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Abstract. The use of safe, natural feed additives in animal feeding is becoming increasingly 
important to provide animals with biologically active substances, reduce the risk of chemicals being 
transferred to the end consumer through products, their accumulation, and increase productivity. 
The purpose of the study was to determine the effect of Artemisia capillaris on egg productivity 
of quail hens. To conduct the experiment, 4 groups were established – a control group and three 
experimental groups, 72 animals (♀60 + ♂12) in each. The experiment, which lasted 210 days, 
involved feeding poultry with complete balanced feeds that had the same chemical composition 
and differed only in the content of the test additive, which was introduced into the feeds of poultry 
of experimental groups 2,3, and 4 in the amount of 0.5%, 1.0%, and 1.5% by weight of the feed, 
respectively. The introduction of dry wormwood powder in mixed feed of quail hens in the amount 
of 0.5-1.5% has a positive effect on such indicators of egg productivity as the gross yield of eggs, 
which increased in the experimental groups by 2.6-5.6%, the egg weight increased by 5.6-12.9%, 
while feed costs decreased by 2.8%. According to the qualitative indicators of eggs, there was an 
increase in the absolute weight of yolk by 3.0-8.3%, albumen by 2.6-6.5%, shell by 0.6-1.2%, and a 
decrease in the egg index by 0.9-4.1%. Feeding A. Capillaris to poultry leads to an increase in the 
content of palmitic, stearic, oleic, linolenic, eicosanoic, and arachidonic fatty acids in egg yolk by 
0.01-6.07%. The optimal level of A. Capillaris in the diet was determined to be 1.0% of the total 
weight of the feed; this amount had a positive effect on the above indicators, increasing them, 
which can be used in the industrial technology of quail eggs production, and in organic production

Keywords: wormwood; quail hens; safety; egg weight; fatty acids; feed conversion

Introduction
Due to the ever-increasing requirements for the 
quality of livestock products, researchers focus 
their efforts on the search, study, and imple-
mentation of safe, biologically active feed ad-
ditives that improve the use of feed nutrients 
by activating enzyme systems, reducing stress 
in animals, improving metabolic processes, im-
proving immunity and productivity, while not 
being toxic to the body and not accumulating in 
tissues, organs, or livestock products.

Consumption of foods with chemical resi-
dues can cause allergic reactions, alter the gut 
microbiota, and most importantly, promote the 
spread of drug-resistant microorganisms in the 
population, which ultimately leads to therapeu-
tic failures (Dos Santos et al., 2020). According 
to Z.P. Liu et al. (2023), one of the ways to solve 
this problem was the use of medicinal plants 
that have been known since ancient times, be-
coming increasingly popular today, in particu-
lar, due to the decline in the effectiveness of 

synthetic substances and public concern about 
the side effects and drug interactions of syn-
thetic drugs.

The livestock industry is facing an increase 
in public demand for organic products, as a re-
sult, producers are forced to meet these needs, 
while maintaining high standards of food safe-
ty and quality. That is why more and more re-
search is aimed at investigating the effects of 
natural feed additives on the animal body, such 
as probiotics, organic acids, and phytogenic ad-
ditives. The use of phytogenic feed additives in 
animal nutrition is gaining increasing interest, 
especially for use in the pig and poultry indus-
tries, as evidenced by a significant increase in 
scientific research on these issues since 2000 
(Abdelli et al., 2021).

Phytogenic feed additives are products 
of plant origin (herbs, seeds, fruits, and other 
parts of plants) that are used in the develop-
ment of diets for animals in order to improve 
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their productivity (El-Sabrout et al., 2023). 
These feed additives contain various bioactive 
components such as polyphenols, alkaloids, fla-
vonoids, and have antimicrobial, antioxidant, 
growth-stimulating and immunoregulatory ef-
fects (Alagawany et al., 2021). However, as not-
ed by L.  Zhang et  al. (2022) and J. Chen et al. 
(2022), the effects of phytobiotics on the animal 
body are not limited to the listed properties, 
they also have a positive effect on digestion, 
increasing the secretion of enzymes and the 
absorption of nutrients. In addition, phytobiot-
ics are natural flavourings that stimulate feed 
intake and improve the body’s performance.

In the context of growing demand for phy-
togenic feed additives in animal husbandry and 
limited available resources, the search for new 
feed additives of plant origin is becoming very 
important. One of the typical representatives of 
phytogenic feed additives is wormwood (Artemi-
sia), belonging to the Asteraceae family (Compos-
itae) or asters (Asteraceae). Plants of this species 
can be found in the natural flora of many coun-
tries, such as China, Argentina, France, Bulgaria, 
Hungary, Romania, Spain, Italy, and the United 
States. This herbaceous plant is well known in 
traditional medicine since ancient times, where 
it is used in the treatment of diseases of the di-
gestive, respiratory, and reproductive systems. 
Native North Americans used crushed leaves of 
A. absinthium, A. biennis, A. frigida and A. ludo-
viciana for the treatment of ulcers and wounds 
(Miao et al., 2022). The most famous are such 
types of wormwood as: Artemisia Cina, Artemisia 
Annua, Artemisia Absiuthium, Artemisia Abruca-
num, Artemisia Vulgaris, Artemisia Capillaris; all 
these types contain aromatic oils, which include 
a biologically active compound – artemisinin. 
According to G. Batiha et al. (2020), artemisinin 
in combination with other synthetic drugs has 
proven to be the most effective treatment for a 
number of diseases of parasitic aetiology, both 
in humans and in poultry farming. To date, it 
has been proven that the synergy between plant 
components and synthetic substances not only 

