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A B S T R A C T

Hypericum perforatum L. (St. John’s Wort) extract (HPE), powdered H. perforatum (PHP), and selenium (Se) on 
growth, intestinal flora, and immunity of broiler chicks were investigated. In total, 504 one-day-old broiler 
chicks were randomly allocated into 6 dietary treatments, which were then denoted as negative control (NC) 
group (basal diet), containing organic Se 0.2% in the starter and grower period as positive control (PC), con-
taining 1% PHP in the starter and grower period, and HPE I, HPE II, and HPE III groups containing respectively, 
1.5, 3.0, and 4.5 mL / kg HPE in the starter and grower period. The results on performance showed that a 
significant (P < 0.05) higher body weight of chickens in the HPE III group was observed when compared with 
that of the NC and PHP groups. Although average daily weight gain and feed intake are significant in the HPE III 
group, the difference in terms of total feed conversion rate was insignificant (P > 0.05). The liver weights in PC 
and HPE III were lower compared to HPE I (P < 0.05). The difference in total lactic acid bacteria count (TLABC) 
between the NC group and all HPE groups was found to be significant (P ˂  0.05), in addition to TLABC was higher 
in the HPE III group than other groups (P = 0.001). The highest serum antibody titers to the Newcastle disease 
vaccine were determined in the HPE III group on the 24th, 35th, and 42nd days of age. IL-1B and IL-6 were found 
to be insignificant between the groups in chickens (P ˃ 0.05). TNF-α in the HPE III group was greatly increased 
than the other groups and significant compared to the NC and HPE I groups (P = 0.018). In conclusion, 4.5 mL / 
kg HPE, which has a low production cost and is easy to extract and without causing environmental problems, 
varied significantly in their impact on growth performance, intestinal microflora, and immunity of growing 
broilers.

Introduction

Herbal feed additives have different bioactive substances; thus, they 
could be used as essential additives in poultry feeds (Rashid et al., 2020; 
Phillips et al., 2023). Hypericum perforatum L. (St. John’s wort), one of 
the most well-known species worldwide belonging to the Hypericaceae 
family, is a plant that can be used medicinally and feed (Caldeira et al., 
2022; Kwiecień et al., 2023). It is claimed that this product is used in 
many diseases such as icterus, liver and bile disorders, insomnia, 
gastrointestinal system diseases, skin wounds, eczema, and burns (Kıyan 
et al., 2015). The chemical composition of this plant in medicinal ap-
plications includes naphthodiantrone compounds (e.g. hypericin), 

monomeric flavonoids (e.g. quercetin derivatives), bioflavonoids (e.g. 
amentoflavone) and procyanidin. It also contains phenolic compounds 
such as tannins (catechin polymers) and essential fatty acids (Kwiecień 
et al. 2023).

Much attention has been attracted to extracts, and organic compo-
nent in recent years which has roots in use for overall improvement in 
growth performance, intestinal microflora, and immunity sensory 
characteristics of broilers (Davoodi et al., 2014; Kogut and 
Fernandez-Miyakawa, 2022; Zengin et al., 2022; Sur et al., 2023). In the 
poultry industry such substances have been used for many purposes, 
from antibacterial, antiviral, and antioxidant activities, and improving 
overall performance (Axarlis et al., 1998). When feeding diets to 
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animals, interactions between microbiota and host axis systems need to 
be understood and scientific studies that bridge the gaps between 
feed-gut microbial ecology-chicken physiology (Kogut, 2022). Some 
studies have reported that H. perforatum had significant therapeutic ef-
ficacy and could improve immunologic functions for chickens infected 
experimentally with infectious bursal disease virus (IBDV) and avian 
influenza virus (AIV), respectively (Landy et al., 2012). It was stated that 
the immunostimulating activity of ethanol extraction fraction of 
H. perforatum with concerning the system of mononuclear phagocyte 
system, cellular, and humoral immunity (Evstifeeva and Sibiriak, 1996).

