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The poultry industry has achieved remarkable advancements in growth rates over 

the decades, primarily through antibiotic growth promoters (AGPs). Despite the 

benefits of AGPs, their use has sparked serious concerns regarding the rise of 

antibiotic-resistant bacteria, potential residues in animal products, and their 

broader implications for human health. These challenges have prompted 

increased regulatory scrutiny and a shift toward alternative strategies, such as 

nutrition, for maintaining poultry health and productivity. Therefore, this study 

evaluated the effect of an encapsulated mixture of essential oils and organic acids 

as an alternative to AGPs on humoral immunity, lymphoid organs, interleukin-4, 

and Interferon-gamma gene expression. A total number of 270 one-day-old male 

Ross-308 were assigned to three groups: control diet, control diet plus 

flavophospholipol (600 mg/kg), or control diet plus an encapsulated mixture of 

essential oils and organic acids (KaroGut™; 1L/1000L in drinking water). 

Humoral immunity was assessed via antibody titers against sheep red blood cells 

(SRBC) and Newcastle Disease Virus (NDV). The weight of Fabricius and the 

spleen's bursa and the expression of IL-4 and IFN-γ in the jejunum were 

measured. Results showed that birds supplemented with essential oils and organic 

acids increased anti-SRBC and NDV antibody titers vs control (p<0.05). The 

relative weights of the bursa of Fabricius and the spleen as key lymphoid organs 

tended to be higher for essential oils and organic acids. IL-4 and IFN-γ expression 

in the jejunum were significantly higher in birds supplemented with essential oils 

and organic acids vs control (p<0.05). These findings suggest that an encapsulated 

mixture of essential oils and organic acids could enhance immunity and related 

key gene expression, offering a viable alternative to AGPs in broilers. 
Keywords: essential oils, organic acids, cytokine genes expression, immunity, broiler. 
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1 Introduction 

hicken products such as meat play a vital socio-

economic role for communities in low-income 

countries across Africa and Asia (1)due to their short 

generation interval and adaptability to diverse agro-

ecological conditions(2, 3). This widespread popularity is 

largely attributable to their valuable traits, including 

adaptation to different environmental conditions and 

efficiently utilizing lower-quality feed resources (4, 5). The 

industry has witnessed remarkable advancements in growth 

performance and feed efficiency for years, primarily due to 

the effects of antibiotic growth promoters (AGPs) in broiler 

diets (6). However, besides the positive effects of AGPs on 

growth performance, long-term use of AGPs has raised 

significant concerns regarding the development of 

antibiotic-resistant bacteria, potential residues in animal 

products, and their impact on human health (7, 8). The 

growing concern prompted several countries to implement 

restrictions or bans on the use of AGPs in broiler diets, while 

others continue to permit their use without limitations. 

Further research is essential to address this challenge in the 

poultry industry. A practical approach involves 

implementing nutritional strategies, such as adding essential 

oils and organic acids to broiler diets. 

Essential oils, derived from plant parts like leaves, 

flowers, and seeds, are volatile concentrates rich in terpenes, 

terpenoids, and phenolics, known to modulate immune 

responses and cytokine expression, including Iinterleukin-4 

(IL-4) and Interferon-gamma (IFN-γ), in broiler chickens 

(9). IL-4 is critical in developing humoral immunity by 

stimulating B cell activation and antibody production (10). 

Interleukins regulate interactions between lymphocytes and 

other leukocytes, enabling rapid responses to poultry 

infections (11). IFN-γ produces a mature protein consisting 

of 145 amino acids(12)(a component of the Th1 immune 

response) and is a critical cytokine involved in the immune 

system's regulations, including activating macrophages and 

enhancing antigen presentation. 

In addition to plant essential oils, organic acids have 

emerged as promising candidates for replacing AGPs in 

broiler diets (13). Short-chain organic acids, including 

formic, propionic, and butyric acids, are recognized for 

suppressing pathogens and enhancing intestinal health in 

poultry (14). These acids lower the gastrointestinal pH, 

inhibit pathogenic bacteria growth, and promote beneficial 

microbiota proliferation (15). Among the three sections of 

the intestine, the jejunum is the primary site for IL-4 and 

IFN-γ expression due to its central role in nutrient 

absorption, microbial interactions, and immune regulation 

within the gut-associated lymphoid tissue (GALT) of 

broilers. Furthermore, the jejunum hosts a dense population 

of immune cells, including T-lymphocytes and antigen-

presenting cells, critical for initiating and modulating 

immune responses to dietary additives such as essential oils 

and organic acids (16). These compounds influence gut 

microbiota and epithelial integrity, particularly in the 

jejunum, affecting cytokine production and systemic 

immunity. Encapsulation techniques involving protective 

coatings for essential oils and organic acids ensure gradual 

release throughout the gastrointestinal tract, enhancing 

efficacy and minimizing nutrient loss during digestion. 