contributes to a better therapeutic effect, but 
even enhances the mutual influence, which is 
conditioned by biologically active substances 
contained in plants. It is proved that in compar-
ison with pure artemisinin, the leaves of Artemi-
sia can release 40 times more artemisinin into 
the body’s bloodstream.

Numerous studies of the effectiveness of 
extracts have been described in the literature 
Artemisia and its essential oils, their antibacte-
rial, antifungal and antiparasitic effects on the 
bird’s body (Batiha et al., 2020). The presence of 
bitterness in Artemisia stimulates the secretion 
of salivary glands and digestive organs, which 
improves digestion and further absorption of 
feed nutrients (Zhang et al., 2022). Wormwood 
also contains antioxidant compounds such as 
vitamin E and other phenolic compounds that 
have a positive effect on product quality (Chen 
et al., 2022). The hepatoprotective effect of Ar-
temisia absinthium and Artemisia vulgaris on the 
body has also been proven, and the product has 
been found to be non-toxic and can be safely 
used in animal feeding (Hrytsyk et al., 2019). 
There is limited information on the use of Ar-
temisia capillaris in quail feeding. Considering 
the above, the purpose of the scientific and eco-
nomic experiment was to investigate the effect 
of feeding wormwood powder (A. capillaris) on 
egg productivity and quality of quail eggs.

Materials and Methods
The study was conducted in the laboratory of 
the Department of Animal Nutrition and Feed 
Technology of the National University of Life 
and Environmental Sciences of Ukraine. For 
this purpose, 288 birds of 42 day-old Japanese 
quails were selected, from which 1 control and 
3 experimental groups were established on the 
principle of analogues, 72 birds (♀60 + ♂12) in 
each (Table 1). When forming groups, the fol-
lowing factors were considered: live weight, 
age, and sex of the bird. The experiment lasted 
210 days and was divided into 7 sub-periods of 
30 days each for ease of recording.
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Table 1. Scheme of the scientific and economic experiment

Group Number of birds, units Content of wormwood powder
(Artemisia capillaris) in mixed feed, %

Control 1 72 (♀60 + ♂12) 0

Experimental: 2 72 (♀60 + ♂12) 0.5

3 72 (♀60 + ♂12) 1.0

4 72 (♀60 + ♂12) 1.5

Source: developed by the authors

During the study period, the experimen-
tal quail population was kept in a six-tiered 
battery cage of 18 animals (15 females and 3 
males), the area per quail was 133 cm2, feed-
ing front – 2 cm and watering front – 1 cm. 
In the room, the microclimate indicators cor-
responded to the established standards. Quail 
hens of all experimental groups were fed com-
plete mixed feeds developed in accordance 
with the established standards, considering 
the age of the bird. Feeding standards for quail 
hens were developed by the Research Institute 

of Poultry Farming of the Ukrainian Academy 
of Agrarian Sciences (Ryabokon et al., 2005) 
and other Ukrainian researchers (Ibatullin 
et  al., 2022). Mixed feed for all groups was 
manufactured from the same ingredients. 
However, due to the introduction of 0.5-1.5% 
of wormwood powder to obtain mixed feed of 
the same nutritional value in the control and 
experimental groups, the proportions of indi-
vidual ingredients were changed using math-
ematical methods for optimising mixed feed 
formulations (Table 2).

Table 2. Composition of complete mixed feed for quail hens, % by weight

Ingredient
Group

1 2 3 4
Content, %

Soy cake 30.5 30.6 30.8 31.0
Corn 54.5 53.9 53.3 52.6

Fish flour 5.9 5.9 5.9 5.9
Premix KN 2.5% 2.5 2.5 2.5 2.5

Sunflower oil 0.6 0.6 0.6 0.6
Limestone flour 6.0 6.0 5.9 5.9

Wormwood powder 0 0.5 1.0 1.5

Source: developed by the authors

The chemical composition of the mixed 
feed used for feeding poultry was identical and 
differed only in the content of wormwood pow-
der (Table 3). The addition of dry wormwood 
powder (Artemisia capillaris) to mixed feed was 
performed by weight dosing and multi-stage 
mixing according to the experimental scheme 
(Table 1). The birds were fed twice a day – in the 
morning and in the evening. Throughout the 
experiment, accurate records were kept of the 
feed consumed and the residues that remained 

uneaten. In terms of chemical composition, all 
diets for poultry in all groups were identical and 
differed only in the content of wormwood (Ta-
ble 3). Introduction of wormwood (A. capillaris) 
to the feed was carried out by weight dosing and 
multi-stage mixing, according to the experi-
mental scheme (Table 1). Ready-made feed was 
distributed twice a day (morning and evening). 
Throughout the experiment, accurate records 
were kept of the feed consumed and the resi-
dues that remained uneaten.
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Table 3. Energy and nutrient content in 1 kg of mixed feed for quail hens
Indicator Content Indicator Content

