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Abstract

In recent years, solid waste management has developed from early approaches of burning or dumping
to reuse, recycle, regain, and retain various alternative technologies. The present study aims at
developing an effective community waste management model with a solution to multiple issues. It
aims to provide an alternative to widespread stubble burning, burning dry leaf litter and promoting
plastic reuse. The present novel technology involved the cultivation of Oyster Mushroom (Pleurotus
ostreatus) in used plastic bottles to convert agricultural and urban waste into a highly nutritional end
product. In this direction, the effect of different wheat straw and dry leaves' ratios was assessed on
the spawn run time, primordial formation, final harvesting time, mean yield per plastic bottle, and
the % biological efficiency per gram of the substrate. Both the combinations of L :WS_ and L_:WS_
represented ideal options for using the two waste substrates to cultivate the mushroom species. This
model will help recycle agro-waste and serve as an effective method of generating nutritious food for
fighting food security while decreasing the plastic load and trash thrown for disposal.
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INTRODUCTION

Plastic is everywhere. Its cheapness,
durability, and versatility have made our lives
very easy and is used on a large scale worldwide.
However, the biggest challenge is the fact
that plastic degradation is a pressing issue as
plastic never really goes away, it just breaks
into microscopic pieces of plastic lying in a non-
biodegradable state®. Similar to the plastic menace
is the rising issue of burning agricultural waste.
It has been estimated that a total of 80-90% of
generated agricultural biomass, i.e. paddy and
wheat straw, is burned annually. This burning of
used agricultural waste residues, also referred
to as Crop Residue Burning (CRB), represents a
major health hazard adding to increased levels
of Particulate Matter (PM) concentration in the
immediate vicinity?, thus posing a detrimental
effect on human, animal and plant health. It has
also become a major source of pollution in and
around Punjab and Haryana, contributing between
12 and 60 per cent of PM levels in the surrounding
air®. Therefore, the alternative need for utilising
the agricultural waste residues is the need of the
hour. Another major challenge in front of local
government bodies is the disposal of huge heaps of
dry leaves collected by the cleaning staff daily that
can be seen lying unattended all over various city
roads. The leaves are put on fire, leading to heavy
smoke and air pollution, making life especially
worse for asthmatics, children, elderly, pregnant
women, chronic respiratory disease patients, etc.
As per the Municipal Solid Wastes (Management
and Handling) Rules, 2000, which came into effect
in 2001, the burning of dry leaves is prohibited
and is a punishable offence*. However, sadly the
practice of burning leaves continues. This calls for
newer and more effective scientific ways to tackle
the situation rather than burning them.

With solid waste management as the
main objective, the present study was focused on
the management of agro-waste and green waste
by using it as a potential substrate for the growth
of a highly nutritious variety of mushrooms, i.e.
oyster mushrooms in used plastic bottles. Oyster
mushrooms are loaded with an array of culinary,
medicinal, nutritional and environmental benefits.
Besides providing both macro and micro-nutrition,
they help maintain a strong immunity, maintain
healthy bones, have proven anti-cancer, anti-

diabetic and cholesterol-lowering potential®>®.
Considering the availability of vast amounts
of agro-waste and dry leaves and the pressing
need to re-use and reduce plastic waste, this
study proposes and promotes the cultivation of
oyster mushroom from a mix of agricultural and
green waste as an effective method of generating
nutritious food serving multiple purposes of
fighting food security, generating employment
and a step towards decreasing the plastic load and
trash thrown for disposal.

