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Enteric diseases, including coccidiosis, are the 
most significant ones in  poultry farming from 
both economic point of view and welfare (M’Sadeq 
2023). Coccidiosisis a  parasitic disease caused 
by seven Eimeria spp. in poultry that cause con-

siderable damage to the intestinal tract, and which 
are different in prevalence and pathogenicity (Beski 
2023; Khan et al. 2023). Eimeria infection can have 
serious consequences for birds, including symp-
toms such as intestinal leakage of plasma protein, 
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As for minerals of breast meat, broilers of the W3 group displayed a higher Ca level compared to those in the 
R group (P < 0.05). On the contrary, the R group showed the highest Cu level compared to all other dietary groups 
assessed (P < 0.01). It can be concluded that for the coccidiosis control in poultry production, it is advisable to 
monitor the content of specific bioactive substances with proven anticoccidial activity when using WW products.
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impaired nutrient absorption and growth, tissue 
damage, increased vulnerability to other infectious 
gut diseases, higher mortality and so on (Khan et al. 
2023; M’Sadeq 2023). 

Possibilities to control poultry coccidiosis in-
clude anticoccidial chemicals, vaccines and nat-
ural products that often contain some herbs. 
Anticoccidial chemicals, coccidiostats, coccidi-
oides, and ionophores have long been used for 
decades as a principal tool to control coccidiosis 
in poultry production. Even though these chemical 
substances are effective and economically accepta-
ble approach, the hazard of resistance to these sub-
stances and public demands for residue-free meat 
has encouraged development of alternative strate-
gies to control coccidiosis (Chapman et al. 2010; 
Beski 2023). Vaccination made up of one or more 
strains of wild-type or attenuated Eimeria spp. 
comprises the other option to control this para-
sitic disease in poultry farming, whereas in Europe, 
the use of attenuated Eimeria vaccines are only 
approved. The use of phytogenic products as  an al-
ternative to anticoccidial agents can overcome the 
threats posed by chemical drugs. Such herbs may 
contain bioactive phytochemicals, which are ef-
fective in controlling both avian coccidiosis and 
some other poultry diseases due to their natural 
immune-stimulating effects, while being safe and 
nutritious. In addition, poultry fattened with herbal 
additives is generally well accepted among current 
consumers and sometimes can be even therapeutic 
for consumers of such poultry meat (Srinivasu et al. 
2020; El-Shall et al. 2022). 

The genus Artemesia is  of interest because of its 
broad range of pharmacologic effects, including 
antioxidant, anti-inflammatory, immune-boosting 
and antiparasitic properties (Fiamegos et al. 2011; 
Sharifi-Rad et al. 2022). The plant of Artemisia ab-
sinthium L., known as wormwood (WW), is used 
as a stomachic, cholagogue, antiseptic, antispas-
modic, carminative, febrifuge and anthelmintic. 
The numerous bioactive phytochemical substances 
thus make the WW a potential botanical in-feed 
additive in animal production (Amin et al. 2022; 
Zapletal et al. 2024).

Although recent studies have confirmed a num-
ber of different beneficial effects of dietary ad-
ministered Artemisia spp. herbs on the chicken 
organism (Abdullah and Al-Barwary 2020; Wang 
et al. 2024; Zapletal et al. 2024), there are still quite 
limited insights into the effect of use of wormwood 

herb as  a dietary supplement on Eimeria oocysts 
output and production performance of broilers 
after coccidiosis infection. Thus, this study aimed 
to evaluate the effect of wormwood meal inclu-
sion to a diet on the production performance, faecal 
oocyst output, carcass traits and minerals content 
of breast meat in fast-growing broilers challenged 
with Eimeria spp.

MATERIAL AND METHODS

The experiment was approved by  the Animal 
Welfare Committee of University of Veterinary 
Sciences Brno (Approval No. PP9-2022). 

Broiler husbandry

Feeding trial was performed on 208 one-day-old 
male Ross 308 chicks, which were randomly as-
signed to four treatments, each with four replicate 
pens and thirteen birds per pen in the accredited 
stable of  the Department of  Animal Breeding, 
Animal Nutrition and Biochemistry, University 
of Veterinary Sciences Brno. Broilers of  a specific 
dietary group were housed in one enclosed room, 
which was divided into 4 equally sized pens (repli-
cates). All broilers were housed in floor pens bed-
ded with wood shavings and under the same 
controlled housing conditions that were adjusted 
according to  the Ross 308 guidelines (Aviagen 
2018). Feed and water were supplied ad libitum 
for broilers.