Metabolic energy, kcal 2,850.0 Tryptophan, g 2.4

Crude fat, g 50.0 Arginine, g 12.2

Raw fibre, g 34.0 Calcium, g 28.0

Crude protein, g 210.0 Total phosphorus, g 8.0

Linoleic acid, g 21.7 Available phosphorus, g 5.2

Methionine, g 5.0 Sodium, g 1.8

Methionine+cystine, g 7.4 Vitamin A, MU 15,000

Lysine, g 10.9 Vitamin E, mg 20.0

Threonine, g 7.8 Vitamin D3, MU 3,000

Source: developed by the authors

During the experiment, the safety of live-
stock was monitored. Feed consumption was re-
corded: daily, weekly, and for the entire period of 
the experiment. Feed costs per 10 eggs and 1 kg 
of egg weight were calculated weekly and for the 
entire period of the experiment. The conditions 
of feeding, watering, housing, care, and disease 
prevention in the animals in the experiment 
were in accordance with European legislation 
on animal welfare and comfort (Council Direc-
tive 1999/74/EC; Council Directive 1998/58/EU; 
Council Directive 2010/63/EU).

Based on the daily accounting of egg pro-
duction, the egg productivity of quails for the 
initial and average laying hens, and the inten-
sity of egg production were calculated month-
ly and for the entire period of the experiment. 
The eggs were weighed on a Radwag PS 600.R2 
scale with an accuracy of ±0.01 g, in the last five 
days of each sub-period of the experiment. At 
the end of each month of the experiment, eggs 
were randomly selected to assess their quality 
by morphological indicators.

The egg shape index was defined as the ra-
tio of the horizontal egg diameter to the vertical 
one (expressed in %), and the egg diameter was 
measured using a caliper. Shell thickness was 
measured with a micrometer in the following 
areas: in the equatorial part, blunt end, and tip 
with an accuracy of 0.01 mm, the relative weight 
of albumen, yolk, and shell was expressed as a 

percentage of egg weight. The ratio of albumen 
weight to yolk weight was also calculated.

The chemical composition of the feed was 
determined by generally accepted methods:

• crude protein – according to the Kjeldahl 
method;

• raw fat – according to the S.V. Rushkovsky 
method;

• raw fibre – according to the Henneberg 
and Stoman method;

• amino acid content – using an automatic 
TTT 339 analyser with LG ANB cationite with 
SO3 active groups

• mineral element content – using spectral 
analysis on an “ElvaX” X-ray fluorescence spec-
trometer.

• in egg yolks, the content of fatty acids was 
determined by lipid extraction using the Folch 
method (Folch et al., 1957), followed by their 
hydrolysis to fatty acids and methylation of the 
latter. Fatty acid methyl esters were separated 
by gas chromatography on a Trace GC Ultra gas 
chromatograph (USA) with a flame ionisation 
detector. Identification of fatty acid methyl es-
ters was performed by comparing the retention 
time of test samples with the retention time of 
a mixture of standard fatty acid methyl esters 
(FAME) Mix C14-C22 (Supelco).

Biometric processing of the data obtained 
in this study was performed using MS Excel 
2016 using the built-in statistical functions. In 
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the process of processing experimental data, 
the following were calculated: M (arithme-
tic mean) and ±m (its error), P (significance 
level). The following symbols were used in the 
tables to indicate the significance level of the 
probability criterion (P): *P<0.05, **P<0.01, 
***P<0.001 compared to control group 1. 

Results and Discussion
According to the results obtained, it was found 
that different levels of A. capillaris in the diet 
of quails affected their egg productivity (Ta-
ble 4). Thus, the gross egg harvest for 7 months 

of the experiment on average for groups ranged 
from 8,563 to 9,038 eggs. The experimental 
groups outperformed the control group – by 
2.6% (group 2), by 5.5% (group 3), and by 3.0% 
(group  4). Thus, an increase in the content of 
wormwood powder in the diet had a positive 
effect on productivity, and the gross egg yield 
was highest when 1.0% of the supplement was 
introduced into the diet. An increase in the 
amount of supplements in the diet of quails of 
group 4 to 1.5% resulted in a slight decrease 
in productivity compared to group 3, but was 
higher than in the control.

