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Influence of different substrates on fruiting bodies yield and
antioxidant properties of oyster mushroom

Abstract: The present study was designed to evaluate the
influence of different substrates on the yield and antioxidant
properties of oyster mushroom (Pleurotus ostreatus (Jacq.) P.
Kumm.) cultivated in grow bags. The substrates used in this
study were: (1) maize straw, (2) beech sawdust supplemented
with wheat bran at a rate of 20 %, (3) mixture of maize straw
and spent coffee grounds in a ratio of 70 : 30, and (4) mixture
of maize straw and spent coffee grounds in a ratio of 50 : 50.
Total phenolics, total flavonoids and total antioxidant activity
of oyster mushroom were determined by the Folin-Ciocalteu
method, Aluminum chloride method and Ferric Reducing An-
tioxidant Power assay respectively. The highest fruiting bodies
yield of oyster mushroom was obtained from substrate 4 while
the least was from substrate 1. Total phenolic contents ranged
from 3.80 mg in oyster mushroom grown on substrate 4 to 4.85
mg of gallic acid equivalents g dry mass in oyster mushroom
from substrate 2. Total flavonoid contents were very low in all
analysed mushroom extracts. There was no significant differ-
ence between total antioxidant activities of oyster mushroom
grown on different substrates.
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Vpliv razli¢nih gojis¢ na pridelek trosnjakov in antioksidacij-
ske lastnosti bukovega ostrigarja

Izvle¢ek: Namen raziskave je bil ovrednotiti vpliv
razli¢nih gojis¢ na pridelek trosnjakov in antioksidacijske
lastnosti bukovega ostrigarja (Pleurotus ostreatus (Jacq.) P.
Kumm.) gojenega na substratu v vrec¢ah. V raziskavi so bila
uporabljena naslednja gojiS¢a: (1) koruznica, (2) bukova
zagovina dopolnjena z 20 % pSeni¢nih otrobov, (3) meSanica
koruznice in usedline kave v razmerju 70 : 30, (4) meSanica
koruznice in usedline kave v razmerju 50 : 50. Vsebnost ce-
lokupnih fenolov, celokupnih flavonoidiov in antioksidacijska
aktivnost bukovega ostrigarja so bile dolo¢ene s Folin-Ciocal-
teujevo metodo, metodo aluminijevega klorida in preiskusom
antioksidacijske moci z redukcijo zeleza. Najvedji pridelek
trosnjakov je bil pri uporabi gojis¢a 4, najmanjsi pri gojis¢u
1. Vsebnost celokupnih fenolov je bila v obmocju od 3,80
mg, kadar je ostrigar rastel v gojis¢u 4 do 4,85 mg, izrazeno
kot ekvivalent galne kisline na gram suhe mase ostrigarja,
ko je ta rasel v gojis¢u 2. Celokupna vsebnost flavonoidov je
bila pri vseh analiziranih vzorcih zelo majhna, pravtako ni
bilo znacilne razlike v antioksidacijski aktivnosti ostigarja

Klju¢ne besede: usedlina kave, Pleurotus ostreatus,
Zagovina, slama, celokupna vsebnost fenolov in flavonoidov
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1 INTRODUCTION

Opyster mushroom cultivation attracts attention of
scientists, traders and consumers due to low production
costs and high biological efficiency. The interest of oyster
mushrooms is also increasing due to its taste, high nutri-
tional value and health benefits (Guragain et al., 2024).
Therefore, it is not surprising that oyster mushrooms, sci-
entifically known as Pleurotus species are one of the most
cultivated edible mushrooms in the world (Obodai et al.,
2003; Shnyreva et al., 2017).

In comparison to other cultivated edible mush-
rooms, oyster mushroom (Pleurotus ostreatus (Jacq.) P.
Kumm.) requires little growth time, approximately 60
days from media cultivation inoculated with fungi un-
til the fruiting body in bag is ready to be harvested. It is
also well known that fruiting bodies of oyster mushroom
have good resistance to pests and bacterial and fungal
diseases (Bhatti et al., 2024).

Pleurotus ostreatus can grow on a wide range of sub-
strates, including grass clippings, sawdust, straw, coffee
grounds, coco-coir, cottonseed hulls and even office pa-
per (Hoa et al., 2015). Pleurotus ostreatus, as well as other
mushrooms, utilize their mycelium to penetrate into or-
ganic substrates in which they grow. As they grow within
the substrate, they exude enzymes that convert complex
organic molecules into simpler substances which can
then be absorbed and utilized (Girmay et al., 2016). In
this light, it is obvious that the yield of Pleurotus ostreatus
largely depends on the structure and chemical composi-
tion of the growing media, and therefore, the choice of
substrate is of vital importance for the growth of both
mycelium and fruiting body of Pleurotus ostreatus. Be-
sides, the mineral composition, nutritional value as well
as the antioxidant properties of mushrooms also depends
on the type of substrate (Oyetayo and Ariyo, 2013).