Selenium (Se) is a trace mineral that is essential for both humans and 
animals. Se is important for optimum immune response and is consid-
ered as a functional part of the antioxidant properties through seleno-
proteins with selenocysteine such as glutathione peroxidase, 
thioredoxin reductase in chickens (Chen and Berry, 2003; Rao et al., 
2013; Hou et al., 2020). Supplementation of Se increases antibody titers 
to Newcastle disease (ND) in chicken diet (Hegazy and Adachi, 2000). 
Besides, Se influences immune responses through its incorporation into 
selenoproteins such as selenocysteine (Hoffman and Berry, 2008).

Some studies were performed to evaluate the effect of various plants 
and their derivatives as alternatives to nutritional antibiotics on animal 
productive performance and quality of products of animal origin during 
the last years. H. perforatum has been well studied from a pharmaco-
logical perspective, especially in human medicine, but little is known 
regarding the broiler growth performance, intestinal microflora, and 
immunity up to now. In this study, it was aimed to investigate the effect 
of H. perforatum extract (HPE) and, powdered H. perforatum (PHP) on 
the dietary inclusion of different levels of extract, powdered leaves, and 
organic Se on body weight, intestinal microflora, and immunity of 
broiler chickens.

Materials and methods

Ethical approval

All applications performed on animals within of the study were 
carried out within the scope of the work permit approved by Balıkesir 
University, Local Ethics Committee for Animal Experiments (Approval 
number: 2021/11-1).

Bird management, diets and experimental design

504 one-day-old-mixed gender chicks (Ross-308) were obtained 
from Kula Hatchery Company (Kula A.Ş., Balıkesir, Türkiye). After 
hatching, the chicks were brought to Balıkesir University, Livestock 
Application and Research Center. The chicks were divided into 6 main 
groups consisting of a total of 84 birds. A total of 504 one day old broiler 
chicks were divided to 6 experimental groups with 6 replicates. 1st 
group negative control (NC), 2nd positive control (organic Se 0.2%, 
2,000.00 mg/kg Se yeast, YES Selenio, YesSinergy®, Lucélia/SP, Brazil) 
(PC), 3rd 1% powdered H. perforatum (PHP), 4th H. perforatum extract 
(HPE) HPE I (1.5 mL / kg), 5th HPE II (3 mL / kg), and the 6th was 
formed as HPE III (4.5 mL / kg). The coop where the animals were 
housed was divided into compartments with wire fences of 1.5×1.0 m in 
size, and 10 cm wooden floor was laid on the floor. Animals were housed 
in a ground system and a lighting program of 20 h of light and 4 h of 
darkness was applied. The temperature was initially set at 33◦C on d 1 
and gradually reduced average by 2.5◦C per week until reaching 24◦C to 
25◦C. Feed and water were given ad-libitum. All chicks were free to 
access tap water and their formulated diets throughout the experiment. 
In the trial, a basic compound feed based on corn and soybean meal was 
prepared, and this diet constituted the basal feed of all animals. Ration 
components were mixed homogeneously in the feed mixing unit ac-
cording to NRC (1994). The basal diet composition and nutrient contents 
are presented in Table 1.

Growth performance and internal organ weight

The body weight (BW) and feed intake (FI) were recorded on days 2, 
21, and 42 to average daily weight gain (ADWG) and feed conversion 
ratio (FCR). Internal organs (liver, heart, gizzard + proventriculus, 
spleen, and intestine) were carefully removed and weighed. Organ 
weights of chickens were calculated as a percentage according to their 
live weight and group proportions. The weights of the liver, heart, 
gizzard, spleen, and intestine were calculated g / 100 g BW.

Plant material and preparation of H. perforatum extract (HPE)

HPE was prepared from the H. perforatum plant that grows naturally 
in Mount Ida (Atapharma, Balıkesir, Türkiye). Dried H. perforatum was 
ground into powder using a 1.0 mm sieve (Retsch ZM 200 Haan, Ger-
many). The extraction process was carried out with extra-virgin olive oil 
provided by Balıkesir University, Edremit Olive Cultivation Institute. 
Macerate was prepared by mixing dried H. perforatum with olive oil in a 
glass bottle (Eroğlu and Girgin, 2021). The volatile fatty acid profile in 
HPE was determined at Bezmialem University. The conventional folin 
ciocalteu method was applied to determine total phenolic compounds 
(Singleton and Rossi, 1965) and gallic acid (149-91-7, Sigma-Aldrich) 
was used as a control. The aluminum chloride colorimetric method 
was applied to determine total flavonoid compounds (Pourmorad et al., 
2006) and quercetin (117-39-5, Sigma-Aldrich) was used as a control. 
The amount of hypericin was determined according to the LC–DAD–MS 
method (Isacchi et al. 2007). Biologically active compounds of HPE are 
given in Table 2.

