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Abstract

[bookmark: _Toc166288142]The study aimed to evaluate the impact of peppermint supplementation on production performance, blood metabolites, meat quality, and the cost-effectiveness of raising Japanese quail. A total of 480 quail birds were raised and divided into six experimental treatment groups, each with four replications. Each replication consisted of 20 Japanese quail birds. The treatment groups were labeled as T0, T1, T2, T3, T4, and T5. T0 served as the control group, where birds were fed commercial poultry feed without any supplements. The T1 group was given commercial quail feed supplemented with an antibiotic growth promoter (AGP). The T2 group was provided with 0.5% peppermint, while the T3, T4, and T5 groups were supplemented with 1%, 1.5%, and 2% peppermint, respectively, in their commercial diets. Water and feed were supplied ad libitum to all groups. During the trial, feed intake, weight gain, and feed conversion ratio (FCR) were monitored, and at its conclusion, dressing percentage and organ weights were assessed. The results indicated that adding 1.5% peppermint to the diet significantly enhanced body weight gain, improved the FCR, and increased feed intake. Furthermore, the addition of peppermint enhanced the cost-benefit ratio compared to other treatment groups. Therefore, the inclusion of peppermint in the diet can be recommended to improve the production performance of Japanese quail.
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Introduction

Quails attaining earlier sexual maturity with higher production performance make them a better choice of poultry. Recently, the commercial rearing of quail for meat production has significantly increased due to their cost-effectiveness, health benefits, and higher production with lower abdominal fat compared to other poultry (Narinc et al., 2013).
To meet the protein requirements of people, especially in underdeveloped countries, the poultry sector plays a major role (Farrel, 2008; Farrell, 2013), with quail being a very important part of it. Besides, the tasty, tender, and nutritious qualities of quail meat and eggs have made it a vital component of poultry farming.
The production of quail, as well as other poultry, requires the use of antibiotics to maintain a sustainable production level. However, the deleterious effects associated with antibiotic usage necessitate the search for better alternatives to antibiotic growth promoters (Kumar et al., 2019; Rozman et al., 2019; Singer & Hofacre, 2006).
As consumers are becoming more aware of antibiotic residues in poultry products due to sub-therapeutic usage, which raises the risk of antimicrobial resistance, the poultry industry is increasingly interested in medicinal herbs as alternatives to antibiotic growth promoters (AGPs) to avert the detrimental effects of using these agents (Ferket, 2007; Selaledi et al., 2020).
The indiscriminate use of antibiotics hastens the emergence of antibiotic resistance in pathogens and commensal organisms, leading to treatment failures, economic losses, and the formation of a gene pool that can transfer to humans (Rozman et al., 2019; Singer & Hofacre, 2006).
The antimicrobial activity of substances derived from plant extracts has been recognized and studied for many years, based on their traditional usage in folk medicine and their ability to extend food shelf life due to the essential oils present in them (Ateş & Erdoğrul, 2003; Diaz-Sanchez et al., 2015; Obeidat et al., 2012). Peppermint, widely used in herbal medicine, is known for its immune-boosting benefits, antimicrobial properties, and strong antioxidant and appetite-enhancing effects attributed to its active components (Ahiwe et al., 2021; Salazar et al., 2024). It contains menthol, which helps reduce lipid oxidation in meat and improves the lipid profile (Mehri et al., 2015). The photobiotics present in peppermint positively affect bird health and productivity (Windisch et al., 2008).
Data on the growth performance, carcass characteristics, and meat quality of quails supplemented with peppermint have already been published in regions outside Bangladesh (Abdelwahab, 2018; Mehri et al., 2015). Therefore, the objective of this research was to identify the outcomes of incorporating peppermint into Japanese quail feed to promote growth and production while counteracting the rising use of antibiotics in quail production in Bangladesh.
This study focused on three key objectives to achieve this aim of the study:
· To investigate the effects of Peppermint on growth performance of Japanese Quail
· To assess the impact of Peppermint on hemato-biochemical parameters
· To explore the effect of Peppermint on carcass characteristics of Japanese Quail



Review of Literature
This chapter provides details of the research project discussed. Reason behind a review literature is to accumulate data relevant to the study project. In order to monitor the growth performances, economic benefit as well as hemato-biochemical parameters in Japanese Quail rearing in Bangladesh, numerous studies have been undertaken to date. Indiscriminate use of antibiotics growth promoter raising the possibilities of anti-microbial resistance necessitates the usage of antibiotic alternatives in the production of poultry or livestock. The active compounds present in peppermint with its anti-microbial properties as well as strong antioxidant properties and appetite enhancing capability makes it a possible better alternative choice to antibiotics (Obeidat et al., 2012; Salazar et al., 2024). Japanese quail are valuable laboratory animals for experimental studies due to their small size, early sexual maturity at 6 to 7 weeks, high reproduction rate, ability to produce 3 to 4 generations per year, and ease of colony maintenance (Shim & Vohra, 1984). By analyzing existing studies, the review aims to assess peppermint's potential as a dietary additive for improving productivity and product quality in Quail. This evaluation will provide insights into its practical applications in animal nutrition.
2.1 Literature sources
The books and articles in the library of Sylhet Agricultural University, Sylhet and roughly 100 works of literature through internet were analyzed to understand prior findings, identify the context, challenges and research prospects. Each article was examined in great detail and considerable data was gathered and organized according to the item’s title.
2.2 Japanese Quail
The Japanese quail belongs to the order Galliformes, family Phasianidae, with the genus being Coturnix and the species being japonica (Lukanov & Pavlova, 2020).Vali reported various characteristics of Japanese quail explaining the usefulness of this bird including the fact that the bird holds economic significance by providing both delicious and edible meat and eggs (Vali, 2008). Japanese quail, with their compact size, early sexual maturity at 6 to 7 weeks, high reproduction rate, ability to produce 3 to 4 generations per year, and ease of colony maintenance, have become valuable laboratory animals for various experimental studies. (Shim & Vohra, 1984). The bird is reported to be the tiniest bird raised for protein (Lukanov & Pavlova, 2020). In the poultry industry, quail farming is a famous subsector for its quick output (Das et al., 2008; Ioniţă et al., 2010). Thus, quail farming as poultry is rising as of their higher production performance, higher egg production and better return of investment.
2.3 Rearing Japanese Quail as poultry birds
The Japanese quail (Coturnix japonica) is a highly valued poultry species due to its compact size, rapid growth, and exceptional productivity. Renowned for reaching sexual maturity within 6 to 7 weeks, these birds are efficient producers of both meat and eggs, with females capable of laying up to 300 eggs annually under optimal management conditions (Minvielle, 2004). Their eggs, though small, are nutrient-rich and are widely appreciated as a delicacy in many cultures. Japanese quail are also recognized for their efficient feed conversion ratio and adaptability to various rearing systems, making them an economical choice for farmers (Randall & Bolla, 2008). Additionally, their hardy nature and resistance to common poultry diseases further enhance their appeal for both small-scale and commercial poultry production (Rahman et al., 2016). Their meat, characterized by a tender texture and distinctive flavor, is increasingly sought after in gourmet markets, providing additional opportunities for economic gains in niche sectors.