Broilers were observed for any signs of illness 
and behavioural changes twice a day. The trial 
lasted for 42 days. During the trial period, starter 
diets were fed between days 1–14, grower diets 
between days 15–28, and finisher diets between 
days 29–42. The starter diet was fed in the form 
of crumbled pellets and the grower and finisher 
diets were fed in the form of pellets. On days 7, 14, 
21, 28, 35 and 42, individual birds were weighed 
and leftover feed was weighed on pen-basis. Then, 
average daily gain (ADG), daily feed intake (DFI), 
European production efficiency factor (EPEF) and 
European broiler index (EBI) were evaluated as the 
main performance traits. EPEF and EBI were cal-
culated according to the following formula stated 
earlier by Tyl et al. (2024) and Zaremba et al. (2024), 
respectively:
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EPEF = (FLW × VIA)/(LFP × FCR) × 100	 (1)
EBI = (VIA × ADG)/(FCR × 10)	 (2)

where:
FLW		 – final live weight (kg);
VIA 		  – viability (%);
LFP		  – length of fattening period (days);
FCR 	 – feed conversion ratio (kg/kg);
ADG	 – average daily gain (g/bird/day).

Dietary treatments 

Broilers in the control (C) group were fed basal 
diets without coccidiostat or WW herb. Broilers 
of the R group were fed starter and grower basal 
diets supplemented with coccidiostat robenidine 
(33 mg/kg of feed); the finisher diet for the R group 
didn’t contain coccidiostat. The broilers in the W3 
and W6 groups were fed diets containing 3 and 6% 
of WW in feed, respectively. The W3 and W6 diets 
didn’t contain any commercial coccidiostat. On dry 
matter basis, the meal from whole aerial parts of WW 
(Artemisia absinthium) included to W3 and W6 di-
ets contained: 11.4% of crude protein, 33.5% of crude 
fibre, 2.2% of crude fat, 8.1% of ash, 0.52% of total 
polyphenols and 0.23% of total flavonoids. For all 
dietary groups, diets were designed as isoenergetic 
and isonitrogenous. Table 1, 2 and 3 show the com-
position of diets used, when Mastercube® is  a pellet 
binder composed of a synergistic blend of polysac-
charide gums, starch and mineral hardener.

Eimeria infestation and oocysts counting 

At the age of 16 days, broilers in all dietary groups 
were infested by tenfold overdosing of  live vac-
cine LIVACOX T (Biopharm Co., Prague, Czech 
Republic) to induce a mild coccidiosis infection 
according to   procedure earlier used by Yu et al. 
(2021). Inoculum dose of 1 ml was orally gavaged 
into the crop to each broiler. Inoculum dose con-
tained 15 000 live oocysts of E. acervulina, E. tenel-
la and E. maxima.

Collective faeces per pen base were gathered 
on days 6, 10, 13, 17, 20, 24, and 27 post infection 
(DPI). For the examination of faecal samples for oo-
cysts per one gram of faeces (OPG), the apparently 
freshest broiler faeces in each pen were always col-
lected to make the examination representative, and 

the person sampling the pens always was provided 
with clean shoe covers when entering each enclosed 
room. The freshest faeces were collected from 5 loca-
tions in the pen, with four samples collected from 
the corners and the fifth sample obtained from the 
centre of the pen to contain at least 15 g of faeces 
without bedding. These samples were mixed into one 
and the McMaster technique was further applied. 

Table 1. Compositions of starter diets fed broilers from 
day 1 to 14 as fed basis

Item
Diet

C R W3 W6
Ingredients (%)
Wheat 7.96 7.96 7.96 7.96
Maize 46.9 46.9 46.9 46.9
Soybean meal 34.2 34.2 34.2 34.2
Canola oil 0.94 0.94 0.94 0.94
Monocalcium phosphate 0.94 0.94 0.94 0.94
Limestone 1.41 1.41 1.41 1.41
NaCl 0.23 0.23 0.23 0.23
NaHCO3 0.19 0.19 0.19 0.19
Lysine 0.19 0.19 0.19 0.19
Methionine 0.26 0.26 0.26 0.26
Threonine 0.07 0.07 0.07 0.07
Mineral and vitamin premix 0.47 0.47 0.47 0.47
Mastercube®  0.28 0.28 0.28 0.28
Sunflower hulls 0.90 0.90 0.45 0.00
Sunflower seed meal 0.30 0.30 0.15 0.00
Alfalfa pellets 2.70 2.70 1.35 0.00
Apple pomace 2.10 2.10 1.05 0.00
Wormwood meal 0.00 0.00 3.00 6.00
Robenidine (mg/kg of feed) 33.0 0.00 0.00 0.00

Analysed nutrients (%)
Crude protein 20.5 20.6 20.6 20.4
Crude fibre 3.6 3.5 3.7 4.0
Crude fat 3.1 3.1 3.5 3.3
Crude starch 35.6 35.4 34.5 34.1
Ash 5.9 5.9 5.9 5.8
Calcium 0.80 0.81 0.89 0.92
Inorganic phosphorus 0.59 0.57 0.56 0.55

Metabolisable energy 
(MJ/kg) 12.8 12.8 12.9 12.7

C = a control group; R = a group was fed medicated starter 
and grower diets with coccidiostat robenidine; W3 = a group 
was fed diets containing 3% of WW meal in feed; W6 = 
a group was fed diets containing 6% of WW meal in feed
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All of the samples were prepared directly after col-
lecting. Exactly 3 g of faeces were mixed with 42 ml 
of water. The solution was sieved trough a mesh 
and transferred into conical tubes (15 ml). These 
tubes were centrifuged (2 000 rpm) for 3 minutes. 

