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Abstract

Mushroom cultivation is an economically viable technology process that utilizes and degrades various waste products.
study was conducted at the Iloilo State University of Fisheries Science and Technology, Dingle, Iloilo, to assess the potential
of using polyethylene plastic (PE) to enhance the growth and yield of oyster mushrooms (Pleurotus ostreatus). Five subs-
trates (100% sawdust, 25% PE Plastic + 75% sawdust, 50% PE plastic + 50% sawdust, 75% plastic + 25% sawdust, 100% PE
plastic) were tested. Spawn of oyster mushrooms was obtained from the Department of Agriculture Mycology laboratory.

e spawn was inoculated in each of the assigned e (5) Treatments with three (3) replications and undertaken under asep-
tic conditions. e growth and development of the mushroom were monitored daily for e (45) days. Results of the
study revealed that oyster mushrooms can grow on PE plastic in combination with organic materials or even at a 100% util-
ization rate. e highest yield, number of fruiting bodies, and pileus diameter were obtained from 100% sawdust, followed
by 25% PE plastic,  but with comparable results with all  other treatments. e utilization of 25%, 50%, 75% and 100% PE
plastic can be used as an alternative substrate for the cultivation of oyster mushrooms.
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Introduction

Plastic  pollution  is  now  a  menace  to  society  and
the environment that has to be dealt with immediate action
before it completely overwhelms us. It is estimated that the
world has over 150 million tons of plastic in the oceans, and
by 2050, there could be more plastic than . Plastic is infa-
mous for its endurance and resistance to regular decomposi-
tion. [1]. its cheapness, durability, and versatility have made
our lives very easy and are used on a large scale worldwide.
However, the biggest challenge is the fact that plastic degra-
dation is a pressing is-sue, as plastic never really goes away;
it  just  breaks  into  microscopic  pieces  of  plastic  lying  in  a
non-biodegradable state [2].

Polyethylene (PE) is one of the most common syn-
thetic  polymers,  and  PE waste  pollution  has  been  an  envi-
ronmental and health concern for decades [3]. Polyethylene
is  a  polymer  made  of  long-chain  monomers  of  ethylene.
Due to the high per capita consumption, the accumulation
of  plastic  waste  in  the  environment  is  a  primary  source  of
pollution. Approximately 0.3–0.4 billion tons of plastics are
produced  annually  worldwide,  including  an  estimated  1.6
million  tons  per  day  due  to  COVID-19  [4],  yet  less  than
10%  are  recycled.  Approximately  50%  of  all  plastic  waste
ends up in ,  the most common method of  disposal
(Organization  for  Economic  Co-operation  and  Develop-
ment,  2022). e  most n  used  synthetic  polymers  are
high-density  (HDPE)  and  LDPE  or  low-density  polyethy-
lene [5]. Plastics are disposed of, in many nations, through
open, uncontrolled burning and g [6]. Open burn-
ing emits toxins into the atmosphere, which can lead to a va-
riety  of  health  issues.  Furthermore,  burning  plastics  pro-
duces persistent organic pollutants, which have been linked
to a number of negative impacts in humans. y discharge
hazardous  compounds  into  the  environment,  contaminat-
ing food [7] . A t source of air pollution, the open
burning of mixed wastes produces a variety of adverse envi-
ronmental and human health . Plastics are a particu-
larly problematic waste stream when it comes to open burn-

ing [8].

Since incineration of solid waste is not allowed un-
der  Republic  Act  9003  for  the  safety  of  human  health  and
protection of the environment, land g and the 3 Rs inte-
grated waste management method (Reduce, Reuse, and Re-
cycle) are the main types of SWM in the country [9] Howev-
er,  sadly,  the  practice  of  burning  plastic  waste  continues.

s  calls  for  newer  and  more e c  ways  to
tackle the situation rather than burning them.

