


Effect of Dietary Inclusion of Amla (Phyllanthus emblica Linn) Leaf Powder on Growth Performance, Nutrient Utilization and Profitability  of Japanese quail




ABSTRACT
Amla, or Indian gooseberry, (Phyllanthus emblica Linn.) fruit primarily contains an antioxidant and immunomodulatory properties and leaves contain phenolic compound and alkaloids such as phyllantine and phyllantidine. A feeding trial was conducted to discern the influence of dietary inclusion of amla (Phyllanthus emblica) leaf powder on growth performance, nutrient utilization and economical production of Japanese quail. A total number of 180- day-old Japanese quail chicks were randomly distributed into five treatments of 36 Japanese quails per treatment with three replicates in each in a completely randomized design. Five treatments included control (T1) in which standard diet without any supplementation was fed, while in T2, 0.5% Amla fruit powder (AFP) with standard diet was fed and in T3, T4 and T5 with 0.5%, 1.0% and 2.0% Amla leaf powder (ALP) incorporation respectively with standard diet. Results showed that 1.0% dietary inclusion emerged as the most economical treatment, as it recorded the lowest cost per kilogram body weight gain along with significantly higher net profit. It can be concluded that 1.0% dietary inclusion being the most effective in improving growth rates, feed efficiency, nutrient digestibility and desired economical production of the Japanese quail.
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1. INTRODUCTION 
[bookmark: bb0035]The poultry industry has become the leading supplier of efficient, high-quality animal proteins to the world. Poultry meat compares favorably with other animal products in terms of protein content and amino acid balance, energy and micronutrients (Bohrer, 2017). Japanese quails (Coturnix coturnix  japonica) fall within this description and should therefore be looked upon as animal of choice in increasing animal protein sources. The Japanese quail is becoming more popular as a source of meat and egg (Hemid et al., 2010). In addition, it is a well-established animal model in biology because of its small body size, rapid generation turnover and high egg production. Many countries are showing great interest in developing the production of Japanese quail for the meat and egg market (Esmailizadeh et al., 2010). The extensive use of antibiotics in animal feed has emerged as a major global concern, primarily due to its strong association with the development and spread of antimicrobial resistance (AMR). In response to these concerns, the poultry industry is actively exploring alternatives to antibiotic growth promoters (AGPs) to ensure sustainable and safe production systems, including improvements in management practices and the use of enteric microflora modulators such as acidifiers, probiotics, prebiotics, synbiotics, enzymes, algae, herbal products (phytobiotics), postbiotics, bacteriophages, microflora enhancers, and immunomodulators (Acharya and Barsila, 2025).  Phytochemicals are known to favourably modulate intestinal microbiota, reduce microbial toxin production, alleviate immune stress, and improve nutrient utilization and overall growth performance in poultry (Kim et al., 2015).
Amla (Phyllanthus emblica), commonly known as Indian gooseberry, is used in India since ago ages due to its renowned therapeutic, and functional properties (Khan, 2009), also and health-promoting properties. includes It contains phenolic compounds, flavonoids, tannins, and vitamin C ( Gul et al., 2022). Amla leaves are a rich source of tannins and phenolic compounds, which contribute significantly to antioxidant, anti-inflammatory, and antimicrobial activities (Nain et al., 2012). Therefore we conducted the this study was taken up  to investigate the effect of dietary inclusion of amla (Phyllanthus emblica) leaf powder on growth performance, nutrient utilization and cost effectiveness of in Japanese quail feeding.
2. MATERIALS AND METHODS
2.1 Experimental Location
 The entire study was conducted at Instructional Poultry Farm (I.P.F.) and Department of Animal Nutrition, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar,  located at latitude of 28053’24” North, longitude of 77034’27” East at an altitude of 243.84 meters above Mean Sea Level. 	Comment by Microsoft account: Mention the season/ date of conducting the trial.
2.2 Ethical approval 
The experiment protocol was approved by ‘Institutional Animal Ethics Committee (IAEC)’  by  Govind Ballabh Pant University of Agriculture and Technology,  Pantnagar, India. 
Ethical approval no:  IAEC/CVASc/ANN/577   dated 25.01.2025
2.3 Procurement of Amla leaves and fruit and preparation of leaf and fruit powder
 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.
 2.4 Experimental design, treatment and housing management
For this experimental trial, one hundred eighty (180) day-old Japanese quail chicks were randomly distributed into five treatments of 36 Japanese quails per treatment with three replicates in each in a completely randomized design. Five treatments included control (T1) in which standard diet without any supplementation was fed, while in T2, 0.5% Amla fruit powder (AFP) with standard diet was fed and in T3, T4 and T5 with 0.5%, 1.0% and 2.0% Amla leaf powder (ALP) incorporation respectively with standard diet. These chicks were reared at Instructional Poultry Farm (I.P.F), Nagla, Govind Ballabh Pant University of Agriculture and Technology, Pantnagar. Japanese quails were reared in a cage system using standard management and health care practices. The feeding trial lasted for 42 days viz., 0-21 days (starter phase) and 21-42 days (finisher phase). Ad libitum feed and clean fresh water were provided in suitable troughs to all quail chicks during the experimental feeding trial. Adequate light (for 18 hours) and proper ventilation was provided to the all quail chicks during throughout the trial period A metabolism trial was conducted in the last week of the feeding trial for 7 days to assess nutrient utilization in which twelve (12) Japanese quail were randomly selected from each treatment. Health of the experimental stock and mortality rate were closely observed and recorded daily.
2.5 Experimental diet:
For the experiment, two types of basal diets were prepared to meet the nutrient requirement of Japanese quail, i.e., starter (0-3 weeks) and finisher (3-6 weeks) as per ICAR (2013) presented in Table 1. While determined chemical analysis was conducted by the method of AOAC, (2005).
	Table1: Ingredient composition used for  formulation of broiler 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	Comment by Microsoft account: Include the CP &ME Supplied. CF ?? 



