



Augmenting poultry feed with essential oil of Thymus vulgaris and Melaleuca alternifolia as an infection control agent in broiler chickens


Abstract 
Poultry is widely recognised as an important source of protein, vitamins, minerals, and fats. However, poultry production is frequently affected by infections in birds, which adversely affect the prospects of the industry. Consequently, poultry farmers have made extensive use of antibiotics to control infections. This practice has contributed to the development of antibiotic resistance among common pathogens encountered in the poultry industry. The present study was therefore conducted to evaluate the potential of the essential oils of Thymus vulgaris and Melaleuca alternifolia (thyme oil and tea tree oil, respectively) as antimicrobial agents against broiler pathogens and for possible use in poultry feed. Both oils were assessed for antibacterial activity against pathogens isolated from infected chickens, namely Escherichia coli, Staphylococcus aureus, Staphylococcus carnosus, and Salmonella gallinarum. Antimicrobial activity was assessed using the disc diffusion method, and the minimum inhibitory concentrations (MICs) of the oils were determined using a 96-well microbroth dilution method. The diameters of the zones of inhibition ranged from 19 to 34 mm. MIC values ranged from 0.07% to 0.15% for tea tree oil and from 0.019% to 0.039% for thyme oil. A feeding trial was subsequently conducted using standard procedures, in which Indian broiler chickens received feed augmented or fortified with essential oils for six weeks. The experimental birds had a lower recorded prevalence of infection. The birds also gained substantial body weight during the trial, indicating that essential-oil supplementation did not adversely affect their health.
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Introduction:

Poultry birds require an adequate supply of dietary energy to support optimal growth, efficient egg production, and overall physiological health. Furthermore, growth performance is closely associated with the health status of the birds, particularly their ability to remain free from infectious diseases. Consequently, achieving the desired growth rate necessitates not only the provision of nutritionally balanced feed but also the effective prevention and control of infections. Therefore, the careful selection of poultry feed ingredients is of paramount importance and warrants considerable attention to ensure the sustainable development of the poultry industry.

In addition to nutritional considerations, one of the major challenges confronting the poultry sector is the high mortality of birds resulting from a wide range of infectious diseases, which impose substantial economic losses on producers. Accordingly, there is a pressing need for reliable and effective agents capable of preventing and combating such infections. Among the various plant-derived bioactive compounds, essential oils have attracted considerable interest owing to their diverse biological activities and wide-ranging applications. Essential oils comprise complex mixtures of volatile phytochemical constituents (Hadizadeh et al., 2009), many of which exhibit broad-spectrum antimicrobial activity against numerous pathogenic microorganisms. Owing to these antimicrobial properties, essential oils have been utilised for centuries in both traditional and contemporary applications for the control of microbial infections (Holley & Patel, 2005). Their potential incorporation into poultry production systems offers a promising natural approach to improving bird health, reducing disease incidence, and enhancing the sustainability of poultry farming.
In addition, antifungal, antiviral, insecticidal, food-preservative, and antioxidant properties have been reported for essential oils (Faridi et al., 2008; Mohagheghzadeh et al., 2010; Prabuseenivasan et al., 2006). In India and other South-East Asian countries, the antimicrobial properties of essential oils have been recognised for many years. Moreover, several constituents of plant oils are considered to possess biological activity because of the bioactive compounds they contain.

The antimicrobial activity of essential oils has been extensively investigated over the past several decades (Janssen et al., 1987; Hili et al., 1997; Dorman & Deans, 2000). Numerous studies have demonstrated their inhibitory effects against a broad spectrum of pathogenic microorganisms, highlighting their potential as natural antimicrobial agents. Nevertheless, despite the substantial body of research, the precise mechanisms underlying the antimicrobial activity of many essential oils and their individual constituents remain incompletely understood. Similarly, the modes of action through which these bioactive compounds exert their antimicrobial effects require further systematic investigation.