The aim of this study was to evaluate the influence
of different substrates on the yield and antioxidant prop-
erties of Pleurotus ostreatus cultivated in grow bags. We
hypothesized that changes in the structure and chemical
composition of the growing media would affect the yield
and antioxidant properties of Pleurotus ostreatus.

2 MATERIALS AND METHODS

2.1 LOCATION OF STUDY SITE

The experiment was conducted from November
2023 to March 2024 at the experimental station of the
Faculty of Agriculture and Food Science in Sarajevo
(43°49'34.41" N and 18°19'18.47" E).
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2.2 SUBSTRATE COLLECTION

Maize straw was collected from a farmer’s field from
around the Sarajevo town and transported to the experi-
mental station. After transportation, the maize straw was
sun-dried for 2 to 3 days and then stored in a dry place.
Beech sawdust was purchased from the wood market,
and coffee grounds from the coffee bar located in Sara-
jevo. Coftee grounds consisted of the waste created by
brewing coffee during its final preparation stages. Freshly
brewed coffee grounds were used for substrate prepara-
tion.

2.3 SUBSTRATE PREPARATION

The maize straw-based substrate was prepared as
follows: dry maize straw was chopped into small pieces
approximately 2-5 cm long. Exactly 10 kg was weighed
and put into a barrel made with high-density polyeth-
ylene. The barrel was filled with 20 I of hot water (80
°C). It was soaked for 24 h, and during this time, the
barrel containing the maize straw was covered in or-
der to extend the heat treatment. The purpose of this
treatment was to destroy all pathogenic organisms that
might be present in substrate and that could compete
with the cultivated mushrooms. Following hot treat-
ment, maize straw was removed, and strained using
raffia baskets. It was allowed to settle for about 1 h to
drain excess water.

The maize straw was also utilized for making sub-
strates 3 and 4. These substrates were created by mix-
ing maize straw with spent coffee grounds in a ratio of
70 : 30 and 50 : 50.

Substrate containing beech sawdust and wheat
bran was prepared as follows: 10 kg of beech sawdust
was weighed and placed in a styrofoam container, fol-
lowed by 2 kg of wheat bran. The substrate compo-
nents were mixed thoroughly before adding 251 of wa-
ter. Thereafter, the substrate components were mixed
again until there was no more water at the bottom of
the container.

Final moisture contents of each substrate were
determined with an Infrared Moisture Determination
Balance (Kett Electric Laboratory, Model FD-770)
and ranged from 69 % in substrate 2: beech sawdust
supplemented with wheat bran to 73 % in substrate 1:
maize straw.

1.5 kg of each homogenized substrates (wet mass)
was then placed in polypropylene bags (20.32 x 30.48
cm) and pasteurized at 65 °C for 8 h.
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2.4 SUBSTRATE INOCULATION AND INCUBA-
TION

Following pasteurization, filled bags were cooled
at room temperature, and then were inoculated with
Pleurotus ostreatus spawn at the rate of 10 % (150 g per
bag on a w/w wet-weight basis). The spawn was evenly
distributed throughout the substrate and then mixed by
hand into it. Pleurotus ostreatus spawn was generously
donated by Urban Farm Miki¢ (Orasje, Bosnia and Her-
zegovina), and was prepared using the method of spawn
preparation outlined by Stamets and Chilton (1983).
Grain spawns with the mycelium of Pleurotus ostreatus
(strain number P10001 acquired from Mushrooms &
Equipment Shop, Miinster Germany, type of grain: sor-
ghum) were used for inoculation.

After inoculation, the bags were incubated in a cli-
mate chamber at 22 °C in darkness at 80 % relative hu-
midity for 20 days, until the mycelium was grown through
the whole substrate. The bags were then exposed to 16 °C
for an additional three days to encourage fructification
after five to six holes were drilled along the length of each
bag. Thereafter, the growth conditions in climate cham-
ber were modified to 18 + 2 °C, 85 % relative humidity
and incandescent light (400 lux) for 12 h on/off cycle.