MATERIAL AND METHODS
Culture Source

The pure culture of Pleurotus ostreatus
was obtained from Punjab Agricultural University,
Ludhiana.
Pure Culture Identification and Maintenance

The pure culture of P. ostreatus so
obtained were then transferred onto Potato
dextrose agar plates (PDA) and slants. The cultures
were later authenticated by microscopic and
macroscopic features and stored at 4°C for later
experimentation and future use.
Production of Spawn

Wheat was used for spawn preparation.
Wheat grains were procured from the local grain
market, thoroughly washed and then soaked
in water overnight. The next day, the moisture
content of grains reached approximately 50-60%,
and the water was allowed to drain off as the
grains were made water-free. Spawn substrate
was formulated by mixing wheat grains with 1%
gypsum. The formulated substrate was finally
packed in sterile glass jars occupying 75% of
the space within the jar. This was followed by
autoclaving the filled jars at 121°C and 15 psi for
1 h. After autoclaving, the jars were allowed to
cool to room temperature and were ready to be
inoculated. Inoculation of the spawn substrate
within the glass jars was done by aseptically
transferring seven-day fungal cultures sliced
using sterile scalpels. Afterwards, the jars were
incubated at ambient temperature and regularly
observed at an interval of 48-72 h until the grains
became fully colonised by mycelia turning white
(cottony) in the jars.
Substrate Preparation

Wheat straw was obtained locally from
the village area surroundings of Manimajra and
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Hallomajra. Dry garden leaves were procured from
huge heaps collected near the road side in and
around sector 36, sector 37, 38 and college garden
areas. These substrates were manually cleaned
with running tap water 3-4 times to remove dirt
and grit particles. The leaves were then manually
cut into smaller pieces and soaked overnight in
clean tap water. Similarly, washed wheat straw
was also separately soaked in water overnight to

Table 1. Different combinations of substrates used
for spawning

moisten. The next day, water was drained out, and
the substrates were allowed to dry for another 24
h. The dried substrates' moisture was checked by
making a lump of the substrates as it should not
form a self-assembled lump. All the substrates
were then filled in high-density polyethylene bags
and autoclaved at 121°Cand 15 psi for 30 min. The
autoclaved bags were then allowed to cool to room
temperature before final mixing.
Cleaning and Disinfection of Plastic Bottles

Different one time used bottles (Bisleri
bottles) were collected from the college canteen.
They were thoroughly cleaned and washed 3-4
times with soap and running tap water. After
washing, bottles were disinfected by dipping in
6% sodium hypochlorite solution overnight. The
next day, bottles were washed twice with distilled
water to remove the disinfectant and later dried.
Mixing of Substrates and Spawning

Different combinations of substrates
were prepared, as shown in Table 1. The plastic
bottle was cut from the top, as shown in Fig. 1.

S.No. Combination Ratio
1. Only wheat (WS) 100
2. Leaves + wheat straw
(L,Ws,) 30:70
3. Leaves + wheat straw
(L,-WS,) 50:50
4, Leaves+ wheat straw
(L,Ws,) 70:30
5. Only leaves (L) 100
Soaking of leaves = Drying ofleaves

Soaking of Wheat straw Drying of Wheat Straw
—
d _a
| Bl e

=

L

Spawninginbottles [ Spawnnnines -
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leaf waste in used plastic bottles.

Fig. 1. Schematic representation of steps involved in the cultivation of Pleurotus ostreastus from agricultural and
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After mixing, the substrates were layered into the
lower 3/4th portion of the Bisleri bottle (500 ml),
with each layer being approximately 5 cm thick.
After each layer, one handful of spawn was evenly
spread onto each layer. This way, the entire bottle
was filled with 3-4 tightly packed layers. The upper
portion of the cut bottle was also layered in the
same way, and the two filled portions of the bottle
were then tightly secured with brown tape. This
was followed by piercing of 8-10 holes with sterile
hole borer evenly spaced throughout the entire
bottle. Three bottles for each combination were
filled. The bottles were then incubated at 27°Cin
anincubator without light at a relative humidity of
65-75 %. During incubation, bottles were examined
each day once for any mold contamination and

observed the spawn run in different bottles for
final scoring.
Induction of Pinning and Final Harvesting