Biological approaches based on industrial and envi-
ronmental  biotechnology  are  for  the  remediation of  waste.
One  such  biological  method  is  mycoremediation,  which  is
based on the use of  fungi  and mushrooms for  the removal
of waste from the environment. e mushrooms and other
fungi  possess  enzymatic  machinery  for  the  degradation  of
waste/pollutants and therefore, can be applied for a wide va-
riety of pollutants [10, 11].

e oyster mushroom (Pleurotus species) belongs
to the family of  Tricholomataceae,  the second most  widely
cultivated  mushroom  worldwide,  and  is  the  third  largest
commercially produced mushroom in the world market (O-
bodai et al.). Pleurotus species are popular and widely culti-
vated, mostly in Asia. Like other mushroom species, oyster
mushrooms  can  be  grown  on  various  agricultural  wastes
and they grow at a wide range of temperatures. In the Philip-
pines, the main substrate for the production is sawdust. It is
a mixture of shavings from the woods of many trees. Numer-
ous mushroom species contain a wide range of metabolites
with  anti-tumor,  antigenotoxic,  antioxidant,  antihyperten-
sive,  antiplatelet-aggregating,  anti-hyperglycemic,  antimi-
crobial, and antiviral activities. e study assessed the poten-
tial of utilizing polyethylene plastic on the growth and yield
of oyster mushrooms (Pleurotus ostreatus). Considering the
volume of PE plastics and the pressing need to re-use and re-
duce plastic waste, this study proposes and promotes the cul-
tivation of oyster mushroom as an e method of gen-
erating  income  and  a  step  towards  decreasing  the  plastic
load and trash thrown for disposal.
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Methodology

Experimental Design

s study utilized sawdust and polyethylene plas-
tics on the growth and yield of oyster mushrooms (Pleuro-
tus  ostreatus)  as  a  growing  medium.  Polyethylene  plastics
gathered from the solid wastes accumulated from the Muni-
cipal garbage collection of the Municipality of Dingle, Iloilo,
were shredded into small  pieces of  2-4cm. e experiment
was  arranged  in  a  completely  randomized  design  (CRD)
with e  treatments  replicated  three  times  as  follows:  A  -
100% sawdust (control), B- 25% PE plastics + 75% sawdust,
C-  50%  PE  plastics  +  50%  sawdust,  D-  75%  PE  plastics  +
25% sawdust and E- 100% PE plastics. e study was con-
ducted at the Iloilo State University of Fisheries Science and
Technology  College  of  Agriculture,  Dingle  Campus  from
March  to  July  2022.

e  polyethylene  plastic  –  roughly  about  75kg  of
PE plastic was cleaned and shredded/grounded into 0.5-1.5
cm length together with sawdust and was soaked separately
in  water  over  24  hours  to  moisten  them  thoroughly.
which, substrate materials were stalled on a steep cemented

r to allow the draining of excess moisture from the subs-
trate  to  obtain  a  65% moisture  level. r  draining  excess
water from those materials, the various substrates were sup-
plemented with 9% rice bran and 1% sugar.

y  mixed  PE  plastics  and  sawdust  were
bagged in a 5x12 polypropylene plastic at one kilogram per
bag, and proportions were based on the assigned treatment.
A PVC pipe of 2.0cm thick and 2.5cm long was inserted in
the  neck  of  each  bag  to  serve  as  a  bottle  neck  and  held  in
place  with  a  rubber  band.  A  piece  of  cotton  wool  was
plugged  into  the  neck  of  each  bag  and  was  sterilized  to
avoid contamination. e were e (25) bags used
per  treatment,  and  were  distributed  on  the  prepared  rock
per treatment and replication based on the experimental lay-
out. Bagged substrates were sterilized in an improvised ster-
ilizer at 100 °C for 5 hours and were allowed to cool down.

