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Research article
Ερευνητικό άρθρο

ABSTRACT: Carvacrol and thymol were used in the diets of coccidiosis-challenged broilers to investigate their 
performance and gut health. The experiment was conducted using a completely randomized design. There were three 
phases of feeding for the chickens: starters (1-10 days), growers (11-24 days) and finishers (25-42 days). It was found 
that chicks were split into three experimental groups: 1) negative control diets without challenges or additives; 2) posi-
tive control diets with Eimeria tenella challenges and without additives; and 3) diets with the mentioned challenge and 
thymol and carvacrol (0.01 g/kg). The experimental groups consisted of five replicates, each with 12 chicks. As part of 
the trial, body weight gain (BWG), feed intake (FCR), and coccidial lesion scores were assessed in two birds/replicate, 
which were selected randomly and euthanized by cervical dislocation. When thymol and carvacrol were blended, the 
results indicated improved BWG and FCR (P<0.05) when compared to PC. Supplementing the diet with phytogenic es-
sential oil increased the percentage of beneficial bacteria in the ileum, including lactobacilli and bifidobacteria, while 
decreasing the number of pathogenic E.coli bacteria (P<0.05). Compared with PC-treated birds, birds with coccidiosis 
treated with essential oils had a longer and wider villus, deeper crypts, and more goblet cells (P<0.05). Including this 
additive in PC diet suppressed intestinal lesion scores (P<0.05). Because the NC group was not exposed to the chal-
lenge, it caused the highest BWG and lowest FCR scores, the best microflora in the ileum, optimal villus growth, and 
the lowest intestinal lesion scores in birds. Researchers concluded that coccidiosis-challenged birds with high levels of 
carvacrol and thymol experienced improved performance and gut health (P>0.05).
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INTRODUCTION

The intestinal parasitic disease coccidiosis is the 
most widespread among poultry producers, caus-

ing economic losses. The disease is caused by proto-
zoans of the genus Eimeria multiplying in the intes-
tine, causing damage to the intestinal tract. Modifying 
the microflora and altering the physiology and mor-
phology of the intestinal epithelium causes ulcers, nu-
trient malabsorption, poor growth, and impaired FCR 
(Ahmed et al., 2024). It has been shown that cecal 
coccidiosis results in the proliferation of Clostridia 
and Enterobacteria (coliforms), while lactic acid-pro-
ducing bacteria decline (lactobacilli and bifidobacte-
ria) (Dec et al., 2020). In addition to its anticoccidial 
properties, dietary supplements with anticlostridial 
drugs may be beneficial (Williams, 2005). But ac-
cording to the drug-resistant Eimeria strains and with 
the recent increased emphasis on non-antibiotic broil-
er production, no-side-effects antibiotic alternatives, 
e.g. phytogenics, have been increasingly substituted 
for chemotherapeutic control of coccidiosis (Abbas et 
al., 2012). In other words, adding plants and their ex-
tracts as feed additives to treat or prevent coccidiosis 
is effective in maintaining the health and growth per-
formance of poultry (Oelschlager et al., 2019).

The ecosystem of gut microflora and histomor-
phology is directly or indirectly affected by essential 
oils claimed to be alternatives to antibiotics (Taylor, 
2001). Optimal animal health and performance re-
quire an optimal gut microbiota. Moreover, the gas-
trointestinal tract acts as a protective barrier against 
potentially harmful pathogens and environmental al-
lergens. The essential oils; thymol and carvacrol are 
known as the active components of many medicinal 
plants such as oregano and thyme to have antiproto-
zoal activity. It has been shown that dietary supple-
mentation of them reduces clinical signs of coccidio-
sis in birds and maintains flock health (Abbas et al., 
2012). Moreover, oregano essential oil’s (thymol and 
carvacrol) antioxidant activity and gastrointestinal 
absorption have been shown to improve during Eime-
ria infections (Ahmad et al., 2024). Furthermore, add-
ing 500 ppm of oregano extract (thymol and carvac-
rol) reduced the severity of coccidiosis infection in 
broilers suffering from coccidiosis (Mohiti-Asli and 
Ghanaatparast-Rashti, 2015). 

It is thought that once these active compounds 
cross the protozoan cell wall, they interact with peri-
plasmic enzymes, and then interact with membrane 
proteins once they penetrate the lipid-rich interior of 

the cytoplasmic membrane, causing protons to back-
flow across the membrane, which affects proton mo-
tive force-driven cell activities (Lambert et al., 2001). 
A flock’s health, or more specifically, gut health, can 
positively affect performance (Abbas et al., 2012).

