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ABSTRACT:

Oyster mushrooms are a healthy staple in many cuisines and with a growing need to satisfy global food demands for healthy plant based diets, it has become essential to increase its yield and nutrition quality. The purpose of the present study is to evaluate the growth, yield and nutrition of white oyster mushrooms, Pleurotus ostreatus, grown on a media supplemented by vermicompost and Azolla. 5 treatments including Control were followed, namely: Control (No additives), T1 (10% vermicompost, 5% Azolla), T2 (10% vermicompost, 10% Azolla), T3 (20% vermicompost, 5% Azolla), T4 (20% vermicompost, 10% Azolla). Their growth rate and yields were tabulated and T1 showed comparable growth rate to control, with an increased yield while treatments with increased concentrations of vermicompost and Azolla (T3 and T4) showed much slower growth rates and lower yields. Nutrition testing for proteins was done by Lowry’s assay on aqueous and ethanolic extracts of the mushrooms, which showed comparable levels of proteins across all treatments, with slight decrease as concentrations of vermicompost and Azolla increased (T1=Control> T3> T4>T2). The Folin-Ciocalteu method was used to estimate total phenolics in aqueous extracts and all treatments showed higher phenolic content than Control, with T3 being the highest (T3>T2>T4>T1>Control). Phenol - sulphuric acid method was carried out for aqueous extracts for total carbohydrate estimation and T1 and T2 showed the lowest carbohydrate content, with control and T4 being the highest (T4=control> T3> T2>T1). Higher concentrations of Azolla and vermicompost showed inhibitory activities on the growth, yield and nutrition of white oyster mushrooms and  Treatment T1 (10% vermicompost and 5% Azolla) was overall the best with higher yield and phenolic content and lower levels of carbohydrates. Lower levels of carbohydrates make them favourable choices for keto-diets.
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ABBREVIATIONS
ACR - Alkaline Copper Reagent
AE - Aqueous Extract
BSA - Bovine Serum Albumin
EE70 - 70% Ethanolic Extract
FCR - Folin-ciocalteu Reagent
T1 - Treatment 1
T2 - Treatment 2
T3 - Treatment 3
T4 - Treatment 4

1. INTRODUCTION

Mushrooms are commonly consumed by most people on a regular basis due to their low calorie and high nutritional properties, ease of cooking and the ability to integrate it into many diets. There are multiple studies that not only show that consuming mushrooms such as Oyster mushrooms (Pleurotus) regularly benefits health directly but could also show anti-cancer and antioxidant properties [1] and anti-inflammatory properties [2]. They are rich in dietary fibre which is crucial for healthy bowel movement.

Fortification of mushrooms has become a huge part of research in an effort to further increase the nutraceutical properties of mushrooms and to achieve this, various organic and inorganic additives are added to the media. In the light of rising global demand for health-oriented food products, it has become imperative to boost both the yield and growth rate of mushrooms to satisfy market needs. Previous research efforts for enhancing the growth, yield and nutrition of Oyster mushrooms via organic supplements include addition of sugarcane bagasse [3], spent coffee grounds [4], cottonseed hull [5] et cetera to the substrates. Inorganic supplements like salts of selenium and zinc [6] were also popular. 

Vermicompost is the excreta of specific species of earthworms [7] obtained when they digest organic wastes such as farm wastes, vegetable wastes etc. Vermicompost is a very popular organic fertilizer and soil conditioner used in agriculture [8]. It has a high concentration of macronutrients of about five times the nitrogen in traditional potting soil [9]. It also has high aeration and moisture holding capacity [10]. In addition, vermicompost contains a population of beneficial microbes which can form symbiotic relationships to increase efficiency of nutrient uptake [11]. It has become key in growing “chemical free foods” [12].

Azolla refers to a group of plants belonging to phylum pteridophyta. It's an aquatic fern commonly called mosquito fern. Azolla is a widely used biofertilizer and source of green manure [13]. Azolla is also capable of fixing atmospheric nitrogen into bioavailable form due to symbiotic relations with cyanobacterium [14]. Azolla contains major minerals like calcium, phosphorus, magnesium, sodium, and potassium [15] that can be taken up by the mushrooms when added to the media. Previous efforts by (H. Abou El-Nour et al., 2021) [16] used compost tea and Azolla plant extract as spraying applications which showed enhanced yield. Their objective was to enhance the biological efficiency of oyster mushroom Pleurotus columbinus by using vermicompost at different concentrations mixed with rice straw beside, using compost tea and Azolla plants extract as sprayed in order to increase fruit productivity and quality


2. MATERIALS AND METHODS

This experiment was carried out in PES University Biotechnology laboratory, Bengaluru during the months of August to November 2024, coinciding with the monsoon and winter season. 