The evaluation of the antimicrobial efficacy of essential oils is further complicated by several inherent physicochemical characteristics. In particular, their high volatility at ambient temperature, limited solubility in water, and chemically complex composition present considerable challenges for the accurate assessment of their biological activity (Hili et al., 1997). Moreover, variations in the chemical profiles of essential oils, together with differences in experimental methodologies and assay conditions, may contribute to inconsistencies in reported antimicrobial efficacy. Although a variety of in vitro techniques have been developed to evaluate the antimicrobial properties of essential oils, each employing distinct experimental protocols and analytical approaches, the primary objective of the present study was not to investigate their chemical characteristics or mechanisms of antimicrobial action. Rather, the study was designed to evaluate the practical potential of essential oils as natural antimicrobial additives in poultry feed, with the broader aim of enhancing poultry health and supporting sustainable production systems.
Recent poultry-nutrition reviews describe essential oils as phytogenic feed additives with antimicrobial and antioxidant properties; however, responses are influenced by oil composition, inclusion level, delivery route, basal diet, management system, and microbial challenge. Therefore, essential-oil supplementation should be evaluated under defined experimental conditions before it is proposed for routine farm use (Abd El-Hack et al., 2022; Choi et al., 2022; Oladokun et al., 2022; Tiihonen et al., 2010).
Tea tree oil has been reviewed as an antimicrobial and antioxidant candidate for poultry production, while thyme essential oil has been studied as a dietary additive in broiler chickens. The available evidence supports cautious investigation of these oils, but it does not justify broad therapeutic claims without dose standardization, safety evaluation, and statistically robust in vivo testing (Noruzi et al., 2022; Puvača et al., 2019; Vlaicu et al., 2023).
The antimicrobial properties of essential oils are generally attributed to their volatile and lipophilic constituents, including phenolic and terpene compounds that may disrupt microbial cell membranes. At the same time, methodological factors such as oil solubility, volatility, emulsification, inoculum size, and assay medium can affect inhibition-zone and MIC values, which should be considered when interpreting essential-oil activity (Carson & Riley, 1995; Dorman & Deans, 2000; Hili et al., 1997; Holley & Patel, 2005).
Reports on other aromatic essential oils also support the need for product-specific testing, because antimicrobial activity depends on botanical source, chemical profile, and target microorganism (Ghasemi et al., 2005).
Recent investigations report that phytogenic feed additives and essential-oil blends may affect growth performance, nutrient utilisation, intestinal morphology, antioxidant status, microbial populations, and meat-quality traits in broilers; however, responses vary with formulation, dose, delivery route, and experimental conditions (Barad, 2026; Ashayerizadeh et al., 2025; Kahiel et al., 2025; Muhammad Khan et al., 2026).
In vitro evidence further indicates that thyme essential oil can inhibit Escherichia coli, Staphylococcus aureus, and Salmonella enterica, supporting product-specific antimicrobial assessment while not substituting for controlled poultry trials (Afam-Ezeaku et al., 2024).
Research gap
Within the scope of the evidence reviewed in this manuscript, a research gap remains regarding the assessment of both the in vitro inhibitory activity of thyme and tea tree oils against bacterial pathogens isolated from infected broiler chickens and the effects of their dietary supplementation within the same experimental study.
Objective
The objective of the present study was to evaluate the inhibitory activity of Thymus vulgaris and Melaleuca alternifolia essential oils against bacterial pathogens isolated from infected broiler chickens and to assess the effects of dietary supplementation with these oils on the recorded prevalence of infection and live body weight during the six-week feeding trial.
2.0:  Materials and Methods
 2.1: Isolation of pathogens: The avian pathogens were isolated and identified on the basis of clinical findings observed during the post-mortem examination of infected birds. Samples were collected from cases exhibiting perihepatitis, pericarditis, gangrenous dermatitis, and necrotic spots on the liver. The isolates were confirmed by plating on selective media, including MacConkey agar, eosin methylene blue (EMB) agar, xylose lysine deoxycholate agar, and mannitol salt agar, followed by biochemical testing.
2.2: Serotyping: Serotyping of Escherichia coli isolates was conducted at the National Salmonella and Escherichia Centre, Kasauli, Himachal Pradesh, India.
2.3: Inhibitory action of essential oils: The antimicrobial activities of the essential oils of Thymus vulgaris (thyme oil) and Melaleuca alternifolia (tea tree oil) were evaluated using the disc diffusion method, whereas minimum inhibitory concentrations were determined using the broth microdilution method in 96-well microtitre plates. The antibacterial activity of the essential oils was tested using the Kirby-Bauer method (Bauer et al., 1966). Sterilised blank Whatman filter-paper discs, 6 mm in diameter, were impregnated separately with thyme oil and tea tree oil for 20 minutes and placed in a slanted position to drain the excess oil. The discs were then placed at the centre of Mueller-Hinton agar plates inoculated with lawn cultures of the isolated pathogens. All plates were refrigerated for 30 minutes to facilitate diffusion and were then incubated at 37 °C for 24 h. After incubation, the zones of growth inhibition were measured in millimetres and recorded.
The minimum inhibitory concentrations (MICs) of both oils were determined using the broth microdilution method. A 5% Tween 80 emulsifier base was prepared in Mueller-Hinton broth (MHB), and a 5% solution of each essential oil was prepared in this base. Serial twofold dilutions of the oils, with final concentrations ranging from 2.5% to 0.00488% (v/v), were prepared in 96-well microtitre plates. To prepare the bacterial inocula, one or two morphologically similar colonies were selected, and an aliquot was transferred to a test tube containing nutrient broth and incubated at 37 °C for 4 h. The density of the suspension was standardised against a 0.5 McFarland standard. A 5.0 µL aliquot of the inoculum was added to all wells except the negative-control well. After incubation, the highest dilution of essential oil showing no growth was reported as the MIC. The absence of growth was determined by visually assessing the lack of turbidity in the well with the aid of a reading mirror.
2.4: Effect of feeding trials: The effects of thyme oil and tea tree oil on the prevalence of infection in the experimental birds were assessed by feeding the birds antibiotic-free feed augmented or blended with the essential oils, whereas the control birds were fed commercially available feed.
For the control group, pre-starter, starter, and finisher feeds containing blended antibiotics were used, whereas the same types of feed without antibiotics were procured for the experimental trials.
Group 1/Treatment A: Control chicks - The chicks were fed commercially available pre-starter feed containing an antibiotic, but without essential oils, for 10 days. This was followed by starter feed from days 11 to 20 and finisher feed for the remaining period.
Group 2/Treatment B: Experimental chicks - The chicks were fed commercially available antibiotic-free pre-starter feed containing tea tree oil (2 mL/kg) for 10 days. This was followed by starter feed containing tea tree oil (2 mL/kg) from days 11 to 20 and finisher feed containing tea tree oil (2 mL/kg) for the remaining period.
Group 3/Treatment C: Experimental chicks - The chicks were fed commercially available antibiotic-free pre-starter feed containing thyme oil (2 mL/kg) for 10 days (Hoffman-Pennesi & Wu, 2010). This was followed by starter feed containing thyme oil (2 mL/kg) from days 11 to 20 and finisher feed containing thyme oil (2 mL/kg) for the remaining period.
The chickens in all three groups were weighed weekly for up to six weeks. Mortality and infection percentages were also assessed in both the control and experimental birds.
3.0: Results and Discussion 
3.1: Pathogens isolated from the broiler chickens
The pathogens isolated from the broiler chickens and the corresponding sites of isolation are presented in Table 1.
Table 1. Pathogens isolated from broiler chickens and the corresponding site of isolation.
	SN
	Pathogen
	Isolated from

