


Comparative Efficacy of Essential Oil and Antibiotic Supplementation on the Growth Performance of Broiler Chickens


ABSTRACT
The withdrawal of antibiotic growth promoters (AGPs) from poultry diets in several countries, driven by concerns over antimicrobial resistance and drug residues, has intensified interest in plant-derived essential oils as natural alternatives. The present study was conducted to compare the efficacy of dietary cinnamon oil and clove oil with antibiotic (tetracycline) supplementation on the growth performance of broiler chickens. Two hundred day-old Cobb-430 broiler chicks were randomly distributed into five dietary treatment groups of 40 birds each (four replications of 10 birds), viz. Control (basal diet), T1 (basal diet + cinnamon oil 600 mg/kg), T2 (basal diet + clove oil 600 mg/kg), T3 (basal diet + antibiotic/tetracycline 50 mg/kg), and T4 (basal diet + cinnamon oil 600 mg/kg + clove oil 600 mg/kg), and reared for 35 days under a deep litter system. Body weight, body weight gain, feed consumption and feed conversion ratio (FCR) were recorded at weekly intervals. Mean body weight and body weight gain were significantly higher (P<0.05) in T1 (891.13 g and 428.51 g/week, respectively) compared with the Control (739.51 g and 354.10 g/week), while T4, T3 and T2 exhibited intermediate performance in that descending order. Feed consumption was significantly lower in T1 despite its superior growth, resulting in the most favourable (lowest) FCR in T1 (1.31), followed by T3 (1.44), T4 (1.56), T2 (1.60) and Control (1.84). The findings indicate that dietary cinnamon oil at 600 mg/kg of diet improved growth performance and feed efficiency of broiler chickens more effectively than clove oil, the combined cinnamon–clove oil supplementation, and the antibiotic growth promoter, suggesting its potential as a viable natural alternative to antibiotic growth promoters in broiler production.
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1. INTRODUCTION
Poultry farming, involving the rearing of domesticated birds such as chickens, turkeys, ducks and geese, occupies a central place in the livelihood and socio-economic development of Indian farmers, generating income from meat, eggs and allied products. It is regarded as the most affordable source of animal protein and is practised across the spectrum, from backyard units to large-scale commercial enterprises. While crop production in India has grown at a modest annual rate of 1.5–2%, poultry and egg production have expanded at 8–10% per annum, making it one of the fastest-growing segments of Indian agriculture (Churchil, 2022). The sector contributes nearly 1% to the national GDP and 14% to livestock GDP, and according to the ICAR Vision 2025 report, every additional egg in per-capita availability can generate around 50,000 new jobs, underscoring its considerable employment potential, particularly for rural youth. India currently ranks third in global egg production and fifth in meat production, with the 20th Livestock Census placing the national poultry population at 851.81 million birds.
Broiler chickens, selected specifically for rapid meat production, typically attain market weight within four to six weeks, and their growth performance is governed by an interplay of genetics, nutrition, environment, health status and gut microbial balance. Maintaining efficient feed conversion and intestinal health is therefore central to economical and sustainable broiler production (Siegel, 2014; Tallentire et al., 2016). Historically, sub-therapeutic antibiotic growth promoters (AGPs) were widely used in broiler diets to suppress pathogenic intestinal microflora and enhance nutrient utilisation. However, the global emergence of antibiotic-resistant bacterial strains and rising consumer concern over chemical residues in poultry products have led to regulatory restrictions on AGP use in several countries, compelling researchers to identify safe, residue-free, and natural alternatives capable of sustaining broiler performance (Qaid et al., 2022; Abd El-Hack et al., 2020). Recent broiler studies using other plant-derived feed additives have also reported improvements in growth or feed efficiency at specific inclusion levels, supporting continued evaluation of phytogenic alternatives to antibiotic growth promoters (Awasthi et al., 2024; Saikia et al., 2026).
Among the phytogenic feed additives explored as AGP substitutes, cinnamon oil, derived from the bark and leaves of Cinnamomum zeylanicum (family Lauraceae), has attracted considerable scientific attention owing to its bioactive constituents, principally trans-cinnamaldehyde and eugenol, which confer potent antimicrobial, antioxidant, anti-inflammatory and digestive-stimulant properties. When incorporated into broiler diets, cinnamon oil modulates the gastrointestinal microbiota by suppressing pathogens such as Escherichia coli and Clostridium perfringens while favouring beneficial genera, thereby improving intestinal villus architecture and feed conversion efficiency, along with favourable effects on antioxidant status and serum lipid profile (Abd El-Hack et al., 2020). Recent evidence further indicates that dietary cinnamon can influence growth performance and nutrient utilisation in broilers, although the response is dependent on the dietary form and inclusion level (Khan et al., 2025).
Clove (Syzygium aromaticum, family Myrtaceae) is another pharmacologically active spice whose essential oil, rich in eugenol (accounting for 70–90% of its composition), exhibits broad-spectrum antimicrobial, antifungal, anti-inflammatory and antioxidant activity. Within the gastrointestinal tract, clove oil suppresses pathogenic bacteria such as E. coli and Salmonella spp. while promoting beneficial microflora including Lactobacillus, thereby protecting intestinal integrity, improving villus architecture and stimulating digestive enzyme secretion, which collectively enhance nutrient digestibility and growth performance (Mohammadi et al., 2014; Reda et al., 2025). Similarly, a recent controlled study found that clove oil supplementation improved body weight gain and feed conversion in broilers fed a reduced-energy diet, with formulation affecting the magnitude of the response (El-Abd et al., 2025).