2.4 Japanese Quail as laboratory animals
Quail has been being used as a model bird in different fields of study for more than 50 years (Flores-Santin & Burggren, 2021). The Japanese Quail is a useful model for research in developmental biological science because of its convenient accessible embryo and 16-day developmental period. Adult bird has also been reported to be effective in investigations of aging and diseases (Huss et al., 2008). It is a widely utilized laboratory animal due to its small size, rapid growth, high reproductive rate, and ease of maintenance. Its short generation time and prolific egg-laying ability make it ideal for studying developmental biology, genetics, toxicology, and neuroscience. Additionally, Japanese quail are valuable in behavioral studies due to their well-documented responses to environmental changes and stressors. Their embryonic development, which occurs outside the mother’s body, allows for easy observation and manipulation. Moreover, quails are increasingly used in ecotoxicology to assess the impact of environmental contaminants. These attributes, combined with their economic availability and adaptability to laboratory conditions, have established the Japanese quail as a versatile model organism in scientific research (Minvielle, 2004; Nemati et al., 2022).
2.5 Antibiotic Growth Promoters (AGPs)
The term Antibiotic Growth Promoter refers to the medications that kills or inhibits the growth of bacteria and is administered at a low, subtherapeutic dose (Fernández Miyakawa et al., 2024). As livestock and poultry farming has become more intensive, antibiotics for growth promotion has become more common (Cason et al., 2023; Dibner & Richards, 2005; Fernández Miyakawa et al., 2024). The growth promoters’ antibacterial activity mediates the growth promotion. Antibiotics taken orally can enhance the growth efficiency of poultry and other animals. While these effects can lead to weight gain, they are often primarily observed in improved feed efficiency (Dibner & Richards, 2005). Adding antibiotics to the diet can help create a balanced and healthy microbiota, reducing the likelihood of inflammation and improving the efficiency of energy extraction from nutrients (Dibner & Richards, 2005; Lippens et al., 2005).


