg) supplement on the follicles 
and physical properties of the oviduct are presented in Table 13. Total 
follicle weight, graff follicle weight, total oviduct weight, uterus width, 
and graff follicle diameter were found to have not been affected 
(p > 0.05) by FRP supplement but there was an effect on uterus length 
by FRP supplementation (p < 0.05). A significant increase was found 
in uterus length in FRP-1 and FRP-2 groups (p < 0.05).

4 Discussion

Given the results achieved, 52 components were identified in 
F. elaeochytris root powder (Table 4). The top three major compounds 
are carvacrol (28.6%), cadalene (9%), and E-nerolidol (4.8%), 
respectively. Duru and Şahin (31) stated in their study that the three 
major components in the female F. elaochytris root were alpha-pinene 
(76.74%), 2-beta pinene (6.49%), and 7-methyl-1,3,5 cycloheptatriene 
(2.76%), whereas the three major components in the male Ferula 
elaochytris root were alpha-pinene (87.72%), 2-beta pinene (4.03%), 
and cyclohexene, 1-methyl-4- 1-methyl (1.99%). Başer et  al. (32) 
determined that the three major components of Ferula elaeochytris 
root powder were nonane (27.1%), α-pinene (12.7%), and germacrene 
B (10.3%), respectively. In the present study, it was found that FRP did 
not significantly affect the performance parameters. In a previous 
study, Duru and Şahin (31) reported that dietary male and female 
Ferula (F. elaeochytris) addition at different levels (0, 5, and 10 g/kg) 
did not affect performance parameters in laying hens. From this 
aspect, the present study is similar to the study carried out by Duru 
and Şahin (31). In another study (33), uncoated/coated Ferula 

(F. elaeochytris) root powder (0, 5, and 10 g/kg) added to broiler chicks 
and layer chicken diets did not affect the production performance of 
laying hens and growth performance of broiler chicks. Similarly, Filik 
(34) reported that F. elaeochytris root powders (0, 2, 4, and 8 g/kg) did 
not affect performance of layer hens. In another study, it was 
determined that F. elaeochytris (0, 10, and 20 g/kg) root powder did 
not affect the performance of laying hens (35). It can be seen that the 
results reported in these studies and those achieved in the present 
study are also parallel in terms of performance parameters. Canogullari 
et al. (36) also investigated the effects of Ferula (F. elaeochytris; 0, 5, 
and 10 g/kg) root powder on growth performance and reproductive 
performance in their studies on Japanese quails. In this study, it was 
found that the supplementation of Ferula to the grower diet in the first 
stage of the trial (growth period) did not affect FCR and feed 
consumption. In the second stage of the trial (reproductive period), it 
was determined that live weight, sexual maturity, first egg weight, 
mean egg weight, and egg production were not affected by Ferula 
supplement in the diet. Olmez et al. (37) reported that root powder 
(%0, 0.1, and 0.2) of another species of Ferula (F. communis L.) did not 
affect feed consumption, egg weight, and FCR in Japanese quails. In 
addition, in a study (38) carried out on Gold Fish (Carassius auratus 
L. 1758), it was reported that the effect of Ferula (F. elaeochytris; 1, 5, 
and 10 g/kg) on live weight gain, growth length, FCR, and condition 
factor was not significant. There are also studies that are contrary to 
the present study from the aspect of performance parameters. In a 
study carried out by Hao et al. (39) on aged layer hens, the effects of 
Ferula (0, 50, 100, and 200 mg/kg) dietary supplementation on 
productive and reproductive performance were investigated. In their 
study, it was reported that 100 mg/kg dietary supplementation of 
Ferula increased laying rate, and egg weight and improved FCR. Olmez 
et al. (37) stated that 0.1% dietary Ferula (F. communis L.) in Japanese 
quail diets reduced egg production and 0.2% increased egg production. 

TABLE 6 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on performance parameters (28–56 days).

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Egg weight, g 64.04 64.68 63.12 0.377 0.245 0.323

Feed conversion ratio, kg feed/kg egg 1.75 1.75 1.82 0.014 0.053 0.036

Feed consumption, g 111.95 113.14 114.99 0.772 0.274 0.112

Egg production, % 93.45 93.75 92.26 1.389 0.902 0.733

Egg mass, g/hen/day 59.93 60.77 58.24 1.039 0.609 0.514

n = 16.
SEM, Standard error of mean.

TABLE 7 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on performance parameters (1–56 days).