In view of these factors, the present study inves-
tigated the effect of mixing carvacrol with thymol on 
coccidiosis-challenged broilers, both in terms of per-
formance and health of their digestive tracts.

MATERIALS AND METHODS

Birds, diets and management
A research poultry farm located in Kashmar city 

was used for the study (35°14′ N and 58° 27′ E) for 
42 days. All experimental procedures with the sheep 
were performed according to regulations established 
by the Animal Care Committee of AREEO (Agricul-
tural Research, Education and Extension Organiza-
tion; No. IR. AREEO.14365.125.264).

180 day-old male Ross 308 broiler chicks (average 
weight 45 g) were obtained from Saleh broiler Breed-
er Company (Kashmar, Iran). Using the pen system, 
chickens were raised under hygienic conditions in a 
ventilated and temperature-controlled environment. 
Additionally, three experimental groups were ran-
domly assigned: T1) a negative control diet (NC) with 
no challenge or additive; T2) a positive control diet 
(PC) with an Eimeria tenella challenge via feed and 
without additives; T3) a thymol and carvacrol blend 
(0.01 g/kg) along with the challenge on day 12. The 
experimental groups consisted of 12 chicks divided 
into five replicates. All animals received an isocaloric 
and isonitrogenous diet. All pens had a feeding trough 
and nipple drinker to provide the birds with free ac-
cess to food and water. For starters (1-10 days), grow-
ers (11-24 days) and finishers (25-42 days), the birds 
were fed according to the Ross 308 recommendations 
(Aviagen, 2007), meeting the following metabolic en-
ergy (ME) (kcal/kg): 3025, 3150 and 3200, crude pro-
tein, CP (%): 23.5, 22 and 20.5, Lys (%): 1.45, 1.26 
and 1.10, Met+Cys (%): 1.08, 0.94 and 0.85, Ca (%): 
1.04, 0.90 and 0.86, and Ava. P (%): 0.51, 0.46 and 
0.42, respectively. As shown in Table 1, the ingredi-
ents of the basal diet and its chemical composition 
can be found. Approximately (1 x 1.5 m2) of wood 
shaving litter covered the floor of the pen. In the first 
week, the birds were subjected to 24-hour lighting, 
followed by 23-hour light: 1-hour darkness until they 
were 42 days old. After three days at 32°C, the tem-
perature was gradually lowered by 3°C per week until 
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23°C was reached, and then remained constant. At the 
beginning of the experiment, the humidity was 60-
65%, and it decreased to 55-60 by the end.

In intensively reared poultry, Eimeria tenella is a 
common species and infects chicks worldwide, caus-
ing considerable economic losses (McDougald and 
Fitz-Coy, 2008; Shirley et al., 2005). Eimeria tenella 
infection was administered on day 12 via feed (at a 
dosage of 100,000 oocysts/chick) in this experiment.

Thymol and carvacrol are known as the active 
components of many medicinal plants such as orega-
no and thyme. In the ration, thymol and carvacrol 
were dissolved in vegetable oil and homogenized by 
a mixer before being blended with wheat bran. A gen-
tle mix of the pre-mixture and the basal diet was then 
performed. An airtight container was used to store the 

diet in this experiment, which was prepared weekly. 
Blending thymol and carvacrol at 0.01 grams/kg of 
diet was used to measure effectiveness.

Samples collection and measurements
Upon completion of the experiment, the body 

weight (BW) of each pen was measured. Each bird’s 
feed intake was measured on a pen basis over the 
same period. In this experiment, bird deaths and 
culled birds’ weights were recorded. In addition, the 
FCR was calculated for this experiment.

On d 7 post-challenge (d 19), two birds per repli-
cate were randomly selected, euthanized by cervical 
dislocation and total intestinal coccidial lesion scores 
were measured according to the method of Amerah 
and Ravindran (2015) which were recorded as 0, 1, 