Later all the supernatant was poured off and satu-
rated salt solution was added. The tube was vortexed 
for 10 seconds. An aliquot of the faecal sample was 
transferred into  a McMaster chamber and all the 
Eimeria oocysts were counted manually in both parts 
of the chamber. The sum was multiplied by  a dilution 
factor (50) to obtain the final number of OPG value.Table 2. Compositions of grower diets fed broilers from 

day 15 to 28 as fed basis

Item
Diet

C R W3 W6
Ingredients (%)
Wheat 8.77 8.77 8.77 8.77
Maize 46.8 46.8 46.8 46.8
Soybean meal 28.5 28.5 28.5 28.5
Canola oil 4.49 4.49 4.49 4.49
Monocalcium phosphate 0.65 0.65 0.65 0.65
Limestone 1.17 1.17 1.17 1.17
NaCl 0.22 0.22 0.22 0.22
NaHCO3 0.19 0.19 0.19 0.19
Lysine 0.13 0.13 0.13 0.13
Methionine 0.22 0.22 0.22 0.22
Threonine 0.06 0.06 0.06 0.06
Maize sprouts 1.87 1.87 1.87 1.87

Mineral and vitamin 
premix 0.47 0.47 0.47 0.47

Mastercube® 0.47 0.47 0.47 0.47
Sunflower hulls 0.90 0.90 0.45 0.00
Sunflower seed meal 0.30 0.30 0.15 0.00
Alfalfa pellets 2.70 2.70 1.35 0.00
Apple pomace 2.10 2.10 1.05 0.00
Wormwood meal 0.00 0.00 3.00 6.00

Robenidine (mg/kg 
of feed) 33.0 0.00 0.00 0.00

Analysed nutrients (%)
Crude protein 19.0 19.0 19.1 19.1
Crude fibre 3.3 3.3 3.2 3.2
Crude fat 8.0 8.0 8.0 8.1
Crude starch 35.2 35.2 35.5 35.1
Ash 5.4 5.5 5.4 5.3
Calcium 0.87 0.89 0.83 0.91
Inorganic phosphorus 0.48 0.49 0.48 0.47

Metabolisable energy 
(MJ/kg) 14.0 13.9 14.0 14.0

C = a control group; R = a group was fed medicated starter 
and grower diets with coccidiostat robenidine; W3 = a group 
was fed diets containing 3% of WW meal in feed; W6 = 
a group was fed diets containing 6% of WW meal in feed

Table 3. Compositions of finisher diets fed broilers from 
day 29 to 42 as fed basis

Item
Diet

C R W3 W6
Ingredients (%)
Wheat 9.05 9.05 9.05 9.05
Maize 46.8 46.8 46.8 46.8
Soybean meal 28.5 28.5 28.5 28.5
Canola oil 3.27 3.27 3.27 3.27
Monocalcium phosphate 0.65 0.65 0.65 0.65
Limestone 1.17 1.17 1.17 1.17
NaCl 0.22 0.22 0.22 0.22
NaHCO3 0.19 0.19 0.19 0.19
Lysine 0.13 0.13 0.13 0.13
Methionine 0.22 0.22 0.22 0.22
Threonine 0.06 0.06 0.06 0.06
Maize sprouts 2.81 2.81 2.81 2.81

Mineral and vitamin 
premix 0.47 0.47 0.47 0.47

Mastercube® 0.47 0.47 0.47 0.47
Sunflower hulls 0.90 0.90 0.45 0.00
Sunflower seed meal 0.30 0.30 0.15 0.00
Alfalfa pellets 2.70 2.70 1.35 0.00
Apple pomace 2.10 2.10 1.05 0.00
Wormwood meal 0.00 0.00 3.00 6.00

Analysed nutrients (%)
Crude protein 18.8 18.7 18.7 18.9
Crude fibre 4.1 4.1 3.7 4.1
Crude fat 6.3 6.3 6.4 6.2
Crude starch 35.5 35.4 34.7 33.9
Ash 5.2 5.2 5.1 5.0
Calcium 0.78 0.76 0.70 0.71
Inorganic phosphorus 0.45 0.46 0.48 0.49

Metabolisable energy 
(MJ/kg) 13.5 13.5 13.5 13.4

C = a control group; R = a group was fed medicated starter 
and grower diets with coccidiostat robenidine; W3 = a group 
was fed diets containing 3% of WW meal in feed; W6 = 
a group was fed diets containing 6% of WW meal in feed
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Slaughter and meat analysis 

At the end of the trial, eight chickens (two birds/
replicate) per a dietary group were randomly se-
lected for carcass characteristics evaluation. The 
birds were stunned and exsanguinated by cutting 
the jugular vein. Slaughter and carcass processing 
were carried out according to procedures described 
by Zapletal et al. (2024). Breast meat samples were 
taken, packed and stored at –20 °C until an analysis 
of their mineral composition was carried out. The 
content of mineral elements was determined ac-
cording to methods used by Gal et al. (2022).

