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Abstract: The oyster mushroom (Pleurotus spp.) is one of the most widely cultivated mushroom species globally. The present
study investigated the effect of synbiotics on the growth and quality of Pleurotus ostreatus and Pleurotus pulmonarius. Different
synbiotics formulations were applied by spraying mushroom samples daily and measuring their growth parameters, yield,
biological efficiency, proximate composition, mineral content, total phenolic content (TPC), and diphenyl-1-picryl-hydrazyl
(DPPH) radical scavenging activity. Results demonstrated that the most significant yield of oyster mushrooms was harvested
from synbiotics sprayed with inulin and Lactobacillus casei (56.92 g). Likewise, the highest biological efficiency obtained with
a similar synbiotic was 12.65%. Combining inulin and L. casei was the most effective method of improving the mushrooms’
growth performance and nutrient content in both samples. Furthermore, synbiotics that combined inulin and L. casei resulted
in the highest TPC (20.550 mg gallic acid equivalent (GAE)/g dry extract (DE)) in white oyster mushrooms (P. ostreatus). In
comparison, in grey mushroom (P, pulmonarius) the highest TPC was yielded by L. casei (1.098 mg GAE/g DE) followed by
inulin and L. casei (1.079 mg GAE/g DE). The DPPH results indicated that the oyster mushroom could be an efficient
antioxidant. The results revealed that applying synbiotics improved the mushrooms’ quality by increasing their antioxidant capacity
with higher amounts of phenolic compounds and offering better health benefits with the increased levels of mineral elements.
Together, these studies demonstrated the potential of using synbiotics as a biofertilizer, which is helpful for mushroom
cultivation; therefore, it might solve the challenge of inconsistent quality mushroom growers face.
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1 Introduction mushroom (Adebay and Oloke, 2017; Munir et al.,
2023). The growing popularity of mushrooms as a

The global mushroom industry has expanded sig-  substitution for meat, associated with the rising num-

nificantly due to health-conscious consumers’ demand
for high-nutritional foods. Mushrooms are edible fungi
that are appreciated as a food source and, more import-
antly, are also recognized as a functional food because of
their nutritional value as well as their potential pharma-
ceutical and nutraceutical uses; for example, the oyster
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ber of vegan populations, provides an opportunity for
the mushroom industry to produce more mushroom-
based products, increasing the demand for fresh mush-
rooms. Among approximately fourteen thousand kinds
of mushrooms globally, two thousand are edible, and
only around thirty-five edible species can be commer-
cially cultivated (Bakratsas et al., 2021; Munir et al.,
2021). The genus Pleurotus, commonly known as the
oyster mushroom, is one of the most commercially cul-
tivated mushrooms, possessing significant economic
value as they are abundant in proteins, fibers, minerals,
and vitamins and are low in fats. Pleurotus ostreatus
(white oyster mushroom) and Pleurotus pulmonarius
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(grey oyster mushroom) are widely available due to
their high nutrient content. They can grow on various
lignocellulose substrates (Rahmat et al., 2020).
Mushroom cultivation has evolved from growing
them on wood or logs to utilizing cultivation techniques
to enhance yields and quality. The cultivation of mush-
rooms might be simple due to their adaptability and
the availability of substrate to act as a growing bed for
mushrooms. However, the production of mushrooms is
affected by biological, chemical, and physical factors
such as substrate composition, nitrogen source, anti-
microbial agents, substrate, pH, and moisture content.
The environmental factors include humidity, tempera-
ture, oxygen, and carbon dioxide (Bellettini et al.,
2019). All of these factors must be considered in mush-
room cultivation. The production of mushrooms can be
increased when the cultivation techniques in a modern
setting provide optimized conditions for mushroom
growth; these include substrate sterilization, spawn prep-
aration processes, a monitoring system for controlling
environmental conditions, and a harvesting system.
However, these methods are not feasible in the com-
mercial mushroom industry as they require consider-
ably capital and operational costs (Higgins et al., 2017).
Generally, mushroom supplementation is a prac-
ticable strategy for improving the fruiting bodies’ yield
and the performance of mushroom substrate (Carrasco
et al., 2018). Several studies have shown that nutrition-
ally supplementing the mushroom blocks can improve
the mushroom’s growth; for example, the use of benefi-
cial microorganisms enhances mycelium development,
as described by some authors (Kumari and Naraian,
2021). Some live organisms act as probiotics, so tak-
ing prebiotics can confer beneficial effects for mush-
room health; for instance, the lactobacilli prefers the
prebiotics inulin and fructooligosaccharides, whereas
bifidobacteria prefers inulin, fructooligosaccharides,
xylo-oligosaccharides, and galactooligosaccharides
(Wilson and Whelan, 2017). A study has indicated that
Lactobacillus delbrueckii and Lactobacillus alimentatus
possess significant antifungal effects against the mush-
room pathogens Penicillium and Aspergillus fulvous
(Karami et al., 2017). Similarly, potential prebiotics like
inulin, which are utilized by Lactobacillus spp., pro-
long the viability of the probiotics by selectively stimu-
lating their growth, decreasing the doubling time, and
improving the strains (Nagpal and Kaur, 2011). In
addition, it has been reported that adding bacteria

