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ABSTRACT 

	The present study was undertaken to evaluate the effect of dietary supplementation of graded levels of Amla (Phyllanthus emblica) leaf powder on haematological, serum biochemical, enzyme activities, mineral profile, and antioxidant status of Japanese quail, with emphasis on metabolic health and physiological safety. The experiment was conducted at the Instructional Poultry Farm, Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, India, during June-July 2025, for a period of six weeks. A total of 180 Japanese quail chicks under completely randomized design, each with three replicates of twelve birds, were randomly assigned to five different dietary treatments. A control diet (T1), a basal diet supplemented with 0.5% Amla fruit powder (T2), and basal diets supplemented with 0.5% (T3), 1.0% (T4), and 2.0% (T5) Amla leaf powder were among the treatments. Blood samples were taken at 42 days of age from representative birds to evaluate haematological parameters, serum biochemical, enzyme activities, mineral profile, and antioxidant status of Japanese quail. Duncan's multiple range test and general linear model procedures were used to analyze the data. Haematological parameters, serum glucose, total protein, albumin, globulin, albumin–globulin ratio, serum enzyme activities (ALT, AST, LDH) write these in full before abbreviations, since there are mentioned for the first time, and serum calcium and phosphorus did not differ significantly (P>0.05) among treatments, indicating physiological safety of Amla leaf supplementation. Serum cholesterol and triglyceride concentrations were significantly reduced (P<0.05) in birds fed 1% and 2% Amla leaf powder (T4 and T5) compared to control. Antioxidant status improved significantly (P<0.05), as evidenced by higher SOD and GSH activities and lower MDA levels, with the most pronounced effect observed in the T4 group. The present study concludes that dietary supplementation of Amla leaf powder, particularly at 1% inclusion level, effectively improved lipid profile and antioxidant status without adversely affecting haematological or metabolic parameters. Amla leaves can thus serve as a safe, cost-effective, and natural phytogenic feed additive for enhancing metabolic health in Japanese Quail.
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1. INTRODUCTION 

Haemo-biochemical parameters have been recognized as markers of physiological and health status as well as metabolic efficiency. Serum biochemical components, packed cell volume, erythrocyte and leucocyte counts, hemoglobin concentration, and antioxidant profile are among the blood evaluation parameters that reveal the metabolic response to dietary interventions and the functional state of essential organs. Any modification to these parameters reveals preliminary information about the birds' systemic health, stress response, and nutritional sufficiency.
Dietary manipulation plays a central role in modulating growth performance, metabolic balance, and immune competence in poultry production systems. Feed additives have traditionally been incorporated into poultry diets to enhance feed efficiency, promote growth, and reduce disease incidence. Among these, antibiotic growth promoters were widely used at sub-therapeutic levels to improve productivity and maintain flock health. However, the extensive and prolonged use of antibiotics in animal feed has raised significant global concern due to its association with antimicrobial resistance (AMR). Resistance genes originating in food-producing animals can be transmitted to humans through direct contact, the food chain, or the environment, posing a serious public health risk (Smith et al., 2007). In poultry farming antibiotics are commonly used at sub-therapeutic doses as growth promoters. It has been extensively linked to the development and dissemination of bacteria that are resistant to antibiotics, endangering the health of both humans and animals (Sarangi et al., 2016). European Union has implemented strict bans on the use of antibiotics in poultry since 2009. The restriction on the use of antibiotic growth promoters is due to concerns over antimicrobial resistance and food safety. Although, this has led to increased interest in natural alternatives to combat the concerns. Phytogenic feed additives derived from medicinal plants have gained alot of attention due to their antioxidant, hypolipidemic, hepatoprotective, and immunomodulatory properties. These plant-based additives are known to enhance metabolic efficiency and maintaining physiological stability.
Phyllanthus emblica (amla) is recognized as a rich source of diverse bioactive phytoconstituents, including vitamin C, phenolic acids, flavonoids and hydrolyzable tannins. Among the important phenolic compounds identified in amla are gallic acid, chlorogenic acid and ellagic acid, which possess strong free radical scavenging properties. Flavonoids such as quercetin and apigenin-7-O-glucoside (leaf-specific) further contribute to its antioxidant potential through modulation of cellular redox balance. The antioxidant activity of amla is also largely attributed to the presence of hydrolyzable tannins, particularly emblicanin A and emblicanin B, which enhance endogenous antioxidant defense mechanisms. In addition to these, amla contains various phytochemical classes including alkaloids, benzoids, diterpenes, sterols, furanolactones and phyllaemblic compounds.. These compounds work together to provide potent anti-inflammatory, antioxidant, and immunomodulatory effects (Dalal et al., 2018a). Studies have demonstrated that dietary supplementation of Amla fruit powder or leaf extract can significantly enhance growth performance, improve feed conversion efficiency and strengthen immune response in poultry by reducing oxidative stress and promoting a healthier gut environment (Dalal et al., 2018; Singh, 2023). Importantly, Amla leaves, which are often an underutilized and cost-effective by-product of the plant, also contain substantial amounts of these bioactive compounds and thus possess comparable biological potential (Sharma et al., 2023). Therefore, the use of Amla and its leaves as natural feed additives represent a sustainable and economically viable strategy that aligns with the increasing consumer demand for antibiotic-free and naturally produced poultry products. The present study was undertaken to evaluate the influence of dietary supplementation of graded levels of Amla leaf powder on haematological and serum biochemical parameters of Japanese quail, with emphasis on metabolic health and physiological safety.