Table 4. Indicators of egg productivity of quails for 7 months of experiment

Indicators
Group

1 2 3 4
Gross egg collection, units:
– for the entire experiment 8,563 8,785 9,038 8,823

– for a 30-day period 1,223.3±16.16 1,255.0±20.21 1,291.1±25.49* 1,260.4±20.84
Egg production for the initial 

quail hen, units:
– total 142.7 146.4 150.6 147.1

– for a 30-day period 20.4±0.27 20.9±0.34 21.5±0.42* 21.0±0.35
Egg production per average 

quail hen, units:
– total 164.9 167.7 171.0 168.9

– for a 30-day period 23.6±0.84 24.0±0.86 24.4±0.91 24.1±0.85
Egg production rate, % 78.5±2.81 79.9±2.88 81.4±3.04 80.4±2.83

Egg weight, g 11.06±0.080 11.39±0.119* 11.81±0.189** 11.80±0.162
Amount of egg mass, g

– total 94,702.3 100,006.3 106,870.6 104,191.1
– for a 30-day period 13,528.9±168.80 14,286.6±216.36* 15,241.1±322.94** 14,884.4±213.71

Notes: *p<0.05; **p<0.01; ***p<0.001 compared to group 1
Source: developed by the authors

The gross egg harvest indicator averaged 
over the 30-day experiment period also shows 
the probability of changes obtained. Thus, the 
experimental groups outperformed the control 
by 2.6-5.5%. However, the highest rate was in 
poultry of experimental group 3, which outper-
formed the control by 5.5% (p<0.05). Egg pro-
duction for the initial quail for the entire period 
of the experiment was the highest in poultry 
of experimental group 3 – by 8 eggs, groups 2 
and 4 also outperformed the control, but less 

significantly – by 4 eggs in group 2 and by 4 – 
in group 4. This indicator, calculated for a 30-
day experiment period, shows that an increase 
in wormwood powder in mixed feed to 1.0% 
leads to an increase in egg production by 5.5% 
(p<0.05). Groups 2 and 4 also outperformed the 
control by 2.5 and 2.9%, respectively, but they 
lagged behind the indicator of group 3.

Egg production on an average quail is an 
indicator of egg productivity of poultry, consid-
ering its integrity. The data obtained indicate 



Animal Science and Food Technology. 2024. Vol. 15, No. 1

111Sychov et al.

that egg production per average quail increased 
in proportion to the increase in the content of 
wormwood powder in feed. However, this indi-
cator was highest in poultry of experimental 
group 3. They outperformed the control by 6 
eggs, or 3.7%. Quails of groups 2 and 4 outper-
formed the control group less significantly – by 
3 and 4 eggs, respectively, or by 1.7 and 2.4%. 
This figure calculated over a 30-day period 
shows that this advantage was statistically un-
likely in all study groups. Poultry of experimen-
tal group 3 outperformed the control by 3.4%. 
Egg production for the average quail was higher 
than the control in quails of groups 2 and 4, re-
spectively, by 1.7 and 2.1%.

According to the degree of productivity of 
quails that consumed mixed feed with the addi-
tion of wormwood powder, an excess of 1.4-2.9% 
over the control group was found. In the group 3, 
this indicator was the highest among all groups. 
The effect of introducing wormwood powder 
into mixed feed also affected the weight of eggs, 
where an increase in this indicator was observed 
with an increase in the content of the drug in the 
feed. For example, quails that consumed mixed 
feed with 0.5% of wormwood powder showed a 
higher egg weight of 0.33 g or 3.0% compared 
to the control group (p<0.05). An increase in the 
drug content to 1.0% led to a further increase in 
egg weight in group 3 by 0.75 g or 6.8% (p<0.01). 

Although an increase in the content of the drug 
in mixed feed to 1.5% led to a slight decrease in 
egg weight compared to group 3, and the advan-
tage over the control was 0.74 g or 6.7%.

The amount of egg mass obtained from 
experimental quails is the most objective indi-
cator of their productivity. This figure was the 
highest in experimental group 3 – 106.871 kg. 
They outperformed the control by 12,168 kg, or 
12.8%. Quails in groups 2 and 4 outperformed 
the control group by 5.3 and 9.5 kg or 5.6 and 
10.0%, respectively. This indicator calculated 
for the 30-day period of the experiment showed 
the advantage of quails of experimental group 
3 over the control by 12.8% (p<0.01). Poultry of 
experimental group 2 also significantly exceed-
ed the control – by 5.6% (p<0.05). The advan-
tage of quails of experimental group 4 was no 
less substantial, but not statistically significant, 
they exceeded the control by 10.0%.

Analysis of the morphological composition 
of experimental quail eggs is shown in Table 5. 
The absolute weight of egg yolk significantly in-
creased in all experimental groups. Thus, quails 
of experimental groups 2,3, and 4 outperformed 
the control, respectively, by 4.8% (p<0.05); 10.2 
(p<0.001), and 9.9% (p<0.001). The weight of 
egg albumen in experimental group 3 increased 
most significantly – this correlates with the 
highest egg weight in poultry of this group. 