Statistical analysis

The arithmetic mean and standard error of mean 
(SEM) were determined for all evaluated traits. 
Normality analysis of data distribution was per-
formed by  a Shapiro-Wilk test; normality was not 
found in OPG values. Data showing normal dis-
tribution were processed by  a GLM procedure, 
whereas the diet was included as a  fixed effect 
and pen was included as  a random effect. Tukey’s 
post-hoc test was used when significant effects 
were found. The pen was used as  an experimen-
tal unit, in accordance with the procedure used 
by Tumova et al. (2021). To determine differences 
in OPG values among dietary groups concerned, 
the Kruskal-Wallis test was used. Thereafter, mul-
tiple comparisons of mean ranks was used when 
significant effects were found. The significance 
was considered at the P < 0.05 level. All statistical 
procedures were performed by the STATISTICA 
CZ v10 software.

RESULTS AND DISCUSSION

Broiler performance

The dietary effect of WW herb on the ADG, DFI, 
EPEF and EBI is shown in Table 4. The results of this 
study showed that the inclusion of WW to the diet 
had no effect (P > 0.05) on ADG, DFI, EPEF and 
EBI values in broilers fattened up to 42 days of age.

As for growth intensity, almost identical ADG 
values were found for the entire fattening period 
in broilers fed starter and grower mixture with the 
coccidiostat robedinine (79.5 g/bird) and in broil-

ers fed 3% of WW in the diet (78.3 g/bird). The 
results of this study are in agreement with the find-
ings reported by Zapletal et al. (2024) for female 
broilers fed diets containing 5 and 10% of WW 
between 21 and 42 days of age. By contrast, Wang 
et al. (2024) found a lower ADG value in broilers 
fed diets supplemented with Artemisia argyi and 
fermented Artemisia argyi between days 1 and 14 
of age compared to the control group. However, 
in the final phase of fattening, these authors ob-
served a significant increase in ADG in broilers 
fed a diet with 3% of fermented Artemisia argyi, 
which they attributed to  an increase in probiotics 
in the intestines that promote digestion and nu-
trient absorption. Besides that, the levels of ADG 
values found in this study are generally higher than 
those found by Zapletal et al. (2024) in Eimeria 

Table 4. Effect of diet on broilers performance

Item
Diet

SEM P-value
C R W3 W6

ADG (g)
1 to 6 day 19.0 19.5 19.5 18.7 0.17 0.407
7 to 13 day 32.8 36.5 35.9 34.8 0.60 0.101
14 to 20 day 59.4 62.0 63.0 57.7 0.86 0.119
21 to 27 day 86.8 84.3 88.1 86.5 0.90 0.567
28 to 34 day 124 128 122 119 1.3 0.104
35 to 42 day 141 147 142 137 2.7 0.367
1 to 42 day 77.3 79.5 78.3 74.9 4.55 0.987

DFI (g/bird)
1 to 6 day 24.6 26.0 25.3 24.8 0.38 0.669
7 to 13 day 56.9 58.4 56.0 55.8 1.10 0.822
14 to 20 day 86.7 92.5 90.1 85.0 1.10 0.077
21 to 27 day 137ab 153a 139ab 136b 2.4 0.025
28 to 34 day 176 175 176 167 1.5 0.117
35 to 42 day 234 237 223 215 6.0 0.673
1 to 42 day 119 123 118 114 1.4 0.065
EPEF 500 522 531 497 6.7 0.270
EBI 493 515 524 494 6.4 0.315
a,bMeans within a row with different superscript letters 
differ (P < 0.05)
ADG = average daily gain; C = a control group; DFI = daily 
feed intake; EBI = European broiler index; EPEF = European 
production efficiency factor; R = a group was fed medicated 
starter and grower diets with coccidiostat robenidine; W3 = 
a group was fed diets containing 3% of WW meal in feed; 
W6 = a group was fed diets containing 6% of WW meal 
in feed
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non-challenged female broilers between 21 and 
42 days of age.  

Regarding feed intake of broilers in this study, 
a significantly different value for DFI among the 
tested diets was found in the period between 21 
and 27 days of age only. Specifically, broilers of the 
R group showed a significantly higher feed intake 
compared to  those of  the W6 group (P < 0.05). 
The DFI values in the other particular fattening 
periods, as well as for the entire fattening period 
assessed, did not differ among the dietary groups 
(P > 0.05). The findings of this study are in gen-
eral agreement with the results of study carried 
out by Zapletal et al. (2024) and also with results 
of study conducted by Kostadinovic et al. (2015), 
in which the supplementation of wormwood leaf 
meal in the amounts of 10 to 20% to the basal diet 
was monitored for 42 days of broiler fattening. 