2.6 Parameters Studied
During the experiment, feed offered was recorded daily, and body weight was recorded replicate-wise weekly for 6 weeks. Further, weekly feed intake, body weight gain, performance index, and feed conversion ratio (FCR) for each treatment group were calculated. Nutrient utilization by the birds was estimated from the results of proximate analysis of feed samples and samples of droppings collected in the metabolism trial. The cost economics of Japanese quail production was evaluated by calculating the feed cost based on the prevailing market prices of all feed ingredients and additives used in formulating the starter, and finisher diets, and by relating the total feed cost to the body weight gain achieved during the entire feeding trial.
2.7 Statistical analysis:
The data were presented as means ± standard error (SE). Statistical analysis was conducted using SPSS version 20. ANOVA, followed by Duncan’s Multiple Range test was used for multiple comparisons. Statistical differences were determined at the 5% level of significance. 
3. RESULTS AND DISCUSSION:
3.1 Production performance: 
The average production performance of Japanese quails in terms of feed intake, body weight gain, feed conversion ratio, and performance index of different groups during the feeding trial are presented in Table 2.
[bookmark: _Hlk218264305][bookmark: _Hlk218265066]During the starter phase (0–21 days),  T4 group recorded higher body weight gain, whereas the body weight gain in T3 and T5 treatment  groups remained statistically comparable with T1. On comparison with the 0.5% amla. On comparison with the 0.5% amla fruit powder supplemented group (T2), the body weight gain of birds in T3 and T4 remained statistically comparable, while the T5 group recorded lower body weight gain.  Compared to the basal diet group (T1), birds in T3 and T4 recorded significantly (P<0.05) better feed conversion ratio, whereas the T5 group remained statistically comparable with T1. In comparison with the 0.5% amla fruit powder supplemented group (T2), the feed conversion ratio (FCR) of birds in the T3 and T4 groups remained statistically comparable.  During the finisher phase, the cumulative body weight gain of Japanese quail during 21–42 days was recorded as 138.82±0.76, 141.06±0.41, 142.81±1.01, 145.69±1.12 and 139.53±2.84 g in treatment groups T1, T2, T3, T4 and T5, respectively. Compared to the basal diet group (T1), birds in the T3 and T4 groups recorded significantly better feed conversion ratio, with T4 being superior among them, whereas the feed conversion ratio of the T5 group remained statistically comparable with T1. As against the 0.5% amla fruit powder supplemented group (T2), birds in the T4 group recorded significantly better feed conversion ratio, while the feed conversion ratio of T3 and T5 groups remained statistically comparable. Among all treatment groups, the highest performance index was observed in the T4 group, whereas the lowest value was recorded in the basal diet group (T1). During the whole feeding trial period (0-42 days) the significantly (P<0.05) highest  cumulative body weight gain value observed in the T4 group as compared to control (T1).  While significantly lowered (P<0.05) cumulative feed intake was observed in the T4 treament group. The feed conversion ratio differed significantly among the treatment groups (P<0.05) during overall feeding period. Overall, the highest performance index was recorded in the T4 group. Overall, the cumulative performance of Japanese quail in terms of body weight gain, feed conversion ratio and performance index during 0–42 days indicated better growth efficiency in groups supplemented with amla leaf powder, particularly at 1.0 percent inclusion level.
[bookmark: _Hlk221571820]The present findings are in agreement with that Nakajothi et al. (2009) reported significantly improved feed conversion ratio in broilers supplemented with amla fruit powder under stress conditions. Similarly Untoo (2010) observed improved feed efficiency in broilers fed Indian gooseberry without a corresponding change in feed intake. Likewise Patil et al. (2012) reported higher feed consumption in unsupplemented birds than in amla-supplemented groups, supporting the present observation that amla supplementation reduces feed intake while improving feed efficiency. Furthermore Azam et al. (2025), who observed progressive improvement in body weight gain and feed conversion ratio with increasing dietary levels of amla fruit powder, with optimum efficiency at moderate inclusion levels in broilers.  Khazaei et al. (2021) demonstrated that antioxidant supplementation (vitamin C and E) significantly improved growth performance and feed efficiency in  Japanese quail, while Kamil et al. (2021) reported enhanced production performance in laying quail supplemented with amla extract, indicating improved nutrient utilization and metabolic efficiency. The improvement in growth performance and feed efficiency observed in the present study may be attributed to the phytogenic properties of amla, particularly its digestive stimulant effects. 
	Table 2: Effect of amla leaf powder  (ALP) on weekly growth performance of Japanese quail 