2. material and methods 
2.1 Experimental Birds and Design
The experiment was conducted during the summer season (June-July 2025). for a period of six weeks using 180-day-old Japanese quail chicks at the Instructional Poultry Farm, Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, Uttarakhand. The area experienced humid summers, with temperatures in summer rising up to 42 °C and relative humidity reaching nearly 82%. The chicks were randomly distributed into five dietary treatment groups, each comprising 36 birds, with three replicates of 12 birds per replicate. Standard management practices were followed throughout the experimental period, and feed and water were provided ad libitum.
2.2 Collection and processing of Amla (Phyllanthus emblica) leaves and fruit
Amla (Phyllanthus emblica) leaves and fruits were procured from the local area of Kotdwara, Pauri Garhwal, Uttarakhand, during the month of December 2024. The freshly harvested leaves were spread out in a well-ventilated shaded area and allowed to dry for 5–6 days to prevent nutrient losses. The partially dried leaves were then transferred to a hot air oven at 50°C for 3–4 hours until they became crisp, after which they were ground into a coarse powder using an electric grinder (Willey mill).Similarly, the freshly harvested fruits were cut in small pieces and then sun-dried. The dried fruits were also subjected to hot air oven drying at 50 °C for 3–4 hours to ensure complete removal of moisture and subsequently grinding was done. The prepared amla leaf and fruit powders were stored in air-tight polythene bags at room temperature for the study.
2.3 Formulation and Composition of Experimental Diets
Chart 1: Treatment Details
	Treatments
	No. of birds
	No. of replicates
	Treatment Details

	T1
	36
	3 replicates (12 birds in each replicate)
	Control ( Standard ration)

	T2
	36
	3 replicates (12 birds in each replicate)
	Standard ration + 0.5% Amla (Phyllanthus emblica) fruit powder

	T3
	36
	3 replicates (12 birds in each replicate)
	Standard ration + 0.5% Amla (Phyllanthus emblica) leaf powder

	T4
	36
	3 replicates (12 birds in each replicate)
	Standard ration + 1% Amla (Phyllanthus emblica) leaf powder

	T5
	36
	3 replicates (12 birds in each replicate)
	Standard ration + 2% Amla (Phyllanthus emblica) leaf powder

	Total
	180
	
	



The feeding trial was conducted for six weeks, which includes the starter (0 to 3 weeks) and finisher (3 to 6 weeks) phases. The basal diets were formulated to meet the nutrient requirements of Japanese quail as per ICAR (2013) recommendations as given in table 1.