In this study, the inclusion of WW herb in the diet 
had no significant effect on the resulting EPEF val-
ue (P > 0.05), with the highest value being obtained 
in the W3 group. The EPEF value indicates the eco-
nomic effect of broiler production, where the high-
er the value of this indicator, the more profitable 
the production (Aviagen 2018). The EPEF values 
in this study were higher than those found by Zhang 
et al. (2021) in fattening Arbor Acres male broil-
ers up to 42 days of age (410 to 451), and also than 
those found by Tyl et al. (2024) in fattening broilers 
up to 35 days of age, which is the current length 
of fattening for fast-growing broilers in the Czech 
Republic. As for another production efficiency in-
dicator, the European broiler index (EBI), there was 
no significant effect of diets on its value (P > 0.05) 
in this study; while the highest EBI value was again 
found in the W3 group (524). In addition, the EBI 
values found in this study were considerably high-
er than those found by Alizadeh-Ghamsari et al. 
(2023) in the case of fattening Ross 308 male broil-
ers up to 42 days of age (324 to 362).

Faecal oocyst output  

As for oocyst shedding in  faeces of  infected 
broilers in this study, inclusion of both 3 and 6% 
WW meal to the diet was not an effective strategy 
to reduce the number of OPG (Table 5). Contrary 
to our expectation, the chosen levels of dietary 
administered WW meal even led to the increase 
in shed oocysts in comparison with the C group up 

to 17th DPI (P > 0.05). The findings of this study are 
not in agreement with the findings of Remmal et al. 
(2011), who found a considerable destructive effect 
of applied essential oil (EO) derived from A. ab-
sinthium on Eimeria oocysts under in vitro condi-
tions, nor with the findings of Kostadinovic et al. 
(2016), who confirmed a positive effect of dietary 
administered EO from A. absinthium on Eimeria 
oocyst output in broiler faeces from 3rd to 9th DPI 
compared to  a  positive control group without 
any targeted treatment. Moreover, in  the study 
of Kostadinovic et al. (2016), in broilers treated 
with EO from A. absinthium, faecal values of OPG 
were always significantly higher compared to those 
found in broilers fed diet with coccidicide salinomy-
cin (60 mg/kg) throughout the monitoring period. 
Although a positive effect of the administered leaf 
powder of A. annua, a different Artemisia species, 
on reduced faecal OPG and health in Eimeria tenel-
la infested poultry was recently reported (El-Shall 
et al. 2022), the mere dietary inclusion of meal from 
A. absinthium in this study did not lead to the ex-
pected reduction in the number of oocysts faecal 
outputs. The intrinsic composition of some bio-
logically active compounds contained in WW can 
be greatly influenced by  a number of factors, with 
the geographical origin of the herb, soil type and 
altitude of cultivation, harvest time, and length 
and method of storage being among the signifi-
cant ones (Amin et al. 2022). In this regard, direct 

Table 5. Oocyst count per 1 gram (OPG) in faeces in rela-
tion to diet

DPI Age 
(days)

Diet
SEM P-value

C R W3 W6
6 21 150ab 0b 425a 437a 174.9 0.013
10 25 212ab 0b 1 013a 938a 326.8 0.005
13 28 5 187ab 0b 13 038a 8 025a 4 738.1 0.020
17 32 3 075ab 0b 7 300ab 12 638a 3 977.4 0.023
20 35 1 650 137 2 325 1 575 1 002.0 0.068
24 39 400 225 137 337 114.3 0.316
27 42 175 837 200 187 104.8 0.144
a,bMeans within a row with different superscript letters 
differ (P < 0.05)
C = a control group; DPI = days post infection; R = a group 
was fed medicated starter and grower diets with coccidi-
ostat robenidine; W3 = a group was fed diets containing 3% 
of WW meal in feed; W6 = a group was fed diets containing 
6% of WW meal in feed
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application of the derived EO from A. absinthium, 
ideally with validated contents of  β-thujone, 
1-8 cineole and p-cymene (Remmal et al. 2011; 
Muthamilselvan et al. 2016), seems to be a more 
reliable tool for controlling coccidiosis in poultry 
production.

In case of the diets tested in this study, only sup-
plementation with the coccidiostat robenidine 
at dose of 33 mg/kg starter and grower was an effec-
tive strategy to eradicate infested attenuated Eimeria 
spp. (P < 0.05); no shed oocysts were detected in any 
of  the faeces samples examined up to  17th  DPI. 
Moreover, dietary administration of  robenidine 
successfully prevented the development of Eimeria 
oocysts in the broiler intestine for 4 days after the 
cessation of feeding the medicated grower. 