When the inner substrate within the
bottles got covered fully with white mycelial
growth, large holes (5-6 cm wide) were bored
aseptically within the plastic bottles. Pinhead
initiation was obtained by decreasing the
temperature by 5 °C and increasing the incubator
chamber's humidity to 95%. Light was allowed to
enter the chamber for pinning to start. Bottles
showing pinhead and primodia were carefully
handled and sprayed thrice with distilled water
to maintain high humidity. Fruiting bodies of P
ostreatus were finally harvested successively as
they matured. Pinning and harvesting time for all

Table 2. Days took for complete mycelial colonisation, primordial formation, final harvesting, mean yield per

bottle, and % BE

Bag No. Combination Spawn Run Primordial Final Harvest ~ %BE per 450 g
Time (days) Formation (days) Time (Days) of substrate
1. Only wheat (WS) 16+0.5 21+1 26 62
2. Leaves + wheat straw
(L, WS,,) 15£1 2110.5 25 65
3. Leaves + wheat straw
(L, WS,) 1741 22105 28 58.1
4, Leaves+ wheat straw
(L, WS,) 20£1 26£1.5 31 42
5. Only leaves (L) 2310.5 29+0.55 35 16.5

Step 1: In house Spawn generation of Pleurotus osteartus

Day7

Fig. 2. In house spawn generation in glass jars on wheat grains
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the bottles was noted.

Biological Efficiency (yield)

Biological efficiency was determined to
obtain the growth potential of the fungal strain.
It was calculated by the following Eq. (1).

Biological efficiency = weight of fresh
mushroom/dry weight of substrate x 100%

...... Eq. (1)

Nutritional Analysis

The mushrooms were checked for the
following parameters:

(a) Total Ash Content: The ash content was
calculated by applying the standard ash
content method®. Clean and dry crucible was
taken, and its weight was noted down. 5 g
of mushroom was weighed and kept in the
crucible. The weight of the crucible was noted
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again with the sample. The sample was then
charred until complete ash was formed. The
sample was ignited at 550 oC for 1 % hin a
muffle furnace. The sample was taken out
from the muffle furnace, kept in a desiccator,
and the weight was noted. Again, the sample
was kept in a muffle furnace for % h, removed,
cooled in a desiccator and weight was noted
down. This process was repeated till the
difference between two consecutive readings
was less than 0.1 and total ash calculated
following Eq.2.

Total Ash content = Weight of ash * 100/
weight of the sample Eq.(2)

Protein content: 5 g of fresh mushroom was
weighed and mixed with 50 ml of sterile
phosphate buffer. This was then subjected
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Fig. 3. Nutrient content of fresh mushrooms in different combinations (g of nutrient/100 g).
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to a manual homogeniser. The homogenised
suspension was then centrifuged, and 5 ml
of supernatant was added to 50 ml of 0.1
N NaOH. The sample was then subjected to
protein content analysis as per the standard
protocol of Lowry et al.*°. The working solution
was added to the test sample, incubated, and
the absorbance was measured at 660 nm. A
standard curve using bovine serum albumin
(BSA) was later plotted, and the protein
content of the sample was calculated and
expressed as g/100 g of the fruit body sample.

(c) Total carbohydrate content: The total
carbohydrate in the fruiting bodies was
measured following the phenol-sulfuric
acid!. Briefly, the mushroom sample was
homogenised as described above, and 0.05
ml (500 ul) of supernatant was taken and
added to an equal volume of 5% phenol. To
this mixture, 2 ml of sulfuric acid was added
and allowed to stand for 20 min at room
temperature. The test was performed in
duplicates and along with glucose as standard.
Absorbance was measured at 470 nm, and
the total sugar calculated from the standard
curve.

(d) Lipid Content: The total lipid levels were
measured as per the standard method
of Folch et al.*2. 5 g of fresh mushroom
was taken, sliced, added to 50 ml mixture
of chloroform: methanol(2:1) and mixed
thoroughly. The preparation was covered
airtight and allowed to stand for three days.
Finally, the solution was centrifuged (1000
g, 10 min), the upper layer of methanol was
removed using Pasteur pipette, and crude
lipid was collected and proceeded for the
gravimetric analysis.

