


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


Abstract 
The importance of poultry is widely acknowledged globally as it is a basic source of animal protein sources. The poultry business is often marred with the various infections to the birds. This basically hampers the prospects of the poultry business. Hence, in view of this the poultry farmers have made rampant use of antibiotics to control the menace of infections. This has led to development of antibiotic resistance amongst the common pathogens encountered in the poultry industry. Hence, in order to to prevent development of antibiotic resistance among the poultry pathogens, novel agents are needed. The current study, therefore, has been carried out to evaluate the potential of herbal essential oils of Thymus vulgaris and Melaleuca alternifolia (thyme oil and tea tree oil respectively) as an antimicrobial agent, especially against the broiler pathogens. The present study is very important as majority of poultry farms are operational in the rural areas where non judicious use of antibiotics is a real concern. Hence, this study was carried out to assess the utility of essential oils (thyme oil and tea tree oil) as an antimicrobial agent for its possible use in the poultry feed. The study has been carried out by using standard procedures, wherein the birds (Indian broiler chickens) were fed with feed augmented/fortified with essential oils for a period of six weeks. The results showed that the prevalence of infections in the broiler chickens was significantly less, thereby indicating the effectiveness of these essential oils as antimicrobial agents. Moreover, the results also indicated that the birds gained substantial body weight during this time indicating that the addition of essential oils has not affected the health of birds. 	Comment by Netra Osti: [lz complete the sentence
Keywords: Poultry, infections, antibiotic resistance, pathogens, essential oils

Introduction:
[bookmark: _Hlk235477556]Poultry birds require adequate amount of energy for proper growth, egg production and good health. Moreover, the growth is also a function of their overall health i.e. remaining infection free. Thus, in order to obtain desired growth rate, one needs a nutritious feed for the poultry along with the ability to control the menace of infection. Hence, selection of poultry feed ingredients becomes very important and need adequate attention for sustainable development of this industry. Moreover, the other important problem faced by the poultry industry is the mortality of birds due to various infections that result in significant economic losses. Hence, the industry does need a dependable as well as potent agent to fight against this problem of infectious diseases. Amongst all the medicinal plants, essentialoils are one of the most active components that have varied usage. These compounds (essential oils) that are made up of variety of different volatile compounds (Hadizadeh et al., 2009) possess antimicrobial activity against various microorganisms and have been used since centuries (Holley and Patel, 2005). In addition to above, antifungal, antiviral, insecticidal, food preservation and antioxidant properties have also been reported with respect to the use of essential oils (Faridi et al., 2008; Mohagheghzadeh et al., 2010; Prabuseenivasan et al., 2006). In the Indian as well as south East Asian countries, the antimicrobial properties of essential oils have been recognized for many years. Moreover, several compounds of vegetal oils are considered to possess biological activities due to presence of certain bio-active compounds in it.
Also, the antimicrobial activity of essential oils has been the subject of numerous investigations (Janssen et al., 1987; Dorman and Deans, 2000; Hili et al., 1997). However, the mechanism of reaction of essential oils and their components is still unknown for majority of them. Likewise, the understanding of the antimicrobial action of these oils is also needs further evaluation. This is because, a number of factors hamper the evaluation of the antimicrobial activity of essential oils, specifically their volatility at room temperature, their water insolubility and their complexity (Hili et al., 1997). Although there are different testing methods available with different testing set-ups the primary aim of this study was not the chemical evaluation of essential oils but their potential for use as an antimicrobial agent in a poultry feed.
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; 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).
2.0:  Materials and Methods
2.1: Isolation of pathogens: The avian pathogens were isolated and identified based on clinical findings observed during post-mortem of infected birds, which were then confirmed by plating on selective media followed by biochemical tests. 
2.2: Serotyping: Serotyping of E.coli isolates was done from National Salmonella and Escherichia centre, Kasauli, Himachal Pradesh, India. 
2.3: Inhibitory action of essential oils: The antimicrobial action of essential oils of Thymus vulgaris (thyme oil) and Melaleuca alternifolia (tea tree oil) was studied by disc diffusion method and the minimum inhibitory action was studied by micro broth dilution method using 96well microtitre plates. 
2.4: Effect of Feeding trials: The effect of thyme and tea tree oil on the prevalence of infection in experimental birds was checked by feeding the birds with antibiotic free feed augmented/blended with these essential oils (thyme and tea tree oil), while the control birds were fed with commercially available feed.
3.0: Results and Discussion 
3.1: Pathogens isolated from the broiler chickens
Pathogens isolated from the broiler chickens along with the part of body form where it was isolated are indicated 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