	Table 1: Ingredient composition used for formulation of Japanese quail (starter and finisher) basal diet

	
	Japanese quail diet

	Ingredients (%)
	Starter
 (0-3 weeks)
	 Finisher
 (3-6 weeks)

	Yellow Maize
	45.00
	57.00

	Deoiled soybean meal
	32.00
	24.00

	Groundnut cake-solvent extracted
	14.00
	10.00

	Rice polish
	07.00
	07.00

	Dicalcium phosphate
	01.00
	01.00

	Lysine
	00.20
	00.20

	DL-Methionine
	00.10
	00.10

	Choline chloride
	00.05
	00.05

	Mineral and Vitamin mixture
	00.20
	00.20

	Common salt
	00.30
	00.30

	Hepatocare
	00.10
	00.10

	Coccidiostats
	00.05
	00.05

	Total
	100.00
	100.00

	Chemical composition (% DM basis ) (calculated)

	           Crude Protein (%)
	25.05
	20.53

	Metabolizable Energy (Kcal/kg)
	2851.51
	2954.06



2.4 Blood Collection and Analysis
2.4.1 Collection    
  At the end of the experiment, approximately 2 ml of blood was collected aseptically into EDTA-coated vials for haematological assessments. An additional 1.5 ml of blood was drawn from the jugular vein into clot-activator tubes without anticoagulant. These samples were kept at room temperature in a slightly inclined position for 3–4 hours to facilitate natural clot formation. After clotting, the tubes were centrifuged at 3000 rpm for 20–30 minutes to obtain clear serum. The separated serum was transferred into properly labelled Eppendorf tubes and stored at –20 °C in a deep freezer until further biochemical analyses were performed.

2.4.2 Hemato-biochemical Analysis
The haematological parameters, including haemoglobin concentration, packed cell volume, total erythrocyte count, total leucocyte count, mean corpuscular volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin concentration, were determined using standard procedures. Serum biochemical parameters such as cholesterol, triglycerides, glucose, total protein, albumin, and globulin were analysed using standard biochemical kits (Erba Mannheim, German). The albumin-globulin ratio was calculated mathematically. Absorbance readings were taken using an ELISA microplate reader at assay-specific wavelengths, and all measurements were performed in triplicate to ensure analytical precision.

2.4.3 Serum Antioxidant Activity
Serum antioxidant parameters were analyzed using blood samples collected within 48 h. Commercial diagnostic kits (Real Gene Diagnostics) were used, and absorbance readings were recorded using an ELISA microplate reader at assay-specific wavelengths. All measurements were performed in triplicate to ensure analytical accuracy.

2.5 Statistical Analysis
The experimental data obtained in the present study were analysed statistically (Snedecor and Cochran, 1994) by using general linear model procedures in the SPSS package. Differences between treatment means were compared using Duncan’s multiple range test (Kramer, 1957).

3. results and discussion

3.1 Hematological Parameters
The haematological parameters of Japanese quail fed diets supplemented with fruits ( 0.5%) and graded levels of Amla (Phyllanthus emblica) leaf powder, recorded on the 42nd day, are presented in Table 2. 
The haematological parameters viz., haemoglobin, packed cell volume (PCV), total erythrocyte count (TEC), total leucocyte count (TLC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) in Japanese quail on the 42nd day of the feeding trial did not show any significant variation (P>0.05) among the different treatment groups fed diets supplemented with varying levels of amla leaf powder. The absence of significant variation in haematological indices indicateds that dietary supplementation of Amla leaf and fruit powder did not induce physiological stress, anaemia, or impairment of erythropoiesis in Japanese quail, confirming that Amla leaves and fruits are haematologically safe when incorporated into quail diets. 
Similar stability in haematological parameters following Amla supplementation has been reported in poultry, where Amla leaf or extract maintained normal haemoglobin, packed cell volume, and erythrocyte counts under normal rearing conditions (Islam et al., 2020; Kamil et al., 2021).
In contrast, studies conducted under adverse or stress conditions have demonstrated an improvement in haematological parameters with Amla supplementation, reflecting its haematoprotective and antioxidant properties. Ther et al. (2017) reported increased haemoglobin and erythrocyte counts in arsenic-exposed birds supplemented with Phyllanthus emblica, while Kamil et al. (2021) observed enhanced blood indices in Japanese quail receiving Amla extract.