Microbiological analysis of intestinal contents

At the end of the experiment (42 d), 8 chickens were randomly 

Table 1 
Basal diet composition and nutrient contents#.

Ingredients d 1-21 d 22- 
42

Nutritional 
composition

g 1- 
21

g 22- 
42

Corn grain 52.05 59.33 Dry matter, g/kg 902.0 902.0
Soybean meal, 

48% CP
32.42 25.50 ME kcal/kg 3003 3191

Sunflower meal, 
28%

7.50 6.50 Crude protein, g/kg 
DM

225.0 194.0

Vegetable oil 3.50 5.00 Ether extract, g/kg 
DM

50.8 66.7

Dicalcium 
phosphate

1.94 1.50 Crude ash, g/kg 
DM

66.7 56.5

DL-Methionine 0.33 0.25 Calcium, % 0.96 0.78
L-Lysine 0.34 0.22 Available 

phosphorus, %
0.49 0.39

L-Threonine 0.14 0.07 Lysine, % 1.44 1.15
Calcium 

carbonate
1.00 0.85   

Sodium chloride 0.34 0.34   
Mineral premix 0.22 0.22   
Vitamin premix 0.22 0.22   
Total 100.00 100.00   

Vitamin premix provided per kg, vitamin D3: 5,000 IU, vitamin E: 30 IU, vitamin 
A: 12,000 IU, vitamin B1 (thiamine): 3 mg, vitamin B3 (niacin): 45 mg. Mineral 
premix provided per kg, manganese: 100 mg, iron: 60 mg, zinc: 60 mg, copper: 5 
mg, cobalt: 0.3 mg, iodine: 1 mg, inorganic selenium: 0.10 mg.

# Calculated according to NRC (1994).

Table 2 
Biologically active compounds of the H. perforatum extract.

Ingredients Compound levels

Total phenolic compounds 921.74 mg / L
Total flavonoid compounds 3607.79 mg / L
Hypericin 0.0034%
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selected from each group. Their gastrointestinal tracts were quickly 
excised and part of the ileum (5 cm above the ileum-cecal junction) and 
cecum (end part of left cecum) were removed aseptically, and micro-
biological analyses were performed immediately. Homogenized pooled 
ileal and cecum digesta were analyzed to determine the number of total 
aerobic bacteria count (TABC), total coliforms and E. coli count 
(TCECC), total lactic acid bacteria count (TLABC), total Enterococcus spp. 
count (TEC), and total yeast and mold count (TYMC). 10 g of intestinal 
homogenate and 90 mL of 0.9% sterile saline solution (SSS) (pH: 7.2) 
were mixed in a sterile tube. For each intestinal homogenate, 10-fold 
serial dilutions (from 10− 1 to 10− 10) were made and 100 µL of them 
were plated in duplicate plates on a specific medium for each microor-
ganism group. TABC, TCECC, and TEC were enumerated using the pour 
plate technique on nutrient agar (NA) (Oxoid Ltd., CM0003, Basing-
stoke, UK), eosin methylene blue agar (EMBA) (Oxoid Ltd., CM0069, 
UK), and kanamycin aesculin azide agar (KAAA) (Oxoid Ltd., CM0591, 
UK), respectively. NA and EMBA plates were incubated at 37◦C for 24 h 
and KAAA for 48 h. Colonies were enumerated and presented as log10 
colony-forming units per g (cfu/g) of digesta (Proietti et al., 2009; ISO, 
2017; Bortoluzzi et al., 2018). Sabouraud dextrose agar (SDA) (Merck, 
1.05438, Darmstadt, Germany) and dichloran-rose bengal chloram-
phenicol agar (DRBCA) (Merck, 1.00466, Germany) were used to 
determine the TYMC and the plates were incubated at 25◦C for 5 d. The 
enumeration results were expressed as cfu/g (ISO, 2008; Proietti et al., 
2009). The detection of TLABC was performed according to ISO (1998)
with some modifications. Briefly, the intestinal homogenate was diluted 
with SSS (from 10− 1 to 10− 10) and 100 μL of inoculated was transferred 
on De Man, Rogosa and Sharpe (MRS) agar (Merck, 1.10660, Germany). 
The plates were incubated for 48 h at 37◦C. Lactic acid bacteria (LAB) 
and Enterococcus spp. suspected colonies were analyzed using BD 
Phoenix M50™ System (BD, Baltimore, Maryland).