	1
	E. coli E4 (O84), E8 (O153), E14(O170), E27 (O106), E30(O143), E 9, E18, E13, E1 and E33
	from liver and heart

	2
	Staphylococcus aureus 
	from blood and from gangrenous dermatitis case

	3
	Staphylococcus carnosus 
	from blood

	4
	Salmonella gallinarum 
	from liver



Escherichia coli: The study results showed that Escherichia coli serotypes E4 (O84), E8 (O153), E14 (O170), E27 (O106), E30 (O143), E9, E18, E13, E1, and E33 were isolated from the liver and heart of the birds (Fig. 1).
Staphylococcus aureus: The study results showed that Staphylococcus aureus was isolated from blood samples of infected birds and from a case of gangrenous dermatitis.
Staphylococcus carnosus: The study results showed that Staphylococcus carnosus was isolated from the blood of broiler chickens.
Salmonella gallinarum: The study results showed that Salmonella gallinarum was isolated from the livers of the birds.
The isolation of Escherichia coli from liver and heart lesions is consistent with reports of avian colibacillosis, where avian pathogenic E. coli is commonly associated with pericarditis, perihepatitis, and systemic lesions in chickens (Mohsenifard et al., 2019; Dziva et al., 2008).
The recovery of Salmonella gallinarum from liver samples is also biologically plausible, because host-adapted Salmonella enterica serovar Gallinarum is associated with fowl typhoid and systemic involvement in poultry. This interpretation should remain limited to the isolates and diagnostic procedures used in the present study (Azzahra et al., 2025; Farhat et al., 2024).
The detection of Staphylococcus aureus in blood and gangrenous dermatitis cases is relevant to broiler health, as gangrenous dermatitis outbreaks may involve staphylococcal agents either alone or with other bacteria. Confirmation of this finding would be strengthened by complete phenotypic identification and, where feasible, molecular confirmation of the isolates (Li et al., 2010; Mudumbai & Velaga, 2024).
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Figure 1. Postmortem images of broilers showing pericarditis and perihepatitis (infected heart and infected liver, respectively).