The highest value for faecal OPG in the W3 group 
(13 038) was detected at 13 DPI as was that of the 
C  group (5  187), while the peak OPG  count 
in the W6 group (12 638) was detected at 17 DPI. 
Subsequently, broilers fed the tested WW-
supplemented diets showed a decrease in oocyst 
shedding, with a minimum value at the end of fat-
tening. Conversely, in broilers of the R group, there 
was an increase in oocyst faecal output from day 
35 of age due to absence of coccidiostat in  the 
finisher diet, with a maximum OPG value (837) 
at the end of the trial period. This growing trend 
corresponded to some extent to the situation with 
a gradual increase in the number of oocysts shed 
in the WW groups after the experimental infesta-
tion with Eimeria spp.

Carcass and minerals in meat 

The average weight of carcass, thigh muscle, breast 
muscle and abdominal fat was not affected by the 
diets assessed in this study (P > 0.05; Table 6). This 
finding is in overall agreement with the results of the 
study conducted by Zapletal et al. (2024) on female 
broilers. In addition, Wang et al. (2024) found that 
the fermented Artemisia argyi, a different Artemisia 
species, positively affected carcass traits of broilers, 
and dietary supplementation with 3% of fermented 
Artemisia argyi was determined to  be the most 
beneficial in this regard.

The effect of dietary WW on the content of min-
erals in chicken meat has not yet been studied in the 
available literature. In the case of the mineral ma-
cronutrient levels of breast meat in this study, a di-
etary effect was found only on the Ca level (P < 0.05; 

Table 6. Carcass traits of broilers within dietary groups

Trait (g)
Diet

SEM P-value
C R W3 W6

Carcass 2 542 2 571 2 409 2 427 48.2 0.597

Legs meat 553 523 526 521 10.9 0.757

Breast meat 807 825 741 742 19.1 0.483

Abdominal fat 35.8 38.1 32.5 33.9 1.68 0.654

C = a control group; R = a group was fed medicated starter 
and grower diets with coccidiostat robenidine; W3 = a group 
was fed diets containing 3% of WW meal in feed; W6 = 
a group was fed diets containing 6% of WW meal in feed

Table 7. Minerals content (mg/100 g) of breast meat in relation to diet (on basis of fresh meat)

Trait
Diet

SEM P-value
C R W3 W6

P 207 204 205 207 3.1 0.986
Ca 12.9ab 11.1b 15.6a 14.5a,b 0.54 0.017
K 364 364 364 362 2.8 0.991
Na 57.4 67.4 59.1 56.5 1.82 0.128
Mg 25.1 25.3 24.8 24.6 0.26 0.841
Cu 0.023B 0.038A,a 0.025AB,b 0.024AB,b 0.002 0.005
Fe 1.10 1.11 0.841 0.664 0.086 0.186
Mn 0.081 0.104 0.111 0.072 0.015 0.773
Zn 0.600 0.597 0.584 0.638 0.010 0.166

A,BMeans within a row with different superscript letters differ (P < 0.01); a,bMeans within a row with different superscript 
letters differ (P < 0.05) 
C = a control group; R = a group was fed medicated starter and grower diets with coccidiostat robenidine; W3 = a group 
was fed diets containing 3% of WW meal in feed; W6 = a group was fed diets containing 6% of WW meal in feed 
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Table 7); the levels of P, K, Na and Mg did not differ 
among the dietary groups assessed (P > 0.05). Meat 
of chickens fed the W3 diet was found to have a sig-
nificantly higher Ca level compared to the R group 
(P < 0.05). A non-significantly higher Ca level was 
also observed in the W6 group than in the R and 
C groups (P > 0.05).

As for the mineral microelements in the breast 
meat of broilers in this study, a significant dietary 
effect was found only for the Cu level (P < 0.01; 
Table  7); Fe, Mn and Zn levels did not differ 
among the dietary groups assessed (P > 0.05). The 
Cu level was highest in the R group, and it was 
significantly higher in comparison with both the 
C group (P < 0.01) and the W3 and W6 groups 
(P < 0.05). Huang et al. (2022) found that infect-
ing chickens with Eimeria tenela impaired Cu and 
Zn levels in  their bodies, specifically reducing 
their levels  in  liver and serum, whereas the ad-
ministration of the anticoccidial agent berberine 
to Eimeria-infested chickens led to  a significant 
increase in the serum Cu level. These authors sug-
gest that administration of the above mentioned 
anticoccidial agent aided in maintaining Cu ho-
meostasis in the chicken body through the mRNA 
expression of their transport genes. This fact could 
be somewhat related to the finding of this study, 
where the highest meat Cu level was found in broil-
ers fed the starter and grower feed with the coc-
cidiostat robedinine, which successfully prevented 
the development of oocysts until the age of 32 days 
in broilers and may have contributed to the higher 
Cu deposition in their meat later on. In addition, 
Huang et al. (2022) add that the administration 
of Cu and Zn would have a positive effect on re-
sistance of chickens to coccidiosis.