Inoculation and Incubation

Bagged substrates and spawn bottles were disinfect-
ed  with  70%  alcohol.  Likewise,  the  researcher’s  hand  was

sanitized  with  alcohol  before  inoculation  of  the  spawn.
e grams of spawn were inoculated per bag.  Inoculated

substrates were kept at a room temperature of 26 °C to 28oC
under  dark  conditions.  Substrate  openings  were  misted
with water every other day to maintain moisture and hasten
the sprouting of mycelia. Opening of the bag for fruiting is
done upon thickening of the mycelia. Misting of water was
done every other day at each of the treatments to ensure
proper moisture in each fruiting bag.

Harvesting of Fruiting Bodies

Harvesting  was  done  when  the  in-rolled  margins
of  the  mushroom  were  completely d  and  was  done
by cutting the mature mushroom from the base of the stipe
per treatment per replication.

Data Collection and Statistical Analysis

Number of  days  for  visible  mycelial  growth.  Data
were  taken  by  counting  the  number  of  days  from inocula-
tion until visible mycelial growth appeared.

Number  of  days  for  pin-head  formation.  Data
were  taken  by  counting  the  number  of  days  from inocula-
tion until the maturity of the fruiting body.

Number  of  fruiting  bodies. e  total  number  of
completely formed fruiting bodies was counted per fruiting
bag per treatment per replication.

Diameter  of  pileus  (mm).  the  diameter  of  the
pileus was measured using a digital caliper, measuring from
one end of the pileus to the other through the center of the
pileus.

s  of  pileus  (cm).  the  thickest  portion  of
the pileus was measured.

Length  of  the  stipe  (cm).  stipe  length  was  mea-
sured  from the  point  of  attachment  to  the  substrate  to  the
point where the gills of the pileus start.

Diameter  of  stipe  (cm).  the  stipe  diameter  was
measured by measuring the main diameter within the stipe
area.

Average yield (g). Mature fruiting bodies were ob-
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tained  by  cutting  the  mature  mushroom  from  the  base  of
the stipe.

Statistical Analysis

All  data  collected  were  subjected  to  the  One-way
analysis  of  variance  for  a  Completely  Randomized  Design
(CRD). t results were subjected to the least
cant e  (LSD)  to  compare t
among  treatment  means.

Results and Discussion

Time  Elapsed  For  Mycelial  Running  and  Pin-Head
Formation, and Maturity of the Fruiting Body

Results  on  the  total  number  of  days  required  for
mycelial running, pin-head formation, and maturity of fruit-
ing bodies are illustrated in Figure 1. Mycelial running is an
extension and colonization of fungal hyphae throughout the
substrate. e  mycelial  growth  was  faster  on  sawdust  (11
days) than in all other treatments with PE plastic combina-
tions. e 25% PE plastic combination exhibited the second

fastest mycelial running (14 days), followed by the 50% and
75% (15 days), and 100% (18 days) PE plastic combinations,
respectively.[12] reported the completion of the spawn run-
ning on paddy straw waste to be 15 days.

e  period of  pin-head formation was  quicker  in
substrates  with  pure  sawdust  (26  days r  inoculation).
Treatments  with  LDPE  plastic  combinations  formed  pin--
heads at 31 (25% PE plastic) and 33 days r inoculations
(50% and 75% LDPE plastics), while it took relatively longer
time in growing substrates at 100% PE plastics. [13] Report-
ed that the pinhead formation of oyster mushroom cultivat-

e  time  required  for  the  maturity  of  fruiting
bodies  varied  from  35  days  (100%  sawdust)  to  44  days
(100%  PE  plastics). e  earliest  time  to  harvest  the  oyster
mushroom  was  35  days  with  100%  sawdust  as  substrate.

e t  PE  plastic  percentage,  although  takes  a  little
longer to harvest but do not vary that far in terms of maturi-
ty or time of harvesting that ranging from 39, 42, 43, and 44
days  from  date  of  spawn  inoculation  for  25%,  50%,  75%,
and 100% PE plastic substrates, respectively.

Figure 1: Time elapsed for mycelial running, pin-head formation, and maturity of fruiting bodies.