Serological analysis

All chickens were vaccinated with ND live vaccine (Fatro, Bio-Vac La 
Sota, Bologna, Italia) on 10th and 24th d of age by eye drop vaccination. 
To determine the antibody titers against the ND vaccine, 8 broilers were 
randomly selected from each group and their blood samples (approxi-
mately 300 µL) were collected from the wing vein at the 24 th, 35th, and 
42nd d of age. Sera samples were tested by haemagglutination inhibition 
test (HIT) described by Allan and Gough (1974).

To determine the antibody titers against sheep red blood cell (SRBC), 
blood samples were washed three times with SSS, then diluted and 
injected into 6 chickens from each group in two doses, on the 18th and 
25th d of the age. Serum samples were taken from 8 broilers on the 28th 
and 42nd d of the age and tested by micro-hemagglutination inhibition 
(m-HIT) test as previously described (Delhanty and Solomon, 1966). 
Before the test, the complement was inactivated by heating the sera 
samples at 56◦C for 30 min. Total [presumably IgM and IgY(IgG)] and 
mercaptoethanol (ME) (Merck, 8.05740.0250, Hohenbrunn, Germany) 
resistant (presumably IgY) anti-SRBC antibodies were determined. 
Antibody titers were expressed as the log2 of the reciprocal of the last 
dilution in which agglutination was observed macroscopically.

For the detection of cytokines, serum samples taken from 8 chickens 
on 42 d from each group during slaughter were tested for interleukin-1β 
(IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) by commercial ELISA 
kits. IL-1β (ECH0040, Fine Test, Wuhan Fine Biotech Co., Ltd., China) 
and IL-6 (ECH0046, Fine Test, Wuhan Fine Biotech Co., Ltd., China) 
were detected by sandwich ELISA method, while TNF-α (EA0010Ch, BT 
LAB, Jiaxing Korain Biotech Co., Zhejiang, China) were tested by 
competitive ELISA method. The kits were used in by the manufacturer’s 
recommendations.

Statistical analysis

Data were analyzed using one-way analyses (ANOVA) using SPSS 

25.0. The data were expressed as means ± standard error mean (SEM), 
accompanied by Tukey’s test as post-hoc test. P < 0.05 was considered 
difference among the treatment groups at a significant level, P values 
between 0.05 and 0.10 were classified. As a statistical model: 

Yij = μ + Ti + eij 

Yij = the perceived value of the treatment, μ = it means observed for 
the treatment, Ti= treatment impact, and eij = error related to an in-
dividual observation.

Results

The means of BW in 42 d of the experiment were determined as 
2.538, 2.608, 2.431, 2.560, 2.542, and 2.715 g in the NC, PC, PHP, HPE 
I, HPE II, and HPE III groups, respectively, and the lowest (P < 0.05) BW 
mean was seen in the PHP group (Fig. 1).

The FCR between 22~42 d of the study was determined as 1.50, 
1.57, 1.62, 1.64, 1.58, and 1.54 in the NC, PC, PHP, HPE I, HPE II, and 
HPE III groups, respectively (Fig. 1). FCR was highest in the NC group 
and lowest in the HPE I group, and the difference was found to be sig-
nificant (P < 0.031).