Table 5. Morphological composition of experimental quail eggs

Group
Absolute weight, g Shell thickness, 

mm Form index, %
Yolk Albumen Shell

1 3.32±0.030 6.12±0.016 1.62±0.032 26.3±0.06 80.9±0.20
2 3.48±0.046* 6.28±0.050* 1.63±0.027 26.4±0.15 80.0±0.08*

3 3.66±0.058*** 6.51±0.111* 1.64±0.033 26.0±0.16 75.9±0.09***

4 3.65±0.069*** 6.52±0.113* 1.64±0.030 26.0±0.06*** 76.1±0.18***

Notes: *p<0.05; **p<0.01; ***p<0.001 compared to group 1
Source: developed by the authors

The absolute weight of egg albumen also 
increased, but less significantly. It was highest 
among quails of experimental group 4. They 
outperformed the control by 6.5% (p<0.05). 

The absolute weight of egg albumen in exper-
imental group 2 was also 2.6% higher than the 
control (p<0.05). This indicator in experimental 
group 3 was higher than the control – by 6.4% 



Animal Science and Food Technology. 2024. Vol. 15, No. 1

112 Effect of feeding Artemisia capillaris on egg production and egg quality in quail

(p<0.05). The absolute weight of eggshells was 
inversely proportional to their total. This indi-
cator was lowest in quails of the control group, 
by 0.6% compared to group 2 and by 1.2% com-
pared to groups 3 and 4. Eggshell thickness was 
lower in quails of experimental groups 3 and 4 – 
by 1.1% (p<0.001). This indicator in experimen-
tal group 2 was higher than the control by 0.4%. 
Usually, the shape index increases with increas-
ing egg weight and increasing their transverse 
diameter (rounding), but in this case, the oppo-
site phenomenon of decreasing egg shape index 
can be observed. Thus, in quails of experimen-
tal groups, it decreased by 0.9-5.0% (p<0.001).

The fatty acid content of quail egg yolk 
is shown in Table 6. In terms of palmitic acid 
content, poultry of experimental groups 3 and 4 
were 1.51-1.59% superior (p<0.05) to the control 
group. In the yolks of poultry of experimental 

group 3, the content of stearic acid was higher 
(p<0.05) by 0.35%. As for the content of oleic 
acid, poultry of experimental groups 2, 3, and 4 
were 3.38-6.07% superior (p<0.05) to analogues 
of the control group. According to the content 
of linoleic acid in the yolks of poultry of exper-
imental group 4, the control group prevailed 
by 0.48% (p<0.05). In the yolks of poultry of 
experimental groups 3 and 4, the content of li-
nolenic acid was higher by 0.06-0.08% (p<0.05). 
In terms of eicosanoic acid content, poultry of 
experimental groups 3 and 4 were 0.01-0.02% 
superior (p<0.05) to the control group. Regard-
ing the content of arachidonic acid in egg yolks, 
group 3 poultry was 0.24% (p<0.05) and group 
4 poultry was 0.50% (p<0.01) higher than the 
control analogues. There was no statistically 
significant difference in the content of other 
fatty acids.

Table 6. Fatty acid content in quail egg yolk, %

Acid
Group

1 2 3 4
Myristic (C14:0) 0.38±0.009 0.38±0.008 0.38±0.008 0.37±0.007

Myristoleic (C14:1) 0.04±0.012 0.05±0.013 0.05±0.010 0.06±0.011

Pentadecylic (C15:0) 0.10±0.013 0.10±0.012 0.09±0.013 0.09±0.011

Palmitic (C16:0) 20.64±0.533 20.71±0.475 22.15±0.528* 22.23±0.478*

Palmitoleic (C16:1) 3.26±0.095 3.31±0.089 3.46±0.086 3.42±0.088

Heptadecanoic (C17:0) 0.15±0.025 0.18±0.033 0.20±0.033 0.12±0.025

Stearic (C18:0) 9.88±0.124 9.84±0.183 10.23±0.116* 9.67±0.205

Oleic (C18:1) 43.54±1.110 46.92±1.122* 47.12±1.177* 49.61±1.012*

Linoleic (C18:2) 11.92±0.253 11.56±0.235 11.66±0.213 12.40±0.350*

Linolenic (C18:3) 0.46±0.012 0.48±0.010 0.52±0.019* 0.54±0.015*

Eicosanoic (C20:0) 0.03±0.001 0.03±0.002 0.04±0.003* 0.05±0.003*

Icosanoic (C20:2) 0.02±0.007 0.02±0.006 0.02±0.008 0.02±0.006

Arachidonic (C20:4) 2.11±0.054 2.20±0.041 2.35±0.051* 2.61±0.046**

Docosapentaenoic (C22:5) 0.15±0.008 0.16±0.009 0.14±0.012 0.15±0.010

Docosahexaenoic (C22:6) 1.21±0.574 1.26±0.445 1.24±0.754 1.28±0.647

Notes: *p<0.05; **p<0.01 compared to group 1
Source: developed by the authors

Relative weight indicators of egg compo-
nents are shown in Table 7. The relative weight 
of egg yolk in quails from experimental groups 
increased by 0.6-1.0% (p<0.01). The relative 

weight of albumen practically did not change 
and was slightly lower in quails of the exper-
imental groups by 0.4-0.6% compared to the 
control.
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Table 7. Relative weight of egg components