3.2 Biochemical Profile

The biochemical constituents of Japanese quail fed diets incorporated with graded levels of Amla leaf powder are shown in Table 3. 
Serum cholesterol concentration exhibited significant variation (P<0.05). Dietary supplementation with T4 and T5 resulted in a marked reduction in cholesterol levels over T1, the basal diet group, whereas T3 remained comparable. Against the T2 supplemented group, cholesterol concentration in T4 and T5 remained notably lower, while T3 showed no appreciable deviation. Serum triglycerides with a significant (P<0.05) by dietary treatments. Dietary supplementation with T4 and T5 resulted in reduced triglyceride levels over T1, whereas T3 remained comparable. Compared with T2, the T4 and T5 remained lower, while T3 did not show a marked change.  Dietary inclusion of amla leaf powder had no significant influence on serum glucose, total protein, albumin, globulin, and albumin to globulin ratio in Japanese quail at the 42nd day of the feeding trial (P>0.05). 
Amla is rich in polyphenols, flavonoids, and tannins, which are known to inhibit the activity of key enzymes involved in cholesterol biosynthesis and to promote the conversion of cholesterol into bile acids, thereby increasing its excretion. Hypo-cholesterolemic and hypo-triglyceridemic effects of Amla have been widely reported in poultry. Dalal et al. (2018), Begum et al. (2019), and Aljumaily et al. (2019) observed significant reductions in serum cholesterol and triglyceride levels in broilers fed diets supplemented with Amla fruit powder or extract. Likewise, Kamil et al. (2021) reported improved lipid profile in Japanese quail supplemented with Amla extract, confirming the lipid-modulating potential of Phyllanthus emblica across poultry species.
In agreement with the present findings, Aswal et al. (2017) reported reduced serum cholesterol levels in White Leghorn birds following dietary supplementation of Amla, indicating that Amla exerts a consistent lipid-lowering effect irrespective of poultry species. Furthermore, Kazal et al. (2023) demonstrated that Amla supplementation significantly reduced cholesterol and triglycerides in broilers under both normal and heat-stress conditions, suggesting that its lipid-modulating effect is stable across varying physiological states. Serum glucose, total protein, albumin, globulin, and albumin–globulin ratio did not differ significantly (P>0.05) among treatments, indicating that dietary Amla leaf powder did not disturb carbohydrate metabolism, protein synthesis, or immune balance. Similar observations were reported by Mulaudzi et al. (2019) and Ashour et al. (2020), who observed stable biochemical profiles in poultry fed phytogenic additives.
In contrast, Opoola et al. (2018) observed an increase in serum cholesterol in laying hens supplemented with vitamin C under disease stress, indicating that antioxidant supplementation alone does not necessarily lead to lipid reduction. This highlights that the lipid-lowering effect observed in the present study is not solely due to the vitamin C content of Amla but is more likely attributed to the combined action of its bioactive phytochemicals, including tannins, flavonoids, and polyphenols, which directly regulate hepatic lipid metabolism. Kamil et al. (2021) reported that serum glucose concentration in Japanese quail supplemented with amla extract significantly reduced serum glucose levels.  Further, Aswal et al. (2017) also observed significantly higher serum total protein levels and serum albumin concentration in White Leghorn birds supplemented with garlic and amla during the mid-laying period. In contrast, Kumar et al. (2024) reported a significant increase in serum albumin and globulin concentration in Japanese quail receiving nano vitamin C supplementation.

3.3 Serum enzyme activities
The activities of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) of Japanese quail are presented in Table 4. Serum enzyme activities of alanine transaminase (ALT), aspartate transaminase (AST), and lactate dehydrogenase (LDH) were not influenced by dietary treatments (P>0.05).
The present findings are in agreement with Begum et al. (2019), who reported that dietary supplementation of Emblica officinalis powder in broiler chickens did not cause any significant change in serum ALT and AST activities.   Hosseini-Vashan et al. (2012) reported a numerical but non-significant reduction in LDH activity at lower turmeric inclusion levels, while higher supplementation significantly reduced LDH activity under heat stress conditions. 
Akbarian et al. (2013) also documented a significant reduction in LDH activity in broilers supplemented with citrus peel extracts during heat stress. 
In contrast, Ther et al. (2017) also observed significantly elevated plasma ALT and AST levels in arsenic-exposed Japanese quails, which were subsequently reduced following Emblica officinalis supplementation. Furthermore, Rath et al. (2017) reported a significant increase in serum LDH activity in chicks supplemented with amla during colibacillosis.