at different phases during cultivation is a promising
strategy for increasing mushroom productivity. They
may act directly by stimulating vegetative growth and
mushroom formation or indirectly by inhibiting patho-
gens (Braat et al., 2022).

These findings suggest that there are some poten-
tial opportunities for synbiotics, which can have a pos-
itive influence on cultivated mushrooms by improving
their physical development. However, there is a lack
of studies on using prebiotics and probiotic supple-
mentation to promote mushroom growth. The use of
probiotic bacteria in plants has been widely studied,
highlighting their role in agriculture, where the inter-
action between microorganisms and host plants can
improve disease resistance and plant growth (El-Aidy
et al., 2020). Therefore, applying probiotics in combin-
ation with prebiotics in mushroom cultivation might
be a potential way to improve mushroom agriculture.
Commercially cultivated mushrooms are considered one
of the highest-valued commodities in Malaysia under
Malaysia’s National Agro-Food Policy (2011-2020).
As a tropical country with high temperatures (23 to
35 °C), high humidity (80% to 90%), and high annual
rainfall, the mushroom species that can be cultivated in
Malaysia are very few. Therefore, this allows this coun-
try to generate higher income from this commodity.

Conventional cultivation involves solid-state fer-
mentation, affecting mushroom yield and quality. Thus,
the present investigation is the first attempt to identify
the most suitable formulation of synbiotics for cultivat-
ing oyster mushroom species by proximate, mineral,
and antioxidant analyses. The present study aimed to
improve the growth performance and quality of white
and grey oyster mushrooms and investigated the poten-
tial of a synbiotic formulation consisting of Lactoba-
cillus plantarum and Lactobacillus casei as probiotics
and inulin as a prebiotic. We also studied the effect
of synbiotics on mushroom productivity and quality,
which may help improve future commercial mushroom
production.

2 Materials and methods
2.1 Sample collection and preparation

The studied oyster mushroom species, P. pulmo-
narius and P. ostreatus, were purchased from the local
mushroom growers of Pekan Mushroom Resources



SDN Company BHD (Pekan, Malaysia) and were trans-
ported to the laboratory of the Faculty of Industrial
Sciences and Technology, Universiti Malaysia Pahang
Al-Sultan Abdullah (UMPSA) (Gambang, Malaysia)
for further experiments.

2.2 Preparation of probiotics

Pure freeze-dried starter cultures of L. plantarum
and L. casei were purchased from Pekan Mushroom
Resources SDN Company BHD. To obtain the active
cultures, they were cultured under anaerobic conditions
in sterile de Man Rogosa and Sharpe (MRS) agar media
for 2 d at 37 °C. The probiotic pellets were centri-
fuged at 4500g for 25 min and washed twice in sterile
0.9% (9 g/L) NaCl solution to be resuspended in MRS
broth for incubation overnight. The bacteria were inocu-
lated on an MRS agar plate and incubated anaerobically
at 37 °C for 48 h. The L. plantarum and L. casei were
indicated as positive controls C and D, respectively.

2.3 Preparation of prebiotic and synbiotics

The prebiotic used in the research was commer-
cial inulin from Sigma Aldrich, USA. The 1% (10 g/L)
inulin solution was prepared and sprayed on both mush-
rooms once a day (about 10—15 mL) according to the
formulation of the synbiotics. Formulations with a bac-
terial suspension—water volume ratio of 1:100 for each
probiotic and prebiotic were prepared and stored until
further use.