Group
Relative weight, % Yolk to albumen 

(weight ratio)Yolk Albumen Shell
1 (n=20) 30.1±0.10 55.4±0.27 14.6±0.19 0.55±0.005
2 (n=20) 30.7±0.13* 54.9±0.20 14.4±0.08 0.57±0.006**

3 (n=20) 31.1±0.24** 54.9±0.31 14.0±0.15* 0.58±0.010*

4 (n=20) 31.1±0.28** 55.00±0.40 13.9±0.13** 0.57±0.011*

Notes: *p<0.05; **p<0.01; ***p<0.001 compared to group 1
Source: developed by the authors

The relative weight of the shell decreased 
in the experimental groups. This indicator was 
lowest in poultry of experimental group  4. 
Compared to the control, it was lower by 
0.7% (p<0.01). In addition, the difference in 
this indicator was significant in experimental 
group 3 – 0.6% (p<0.05) below the control. In 
experimental group 2, the relative weight of 
eggshells was slightly and not significantly 
lower than the control group – by 0.2%. The 
ratio of yolk and albumen weight increased 
in quails of the experimental groups. It was 
higher than the control by 0.2-0.3% (p<0.01), 

which correlates with absolute yolk and al-
bumen weight values. Thus, according to the 
complex of indicators of egg productivity and 
egg quality, there is positive effect of intro-
ducing dry wormwood powder into the mixed 
feed of quail hens in the amount of 0.5-1.5%. 
However, these indicators were highest for the 
introduction of 1.0% of wormwood. Feed con-
sumption per unit of production is the most 
important indicator that determines produc-
tion efficiency (Table 8), especially in poultry 
farming, where feed costs can reach 90% of the 
production cost.

Table 8. Feed consumption per 10 eggs, kg

Month of experiment
Group

1 2 3 4
1 0.43 0.42 0.42 0.42
2 0.39 0.38 0.37 0.37
3 0.35 0.34 0.33 0.34
4 0.33 0.32 0.31 0.33
5 0.33 0.33 0.32 0.32
6 0.34 0.33 0.32 0.33
7 0.35 0.35 0.35 0.34

Average 0.36±0.014 0.35±0.014 0.35±0.014 0.35±0.014

Source: developed by the authors

Feed consumption decreased in quails of 
experimental groups along with an increase in 
the content of dry wormwood powder to 1.5%. 
Thus, during the 1st month of the experiment, 
this indicator in quails of experimental groups 
decreased by 2.3% in relation to the control. 
In the 2nd month of the experiment, feed 
consumption in quails of experimental group 

2 decreased by 2.6%, and in poultry of exper-
imental groups 3 and 4 – by 5.1%. In the fol-
lowing months, a similar trend continued – a 
decrease in feed consumption in the groups of 
poultry that consumed the drug under study. 
In the 3rd month of the experiment, the lowest 
feed consumption was in poultry of experimen-
tal group 3. This figure was 5.7% lower than the 
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control. In poultry of experimental groups 2 
and 4, this indicator decreased by 2.9%.

At the 4th month of research, the indicative 
feed consumption per 10 eggs in quails of exper-
imental group 3 was again the lowest – 0.31 kg. 
This figure was 6.1% lower than the control. In 
quails of experimental group 2, feed consump-
tion was 3.0% lower. In poultry of experimental 
group 4, this indicator was at the control level. At 
the 5th month of research, the feed consumption 
rate decreased in poultry of experimental groups 
3 and 4 – by 3.0%. Within 6 months, feed costs 
decreased in quails of all experimental groups, 
but they were the lowest in poultry of exper-
imental group 3 – 5.9% less than the control. 
In poultry of groups 2 and 4, this indicator was 
2.9% lower than the control. At the 7th month of 
research, feed consumption in quails of experi-
mental groups 2 and 3 was at the control level 
and amounted to 0.35 kg/10 eggs. However, in 
quails of experimental group 4, this indicator 
was lower than the control by 2.9%. Analysis 
of the average feed costs for 10 eggs during the 
entire experiment shows that this indicator 
was equally lower in quails in all experimental 
groups, compared to the control group, by 2.9%.