2.6 Alternatives to antibiotic growth promoters
[bookmark: _Toc166288143]Feed is a vital component for all poultry enterprises, accounting for around 65% of total production costs (Ghayas et al., 2017). Different kinds feed additives and growth promoters have been developed to improve feed efficiency, boost growth, enhance product quality, and lower production costs (Ghayas et al., 2017; Singh et al., 2015). These additives, known as growth boosters, are non-nutrient supplements added to basic feed to achieve specific effects. Most synthetic drugs and growth hormones are given to poultry to promote faster and better growth (Khatun et al., 2014). The term "natural growth promoters (NGPs)" refers to alternative compounds used primarily for their beneficial effects on poultry health against various viral infections.
2.7 Phytogenic Feed Additives as alternatives to AGPs in Poultry
Phytogenic feed additives (PFAs) are plant-derived substances, such as herbs, spices, and essential oils, added to poultry feed to enhance growth, health, and performance. These additives contain bioactive compounds like flavonoids, terpenes, and phenolics, which provide various benefits, such as improving gut health, boosting immunity, and enhancing digestion. The growing importance of PFAs is largely due to the increasing global concern over antibiotic resistance and the desire for alternatives to synthetic additives. PFAs serve as a natural substitute for antibiotics, promoting growth and improving feed efficiency without contributing to antibiotic resistance. Additionally, they help strengthen the immune system, reduce pathogen growth, and improve overall poultry performance by enhancing feed conversion rates and weight gain. PFAs also offer a more sustainable, ethical, and eco-friendly option for poultry farming, aligning with consumer demand for cleaner, safer food sources. As a result, phytogenic feed additives are becoming a key component in modern poultry nutrition and health management.
2.8 Peppermint as Phytogenic Plant
Peppermint, a well-known herb, fits within the category of phytogenic feed additives due to its beneficial bioactive compounds, particularly menthol and other essential oils. These compounds offer antimicrobial, anti-inflammatory, and digestive benefits, making peppermint an effective natural alternative to synthetic additives in poultry feed. It facilitates the growth of beneficial bacteria while inhibiting harmful pathogens, thus improves gut health by promoting digestion and nutrient absorption. Peppermint also has calming properties, which can reduce stress in poultry and improve overall performance. Additionally, its antioxidant properties support the immune system, helping to boost resistance to infections. As part of phytogenic feed additives, peppermint offers a safe, sustainable, and effective solution for improving poultry health and productivity. The menthol present in peppermint helps in reducing the oxidation of lipid in meat and improves the lipid profile (Mehri et al., 2015). The photo biotic present in peppermint has positive effect on bird health and productivity (Windisch et al., 2008b). Positive impact upon incorporation of peppermint in other animals like broiler or livestock shows positive impact. Production performance rise higher in accordance with better health status with incorporation of peppermint in the diet (Ocak et al., 2008a).
2.9 Nutritional Properties of Peppermint
The chemical composition of peppermint includes a variety of bioactive components that contribute to its therapeutic and functional properties. Key compounds include menthol and menthone, which are the primary constituents of peppermint essential oil, known for their cooling and soothing effects (Mahboubi & Kazempour, 2014). Rosmarinic acid, a potent antioxidant, plays a significant role in anti-inflammatory and antimicrobial activities (Wu et al., 2019). Other notable components include limonene, pulegone, and flavonoids, which further enhance its health benefits and functional applications (Wu et al., 2019). Menthol and menthone improve digestion by stimulating the secretion of digestive enzymes, enhancing nutrient absorption, and modulating gut microbiota (Abdel-Wareth et al., 2019). Rosmarinic acid and flavonoids in peppermint have anti-inflammatory and antimicrobial properties that support immune function. Rosmarinic acid and other phenolic compounds in peppermint act as potent antioxidants, neutralizing free radicals and preventing cellular damage (Wu et al., 2019).
2.10 Effects of Peppermint on Performance in Quail or Poultry
Many studies report improved body weight in poultry when peppermint is included in their diet. The essential oils in peppermint, rich in menthol and menthone, are known to enhance digestion by stimulating digestive enzymes, leading to better nutrient absorption and weight gain. Peppermint is a convincing alternative to antibiotics for improving intestinal health in growing Japanese quails by enhancing ileal conditions through promoting beneficial bacteria populations like coliforms, and increasing the surface area for nutrient absorption (Mehri et al., 2015). In other study with Caspian white fish administration of peppermint enhanced growth performance, as well as improved hematological and immune humoral parameters (Adel et al., 2015). Although comparison of the efficacy of peppermint with other phytogenics or synthetic growth promoters are not observed. Low to moderate levels of peppermint tend to increase feed intake due to its palatability and aromatic properties (Mehri et al., 2015). Although, excessive peppermint in the diet may reduce feed intake, possibly due to the strong aroma or taste becoming unpalatable at higher concentrations. Most studies agree that peppermint improves FCR, indicating better feed utilization efficiency (Mehri et al., 2015). However, the positive impact of administering peppermint is also found in other experiments on poultry by other researchers (Al-Kassie, 2010; Gurbuz & Ismael, 2016).
2.11 Effects of Peppermint on Meat Quality of Quail or Poultry
Higher levels of peppermint or menthol reduced cook-loss in breast and leg muscles, but didn't affect the relative weights of various organs, although it did decrease abdominal fat percentage (Abdel-Wareth & Lohakare, 2020). Gurbuz also found upon administering peppermint mean LBW, BWG, FI, FCR was significantly higher for broilers (Gurbuz & Ismael, 2016). Peppermint contains essential oils such as menthol and menthone, which can influence the flavor profile of quail meat. Studies suggest that dietary peppermint imparts subtle aromatic and herbal flavors to the meat, enhancing its appeal for some consumers. Peppermint-fed quails often exhibit a flavor profile that may be described as fresher and less gamey compared to those on standard diets (Khursheed et al., 2017). This flavor enhancement is linked to the antioxidant properties of peppermint, which may reduce lipid oxidation in meat (Arjun et al., 2022). Enhanced sensory attributes could make peppermint-fed quail meat more appealing in niche markets that favor natural or functional foods. Peppermint supplementation often results in lower total fat content in poultry meat (Abdel-Wareth & Lohakare, 2020). The herb’s bioactive compounds enhance lipid metabolism, reducing fat deposition in muscle tissues. This is desirable for health-conscious consumers. Studies indicate that peppermint-fed quails produce meat with slightly higher protein content (Mehri et al., 2015). This could result from the herb’s potential to improve feed utilization efficiency and nitrogen retention in the body. Peppermint is rich in polyphenolic compounds that enhance the antioxidant capacity of the meat (Sadowska et al., 2024). This reduces lipid peroxidation and preserves nutrients during processing and storage. Dietary peppermint has been associated with reduced cholesterol levels in quail meat. The herb’s hypocholesterolemic effect results from its ability to inhibit cholesterol synthesis pathways (Cetingul et al., 2016).
2.12 Effects of Peppermint on Blood parameters of Quail or Poultry
Peppermint (Mentha piperita) has been studied for its potential effects on the blood parameters of poultry, including quail, due to its natural bioactive compounds such as menthol, flavonoids, and polyphenols. Research suggests that dietary supplementation with peppermint can positively influence hematological and biochemical profiles in poultry. For instance, peppermint inclusion has been reported to increase hemoglobin concentration, red blood cell count, and total protein levels, indicating improved oxygen-carrying capacity and overall health (Nemati et al., 2022).Additionally, the antioxidant properties of peppermint may reduce oxidative stress, as evidenced by decreased levels of malondialdehyde (MDA) and improved antioxidant enzyme activity (Toghyani et al., 2010). These effects collectively enhance the immune response and growth performance of quails and other poultry species.


