


Effect of Dietary Supplementation of Mushroom (Agaricus bisporus) Fruiting Body Waste Powder on Growth Performance, Nutrient Utilization and Feed Cost Economics of Broiler Chicken

ABSTRACT
A feeding trial was carried out in Instructional Poultry Farm (IPF), Nagla, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar, during May, 2025 to June, 2025 (42 days), to evaluate the effect of dietary supplementation of mushroom (Agaricus bisporus) fruiting body waste powder on growth performance, nutrient utilization and feed cost economics of broiler chicken. In the feeding trial, a total of 120-day-old broiler chicks (cobb 430) were randomly distributed in a Completely Randomized Design into four treatment groups, with 30 chicks per treatment and three replicates of ten chicks each. T1 group served as control in which standard diet without any supplementation was fed, while T2, T3 and T4 treatment groups were supplemented with 1%, 2% and 3% mushroom fruiting body powder, respectively. Body weight, feed intake, feed conversion ratio and performance index were recorded weekly. Metabolism trial was conducted to assess nutrient utilization. Feed cost economics were also calculated. Dietary supplementation of mushroom fruiting body waste powder significantly (P < .05) influenced growth performance, nutrient utilization and economics of broiler chickens. Birds fed 2.0% mushroom fruiting body waste powder exhibited significantly higher body weight gain, improved feed conversion ratio, and the highest performance index compared to other treatments (P < 0.05). Dry matter and crude protein digestibility were also significantly improved (P < 0.05) in mushroom fruiting body waste supplemented groups. Overall, T3 and T4 emerged as the most economical treatment, as it recorded the lowest cost per kilogram body weight gain along with significantly higher net profit. Dietary supplementation of mushroom fruiting body waste powder at 2.0% inclusion level improved growth performance, nutrient utilization, and economics of Broiler chicks, suggesting its potential as a safe and sustainable phytogenic feed additive in broiler production.
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1.  INTRODUCTION
The poultry industry in India represents a major pillar of the national food and agricultural economy, contributing significantly to the production of chicken meat, table eggs, and associated value-added products. Over the last few decades, the sector has experienced remarkable growth supported by favourable government policies, market liberalization, and rapid socioeconomic development. (Nanda Kuppan et al., 2024). Increasing urbanization, expansion of the middle-class population, and changing dietary preferences have collectively increased the demand for high-quality animal protein. Simultaneously, the adoption of advanced production technologies, including improved housing systems, scientific feeding practices, genetic improvement programmes, and precision farm management, has enhanced productivity and efficiency. Growing consumer awareness regarding food safety, sustainability, and human health has further increased interest in organic, antibiotic-free, and free-range poultry products. These developments indicate that the Indian poultry sector is strategically positioned for continued expansion, driven by evolving dietary habits, increasing per capita consumption, and national priorities focused on food and nutritional security (Department of Animal Husbandry and Dairying, 2023).
Among the agricultural subsectors in India, poultry production is recognized as one of the fastest expanding enterprises. While crop production has increased only modestly at approximately 1.5–2% annually, egg and broiler production has exhibited growth rates of 8–10% per year (DAHD, 2023 Annual Report). This rapid rise has been associated with increasing disposable income, a gradual shift towards protein-rich diets, expanding urban markets, and improvements in management and biosecurity measures. However, the projected increase in India’s population to nearly 1,639 million by 2050 (Ram and Ram, 2021) is expected to exert tremendous pressure on poultry production systems. The current per capita intake of poultry meat and eggs remains substantially below recommended nutritional standards, indicating the necessity for intensification. Estimates suggest that a fivefold expansion of the layer industry and a tenfold increase in broiler production will be required to meet future demand. Achieving this scale of growth is highly dependent on the availability and affordability of feed ingredients, as feed cost represents the largest share of poultry production expenditure. Currently, more than 90% of the approximately 28 million tonnes of poultry feed is produced by organized feed mills, with the remainder supplied by the unorganized sector. Projections indicate that poultry feed demand could rise to nearly 77 million tonnes by 2050, which may place further strain on conventional feed resources. Additional challenges arise due to the diversion of key feed ingredients such as maize and soybean meal towards human consumption and export markets. These constraints highlight the urgent need to identify economical, nutritionally efficient and locally available alternative feed resources, while simultaneously improving feed utilization efficiency.
Globally, the long-term dependence of poultry production systems on sub-therapeutic antibiotics for growth promotion and disease prevention has faced increasing scrutiny due to the rapid rise of antimicrobial resistance. This issue is now recognized as a major public health threat and has resulted in regulatory restrictions and bans on antibiotic growth promoters in several countries. Consequently, there is an increasing demand for safe, natural, and effective alternatives that can maintain productivity without compromising human health. Various feed additives including essential oils, phytobiotics, enzymes, probiotics, and prebiotics have been investigated as alternatives, with variable degrees of success. Among these, medicinal mushrooms have gained increasing attention due to their documented immunomodulatory, antioxidant, antimicrobial, and growth-promoting properties (Fard et al., 2014).
