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Bioremediation of vegetable and agrowastes by Pleurotus ostreatus: a novel strategy to 
produce edible mushroom with enhanced yield and nutrition
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Abstract
Pleurotus ostreatus was grown on paddy straw as well as other vegetable and agricultural wastes i.e. pea pod shell, cauliflower leaves, radish leaves and brassica 
straw in various combinations with paddy straw. The mushroom did not grow on the vegetable wastes separately. The cumulative yield and biological efficiency of 
the edible oyster mushroom P. ostreatus grown on substrate containing paddy straw in various combinations with different vegetable wastes i.e. 20% and 30 % veg-
etable wastes mixed with 80% and 70% (w/w) of paddy straw was found to be better, when compared with yield and biological efficiency obtained on paddy straw 
(100%) alone. The protein content and six essential amino acid contents (Leu, Ile, Val, Thr, Met, Phe) showed a significant increase and total sugar and reducing sugar 
contents showed decrease in the mushroom fruit bodies grown at different combinations of vegetable wastes with paddy straw as compared to paddy straw alone. 
However, there was not any significant change in moisture content of mushroom cultivated on different groups of wastes. Hence, results of this investigation suggest 
that the vegetable wastes which are generally left to rot in situ in many cities and villages causing outbreak of diseases can be bioremediated by edible mushroom P. 
ostreatus. The added advantage is that we get edible mushroom fruit body with improved nutrition.
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Introduction
 
Huge quantities of agricultural, vegetable, lignocel-

lulosic and other organic wastes are generated annually 
through the activities of agricultural, forest, wood and 
food processing industries (1, 2, 3). India is one of the 
major producers of cereals, fruits and vegetables which 
lead to generation of heavy amount of agro and vege-
table wastes. Efficient management of these wastes can 
help in preserving vital nutrients of our foods and feeds, 
and bringing down the cost of production of processed 
foods, besides minimizing pollution hazards. Recycling 
of fruit and vegetable waste is one of the most important 
means of utilizing it in a number of innovative ways 
yielding new products and meeting the requirements of 
food, feed and energy. These wastes can be utilized for 
nutritionally rich food production through cultivation 
of oyster mushroom (4). Mushrooms are very useful in 
bioconversion of organic wastes in valuable food, phar-
maceuticals production, bioremediation of xenobiotics 
and recalcitrant substances. Besides, mushroom can be 
alternative food source which do not depend on agricul-
tural land which is dwindling due to population explo-
sion. 

Pleurotus ostreatus is an edible mushroom which 
is commonly known as oyster mushroom. The oyster 
mushroom confers advantages over other mushrooms 
for its ability to grow on non-fermented lignocellulo-
sic wastes and produce in turn fruit bodies with higher 
nitrogen content (3). Due to several other qualities, 
oyster mushrooms are studied in different parts in the 
world. This mushroom  have high gastronomic value 
and require shorter growth time as compared to other 

edible mushrooms; they also demand few environmen-
tal controls, their fruiting bodies are not very often at-
tacked by diseases and pests and they can be cultivated 
in a simple and cheap way (5, 6).

Various workers have reported wide variations in 
the nutritional and medicinal attributes of mushroom. 
The difference may be due to variation in the genetic 
makeup, substrates, cultivation technologies and condi-
tions at the stages of harvest as well as post harvest, 
which affect the composition. In the present investi-
gation experimental studies on bioremediation of the 
wastes were performed to grow mushroom. We achie-
ved the best out of wastes through production of edible 
mushroom with enhanced yield and nutrition.

Materials and methods

To achieve the objectives of work one of the well stu-
died edible mushroom  Pleurotus ostreatus was grown 
on four  selected vegetable wastes viz. brassica straw 
(BS), cauliflower leaves (CF), radish leaves (RL) and 
pea pod shell (PS) in various combinations with paddy 
straw (PS). The mushroom was cultivated during winter 
months (December to February) of year when tempera-
ture varied from 10 to 250 C in northern part of India.

The culture and its maintenance
 The pure culture of P. ostreatus was procured from 

Na tional Research Centre on Mushroom, Solan (HP), 
India and maintained on malt extract agar (MEA) me-
dium at temperature 25 ± 2°C and pH 6 - 6.5 and sub-
cultured at periodic interval of three weeks.
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Collection of agricultural and vegetable wastes
 Five different agrowastes were collected from the 

dif ferent agricultural fields, households and Sabji man-
di of district Jaun pur, Uttar Pradesh, India. Details of 
methods of collection of wastes have been described 
elsewhere (4).