3.4 Serum calcium and phosphorus 
The serum calcium and phosphorus concentrations of Japanese quail fed diets supplemented with graded levels of Amla leaf powder are presented in Table 5. The serum calcium and phosphorus concentrations (mg/dl) of Japanese quail fed diets supplemented with amla leaf powder did not differ significantly (P>0.05) among treatment groups. 
The maintenance of normal calcium and phosphorus levels suggests that Amla leaf powder did not impair intestinal absorption or utilization of minerals. Similar observations have been reported by Tilahun et al. (2022), who found stable mineral profiles in animals supplemented with phytogenic feed additives. Additionally, Ashour et al. (2020) and Mulaudzi et al. (2019) reported unchanged serum calcium and phosphorus levels in poultry and Japanese quail fed herbal supplements, indicating that plant-based additives generally do not disrupt mineral balance.

3.5 Antioxidant status

The serum antioxidant enzyme profile of Japanese quail at 42 days of age is presented in Table 6. Dietary supplementation of amla leaf powder significantly influenced antioxidant enzyme activities and lipid peroxidation indices.
The serum SOD activity compared to the control group (T1), birds in the T3, T4 and T5 groups recorded significantly higher superoxide dismutase (SOD) activity, and the values among these groups remained statistically comparable. When compared with T2, the SOD activity of T3, T4 and T5 groups also remained statistically comparable. Overall, higher SOD activity was observed in the supplemented groups.

Lipid peroxidation (MDA) activity compared to T1 the MDA concentration in the T3 group remained statistically comparable, whereas the T4 and T5 groups recorded significantly lower values. While T2 compared with the MDA concentration of T3, T4 and T5 groups remained statistically comparable. Overall, lower MDA levels were observed in the supplemented groups

Serum glutathione activity compared to T1 the serum reduced glutathione (GSH) concentration in T3, T4 and T5 groups was significantly higher, with the highest value recorded in the T4 group. Similarly, T2 in comparison with the GSH concentration of T3, T4 and T5 groups remained statistically comparable. Overall, higher serum GSH levels were observed in the supplemented treatment groups with the highest value recorded in the T4 group.

It has been suggested that bioactive phytochemicals like polyphenols, flavonoids, and tannins present in fruits and herbal sources like leaf may activate nuclear factor erythroid 2–related factor 2 (Nrf2), a redox-sensitive transcription factor that plays a key role in cellular antioxidant defense. During oxidative stress, Nrf2 regulates the synthesis of non-enzymatic antioxidants and phase II detoxifying enzymes, thereby contributing to enhanced antioxidant enzyme expression and cellular protection against oxidative damage.

Lee et al. (2023) observed significantly higher SOD activity in broilers fed diets supplemented with Phyllanthus emblica leaves and branches mixture, supporting the role of amla-based supplements in enhancing antioxidant enzyme status.

In contrast, Nakajothi et al. (2009) observed that dietary amla supplementation did not significantly affect SOD activity in broilers subjected to ACTH-induced stress, despite a reduction in lipid peroxidation.

Comparable reductions in MDA concentration were observed by Abo Ghanima et al. (2023), who reported significantly lower MDA levels in heat-stressed broilers supplemented with amla extract. Begum et al. (2019) also documented significantly lower MDA concentrations in amla-supplemented broilers, indicating enhanced antioxidant defense and reduced oxidative stress. 
Lee et al. (2023) reported significantly higher glutathione peroxidase activity in broilers receiving Phyllanthus emblica leaf and branch mixtures, supporting the role of amla-derived phytochemicals in enhancing endogenous antioxidant systems. Maini et al. (2007) reported enhanced glutathione activity in broilers supplemented with amla-electrolyte under summer stress.
On the contrary Nakajothi et al. (2009) reported that dietary amla supplementation did not significantly affect GSH and glutathione peroxidase levels in broilers subjected to ACTH-induced stress, despite reductions in lipid peroxidation.