2.1 Cultivation of mushrooms 

Spawn culture, prepared using sorghum grains, for Pleurotus ostreatus was obtained from Department of Mushroom spawn and training, Gandhi Krishna Vigyana Kendra (GKVK), Bengaluru. Dried, powdered Azolla was obtained from Biofertilizer laboratory, agriculture research station, Acharya N G Ranga agriculture University, Amaravati, Andhra Pradesh. Fresh vermicompost was collected from the PES University field production unit, Bengaluru and was kept in a hot water bath at 80℃ for 15 minutes for sterilization. Locally sourced paddy straw (dry) was cut into 3-4 inch pieces prior to being soaked in water overnight. The cut, soaked paddy straw was sterilized by boiling for 1 hour, at around 90o C [17]. Polypropylene bags (of size 20x20 inches) were used to culture all the mushrooms. Inoculation involved layering the spawn over a layer of sterilized, cooled paddy straw, followed by the addition of supplements, which included sterilized vermicompost and dried Azolla powder, resulting in four layers of paddy straw interspersed with three layers of spawn and supplements. Three holes of approximately 1 - 2 cm  were made on each side of the bag and two at the bottom of the bag to ensure proper aeration and drainage of excess water. A total dry weight of 400 grams of substrate and supplements (not including spawn weight) was filled into each bag, as per the experimental setup. All experimental bags were inoculated in three replicates. A total of fifteen bags were cultured and placed on shelves.

All experimental bags were kept in the dark for 20 days to allow mycelial colonisation. During this period, temperature and humidity were closely monitored (temperature of 25-28℃ and humidity of 80-90%.) Bags were opened after mycelial colonisation was complete (around 20-25 days after inoculation) and were exposed to artificial white light for 8-10 hours a day. Mycelia were sprayed regularly with water and a humidifier was used to maintain high humidity (above 90%) for ideal fruiting body conditions. Fruiting bodies (mushrooms) start off as pinheads. The formation of these pinheads can be observed around 2-5 days after completion of primordial initiation. The mushrooms were carefully harvested by gently twisting them off the substrate and the total wet weight was measured before and after removal of stipe.
	Bag name
	Percentage of Vermicompost
	Percentage of Azolla
	Weight of dry paddy straw
(in g)
	Weight of Vermicompost
(in g)
	Weight of dry Azolla powder (in g)

	Control
	-
	-
	400
	0
	0

	Treatment 1 (T1)
	10% by weight
	5% by weight
	340
	40
	20

	Treatment 2 (T2)
	10% by weight
	10% by weight
	320
	40
	40

	Treatment 3 (T3)
	20% by weight
	5% by weight
	300
	80
	20

	Treatment 4 (T4)
	20% by weight
	10% by weight
	280
	80
	40


Table 1. Experimental design with the percentages and weights of supplements used

2.2 Preparation of dry mushroom powder and extracts

The stipes of the freshly harvested mushrooms were removed and the fruiting bodies were cut into thin strips. The strips were spread on a tray and dried in an oven at 50℃, for 24-48 hours. After the strips were dried thoroughly, they were ground into a fine powder using a mortar and pestle. The dry mushroom powder was weighed and the dry weight is approximately 5-9% of its wet weight.
Aqueous extract (AE) was prepared by macerating dry mushroom powder with distilled water (in 1:10 ratio) for 24 hours at 50oC under shaking conditions. This was then filtered using Whatman filter paper No. 1 and the filtrate collected and stored at 4oC until further use.
70% Ethanolic extract (EE70) was prepared by modifying the method described by S.B. Ramiah et al, 2019 [18]. Dry mushroom powder was macerated with 70% ethanol at room temperature for 24 hours with occasional shaking. This suspension was filtered using Whatman filter paper No. 1 and the filtrate was then evaporated using a rotary evaporator at 50℃. The evaporator was run until the solvent stopped dripping from the condensation column; the extract was collected and stored at 4oC until further use.