(Note: In addition to above, toxicity and

BPA testing were also carried out as a safeguard

to rule out the possibility of any toxicity and BPA

leaching into the fruiting body and the raw data
showed negative results).

RESULTS
Oyster Spawn Production

Potato Dextrose Agar was used to grow
and maintain oyster mushroom culture procured
from ICAR-Directorate of Mushroom Research,
Solan, Himachal Pradesh. P. ostreatus was

successfully grown on PDA. The oyster completely
covered the media containing plate in 9 days with
pure white cottony growth. Wheat grains of good
quality were used for spawn production. It was
mixed with 1% gypsum and exhibited a moisture
content between 50-60%. After inoculation,
mycelium growth was initially slow for the first
couple of days. Still, by the 5" day, the growth
was spread to more grains, and the cottony white
growth of the mycelium started becoming visual
throughout the glass jars (Fig. 2). Over time the
cottony growth began to form web-like clusters
in the grains, and the growth spread to the
whole of the jar. By the 20™ day, the glass jars
were completely covered with mycelium growth.
These jars were ready with spawn for use in the
subsequent experimentation studies. The jars
were stored at 4 °C until further use.

Mycelial Colonization in bottles (Spawn run)
After spawning using 5% spawn, all inoculated
bottles exhibited mycelia extension standing from
the spawn grains into the cultivation substrate
after 24 h of spawning (Table 2). Mycelia extension
throughout the substrates was varied among
different substrate combinations. The minimum
spawn run time was seen with WS bottlesand L, -
WS, combination as both showed a comparable
average time of 16+0.5 days for complete
colonisation. With L, -WS_ combination, the
spawn run time was slightly prolonged to 17+1
days. However, with the L, -WS_ combination,
there was a significant increase in the total time
for mycelia colonisation compared to WS bottles
(p<0.05), with the total time for spawn run being
2011 days. The least rate of mycelial colonisation
was observed with the last combination of leaves
only (L) as it took the highest number of days
(23+£0.57 days) (exhibited the lowest mycelial
running rate) after inoculation of spawn. Also, the
bottles with L only showed asymmetric and poor
spawn run seen in patches.

Primordial formation and Final Harvesting Time
(days of post Pinning)

Similar to mycelial invasion, the initiation
of pinning with the first primordial formation were
different among different substrate combinations.
In WS bottle and L, -WS,_ combination, the first
primordial appeared after 20t1 days of spawn
inoculation and for L, -WS,_ combination 22+0.5
days, respectively. The L -WS_ combination
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took the highest number of days (26+1.5) after
spawning for primordial formation. The fruit body
formation leading to final harvesting was done by
day 25 (post spawn inoculation) and day 26 for L, -
WS, and WS bottles, and by day 28 for L, -WS,_,
bottle. However, the L -WS_ combination showed
a significantly longer time for a fruiting body's
appearance with the final harvest at day 31 post-
spawn inoculation. The bottle packed with leaves
only (L) showed very small pinheads on its surface
with primordia's appearance at 29+0.5 days and
fruit body formation by day 35.
Biological Efficiency

Mean Bioconversion efficiency (BE) per
450 g of bottles in different combinations has
been depicted in Table 1. The maximum BE after
1st flush was calculated to be 65% for L, -WS_
and 62% for WS and 58.1% for L_-WS, . The L -
WS, combination showed significantly low yield
and BE value (42%) as compared to WS and 50-50
combination (p<0.05). However, the poor yield and
lowest mean BE value were obtained for L, only
showing BE of 16.5%, indicating that leaves alone
were unfavorable options for this mushrooms
species.
Nutritional Analysis