Previous studies have demonstrated the positive effects of 

organic acids and essential oil compounds when 

supplemented separately on broiler performance and gut 

health (17, 18). However, no available studies have 

examined alterations in gene expression of IL-4 and IFN-γ 

as immunity-related genes in Ross-308 broilers 

supplemented with encapsulated mixtures of plant essential 

oils and organic acids. Therefore, this study aimed to 

investigate the effects of encapsulated mixtures of plant 

essential oils and organic acids on humoral immune 

responses and the expression of IL-4 and IFN-γ in the 

jejunum of Ross-308 broilers. By elucidating their 

immunomodulatory and growth-promoting mechanisms, 

this research seeks to establish these alternatives as viable 

and sustainable replacements for AGPs in commercial 

poultry production. 

2 Method 

2.1 Experimental Design 

The study used 270 one-day-old male broiler chickens 

(Ross-308) with an initial average body weight of 43±2g. On 

arrival, all chickens were weighed individually and 

randomly assigned to 18 equally sized pens. Average body 

weight was recorded weekly starting from day zero (on 

arrival). Feed and water were provided ad libitum 

throughout the trial. The temperature was maintained at 

32°C during the first three days, then gradually reduced to 

23°C on day 10, which was kept constant thereafter. Relative 

humidity was maintained at an average of 60±5%. Light was 

provided 24 hours/day for the first three days, followed by 

23 hours/day for the rest of the study. All broiler chickens 

were vaccinated against Newcastle Disease Virus (NDV) on 

days 7 and 18. The experiment included three dietary 

C 
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treatments: control diet (without additive), control 

diet+AGPs (flavophospholipol antibiotic at 600 mg/kg), and 

control diet+essential oil and organic acids (KaroGutTM at 

1L/1000 L in drinking water). Each dietary treatment 

consisted of 6 replicates and 15 birds/replicate. The feed was 

provided as a starter (1–14 days), grower (15–21 days), and 

finisher (22–42 days) (Table 1).  

Table 1. Ingredients and composition of the control diets (% of DM) 

Item Starter (1-10 days) Grower (11-24 days) Finisher (25-42 days) 

Ingredients, % of DM    

   Corn grain, ground 55.6 59.6 66.6 

    Soybean Meal 37.9 35.0 29.0 

    Soybean Oil 2.3 2.0 1.5 

    Calcium Carbonate 0.99 0.72 0.59 

    Di-calcium Phosphate 1.79 1.45 1.28 

    Salt 0.25 0.25 0.25 

    DL-Methionine 0.25 0.2 0.15 

    L-Lysine Hydrochloride 0.4 0.15 0.2 

    Threonine 0.2 0.06 0.04 

   Vitamin Premix1 0.25 0.25 0.25 

   Mineral Premix2    

Chemical composition, % unless stated   

    Metabolizable Energy (kcal/kg)     3000 3050 3100 

   Crude protein (CP) 21.70 20.60 18.5 

   Lysine 1.45 1.21 1.13 

   Methionine + Cystine 0.74 0.69 0.57 

   Threonine 0.91 0.75 0.67 

   Calcium 1.01 0.95 0.91 

   Phosphorus 0.42 0.38 0.36 

1 For each kilogram of the feed: 12,000 International Units of Vitamin A (Retinol), 500 International Units of Vitamin D3 (Cholecalciferol), 80,000 

International Units of Vitamin E, 3 mg of Vitamin B1 (Thiamine), 7.5 mg of Vitamin B2 (Riboflavin), 51 mg of Vitamin B3 (Niacin), 4.5 mg of Vitamin B6 

(Pyridoxine), 0.02 mg of Vitamin B12 (Cyanocobalamin), 2.55 mg of Vitamin K3, 1.5 mg of Vitamin B9 (Folic Acid), 13.5 mg of Vitamin B5 (Pantothenic 

Acid), 0.2 mg of Vitamin B7 (Biotin), and 250 mg of Choline Chloride. 
2 For each kilogram of the feed: 120 mg of Manganese, 40 mg of Iron, 16 mg of Copper, 1 mg of Iodine, and 0.01 mg of Zinc 

 

KaroGut™ (produced by Aral Fanavar Karo Co., Iran) is 

a coated blend of plant essential oils and organic acids 

(thymol, carvacrol, eugenol) and organic acids (formic, 

malic, butyric, benzoic, acetic) designed to regulate 

digestive pH and inhibit the growth of pathogenic 

microorganisms. KaroGut™ employs a microencapsulation 

technique involving a lipid-based coating to protect essential 

oils and organic acids from degradation in the acidic gastric 

environment. This coating enhances compound stability by 

preventing volatilization and oxidation, ensuring a gradual 

release throughout the small intestine, particularly in the 

jejunum, to maximize antimicrobial and immunomodulatory 

effects.  