2.3 Lowry’s Assay for Protein Estimation (Lowry et al., 1951) [19]

Different aliquots of working standard protein solution, prepared by diluting 20 ml of stock solution (100 mg of Bovine Serum albumin in 100 ml of distilled water) to 100 ml, were taken in a range of test tubes ranging from 0.2 ml to 1.0 ml. The volume is made up to 1 ml in all test tubes using distilled water. After adding 5 ml of freshly prepared alkaline Cu reagent (ACR) to each test tube, these aliquots were left to incubate for 10 mins at room temperature. Subsequently, 0.6 ml of freshly prepared Folin-Ciocalteu reagent (FCR) was added to all test tubes and incubated for 30 mins at room temperature in the dark. Absorbance is read using a colorimeter at 660 nm against blank and standard curve was plotted.

1ml of each test sample (AE and EE70) was taken in a test tube and 5 ml of freshly prepared ACR was added and left to incubate at room temperature for 10 minutes. After which, 0.6 ml of freshly prepared FCR was added to each test tube and incubated in the dark for 30 minutes at room temperature. Samples were diluted in the ratio 1:10 with distilled water prior to their absorbance being read at 660 nm on a colorimeter, against blank. Concentrations of the samples were calculated using the standard curve by taking into account the dilution factor. All experiments were conducted in three replicates.

2.4 Folin-Ciocalteu Method for estimation of total Phenolics

A modified Folin-Ciocalteu (O. Folin et al., 1927) [20] method was used. In this method, a stock solution of gallic acid was created by dissolving 0.1g of gallic acid in 100 ml distilled water. A working standard solution was created from this by diluting 5 ml of stock to 100 ml. Different aliquots of this working standard solution ranging from 0.1 ml to 1 ml were added to each test tube. The volume is made up to 1 ml in all test tubes using distilled water. 1.5 ml of freshly prepared FCR was added to each tube and incubated for 10 minutes prior to the addition of 5 ml of 20% Na2CO3 solution and this was incubated in the dark for 1 hour at room temperature. Absorbance was read using a colorimeter at 660 nm against blank and standard curve was plotted.

1ml of each test sample (AE) was taken in a test tube and 1.5 ml of freshly prepared FCR was added to each tube and incubated for 10 minutes prior to the addition of 5 ml of 20% Na2CO3 solution and this was incubated in the dark for 1 hour at room temperature. Samples were diluted in the ratio 1:10 with distilled water prior to their absorbance being read at 660 nm on a colorimeter, against blank. Concentrations of the samples were calculated using the standard curve by taking into account the dilution factor. All experiments were conducted in three replicates.

2.5 Phenol Sulphuric acid method for estimation of total Carbohydrates (Dubois et al., 1956) [21]

A stock solution of glucose was prepared by dissolving 0.1g of glucose in 100 ml distilled water. A working standard solution was created from this by diluting 10 ml of stock to 100 ml. Different aliquots of this working standard solution ranging from 0.2 ml to 1 ml were added to each test tube. The volume is made up to 1 ml in all test tubes using distilled water. 1 ml of 5% Phenol solution and 5 ml of 96% H2SO4 was added to each tube. The test tubes were left to cool at room temperature before absorbance was read at 490 nm on a spectrophotometer against a blank of distilled water. Subsequently, the standard curve was plotted for the same.    

0.1ml of each test sample (AE) was taken in a test tube and the volume was made to 1 ml in each with distilled water. 1 ml of 5% Phenol solution and 5 ml of 96% H2SO4 was added to each tube. The test tubes were left to cool to room temperature. Samples were diluted in the ratio 1:1 with distilled water prior to their absorbance being read at 490 nm on a spectrophotometer, against blank. Concentrations of the samples were calculated using the standard curve by taking the dilution factor into account. All experiments were conducted in three replicates.

Absorbance corresponds to 0.1mL of the test = ‘x’ mg of glucose

100g of the sample (dry mushroom powder) contains = (‘x’ ÷ 0.1) × 100mg of glucose = amount of Carbohydrate in glucose equivalents in grams.