E. coli: Study results shows that E. coli and its serotype E4 (O84), E8 (O153), E14 (O170), E27 (O106), E30 (O143), E 9, E18, E13, E1, E33 pathogen were obtained from the liver and heart of birds (Fig 1). 
Staphylococcus aureus: Study results shows that Staphylococcus aureus pathogen was isolated from blood sample of the infected birds and also from gangrenous dermatitis case. 
Staphylococcus carnosus: Study results shows that Staphylococcus carnosus pathogen was isolated from blood of the broiler chickens.
Salmonella gallinarum: Study results shows that Salmonella gallinarumpathogen was found from liver 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; Poojitha et al., 2026).
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
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
	Tea tree oil
	Thyme oil

	1
	Escherichia coli
	+
	++

	2
	Staphylococcus aureus 
	+
	++

	3
	Staphylococcus carnosus 
	+
	++

	4
	Salmonella gallinarum
	+++
	+++


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

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




Above table 2 and 3 indicates impact (inhibitory action) of essential oils of on the pathogens isolated from the 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).
Escherichia coli: Study results shows that thyme oil has high inhibitory action on Escherichia coli whereas tea tree oil have moderate inhibitory action on Escherichia coli pathogens isolated from the birds.
Staphylococcus aureus: Study results shows that thyme oil has high inhibitory action on Staphylococcus aureus whereas tea tree oil has moderate inhibitory action on Staphylococcus aureus pathogens isolated from the birds.
Staphylococcus carnosus: Study results shows that thyme oil has high inhibitory action on Staphylococcus carnosus whereas tea tree oil has moderate inhibitory action on Staphylococcus carnosus pathogens isolated from the broiler chickens.
Salmonella gallinarum: Study results shows that tea tree oil has very high inhibitory action on Salmonella gallinarum and thyme oil also has very high inhibitory action on Salmonella gallinarum pathogens isolated from the broiler chickens.

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



Above table 4 indicates impact of essential oil of Thymus vulgaris (Thyme oil) on the broilers. Study results shows that after consumption of thyme oil along with the feed out of 20 birds there was no infection in the expeirmental birds.  While, out of 20 birds 5 i.e. 25% of the birds of control group were found 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


Above table 5 indicates impact of essential oil (Tea tree oil) on the broiler chickens. Study results shows that after consumption of tea tree oil along with the feed out of 20 birds 1 i.e. 5% experimental birds remain infected with the pathogens. 
4.0	Conclusions: 
The study indicates that essential oils of Thymus vulgaris and Melaleuca alternifolia showed inhibitory activity against selected bacterial pathogens isolated from broiler chickens. The pathogens identified included E. coli serotypes, Staphylococcus aureus, Staphylococcus carnosus, and Salmonella gallinarum. Thyme oil showed comparatively stronger inhibitory activity against E. coli and staphylococcal isolates, while both oils showed very high inhibitory activity against S. gallinarum. In the feeding trial, birds receiving thyme oil or tea tree oil showed lower recorded infection prevalence than 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 small experimental group size, brief methodological description, absence of detailed statistical analysis, and lack of information on oil dose, chemical composition, randomization, and housing conditions. Ethical approval and detailed feed composition were not reported. Further studies with larger sample sizes, controlled experimental design, and proper statistical validation are required.
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