2.2 Immune Response Analysis 

Humoral immunity was assessed by challenging broilers 

with sheep red blood cells (SRBC). On days 21 and 35, two 

birds/replicates were randomly (marked for identification) 

received an intramuscular injection of 1mL 0.5% SRBC 

suspension to stimulate antibody production. This procedure 

aimed to assess antibody production specific to SRBC. The 

remaining chickens in each replicate were maintained under 

identical conditions. To confirm the stability of the immune 

response, the same birds received a second injection after 7 

days (on days 28 and 35, respectively). Two birds/replicates 

were randomly selected to collect blood samples on days 28 

https://jpsad.com
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and 42. Blood samples (2 mL) were drawn from the brachial 

vein 7 days after each injection (on days 35 and 42). Blood 

was centrifuged at 3000×g for 10 minutes at 4°C to collect 

serum. The obtained serum was stored at -80°C for 

subsequent antibody titer analyses. Following the final blood 

collection on day 42, the birds were humanely euthanized 

via cervical dislocation. Total IgG and anti-SRBC antibody 

levels were determined using hemagglutination assays in a 

U-bottomed 96-well microplate. The IgM titer was 

calculated by subtracting the IgG titer from the total 

antibody titer (19). Additionally, the humoral immune 

response to NDV was assessed. NDV antibody titers were 

measured using a hemagglutination-inhibition test (19). 

2.3 Interleukin-4 and Interferon-gamma Gene Expression  

On days 21 and 42, total RNA was extracted from the 

jejunum using the Denazist RNA Purification Kit, following 

the manufacturer’s instructions (Denazist Co., Iran). The 

quality and quantity of the extracted RNA were assessed 

using electrophoresis on a 2% agarose gel and 

NanoDrop®ND-1000 spectrophotometer (Thermo 

Scientific, Wilmington, DE, USA). The extracted RNA was 

then reverse-transcribed into complementary DNA (cDNA) 

using the Parstous cDNA Synthesis Kit, according to the 

manufacturer's protocol (Parstous Co., Iran). The resulting 

cDNA was stored at -80°C until further analysis. Real-time 

PCR with SYBR Green measured IL-4 and IFN-γ gene 

expression in the jejunum. Each PCR reaction contained 

6.25 ng of cDNA, adjusted to a final concentration of 0.25 

ng/μL in a 25 μL reaction volume with SYBR Green. 

GAPDH was used as an endogenous control to normalize 

gene expression levels. The PCR protocol included 40 

cycles, followed by melting curve analysis, which was 

conducted by gradually heating the reaction mixtures from 

55°C to 95°C at a rate of 0.2°C per second while recording 

the SYBR Green fluorescence signal. Fluorescence data 

were collected during the final stage, combining SYBR 

Green with DNA amplification. The difference between the 

cycle threshold (CT) values of the IL-4 and IFN-γ genes and 

the reference gene (GAPDH) was calculated as ΔCT, where 

higher ΔCT values indicate lower gene expression. The 

relative expression levels of IL-4 mRNA were determined 

using the 2^−ΔΔCT method. The primers are listed in Table 

2. 

Table 2. Primary sequences used in the experiment 

Primer Sequence 5'–3' Access No. Size (bp) Temp (°C) 

GAPDH Fw 5´-CCTAGGATACACAGAGGACCAGGTT- 3´ NM_204305 128 60 

GAPDH Rev 5´-GGTGGAGGAATGGCTGTCA- 3´ 

IL-4 Fw 5´-AGCACTGCCACAAGAACCTG- 3´ NM_001007079 145 59 

IL-4 Rev 5´-CCTGCTGCCGTGGGACAT-3´ 

IFN-γ Fw 5´-GCTCCCGATGAACGACTTGA-3´ NM_205149 112 61 

IFN-γ Rev 5´-TGTAAGATGCTGAAGAGTTCATTCG-3´ 

 

2.4 Statistical Analysis  

The data were analyzed by ANOVA using the General 

Linear Model procedure of SAS software (SAS Institute, 

2011) as a randomized complete design, and differences in 

treatment means were evaluated using Tukey's multiple 

range tests. All statements of significance were based on 

p<0.05. 