Table 1- Ingredients and nutrient composition of the experimental diets (as-fed basis).
Ingredients (%) Starter (1-10 d) Grower (11-24 d) Finisher (25-42 d)
Corn 55.00 55.94 59.94
Wheat 0.00 5.00 7.00
Soybean meal (44%) 37.50 29.65 23.76
Corn gluten (62%) 0.00 3.00 3.00
Soybean oil 3.20 2.06 2.23
Calcium carbonate 1.30 0.98 0.91
Dicalcium phosphate 1.50 1.68 1.52
Sodium chloride 0.20 0.30 0.30
Vitamin premix1 0.25 0.25 0.25
Mineral premix2 0.25 0.25 0.25
L-Lysine HCl 0.25 0.34 0.35
DL-Methionine 0.38 0.28 0.26
L-Threonine 0.00 0.11 0.09
Sodium Bicarbonate 0.12 0.10 0.10
Choline chloride (60%) 0.07 0.06 0.06
Calculated nutrient levels3
Metabolizable energy (kcal/kg) 2950 3000 3050
Crude protein 23.00 21.00 18.89
Lysine 1.00 1.25 1.12
Methionine + Cystine 1.04 0.96 0.88
Threonine 0.94 0.85 0.76
Calcium 1.00 0.84 0.77
Available Phosphorus 0.50 0.42 0.38
Sodium 0.16 0.16 0.16
Potassium 0.85 0.79 0.70
Chlorine 0.31 0.30 0.30

11Vitamin supplement provided per Kg of diet: vitamin A (retinylacetate, 9500 IU; vitamin E (DL-α-tocopherol acetate, 30 IU; 
vitamin K3 (menadione sodium bisulfate), 2.65 mg; vitamin D3 (cholecalciferol), 2500 IU; vitamin B12 (cyanocobalamin), 
0.025 mg; biotin, 0.30 mg; nicotinic acid, 50 mg; folic acid, 1.25 mg; d-pantothenic acid, 12 mg; riboflavin, 6.5 mg; pyridoxine 
hydrochloride, 6.0 mg; thiamine mononitrate, 3 mg.
2Mineral supplement provided per Kg of diet: zinc, 80 mg; manganese, 100 mg; copper 8 mg; iron, 80 mg; iodine, 0.35 mg; 
selenium, 0.15 mg.
3Calculated values according to the analyzed data of experimental diets
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2, or 3, from 0 (no lesion) to 4 (most severe lesion). 
There are three segments of the small intestine: the 
duodenum (from the gizzard to the pancreo-biliary 
ducts), the jejunum (from the meckel’s diverticulum 
to the ileo-caecal junction), and the ileum (from the 
ileo-caecal junction to the pancreas-biliary ducts). A 
coccidiosis score was taken at four different sites in 
the intestines: duodenum, jejunum, ileum, and ceca. 
Based on the individual scores of the four intestine 
sections, we calculated total lesion scores.

For evaluating gut health, including ileal microbi-
ota and jejunal histomorphology, two birds were ran-
domly selected from each replicate and euthanized. 
After excising the ileums, gentle fingers were used to 
collect the contents into tubes. Microbes were enu-
merated by pooling digesta with a replication and 
keeping them on ice until they were transported to the 
laboratory. In 9 ml of sterile water, one gram of ile-
al contents was homogenized. Several dilutions were 
conducted on each sample. A De Man-Rogosa-Sharpe 
(MRS) agar was used to count Lactobacilli, while 
Mac Conkey (MC) agar was used to count E coli 
following incubation at 37°C for 48 hours in an an-
aerobic chamber and 24 hours in an aerobic chamber 
(Guban et al., 2006). The standard laboratory method 
was used to determine Bifidobacteria populations in 
ileal samples (Ibrahim and Salameh, 2001). In order 
to surface plate onto modified BIM 24 agar, a 10-g il-
eal sample was homogenized in 90 ml sterilized 0.1% 
peptone water and homogenized for two minutes on 
the Stomacher 400 Lab System 4 (Seward, Norfolk, 
UK) before being diluted in sterilized 0.1% peptone 
water. The level was measured in this study at a serial 
dilution of 10−5. At 37°C, the plates were incubated 
for three days.

A 10% buffered formalin solution was immersed 
in jejunum samples at the midpoint for 72 hours. 
Their excision was followed by a physiological saline 
solution wash. A tissue processor apparatus was used 
to embed the samples in paraffin wax (Bancroft and 
Gamble, 2002). A rotary microtome was used to cut 
sections under a light microscope and calculate the 
morphometric indices (LEICA RM 2145). A software 
program called Image Pro Plus v 4.5 was used to mea-
sure the morphological parameters. The morpholog-
ical variables measured by Aptekmann et al. (2001) 
and Sakamoto et al. (2000) were the following: villus 
height (VH), measured from the junction between vil-
lus and crypt; villus width (VW), measured from the 
midvillus height; crypt depth (CD), calculated from 

the junction between villus and crypt; and goblet cells.