Among cultivated mushroom species, button mushroom (Agaricus bisporus), oyster mushroom (Pleurotus ostreatus), and paddy straw mushroom (Volvariella volvacea) are widely produced and utilized in India and globally. Agaricus bisporus is among the most extensively cultivated and studied species, valued for both its nutritional quality and potential therapeutic properties. Mushrooms contain a wide range of biologically active compounds, including polysaccharides, β-glucans, phenolic compounds, terpenoids, sterols, and peptides. These compounds are present in both fruiting bodies and mycelial structures. Mushroom polysaccharides, particularly β-glucans, have been reported to stimulate cytokine production, improve immune organ development, and modulate both innate and adaptive immune responses (Yin et al., 2010; Yan et al., 2014). Such findings support the potential of mushrooms as natural growth promoters and immunostimulants in poultry feeding systems.
The global shortage of feedstuffs for animal production has intensified in the post-COVID-19 period due to disruptions in crop production, harvesting, transportation, and international trade. In this context, the use of agro-industrial by-products, including mushroom waste, has received increasing attention. Mushroom waste comprises spent mushroom substrate, stalks, peelings, and rejected fruiting bodies, and represents an abundant but underutilized resource. Previous studies have reported that mushroom by-products contain appreciable levels of proteins, vitamins, minerals, polysaccharides, and antioxidants, and their utilization can offer an environmentally sustainable waste disposal strategy by reducing pollution associated with agro-industrial residues (Roy and Fahim, 2019; Mutlag et al., 2017; Pourhossein et al., 2015). In addition, mushroom-derived supplements have demonstrated several pharmacological activities including antioxidant, antimicrobial, hepatoprotective, and immunostimulatory effects (Zhang et al., 2015), indicating their suitability as functional feed additives.
Empirical evidence in poultry nutrition suggests that mushroom polysaccharides can enhance immune competence, improve organ function, and support overall growth performance and productivity (Guo et al., 2003; Al-Kalifa, 2015). Despite these promising findings, research investigating the inclusion of mushroom waste in poultry feed remains limited, and significant knowledge gaps exist regarding its influence on growth performance, feed efficiency, health biomarkers, immune responses, carcass traits, and meat quality. Considering the comprehensive nutritional profile of mushrooms, which includes carbohydrates, dietary fibre, high-quality proteins, essential amino acids, B-complex vitamins, and minerals (Smiderle et al., 2008; Kim et al., 2009), their application as alternative feed resources holds strong potential. Furthermore, mushrooms are recognized as rich sources of vitamin E and selenium, which contribute to antioxidant defence mechanisms (Bederska et al., 2017). Certain species, such as Cordyceps sobolifera (Ascomycetes), have also been reported to possess strong antioxidant activity (Lin et al., 2018), suggesting that mushroom-based supplements may play a role in mitigating oxidative stress under intensive poultry production systems.
Given the increasing competition for feed resources between humans and livestock in the post-pandemic era, the identification of low-cost, locally available, nutritionally valuable, and environmentally sustainable alternative feed resources is essential. Mushroom waste, being a by-product of a rapidly expanding agro-industry, fits this profile and warrants systematic scientific evaluation. Its potential to improve poultry performance, enhance feed utilization, and support physiological health may represent an important advancement for both commercial and small-scale poultry production systems.
2. mATERIAL meTHOD
2.1 Experimental Birds and Design
A feeding trial was carried out in Instructional Poultry Farm (IPF), Nagla, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar, and was conducted during May to July 2025 (42 days). For the feeding trial, 120-day-old broiler chicks (cobb 430) were procured and reared at the Instructional Poultry Farm. All the birds were individually weighed and were randomly allocated into four different treatment groups, each with three replicates of ten broiler chicks. The first group served as the (control), in which a standard diet as per BIS (2007) without any supplementation was fed. In treatment groups T2, T3, and T4, standard diets incorporated with 1%, 2%, and 3% mushroom fruiting body waste powder, respectively, were fed. The inclusion levels of mushroom fruiting body waste powder (1%, 2%, and 3%) were selected based on earlier studies which reported that dietary supplementation of edible mushroom powder at low levels generally ranging between 0.5% and 3% improves growth performance, nutrient utilization, and physiological responses in broiler chickens without negatively affecting feed palatability or nutrient balance (Shamsi et al., 2015; Giannenas et al., 2011). Daily feed intake, body weight gain, and the effect of dietary treatments on nutrient utilization were recorded. A metabolic trial was conducted during the last week of the feeding trial.
Chart 1 : Treatment Details
	Treatment
	No. of Birds
	No. of Replicates
	Treatment Details