Data on organ weights of the trial groups are presented in Fig. 2. 
Organ weights of chickens were calculated as a percentage according to 
their BW. Liver, heart, gizzard + proventriculus, spleen, and intestine 
weights were calculated, differences in liver weights were observed 
between the groups, and the data were found to be statistically signifi-
cant. Liver weight ratios were determined as 2.380, 2.070, 2.342, 2.474, 
2.313 and 2.094 in the NC, PC, PHP, HPE I, HPE II, and HPE III groups, 
respectively, and the differences between the groups were found to be 
significant (P ≤ 0.043).

Microbiological analysis

The difference between groups in terms of TABC was found to be 
insignificant (P ˃  0.05). TCECC was detected as highest in the PHP group 
and lowest in the HPE I group. TEC was determined to be highest in the 
NC group and lowest in the HPE III, HP II, and HPE I groups, respec-
tively. TLABC was detected as highest in the HPE III group, followed by 
the HPE II and HPE I groups, respectively. The difference between the 
NC group and HPE III, HPE II, and HPE I groups in terms of TLABC was 
found to be significant (P < 0.05). Whereas TEC (P < 0.001) and TYMC 
(P < 0.05) in the HPE III group were lower in compared to the NC group 
(Fig. 3).

Serological analysis

The highest serum antibody titer (log2) to the ND vaccine by HIT was 
determined in the HPE III group on both the 24th, 35th, and 42nd d of 
age (Fig. 4). In addition, it was determined that the ND antibody titers in 
all groups except the HPE III group fell below the protective antibody 
titer (7 log2) at the time of slaughter (42 d).

In the study conducted with SRBC, it was determined that the IgM +
IgY titer was higher than the IgY titer in all groups on the 28th and 42nd 
d. Both IgM + IgY and IgY titers were determined to be highest in the 
HPE III group, both in the periods after the first and second injection 
(Fig. 5).

At the end of the study, IL-1B and IL-6 (Fig. 6) were found to be 
insignificant between the groups in chickens (P ˃ 0.05). TNF-α was 
found to be similar between the NC and HPE I groups, but lower 
compared with HPE III (P = 0.018).

Discussion

Broiler sector is in great development world in the last decades. 
Broiler chicken’s growth performance in terms of some parameters 
within the growth period is linked to intestinal microbiota, such as 
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various other factors, including chicken management, environment, and 
vaccines (Rashid et al., 2020; Kiarie et al., 2013). In poultry diets, there 
are studies on improving intestinal microflora, increasing absorption 
and strengthening immunity in poultry diets (Mandal et al., 2015; 
Kogut, 2022; Ge et al., 2023; Liu et al. 2024). Türkiye hosts a large 
number of indigenous species of the Hyprecium genus (Güner et al., 
2012). While there are some studies on the effects of H. perforatum, the 
main components of which are hypericin and flavonoids, on the per-
formance of broiler chickens, there is less research on the intestinal 
microflora and immune systems (Axarlis et al., 1998; Behboodi et al., 
2021; Chauveau et al., 2023; Hristakieva et al., 2023).

The acquired results showed that a beneficial effect of H. perforatum 
supplementation on BW, DWG, and FI without affecting the FCR of 
broilers. Landy et al. (2012) reported that adding the dried form of 
H. perforatum to the diet of broiler chickens has a positive effect on BW at 
slaughter and feed conversion, but drying the plant and adding it to the 

diet in powder form had no significant effect on live weight and feed 
utilization. On the contrary, our study determined that there was an 
increase in the BW of the HPE III group. This was evaluated as adding 4.5 
mL / kg of HPE to the diet had positive effects on the growth perfor-
mance of the poultry. Furthermore, Banisharif et al. (2016) indicated 
that H. perforatum in the poultry diet increased FI and BW in treatments 
compared to the control group. Hristakieva et al. (2023) investigated the 
effect of adding 2% dry H. perforatum and other dry herbs to the diets of 
broiler chickens on growth performance and observed that it did not 
affect final weight and FCR compared to the control. In their study, the 
difference between the performance values of the groups consuming 
extract and dry form of H. perforatum showed that the use of different 
forms of plants could make a difference in performance. In a study 
examining the effects of different HPE and neomycin concentrations in 
chicken diets, it was reported that HPE did not affect FCR (Beheshti 
Moghadam et al., 2015). Davoodi et al. (2014), the addition of HPE and 