 

 

 

3 Results  

Birds receiving essential oil and organic acids showed 

significantly higher total antibody titers at 28 and 42 days 

compared to the control (p=0.02 and p=0.03, respectively), 

while the antibiotic group showed intermediate values, 

indicating an enhanced humoral immune response (Table 3). 

There were no significant changes among diets or days on 

bursa Fabricius or spleen weight (Table 4).  

On day 42, birds supplemented with essential oil and 

organic acid upregulated IL-4 (1.57-fold, p=0.03) and IFN-

γ (1.61-fold, p=0.04) expression compared to the control, 

https://jpsad.com
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surpassing the antibiotic group (1.32-fold for IL-4 and 1.44-

fold for IFN-γ). As a Th2 cytokine, IL-4 supports B-cell 

maturation and antibody production, particularly IgG, which 

corroborates the elevated IgG titers observed in the essential 

oil and organic acid group (Table 5). 

Table 3. Impact of dietary treatments on immune response parameters (log₂) of broilers at d 28 and 42. 

 Total Antibody  IgG 

Dietary treatments* day 28 day 42  day 28 day 42 

Control diet 5.8±0.6b 6.2±0.7ᵃ  2.9±0.4 3.1±0.5b 

Antibiotic diet 6.5±0.7ab 7.0±0.8ab  3.4±0.5 3.7±0.6ab 

KaroGut™ diet 7.1±0.7a 7.6±0.7a  3.8±0.6 4.1±0.6a 

p-value 0.02 0.03  0.05 0.04 

 

 

IgM  Antibody Response to NDV  

day 28 day 42  day 28 day 42 

Control diet 2.9±0.4 3.1±0.4  4.9±0.6b 5.3±0.7b 

Antibiotic diet 3.1±0.5 3.3±0.5  5.6±0.7ab 6.1±0.8ab 

KaroGut™ diet 3.3±0.5 3.5±0.5  6.2±0.7b 6.8±0.7a 

p-value 0.08 0.06  0.04 0.03 

*Control (Control Diet), Antibiotic diet (600 mg/kg), KaroGut™ diet (1 L/1000 L). All values are presented as Mean±SEM. Values within the same row 

that have different superscripts are significantly different (p<0.05). 

Table 4. Impact of dietary treatments on the relative weight of Bursa fabricus and spleen (% of body weight) of broilers at 21 and 42 days 

 Bursa Fabricius (g)  Spleen (g) 

Dietary treatments* day 21 day 42  day 21 day 42 

Control diet 0.18±0.03 0.12±0.03  0.11±0.03 0.12±0.04 

Antibiotic diet 0.21±0.04 0.15±0.05  0.12±0.03 0.15±0.06 

KaroGut™ diet 0.24±0.05 0.17±0.06  0.15±0.04 0.16±0.06 

p-value 0.06 0.05  0.07 0.08 

*Control (Control Diet), Antibiotic diet (600 mg/kg), KaroGut™ diet (1 L/1000 L). All values are presented as Mean±SEM. Values within the same row 

that have different superscripts are significantly different (p<0.05). 

Table 5. Impact of dietary treatments on relative gene expression (2⁻ΔΔCT) of IL-4 and IFN-γ in Jejunum Tissue of broilers at 21 and 42 

days 

 IL-4  IFN-γ 

Dietary treatments* day 21 day 42  day 21  day 42 

Control diet 1.00±0.20 1.00±0.22b  1.00±0.26 1.00±0.24ᵃ 

Antibiotic diet 1.25±0.28 1.32±0.25ab  1.38±0.31 1.44±0.30ᵃᵇ 

KaroGut™ diet 1.51±0.39 1.57±0.36a  1.42±0.35 1.61±0.32ᵇ 

p-value 0.05 0.03  0.07 0.04 

* Control (Control Diet), Antibiotic diet (600 mg/kg), KaroGut™ diet (1 L/1000 L). All values are presented as Mean±SEM. Values within the same row 

that have different superscripts are significantly different (p<0.05). 

 

4 Discussion  

Birds that received essential oil and organic acids showed 

significantly higher total antibody titers at 28 and 42 days 

than the control. In contrast, the antibiotic group showed 

intermediate values, indicating an enhanced humoral 

immune response. On day 42, the IgG levels followed a 

similar trend, whereas essential oil and organic acid had the 

highest IgG titers, reflecting their potential to promote long-

term immunity. While differences in IgM levels among 

treatments were less pronounced, essential oil and organic 

acid still resulted in a modest numerical improvement. 