Yield

Average  fresh  weight  of  fruiting  bodies  of  oyster
mushrooms as d by low-density polyethylene plastics
as growing substrates is shown in Table 1.

e result revealed that oyster mushrooms inocu-
lated in 100% sawdust  (Treatment A) obtained the highest
fresh weight of fruiting bodies with a mean of 322.38 grams
followed  by  Treatment  C  (287.59grams),  Treatment  B

(287.57grams), Treatment D (283.16grams) and Treatment
E (282.17grams), respectively.

Analysis  of  variance  revealed  that  oyster  mush-
rooms  inoculated  in  100%  sawdust y  obtained
the highest yield compared to all other treatments inoculat-
ed with t PE plastic combinations. However, results
from PE plastic combinations exhibited comparable results
with each other.
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Table 1: 
Substrates.

Parameters   Substrates   

100% sawdust 25% PE
plastic 50% PE plastic 75% PE

plastic
100% PE

plastic

No. of fruiting bodies 9.20a 8.68ab 8.00b 7.85bc 6.89c

Pileus diameter (mm) 229.21a 95.92b 90.41b 76.17b 71.94b

Pileus thickness (cm) 1.11 1.1 1.28 1.3 1.08

Diameter of Stipe (cm) 3.75 3.54 4.13 3.48 3.95

Length of stipe (cm) 3.09 3.54 3.31 3.64 3.04

Yield (g) 322.38a 387.57b 387.59b 283.16b 282.17b

Treatment means in the same row having a com-
mon letter  superscript  are  not y t  at  5%
level.

Number of fruiting bodies

Result  revealed  that  oyster  mushroom  inoculated
in  100%  sawdust  obtained  the  most  number  of  fruiting
bodies  with  a  mean  of  9.20,  followed  by  25%  PE  plastic  –
8.68, 50% PE plastic – 8.00, 75% PE plastic – 7.85, and 100%
PE plastic - 6.89, respectively.

Analysis  of  variance  showed  that  Treatment  A
(100%  sawdust)  was y t  among  treat-
ments,  which  obtained  the  highest  number  of  fruiting
bodies,  but  was  comparable  to  25%  PE  plastic. e  lowest
number of fruiting bodies was obtained in 100% PE plastic,
but was comparable to 75%PE plastic.

Pileus Diameter

e  highest  diameter  of  pileus  was  measured  in
oyster mushrooms inoculated in 100% sawdust, followed by
mushrooms  inoculated  in  25% PE plastic  (95.92mm),  50%
PE plastic (90.41mm), 75% PE plastic (76.17mm), and 100%
PE plastic (71.94mm), respectively.

Analysis  of  variance  revealed  that  the  result  of
100% sawdust as a substrate for oyster mushroom was signi-

y  higher  in  diameter  compared  to  all  other  treat-
ments. All other Treatments containing t PE plastic

percentages  obtained  diameters  that  are  comparable  with
each  other.

Results  on  the  thickness  of  pileus,  diameter,  and
length  of  stipe  showed  no t s  among
treatment  means.

t  of  Substrate  Combinations  on Economic  Re-
turn from Each Treatment

Table  2  presents  the  cost  and  return  analysis  of
producing  Oyster  mushrooms  grown  in t  subs-
trates. e  100%  sawdust,  25%  PE  plastic,  50%  PE  plastic,
75% PE plastic, and 100% PE plastic have utilized common
materials  except  for  Treatment  A  and  Treatment  E,  which
have  used  pure  sawdust  and  pure  PE  plastic,  respectively.

e  total  cost  incurred  in  each  Treatment  was  sixty-three
pesos  and  seventy  centavos  (63.70).  Net t  for  Treat-
ment A was 63.70 pesos, Treatment B- 36.95, Treatment C -
36.96, Treatment D- 35.41, and Treatment E - 35.06 pesos,
respectively.