Statistical analysis
In a completely randomized study, SAS (2001) 

generated statistical analyses of the gut health and 
performance of coccidiosis-challenged broilers fed a 
coccidiostat or a blend of thymol and carvacrol. Using 
Tukey’s test, multiple ranges were analyzed. Signifi-
cant values (P<0.05) were considered.

RESULTS AND DISCUSSION
Tables 2 and 3 present data from coccidiosis-chal-

lenged broilers fed a diet supplemented with thymol 
and carvacrol. An NC group without exposure to the 
challenge had the highest BWG and lowest FCR, 
the best ileal microflora balance, and optimal villus 
growth, despite not having been challenged by the 
challenge.

Interestingly, we obtained similar results to those 
found in other research that coccidiosis-challenged 
broilers fed thymol/carvacrol diets showed improve-
ments in performance and gut health.

Performance
According to the Table 2 data, body weight gain 

(BWG) and feed conversion ratio (FCR) improved 
compared with the PC group (coccidiosis-challenged 
group without additive) (P<0.05) as well as feed in-
take (FI) increased (P<0.05) when the blend of thymol 
and carvacrol was added. There is a lack of optimal 
BWG and FCR than in the NC group probably due to 
damage to the gut wall, leaving nutrients inaccessible 
and not being absorbed. Additionally, repairing the 
gut wall requires energy and protein, which cannot be 
used for growth (Williams, 2005). As a dietary sup-
plement, thymol and carvacrol may improve poultry 
health and performance due to their mode of action, 
which includes improving feed flavor and intake, 
stimulating digestive enzyme production, increasing 
the motility of the stomach and intestines, gut devel-
opment and health, and antimicrobial activity (Jam-
roz et al., 2006). According to Tsinas et al. (2011), 
broilers fed oregano essential oil at levels of 300 and 
600 mg/kg were significantly more likely to develop 
BWG than those in a control group challenged with 
Eimeria. In another research, it was shown that the 
addition of herbal supplements containing thymol and 
carvacrol to poultry under the challenge of coccidio-
sis increases feed consumption (Lee et al., 2020). On 
the other hand, the reduction of the negative effects 
caused by coccidiosis in intestinal morphology has 
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occurred by herbal supplements containing thymol 
and carvacrol, and this leads to improved digestion 
as well as absorption of feed with improved produc-
tion performance (Lee et al., 2020). In addition, in one 
study, it was shown that infected chickens fed oregano 
essential oil had a lower number of Eimeria oocysts 
in the feces. Moreover, WG in chickens consuming 
essential oil was higher than control chickens (Yu et 
al., 2021). Also, broilers suffering from coccidiosis 
showed higher performance when fed with oregano 
and garlic essential oil, which was associated with 
WG, improved FCR, and lower levels of fecal oocyst 
excretion (Sidiropoulou et al., 2020).

In a study by Abbas et al. (2010), turmeric powder 
containing Curcuma longa L. was significantly more 
effective in improving FCR in broilers compared 
with the E. tenella challenged control group. The ad-
ministration of essential oil-loaded microcapsules to 
broiler chickens infected with C perfringens enhanced 
growth parameters, total FI, FCR, antioxidant status, 
intestinal morphology, and intestinal bacterial popula-
tion. Additionally, the treatment reduced genes asso-
ciated with inflammation and antioxidant activity in 
the ileum (Moharreri et al., 2021).

Ileal microflora
In comparison with the PC group, phytogenic es-

sential oil supplementation increased the beneficial 
population of ileal lactobacilli and bifidobacteria 
and reduced the number of pathogens such as E.coli 
(Table 3) (P<0.05). Carvacrol and thymol appear to 
have a high potential for promoting poultry growth 
and combating pathogens. It is thought that carvacrol 
and thymol are beneficial bacteria that grow in broil-
er feed, and that they inhibit the growth of harmful 
bacteria such as E.coli and Clostridium perfringens 
that are found in the gut of the chickens (Hashemi-
pour et al., 2016). Furthermore, another study found 
broilers fed a mixture of oregano oil and garlic had a 

potentially more beneficial gut microbiome compo-
sition compared to controls. Moreover, a decrease in 
the number of C. perfringens in the jejunum was ob-
served (Sidiropoulou et al., 2020).