The results of the conducted studies proved 
the positive effect of feeding quail hens with 
different contents of Artemisia capillaris on the 
indicators of their egg production, morpholog-
ical composition of eggs, the content of fatty 
acids in the yolk, and feed consumption per 
unit of production. According to the conducted 
experiments, the poultry of the experimental 
groups in terms of egg productivity exceeded 
the control group by 2.6-5.5%, while the high-
est indicator was in the poultry of experimen-
tal group 3, which was fed 1.0% of wormwood 
grass powder. Recently, phytogenic substances, 
which are biologically active compounds, are 
increasingly attracting interest as feed addi-
tives, in particular in poultry farming, due to 
their ability to increase the efficiency of feed 
use by increasing the production of digestive 
secretions and improving the absorption of 

nutrients, while reducing the pathogenic load 
in the intestines and reducing the load on the 
immune status of animals (Adbelli et al., 2021). 
The literature contains data on the use of herbs 
and other components from wormwood (Arte-
misia) as phytogenic feed products in poultry 
feeding. The results obtained are consistent 
with the data of P. Remberg et al. (2004), accord-
ing to which the use of oil from Artemisia Herba 
improved the productive qualities of chicken 
hens by increasing the secretory activity of the 
gastrointestinal tract. Similar data on increas-
ing egg productivity of chickens, by almost 
5.0%, was obtained when 2.0-3.0% of Artemisia 
argyi were included in their diet (Chen et al., 
2022; Zhou et al., 2023). In addition, M.A. Al-
Nuri (2012) also reported a positive effect of 
adding 0.25-0.50% of Artemisia powder on the 
productivity of broiler chickens.

Feeding quail with Artemisia capillaris led 
to an increase in the absolute mass of the shell. 
With an increase in the amount of wormwood 
in the diet, the shell weight increased in poul-
try of the experimental groups by 0.62-1.23% 
compared to the control, while quails of group 2 
showed an increase in the shell thickness by 
0.1 mm. This is consistent with the results of 
P.  Baghban-Kanani et al. (2019) who report 
that feeding laying hens 5.0-7.5% of Artemisia 
annua increased the thickness of the shell and 
reduced the cholesterol content in the egg yolk. 
In additon, according to G. Cherian et al. (2013), 
E.A. Brisibe et al. (2009) Artemisia annua leaves 
have high concentrations of Ca, Mg, P, and S, 
which have a positive effect on the develop-
ment of eggshells.

Feeding quail hens with different amounts 
of Artemisia capillaris affected the fatty acid 
content of egg yolk. The introduction of worm-
wood powder into the feed of quail hens led to an 
increase in the content of palmitic acid by 1.51-
1.59%, stearic acid by 0.35%, oleic acid by 3.38-
6.07%, linoleic acid by 0.48%, linolenic acid by 
0.06-0.08%, eicosanoic acid by 0.01-0.02% and 
arachidonic acid by 0.24-0.50% compared to 
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the control a group. This is consistent with the 
findings of J. Chen et al. (2022), where is the in-
troduction of 2.0% of Artemisia argyi in the diet 
of chicken hens caused a significant increase in 
the content of heptadecanic acid (C17:0), eicosa-
dienoic acid (C20:2), docosahexaenoic acid (C22:6), 
linolenic acid (C18:3), linoleic acid (C18:2) in the 
yolk, and when the level of Artemisia argyi in-
creases up to 3%, the content of these acids no 
longer increased, but rather decreased. The ob-
tained indicators are consistent with the find-
ings of I.S. Carvalho et al. (2011), who examined 
the content of fatty acids in 13 species of Arte-
misia, in particular, Artemisia capillaris , and it 
was found that it contains palmitic (C16:0), oleic 
(C18:1), linoleic (C18:2), and linolenic (C18:3) fatty 
acids and traces of palmitoleic (C16:1), stearic 
(C18:0) and eicosanoic (C20:0) fatty acids. As a re-
sult, an increase in the intake of these fatty ac-
ids in the body of quails with mixed feeds con-
tributes to their direct transition to production, 
and to the egg yolk in particular. According to 
the data obtained by A. Saleh et al. (2021), the 
inclusion of paprika in the diet alone or in com-
bination with carmoisin increased (p<0.05) the 
content of linolenic and oleic fatty acids in the 
egg yolk of laying hens.

Feeding mixed feed with different levels of 
Artemisia capillaris to quail hens resulted in a 
reduction in feed consumption per 10 eggs dur-
ing the entire experiment period. In general, for 
the entire period of the experiment, which last-
ed 210 days, the lowest feed consumption per 
10 eggs was in quails that consumed mixed feed 
from 1.0% of Artemisia capillaries. Feed costs in 
this group were 2.9% lower than in the control 
analogues. Similar data was obtained on lay-
ing hens by N.H. Mansoub (2011) when feeding 
them Artemisia annua, explaining this fact by 
its antibacterial and antifungal action, which 
as a result leads to a decrease in the number of 
pathogenic microbes in the digestive system, an 
increase in immunity and productivity of chick-
ens. Reducing feed consumption per unit of 
production depends on the type of phytobiotics 

that are included in the poultry diet. Thus, 
in experiments on laying hens by N. Puvača 
et al. (2020), when introducing essential oil of 
M. Alternifolia into diets, there was a decrease 
in the feed conversion rate by 2.4-3.2%, while 
M.  Bozkurt et al. (2014) did not notice differ-
ences in feed intake when feeding laying hens 
herbs thyme, oregano, rosemary, and turmeric. 
The same data was obtained S.R.  Chowdhury 
et  al. (2002) when feeding different doses of 
garlic. Moreover, the positive effect on produc-
tivity is conditioned by the chemical composi-
tion and nutritional value of wormwood, so in 
particular, the leaves of Artemisia anna contains 
more than 4,271 kcal/kg of gross energy, 27.0% 
crude protein, and >50% essential fatty acids.