Generally,  the  study d that  oyster  mush-
rooms  (Pleurotus  ostreatus)  can  grow  on  low-density  po-
lyethylene plastic (PE) at t rates combined with or-
ganic  substrates  and  even  in  100%  utilization.  Although
growth  was  observed  even  at  100%  PE  plastic,  the  overall
growth  performance  in  terms  of  yield,  number  of  fruiting
bodies, and pileus diameter was lower than that observed in
sawdust treatments. s indicates that while PE plastic can
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serve as an alternative growing medium, it is not superior to
organic substrates like sawdust. It also proved that the 100%
utilization of PE plastic as substrates shows potential in sup-
porting mushroom growth, yet it should not be regarded as

the  preferred  substrate  when  considering  total  yield  and
quality. ,  PE plastic substrates may be considered
under conditions where organic materials are limited or un-
available.

Table 2

Material Quantity Unit Cost Total cost

PVC pipe 2cm x 2.5 30 0.5 15

Polypropylene plastic 5cm x 12cm 30 0.16 5

Rubber band 30 0.16 5

Cotton balls 16

Washed sugar Gram 30g 0.09 2.7

Distilled water Liter 1li 32 20

Total Cost 63.7

Gross Income

100% sawdust (Ta) 25% PE plastic (Tb) 50% PE 75% PE 100% PE plastic (Te)

plastic (Tc) plastic (Td)

112.7 100.65 100.66 99.11 98.76

Net Income

63.7 36.95 36.96 35.41 35.06

However,  it  must be emphasized that this present
study did not assess or m the biodegradation of  po-
lyethylene  plastic  by  Pleurotus  ostreatus. e  scope  of  the
experiment  was  limited  to  evaluating  the  growth  perfor-
mance and yield characteristics of oyster mushrooms when
cultivated on PE plastic-based substrates.  Although growth
was  observed,  this  should  not  be  interpreted  as  direct  evi-
dence  of  plastic  degradation.  Further c  investiga-
tions are recommended to verify whether P. ostreatus active-
ly degrades PE plastic, and if so, to what extent.

In  terms  of  substrate  composition,  the  utilization
of 25%, 50%, and 75% PE plastic can be used as alternative
substrates,  given that  the growth performance and yield of
oyster mushrooms in these treatments were still acceptable,
next to 100% sawdust. s could also serve as a sustainable
solution  for  the  utilization  of  the  huge  plastic  waste  avail-
able. e  results  align  with  the s  of  Subramanian
et  al.  (2013),  who reported that  the mycelium of  Pleurotus

a can utilize polyethylene sheets as a carbon source for

growth and may play a role in the biodegradation of  low--
density  polyethylene.  However,  the  implications  for  food
safety  must  be  taken  seriously.

In  terms of  product  consumption,  further  studies
should be conducted to determine the nutritional composi-
tion and analyze potential chemical or heavy metal contami-
nants  that  may  be  absorbed  during  the  growing  stage  of
mushrooms cultivated on plastic-based substrates. e pos-
sibility of harmful substance absorption from plastic mate-
rials  poses  health  risks  and  therefore,  should  be
through future investigations. Likewise, further studies need
to be conducted on the potential  of  other industrial  wastes
on oyster mushroom cultivation, their economic feasibility,
and other related issues to fully realize the multiple socio-e-
conomic and environmental e of  the mushroom
industry,  especially  in  areas  where semi-biodegradable  and
non-biodegradable waste products are abundant.

In conclusion, the study s that sawdust re-
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mains  an e  substrate  for  improving  the  yield  and
quality of oyster mushrooms, and that mushrooms can also
grow on LDPE plastic. However, a cautionary note must be
considered:  the  potential  absorption of  harmful  substances
such as chemical residues or heavy metals from plastic subs-
trates  may  pose  food  safety  concerns. ,  future  studies
should  include  chemical  analysis  of  mushrooms  grown  on

plastic to ensure consumer safety before recommending its
widespread use.
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