This study was carried out with four substrate treat-
ments and three replications, so that a total of 12 grow
bags (bags with inoculated substrate) were used. Matured
Pleurotus ostreatus fruiting bodies (white in colour, with
up curved pileus) were harvested to determine biological
efficiency and yield. A total of three flushes was harvested
and data were collected in mass (grams) for each flush.
The biological efficiency (BE) of Pleurotus ostreatus was
calculated using the following formula:

BE (%) = fresh mass of havested ,mushroom (g)/ sub-

(1)

strated dry mass (g) x 100

2.5 COLLECTION AND PREPARATION OF PLEU-
ROTUS OSTREATUS FRUITING BODIES FOR
ANALYSIS

Samples of complete fruiting bodies (100 g) from
each substrate were dried in an oven at 40 °C to a con-
stant mass. Then dried fruiting bodies were ground into a
fine powder using an electric blender and stored in paper
bags in dark cool place until analysis.

Preparation and extraction of mushroom samples
for determination total phenolics and flavonoids and
total antioxidant capacity was performed as follows: 1 g
of mushroom powder was placed in an Erlenmeyer flask
(100 ml), and then 25 ml of 30 % ethanol was added.

Flasks were left to stand for 1 h with frequent shaking
and then kept in the dark for 16 h. After that, the mixture
was filtered through coarse filter paper into a 25 ml volu-
metric flask and diluted to the mark with extract solution
(30 % ethanol). The extracts thus obtained were used to
evaluate total phenolic and flavonoid contents and total
antioxidant activities.

2.6 TOTAL PHENOLIC CONTENT ESTIMATION

The total phenolic content of mushroom extracts
was determined by spectrophotometric method based
on Folin-Ciocalteu reagent (Ough and Amerine, 1998).
In brief, 0.1 ml of extract, 6 ml of distilled water, and 0.5
ml of Folin-Ciocalteu reagent (previously diluted with
1:2 distilled water in a ratio 1:2) were transferred into a
10 ml flask. After 5 min, 1.5 ml of saturated solution of
Na,CO, was added and mixed thoroughly. The flask was
then filled to the mark with 30% ethanol solution and left
at room temperature for 1 h, after which the absorbance
was read at 750 nm. The gallic acid standard curve rang-
ing from 0 to 500 mg 1" was used to determine the total
phenolic content of each sample, and then the obtained
values were recalculated to dry mass of mushroom fruit-
ing bodies (mg eq. GAE g DM).

2.7 TOTAL FLAVONOID CONTENT ESTIMATION

The total flavonoid content of mushroom extracts
was determined spectrophotometrically using the Alu-
minium chloride colorimetric assay (Zhishen et al,
1999). In brief, 1 ml of extract, 4 ml of distilled water, 0.3
ml of 5 % NaNO, and 0.3 ml of 10 % AICI, were trans-
ferred into a 10 ml flask and mixed thoroughly. After 5
min, 2 ml of 1 mol I'' NaOH was added and the flask
was diluted to the mark with distilled water. The flask was
then left at room temperature for 15 min, after which the
absorbance was read at 510 nm. The catechin standard
curve ranging from 0 to 100 mg ! was used to determine
the total flavonoid content of each sample, and then the
obtained values were recalculated to dry mass of mush-
room fruiting bodies (mg eq. C g' DM).

2.8 TOTAL ANTIOXIDANT ACTIVITY ESTIMA-
TION

The total antioxidant activity of mushroom extracts
was determined spectrophotometrically using the ferric
reducing antioxidant power (FRAP) assay (Benzie and
Strain, 1996). This method is based on the ability of the
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antioxidants to reduce the brown-coloured Fe** complex
to a blue-coloured Fe** complex at low pH. In brief, 100
ul of extract and 2000 pl of FRAP reagent (0.3 mol I'! ac-
etate buffer (pH = 3.6), 10 mmol I'' TPTZ (2, 4, 6-tripyr-
idyl-s-triazine) and 20 mmol I'! FeCl, x 6 H,O in a ratio
10:1:1) were transferred into a 10 ml flask and mixed
thoroughly. After 15 min, the absorbance was read at 510
nm. The FeSO, x 7H,O standard curve ranging from 0 to
2000 umol 1" was used to determine the total antioxidant
activity of each sample and then the obtained values were
recalculated to dry mass of mushroom fruiting bodies
(pmol Fe** g' DM).

2.9 STATISTICAL ANALYSIS

All data collected was subjected to Analysis of Vari-
ance using a Microsoft Excel software program. When
Fisher’s F values were significant, the analysis was contin-
ued by comparing the means using the least significant
difference (LSD) test at the threshold of p < 0.05.