	T₁
	30
	3 replicates (10 birds per replicate)
	Control (Standard ration)

	T₂
	30
	3 replicates (10 birds per replicate)
	Standard ration supplemented with 1.0% Mushroom fruiting body waste powder

	T₃
	30
	3 replicates (10 birds per replicate)
	Standard ration supplemented with 2.0% Mushroom fruiting body waste powder

	T₄
	30
	3 replicates (10 birds per replicate)
	Standard ration supplemented with 3.0% Mushroom fruiting body waste powder

	Total
	120
	
	



2.2 Collection and processing of mushroom (Agaricus bisporus) fruiting body waste
Mushroom fruiting body waste were collected from Halduchaur, Nainital, Uttarakhand, .Mushroom fruiting body waste were shade-dried in a well-ventilated area for 5–6 days to minimize nutrient loss, followed by oven drying at 60 °C for 4–6 hrs, and then ground into a fine powder using an electric grinder (Willey mill). The prepared mushroom powder was stored in airtight polythene bags at room temperature until supplementation into the experimental diets of Broiler chicks.
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Image 1. Preparation of Mushroom fruiting body waste powder
2.3 Formulation and Composition of Experimental Diets
Three types of basal diets, namely broiler pre-starter (0-7 days), starter (7-21 days), and finisher diets (21-45 days), were prepared to meet the nutrient requirements of broiler birds as per BIS (2007) specifications.
[bookmark: _GoBack]2.4 Statistical method 
Analysis of Variance (ANOVA) followed by Duncan’s New Multiple Range Test (DMRT) at 5% level of significance, as per Snedecor and Cochran (1994).

Table 1. Ingredient composition (Kg/100Kg) of broiler chicks (pre-starter, starter and      finisher) basal diets
	Ingredients
	Pre-starter Ration (0-7 days) Kg
	Starter Ration 
(7-21 days) Kg
	Finisher Ration (21-45 days) Kg