Preparation of spawn
 Spawn is referred to as the vegetative mycelium 

of the fungus, which is grown on cereal grains. Wheat 
grain spawn was prepared by the following method of 
Singh et al (3) which is well established in author’s la-
boratory and has been detailed in the paper (4).

Preparation of substrate
The collected vegetable wastes i.e. cauliflower 

leaves, radish leaves and pea pod shell were spread in 
open area for sun drying for 30-40 days. These dried 
substrates were autoclaved at the temperature 121°C 
and pressure 15 psi for 40 minutes. Vegetable wastes 
were used separately as well as in various combina-
tions with paddy straw for cultivation experiment. The 
paddy straw before mixing of vegetable wastes was 
completely dipped in water (50 litres for every 10 kg 
dry chopped paddy straw) in a drum or big bucket and 
was allowed to stay in water for 12 hours. Af ter that 
excessive water was drained out, the paddy straw was 
again completely dipped in hot water (temperature 70-
80°C) for an hour. The excess water was drained out and 
paddy straw was evenly spread on platform and mixed 
with dried autoclaved vegetable wastes (radish leaves, 
cauliflower leaves, brassica straw and pea pod shell) in 
two combinations i.e. paddy straw and vegetable wastes 
( 70 and 30%; 80 and 20%, respectively, w/w).

Spawning
Spawning is the process of mixing spawn in the 

steri lized substrates. 3% wet weight basis spawn grain 
was mixed with the substrate and filled into polythene 
bags. The mouth of the bag was tied with rubber band 
and 12 holes of about 1cm diameter were made; two at 
each cor ner of the base, four each on the broader area 
and one each on the narrow, rectangular side to drain 
out extra water and for proper aeration. Five bags of 
each combination of substrates (equivalent to 300 g of 
dry substrate) spawned with Pleurotus ostreatus were 
filled and kept in mushroom house on the iron racks on 
the bricks.

Biological efficiency  
The five bags for each substrate were used for evalua

tion of yield performance and biological efficiency of P. 
ostreatus kept in mushroom house under in vivo condi-
tion. The yield was expressed as of fresh fruit bodies 
produced per bag. Biological efficiency (B.E.) was cal-
culated as the percentage conversion of dry substrates to 
fresh fruit bod ies (4).
                                    Fresh weight of mushrooms per bag (x)
Biological Efficiency =                                                                     X 100                              
                                          Dry weight of substrate per bag (y)

Moisture content
It was done by picking fresh fruit body of the P. os-

treatus and dried in hot air oven at 60°C for 15 hours.        

                            {Fresh weight of mushroom (A) – Dry weight of mushroom (B)}

Moisture content =                                                  X 100        

                                                              Fresh weight of mushroom (A)

Sugar, amino acids and protein estimation
Total sugar estimation was done by using sulphuric 

acid phenol method (8) and the reducing sugar estima-
tion was done by Dinitro salicylic acid method of Sum-
ner and Graham (9) with some modifications. Amino 
acids were estimated by following the method of Moore 
and Stein (10). Protein estimation was done by the 
method of Lowry et.al (11).

Statistical analysis
The data were presented as mean ± standard error 

of mean (n=5). Statistical significance was analyzed by 
ANOVA following Duncan’s multiple comparison test 
(P<0.05). In the given figures the mean bar bears same 
superscripts has not significant differences.

Results

The edible mushroom Pleurotus ostreatus was grown 
on radish leaves, pea pod shell and cauliflower leaves 
separately. The mushroom failed to grow on these vege-
table wastes. However, when the mushroom was culti-
vated on paddy straw and paddy straw in combinations 
with vegetable wastes, the fructification occurred.

Figure 1. Biological efficiency of P. ostreatus during its cultivation 
on different combinations of paddy straw with vegetable wastes.

Figure 1 shows the biological efficiency of Pleurotus 
ostreatus on different agro and vegetable wastes. Pad-
dy straw and vegetable waste combinations supported 
higher bioefficiency than paddy straw alone. 70% paddy 
straw and 30% vegetable wastes supported maximum 
mushroom yield and bioefficiency followed by 80% 
pad dy straw and 20% vegetable wastes. 

The yield of first flush fruit bodies was more than 
second and subsequent flushes. Maximum biological 
efficiency was reported on 30% radish leaves and 70% 
paddy straw.