3 RESULTS AND DISCUSSION

As shown in Table 1, the maximum fruiting bodies
yield of Pleurotus ostreatus was obtained in substrate 4:
maize straw mixed with spent coffee grounds in a ratio
of 50:50 (414 g per bag), followed by substrate 3: maize
straw mixed with spent coffee grounds in a ratio of 70:30
and substrate 2: beech sawdust mixed with wheat bran
in a ratio of 80:20. The lowest yield was obtained in sub-
strate 1: maize straw (368.6 g per bag).

In this study, Pleurotus ostreatus cultivated on sub-
strates obtained by mixing maize straw with spent coffee
grounds showed higher yield compared to other sub-
strates, indicating that the spent coffee grounds can be
used as an effective supplementary material for Pleurotus

ostreatus growing media. Numerous studies have also
shown a positive correlation between Pleurotus ostreatus
yield parameters and substrates containing spent coffee
grounds (Chai et al,, 2021; Gemechu, 2023; Tambaru et
al., 2023). Elsisura and Figueroa (2022) reported that
spent coffee grounds contain large amounts of organic
compounds (lignin (23.90 g 100 g* dry product), non-
starch polysaccharides (60.40 g 100 g' dry product) as
well as nutrients such as potassium and phosphorus,
which are essential for the mushroom growth. In addi-
tion, spent coffee grounds have a high water-holding ca-
pacity (Turek et al., 2019), and that is also of vital impor-
tance for mushroom growth. So, it is not surprising that
mushroom producers are increasingly using spent coftee
grounds as a supplementary substrate for cultivating oys-
ter mushrooms and other edible mushrooms.

However, on the other hand, growing mushrooms
on substrates containing spent coffee grounds can be a
limiting factor for mushroom growth. Namely, substance
with a high water-holding capacity such as spent coffee
grounds can decrease mycelium spreads through the
substrate, increasing its incubation times (Bellettini et al.,
2013). For the above reasons, spent coffee grounds can
be used as a substrate for growing mushrooms but only
if mixed with other organic substrates such as maize or
wheat straw.

In this study, substrate 2: beech sawdust mixed with
wheat bran in a ratio of 80:20 exhibited a higher fruit-
ing bodies yield compared to maize straw (substrate 1),
indicating that maize straw or other crop residues with-
out nutritional additives such as wheat bran or coffee
grounds are not the most suitable growing media for
Pleurotus ostreatus. These findings are in line with those
from previous studies (Nyochembeng et al., 2008; Car-
rasco et al.,, 2018).

In this study, substrates that gave higher mushroom
fruiting bodies yield are also given a higher biological ef-
ficiency (BE) value. The highest percentage of BE in this

Table 1: Yield and biological efficiency of Pleurotus ostreatus grown on different substrates

Substrate* Fruiting bodies yield per bag

I flush (g) II flush (g) I flush (g) Total yield (g) Biological efficiency (%)
Substrate 1 221.6 £ 28.7 120.0 £ 23.1 27.0+11.3 368.6 £ 21.1c** 73.7 £ 6.9¢
Substrate 2 282.2+27.1 108.5 +24.3 - 390.7 £ 25.2b 78.1 + 5.0b
Substrate3 2474 +24.1 1232+ 14.1 30.5+ 14.5 401.1 £ 15.4a 80.2 + 3.6ab
Substrate 4 250.7 £ 25.2 150.5 £ 26.3 12.8+£4.3 414.0 £ 24.6a 82.8+4.9a
LSD 20.4 0.4

0.05

* Substrate 1: maize straw, Substrate 2: beech sawdust + wheat bran in a ratio of 80:20, Substrate 3: maize straw + spent coffee grounds in a ratio of

70:30, Substrate 4: maize straw + spent coffee grounds in a ratio of 50:50

**Averages denoted by the same letter indicate no significant difference (p < 0.05)
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study was obtained from substrate 4: maize straw mixed
with spent coffee grounds in a ratio of 50:50, followed by
substrate 3: maize straw mixed with spent coffee grounds
in a ratio of 70:30. These results are consistent with other
studies in which coffee grounds have been identified as
an important additive for improving substrate chemical
composition and thus oyster mushroom yield and bio-
logical efficiency (Alsanad et al, 2021; Dissasa, 2022). The
possible justification put forward is that coffee grounds
provide nutrients, especially nitrogen and potassium,
needed for mushrooms to grow. In addition, coffee
grounds have a fast decomposition rate (Ballesteros et al.,
2014).

Total phenolic and flavonoid contents and total an-
tioxidant activity (FRAP) values of oyster mushrooms
cultivated on different substrates are presented in Table 2.