Lactobacillus population in the ileum increased 
when thymol and carvacrol were combined (Akyurek 
and Yel, 2011). The active components (such as thymol 
and carvacrol) can decrease the pH in the gastrointes-
tinal tract, thus preventing the growth of pathogenic 
bacteria and promoting the growth of non-pathogenic 
ones. Intestinal microflora can be improved by phyto-
genics by reducing coliform counts at 14 days of age 
and enhancing gut flora by 42 days of age with Lacto-
bacillus and bifidobacteria (Mountzouris et al., 2011). 
Broiler chickens challenged with S enteritidis were 
found to benefit from microcapsules’ antioxidant and 
antibacterial properties and intestinal microbial bal-
ance improved when 0.5, 1 and 2 kg/ton were applied 
dietaryly (Moharreri et al., 2022).

Jejunal histomorphology
It was noted that the villus of the coccidiosis 

challenged birds that were treated with the essential 
oil mixture had a longer and wider size as well as a 
deeper and larger crypt and more goblet cells than the 
birds that were treated with PC (Table 3). Coccidi-
al challenge negatively affects intestine morphology, 
especially the shortening of villus (Kettunen et al., 
2001). It has been suggested that intestinal histomor-
phology has a direct relationship with intestinal func-
tions and the growth of broilers. Intestinal morpholo-
gy and mucin secretion have been positively affected 
by carvacrol, an active component of thyme essential 
oil (Jamroz et al., 2006). Similar observations were 
made by Jamroz et al. (2007), in which carvacrol, 
cinnamaldehyde, and capsicum oleoresin were fed 
to broilers at a concentration of 5, 3, and 2 mg/kg to 
increase GC and mucin secretions at the jejunum vil-
lus surface. Compared to an unsupplemented diet, an 

Table 2. Performance of chickens challenged with coccidiosis and fed with blend of thymol and carvacrol in diet (TC)
Treatments*

Parameters NC PC PC+TC SEM P-value
Performance, d 42
Body weight gain (g/b/day) 66.9a 61.0c 65.7b 0.303 0.0001
Feed intake (g/b/day) 115.0a 111.5b 115.9a 0.621 0.0007
Feed conversion ratio 1.72c 1.83a 1.77b 0.011 0.0001

a,b,cMeans within the same row with uncommon superscript differ significantly (P<0.05).
*Treatments: negative control (NC) diet: without challenge and dietary additive; positive control (PC) diet: with Eimeria tenella 
challenge on day 12 via feed and without dietary additive; and PC+TC diet: with mentioned challenge+a blend of thymol and 
carvacrol (0.01 g/kg).
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essential oil blend made from oregano, anise, and cit-
rus peel led to longer ileal VH and higher GC levels 
(Reisinger et al., 2011). In another study, researcher 
was stated that increasing the supplement containing 
thymol and carvacrol to the diet of broiler chickens 
increased the height of duodenal villi, the depth of the 
jejunum crypt and the ratio of the height of duodenal 
villi to the depth of the crypt (Lee et al., 2020).

With an increase in villus size, the number of 
GCs per villus increases (Tucker and Taylor-Pickard, 
2004), and GCs are secreted throughout the digestive 
tract, forming an adherent gel that contributes signifi-
cantly to epithelial cell repair (Ikeda et al., 2002; Sk-
lan, 2004). Villus plays an essential role in digestion 
and absorption of nutrients because it is the first part 
of the small intestine to come into contact with them 
(Gartner and Hiatt, 2001). There is a significant differ-
ence between a large villus and a small crypt, where 
a large villus increases absorption surface and a small 
crypt indicates a lower requirement for tissue regener-
ation and replacement. In addition to increased epithe-
lial cell turnover, Fan et al. (1997) found a direct cor-
relation between increases in VH and CD. Increased 
intestinal nutrient absorption and faster enterocyte 
turnover may be responsible for the increments ob-
served with coccididiostat or thymol and carvacrol 
mixture treatments. In addition to absorptive cells, 
GCs, and regenerative cells within the villus, which 
replace old cells, the crypts contain several special-
ized cells. In this study, increased GC concentrations 
in the crypt were also associated with increased mu-
cus secretion. Mucin (combines with water and pro-

duces mucus) is synthesized and secreted by GC in 
the crypt (Duangnumsawang et al., 2021). During GC 
increase in the crypt, mucin secretion also enhanced 
(Schneider et al., 2018) and more mucin secretion 
indicates GC maturation (Duangnumsawang et al., 
2021). Ileal morphology and inflammation genes are 
modulated in ileal tissue by microcapsules containing 
essential oils. SOD is upregulated as well as occludin 
expression when microcapsules containing essential 
oils are used (Moharreri et al., 2022).