2.13 Effects of Peppermint on Blood enzymes of Quail or Poultry
Peppermint (Mentha piperita) has shown promising effects on the blood enzymes of poultry, including quails, due to its bioactive compounds like menthol and flavonoids. Studies suggest that peppermint supplementation can enhance liver function and modulate enzyme activities, such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), indicating improved metabolic health. For instance, (Hussein et al., 2023) found that dietary peppermint improved antioxidant status and decreased stress-induced enzyme levels in poultry. Additionally, peppermint's antimicrobial and anti-inflammatory properties may contribute to better digestion and overall enzyme balance, leading to improved growth performance.
2.14 Effects of Peppermint on Profitability of Quail or Poultry
The incorporation of peppermint (Mentha piperita) in the diet of quail or poultry has shown potential for improving profitability through its effects on health and production performance. Studies indicate that peppermint, rich in bioactive compounds such as menthol and flavonoids, possesses antimicrobial and antioxidant properties that can enhance gut health, reduce pathogenic load, and improve feed efficiency. Research by (Ocak et al., 2008b) highlights that dietary supplementation with peppermint can lead to improved growth rates and better feed conversion ratios in broilers, thereby reducing production costs. Additionally, peppermint’s natural aroma may improve feed palatability, encouraging higher intake and optimizing nutrient utilization (MAKAŁA, 2021; Makala, 2022). These benefits translate into higher productivity and lower reliance on antibiotics, aligning with consumer preferences for natural, antibiotic-free poultry products. However, the economic feasibility depends on the cost of peppermint inclusion relative to the observed benefits, necessitating further cost-benefit analyses.
2.15 Gaps in Current Research
Most studies on peppermint supplementation in poultry use varying levels, making comparisons across studies challenging. Additionally, these studies often focus on short-term growth trials lasting only a few weeks, leaving the long-term effects largely unexplored. While research suggests benefits such as improved digestion and gut health, the underlying mechanisms remain poorly understood. There is also limited investigation into how peppermint supplementation affects the quality of poultry products, such as meat and eggs. Moreover, most research is concentrated on broilers, with fewer studies involving layers, quails, or turkeys. Information on how peppermint interacts with other common dietary supplements, such as probiotics, prebiotics, or enzymes, is also scarce. Finally, few studies have addressed the economic implications of incorporating peppermint into poultry diets, leaving questions about its cost-effectiveness unanswered.
Gaps in current research, including the long-term effects of peppermint, its interactions with other dietary supplements, and its economic feasibility, highlight the need for further studies. Addressing these gaps will not only advance the understanding of peppermint's role in poultry nutrition but also aid in its effective implementation as a sustainable alternative to synthetic additives in modern poultry production systems.


Methodology

3.1 Study area
This experiment was conducted in a poultry shed at the Youth Training Center, Sylhet, under the supervision of the Department of Animal Nutrition of Sylhet Agricultural University, Sylhet. A total of 480 Japanese quails, aged 18 days, were reared until they reached 46 days of age.
3.2 Bird management and basal diet
Upon receiving the birds from the delivery person, they were immediately provided with fresh water mixed with glucose, electrolytes, and water-soluble vitamins to minimize transportation stress. The birds were divided into six equal groups, identified as T0, T1, T2, T3, T4, and T5, with each group consisting of 80 birds. Each group was further divided into four replications, with 20 birds in each replication.
The control group (T0) was fed only a commercial quail diet as the basal diet. Group T1 was supplemented with an antibiotic growth promoter (AGP), while the other groups (T2, T3, T4, and T5) were supplemented with increasing concentrations of peppermint mixed into the basal diet of commercial quail feed. Group T1 received 113.6 mg of antibiotic (Oxytetracycline Hydrochloride USP) per 1000 grams of feed, following the dosage guidelines for growth promotion. Groups T2, T3, T4, and T5 were supplemented with 0.5%, 1%, 1.5%, and 2% peppermint, respectively, in their feed.
[bookmark: _Toc165757724][bookmark: _Toc165757852][bookmark: _Toc165758505][bookmark: _Toc166032346]The birds were provided with abundant feed and water twice daily throughout the experimental period. Each group of 20 birds was allotted 8 square feet of floor space, and the floor was littered with 2 inches of rice husks. Proper hygiene and sanitary measures were maintained throughout the experiment. The nutritional composition of the basal diet is presented in Table 1.

Table 1: Nutrient concentration of basal diet
	Nutrients
	Quantity

	Moisture (%)
	12

	Protein (%)
	21

	Fiber (%)
	5

	Calcium (%)
	1

	Phosphorus (%)
	0.45

	Methionine (%)
	0.48

	Lysine (%)
	1.15

	Energy (Kcal/kg)
	2950


		  Source: Nourish Poultry and Hatchery Ltd, Bangladesh
3.3 Composition of peppermint and its preparation
Peppermint (Mentha spicata) is a fragrant herb known for its complex essential oil composition, which includes a variety of monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons, and oxygenated sesquiterpenes. The essential oil of peppermint contains notable monoterpene hydrocarbons like limonene, which imparts a citrus-like aroma, α-pinene and β-pinene, contributing piney and herbal scents, and myrcene, known for its earthy, musky fragrance. Peppermint also contains oxygenated monoterpenes, such as 1,8-cineole (eucalyptol), which gives a cooling, minty note, and carvone, responsible for its characteristic mint flavor. Other components like camphene, sabinene, and p-cymene add to the oil’s aromatic profile. Additionally, the oil contains oxygenated sesquiterpenes like β-caryophyllene, which is known for its spicy, woody aroma. 4-terpineol and α-terpineol contribute sweet, floral notes, while cis-sabinene hydrate and dihydrocarveol are involved in the oil's therapeutic and aromatic qualities.
The peppermint used for this experiment was purchased from the local market and thoroughly washed with clean water. The leaves were then plucked and dried in a dark room for seven days. After drying, the leaves were powdered using a blender. Then the powdered peppermint was supplemented with quail feed.


3.4 Performance and carcass processing
The feed intake for each replication was measured by subtracting the grams of leftovers from the grams of feed provided. The feed intake of each group was recorded daily, while weight gain and feed conversion ratio (FCR) were calculated and recorded weekly. The weights of different organs (liver, heart, lungs) were recorded at the end of the experiment by euthanizing 48 birds, with two birds selected from each replication. Approval for this experimental protocol was granted by our institute's Research Animal Ethics Committee.
3.5 Hematological parameters and Blood enzymes evaluation 
At the time of slaughter, a total of 48 birds; two birds from each replication were randomly selected and obtained blood samples. RBC, WBC, platelets, PCV, MCV, MCH, and MCHC were evaluated using a Auto Hematology Analyzer (Model: BK-3200VET). The blood samples were also analyzed for SGPT and SGOT levels using an Automated Biochemistry Analyzer (Model: VET-CHEM100).
3.6 Statistical analysis
 All collected data were recorded in a Microsoft Excel spreadsheet and analyzed using one-way ANOVA. Means for homogeneous subsets were calculated using the Tukey HSD method in SPSS software (version 28, IBM). The figures were created using GraphPad Prism 8.