	                                                           Treatment/ groups

	Attributes 
	T1 
	T2
	T3 
	T4 
	T5
	P-Value

	Starter Phase (0-21 days)

	Weight gain(g)*
	69.23 ± 2.07bc
	73.17 ± 0.79ab
	71.19 ± 0.58ab
	74.56 ± 1.46a
	68.67 ± 0.55c
	0.032

	Feed intake (g)*
	175.62 ± 1.81a
	171.24 ± 0.56b
	169.83 ± 0.52bc
	165.83 ± 0.34c
	170.54 ± 2.11b
	0.005

	Feed conversion ratio*
	2.54 ± 0.06 a
	2.34 ± 0.03cd
	2.39 ± 0.02bc
	2.23 ± 0.04d
	2.48 ± 0.05ab
	0.002

	Performance index*
	27.32 ± 1.44c
	31.27 ± 0.75ab
	29.85 ± 0.48bc
	33.54 ± 1.28a
	27.67 ± 0.71c
	0.007

	                                                  Finisher Phase (21-42 days)

	Weight gain(g)
	138.82 ± 0.76
	141.06 ± 0.41
	142.81 ± 1.01
	145.69 ± 1.12
	139.53 ± 2.84
	0.051

	Feed Intake (g)*
	544.19 ± 3.80a
	531.88 ± 3.75b
	534.74 ± 0.94 b
	528.40 ± 1.79 b
	532.61 ± 2.94 b
	0.028