Tetracycline-class antibiotics act by binding the bacterial 30S ribosomal subunit and inhibiting protein synthesis, thereby reducing populations of pathogenic or nutrient-competing gut bacteria such as E. coli, lowering chronic low-grade intestinal inflammation and conserving metabolic energy for growth (Shah et al., 2022; Khadem et al., 2014). However, prolonged sub-therapeutic use of tetracyclines in poultry feed is closely associated with the emergence of antibiotic-resistant bacterial strains and, where withdrawal periods are not properly observed, with residues in meat, raising food-safety and public-health concerns (Sreejith et al., 2020; Untari et al., 2021). Within the scope of the evidence considered in this manuscript, direct comparison of cinnamon oil and clove oil, individually and in combination, with a conventional antibiotic growth promoter under the same dietary and management conditions has been insufficiently addressed. This creates a specific need to evaluate their relative effects on broiler growth performance and feed efficiency in a single controlled feeding trial.
Given these concerns surrounding antibiotic growth promoters and the promising, though variable, results reported for essential oils across trial conditions, the present study was undertaken to compare the efficacy of dietary cinnamon oil and clove oil, alone and in combination, with antibiotic (tetracycline) supplementation on the growth performance of broiler chickens.
2. MATERIALS AND METHODS
2.1 Location of the Study Area and Climate
The present investigation, entitled “Comparative efficacy of dietary antibiotic and essential oil addition on growth performance, hemato-biochemical, health and sensory attributes of broiler chicken,” was conducted at the Poultry Research and Training Centre, College of Veterinary & Animal Sciences, Sardar Vallabhbhai Patel University of Agriculture and Technology (SVPUAT), Modipuram, Meerut-250110 (Uttar Pradesh), during June and July 2024. Meerut is geographically situated at 29° 01′ N latitude and 77° 45′ E longitude, within the western zone of Uttar Pradesh, which has a total geographical area of 20,624 km². The region experiences a subtropical climate, with summer temperatures reaching up to 45 °C and winter temperatures occasionally falling to the freezing point; the average temperature from January to March is around 17 °C, the mean annual rainfall is approximately 862.7 mm, and relative humidity ranges from 67 to 83%.
2.2 Experimental Birds and Design
Two hundred day-old broiler chicks (Cobb-430) were procured from Venky’s Hatcheries Pvt. Ltd., Dehradun, and reared at the Poultry Research and Training Centre, SVPUAT, Meerut. The chicks were randomly distributed into five dietary treatment groups of 40 birds each, with each group further divided into four replications of 10 birds. The Control group received the basal diet without any supplementation, while T1, T2, T3 and T4 received the basal diet supplemented with cinnamon oil (600 mg/kg), clove oil (600 mg/kg), antibiotic/tetracycline (50 mg/kg), and a combination of cinnamon oil (600 mg/kg) and clove oil (600 mg/kg), respectively. Birds were offered non-pelleted diets and water ad libitum throughout the 35-day trial period (12.03.2026 to 15.04.2026, summer season). Diets were formulated to meet the nutrient requirements specified by National Research Council (NRC, 1994).
2.3 Housing Management
Chicks were reared under a deep litter system in well-ventilated pens. Floors were thoroughly cleaned, disinfected and dried prior to spreading dry rice husk bedding to a depth of 4–6 cm. Electric bulbs (15 W) were fitted at appropriate heights within each pen to provide uniform brooding illumination and warmth.
2.4 Feeding and Watering
Chicks were fed ad libitum from 0 to 5 weeks of age. During the first three days of brooding, feed was spread on paper on the pen floor, after which linear chick feeders were used up to 14 days. A starter ration was fed from 1 to 18 days and a finisher ration from 18 to 35 days, both of which were procured from the local market in Meerut city. Fresh, clean drinking water was made available every morning and evening throughout the experimental period.
2.5 Growth Performance Parameters
Body weight and feed consumption were recorded at day-old age and thereafter at weekly intervals using a digital electronic balance.
· Feed consumption (FC): calculated weekly as feed offered minus feed residue, per bird in each replicate.
· Body weight (BW): recorded at day-old age and at the end of each week (1st to 5th) in the morning, before feeding.
· Body weight gain (BWG): calculated weekly as the difference between the body weight of the current week and the preceding week.
· Feed conversion ratio (FCR): calculated weekly as the ratio of average feed consumption to average body weight gain.
2.6 Statistical Analysis
Data were analysed using two-way analysis of variance under a completely randomised design (CRD) using the Statistical Package for the Social Sciences (SPSS), following Snedecor and Cochran (1989). Homogeneous subsets were separated using Tukey’s multiple range test (Tukey, 1949), and differences among treatments were considered significant at P≤0.05. The statistical model used was:
Yij = μ + Ti + Fj + (T×F)ij+eij
where Yij is the observation on the jth replicate of the ith treatment, μ is the general population mean, Ti is the effect of the ith dietary treatment, and eij is the random experimental error associated with the ith treatment and jth replicate.
3. RESULTS AND DISCUSSION
3.1 Body Weight
The weekly and mean body weight (g) of broiler chicks under the five dietary treatments are presented in Table 1. Day-old body weight was statistically comparable across all groups, confirming uniform distribution of chicks at the start of the trial. Thereafter, body weight increased progressively across all groups, but the rate of gain differed significantly (P<0.05) among treatments from the 1st week onward. At 5 weeks of age, the highest body weight was recorded in T1 (2187.00 g), followed by T4 (2084.83 g), T3 (2054.91 g), T2 (1985.50 g), and the Control (1814.91 g); the same ranking held for the overall mean body weight (T1: 891.13 g > T4: 863.41 g > T3: 846.93 g > T2: 823.94 g > Control: 739.51 g).
Table 1. Effect of dietary treatments on weekly body weight (g) of broiler chicken
	Age (weeks)
	Control
	T1 (Cinnamon oil)
	T2 (Clove oil)
	T3 (Antibiotic)
	T4 (Cinnamon + Clove oil)
	SEM