Fig. 1. Growth performance (Mean ± SEM) of experimental broiler (n = 14/group). 
The means with different superscripts in the columns are significantly different from each other (p < 0.05). SEM: Standard Mean Error, p: Significance. BW: Body 
weight, ADWG: Average daily weight gain, FI: Feed intake, FCR: feed conversion ratio. NC: Negative control consuming basal diet, PC: Positive control selenium 
added the basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / kg H. perforatum extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE 
added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet.

Fig. 2. Internal organ weight (Mean ± SEM) of experimental broilers (n = 8/group) #. 
The means with different superscripts in the columns are significantly different from each other (p < 0.05). SEM: Standard Mean Error, p: Significance NC: Negative 
control consuming basal diet, PC: Positive control selenium added the basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / kg H. perforatum 
extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet. 
#Internal organ weight presented as g/100 g BW.
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virginamycin to broiler drinking water have significant in terms of live 
weight gain compared to the control group.

The chickens that consumed feed with the PC and the highest of HPE 
level had the lower liver weight, compared to the chickens consumed the 
lowest of HPE level. The liver weight of the other groups was not 
affected by the treatments. Seraji et al. (2015) stated that the addition of 
HPE to broiler chicken water increased the liver relative weight on the 
24th d of the study, but at the end of the study there was no change.

The researches carried out by Davoodi et al., (2014), Hernandez 
et al., (2004), and Landy et al., (2012) were similar to the present study.

Although medical studies on H. perforatum have been extensively 
investigated (Coşkun et al., 2004; Kıyan et al., 2015; Eroğlu and Girgin, 
2021), its effects on the intestinal microflora in poultry have been lower 
investigated. In a study on rats investigating the effect of HPE on irri-
table bowel syndrome, Mozaffari et al. (2011) used fluoxetine and 

loperamide as positive controls and found that HPE, the trial created by 
loperamide, inhibited small bowel syndrome and colonic transit accel-
eration, but had minimal effect on gastric emptying. However, in a study 
conducted on rats, it was stated that HPE made a significant contribution 
to the reestablish of metabolite profiles and the intestinal microbiota 
composition (Chen et al., 2021). The mechanism of the gastroprotective 
activity of HPE may be attributed to the reduction of vascular perme-
ability and strengthening of the mucosal barrier (Sofi et al., 2020).

When HPE was given to the drinking water of broiler chickens at 
levels of 150 mg / L, 200 mg / L, and 250 mg / L, respectively, the count 
of E. coli decreased, while ND vaccine titer increased significantly 
(Davoodi et al., 2014). Landy et al., (2012) stated that high amounts of 
HPE in the diet may cause performance loss in broilers due to the pos-
sibility of negative effects on some beneficial microbial populations such 
as Lactobacillus spp. Culture method has been used as the ’gold standard’ 

Fig. 3. Bacteria count of intestinal contents (Mean ± SEM) of the groups (cfu/g). 
TABC: Total aerobic bacteria count, TCECC: Total coliforms and E. coli count, TEC: Total Enterococcus spp. count, TLABC: Total lactic acid bacteria count, TYMC: 
Total yeast and mold count. 
The means with different superscripts in the columns are significantly different from each other (p < 0.05). SEM: Standard Mean Error, p: Significance NC: Negative 
control consuming basal diet, PC: Positive control selenium added the basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / kg H. perforatum 
extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet.