	Yellow Maize
	56.5
	57
	60

	De-oiled Rice Polish
	4
	5
	5

	De-oiled Soybean Meal
	22.225
	22.500
	17.1

	Groundnut Cake (Solvent Extracted)
	14
	10.725
	11.1

	Vegetable Oil
	1
	2.5
	4

	Di-Calcium Phosphate
	1
	1
	1.4

	Lysine
	0.2
	0.2
	0.2

	DL-Methionine
	0.3
	0.3
	0.3

	Choline Chloride
	0.05
	0.05
	0.05

	Hepatocare
	0.1
	0.1
	0.1

	Common Salt
	0.3
	0.3
	0.3

	Mineral Mixture
	0.25
	0.25
	0.25

	Vitamin Premix
	0.025
	0.025
	0.025

	Coccidiostat
	0.05
	0.05
	0.05

	Total
	100
	100
	100



Table 2. Chemical composition (% dry matter basis) of basal diet for broiler pre-             starter, starter and finisher 
	Nutrients (%)
	Pre-starter
(0-7 days)
	Starter
(7-21 days)
	Finisher
(21-42 days)

	Organic matter
	93.43
	93.37
	93.22

	Crude protein
	23.09
	21.92
	19.85

	Ether extract
	3.23
	3.75
	4.32

	Crude fibre
	4.15
	4.28
	4.36

	Total ash
	6.26
	7.04
	7.67

	Acid insoluble ash
	2.35
	2.38
	2.43

	Nitrogen-free extract
	67.17
	67.67
	69.04

	Total carbohydrate
	71.32
	71.95
	73.4

	ME (Kcal/kg, calculated)
	3022.35
	3096.3
	3182.9



Table 3. Chemical composition (% dry matter basis) of mushroom (Agaricus bisporus) fruiting body waste
	Nutrients (%)
	Mushroom Waste

	Crude Protein
	13.2

	Ether Extract
	2.7

	Crude Fibre
	10.5

	Total Ash
	11.6

	Nitrogen Free Extract
	62



3. Production Parameters
3.1 Feed intake
Feed offered to each treatment group was recorded daily, and fresh feed was supplied each morning at 07:00 h. Feed refusals from each replicate were collected and weighed on a weekly basis. Weekly feed intake was calculated by subtracting the quantity of residual feed from the total feed offered during the corresponding period. Feed intake was expressed as grams per bird per week by dividing the total weekly feed intake by the number of birds in each replicate.
3.2 Body weight gain
Growth performance was assessed by recording individual body weights of Broiler chicks at the beginning of the experiment and subsequently at weekly intervals using a digital electronic balance. Weekly body weight gain was calculated as the difference between successive body weight recordings, while overall body weight gain was determined from the difference between initial and final body weights at the end of the experimental period.
3.3 Feed conversion ratio
Feed conversion ratio (FCR) was calculated as the ratio of feed consumed (kg) to body weight gain (kg) for each replicate during different phases of the experiment.

3.4 Performance index
The performance index (PI) for Broiler chicks during different growth phases was calculated according to the formula proposed by Bird (1995).

3.5 Metabolic Trial and Nutrient Utilization
To evaluate nutrient utilization, a seven-day metabolic trial was conducted during the sixth week of the feeding experiment. Twelve birds (three birds per treatment) were randomly selected and housed individually in metabolic cages. The trial consisted of a four-day adaptation period followed by a three-day collection period. Faecal trays were lined with polythene sheets to facilitate complete and uncontaminated excreta collection.
During the collection period, a measured quantity of feed was offered daily, and feed residues were weighed the following morning at a fixed time. Excreta voided by each bird were collected and weighed daily. Representative samples of feed and excreta were dried in a hot-air oven, ground, and analysed for proximate principles, including dry matter, ether extract, crude fibre, nitrogen-free extract, and total ash on a dry matter basis following AOAC (2023) procedures. For nitrogen estimation, fresh excreta samples were preserved with a few drops of 25% sulphuric acid (v/v) in airtight containers and analysed on a wet matter basis.