Intestinal total coccidial lesion scores
PC diets containing this additive reduced intesti-

nal lesion scores (P<0.05). In addition to its positive 
effects on the ileal microflora, the use of beneficial 
natural additives during a coccidiosis challenge may 
prevent secondary infection (Enteritis). Healthy in-
testinal epithelium prevents potential pathogens from 
entering the body. It is crucial for the bird’s health and 
performance to have a healthy intestine, that is, with 
minimal damage to its epithelium (Ritzi et al., 2014).

 CONCLUSIONS
As natural growth promoters, thymol and carvac-

rol have beneficial effects on broiler chickens exposed 
to coccidiosis if dietary added in the right amounts. 
Further, thymol and carvacrol may have antimicrobial 
effects to reduce intestinal pathogen pressure (E.co-
li) and improve populations of beneficial bacteria in-
cluding Lactobacillus and Bifidobacteria. Moreover, 
Thymol and carvacrol have beneficial effects on in-
testinal morphology (villus height, villus width and 
crypt depth) and the overall performance of poultry 

Table 3. Intestinal health and morphology of chickens challenged with coccidiosis and fed with blend of thymol and carvacrol in diet 
(TC)
Ileal microbial population (Log CFU/g digesta), d 42
Lactobacilli 8.51a 6.88b 8.47a 0.111 0.0001
Bifidobacteria 8.40a 7.39b 8.37a 0.104 0.0001
E. coli 6.68b 7.34a 6.38b 0.156 0.0008
Jejunal histomorphology, d 42
Villus height (μm) 1386a 1188b 1315a 32.39 0.003
Villus width (μm) 265a 213c 239b 6.75 0.006
Crypt depth (μm) 236a 201c 223b 2.81 0.0001
Number of goblet cells 344a 301b 331a 5.57 0.0004
Total intestinal coccidial lesion scores in duodenum+jejunum+ileum+ceca, d 19
Eimeria tenella 0.17c 5.19a 2.87b 0.056 0.0001

a,b,cMeans within the same row with uncommon superscript differ significantly (P<0.05).
*Treatments: negative control (NC) diet: without challenge and dietary additive; positive control (PC) diet: with Eimeria tenella 
challenge on day 12 via feed and without dietary additive; and PC+TC diet: with mentioned challenge+a blend of thymol and 
carvacrol (0.01 g/kg).
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(Feed intake, body weight gain, feed conversion ra-
tio). Besides, supplementation of this essential in 
birds challenged with coccidiosis improved intestinal 
lesion scores. Thymol and carvacrol have demonstrat-
ed that they can improve the gut health and perfor-
mance of birds.

ACKNOWLEDGEMENTS
Authors thanks from all persons support the re-

search.

CONFLICT OF INTEREST
No potential conflict of interest was reported by 

the author(s).

REFERENCES

Abbas, R.Z., Colwell, D.D. and Gilleard, J. (2012). Botanicals: An alter-
native approach for the control of avian coccidiosis. World’s Poult. 
Sci. J. 68(2):203-215.

Abbas, R.Z., Iqbal, Z., Khan, M.N., Zafar, M.A. and Zia, M.A. (2010). 
Anticoccidial activity of Curcuma longa L. in broilers. Braz. Arch. 
Biol. Technol. 53(2010):63-67.

Ahmad, R., Yu, Y. H., Hua, K. F., Chen, W. J., Zaborski, D., Dybus, A., 
... & Cheng, Y. H. (2024). Management and control of coccidiosis in 
poultry—A review. Anim. Biosci. 37(1), 1.

Akyurek, H. and Yel, A. (2011). Influence of dietary thymol and carvac-
rol preparation and/or an organic acid blend on growth performance, 
digestive organs and intestinal microbiota of broiler chickens. Afr. J. 
Mic. Res. 5(8):979-984.

Amerah, A.M. and Ravindran, V., 2015. Effect of coccidia challenge and 
natural betaine supplementation on performance, nutrient utilization, 
and intestinal lesion scores of broiler chickens fed suboptimal level of 
dietary methionine. Poult. Sci. 94(4), pp.673-680.

Aptekmann K.P., Baraldi Arton, S.M., Stefanini, M.A. and Orsi, M.A. 
(2001). Morphometric analysis of the intestine of do-mestic quails 
(Coturnix coturnix japonica) treated with different levels of dietary 
calcium. Anatom. Histol. Embryol. 30(5):277-280.

Aviagen. (2007). Ross 308: Broiler Nutrition Specification. Aviagen Inc., 
Huntsville, AL.

Bancroft, J.D. and Gamble, M.N. (2002). Theory and Practice of Histo-
logical Techniques. Pp. 175- 181 in 5th Ed. Churchill Livingstone, 
London, Edinburgh, New York, Philadelphia, St Louis, Sydney and 
Toronto.