3. Results and Discussion

The average of the three replicates, in which only the First Flush were considered for the final results. Mean yields rounded to the nearest whole number  (of the fruiting body and stipe) obtained for different treatments are as follows - Control: 191g, T1: 220g, T2: 155g, T3: 130g and T4: 116g as given in table 2. Treatment T4 had the highest concentration of Azolla and vermicompost (20% and 10% respectively) and gave the lowest yield. Treatment T1 exhibited the highest average yield, representing an approximate increase of ≅15.18% compared to the control, and produced fruiting bodies at a rate comparable to that of the control. Control gave the second largest yield while T4 gave the lowest with approximately 39.26% decrease from control. Additionally, treatments T2 and T3 also gave lower yields in comparison to control with a 18.84% and 31.93% decrease respectively. This data suggests a notable downward trend in yields for treatments that incorporated over 10% vermicompost and 5% Azolla. This may be due to the fact that Vermicompost at higher concentrations may inhibit the growth of the mushroom. A study by (Edwards et al 2004) [22] showed that vermicompost at concentrations higher than 20% reduced the growth of plants and could have caused phytotoxicity. This may be correlated to Mushrooms as well.

The fastest growth rate was observed in Control, followed by T1, T3, T4 and T2 respectively. T4 and T2 took ≅ 10 to 13 days longer than Control to give yield and this significant difference in growth rate could be attributed to high concentration of Azolla. It can be seen that higher concentrations of vermicompost and Azolla slow down the growth of oyster mushrooms. The slower growth of bags with higher concentration of Azolla could be due to the fact that Azolla being rich in nitrogen causes slow Pleurotus fruiting phases [16].









	Experiment bag
	Mean yield in grams
(With stipe)
	Percentage change

	Control
	191
	-

	Treatment 1 (T1)
	220
	15.18% increase

	Treatment 2 (T2)
	155
	18.84% decrease

	Treatment 3 (T3)
	130
	31.93% decrease

	Treatment 4 (T4)
	116
	39.26% decrease


Table 2. Mean yield (in grams) of the first flush, along with the percentage change relative to the control

The Yields and Growth time are tabulated as follows-


	Experimental bag 
	Spawn running (days) 
	Pinheads formation (days)
	Fruiting bodies formation (days)

	Control 
	20
	22
	24

	T1
	21
	23
	26

	T2
	32
	34
	37

	T3
	31
	32
	34

	T4
	30
	32
	35


Table 3. Number of days taken for Spawn Run, pinhead formation and Fruiting body formation

The results of protein analysis of aqueous extracts of all treatments as shown in table 4. Control: 3221.13μg/ml , T1: 3221.13μg/ml, T2: 2671.13μg/ml, T3: 3037.76μg/ml and T4: 2854.50μg/ml. Control and T1 had approximately the same levels of protein present while T3 and T4 were slightly lower, while T2 was the lowest. Proteins levels remained similar throughout all treatments however higher concentrations of Azolla showed a slight decrease in overall protein content. This suggests that higher Azolla concentrations may negatively influence protein content.

The results of protein analysis of ethanolic extracts of all treatments as shown in table 5 are- Control: 126.16 μg/ml , T1: 59.50 μg/ml, T2: 209.50 μg/ml, T3: 42.83 μg/ml and T4: 59.50 μg/ml. T2 showed the most protein presence, followed by control, T1, T4 and T3 respectively. Overall, ethanolic extracts showed significantly lower levels of protein compared to aqueous extracts due to the low solubility of proteins in ethanol. 

The results of  Folin-Ciocalteu method for total phenolic content of aqueous extracts of all treatments as shown in table 6 are- Control: 414.7μg/ml , T1: 437.36μg/ml, T2: 467.50μg/ml, T3: 527.67μg/ml and T4: 459.91μg/ml. It can be observed that all treatments yielded higher amounts of total phenolics than control, with T3 being the highest, followed by T2, T4, T1 and control respectively. Phenolics are known to have a multitude of health benefits such as anti-cancer properties. Studies have shown that phenolic compounds can reduce the risk of cancer and age related disorders [23,24,25,26]. Hence higher levels of total phenolic content leads to higher nutraceutical properties of the mushroom. This increase in total phenolic content in mushrooms can be directly attributed to higher concentrations of vermicompost and Azolla in substrate, as shown in this study. 