CONCLUSION 

Dietary inclusion of WW meal throughout the 
fattening period had no negative effect on the per-
formance and carcass traits of broilers. However, 
contrary to  our expectation, the chosen levels 
of  dietary administered WW were not effec-
tive in reducing the number of Eimeria oocysts 
shed in infested broilers. On the basis of the results 
obtained, it can be concluded that for the coccidi-
osis control in poultry production, it is advisable 
to monitor the content of specific bioactive sub-
stances with proven anticoccidial activity when 

using WW products. Moreover, dietary administra-
tion of coccidiostat robenidine prevented the devel-
opment of Eimeria oocysts in the broiler intestine 
for 4 days after the cessation of feeding the medi-
cated grower diet. Besides that, the higher copper 
content in breast meat of broilers fed medicated 
starter and grower diets suggests that the coccidi-
ostat robenidine may markedly interfere with cop-
per metabolism in Eimeria-challenged chickens.

Conflict of interest 

The authors declare no conflict of interest.

REFERENCES

Abdullah LN, Al-Barwary LTO. Effect of Artemisia spledens 
powder and extract on broiler chicken’s performance, 
lymphoid organ weight, gut morphology and serum bio-
chemical during coccidiosis challenge. Iraqi J Agric Sci. 
2020 Apr 26;51(2):611-8. 

Alizadeh-Ghamsari AH, Shaviklo AR, Hosseini SA. Effect-
sof  a new generation of fish protein hydrolysate on per-
formance, intestinal microbiology, and immunity of broiler 
chickens. J Anim Sci Technol. 2023 Jul;65(4):804-17. 

Amin I, Shubeena S, Rashid SM, Gull G, Rasool S, Razak R, 
Hussain I, Bilal S, Rehman MU, Khan HM, Shabir N, Pan-
dit F. Biochemical estimation of Artemesia absinthium L. 
powder and qualitative phytochemical screening of its 
hexanic and ethanolic extracts for assessment of purity. 
Ann Phytomed. 2022 Jan-Jun;11(1):517-22.

Aviagen. Ross broiler management handbook. Technical 
document No: 1118-AVNR-032 [Internet]. 2018 Apr 
[cited 2024 May 31]; 148 p. Available from: https://avia-
gen.com/assets/Tech_Center/Ross_Broiler/Ross-Broil-
erHandbook2018-EN.pdf.

Beski SSM. Anti-coccidial effects of dietary chamomile 
against experimentally induced coccidiosis in broiler 
chicken. Czech J Anim Sci. 2023 Jan 30;68(1):30-43. 

Chapman HD, Jeffers TK, Williams RB. Forty years of mon-
ensin for the control of coccidiosis in poultry. Poult Sci. 
2010 Sep 1;89(9):1788-801. 

El-Shall NA, Abd El-Hack ME, Albaqami NM, Khafaga AF, 
Taha AE, Swelum AA, El-Saadony MT, Salem HM, El-
Tahan AM, AbuQamar SF. Phytochemical control 
of poultry coccidiosis: A review. Poult Sci. 2022 Jan;101(1): 
101542. 

Fiamegos YC, Kastritis PL, Exarchou V, Han H, Bonvin AM, 
Vervoort J, Lewis K, Hamblin MR, Tegos GP. Antimicro-



63

Czech Journal of Animal Science, 70, 2025 (2): 55–63	 Original Paper

https://doi.org/10.17221/188/2024-CJAS

bial and efflux pump inhibitory activity of caffeoylquinic 
acids from Artemisia absinthium against Gram-positive 
pathogenic bacteria. PloS One. 2011 Apr 4;6(4):18127. 

Gal R, Zapletal D, Jakesova P, Strakova E. Proximate chem-
ical composition, amino acids profile and minerals con-
tent of meat depending on carcass part, sire genotype 
and sex of meat rabbits. Animals. 2022 Jun 14;12(12):1537. 

Huang Z, Zhang X, Zhu Q, Cao F, Liu W, Shi P, Yang X. 
Effect of berberine on copper and zinc levels in chickens 
infected with Eimeria tenella. Mol Biochem Parasitol. 
2022 May;249:111478. 

Khan S, Chand N, Naz S, Alrefaei AF, Albeshr MF, Losacco C, 
Khan RU. Response to dietary methionine and organic 
zinc in broilers against coccidia under Eimeria tenella-
challenged condition. Livestock Science. 2023 Oct;276: 
105317. 

Kostadinovic L, Levic J, Popovic S, Cabarkapa I, Puvaca N, 
Duragic O, Kormanjos S. Dietary inclusion of Artemisia 
absinthium for management of growth performance, an-
tioxidative status and quality of chicken meat. Eur Poult 
Sci. 2015 Jan 26;79. 