4. RESULTS AND DISCUSSION
4.1 Growth performance
During the starter phase (0–21 days), there was no significant (P > 0.05) difference in final body weight, body weight gain, feed intake and feed conversion ratio among treatment groups. However, performance index differed significantly (P < 0.001), with highest value recorded in T3 followed by T4 and T2, while lowest value was observed in control group. Similar improvement in performance index with mushroom supplementation has been reported earlier, which may be due to improved nutrient utilization and better gut environment.
During finisher phase (21–42 days), body weight gain increased significantly (P < 0.05) in T3 and T4 compared to control. Feed intake did not differ significantly (P > 0.05) among treatments. Feed conversion ratio improved significantly (P < 0.05) with best value in T3, indicating improved feed efficiency at 2% mushroom waste supplementation. These results are in agreement with earlier reports where inclusion of mushroom by-products improved growth performance and feed conversion efficiency in broiler chickens, which may be attributed to the presence of bioactive polysaccharides and antioxidant compounds that enhance intestinal health and nutrient absorption.
Overall (0–42 days), final body weight and cumulative body weight gain were significantly higher (P < 0.05) in T3 and T4 compared to T1 (control). Feed intake remained similar among treatments. Feed conversion ratio improved significantly (P < 0.05), with best value recorded in T3. Performance index differed significantly (P < 0.001) and was highest in T3. These findings indicate that supplementation of mushroom fruiting body waste powder at moderate inclusion level (2%) improves broiler growth performance without affecting feed intake.
The present findings are in agreement with the observations of Giannenas et al. (2011), who reported that dietary inclusion of Agaricus bisporus significantly (P < 0.05) enhanced body weight gain in turkey poults. Comparable results were documented by Shamsi et al. (2015), who observed improved weight gain in broiler chickens fed diets supplemented with Agaricus bisporus in combination with flavophospholipol. Similarly, Shang et al. (2016) demonstrated a significant increase (P < 0.01) in average daily gain of broilers when Hericium caput medusae mushroom was incorporated into the diet. Similarly, Qaisrani et al. (2021) investigated mushroom spent substrate supplementation in broilers chicks. As a result, growth performance was improved, with higher body weight gain and lower feed conversion ratio recorded in birds receiving mushroom spent substrate. Dietary inclusion of dried edible mushrooms has also been reported to enhance broiler growth performance. Kumar et al. (2023) observed that supplementation of dried mushroom in broiler diets significantly improved body weight gain and feed conversion efficiency compared with birds fed the basal diet alone.  Comparable results were observed from the study conducted by Rebh et al. (2023), who evaluated a combination of oyster mushroom (Pleurotus ostreatus) and beta-glucan as a synbiotic supplement for broilers under heat stress. The supplemented groups showed significant (P < 0.05) improvements in body weight, weight gain, feed conversion efficiency, and survivability.
In contrast, Giannenas et al. (2010) and Natsir et al. (2020) reported that supplementation of Agaricus bisporus in broiler diets did not influence body weight, with birds maintaining comparable weights throughout the experimental period. Supporting these findings, Maheri et al. (2017) observed no significant effect on weight gain in Japanese quail fed mushroom-based dietary treatments. Likewise, Mahfuz et al. (2019) found no significant variation in live body weight during the experimental period in laying hens receiving diets containing Flammulina velutipes stem waste. Prasad (2022) also reported non-significant (P > 0.05) differences in body weight gain of Rhode Island Red laying hens when mushroom waste was used to partially replace deoiled rice bran. Furthermore, Yousefi et al. (2022) noted that incorporation of Agaricus bisporus substrate in the diets of growing lambs did not alter average daily gain or body weight across treatment groups.
Table 4. Average weekly growth performance of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste during 0 to 21 days
	Parameters
	Treatment groups
	P-value

	
	T1
	T2
	T3
	T4
	

	Initial body weight (g/bird)
	50.08 ± 0.15
	50.43 ± 1.03
	50.61 ± 0.44
	50.43 ±0.74
	0.954

	Final body weight (g/bird)
	643.82 ± 5.92
	653.05 ± 6.31
	665.32 ± 6.06
	660.27 ± 6.75
	0.163

	Weight gain (g/bird)
	593.73 ± 5.95
	602.63 ± 5.55
	614.72 ± 5.63
	609.84 ± 6.02
	0.135

	Feed intake (g/bird)
	900.29 ± 15.46
	902.86 ± 13.02
	905.08 ± 12.72
	907.78 ± 16.30
	0.985

	Feed conversion ratio
	1.51 ± 0.010
	1.49 ± 0.008
	1.47 ± 0.007
	1.48 ± 0.012
	0.068