[bookmark: _Toc166288144]Results

4.1 Growth performance
The average feed intake of quails in the different groups (T0, T1, T2, T3, T4, T5) was 388.240, 407.076, 404.616, 411.140, 414.510, and 423.020 g/bird, respectively (Table 2). Statistical analysis showed that the feed intake of the treated groups was significantly higher (P<0.05) compared to the control group. Among all the treatment groups, the highest feed intake was observed in group T5 (2% peppermint), while the lowest was in group T0 (control group), indicating that feed intake increased with the addition of peppermint to the diet.
[bookmark: _Toc166032348]Table 2: Growth performance (mean ± S.E.) of different groups of quail
	Parameters
	T0
	T1
	T2
	T3
	T4
	T5
	P value

	Feed Intake (gm)
	388.240a
±1.5345
	407.076bc
±1.1187
	404.616b
±0.3573
	411.140cd
±0.6460
	414.510d
1.2223
	423.020e
±0.7086
	0.001

	Weight Gain (gm)
	98.110a
±0.6299
	105.399b
±0.8020
	103.923b
±0.4145
	106.583b
±0.5014
	110.493c
±0.5961
	110.253c
±0.3797
	0.001

	FCR
	3.957c
±0.0098
	3.8624b
±0.0189
	3.893bc
±0.0147
	3.857b
±0.0135
	3.751a
±0.0294
	3.836ab
±0.0153
	0.001


[bookmark: _Toc165757853][bookmark: _Toc165758506]T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.

The average weight gain of quail in different groups (T0, T1, T2, T3, T4, T5) was 98.110, 105.399, 103.923, 106.583, 110.493, and 110.253 g/bird, respectively (Table 2). It was observed that the weight gain of the treated groups, comparing with the control group, was statistically significant (P < 0.05). Among the experimental groups, quails consuming diets supplemented with 1.5% peppermint (T4) showed the highest weight gain, outperforming the other dietary treatments. Conversely, the birds in the control group (T0), which received only the commercial ration, had the lowest weight gain.
Better growth performance was observed in the experimental groups than in the control group. Notably, the inclusion of 1.5% peppermint (T4) resulted in greater weight gain compared to the 2% peppermint group (T5).
The average feed conversion ratio (FCR) of quail in the different groups (T0, T1, T2, T3, T4, T5) was 3.957, 3.862, 3.893, 3.857, 3.751, and 3.836, respectively (Table 2). The results indicate that increasing peppermint in quail feed had a significant effect on FCR (P < 0.05). The highest FCR was observed in the control group (T0), while the lowest FCR was recorded in the 1.5% peppermint group (T4). Additionally, the FCR values for groups T1 and T3 were relatively similar.
Overall, the addition of peppermint to the diet improved FCR. In the Figure 1, the differences in FCR values across the treatment groups are clearly illustrated.
[image: ]
[bookmark: _Toc166186534]Figure 1: FCR between different groups
[bookmark: _Toc165757854][bookmark: _Toc165758507][bookmark: _Toc166032349]From Table 3, it is observed that weight gain, feed intake, and FCR values varied across different age periods. During the 18–24 days of rearing, the lowest feed intake was recorded, while the feed conversion ratio (FCR) was highest. Notably, weight gain during this period was also the highest compared to other age periods (Table 3). Among the groups, feed intake was highest in T5, whereas the lowest FCR was observed in T4 (Table 3).
In the 25–31 days of rearing, feed intake increased across all groups; however, the FCR values were higher than those recorded in the previous period (Table 3). Similar to the earlier period, feed intake was highest in group T5, while the lowest FCR was again observed in group T4 (Table 3).
Table 3: Age based growth performance (mean ± S.E.) of different groups of quail
	Age period
	Parameters
	Treatment
	P value

	
	
	T0
	T1
	T2
	T3
	T4
	T5
	

	18-24
	Feed Intake (gm)
	72.00a
±0.577
	71.67a
±0.882
	71.66a
±1.202
	72.33a
±0.333
	71.02a
±0.577
	72.33a
±0.882
	0.871

	
	Weight Gain (gm)
	34.86a
±0.248
	36.52b
±0.289
	35.58ab
±0.435
	35.95ab
±0.539
	34.92a
±0.168
	35.56ab
±0.132
	0.035

	
	FCR
	2.065a
±0.024
	2.032a
±0.018
	2.013a
±0.009
	2.012a
±0.032
	1.962a
±0.011
	2.005a
±0.026
	0.104

	25-31 days
	Feed Intake (gm)
	81.596a ±0.6875
	83.733ab ±0.1277
	82.743ab ±0.8978
	83.680ab±0.4119
	85.260b ±0.4841
	88.670c ±0.9624
	0.001

	
	Weight gain (gm)
	27.970ab   ±1.0605
	27.343ab ±0.6961
	28.393ab ±0.3414
	25.720a ±0.4980
	29.749b ±1.0896
	29.946b ±0.3209
	0.015

	
	FCR
	2.924ab ±0.0933
	3.066ab ±0.0751
	2.915ab ±0.0530
	3.256b
±0.7552
	2.873a
±0.1078
	2.961ab
±0.0192
	0.036

	32-38 days
	Feed Intake (gm)
	113.573a ±0.3317
	122.106c ±0.1212
	119.990b ±0.0665
	122.19c±0.1790
	123.57d±0.3315
	125.626e±0.3246
	0.001

	
	Weight Gain (gm)
	23.5033ab±0.5905
	25.523bc
±0.5958
	20.5900a
±0.6050
	23.426ab±0.8420
	25.423bc
±1.107	
	28.1400c±0.5559
	0.001

	
	FCR
	4.8388ab ±0.1323
	4.7890ab ±0.1052
	5.8373c ±0.1664
	5.2298bc±0.1927
	4.8775ab±0.1959
	4.4681a ±0.0966
	0.001

	39-46 days
	Feed Intake (gm)
	121.070a±0.6065
	129.570b±0.4463
	130.216b±0.6496
	132.93c±0.1364
	134.68c±0.4271
	137.390d±0.3121
	0.001

	
	Weight Gain (gm)
	11.7766a ±0.5859
	16.0133ab±1.4443
	19.3566bc±1.3630
	21.483c±0.8305
	20.393bc±0.6938
	16.6033b±0.5816
	0.001

	
	FCR
	10.3276b±0.4741
	8.2301ab±0.7699
	6.7941a ±0.4758
	6.2060a ±0.2366
	6.6206a ±0.2430
	8.2934ab±0.2654
	0.001



T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.