2.4 Experimental design

The experimental design comprised probiotics L.
plantarum and L. casei mixed with prebiotic inulin.
Seven different formulations were applied to cultivate
both mushrooms, as shown in Table 1. Sample A had
no prebiotics or probiotics added to it and served as a
negative control sample. Samples B, C, and D were
positive controls and consisted of inulin, L. plantarum,
and L. casei, respectively. For Samples E and F, the
prebiotics and probiotics were mixed at the volume
ratio of 1:1. Sample G was prepared by mixing 15 mL
of inulin solution, 15 mL of 1% (volume fraction) L.
plantarum, and 15 mL of 1% (volume fraction) L. casei.
These formulations were sprayed at 10-15 mL/d on
mushroom bag logs. The fruiting bodies of the mush-
rooms were harvested by hand when the mycelia of
the samples were fully formed and the caps of the
mushroom flattened at the edges. To evaluate the growth
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performance, different parameters of the harvested
samples were observed and analyzed by comparing the
samples with varying formulations of synbiotics. In
total, 46 mushroom bags were sampled for the pres-
ent study, as described below (Table 1).

Table 1 Different formulations of synbiotics applied to the
cultivation of Pleurotus ostreatus and Pleurotus pulmonarius

Sample
A (negative control)
B (positive control)
C (positive control)
D (positive control)
E (Synbiotic 1)
F (Synbiotic 2)
G (Synbiotic 3)

* Volume ratio.

Formulation of synbiotics
Distilled water

Inulin

Lactobacillus plantarum
Lactobacillus casei

L. plantarum-+inulin (1:1)"

L. casei+inulin (1:1)’

L. plantarum+L. casei+inulin

2.5 Cultivation and harvesting of P. ostreatus and
P. pulmonarius

The samples were cultivated in the laboratory at
room temperature within the range of 25 to 30 °C and
90% humidity was maintained. The region for the mush-
room cultivation was cleaned with 70% (volume frac-
tion) ethyl alcohol before the cultivation started to pre-
vent contamination. This research was conducted with
two biological replications and three technical replica-
tions for each sample with different synbiotics formu-
lations. Next, the fruiting bodies of the grey and white
oyster mushrooms were harvested by hand when the
mycelia of the samples were fully formed and the mush-
room caps flattened at the edges. The harvested samples
were collected and placed in several sterile zip bags
with labels for further analysis.

2.6 Effects of synbiotics on the cultivation yields of
P. ostreatus and P. pulmonarius

The growth of both mushroom species samples
was monitored every day. The growth parameters of
the harvested samples were observed and analyzed by
comparing the samples with different formulations of
synbiotics. The parameters included the diameter of the
mushroom cap (cm), the thickness of the cap (cm), the
length of the mushroom stalk (cm), and the thickness of
the stalk (cm), all measured using a ruler, along with
the weight of each fruiting body (g) and the number of
fruiting bodies per harvest. The yield parameters were
recorded, including the mushroom’s total fresh weight
(g) per harvest. Further, the biological efficiency per
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flush of the grey and white oyster mushrooms was cal-
culated using the equation below (Grimm et al., 2021):

Biological efficiency=FW,,/DW x100%, (1)
where FW; is the fresh weight of the first flush of the

fresh fruiting bodies (g), and DW, is the dry weight of
the dry substrate per bag before inoculation (g).

2.7 Proximate and mineral content analyses

The proximate composition was determined by the
official methods of the Association of Official Analyti-
cal Chemists (AOAC). The contents analyzed included
carbohydrates, protein, fat, fibers, ash, and moisture.
Eurofins Food Testing Malaysia SDN Company BHD
performed this proximate analysis per the guidelines.
Further, the mineral contents in the samples were deter-
mined by the nutritional analysis. The macroelements,
calcium (Ca) and sodium (Na), and the microelements,
copper (Cu), iron (Fe), and zinc (Zn), as well as the
heavy metal element, lead (Pb), were determined by
the inductively coupled plasma optical emission spec-
troscopy (ICP-OES).

2.8 Preparation of mushroom extract

The collected fruiting body was washed with dis-
tilled water, dried at 40—-50 °C for 48—72 h, and pow-
dered for further use. The Soxhlet extraction was per-
formed using 95% ethanol for 4 h and then filtered
using Whatman’s filter paper. The crude extract was
obtained by a rotary evaporator and was stored at 4 °C.