The moisture content of Pleurotus ostreatus on dif-
ferent agro and vegetable wastes is presented in figure 
2. There was not any major difference in the moisture 
content of mushroom grown on different combination 
of paddy straw with vegetable wastes. The moisture 
content of fresh mushroom fruit bodies grown on va-
rious substrates ranged from 89.7 to 91.95%.
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nine and phenylalanine determined from the fruit bodies 
of P. ostreatus grown on paddy straw alone exhibited 
lower amount than that on the paddy straw and other 
agrowastes combi nation. Among the six amino acids 
amount of valine was found to be the maximum, fol-
lowed by threonine and then other amino acids.

Discussion

In the present study the edible oyster mushroom P. 
ostreatus failed to grow when cultivated separately on 
radish leaves, pea pod shell and cauliflower leaves. The 
reason for failure of mushroom crop on 100% afore-
mentioned vegetable wastes may be due to retention 
of large amount of water by vegetable wastes. This 
could have prevented the proper aeration of Pleurotus 
mycelia, hence, proper spawn run and fructification 
failed to occur. However, when these vegetable wastes 
were mixed with paddy straw, these shortcomings were 
overcome and adequate spawn run and fructification 
took place. As presented in figure 1, the first flush of 
fruiting bodies gave maximum yield than second and 
subsequent flushes.  Similar results were obtained in P. 
ostrea tus, (12, 7), P. sajor-caju (13) and in P. florida (4). 

The cumulative yield and bioefficiency of P. ostrea-
tus was found to be better when cultivated on pad dy 
straw mixed with vegetable wastes. The better yield and 
bioefficiency of P. ostreatus on brassica straw, radish 
leaves, pea pod shell and cauliflower leaves in combina
tion with paddy straw may be due to presence of vari-
ous macro and microelements supplied by the vegetable 
wastes, which are not available in the paddy straw alone 
(4). The composition of substrates affects the nutritio-
nal value of mushroom fruit bodies. The mushroom 
mycelia secret extracellular enzymes (14) and these en-
zymes may be helpful in enhanc ing the nutritional value 
of fruiting bodies (4). Das and Mukherjee (15) repor-
ted that the biological efficiency of P ostreatus remain 
unchanged when it was grown on a weed Leonotis sp 
and paddy straw, but there was significant increase in 
biological efficiency if both the wastes were mixed in 

Figure 2. Moisture content of P. ostreatus during its cultivation on 
different combinations of paddy straw with vegetable wastes.

The observations of protein, total sugar and reduc-
ing sugar is presented in figure 3.The protein content 
of mushroom fruit bodies ranged from 42.1 mg to 53.9 
mg per 100 mg of dried fruit bod ies. Protein content 
of mushroom fruit bodies harvested on paddy straw 
alone was low which increased when harvested on other 
wastes in combination with paddy straw. The mushroom 
grown on 70% paddy straw and 30% vegetable wastes 
showed more protein content than grown on 80% paddy 
straw and 20% vegetable waste combinations.

However, the total sugar and reducing sugar content 
decreased in all waste combinations as compared to 
paddy straw alone. Minimum sugar content was record-
ed in fruit bodies cultivated on 30% radish leaves and 
70% paddy straw combinations. Maximum total and 
reducing sugar was observed in mushroom fruit bod-
ies produced on paddy straw alone. Total sugar content 
recorded in the mushroom fruit bod ies ranged from 36.3 
mg to 48 mg per 100 mg of dried mushroom.

The amino acid content of P. ostreatus grown on 
paddy straw alone and combination of paddy straw and 
vegetable wastes are given in figure 4. The six amino 
acids i.e. leucine, isoleucine, valine, threonine, methio-

Figure 3. Protein, Total Sugar and Reducing sugar content of P. Ostreatus during its cultivation on different combinations of paddy straw with 
vegetable wastes. 
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1:1 ratio.
The observations of present investigation suggest 

that the edible mushroom Pleurotus ostreatus grown on 
paddy straw mixed with brassica straw, pea pod shell, 
cauliflower leaves and radish leaves gives fruit bodies 
with enhanced protein and amino acid contents. This 
work can be a step forward in the journey of thousand 
miles to mitigate the malnutrition problem and enhance 
the nutritional value through eco-friendly measure.

Other articles in this theme issue include references (16-
31).
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