In the 32–38 days period, feed intake increased across all groups; however, the FCR was relatively higher due to lower weight gain compared to the previous week (Table 3). The highest feed intake and the lowest FCR value were observed in group T5 (Table 3).
During the 39–46 days period, feed intake reached its highest level compared to all other periods, but the FCR was also the highest (Table 3). Despite the increased feed intake, feed conversion efficiency was the lowest during this period. Weight gain across all groups was lower compared to earlier age periods. Among the groups, feed intake was highest in T5 and lowest in T0 (Table 3). Weight gain was highest in T3 and lowest in T0, resulting in the lowest FCR in group T3 and the highest in group T0 (Table 3).
For all parameters, the incorporation of peppermint had a significant effect (P < 0.05), except for the feed intake and FCR during the 18–24 days period.
4.2 Blood parameters
The effects of feed additives on blood indicators in various groups of quails are presented in Table 4. Considerable variations were observed in the averages and standard errors of the hematological assessments across the different groups of quails. Indices such as Hb, total platelets, RBC count, PCV, MCV, MCH, and MCHC showed significant differences (P < 0.05) across the treatment groups.
The results indicated that the WBC concentrations in quails fed with different additives were not significantly different. The highest hemoglobin concentration (11.10c ± 0.10 g/dL) was recorded in group T5, while the lowest (10.00a ± 0.20 g/dL) was observed in group T1. The normal hemoglobin level for quails is 12.30 g/dL, as reported by (Sturkie & Griminger, 1976). The treated groups demonstrated significant changes in hemoglobin levels (P < 0.05), with the highest Hb observed in the group fed a 2% peppermint diet (T5).
RBC counts did not show significant differences among the groups. The normal WBC count for quail ranges from 20–40 × 10³/mm³ (Sturkie & Griminger, 1976). In this study, all parameters except WBC; namely Hb, total platelets, RBC count, PCV, MCV, MCH, and MCHC showed significant differences among the treatment groups.
[bookmark: _Toc165757855][bookmark: _Toc165758508][bookmark: _Toc166032350]Table 4: Blood parameters (mean ± S.E.) of different groups of quail
	Parameters
	Treatment
	P value

	
	T0
	T1
	T2
	T3
	T4
	T5
	

	Hb (gm/dl)
	10.00a
±0.20
	10.75bc
±0.05
	10.55abc
±0.05
	10.10ab
±0.20
	10.85c
±0.05
	11.10c
±0.10
	0.005

	Total WBC (103/mm3)
	155000a
±0.00
	152500a
±2500
	162500a
±2500
	155000a
±5000
	162500a
±12500
	170000a
±5000
	0.411

	Total Platelet (*109L-1)
	10250a ±250
	9750a ±150
	9900a ±100
	11400b ±100
	11800bc ±200
	12550c ±150
	0.001

	RBC Count (106/mm3)
	2.455a
±0.105
	2.745b
±0.005
	2.775b
±0.015
	2.870b
±0.020
	2.830b
±0.050
	2.895b
±0.015
	0.006

	PCV (%)
	0.5300b
±0.010
	0.4900ab
±0.010
	0.4950ab
±0.005
	0.5050ab
±0.005
	0.5100ab
±0.010
	0.4650a
±0.015
	0.039

	MCV (fl)
	167.50a
±1.50
	174.00b
±1.00
	175.00b
±1.00
	175.50b
±0.50
	178.00b
±1.00
	192.50c
±0.50
	0.001

	MCH (pg)
	31.00a
±2.0
	38.00bc
±1.00
	33.50ab
±0.50
	34.50abc
±0.50
	39.50c
±0.50
	46.00d
±1.00
	0.001

	MCHC (g/dl)
	17.50a
±0.50
	22.50b
±0.50
	18.50a
±0.50
	18.50a
±0.50
	21.50b
±0.50
	23.50b
±0.50
	0.001



T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.

4.3 Blood enzymes
[bookmark: _Toc165757856][bookmark: _Toc165758509][bookmark: _Toc166032351]The effects of dietary treatments on SGPT (AST) and SGOT (ALT) enzyme activities in birds are summarized in Table 5. Dietary additives had a significant effect (P < 0.05) on SGPT (AST) but not on SGOT (ALT). The average SGPT levels of quails in the different groups (T0, T1, T2, T3, T4, T5) were 13.090, 12.700, 13.000, 12.875, 12.675, and 12.325, respectively. The SGPT value was lowest in group T5 and highest in group T0, followed by T2, T3, and T1. Treated groups showed lower SGPT values compared to the control group.
The average SGOT levels of quails in the different groups (T0, T1, T2, T3, T4, T5) were 181.50, 179.50, 179.00, 178.00, 171.00, and 178.00, respectively. The SGOT value was lowest in group T4 and highest in group T0, followed by T1 and T2.
Table 5: Blood enzymes (mean ± S.E.) of different groups of quail
	Parameters
	Treatment
	P value

	
	T0
	T1
	T2
	T3
	T4
	T5
	

	SGPT (IU/L)
	13.090b
±0.110
	12.700ab
±0.100
	13.000b
±0.100
	12.875b
±0.075
	12.675ab
±0.025
	12.325a
±0.025
	0.005

	SGOT (IU/L)
	181.50a
±3.500
	179.50a
±6.50
	179.00a
±1.00
	178.00a
±2.00
	174.00a
±3.00
	178.00a
±9.00
	0.757


T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.