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Egg weight, g 63.96 64.87 63.91 0.251 0.109 0.562

Feed conversion ratio, kg feed/kg egg 1.81 1.80 1.84 0.011 0.263 0.208

Feed consumption, g 115.44 116.62 117.20 0.637 0.523 0.265

Egg production, % 89.97 93.47 89.71 1.071 0.281 0.921

Egg mass, g/hen/day 57.65 60.70 57.05 0.765 0.112 0.745

n = 32.
SEM, Standard error of mean.
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In another study, Tayeb (40) determined that different levels (10, 15, 
and 20%) of Ferula (Ferula communis L.) addition in the diets of 
Japanese quail increased live weight and live weight gain and decreased 
mortality. In a study on broiler chickens (41), it was stated that the 
addition of Ferula badrakema root powder (0.75 and 1.5%) to feed 
containing 0.15% saccharin reduced feed consumption. In the present 
study, higher yolk height (p = 0.001) and yolk index (p < 0.05) results 
were achieved in the FRP-added groups when compared to the control 
group. The albumen pH (p < 0.05) value was found to have decreased 
in FRP-2 group. Other egg quality parameters were not affected by 
supplemental FRP. The decrease in albumen pH of the egg indicates 
an improvement in shelf life. This outcome is thought to be due to the 
phytochemicals contained in F. elaeochytris. However, this was not 
reflected in the Haugh unit and albumen index parameters. Some 
studies (31, 33, 34) in laying hens revealed that F. elaeochytris did not 
significantly affect egg quality traits. In some studies on turkeys, laying 
hens, and quails, it was observed that Ferula had statistically significant 
effects on yolk color (37), yolk weight (42), shell percentage (37), 
albumen index (37), eggshell weight (35), albumen width (35), and 
shape index (42). In their study on Japanese quails, Olmez et al. (37) 

found that dietary 0.1% F. communis L. root powder improved the 
yellow color and albumen index. In the same study, 0.1% Ferula 
supplement decreased eggshell percentage, whereas 0.2% supplement 
concentration yielded an increase in eggshell percentage. In the 
present study, yolk TBARs levels decreased in hens receiving 
supplemental ferula, whereas DPPH radical scavenging activity 
increased in comparison to the control group. There was a linear 
increase in DPPH level and a linear decrease in TBARs level with 
increasing dose of FRP. Thus, these results indicate an improvement in 
the shelf life of the egg. This situation is thought to be related to the 
antioxidant effect of the bioactive substances contained in 
F. elaeochytris. Many Ferula species are known to have an important 
regulatory effect against oxidative stress and exhibit a strong 
antioxidative effect by reducing the level of malondialdahyde, reactive 
oxygen species (ROS), nitric oxide, while increasing the activity of 
superoxide dismutase, catalase, and glutathione peroxidase (43). 
Contrary to the present study, a study carried out by Duru (33) 
revealed that coated or uncoated F. elaeochytris root powder (5 and 
10 g/kg) did not affect the TBA (3-day and 21-day storage) level and 
therefore did not improve the shelf life of chicken meat. Given the 

TABLE 8 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on egg quality parameters.

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Egg width, mm 44.17 44.82 44.82 0.210 0.355 0.213

Egg length, mm 56.58 56.96 56.33 0.198 0.427 0.610

Shape index, % 78.08 78.73 79.58 0.372 0.260 0.103

Yolk diameter, mm 43.32 43.49 43.23 0.142 0.761 0.805

Yolk height, mm 18.29b 18.84a 18.82a 0.072 0.001 0.001

Albumen height, mm 6.46 6.75 6.65 0.084 0.365 0.347

Yolk index, % 42.25b 43.35a 43.59a 0.232 0.038 0.016

Albumen index, % 7.930 8.472 8.520 0.143 0.174 0.092

Haugh unit, % 79.19 80.66 80.57 0.612 0.556 0.366

Yolk color L 52.62 55.63 56.11 0.982 0.296 0.152

Yolk color a 20.70 20.56 20.49 0.166 0.875 0.613

Yolk color b 47.69 48.13 47.99 0.414 0.909 0.768

Albumen pH 7.883a 7.892a 7.818b 0.041 0.042 0.126

Shell weight, g 6.24 6.39 6.37 0.075 0.668 0.468

Shell thickness, μm 0.353 0.361 0.361 0.003 0.523 0.316

n = 20.
SEM, Standard error of mean.
L, lightness, a, redness, and b, yellowness.
Different superscript letters (a, b) within the same row mean significant differences between groups (p < 0.05).