Kostadinovic LJM, Popovic SJ, Puvaca NМ, Cabarkapa IS, 
Kormanjos SM, Levic JD. Influence of Artemisia absin-
thium essential oil on antioxidative system of broilers 
experimentally infected with Eimeria oocysts. Vet Arhiv. 
2016;86(2):253-64.

Muthamilselvan T, Kuo TF, Wu YC, Yang WC. Herbal rem-
edies for coccidiosis control: A review of plants, com-
pounds, and anticoccidial actions. Evid Based Comple- 
ment Alternat Med. 2016 Jun 20;2016:2657981. 

M’Sadeq SA. Ameliorative effect of yeast cell wall on broiler 
chickens’ performance and gut health under coccidiosis 
challenge. Czech J Anim Sci. 2023 Aug 21;68(8):346-55. 

Remmal A, Achahbar S, Bouddine L, Chami N, Chami F. 
In  vitro destruction of  Eimeria oocysts by  essential 
oils. Vet Parasitol. 2011 Dec 15;182(2-4):121-6. 

Sharifi-Rad J, Herrera-Bravo J, Semwal P, Painuli S, Ba-
doni H, Ezzat SM, Farid MM, Merghany RM, Aborehab 
NM, Salem MA, Sen S, Acharya K, Lapava N, Mar-
torell M, Tynybekov B, Calina D, Cho WC. Artemisia 
spp.: An update on its chemical composition, pharmaco-
logical and toxicological profiles. Oxid Med Cell Longev. 
2022 Sep 5;2022:5628601.

Srinivasu B, Preetam VC, Gurram S, Reddy AR. Comparative 
evaluation of herbal coccidiostat with chemotherapeutic 
coccidiostats on performance of broilers to control coc-
cidiosis. Trop Anim Health Prod. 2020 Jul;52(4):1985-9. 

Tumova E, Chodova D, Skrivanova E, Lalouckova K, 
Subrtova-Salmonova H, Ketta M, Machander V, Cotoz-
zolo E. Research note: The effects of genotype, sex, and 
feeding regime on performance, carcasses characteristic, 
and microbiota in chickens. Poult Sci. 2021 Feb;100(2): 
760-4. 

Tyl J, Tumova E, Chodova D. The effect of feed restriction 
and housing system on  performance, organ propor-
tion and microbiota. Czech J Anim Sci. 2024 Feb;69(2): 
68-74. 

Wang Q, Wang L, Li L, Sun M, Li P, Yu Y, Zhang Y, Xu Z, 
Gao P, Ma J, Liu X. Effects of dietary supplementation 
of fermented Artemisia argyi on growth performance, 
slaughter performance, and meat quality in broilers. Poult 
Sci. 2024 Apr;103(4):103545. 

Yu M, Jeon JO, Cho HM, Hong JS, Kim YB, Nawarathne SR, 
Wickramasuriya SS, Yi YJ, Lee H, Wan V, Ng NKJ, Tan CH, 
Heo JM. Broiler responses to dietary 3,4,5-trihydroxy-
benzoic acid and oregano extracts under Eimeria chal-
lenge conditions. J Anim Sci Technol. 2021 Nov  30; 
63(6):1362-75. 

Zapletal D, Dobsikova R, Simek V, Kamenik J, Jezek F. 
Growth performance, carcass composition, physico-
chemical traits and amino acid profile of meat depending 
on wormwood (Artemisia absinthium L.) dietary sup-
plementation in broilers. Arch Anim Breed. 2024 Jan 5; 
67(1):1-12. 

Zaremba I, Grabowicz M, Biesek J. Effects of feeding silage 
of beet pulp or maize on the growth performance, meat 
quality, and production economics of broiler ducks. Poult 
Sci. 2024 Mar;103(3):103441.

Zhang S, Zhong G, Shao D, Wang Q, Hu Y, Wu T, Ji C, Shi S. 
Dietary supplementation with Bacillus subtilis promotes 
growth performance of broilers by altering the dominant 
microbial community. Poult Sci. 2021Mar;100(3):100935.

Received: November 12, 2024
Accepted: January 28, 2025 

Publihed online: February 26, 2025

https://www.webofscience.com/wos/author/record/3784650
https://www.webofscience.com/wos/author/record/23047070
https://www.webofscience.com/wos/author/record/6563089
https://www.webofscience.com/wos/author/record/8637591
https://www.webofscience.com/wos/author/record/29369785
https://www.webofscience.com/wos/author/record/29634464
https://www.webofscience.com/wos/author/record/2392245
https://www.webofscience.com/wos/author/record/49576688
https://www.webofscience.com/wos/author/record/25154376
https://www.webofscience.com/wos/author/record/17476389
https://www.webofscience.com/wos/author/record/12204750
https://www.webofscience.com/wos/author/record/481264
https://www.webofscience.com/wos/author/record/15501674