Thus, the use of phytobiotics as feed agents 
depends on the type and form of the additive, 
and therefore, the study of the impact on the 
productive qualities of a certain group or spe-
cies of animals is relevant, in particular today, 
when the requirements for the quality of final 
products have significantly increased. The data 
obtained as a result of the experiment proved 
a positive impact of Artemisia capillaris on egg 
productivity of quail hens, while improving the 
quantitative and qualitative indicators of prod-
ucts, and a decrease in feed conversion rates 
was proved.

Conclusions
The study found that the introduction of Arte-
misia capillaris dry powder into the composi-
tion of mixed feed of quail hens in the amount 
of 0.5-1.5% has a positive effect on their egg 
productivity, egg quality, and feed consumption 
per unit of production. It was revealed that the 
optimal level of wormwood powder in quail feed 
is 1.0%, although the results obtained for the 
introduction of 0.5 and 1.5% of the additive to 
complete poultry feed also had a positive effect 
on productivity and exceeded the indicators of 
the control group. When 1% of Artemisia capil-
laris was introduced into the quail diet, an in-
crease in gross egg production was observed – 
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by 5.5% (p<0.05), egg production per average 
and initial quail – by 5.5 and 3.7% (p<0.05), egg 
production rate – by 2.9%, egg weight – by 6.8% 
(p<0.01), and egg weight for the 30-day period 
of the experiment – by 12.8% (p<0.01). Feed 
costs per 10 eggs at this level of wormwood in 
the feed are reduced by 2.9%. These facts on in-
creasing productivity and reducing feed costs 
per unit of production are obtained due to the 
presence of biologically active substances in 
wormwood, which contribute to the release of 
digestive enzymes, activate digestion, and in-
crease the digestibility of nutrients. There was 
also an increase in the relative weight of yolk 
by 3.3% (p<0.01) in poultry that received 1.0% 
of A. capillaris, which increased its weight rela-
tive to albumen by 5.5% (p<0.01). The presence 
of fatty acids in the composition of the supple-
ment under study directly proportional to the 
increase in their content in egg yolks, where 

an increase in the content of palmitic, stearic, 
oleic, linolenic, eicosanoic, and arachidonic fat-
ty acids in egg yolk was noted by 0.01-6.07%. 
Therefore, given the positive effect of Artemisia 
capillaris powder on egg production and prod-
uct quality of quails, it is advisable to conduct 
further research on the effect of wormwood on 
productivity and product quality in other spe-
cies of animals and poultry.
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Анотація. Все частіше постає питання використання в годівлі тварин безпечних, 
натуральних кормових добавок з метою забезпечення тварин біологічно-активними 
речовинами, зменшенням ризиків передачі хімічних речовин до кінцевого споживача 
через продукцію, їх накопиченням, а також для підвищення рівня продуктивності. Метою 
дослідження було визначення впливу Artemisia capillaris на яєчну продуктивність перепілок-
несучок. Для проведення досліду за принципом аналогів було сформовано 4 групи  – 
контрольну та три дослідні, по 72 голови (♀60 + ♂12) у кожній. Впродовж досліду, який 
тривав 210 діб, птицю годували повнораціонними збалансованими комбікормами, які мали 
однаковий хімічний склад і різнилися лише за вмістом досліджуваної добавки, яку вводили 
в комбікорми птиці 2-ї, 3-ї та 4-ї дослідних груп в кількості відповідно 0,5 %, 1,0 та 1,5 % 
від маси комбікорму. Введення сухого порошку полину у комбікорми перепілок-несучок в 
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кількості 0,5-1,5 % позитивно впливає на такі показники яєчної продуктивності як валовий 
збір яєць, який зростав в дослідних групах на 2,6-5,6 %, кількість яєчної маси збільшувалася 
на 5,6-12,9 %, при цьому витрати кормів зменшилися на 2,8 %. За якісними показниками 
яєць відмічали зростання абсолютної маси жовтка на 3,0-8,3 %, білка на 2,6-6,5 %, шкаралупи 
на 0,6-1,2 %, а також зменшення індексу яйця на 0,9-4,1 %. Згодовування птиці A. Capillaris 
призводить до підвищення вмісту пальмітинової, стеаринової, олеїнової, ліноленової, 
ейкозанової та арахідонової жирних кислот у яєчному жовтку на 0,01-6,07 %. Оптимальним 
рівнем введення A. Capillaris в раціон було визначено 1,0 % від загальної маси комбікорму, 
дана кількість позитивно впливала на вищеперераховані показники збільшуючи їх, що може 
бути використано за промислової технології виробництва яєць перепілок-несучок, а також 
при органічному виробництві продукції

Ключові слова: полин; перепілки-несучки; збереженість; маса яйця; жирні кислоти; 
конверсія корму