3.2:	Impact (inhibitory action) of essential oils on the pathogens isolated from the broilers
The experimental results revealed that the essential oils of both thyme and tea tree possessed antibacterial activity of varying magnitude. Table 2 presents the antibacterial activity of the tested oils. A zone of inhibition (ZOI) greater than 11 mm in diameter was considered a positive result. Thyme oil showed the greatest activity against all tested bacterial species, followed by tea tree oil. The essential oils showed activity against both Gram-positive and Gram-negative organisms, with inhibition-zone diameters ranging from 19 to 34 mm.
Table 2. Inhibitory action of essential oils of Thymus vulgaris (thyme oil) and Melaleuca alternifolia (tea tree oil) against pathogens isolated from broiler chickens.
	SN
	Pathogen
	ZOI of Thyme oil (mm)
	Inhibitory action of Thyme oil
	ZOI of Tea tree oil (mm)
	Inhibitory action of Tea tree oil

	1
	Escherichia coli
	28±2
	++
	22±3
	+

	2
	Staphylococcus aureus 
	30±2
	+++
	23±2
	+

	3
	Staphylococcus carnosus 
	31±2
	+++
	23±3
	+

	4
	Salmonella gallinarum 
	33 ± 1
	+++
	25 ± 1
	++


+: Moderate inhibitory action; ++: High inhibitory action; +++: Very high inhibitory action

The minimum inhibitory concentrations (MICs) of the oils, as shown in Table 3, ranged from 0.019% to 0.15%. Thyme oil showed the greatest activity, with MIC values ranging from 0.019% to 0.039%, followed by tea tree oil, with MIC values ranging from 0.07% to 0.15% against the isolated pathogens.

Table 3. Minimum inhibitory concentration (MIC) of essential oils of Thymus vulgaris (thyme oil) and Melaleuca alternifolia (tea tree oil) against pathogens isolated from broiler chickens.

	SN
	Pathogen
	MIC of Tea tree oil (%)
	MIC of Thyme oil (%)

	1
	Escherichia coli
	0.15
	0.03

	2
	Staphylococcus aureus 
	0.07
	0.019

	3
	Staphylococcus carnosus 
	0.07
	0.019

	4
	Salmonella gallinarum 
	0.07
	0.039




Tables 2 and 3 show the inhibitory effects of the essential oils on the pathogens isolated from broiler chickens.
The observed inhibitory pattern is broadly consistent with peer-reviewed studies reporting antibacterial activity of thyme and tea tree oil constituents against Gram-positive and Gram-negative bacteria; however, zone-of-inhibition and MIC outcomes can vary with oil chemistry, solvent system, inoculum density, and broth or agar methods (Carson & Riley, 1995; Dorman & Deans, 2000; Hili et al., 1997; Prabuseenivasan et al., 2006).
The comparatively low MIC values reported for thyme oil against Escherichia coli and Staphylococcus spp. may be related to the activity of phenolic monoterpenes present in thyme oil, but these results should be interpreted as strain-specific in vitro observations rather than evidence of therapeutic efficacy in birds (Brito-Junior et al., 2025; Dorman & Deans, 2000; Holley & Patel, 2005).
For Salmonella gallinarum, the very high inhibitory action observed for both oils is relevant to poultry-health research, but in vitro inhibition alone cannot confirm disease prevention under production conditions without controlled challenge studies, adequate replication, and safety evaluation at dietary inclusion levels (Choi et al., 2022; Farhat et al., 2024; Jang et al., 2007).
 

3.3	Impact of Thyme oil on the prevalence of infection in the selected birds 
3.3.1	Experiment – 1: Thyme oil
Table 4. Effect of Thymus vulgaris (thyme oil) supplementation on the prevalence of infection in broiler chickens.
	 
	Number of birds
	Infected birds
	Percentage of infected birds

	Control
	20
	5
	25

	Experimental
	20
	0
	0



Table 4 shows the effect of Thymus vulgaris (thyme oil) on broiler chickens. Following the consumption of feed supplemented with thyme oil, none of the 20 experimental birds had a recorded infection. In contrast, 5 of the 20 birds in the control group (25%) were recorded as infected.
3.3.2	Impact of Tea tree oil on the broiler chickens 
Experiment – 2: Tea tree oil
Table 5. Effect of Melaleuca alternifolia (tea tree oil) supplementation on the prevalence of infection in broiler chickens.
	 