2.9 Determination of total phenolic content

The total phenolic content (TPC) of the grey and
white oyster mushroom extracts was determined using
the Folin-Ciocalteu colorimetric method, according to
Phuyal et al. (2020). To prepare samples, 5 mL of 10%
(volume fraction) Folin-Ciocalteu reagent and 4 mL
of 7% (0.07 g/mL) Na,CO, were added to 1 mL of the
1 mg/mL mushroom extract. The blue-colored mixture
was vortexed vigorously and was incubated for 30 min
at 40 °C in a water bath. After incubation, the absorb-
ance values were measured at 760 nm using a spec-
trophotometer. The TPC in all the extracts was calcu-
lated by using the formula:

C=cxV/m, (@)

where C refers to the TPC (mg gallic acid equivalent
(GAE)/g dry extract (DE)), ¢ refers to the concentra-
tion of gallic acid obtained from the calibration curve
in mg/mL, V refers to the volume of the extract in mL,
and m refers to the mass of extract in g.

2.10 Determination of DPPH radical scavenging
assay

The experiment was performed in triplicate per
the previously described protocol (Elmastas et al.,
2007). One milliliter of 0.004% (volume fraction)
diphenyl-1-picryl-hydrazyl (DPPH) solution was added
to 3 mL of the ascorbic acid (0.0067, 0.0133, 0.0200,
0.0267, 0.0333, and 0.0667 mg/mL) solutions and
shaken vigorously. After incubation at room tempera-
ture for 30 min, the mixture was immediately mea-
sured at 517 nm using a spectrophotometer. The pro-
cedure was repeated for the different concentrations of
grey and white mushroom extracts. The capability to
scavenge the DPPH radical was calculated using the
formula below:

DPPH radical scavenging activity=(1-4,)/4,%x100%,
3

where 4, was the absorbance of the control reaction,
and A4, was the absorbance in the presence of the mush-
room extract sample. A concentration versus percentage
of inhibition graph was plotted to calculate the 50%
inhibitory concentration (IC,)) values.

2.11 Statistical analysis

This experiment was performed in two biological
replications by cultivating two batches of mushrooms
with three replicates for each measurement and analy-
sis, and the values were represented as average values
along with their standard deviation. The results were
analyzed statistically using Microsoft Excel to deter-
mine the average value and standard deviation. Further-
more, GraphPad Prism software (Version 10.0.0 153)
was used to perform a one-way analysis of variance
(ANOVA) and a principal component analysis (PCA)
to identify differences among groups. A Tukey’s post-
hoc multi-comparison test was applied to examine sig-
nificant differences between treatments. P<0.05 was
considered statistically significant.



3 Result and discussion

3.1 Effects of synbiotics on the growth of P. ostreatus
and P. pulmonarius

The sizes of seven mushroom samples of P. ostrea-
tus and P. pulmonarius were analyzed to compare their
growing performance according to the measurement
of the fruiting bodies. Several measurements were col-
lected from two batches of mushroom samples based on
cap diameter, cap thickness, stalk thickness, stalk length,
and average number of fruiting bodies. The summa-
rized average results obtained from the triplicate sam-
ples of two batches of P. ostreatus and P. pulmonarius
mushroom samples are shown in Fig. 1. In terms of P,
ostreatus cap diameter, it was evident that the mush-
room sample F, with the use of formulated synbiotics (a
watering solution of prebiotics and L. casei), achieved
the highest average cap diameter and its respective
value was 10.35 cm. However, sample A, without any
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supplementation of prebiotics or probiotics, obtained
the lowest average cap diameter of 6.54 cm (P<0.05,
Fig. 1a). The cap diameter of P. pulmonarius indicated
that the combination of inulin and L. casei is capable of
improving the diameter of the mushroom cap (Fig. 1b).
In addition, the average P. pulmonarius cap thickness
of the samples was different according to the order: F>
G&B>E>C>D>A. Next, the highest average cap thick-
ness of P. pulmonarius was that of sample F (0.60 cm),
which was sprayed with inulin and L. casei, while
sample A, which was sprayed with distilled water, had
the lowest (0.36 cm) (P<0.05; Fig. 1d). Additionally, the
P, ostreatus mushroom samples A, B, C, and D achieved
lower values in terms of average cap thickness. They
were arranged in ascending order as B, A, D, and C,
recording 0.55, 0.56, 0.57, and 0.58 cm, respectively
(Fig. 1c). In the synbiotics mushroom samples E and
G, the average cap thickness of sample G was greater
than that of sample E. Overall, the study showed that
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Fig. 1 Effects of synbiotics on growth of Pleurotus ostreatus and Pleurotus pulmonarius. The average cap diameters of P.
ostreatus (a) and P. pulmonarius (b); the average cap thicknesses of P. ostreatus (¢) and P. pulmonarius (d); the average
stalk thicknesses of P. ostreatus (e) and P. pulmonarius (f); the average stalk lengths of P ostreatus (g) and P. pulmonarius
(h); the average numbers of fruiting bodies of P. ostreatus (i) and P. pulmonarius (j) from two batches of mushroom samples
using different formulated synbiotic solutions. Data are expressed as mean+standard deviation, n=3. A: distilled water;
B: prebiotics (inulin); C: probiotic Lactobacillus plantarum; D: probiotic Lactobacillus casei; E: Synbiotics 1 (L. plantarum-+
prebiotics); F: Synbiotics 2 (L. casei+prebiotics); G: Synbiotics 3 (L. casei+L. plantarum+prebiotics).
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the cap diameter and thickness of sample F gained the
highest values.