	Performance index*
	396.44 ± 1.14a
	407.21 ± 1.73b
	423.46 ± 1.83d
	414.75 ± 0.58c
	< 0.001


Mean values bearing different alphabets (a, b, c and d) in superscript in a row differ significantly, *(P < 0.05)
T1: -Basal diet, T2: -Basal diet + 1% Mushroom fruiting body waste, T3: -Basal diet + 2% Mushroom fruiting body waste, T4:-Basal diet + 3% Mushroom fruiting body waste
Table 5. Average weekly growth performance of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste during 21 to 42 days
	Parameters
	Treatment groups
	P-value

	
	T1
	T2
	T3
	T4
	

	Initial body weight (g/bird)
	643.82 ± 5.92
	653.05 ± 6.31
	665.32 ± 6.06
	660.27 ± 6.75
	0.163

	Final body weight (g/bird)*
	2247.23 ±10.56a
	2269.50 ± 11.89ab
	2304.79 ± 13.79b
	2292.40 ± 13.13b
	0.046

	Weight gain (g/bird)*
	1603.41 ± 4.78a
	1616.4 ± 5.92ab
	1639.46 ± 7.73c
	1632.13 ± 6.38bc
	0.015

	Feed intake (g/bird)
	2880.66 ± 19.34
	2886.44 ± 26.17
	2866.39 ± 27.62
	2879.91 ± 22.27
	0.943

	Feed conversion ratio*
	1.79 ± 0.006c
	1.78 ± 0.009bc
	1.74 ± 0.008a
	1.76 ± 0.006ab
	0.012

	Performance index*
	892.79 ± 0.90a
	905.60 ± 1.57b
	938.24 ± 0.29d
	925.32 ± 0.31c
	< 0.001


Mean values bearing different alphabets (a, b, c and d) in superscript in a row differ significantly, *(P < 0.05)
T1: -Basal diet, T2: -Basal diet + 1% Mushroom fruiting body waste, T3: -Basal diet + 2% Mushroom fruiting body waste, T4: -Basal diet + 3% Mushroom fruiting body waste
Table 6. Average weekly growth performance of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste during 0 to 42 days
	Parameters
	Treatment groups
	P-value

	
	T1
	T2
	T3
	T4
	

	Initial body weight (g/bird)
	50.08 ± 0.15
	50.43 ± 1.03
	50.61 ± 0.44
	50.43 ± 0.74
	0.954

	Final body weight (g/bird)*
	2247.23 ± 10.56a
	2269.50 ± 11.89ab
	2304.79 ± 13.79b
	2292.40 ± 13.13b
	0.046

	Weight gain (g/bird)*
	2197.14 ± 10.61a
	2219.08 ± 11.29ab
	2254.18 ± 13.36b
	2241.97 ± 12.40b
	0.043

	Feed intake (g/bird)
	3780.95 ± 34.73
	3789.30 ± 38.99
	3771.47 ± 40.33
	3787.70 ± 38.53
	0.986

	Feed conversion ratio*
	1.72 ± 0.007c
	1.70 ± 0.008bc
	1.67 ± 0.007a
	1.68 ± 0.007ab
	0.014

	Performance index*
	1289.24 ± 0.24a
	1312.81 ± 1.18b
	1361.71 ± 1.56d
	1340.08 ± 0.46c
	< 0.001


Mean values bearing different alphabets (a, b, c and d) in superscript in a row differ significantly, *(P < 0.05)
T1: -Basal diet, T2: -Basal diet + 1% Mushroom fruiting body waste, T3: -Basal diet + 2% Mushroom fruiting body waste, T4: -Basal diet + 3% Mushroom fruiting body waste


Fig. 1: Average feed intake (g) of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste


Fig. 2: Feed conversion ratio of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste


Fig. 3: Performance index of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste

5. Nutrient utilization
The nutrient utilization (%) of broiler chickens fed diets supplemented with mushroom fruiting body waste powder is presented in Table 4. Dry matter digestibility differed significantly (P < 0.05) among treatment groups, with highest value recorded in T3 followed by T4 and T2 compared to control. Organic matter digestibility was significantly improved (P < 0.01), with highest value recorded in T4 and T3 compared to control. Crude protein digestibility also increased significantly (P < 0.05), with highest digestibility observed in T3. Ether extract digestibility did not differ significantly (P > 0.05) among treatment groups.
Improved nutrient utilization in mushroom supplemented groups may be attributed to better intestinal microbial balance and enhanced digestive efficiency due to the presence of mushroom polysaccharides, β-glucans and fermentable fibre fractions. Similar improvement in nutrient digestibility with mushroom waste supplementation has been reported earlier in broiler chickens.
Similar beneficial effects of mushroom supplementation on nutrient metabolism have been reported by Ayodele et al. (2025), who studied the effects of Pleurotus tuberregium sclerotia in broiler diets and observed improvements in body weight, carcass protein content, and lipid profile of broiler chickens.
The results of the present study are consistent with the findings of Yang et al. (2021), who reported a significantly higher (P < 0.05) crude protein digestibility in hens fed diets containing Agaricus bisporus stem residue compared with the control group. This improvement may be attributed to the enhanced bioavailability of mushroom-derived proteins and carbohydrates, which are readily digestible and thus facilitate improved nutrient utilization in poultry. Supporting these observations, Abro et al. (2016) demonstrated significant (P < 0.05) improvements in the digestibility of ether extract, organic matter, and crude protein in broiler chickens supplemented with Pleurotus ostreatus mushrooms. Similarly, Shang et al. (2016) observed a significant enhancement (P < 0.01) in crude protein digestibility in broilers receiving diets containing Hericium caput-medusae. In addition, Chanjula and Cherdthong (2018) reported significant improvements in the digestibility of dry matter, ether extract, organic matter, and crude protein in goats fed Cordyceps militaris spent mushroom.
In contrast, Bakshi and Langari (1985) reported no significant (P > 0.05) differences in the digestibility of dry matter, ether extract, organic matter, or crude protein in buffaloes fed spent Agaricus bisporus. Likewise, Fazaeli and Masoodi (2006) noted that incorporation of Agaricus bisporus waste in ruminant diets did not result in any significant changes in nutrient digestibility. Comparable findings were reported by Yousefi et al. (2022), who observed that dietary inclusion of Agaricus bisporus substrate did not significantly affect nutrient digestibility in growing lambs.
Table 7. Average values of Nutrient utilization of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste 
	Parameters
	Treatment groups
	P-value

	
	T1
	T2
	T3
	T4
	

	Dry matter*
	71.60 ± 0.38a
	72.33 ± 0.30ab
	73.44 ± 0.31ab
	72.74 ± 0.35b
	0.028

	Organic matter*
	73.10 ± 0.49a
	74.68 ± 0.42b
	76.07 ± 0.19bc
	76.70 ± 0.67c
	0.003

	Crude protein*
	71.35 ± 0.18a
	72.2 ± 0.28ab
	73.29 ± 0.39c
	72.73 ± 0.28bc
	0.009

	Ether extract
	70.83 ± 1.07
	72.70 ± 0.35
	74.01 ± 1.54
	72.77 ± 0.76
	0.259


Mean values bearing different alphabets (a, b, c and d) in superscript in a row differ significantly, *(P < 0.05)
T1: -Basal diet, T2: -Basal diet + 1% Mushroom fruiting body waste, T3: -Basal diet + 2% Mushroom fruiting body waste, T4: -Basal diet + 3% Mushroom fruiting body waste


Fig. 4:  Average values of Nutrient utilization of broiler chicks fed diets supplemented with varying levels of mushroom (Agaricus bisporus) fruiting body waste