The highest total phenolic contents were found in
Pleurotus ostreatus cultivated on substrate 2: beech saw-
dust mixed with wheat bran in a ratio of 80:20, followed
by substrate 1: maize straw and substrate 3: maize straw
mixed with spent coffee grounds in a ratio of 70:30. The
lowest total phenolic contents were obtained from Pleu-
rotus ostreatus cultivated on substrate 4: maize straw
mixed with spent coffee grounds in a ratio of 50:50. The
results of this study also showed that Pleurotus ostreatus
is an excellent source of phenolic compounds that have
been shown to have strong anti-inflammatory, antiprolif-
erative, and antioxidant properties.

Many scientists agree that the accumulation and
synthesis of phenolic compounds in mushroom fruiting
bodies strongly depend on growth conditions, including
primarily substrate structure and chemical composition
(Paz et al. 2012; Diamantopoulou et al., 2023). In this
light, it is very important to choose a substrate that could
increase the phenolic content in mushroom fruiting bod-
ies without negatively affecting the yield. However, all

the types of substrates used in this study did not have
the desired effect of increasing total phenolic content in
mushroom fruiting bodies without decreasing the oyster
mushroom yield. For example, Pleurotus ostreatus culti-
vated on maize straw had a higher total phenolic content
as compared to mushrooms grown on some other sub-
strates, but at the same time the Pleurotus ostreatus yield
on maize straw was the lowest. These findings strongly
suggest that substrate composition has a significant im-
pact on both mushroom growth and metabolism.

In this study, total flavonoid contents were very low
in all analysed fruiting bodies and ranged from 0.11 in
substrate 3 to 0.17 mg of catechin equivalents (CAE)
¢! dry mass in substrate 2. Numerous studies have also
shown that flavonoids are present in mushrooms in very
small quantities (Gan et al., 2013; Izham et al.,, 2022). In
this light, Gil-Ramirez et al. (2012) point out that flavo-
noids cannot be synthesized by mushrooms. In view of
this, the presence of flavonoids in Pleurotus ostreatus in
this study could be due to the ability of Pleurotus ostrea-
tus to absorb them from their substrate. However, the
results of this study cannot confirm this hypothesis but
neither the hypothesis that the flavonoids are metabolites
synthesized by the mushroom body.

In this study, there was no significant difference in
total antioxidant activities between Pleurotus ostreatus
grown on different substrates. These findings are some-
what surprising given the fact that there was a significant
difference in total phenolics and flavonoids among Pleu-
rotus ostreatus grown on different substrates. In view of
the above, it is obvious that phenolics are not the only
large group of compounds that strongly contribute to
the antioxidant capacity of mushrooms. Giavasis (2014)
reported that polysaccharides in mushrooms also pos-
sess strong antioxidant activity and that among different
types of mushroom polysaccharides with antioxidant

Table 2: Antioxidant properties of Pleurotus ostreatus grown on different substrates

Total phenolics (mm)

Total flavonoids

FRAP value

Substrate* (mg g dry mass) (mg g" dry mass) (umol Fe** g'' dry mass)
Substrate 1 4.65+0.73" 0.15 £ 0.02%® 8.23+1.92

Substrate 2 4.85 +0.42° 0.17 £0.02* 6.96 +2.28

Substrate 3 4.08 +0.58" 0.11 +0.03¢ 6.50 £ 0.76

Substrate 4 3.80 £ 0.61° 0.13 £ 0.03" 9.43 £3.32

LSD 0.63 0.03 -

0.05

* Substrate 1: maize straw, Substrate 2: beech sawdust + wheat bran in a ratio of 80:20, Substrate 3: maize straw + spent coffee grounds in a ratio of

70:30, Substrate 4: maize straw + spent coffee grounds in a ratio of 50:50

** Averages denoted by the same letter indicate no significant difference (p < 0.05)
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activity, p-D-glucans are considered to be the most im-
portant. However, further research is required to confirm
this hypothesis.

4 CONCLUSIONS

Generally, the present study confirmed that Pleu-
rotus ostreatus can grow on different substrates. In this
study, substrates obtained by mixing maize straw and
spent coffee grounds produced a significantly higher
yield and biological efficiency of Pleurotus ostreatus com-
pared to the other substrates. Therefore, spent coffee
grounds can be recommended as a suitable supplemen-
tary substrate to increase Pleurotus ostreatus yield. The
study results also revealed that changes in the structure
and chemical composition of the substrates used in this
experiment did not significantly affect the total antioxi-
dant activity of the oyster mushroom.

The authors declare that they have no conflict of
interest related to the manuscript.

The data that support the findings of this study
are available on request from the corresponding author
(SM).
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