Additionally, antibody titers against NDV were notably 

higher in the essential oil and organic acid group than in the 

control group, suggesting improved vaccine efficacy with 

this supplement. The superior immune response in essential 

oil and organic acid groups may be attributed to its 

https://jpsad.com
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constituents' antimicrobial and immunomodulatory 

properties. Compounds like thymol and carvacrol effectively 

reduce harmful bacteria populations, including Escherichia 

coli and Clostridium perfringens, in the broiler gut (20), 

reducing inflammation and allowing greater resource 

allocation to the immune system. Organic acids such as 

formic and butyric acid could lower intestinal pH, fostering 

a favorable microbial environment that supports immune 

development. Our results align with studies (6, 21) showing 

flavophospholipol effectively controls gut pathogens but 

may suppress microbial diversity, potentially limiting 

immune priming compared to essential oil and organic acid. 

For example, a study reported that broilers supplemented 

with essential oils exhibited higher SRBC antibody titers 

than AGPs, attributing this to improved gut health and 

immune stimulation (21).  

         The current results showed that the relative weights 

of the bursa of Fabricius and spleen, key lymphoid organs in 

poultry, were not significantly influenced by the treatments 

but exhibited a higher tendency for birds supplemented with 

essential oil and organic acid than the control. The increase 

in lymphoid organ weights suggests enhanced immune 

organ development, likely linked to improved humoral 

immunity and cytokine expression. The bursa of Fabricius, 

critical for B-cell maturation, benefits from a healthier gut 

environment, as essential oils and organic acids reduce 

pathogen loads and inflammation (22). Similarly, the spleen, 

a secondary lymphoid organ, supports systemic immunity, 

and its increased size may reflect greater lymphocyte 

proliferation driven by IL-4 and IFN-γ (23). The antibiotic 

group’s results suggest that while flavophospholipol 

supports immune function via pathogen control, it lacks the 

broader stimulatory effects of essential oil and organic acid 

constituents. These findings are consistent with a study that 

reported that bursa and spleen weights increased when birds 

were supplemented with organic acids and essential oils 

(24)but differ from a study where AGPs had minimal impact 

on lymphoid organ size (25). 

IFN-γ, a Th1 cytokine, enhances macrophage activity and 

cellular immunity, suggesting a balanced Th1/Th2 response 

induced by essential oil and organic acid. The upregulation 

of IL-4 and IFN-γ likely reflects the essential oil 

compounds’ ability to modulate GALT. Citral and terpinene, 

for instance, possess anti-inflammatory properties that may 

reduce oxidative stress in the jejunum, facilitating cytokine 

production (26). Organic acids, by stabilizing gut 

microbiota, may further enhance GALT activity, as 

evidenced by studies showing increased IFN-γ expression 

with butyric acid supplementation (27). While showing 

moderate increases in cytokine expression, the antibiotic 

group did not match essential oil and organic acid, possibly 

due to its narrower antimicrobial spectrum and lack of direct 

immunomodulatory effects. These findings are consistent 

with a study that reported elevated IL-4 and IFN-γ 

expression in broilers fed phytogenic additives as AGP 

alternatives (28).  

While the current study offers evidence supporting the 

effectiveness of encapsulated essential oils and organic acids 

in enhancing growth rates and immunity, a larger sample 

size could improve data accuracy and statistical reliability, 

as specific trends were identified in the current dataset 

(p=0.05–0.08). Furthermore, initiating challenges on birds 

from day 28 may not fully account for the long-term 

immunomodulatory effects that extend beyond the finisher 

phase. A longer observation period could provide deeper 

insights into sustained immune responses and overall health 

outcomes. Additionally, variability in the composition of 

essential oils impacted by factors such as plant source, 

extraction method, and batch consistency may impact 

reproducibility. Considering that the differences mentioned 

above may lead to variations in efficacy, careful 

standardization is required to ensure consistent outcomes in 

broiler diets.  

5 Conclusions 

In conclusion, essential oil and organic acid enhance 

humoral immunity and cytokine expression in birds more 

effectively than flavophospholipol, offering a promising 

alternative to AGPs. These findings underscore the role of 

nutrigenomics in poultry, demonstrating how dietary 

interventions can modulate gene expression and immune 

function to improve health and performance. Although this 

study provides valuable information, further research is 

needed to investigate several more critical areas, including 

the specific mechanisms and pathways involved, the long-

term effects on growth, and the influence of various 

environmental and dietary conditions to further understand 

the effects of encapsulated plant essential oils and organic 

acids as alternatives to antibiotic growth promoters in 

broilers. 
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