6. Economics
No significant differences (P > 0.05) were noted in total feed cost (₹). Feed cost per kilogram of weight gain (₹) showed highly significant (P < 0.001) differences among treatments. The feed cost per kg weight gain was lowest in the T3 and T4 group, followed by T2 group while the T1 group showed the highest cost.
These findings are in agreement with the conclusions of Adentunji and Adejumo (2019), who reported that incorporation of mushroom waste, particularly Pleurotus sajor-caju residue, offers a cost-effective alternative for broiler chick production
This indicates a clear economic advantage associated with increasing levels of mushroom waste supplementation in broiler diets.
Table 8. Economics of broiler chicks (0-6 weeks) fed diet supplemented with varying level of mushroom (Agaricus bisporus) fruiting body waste
	Parameters
	Treatment groups
	P-value

	
	T1
	T2
	T3
	T4
	

	Initial body weight (g/bird)
	50.08 ± 0.15
	50.43 ± 1.03
	50.61 ± 0.44
	50.43 ± 0.74
	0.954

	Final body weight (g/bird)
	2247.23 ± 10.56
	2269.50 ± 11.89
	2304.79 ± 13.79
	2292.40 ± 13.13
	0.046

	Average body weight gain (g/bird)*
	2197.14 ± 10.61a
	2219.08 ± 11.29ab
	2254.18 ± 13.36b
	2241.97 ± 12.40b
	0.040

	Average feed intake (g/bird)
	3780.95 ± 34.73
	3789.30 ± 38.99
	3771.47 ± 40.33
	3787.70 ± 38.53
	0.986

	Total feed cost (₹)
	142.20 ± 1.30
	141.11 ± 1.45
	139.07 ± 1.48
	138.31 ± 1.40
	0.261

	Feed cost/kg weight gain (₹)*
	64.72   ± 0.28c
	63.58 ± 0.33b
	61.69 ± 0.29a
	61.68 ± 0.28a
	< 0.001


Mean values bearing different alphabets (a, b and c) in superscript in a row differ significantly, *(P < 0.05)
T1: -Basal diet, T2: -Basal diet + 1% Mushroom fruiting body waste, T3: -Basal diet + 2% Mushroom fruiting body waste, T4: -Basal diet + 3% Mushroom fruiting body waste

8. CONCLUSION
From the present study, it could be concluded that dietary supplementation of Agaricus bisporus fruiting body waste powder improved growth performance and nutrient utilization in broiler chickens. Supplementation at 2 % level showed best improvement in body weight gain, feed conversion ratio, performance index and digestibility of dry matter, organic matter and crude protein.
Overall, 2 % and 3 % 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 of Agaricus bisporus fruiting body waste powder as a natural feed additive is effective for improving the nutritional value of feed given to Broiler chicks, with a 2 % dietary inclusion being the most effective in improving growth rates, feed efficiency, nutrient digestibility and economics of the birds.
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FEED INTAKE
0-21 DAY	T1	T2	T3	T4	900.29	902.86	905.08	907.78	21-42 DAY	T1	T2	T3	T4	2880.66	2886.44	2866.39	2879.91	0-42 DAY	T1	T2	T3	T4	3780.95	3789.3	3771.47	3787.7	Treatments
Grams
Feed Conversion Ratio
0-21 DAY	T1	T2	T3	T4	1.51	1.49	1.47	1.48	21-42 DAY	T1	T2	T3	T4	1.79	1.78	1.74	1.76	0-42 DAY	T1	T2	T3	T4	1.72	1.7	1.67	1.68	Treatments

Performance Index
0-21 DAYS	T1	T2	T3	T4	396.44	407.21	423.46	414.75	21-42 DAY	T1	T2	T3	T4	892.79	905.6	938.24	925.32	0-42 DAY	T1	T2	T3	T4	1289.24	1312.81	1361.71	1340.08	Treatments
Nutrient Utilization
Dry matter	T1	T2	T3	T4	71.599999999999994	72.33	73.44	72.739999999999995	Organic matter	T1	T2	T3	T4	73.099999999999994	74.680000000000007	76.069999999999993	76.7	Crude protein	T1	T2	T3	T4	71.349999999999994	72.23	73.290000000000006	72.73	Ether extract	T1	T2	T3	T4	70.83	72.7	74.010000000000005	72.77	Treatments

Percent
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