	Day-old
	44.75
	44.42
	45.08
	44.17
	44.50
	0.81

	1 Week
	145.91a
	194.58e
	164.85b
	174.33c
	185.00d
	0.89

	2 Weeks
	385.08a
	492.33e
	446.41b
	469.33c
	482.91d
	1.61

	3 Weeks
	800.08a
	935.08d
	872.75b
	888.25bc
	909.91c
	4.68

	4 Weeks
	1246.66a
	1492.33e
	1427.33b
	1459.50c
	1470.83d
	4.35

	5 Weeks
	1814.91a
	2187.00e
	1985.50b
	2054.91c
	2084.83d
	4.10

	Mean
	739.51a
	891.13e
	823.94b
	846.93c
	863.41d
	3.12


SEM: standard error of the mean; a, b, c, d, e: values within a row bearing different superscripts differ significantly (P<0.05).


Figure 1. Weekly body weight of broiler chickens under different dietary treatments.
The superior body weight recorded in T1 (cinnamon oil) is consistent with reports that cinnamon oil improves broiler growth through enhanced intestinal villus height and crypt depth, favourable modulation of gut microbiota, and its antimicrobial and antioxidant bioactive fraction, comprising mainly cinnamaldehyde and eugenol (Abd El-Hack et al., 2020; Solanki et al., 2022). Similarly, Shirzadegan (2014) and Krauze et al. (2021) reported significant improvements in body weight and growth performance of broilers supplemented with cinnamon oil or cinnamon-based phytobiotics compared with unsupplemented controls. The intermediate performance of the antibiotic (T3) group agrees with the classical growth-promoting action of tetracyclines through suppression of pathogenic and nutrient-competing gut bacteria (Shah et al., 2022; Khadem et al., 2014), though several reports note that tetracycline supplementation exerts only a modest or inconsistent effect on final body weight compared with well-formulated phytogenic alternatives (Ereke et al., 2016; Peterson et al., 1991). The lower body weight response in the clove oil (T2) group, though still significantly better than the Control, mirrors the variable dose-dependent response to clove oil/eugenol reported by Tahir et al. (2019) and Mukhtar (2011), wherein excessive eugenol inclusion suppressed feed intake and thereby moderated weight gain. Interestingly, the combined cinnamon-clove oil group (T4) did not surpass cinnamon oil alone (T1), suggesting that the two essential oils did not act synergistically at the doses tested, possibly owing to a ceiling effect on palatability or on the antimicrobial/antioxidant response once the more potent cinnamaldehyde-eugenol fraction from cinnamon oil was already active.
3.2 Body Weight Gain
Weekly body weight gain (g) differed significantly (P<0.05) among treatments (Table 2). The overall mean BWG was highest in T1 (428.51 g/week), followed by T4 (408.63 g/week), T3 (402.13 g/week), T2 (387.68 g/week), and the Control (354.10 g/week).
Table 2. Effect of dietary treatments on weekly body weight gain (g) of broiler chicken
	Age (weeks)
	Control
	T1 (Cinnamon oil)
	T2 (Clove oil)
	T3 (Antibiotic)
	T4 (Cinnamon + Clove oil)
	SEM