4.4 Carcass characteristics
[bookmark: _Toc165758510][bookmark: _Toc166032352]The effects of feed additives on organ and carcass weights in the various groups of quails are presented in Table 6.
Table 6: Carcass characteristics (mean ± S.E.) of different groups of quail
	Parameters
	Treatment
	P value

	
	T0
	T1
	T2
	T3
	T4
	T5
	

	Live weight (gm)
	118.587a
±.93371
	124.325ab
±.16008
	128.175ab
±4.83535
	142.400b
±7.85239
	135.000ab
±5.32729
	144.175b
±5.90429
	0.011

	Carcass Weight (gm)
	115.522a
±1.09150
	118.915ab
±.45322
	124.375ab
±5.29719
	138.705ab
±8.13775
	131.495ab
±6.02465
	140.170b
±6.71458
	0.020

	Dressed Weight (gm)
	72.772a
±0.99014
	80.890a
±0.17898
	75.885a
±3.80763
	84.080a
±7.74227
	81.350a
±4.53220
	87.785a
±5.02583
	0.251

	Dressing Percentage (ratio)
	0.6299a ±0.0066
	0.6802b ±0.0010
	0.6095a ±0.0046
	0.6025a ±0.0204
	0.6178a ±0.0061
	0.6254a ±0.0058
	0.001

	Weight of Liver (gm)
	2.457a
±0.15574
	3.170b
±0.05583
	2.925b
±0.11843
	4.200d
±0.04041
	4.007cd
±0.01436
	3.655c
±0.08372
	0.001

	Weight of heart (gm)
	1.072a
±0.10291
	1.075a
±0.06640
	1.140a
±0.02309
	1.390a
±0.21939
	1.325a
±0.12990
	1.140a
±0.02309
	0.294

	Weight of lungs (gm)
	1.345a
±0.08732
	1.720a
±0.03291
	1.507a
±0.04516
	1.377a
±0.08816
	1.602a
±0.14761
	1.510a
±0.09247
	0.079


T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.

The live weights of quails in the different treatment groups (T0, T1, T2, T3, T4, T5) were 118.587, 124.325, 128.175, 142.400, 135.000, and 144.175, respectively. These values were statistically significant (P < 0.05) among the treatment groups.
Carcass weights across the groups were also statistically significant (P < 0.05). The highest carcass weight was observed in group T5, while the lowest was in group T0. The carcass weights of the groups (T0, T1, T2, T3, T4, T5) were 115.522, 118.915, 124.375, 138.705, 131.495, and 140.170, respectively.
The dressed weights did not show significant differences among the various groups (P > 0.05), with the highest weight recorded in group T5. However, the highest dressing percentage was found in group T1, which was supplemented with AGP, showing significant differences (P < 0.05) among the other treatment groups. A graphical representation of dressing percentages is provided in Figure 2.
The liver weights varied significantly across the different treatment groups (P < 0.05). However, other parameters, such as dressed weight, heart weight, and lung weight, were not statistically significant among the treatment groups, with random variations observed.
4.5 Cost of production
From Table 7, it is observed that all groups achieved a profit. Feed cost, total cost, selling price, and profit were statistically significant (P < 0.005) among the groups.
[image: ]
[bookmark: _Toc166186536]Figure 2: Profit generated from different groups
The total non-feed costs were the same for all birds; however, feed intake varied across the treatment groups, leading to differences in feed costs. The highest feed cost was recorded in group T5.
The maximum profit was obtained from group T4, while the lowest profit was from group T0. A graphical representation of profit generation across the groups is shown in Figure 3. The profits from the different treatment groups (T0, T1, T2, T3, T4, T5) were 1.7730, 3.1197, 2.9724, 3.4072, 4.5211, and 3.8657 Taka, respectively. Profit generation varied significantly among the groups due to differences in feed conversion ratio (FCR) between them.
The data indicate that the inclusion of peppermint enhances the performance of quails. Among the groups, the inclusion of 1.5% peppermint in group T4 yielded the highest profit. Furthermore, as observed in Table 3, during the age period of 18–24 days, the most feed was converted with the lowest FCR value. During this period, group T4 also achieved the highest profit return.
[bookmark: _Toc165758511][bookmark: _Toc166032353]Table 7: Cost of production (mean ± S.E.) and profit (mean ± S.E.) of rearing different groups of quail
	Parameters
	Treatment
	P Value

	
	T0
	T1
	T2
	T3
	T4
	T5
	

	Chick cost (Taka)
	15 ± 0.00
	15 ± 0.00
	15 ± 0.00
	15 ± 0.00
	15 ± 0.00
	15 ± 0.00
	

	Feed Cost (Taka)
	27.953a
±0.1104
	29.309bc
±0.0805
	29.132b
±0.0257
	29.602cd
±0.0465
	29.844d
±0.0880
	30.457e
±0.0510
	0.001

	Other cost (Taka)
	4 ± 0.00
	4 ± 0.00
	4 ± 0.00
	4 ± 0.00
	4 ± 0.00
	4 ± 0.00
	

	Total Cost (Taka)
	46.953a
±0.1104
	48.309bc
±0.0805
	48.132b
±0.0257
	48.602cd
±0.0  465
	48.844d
±0.0880
	49.457e
±0.0510
	0.001

	Selling Price (Taka)
	48.542a
±0.2292
	51.269b
±0.3271
	50.944b
±0.1611
	51.801b
±0.1385
	53.253c
±0.2410
	53.187c
±0.1380
	0.001

	Profit (Taka)
	1.589a
±0.1203
	2.959b
±0.2467
	2.812b
±0.1384
	3.199b
±0.1078
	4.409c
±0.3070
	3.729bc
±0.1495
	0.001