	Number of birds
	Infected birds
	Percentage of infected birds

	Control
	20
	5
	25

	Experimental
	20
	1
	5


Table 5 shows the effect of Melaleuca alternifolia (tea tree oil) on broiler chickens. Following the consumption of feed supplemented with tea tree oil, 1 of the 20 experimental birds (5%) remained infected with the pathogens.
3.3.3	Impact of Tea tree oil and thyme oil augmented feed on live body weight of broiler chickens 
Three treatment groups were used to evaluate the effects of commercial feed containing an antibiotic growth promoter (AGP), tea tree oil-augmented feed, and thyme oil-augmented feed on the live body weight of broiler chickens. The results are shown in Table 6.
Table 6: Live Body Weight of broiler chickens after 6 weeks
	 
	 
	Mean
	±SD
	SE
	Min
	Max
	F
	Sig.

	LBW (g)
	Treatment-A
	3061
	57.7
	33.3
	3011
	3124
	7.727
	.022

	
	Treatment-B
	3179
	0.6
	0.3
	3178
	3179
	 
	 

	
	Treatment-C
	3195
	54.1
	31.2
	3150
	3255
	 
	 


Treatment A: Feed with antibiotic (control group); Treatment B (experimental group): Feed without antibiotic + 2 ml/kg tea tree oil; Treatment C (experimental group): Feed without antibiotic + 2 ml/kg thyme oil

Fig. 2: Live Body Weight after 6 weeks

Table 6 and Fig. 2 present the live body weights of the poultry birds after six weeks of feeding. The mean live body weight of birds receiving Treatment A was 3061 ± 57.7 g, compared with 3179 ± 0.6 g for Treatment B and 3195 ± 54.1 g for Treatment C. Treatment C therefore had the highest recorded mean live body weight after six weeks.
Previous researchers have investigated the use of essential oils in poultry feed. For example, Masouri et al. (2017) supplemented broiler feed with Satureja khuzistanica essential oil in wheat- or maize-based diets and reported an improvement in the feed conversion ratio. The authors also stated that dietary supplementation with the essential oil increased the caecal population of Lactobacillus and reduced the total bacterial and Escherichia coli counts, indicating antimicrobial activity. Consistent with the findings reported for Satureja khuzistanica essential-oil supplementation, the present results also showed a positive effect of essential-oil addition on body-weight gain.

The birds assigned to Treatments B and C exhibited several favourable health indicators compared with the control group. These indicators included an erect posture, with the head and tail held high; well-developed facial features; bright and alert eyes; and smooth, clean, and well-maintained plumage. In addition, the birds had well-developed legs with smooth joints that were cool to the touch, together with body weights appropriate for their breed, age, and production stage. They also displayed vigorous and coordinated movement when handled, indicating satisfactory musculoskeletal development and physical condition.

Furthermore, the scales on the legs and feet appeared clean, smooth, and waxy, whereas skin pigmentation was characteristic of the respective breed, strain, age, and physiological status of the birds. The birds maintained normal feeding and drinking behaviour, indicating a satisfactory appetite and general well-being. None of the birds in Treatments B or C exhibited clinical signs of respiratory distress, such as laboured breathing, gasping, nasal discharge, or abnormal respiratory sounds. Collectively, these observations indicate that the birds receiving Treatments B and C maintained favourable recorded health indicators throughout the experimental period.

The study showed that tea tree oil and thyme oil had antimicrobial activity and may have potential as alternatives to commercially used antibiotics in poultry feed for infection control. The oils may also have potential as alternatives to antibiotic growth promoters such as bacitracin and colistin, which are still used in some countries.

4.0	Conclusions: 
The study indicates that the essential oils of Thymus vulgaris and Melaleuca alternifolia had inhibitory activity against selected bacterial pathogens isolated from broiler chickens. The identified pathogens included Escherichia coli serotypes, Staphylococcus aureus, Staphylococcus carnosus, and Salmonella gallinarum. Thyme oil showed comparatively greater inhibitory activity against Escherichia coli and the staphylococcal isolates, whereas both oils showed very high inhibitory activity against Salmonella gallinarum. In the feeding trial, birds receiving thyme oil or tea tree oil had a lower recorded prevalence of infection than the control birds. These results suggest that the tested essential oils may have supportive value as antimicrobial feed additives in broiler production. However, broader validation is required before practical field-level recommendations can be made.
Limitation
The study was limited by the small group size, the brief description of randomisation, housing, feed composition, and statistical procedures, and the absence of essential-oil chemical profiling. The infection assessment and health observations were not supported by a controlled pathogen-challenge design or detailed diagnostic follow-up. Although a dietary inclusion level of 2 mL/kg was reported, dose-response and safety assessments were not undertaken. The short trial duration and single experimental setting also limit generalisability. Larger replicated studies with predefined outcomes, detailed statistical methods, chemical characterisation of the oils, and appropriate ethical documentation are needed.
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