TABLE 9 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on oxidative stability of eggs.

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

TBARs (μmol MDA/kg egg) 1.822a 1.238b 1.034b 0.102 0.002 0.001

DPPH (%) 7.991b 8.100b 8.731a 0.096 0.002 0.001

n = 10 (TBARs), n = 20 (DPPH).
SEM, Standard error of mean.
TBARs, Thiobarbituric acid reactive substances; MDA, Malondialdehyde; DPPH, 2,2-diphenyl-1-picrylhydrazyl.
Different superscript letters (a, b) within the same row mean significant differences between groups (p < 0.05).
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results achieved in the present study, Ferula supplementation to diets 
of laying hens did not affect serum enzyme activities (ALT, ALP, and 
AST) and total protein levels statistically significantly, but decreased 
serum triglyceride and total cholesterol concentrations. The lowest 
total cholesterol and triglyceride levels were found in the FRP-2 group. 
Therefore, it is thought that the reduction of serum triglyceride and 
total cholesterol with F. elaeochytris is due to the hypococholestrolemic 
effects of its active ingredients. In a previous study, Duru (33) reported 
that 5 and 10 g/kg F. elaeochytris, coated or uncoated, did not affect 
concentrations of plasma metabolites (plasma glucose, calcium, total 
protein, total cholesterol, and triglyceride) in broiler chickens. In the 
same study, Duru (33) concluded that Ferula did not affect egg 
cholesterol levels in experiments on laying hens. In contrast to the 
present study, Filik (34) reported that 8 g/kg F. elaeochytris supplement 
in laying hen diets increased plasma cholesterol levels. In the same 
study, Filik (34) determined that plasma calcium levels were not 
affected by dietary Ferula supplement and that 4 g/kg Ferula addition 
decreased egg cholesterol (especially for the 3rd, 4th, and 5th weeks) 
levels. Similar to the present study, Khajavi et al. (41) stated that the 
addition of Ferula (F. badrakema) root powder (0.75 and 1.5%) at 
different concentrations reduced blood cholesterol and triglyceride 

levels of broiler chickens. Khajavi et al. (41) also reported that ferula 
increased uric acid, albumin, and phosphorus concentrations in blood 
and that dietary Ferula increased total antibody titers and IgG levels 
in broiler chickens at the age of 35 days. In another study, Tayeb (40) 
reported that F. communis L. reduced serum albumin and glucose 
levels in Japanese quails. In a study on koi carp (Cyprinus carpio koi), 
Safari et al. (44) investigated the effects of different concentrations (0, 
5, 10, 15, 20, and 25 g/kg) of F. asafoetida (flower, leaf, and root 
mixture) powder on blood parameters. Ferula supplement in the diets 
of koi carp increased WBCs, RBCs, MCV, MCH, hematocrit, and 
hemoglobin concentrations in a study carried out by Safari et al. (44). 
Moreover, Safari et al. (44), also reported an increase in serum total 
protein level and total immunoglobulin activity. Internal organ (liver, 
spleen, gizzard, and heart) weights were not affected by FRP 
supplementation in the diet of laying hens in the present study. In a 
study carried out by Khajavi et al. (41), it was found that F. badrakema 
root powder (0, 0.75, and 1.5%) in broiler chicken feeds did not 
significantly affect carcass characteristics (gizzard, heart, liver, small 
intestine, abdominal fat, thigs, and edible carcass). The serum estradiol 
and progesterone concentrations were not affected by FRP 
supplementation in the diet of laying hens in the present study 

TABLE 10 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on some serum biochemical parameters.

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

AST, U/L 151.40 158.86 156.54 2.933 0.593 0.494

ALT, U/L 24.70 25.52 28.42 4.135 0.940 0.742

ALP, U/L 432.60 466.73 470.83 8.374 0.121 0.062

Total protein, g/dL 10.26 11.68 11.53 0.315 0.128 0.097

Triglyceride, mg/dL 1545.32a 1136.99ab 947.10b 98.69 0.031 0.011

Total cholesterol, mg/dL 64.92a 68.63a 59.49b 1.282 0.007 0.044

n = 7.
SEM, Standard error of mean.
ST, Aspartate aminotransferase; ALT, Alanine aminotransferase; ALP, Alkaline phosphatase.
Different superscript letters (a, b) within the same row mean significant differences between groups (p < 0.05).

TABLE 11 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on some serum hormone parameters.