	1 Week
	101.50a
	149.08e
	117.50b
	129.08c
	137.83d
	1.16

	2 Weeks
	239.16a
	297.75c
	281.83b
	295.00c
	297.91c
	1.79

	3 Weeks
	415.00a
	442.75b
	426.33b
	418.91ab
	427.00ab
	5.11

	4 Weeks
	446.58a
	557.25b
	554.58b
	561.25b
	560.75b
	6.33

	5 Weeks
	568.25a
	694.66c
	558.16a
	605.41b
	614.16b
	6.70

	Mean
	354.10a
	428.51d
	387.68b
	402.13c
	408.63c
	4.22


SEM: standard error of the mean; a, b, c, d, e: values within a row bearing different superscripts differ significantly (P<0.05).

Figure 2. Weekly body weight gain of broiler chickens under different dietary treatments.
The improved weight gain response observed with essential oil and antibiotic supplementation in the present study is in agreement with the findings of Elbaz et al. (2023), who reported significantly higher body weight gain in broilers supplemented with clove essential oil, and with Azadegan Mehr et al. (2014), who observed improved body weight gain with 450 ppm clove essential oil during the finisher phase. The comparatively higher weight gain in the cinnamon oil group corroborates Ciftci et al. (2010), who reported superior performance and favourable serum lipid profile with cinnamon oil relative to an antibiotic-supplemented group. Conversely, some studies have reported no significant growth-promoting effect of cinnamon powder/oil (Sampath & Atapattu, 2013; Chowlu et al., 2019), indicating that the response to phytogenic supplementation is influenced by the form (oil vs. powder), dose, breed, and duration of the feeding trial.
3.3 Feed Consumption
Weekly feed consumption (g/bird) is presented in Table 3. Feed consumption increased progressively with age in all groups; however, the Control group recorded the highest overall mean feed consumption (665.28 g), followed by T4 (653.03 g), T2 (620.70 g), T3 (592.41 g), and T1, which recorded the lowest feed consumption (580.15 g), despite achieving the highest body weight and weight gain.
Table 3. Effect of dietary treatments on weekly feed consumption (g) of broiler chicken
	Age (weeks)
	Control
	T1 (Cinnamon oil)
	T2 (Clove oil)
	T3 (Antibiotic)
	T4 (Cinnamon + Clove oil)
	SEM

	1 Week
	185.91b
	187.91b
	191.58b
	171.41a
	191.58b
	2.54

	2 Weeks
	387.08b
	350.66a
	421.83c
	394.58bc
	456.00d
	6.23

	3 Weeks
	730.08e
	602.16a
	702.83c
	642.00b
	716.33d
	1.68

	4 Weeks
	936.16c
	872.08b
	850.00a
	868.50b
	971.25d
	3.39

	5 Weeks
	1087.16d
	847.91a
	937.25c
	885.58b
	930.00c
	2.05

	Mean
	665.28e
	580.15a
	620.70c
	592.41b
	653.03d
	3.18


SEM: standard error of the mean; a, b, c, d, e: values within a row bearing different superscripts differ significantly (P<0.05).