Dec, M., Puchalski, A., Stępień-Pyśniak, D., Marek, A., & Urban-Chmiel, 
R. (2020). Susceptibility of chicken Lactobacillus bacteria to coccid-
iostats. J. Vet. Med. Sci. 82(3), 333-336.

Duangnumsawang, Y., Zentek, J., & Goodarzi Boroojeni, F. (2021). De-
velopment and functional properties of intestinal mucus layer in poul-
try. Front. immunol. 12, 745849.

Fan, Y., Croom, J., Christensen, V., Black, B., Bird, A., Daniel, L., Mc-
Bride, B. and Eisen, E. (1997). Jejunal glucose uptake and oxygen 
consumption in turkey poults selected for rapid growth. Poult. Sci. 
76:1738-1745.

Gartner, L.P. and Hiatt, J.L. (2001). Color Textbook of Histology. 2nd Ed. 
W.B. Saunders, Baltimore, MD.

Guban, J., Korver, D.R., Allison, G.E. and Tannock, G.W. (2006). Re-
lationship of dietary antimicrobial drug administration with broiler 
performance, decreased population levels of Lactobacillus salivarius, 
and reduced bile salt deconjugation in the ileum of broiler chickens. 
Poult. Sci. 85:2186-2194.

Hashemipour, H., Khaksar, V., Rubio, L. A., Veldkamp, T., & Van Krimp-
en, M. M. (2016). Effect of feed supplementation with a thymol plus 
carvacrol mixture, in combination or not with an NSP-degrading en-
zyme, on productive and physiological parameters of broilers fed on 
wheat-based diets. JAFST. 211, 117-131.

Ibrahim, S.A., Salameh, M.M. (2001). Simple and rapid method for 
screening antimicrobial activities of Bifidobacterium species of hu-
man isolates. J. Rapid Methods Autom. Microbiol. 9:52-63.

Ikeda, H., Yang, C.L., Tong, J., Nishimaki, H., Masuda, K., Takeo, T., 
Kasai, K. and Itoh, G. (2002). Rat small intestinal goblet cell kinetics 

in the process of restitution of surface epithelium subjected to isch-
emiareperfusion injury. Dig. Dis. Sci. 47:590-600.

Jamroz, D., Wertelecki, T., Houszka, M. and Kamel, C. (2006). Influence 
of diet type on the inclusion of plant origin active substances on mor-
phological and histochemical characteristics of the stomach and jeju-
num walls in chicken. J. Anim. Physiol. Anim. Nutr. 90(5-6):255-268.

Johnson, J. and Reid, W.M. (1970). Anticoccidial drugs: Lesion scoring 
techniques in battery and floor pen experiments with chickens. Exp. 
Parasitol. 28:30-36.

Kettunen, H., Tiihonen, K., Peuranen, S., Saarinen, M.T. and Remus, J.C. 
(2001). Dietary betaine accumulates in the liver and intestinal tissue 
and stabilizes the intestinal epithelial structure in healthy and Coc-
cidia-infected broiler chicks. Comp. Biochem. Phys. A. 130:759-769.

Lambert, R.J.W., Skandamis, P.N., Coote, P.J. and Nychas, G.J.E. (2001). 
A study of the minimum inhibitory concentration and mode of action 
of oregano essential oil, thymol and carvacrol. J. Appl. Microbiol. 
91:453-462.

Lee, J. W., Kim, D. H., Kim, Y. B., Jeong, S. B., Oh, S. T., Cho, S. Y., & 
Lee, K. W. (2020). Dietary encapsulated essential oils improve pro-
duction performance of coccidiosis-vaccine-challenged broiler chick-
ens. Anim. 10(3), 481.

McDougald, L.R., and Fitz-Coy, S. (2008). Coccidiosis. Pages 1068-1085 
in Diseases of Poultry. 12th ed. Y. M. Saif, ed. Blackwell Publishing, 
Ames, IA.

Moharreri, M., Vakili, R., Oskoueian, E. and Rajabzadeh, G. (2022). Ef-
fects of microencapsulated essential oils on growth performance and 
biomarkers of inflammation in broiler chickens challenged with sal-
monella enteritidis. J. the Saudi Society of Agri. Sci. 21(5), 349-357.

Moharreri, M., Vakili, R., Oskoueian, E., Rajabzadeh, G. (2021). Phytobi-
otic role of essential oil-loaded microcapsules in improving the health 
parameters in Clostridium perfringens-infected broiler chickens. Ital. 
J. Anim. Sci. 20 (1), 2075-2085.