TABLE 2: Haematological values of Japanese quail fed diets incorporated with varying levels of Amla leaf powder at 42nd day

	Treatment

	Parameters
	T1
	T2
	T3
	T4
	T5
	P-Value


	PCV (%)
	35.67 ± 1.45
	36.67 ± 1.45
	37.00 ± 1.73
	37.67 ± 1.20
	35.00 ± 0.58
	0.652

	Haemoglobin (g/dl)
	11.87 ± 0.26
	12.03 ± 0.12
	12.20 ± 0.29
	12.47 ± 0.18
	11.90 ± 0.15
	0.308

	TEC (10⁶/µl)
	2.72 ± 0.10
	2.85 ± 0.12
	2.80 ± 0.13
	2.84 ± 0.18
	2.63 ± 0.06
	0.713

	TLC (10³/µl)
	22.95 ± 0.53
	23.22 ± 0.49
	23.03 ± 0.39
	22.98 ± 0.85
	22.47 ± 0.81
	0.939

	MCV (fl)
	131.34 ± 7.43
	129.01 ± 6.54
	132.39 ± 5.73
	133.11 ± 3.87
	132.96 ± 1.03
	0.981

	MCH (pg)
	43.63 ± 0.90
	42.37 ± 1.83
	43.72 ± 1.88
	44.25 ± 2.91
	45.22 ± 0.63
	0.856

	MCHC (g/dl)
	33.41 ± 1.79
	32.90 ± 0.99
	33.15 ± 2.00
	33.18 ± 1.32
	34.01 ± 0.37
	0.984


Values are mean ± standard error. T1: Control; T2: Basal + 0.5% amla fruit powder; T3: Basal + 0.5% amla leaf powder; T4: Basal + 1.0% amla leaf powder; T5: Basal + 2.0% amla leaf powder. PCV: Packed Cell Volume; TEC: Total Erythrocyte Count; TLC: Total Leucocyte Count; MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Haemoglobin; MCHC: Mean Corpuscular Haemoglobin Concentration. This portion is expected not to be the same font size with the text of the table. Correct this across all tables.  

TABLE 3- Biochemical constituents of Japanese quail fed diets incorporated with varying levels of Amla leaf powder at 42nd day

	Treatment

	Parameters
	T1
	T2
	T3

	T4

	T5
	P-Value 

	Cholesterol
(mg/dl)*
	131.59 ± 2.92ᵃ
	128.65 ± 0.94ᵃ
	127.31 ± 0.93ᵃᵇ
	122.76 ± 1.05ᵇᶜ
	120.48 ± 1.06ᶜ
	0.004

	Triglycerides
(mg/dl)*
	108.56 ± 1.39ᵃ
	105.40 ± 0.70ᵇ
	105.14 ± 0.46ᵇ
	101.98 ± 0.91ᶜ
	100.40 ± 0.91ᶜ
	0.001

	Glucose (mg/dl)
	215.70 ± 1.87
	213.01 ± 1.77
	212.80 ± 2.04
	208.82 ± 2.42
	206.34 ± 2.30
	0.064

	Total protein (g/dl)
	6.66 ± 0.49
	6.69 ± 0.04
	7.04 ± 0.56
	7.21 ± 0.07
	7.33 ± 0.15
	0.559

	Albumin (g/dl)
	3.43 ± 0.43
	3.49 ± 0.23
	3.94 ± 0.33
	4.10 ± 0.10
	4.20 ± 0.15
	0.239

	Globulin (g/dl)
	3.07 ± 0.23
	3.12 ± 0.14
	3.10 ± 0.23
	3.11 ± 0.10
	3.13 ± 0.15
	0.999

	A/G ratio
	2.18 ± 0.09
	2.15 ± 0.09
	2.27 ± 0.01
	2.32 ± 0.07
	2.35 ± 0.10
	0.397


a, b, and c mean values bearing different alphabets in superscript in a row differ significantly, *(P<0.05) Values are mean ± standard error. T1: Control; T2: Basal + 0.5% amla fruit powder; T3: Basal + 0.5% amla leaf powder; T4: Basal + 1.0% amla leaf powder; T5: Basal + 2.0% amla leaf powder.