Fresh mushrooms obtained from different
combination bottles were subjected to nutritional
analysis, as shown in Fig. 3. It was observed that
mushrooms from both the WS bottles and L_-
WS_ combination bottles showed comparable
nutritional parameters. The protein content was
calculated to be 3.5 g per 100 g, similar to the
reported value. Mushroom being low in lipid
content, showed a maximum lipid content of 0.54
g. With the L -WS, combination, mushrooms
were of less nutritional value than other L-WS
combinations in all four parameters. However,
the poorest nutritional status was seen with
mushrooms obtained out of leaves (L) bottles
with protein being 1.56 g and carbohydrate and
lipid levels being low, i.e. 2.12 and 0.2410.02 g
calculated.

DISCUSSION

Solid waste management has become
a major cause of concern in developed and
developing countries, stressing the need to adopt
effective waste management strategies to reduce
and recycle community waste and plastic waste.

The most effective way to address plastic pollution
is to restrict its use or not create it in the first
place. However, this is not a practical solution.
The second solution is the reuse of plastic for
various purposes, and this can significantly reduce
the demand for new plastics, thus decreasing the
overall usage®®. Similarly, by utilising a mere 1%
of agro-wastes towards mushroom production,
India can produce a total of 3 million tonnes of
mushroom?, The remarkable ability of edible fungi
to use various substrates and transform complex
organic compounds into simpler by-products
can be put to use to covert and utilise the vast
agricultural and green waste into the valuable and
usable form?>, With primary focus to reuse the
plastic waste along with developing innovative
strategy to put the green waste generated in
our college to beneficial use, , the present study
was planned to cultivate oyster mushrooms
(Pleurotus ostreatus) in used plastic bottles of
Coke, Pepsi, Bisleri from green and agro-waste
based substrates..

Shredded wheat straw is one of the most
common substrates used in practice to cultivate
Pleurotus spp. Wheat straw is superior over other
agro-waste in colonization rates and overall yield
and productivity!’. Therefore, wheat straw was
taken as the base in our study in all the tested
combinations. However, little work has been
reported related to dry leaf waste as a potential
substrate in the past. Shah et al.?® also studied
various combinations of wheat straw and saw
dust and leaves for the cultivation of Pleurotus
ostreatus but did not mention the exact source
and type of leaves used. Alananbeh et al.** studied
the potential of date palm leaves along with wheat
straw for cultivation purposes. Sharmila et al.”
studied the use of Areca palm leaves mixed with
topsoil as the possible substrate for Pleurotus spp.
These workers have primarily focussed on only
one kind of leaf residues to cultivate different
species of Oyster mushrooms. Balasubramani
et al.” reported a study using dried forest leaf
litter from Teak, Bamboo, Populus, Eucalyptus to
integrate oyster mushroom into the agroforestry
model to generate proteinaceous food for the rural
community. In the present study, we have reported
the use of dried leaf litter (fallen and collected from
college campus), which represents a mixture of
leaves of five very commonly planted species of
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trees (Eucalyptus, Teak, Pinus, Chuksaria, Alfstonia)
mixed with wheat straw in used plastic bottles. This
unique initiative represents an ideal model for
recycling agro-waste and fallen leaf waste (highly
prevalent as seen in community parks, gardens,
side of city roads) as a major disposal issue by local
MC along with plastic re-use.

Different substrate combinations of
wheat straw (representing agricultural waste/
by-product) and dried leaves were taken and
used for bottle filling and spawning. Spawn
run is a crucial stage and indicates the growth
medium's suitability for the fungal species
involved. Depending on the fungal strain used,
growth conditions are given, and the substrate
type, a variation in the time required for complete
mycelia runs over the used substrate?*. The
minimum spawn run time (15 days) was seen with
L,,-WS_ among all the combinations, and this was
comparable with WS control bottles. Following
complete colonisation over the substrate, pinhead
formation (primordium initiation) occurs. The time
required to form pinheads in the present study
(21-27 days of post-spawning) is comparable with
past studies. Ahmed? reported 23-27 days from
spawning required for pinhead formation of oyster
mushroom cultivated using different substrates,
while Fan et al.?® reported this period to last
from 20 to 23 days. It was observed that with an
increase in the concentration of leaf residues, the
spawn run time followed by the appearance of
primordia lengthened. Poor growth of mycelium
was seen in bottles filled with leaves only.