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Estradiol (E2), pg./mL 257.86 273.81 279.73 12.564 0.781 0.503

Progesterone, ng/mL 0.224 0.171 0.287 0.024 0.138 0.269

n = 7.
SEM, Standard error of mean.

TABLE 12 Effects of dietary supplementation of Ferula (F. elaeochytris) root powder on some internal organ weight.

Items Ferula root powder (g/kg) SEM p-values

0 1 2 Combined Linear

Liver weight, g 32.84 33.13 33.78 0.395 0.629 0.353

Spleen weight, g 1.52 1.37 1.47 0.054 0.555 0.700

Gizzard weight, g 26.87 26.10 27.38 0.303 0.229 0.492

Heart weight, g 6.25 5.91 6.09 0.132 0.607 0.643

n = 7.
SEM, Standard error of mean.
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(p > 0.05). Total follicle weight, graff follicle weight, total oviduct 
weight, uterus width, and graff follicle diameter were not affected 
(p > 0.05) by FRP supplementation. However, uterus length 
significantly increased in FRP-1 and FRP 2 groups (p < 0.05). The 
uterus, also known as the shell gland, is considered one of the most 
important parts of the oviduct in chickens. The egg remains here the 
longest while it is being formed. The uterus has a muscular structure. 
It has been reported that the egg rotates around its polar axis in the 
uterus, chalazion forms, and the egg gains a swollen appearance with 
the penetration of the egg white (45). Since reproductive hormones 
play an active role in this process, it is thought that the length of the 
uterus may have increased due to intense muscle movements. In the 
present study, the lack of impact on follicles and oviducts by the Ferula 
diet may be related to the dose used and the early laying period of the 
hens. In a study (39), it was observed that the use of Ferula (100 mg/
kg) at lower concentrations in the diets of aged laying hens increased 
the levels of some reproductive hormones. Hao et al. (39) reported that 
100 mg/kg Ferula had higher numbers of small yellow follicles, small 
white follicles, and middle white follicles. It was also stated in the same 
study that a 100 mg/kg dose of Ferula increased FSHR, LHR, and ER-α 
activity in the ovary. In a study carried out by Canogullari et al. (36) 
on Japanese quails, the effects of dietary F. elaeochytris (0, 5, and 10 g/
kg) root powder supplementation on growth and reproductive 
performance were investigated. Canogullari et al. (36) reported that 
Ferula addition in quail feeds increased testicular weight. Additionally, 
it was also stated that fertility and hatchability rates were totally 
depressed in Ferula-supplemented groups. In another study (46), the 
effect of F. communis L. root powder (0, 5, and 10%) on reproductive 
parameters in Awassi ewes was investigated. While the Ferula diets did 
not affect plasma estrogen concentration or LH peak in their study, the 
numbers of small and large follicles were found to be significantly 
influenced. Onal and Güzey (46) determined that the number of small 
follicles was higher in the ferula-supplemented groups and the number 
of large follicles was higher in the control group. In another study, 
Al-Salhie and Al-Hummod (47) examined the effects of F. hermonis 
root extract (0, 100, and 200 mg; orally) on local ducks. Al-Salhie and 
Al-Hummod (47) determined that serum FSH, LH, and testosterone 
levels increased in ducks given 200 mg orally. Moreover, the same 
study revealed that 200 mg Ferula increased seminal tubular diameter 
and seminiferous epithelium thickness. In a study, it was observed that 
F. hermonis root powder, when used at a dose of 6 mg/kg, showed a 
strong FSH and LH-like effect in immature rats, as well as moderate 
estrogenic sexual stimulation (48). Osman (49) stated that F. hermonis 

(3 mg/kg) had a positive effect against testicular damage in male rats 
induced using γ-radiation.

5 Conclusion

Ferula is one of the plants exhibiting phytoestrogenic effects. 
FRP supplementation improved lipid oxidation and increased 
antioxidant capacity in the present study. Dietary supplementation 
of FRP decreased serum total cholesterol and triglyceride 
concentrations. No adverse effects were observed on performance, 
internal organ weights, and serum enzyme activity. FRP 
supplementation increased uterus length. Considering the results 
achieved, it can be  seen that FRP does not have a significant 
estrogenic effect. Even though FRP does not have a significant 
estrogenic effect, it still can be used to prevent lipid oxidation and 
for its hypocholesterolemic effect. In conclusion, the lack of expected 
estrogenic effect of Ferula root on the female reproductive system of 
laying hens may be  associated with the dose added to the diet. 
Therefore, it is thought to be  important to carry out studies at 
different doses.
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