T0: Control, 100% commercial poultry feed; T1: Commercial poultry feed + Antibiotic Growth Promoter in feed; T2: Commercial poultry feed + 0.5% peppermint powder; T3: Commercial poultry feed + 1% peppermint powder; T4: Commercial poultry feed + 1.5% peppermint powder; T5: Commercial poultry feed + 2% peppermint powder; Values are Mean ± S. E.; S.E. = Standard Error; Values with different superscripts (a,b,c,d,e) in the same row show a significant difference (P<0.05) at a 5% confidence level, whereas values with the same superscripts in the same row do not show significant differences (P<0.05) at the same significance level.
[bookmark: _Toc166288145]

Discussions

The essential oil present in peppermint has antiviral, antibacterial, and antifungal activities (L et al., 2017), which aid in the growth performance of animals and birds (Morshedy, 2019). In this study, it was observed that feed intake increased wiith increased levels of peppermint supplementation in the diet. This increase in feed intake due to peppermint application is consistent with findings by another researcher (Al-Kassie, 2010). Adult birds have twice as many taste buds as young birds, allowing them to better detect the strong flavor of peppermint compared to day-old chicks. This response to increasing doses of peppermint may support the theory that as birds age, their taste buds develop further (Mehri et al., 2015).
The FCR value decreased with higher concentrations of peppermint in the diet, with the best result observed in group T4 (Table 2). The positive effects of peppermint on weight gain and FCR found in this study align with the findings of other researchers (Abbas et al., 2021; Mehri et al., 2015). The significant improvement in performance due to peppermint supplementation, even surpassing the outcomes of AGP (Antibiotic Growth Promoters), indicates that peppermint is a better alternative to AGPs for achieving improved production. However, growth performance varied significantly across different age periods. Between 18–24 days of age, birds from all groups exhibited the highest growth performance, including weight gain and FCR (Table 3). Conversely, during the 39–46-day period, the birds showed the lowest production performance (Table 3). Although it is impractical, rearing quails up to 18–24 days could be the most profitable in terms of feed conversion efficiency.
Both live weight and carcass weight were positively correlated with the inclusion of peppermint in the diet. Higher levels of peppermint resulted in greater live and carcass weights, consistent with findings from other researchers (Şener & Cufadar, 2023; Vargas-Sánchez et al., 2019). In contrast, some studies have reported a decline in carcass percentage in Japanese quails supplemented with peppermint diets (Mehri et al., 2015). Over the entire experimental period, the inclusion of 1.5% peppermint (T4) yielded the best results in terms of FCR (Table 2). Thus, incorporating peppermint into quail diets is a promising strategy for enhancing production performance.
The highest hemoglobin level was observed in group T5, highlighting the positive effect of peppermint inclusion in the diet (Table 4). Additionally, the RBC count was highest in group T5 (Table 4). Other blood indices also showed improvements with peppermint inclusion, consistent with the findings of Mehri (Mehri et al., 2015). Similar results were observed in rats by Mesbahzadeh et al., (2015). These findings suggest that the improvement in blood parameters is directly related to peppermint supplementation and should be utilized to achieve better blood health outcomes.
SGPT (AST) and SGOT (ALT) levels in the blood increase due to liver and muscle damage (Schomaker et al., 2020). A gradual decrease in SGPT and SGOT levels with higher concentrations of peppermint suggests a positive effect of peppermint supplementation (Table 5). Peppermint had a more significant impact on SGPT. The inclusion of 1.5% peppermint resulted in the lowest SGOT levels, although this difference was not statistically significant, indicating beneficial effects of peppermint.
In terms of carcass characteristics, the highest carcass weight was achieved in group T5, supplemented with 2% peppermint (Table 6). The same trend was observed for dressed weight, where group T5 showed the highest value (Table 6). However, dressing percentage revealed a different outcome, with group T1, supplemented with AGP, exhibiting the most favorable result (Table 6). Similar findings on weight gain across various treatment groups have been reported by other researchers (Gurbuz & Ismael, 2016; Mehri et al., 2015; Narimani-Rad et al., 2011). However, the superior dressing percentage observed in the AGP group suggests a limitation in the applicability of peppermint, as also noted by Mehri (Mehri et al., 2015). Nonetheless, considering the overall weight gain in live birds and carcasses, peppermint showed greater effectiveness.
Deviations in the normal weight of internal organs often reflect the health status of the bird (Oǧuz et al., 1996). In this study, a positive relationship was observed between organ weights and peppermint supplementation. The highest liver weight was recorded in the group with 1% peppermint inclusion (Table 6). Similarly, better heart weight was observed in the 1% peppermint group, while the highest lung weight was noted in the AGP-supplemented group (Table 6). Overall, peppermint supplementation demonstrated superior performance compared to other treatment groups.
In terms of profitability, group T4 showed the best outcome (Table 7). Although all treated groups were profitable, those supplemented with peppermint generated the highest profits. While the AGP-supplemented group outperformed the 0.5% peppermint group, the higher inclusion levels of peppermint yielded even greater profits, significantly outperforming the control group. This indicates the economic benefits of peppermint supplementation (Table 7). Similar profit-related outcomes have been reported in studies involving mint supplementation in poultry rearing (AbdElAti et al., 2021).
Considering all aspects, the overall best performance was observed in the peppermint-treated groups, particularly with 1.5% inclusion. Thus, incorporating peppermint into quail diets is a promising approach for improving growth performance and profitability.





Conclusion

[bookmark: _Toc166288146]Including peppermint in the diet led to a significant increase in feed intake and body weight gain in Japanese quail. The highest weight gain and profit were recorded in group T4, which received a diet supplemented with 1.5% peppermint. Notably, the inclusion of peppermint outperformed the production performance of antibiotic growth promoters (AGPs). Although the highest dressing percentage was observed in group T1 (AGP group), the overall results favored group T4, demonstrating that 1.5% peppermint inclusion provided the most favorable production outcomes. Consequently, due to its superior potential in enhancing production performance while avoiding the adverse effects associated with AGPs, peppermint can be effectively utilized as a natural growth promoter in place of AGPs.
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