Figure 3. Weekly feed consumption of broiler chickens under different dietary treatments.
The lower feed consumption coupled with superior growth in the cinnamon oil group (T1) reflects the digestive-stimulant and gut-health-promoting action of cinnamaldehyde and eugenol, which enhance nutrient absorption efficiency, thereby allowing birds to achieve greater weight gain from a smaller quantity of feed (Abd El-Hack et al., 2020; Brenes & Roura, 2010). This finding is consistent with Elashry et al. (2026), who reported that broilers receiving 0.3% cinnamon oil consumed less feed while recording a higher final body weight than controls. In contrast, the relatively higher feed intake but poorer growth efficiency of the Control group reflects the absence of any antimicrobial or digestive-enhancing additive to modulate gut microbial competition for nutrients.
3.4 Feed Conversion Ratio
The feed conversion ratio (FCR) differed significantly (P<0.05) among treatment groups (Table 4). The most favourable (lowest) overall mean FCR was recorded in T1 (1.31), followed by T3 (1.44), T4 (1.56), T2 (1.60), and the Control, which recorded the poorest FCR (1.84).
Table 4. Effect of dietary treatments on weekly feed conversion ratio of broiler chicken
	Age (weeks)
	Control
	T1 (Cinnamon oil)
	T2 (Clove oil)
	T3 (Antibiotic)
	T4 (Cinnamon + Clove oil)
	SEM

	1 Week
	1.83d
	1.26a
	1.63c
	1.32ab
	1.39b
	0.025

	2 Weeks
	1.61d
	1.17a
	1.49c
	1.33b
	1.53cd
	0.023

	3 Weeks
	1.76d
	1.36a
	1.65c
	1.54b
	1.67cd
	0.021

	4 Weeks
	2.10c
	1.56a
	1.53a
	1.55a
	1.73b
	0.024

	5 Weeks
	1.91d
	1.22a
	1.68c
	1.46b
	1.51b
	0.018

	Mean
	1.84d
	1.31a
	1.60c
	1.44b
	1.56c
	0.022


SEM: standard error of the mean; a, b, c, d: values within a row bearing different superscripts differ significantly (P<0.05).

Figure 4. Weekly feed conversion ratio of broiler chickens under different dietary treatments.[image: ]
Figure 5. Weekly trend in feed conversion ratio of broiler chickens under different dietary treatments (Control, T1: cinnamon oil, T2: clove oil, T3: antibiotic, and T4: cinnamon + clove oil).
The markedly improved FCR in the cinnamon oil group is in close agreement with Tahir et al. (2019), who reported significantly improved feed conversion in broilers supplemented with clove-derived eugenol, and with Suliman et al. (2021), who found that a 400 mg/kg dietary supplement of clove extract improved performance parameters relative to unsupplemented controls. The intermediate FCR recorded in the antibiotic group (T3) is consistent with the established, though increasingly contested, growth-promoting efficacy of tetracyclines mediated through suppression of gut pathogens (Shah et al., 2022). The comparatively poorer FCR in the combined cinnamon-clove oil group (T4) relative to cinnamon oil alone (T1) again suggests that, at the doses evaluated, combining the two essential oils conferred no additive advantage over cinnamon oil alone, an observation warranting further dose-optimisation and mechanistic study. Overall, the results demonstrate that dietary cinnamon oil supplementation at 600 mg/kg of diet offers the most favourable growth response and feed efficiency among the treatments evaluated, supporting its candidacy as a natural, residue-free alternative to antibiotic growth promoters in broiler chicken production.
4. CONCLUSION
Dietary supplementation with cinnamon oil, clove oil and tetracycline influenced the growth performance and feed efficiency of broiler chickens during the 35-day feeding trial. Among the evaluated treatments, cinnamon oil at 600 mg/kg produced the highest mean body weight (891.13 g) and mean body weight gain (428.51 g/week), together with the lowest mean feed consumption (580.15 g) and the most favourable feed conversion ratio (1.31). The tetracycline and combined cinnamon–clove oil treatments showed intermediate responses, while clove oil alone also improved growth performance relative to the unsupplemented control. Combining cinnamon and clove oils at the tested inclusion levels did not provide an additional performance advantage over cinnamon oil alone. These findings indicate that, under the stated experimental conditions, cinnamon oil at 600 mg/kg has potential as a phytogenic alternative to an antibiotic growth promoter for supporting broiler growth and feed efficiency. The conclusion should be applied specifically to the tested supplementation levels and management conditions.
Limitations
The findings are specific to Cobb-430 broilers reared for 35 days under the stated management conditions and to the tested supplementation levels. The trial evaluated growth performance and feed efficiency; therefore, the results should be interpreted within these defined outcomes and should not be generalised to other breeds, production systems, supplementation doses or longer feeding periods. The absence of an additional performance benefit from combined cinnamon and clove oils at the tested doses does not establish the response at other dose combinations.
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