	Feed Conversion Ratio*
	3.92 ± 0.03a
	3.77 ± 0.04 b
	3.75 ± 0.03bc
	3.63 ± 0.02c
	3.82 ± 0.06ab
	0.004

	Performance Index*
	35.42 ± 0.35c
	37.42 ± 0.48bc
	38.14 ± 0.58ab
	40.17 ± 0.50a
	36.57 ± 1.37bc
	0.012

	Whole Feeding Trial (0-42 days)

	Weight gain(g)*
	208.05 ± 2.75c
	214.22 ± 0.87b
	214.00 ± 0.60b
	220.25 ± 0.95a
	208.19 ± 2.44c
	0.003

	Feed Intake (g)*
	719.81 ± 4.74a
	703.13 ± 3.42bc
	704.57 ± 1.45b
	694.23 ± 1.49c
	703.15 ± 1.84bc
	0.001

	Feed conversion ratio*
	3.46 ± 0.02a
	3.28 ± 0.03c
	3.29 ± 0.02c
	3.15 ± 0.01d
	3.38 ± 0.03b
	<0.001

	Performance index*
	60.14 ± 1.22c
	65.28 ± 0.75b
	65.00 ± 0.49b
	69.88 ± 0.53a
	61.65 ± 1.29c
	<0.001

	a, b, c mean values bearing different superscripts in a row differ significantly, *P<0.05
{T1: Control; T2: Basal diet + 0.5% amla fruit powder; T3: Basal diet+ 0.5% amla leaf powder; T4: Basal diet + 1.0% amla leaf powder; T5: Basal diet+ 2.0% amla leaf powder}




3.2 Nutrient utilization:
The average values of nutrient utilization in Japanese quail fed diets incorporated with varying levels of amla leaf powder are presented in Table 3 and Figure1.
	Table3: Effect of  amla leaf powder (ALP) on nutrient utilization (%) of Japanese quail	Comment by Microsoft account: Leaf meals normally contain higher crude fibre values . what is the CF content of the ALP.MENTION .

	Treatment/groups

	Attributes
	T1 
	T2
	T3 
	T4 
	T5
	P-Value

	Dry matter*
	65.78 ± 1.30c
	69.40 ± 0.66ab
	69.43 ± 0.72ab
	71.74 ± 1.24a
	68.11 ± 1.12bc
	0.027

	Organic matter
	67.98 ± 1.36
	71.34 ± 0.57
	71.36 ± 0.70
	73.41 ± 1.27
	69.90 ± 1.42
	0.061

	Crude protein*
	65.14 ± 1.26b
	68.26 ± 1.28ab
	68.31 ± 1.57ab
	70.14 ± 0.80a
	64.18 ± 1.34b
	0.041

	Ether extract
	65.17 ± 1.58
	67.78 ± 0.76
	68.38 ± 2.23
	69.62 ± 0.38
	66.26 ± 1.55
	0.287

	a, b, c mean values bearing different superscripts in a row differ significantly, *P<0.05
{T1: Control; T2: Basal diet + 0.5% amla fruit powder; T3: Basal diet+ 0.5% amla leaf powder; T4: Basal diet + 1.0% amla leaf powder; T5: Basal diet+ 2.0% amla leaf powder}