Fig. 4. Newcastle disease vaccine antibody titers (Mean ± SEM) of groups by hemagglutination inhibition test (7 log2). 
The means with different superscripts in the columns are significantly different from each other (p < 0.05). SEM: Standard Mean Error, p: Significance NC: Negative 
control consuming basal diet, PC: Positive control selenium added the basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / kg H. perforatum 
extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet.
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for the detection of the bacterial counts in intestinal microflora. In the 
present study, the numbers of microorganisms belonging to 5 different 
genera (TABC, TCECC, TLABC, TEC, and TYMC) were determined by the 
’gold standard’ methods (ISO, 1998; ISO, 2008; Proietti et al., 2009; ISO, 
2017; Bortoluzzi et al., 2018). The difference in TLABC between the NC 
and HPE groups was significant, and TLABC in HPE III group was higher 
than in all groups. Lactic acid bacteria (LAB), which are among the first 
microorganisms to colonize the intestine, protect against various in-
fections by synthesizing lactic acid, hydrogen peroxide, and bacterio-
cins. LAB synthesizes adenosine triphosphate by converting 
carbohydrates into lactic acid as nearly the major end product, and it 
contributes the performance (Sharma et al., 2020). Besides, the pro-
duction of lactic acid and acetate by these bacteria helps to keep the pH 
of the intestine acidic, so many pathogens cannot cause infection at low 
pH. It could be also thought that Lactobacillus spp. compounds could 
inhibit the growtht of Enterococcus spp. in broiler systems (Jung et al., 
2019). The use of HPE in broiler diets may have positive effects on the 
intestinal microbiota by increasing the number of LAB. LAB makes sig-
nificant positive contributions to acquired immunity by contributing 
positively to antibody synthesis, and to innate or acquired immunity by 
affecting the synthesis of various cytokines (Perdigón et al., 2002).

Essential oils are an ideal eco-friendly antifungal feed additive due to 
their antimicrobial activity and gut regulatory effects (Hou and Huang, 
2024). In the present study, TYMC in the PC and HPE III group were 
lower in compared to the NC group (P < 0.05). With the results obtained 
from this study conducted in a limited number of animals, it could be 
evaluate that HPE and Se would be useful in combating intestinal fungal 
infections in poultry (Islam et al., 2024). Further research on this subject 

would be beneficial.
It has been reported that H. perforatum increases antibody titers 

against the ND vaccine when administered to chickens via drinking 
water or increases antibody titers against AIV with the feed (Davoodi 
et al., 2014; Landy et al. 2012). Shang et al., (2012) showed that HPE has 
significant therapeutic efficacy and improves immunological functions 
in chickens in combating IBDV. In this study, the highest serum antibody 
titer against ND vaccine was determined in HPE III group on both the 
24th and 35th d. Therefore, it could be considered that high-level HPE 
may be important in obtaining a good immune response and maintain-
ing it for a certain period for the prevention of viral diseases in poultry 
by vaccination. Also, it was reported that immunostimulating activity of 
polyphenolicfraction of H. perforatum with respect to the mononuclear 
phagocyte system, cellular and humoral immunity (Evstifeeva and 
Sibiriak, 1996).

There are some studies using SRBC as antigens to assess the humoral 
immune response in poultry (Yalçın et al., 2010; Davoodi et al., 2014). 
In this study, the HPE III group had the highest both IgM + IgY and IgY 
titers than other groups. The detection of a higher rate of antibodies 
against both the ND vaccine and SRBC antigens compared to the control 
and other groups may be related to the positive effect on the immunity 
when given to broilers at the appropriate level of HPE (Evstifeeva and 
Sibiriak, 1996; Landy et al., 2012). Regarding the m-HIT, it is also simple 
and inexpensive, it could be an alternative to expensive and complex 
techniques for measuring humoral immunity in chickens.