TABLE-4 Serum enzymes (U/L) of Japanese quail fed diets incorporated with varying levels of Amla leaf powder at 42nd day
	Treatment
	P-Value

	Parameters
	T1
	T2

	T3

	T4

	T5
	


	ALT
	15.32 ± 0.34
	14.14 ± 0.34
	13.95 ± 0.39
	14.73 ± 1.02
	15.52 ± 0.98
	0.448

	AST
	105.10 ± 4.25
	103.13 ± 0.90
	102.74 ± 3.94
	100.97 ± 0.86
	103.53 ± 0.52
	0.864

	LDH
	1083.83 ± 8.58
	1037.06 ± 11.27
	1033.46 ± 107.40
	1026.27 ± 50.75
	1075.74 ± 168.89
	0.986


Values are mean ± standard error. T1: Control; T2: Basal + 0.5% amla fruit powder; T3: Basal + 0.5% amla leaf powder; T4: Basal + 1.0% amla leaf powder; T5: Basal + 2.0% amla leaf powder

Table-5 Serum calcium and phosphorus (mg/dl) of Japanese quail fed diets incorporated with varying levels of Amla leaf powder at 42nd day
	Treatment
	P-Value

	Parameters
	T1
	T2

	T3

	T4

	T5
	


	Calcium
	10.09 ± 1.19
	9.42 ± 2.51
	9.50 ± 1.99
	8.76 ± 2.24
	8.22 ± 0.83
	0.959

	Phosphorus
	3.59 ± 0.87
	3.47 ± 0.69
	4.62 ± 0.35
	4.87 ± 1.38
	4.90 ± 1.11
	0.699


Values are mean ± standard error. T1: Control; T2: Basal + 0.5% amla fruit powder; T3: Basal + 0.5% amla leaf powder; T4: Basal + 1.0% amla leaf powder; T5: Basal + 2.0% amla leaf powder

Table-6 Serum antioxidant enzyme profile of Japanese quail chicks fed diets incorporated with varying levels of amla leaf powder at 42nd day

	Treatment
	P-Value

	Parameters
	T1 

	T2 
	T3 

	T4 

	T5
	

	SOD(U/mL)*
	13.54 ± 1.22ᵇ
	17.59 ± 1.05ᵃ
	17.54 ± 0.89ᵃ
	18.17 ± 0.78ᵃ
	16.92 ± 0.65ᵃ
	0.038

	MDA(nmol/mL)*
	7.57 ± 0.53ᵃ
	6.15 ± 0.19ᵇ
	6.43 ± 0.61ᵃᵇ
	5.55 ± 0.22ᵇ
	5.25 ± 0.35ᵇ
	0.021

	GSH(µg/mL)*
	121.27 ± 1.91ᶜ
	129.29 ± 1.93ᵃᵇ
	130.44 ± 1.80ᵃᵇ
	132.83 ± 1.28ᵃ
	127.10 ± 1.06ᵇ
	0.005


a, b, c mean values bearing different superscripts in a row differ significantly, *P<0.05. Values are mean ± standard error. T1: Control; T2: Basal + 0.5% amla fruit powder; T3: Basal + 0.5% amla leaf powder; T4: Basal + 1.0% amla leaf powder; T5: Basal + 2.0% amla leaf powder
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                                                          Fig. 1: Hemato-biochemical Analysis 





Fig. 2: serum cholesterol and triglyceride of Japanese quail fed diets incorporated with varying level of amla leaf powder at 42nd day


Fig. 3: Serum superoxide dismutase (SOD) of Japanese quail fed diets incorporated with varying level of amla leaf powder at 42nd day




Fig. 4: Serum reduced glutathione (GSH) of Japanese quail fed diets incorporated with varying level of amla leaf powder at 42nd day

4. Conclusion
Based on the findings of the present investigation, it is concluded that supplementation of 1% Amla leaf powder proved to be the most effective in improving lipid profile, serum antioxidant status while maintaining normal metabolic and haematological status. These findings suggest that Amla leaves, which are often underutilized compared to fruits, can serve as a cost-effective and natural phytogenic feed additive for improving the metabolic health of Japanese quail.  
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