Adetola et al.”” did a comparative analysis
of withered leaf mineral composition of teak,
indicated that they are a very good source of
calcium, magnesium, sodium, phosphorous, iron
and potassium etc. Similarly, past studies reported
that even dried leaves of Pinus and Eucalyptus
act as a source of important minerals (Ca, N, P. K,
Mg)%%. According to Oei*, mushroom mycelia
growth is promoted better by adding supplements
that provide a ready source of essential nutrients.
In our study, the leaf residues mixed at a ratio
of 30:70 and even 50:50 acted as a source of
important nutrients, thus boosting the spawn run
and giving the highest yield and % BE. However, the
noticeable feature is that as the concentration of
leaf residues increased, i.e. in 70:30 and especially
in 100% leaf bottles, there was a negative impact

on all the growth parameters with poor yield.
Workers in the past have extensively reported
the antimicrobial and antifungal activity of the
leaf extracts of Eucalyptus®®® and Pinus®*. Also
various Teak species (e.g. Tectona grandis) are
antimicrobial and antifungal®*?’. This clearly
explains the comparatively higher time for
spawn run (20-21 days), longer time for pinhead
and primordia appearance with poor yield,
and significantly low BE of 42% in bottles with
combinations at L, :WS_ . The bottles with the
highest leaf concentration were not a suitable
medium, as all the values of parameters were
significantly lower (P <0.05) compared to the
control combination.

One of our country's prime issues is poor
health and nutrition among the underprivileged
population. The FAO has strongly recommended
the intake of edible mushroom varieties in a
routine diet, representing a protein nutrition
source, especially in developing countries3®%,
The mushrooms obtained from L :WS_ and
L. ;WS bottles were high in protein content (3.5
g per 100 g), similar to that earlier reported*®42,
The mushrooms showed a low lipid content,
thus representing an ideal choice for the target
population (obese people, diabetics, pregnant,
etc.)®*. One of the possible issues associated
with using plastic bottles of Bisleri and Coke may
arise from the leaching of BPA. BPA stands for
Bisphenol A, acommon building block in resins and
some plastic types. It is a known compound that is
endocrine-disrupting®®*’. However, BPA is found in
only certain types of plastic called polycarbonate.
In contrast, the bottled water and plastic soft drink
bottles are made from Polyethylene Tetraphthalate
(PET), which has nothing to do with BPA. Also, as
per the American Chemistry Council (ACC) and
International Life Sciences Institute (ILSI), PET has
been approved and regarded as safe for use®.
Moreover, the bottles used in the present study
are graded as #1, which, according to Eartheasy.
com, are the safest choice as being free from BPA
and are 100% recyclable®. Also, the raw data about
toxicity and BPA leaching were negative in all the
tested combinations.

CONCLUSION
The present study has highlighted the
cultivation of Oyster mushroom in used plastic
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bottles as a community waste management model
integrating agricultural waste and dried fallen leaf
litter (fallen and collected from community parks,
gardens, side of city roads) as potential substrates
for the generation of protein-rich food for the
target population (the rich and the poor) while
putting the plastic trash to beneficial re-use. Both
the combinations of 30:70 and 50:50 represented
ideal options for using the two waste substrates.
It proved to be better in terms of mycelial run's
total time, primodia formation, development of
fruiting bodies, and final mushroom harvesting.
However, the practical use of this model to solve
the issues of fallen leaf litter and agricultural by-
product burning has to be taken to the next level
by promoting the concept to the local government
bodies and creating awareness among the masses
as well.
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