The average values of nutrient utilization of Japanese quail in terms of dry matter, crude protein, ether extract, and organic matter on adding amla leaf powder to the diet during the metabolic trial are presented in Table 3.  There were insignificant variations in the utilization of ether extract, organic matter and significant (P < 0.05) variations in the utilization of dry matter, crude protein in the Japanese quail-fed diet supplemented with varying levels of amla leaf powder. This results was in line with finding of  Aswal et al. (2017) who mentioned that amla powder at 5 g/kg feed improved the utilization of key nutrients such as protein, fat, and organic matter in white leghorn laying hens. Similarly Dalal et al. (2018) reported observed significantly higher dry matter metabolizability in broilers supplemented with 0.75% and 1.0% amla fruit powder in diet. Furthermore  Dhore et al. (2014)  observed improved nitrogen retention and dry matter digestibility in broilers supplemented with herbal  vitamin C at 200 mg/kg diet suggesting that antioxidant-rich phytogenic additives such as amla may improve protein utilization by reducing oxidative stress and improving gut function. The lower crude protein utilization observed in the T5 group, comparable to the control, indicates that higher inclusion levels may not confer additional benefits and may even impair nutrient utilization.
Fig. 1: Nutrient utilization (%) of Japanese quail during finisher phase fed diets incorporated with varying level of amla leaf powder
3.3 Cost  Benefit  Analysis:
 The average values of economics of  broiler  Japanese quail production in terms of feed cost per kg weight gain (Rs.) for 42th  days  of feeding trial fed diets incorporated  with neem leaf powder are presented in Table 4. Compared to the control group (T1), the net profit obtained in T3, T4 and T5 groups was significantly higher, with T3 recording comparatively lower profit than T4 and T5, which remained statistically comparable with each other.
	Table 4. Cost economics of Japanese quail production fed diets incorporated with varying levels of amla leaf powder during 0-42 days

	Treatment/groups

	Attributes
	T1 
	T2
	T3 
	T4 
	T5
	P-Value

	Initial weight (g)
	4.04 ± 0.02
	4.08 ± 0.05
	4.31 ± 0.17
	4.11 ± 0.07
	4.03 ± 0.03
	0.229

	Final weight (g)*
	212.10 ± 2.76c
	218.31 ± 0.89b
	218.31 ± 0.72b
	224.36 ± 1.02a
	212.22 ± 2.42c
	0.03

	Weight gain (g)*
	208.05 ± 2.75c
	214.22 ± 0.87b
	214.00 ± 0.60b
	220.25 ± 0.95a
	208.19 ± 2.44c
	0.03

	Feed intake (g)*
	719.81 ± 4.74a
	703.13 ± 3.42bc
	704.57 ± 1.45b
	694.23 ± 1.49c
	703.15 ± 1.84bc
	0.010

	Feed cost (Rs)*	Comment by Microsoft account: These values appear to be erotic.
The trial is only incorporation of the ALP so how come the feed cost is less than control feed.
In your ingredient comp ALP was not mentioned. So the feed cost shid be same for all treatments.
OR IS IT cost of feed intake.
 
	26.93 ± 0.18a
	26.18 ± 0.13b
	26.23 ± 0.05b
	25.72 ± 0.06c
	25.79 ± 0.07c
	<0.001

	Cost per kg weight gain (Rs)*
	129.46 ± 0.94a
	122.20 ± 0.95b
	122.57 ± 0.58b
	116.76 ± 0.42c
	123.91 ± 1.13b	Comment by Microsoft account: How is the cost per kg wt gain calcuted???
Mention the costs taken as a note to the table.
Like chick cost, feed cost/kg, miss costs etc.

	<0.001

	Selling price (Rs)
	80.00 ± 0.00	Comment by Microsoft account: Is this cost per bird ????
	80.00 ± 0.00
	80.00 ± 0.00
	80.00 ± 0.00
	80.00 ± 0.00
	1.000

	Profit (Rs)*
	41.07 ± 0.18c
	41.82 ± 0.13b
	41.77 ± 0.05b
	42.28 ± 0.06a
	42.21 ± 0.07a
	<0.001



4. CONCLUSION:
Based on the findings of the present study, it can be concluded that 1.0% dietary inclusion emerged as the most economical treatment, as it recorded the lowest cost per kilogram body weight gain along with significantly higher net profit. Thus, using amla leaf powder as a natural feed additive is effective for improving the nutritional value of feed given to Japanese quail, with a 1.0% dietary inclusion being the most effective in improving growth rates, feed efficiency, nutrient digestibility and economics of the birds.
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