The results of Phenol-Sulphuric acid method for total carbohydrate estimation, of aqueous extracts of all treatments as shown in table 7 are- Control: 46.4μg/ml , T1: 32.8μg/ml, T2: 31.2μg/ml, T3: 35.6μg/ml and T4: 46.4μg/ml. Highest carbohydrate content was observed in treatments T4 and control, followed by T3, T1 and T2 respectively. Lower carbohydrate content can make mushrooms more suitable for keto diets. Study by (Goldenberg et al., 2021) [27] showed that low carbohydrate diets could be linked to higher rates of  type 2 diabetes mellitus remission than regular diets. It can be seen that carbohydrate content decreases until substrate concentration reaches 10% of vermicompost and 10% Azolla (T2), and increases again as concentrations of vermicompost and Azolla increase. This indicates a U-shaped trend in carbohydrate content across treatments; however, further investigation is required to draw definitive conclusions.

The nutritional analysis of all treatments yielded the following results-
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Figure 1: Standard Curve for Lowry’s Assay with formula

	Treatment
	OD at 660 nm after 1:10 dilution
(Average of triplicates)
	Concentration of protein obtained in BSA equivalents
(in μg/ml) 

	Control
	0.18±0.02
	3221.13

	T1
	0.18±0
	3221.13

	T2
	0.15±0.008
	2671.13

	T3
	0.17±0.008
	3037.76

	T4
	0.16±0.01
	2854.50



Table 4.  Aqueous extract results for Lowry's assay


	Treatment
	OD at 660 nm
(Average of triplicates)
	Concentration of protein obtained in BSA equivalents (in μg/ml)

	Control
	0.08±0.01
	126.16

	T1
	0.04±0.01
	59.5

	T2
	0.13±0.2
	209.5

	T3
	0.03±0.02
	42.83

	T4
	0.04±0.05
	59.5




Table 5. Ethanolic extract results for Lowry’s assay
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Figure 2: Comparison of Lowry’s assay results obtained with Aqueous and Ethanolic extract
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Figure 3: Standard curve for Folin-ciocalteu method
	Treatment
	OD at 660 nm after 1:10 dilution
(Average of triplicates)
	Concentration of phenolics obtained in gallic acid equivalents
(in μg/ml) 

	Control
	0.57±0.03
	414.7

	T1
	0.60±0
	437.36

	T2
	0.64±0.01
	467.50

	T3
	0.72±0
	527.67

	T4
	0.63±0.02
	459.91























Table 6. Aqueous extract results for Folin-Ciocalteu Method
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Figure 4: Standard Curve for Phenol Sulphuric acid method
	Treatment
	OD at 490 nm after 1:2 dilution
(Average of triplicates)
	Concentration of carbohydrates obtained in Glucose equivalents
(in μg/ml) 

	Control
	0.265±0.037
	46.4

	T1
	0.197±0.015
	32.8

	T2
	0.189±0.074
	31.2

	T3
	0.211±0.043
	35.6

	T4
	0.265±0.049
	46.4


Table 7. Aqueous extract results for Phenol-Sulphuric acid method

4. CONCLUSION

The above investigation aimed to study the effects of higher concentrations of Azolla and Vermicompost on growth, yield and nutrition of  White Oyster Mushrooms (Pleurotus ostreatus). The experiment carried out showed an increased yield in the treatment of 10% vermicompost and 5% Azolla (T1) along with reduced carbohydrate content and increased phenolic content, making it a valuable addition to paddy straw substrate for cultivation of Pleurotus ostreatus. Treatment T3 (20% vermicompost and 5% Azolla) yielded the highest total phenolic content but due to its slow growth rate and low yield, it's not a recommended formulation for mushroom growth. Protein content remained close throughout with a slight decline as the concentration of vermicompost and Azolla increased in the substrate. It was also observed that treatments of vermicompost higher than 10% Vermicompost and 5% Azolla, showed signs of inhibiting mushroom growth by reducing its yield, nutrition and growth rate. This makes treatment T1 (10% vermicompost and 5% Azolla) the ideal formulation for further studies aimed to increase the growth rate, yield and nutritional value of the mushroom via organic supplements.
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