Mohiti-Asli, M., & Ghanaatparast-Rashti, M. (2015). Dietary oregano es-
sential oil alleviates experimentally induced coccidiosis in broilers. 
Prev. Vet. Med. 120(2), 195-202.

Mountzouris, K.C., Paraskevas, V., Tsirtsikos, P., Palamidi, I., Steiner, T., 
Schatzmayr, G. and Fegeros, K. (2011). Assessment of a phytogenic 
feed additive effect on broiler growth performance, nutrient digest-
ibility and caecal microflora composition. Anim. Feed Sci. Technol. 
168:223-231.

Oelschlager, M. L., Rasheed, M. S. A., Smith, B. N., Rincker, M. J., & 
Dilger, R. N. (2019). Effects of Yucca schidigera-derived saponin 
supplementation during a mixed Eimeria challenge in broilers. Poult. 
Sci. J. 98(8), 3212-3222.

Reisinger, N., Steiner, T., Nitsch, S., Schatzmayr, G. and Applegate, T.J. 
(2011). Effects of a blend of essential oils on broiler performance and 
intestinal morphology during coccidial vaccine exposure. J. Appl. 
Poult. Res. 20:272-283.

Ritzi, M.M., Abdelrahman, W., Mohnl, M. and Dalloul, R.A. (2014). Ef-
fects of probiotics and application methods on performance and re-
sponse of broiler chickens to an Eimeria challenge. Poult. Sci. 93 
:2772-2778.

Sakamoto, K., Hirose, H., Onizuka, A., Hayashi, M., Futamura, N., 
Kawamura, Y. and Ezaki, T. (2000). Quantitative study of changes in 



J HELLENIC VET MED SOC 2024, 75 (4)
ΠΕΚΕ 2024, 75 (4)

8342 AIDIN DOKHT NIKNIA, REZA VAKILI, VALIOLLAH PALANGI

intestinal morphology and mucus gel on total parenteral nutrition in 
rats. J. Surgical. Res. 94:99-106.

SAS. 2001. SAS Statistics User’s Guide. Statistical Analytical System, 
fifth revised ed. SAS Institute Inc, Carry, NC.

Schneider, H., Pelaseyed, T., Svensson, F., & Johansson, M. E. (2018). 
Study of mucin turnover in the small intestine by in vivo labeling. 
Sci. Rep. 8(1), 5760.

Shirley, M.W., Smith, A.L. and Tomley, F.M. (2005). The biology of avian 
Eimeria with an emphasis on their control by vaccination. Adv. Par-
asitol. 60:285-330.

Sidiropoulou, E., Skoufos, I., Marugan-Hernandez, V., Giannenas, I., Bo-
nos, E., Aguiar-Martins, K., ... & Tzora, A. (2020). In vitro anticoc-
cidial study of oregano and garlic essential oils and effects on growth 
performance, fecal oocyst output, and intestinal microbiota in vivo. 
Front. Vet. Sci. 7, 420.

Sklan, D. (2004). Early gut development. Pp. 9-32 in the interaction be-
tween feed, gut health and immunity. Interfacing immunity, gut health 

and performance. L.A. Tucker and J.A. Taylor-Pickard Eds. Notting-
ham University Press. UK.

Taylor, D.J. (2001). Effects of antimicrobials and their alternatives. Br. 
Poult. Sci. 42(suppl. 1):67-68.

Tsinas, A., Giannenas, I., Voidarou, C., Tzora, A. and Skoufos. J. (2011). 
Effects of an oregano based dietary supplement on performance of 
broiler chickens experimentally infected with Eimeria acervulina and 
Eimeria maxima. Jpn. Poult. Sci. 48:194-200.

Tucker, L.A. and Taylor-Pickard, J.A. (2004). Interfacing Immunity, Gut 
Health and Performance. 1st Ed. Nottingham Univ. Press, UK.

Williams, R.B. (2005). Intercurrent coccidiosis and necrotic enteritis of 
chickens: Rational, integrated disease management by maintenance 
of gut integrity. Avian Pathol. 34:159-180.

Yu, M., Jeon, J. O., Cho, H. M., Hong, J. S., Kim, Y. B., Nawarathne, S. 
R., ... & Heo, J. M. (2021). Broiler responses to dietary 3, 4, 5-tri-
hydroxybenzoic acid and oregano extracts under Eimeria challenge 
conditions. JAST. 63(6), 1362.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