Cytokines are proteins or peptides secreted by cells that play a key 
role in immune and inflammatory responses through the activation and 
regulation of other cells and tissues. IL-1β (being to activate the immune 
system in an acute phase response and to determine activity viral and 
bacterial infections models in the chickens) and IL-6 (involved in acute- 
phase responses, immune regulation, and haematopoesis) are among the 
pro-inflammatory cytokines (Borish and Steinke, 2006; Commins et al., 
2010). TNF-α is a primary regulator of both the immune response and 
inflammation produced by macrophages, T cells, and NK cells, and is 
synthesis to stimulated by tumor cells, lipopolysaccharides of bacteria, 
viruses, and parasites antigens, immune complex formation, comple-
ment system activation, and interferon-γ. IL-1 and IL-6 are the most 
investigated cytokines that can be expressed by monocytes and macro-
phages after invading pathogens are identified (Huang and Li, 2018; 
Edens et al., 2024). In this study, which continued a total of 42 d, 
because bacterial, viral, or parasitic infections were not observed 
throughout the period, no changes were detected in these 
pro-inflammatory cytokines. There are a wide variety of substances that 
affect TNF-α synthesis positively or negatively. In studies conducted in 
humans, it has been stated that some substances such as corticosteroids, 
vegetable oils, and fish oil suppress TNF synthesis (Caughey et al., 
1996). However, avian cytokines have been poorly defined, both in 
terms of structure and function. Since H. perforatum contains many 
biochemical ingredients, some of these agents may stimulate TNF-α 
synthesis in broiler chickens. In present study, TNF-α in HPE III group 

Fig. 5. Micro-Haemagglutination inhibition test results (Mean ± SEM) of im-
munization with sheep red blood cells in broilers (log2). 
The means with different superscripts in the columns are significantly different 
from each other (p < 0.05). SEM: Standard Mean Error, p: Significance NC: 
Negative control consuming basal diet, PC: Positive control selenium added the 
basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / 
kg H. perforatum extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE 
added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet.

Fig. 6. The concentration of serum cytokine (Mean ± SEM) of broiler chickens (ng / mL). 
The means with different superscripts in the columns are significantly different from each other (p < 0.05). SEM: Standard Mean Error, p: Significance NC: Negative 
control consuming basal diet, PC: Positive control selenium added the basal diet, PHP: Powdered H. perforatum added the basal diet, HPE I: 1.5 mL / kg H. perforatum 
extract (HPE) added the basal diet, HPE II: 3 mL / kg HPE added the basal diet, HPE III: 4.5 mL / kg HPE added the basal diet.

Z. İlhan et al.                                                                                                                                                                                                                                    Poultry Science 103 (2024) 104419 

6 



was higher than others. Therefore, it would be useful to conduct detailed 
studies under controlled environmental conditions to better understand 
the effects of HPE on the synthesis of TNF-α and other cytokines in 
chickens. So, it could be thought that the bioactive substances (hypericin 
and hyperforin) found in St. John’s wort may have potent 
anti-inflammatory effects to varying degrees in chickens by suppressing 
cytokine synthesis (Berköz et al., 2018). Long-term usage of HPE in 
Ross-308 broilers can stimulate nonspecific TNF-α production, rela-
tively. This result may be also important for breeding broilers with 
longer life spans.

Conclusion

This study revealed that 4.5 mL / kg H. perforatum extract, which has 
a low production cost and is easy to extract and without causing envi-
ronmental problems, varied significantly in their impact on growth 
performance, intestinal microflora, and immunity of growing broiler 
chickens. Furthermore, it increases total lactic acid bacteria count, and 
decrease total Enterococcus spp. counts.
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Protective effects of quercetin, a flavonoid antioxidant, in absolute ethanol-induced 
acute gastric ulcer. Eur. J. Gen. Med. 1, 37–42.

Davoodi, S.M., Kheiri, F., Rahimian, Y., 2014. Effect of poultry feed supplemented with 
Hypericum perforatum extract and virginiamycine on growth performance, some 
immune responses and intestinal microbial population of broilers. Russ. J. Agric. 
Socio-Econ. Sci. 36, 27–33.

Delhanty, J.J., Solomon, J.B., 1966. The nature of antibodies to goat erythrocytes in the 
developing chicken. Immunology 11, 103–113.

Edens, F.W., Siegel, P.B., Beckstead, R.B., Honaker, C.F., Hodgson, D., 2024. Tissue 
cytokines in chickens from lines selected for high or low humoral antibody 
responses, given supplemental Limosilactobacillus reuteri and challenged with 
Histomonas meleagridis. Front. Physiol. 14, 1294560. https://doi.org/10.3389/ 
fphys.2023.1294560.
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