A similar study showed that the involvement of
bacteria can promote the growth and metabolism of
mushrooms as the community structure bacteria in the
substrates reflect the mushrooms’ growth and nutrient
utilization status (Rohani et al., 2022). In addition, this
previous study showed the positive effect of inulin on
mushroom growth and the increase in the survival
rate of probiotics such as Lactobacillus acidophilus
(Zarenejad et al., 2012). Therefore, the results suggest
that the inulin can improve the growth and increase
the survival rate of Lactobacillus sp., thus improving
the community structure bacteria in the substrate and
the cap diameter and thickness of the P. pulmonarius.

On the other hand, the average thickness of the stalk
in sample F in the grey mushroom was the highest,
1.29 cm, while the average thickness of the stalk in the
negative control sample was the lowest, 0.83 cm (P<
0.05; Fig. 1f). Sample F also showed the highest aver-
age length of the stalk among the samples of 6.02 cm,
while the negative control sample showed the lowest
average length of the stalk at 5.33 cm (P<0.05; Fig. 1h).
However, the white mushroom samples B, C, and D
recorded lower values of average stalk thickness as com-
pared to the synbiotics mushroom samples of E, G,
and F (P<0.05; Fig. 1e). The average stalk length of
mushroom samples arranged in ascending order was
B and C, followed by D, recording 6.29, 6.37, and
6.55 cm, respectively (P<0.05; Fig. 1g). The synbiotics
mushroom sample G achieved a higher average stalk
length than sample E; they were 6.96 and 6.59 cm, re-
spectively. From the overall results, the data suggested
that cultivating mushrooms supplemented with prebio-
tics and probiotics leads to larger fruiting bodies. This
is because the mushroom samples that grew with a
formulated watering solution of prebiotics and probi-
otics alone exhibited a bigger cap diameter and longer
stalk than the control mushroom samples. The fruitifi-
cation of Pleurotus mushrooms depends not only on
the substrate itself but also on the interactions between
the bacteria and substrate, potentially stimulating the
growth and formation of fruiting bodies (Kertesz and
Thai, 2018). Remarkably, the plant growth-promoting
bacteria in nitrogen fixation and the secretion of phy-
tohormone can promote plant growth (di Benedetto
et al., 2017). The research also supports probiotics’
effect on plant growth, which positively impacts the

plant via compositional changes in the resident rhi-
zosphere microbiome (Hu et al., 2021). The growth
and composition of strawberries were also positively
affected by the probiotic bacteria of Bacillus in the
study by Rahman et al. (2018). In addition, the grey
oyster mushrooms were cultivated in an open area with
good aeration and an average concentration of carbon
dioxide, so they did not need to develop long stalks to
grab more oxygen for growth. This is because high
concentrations of carbon dioxide will only lead to the
development of the stalk and the failure to develop
caps (O'Keefe, 1998). Therefore, this is also an essen-
tial factor to be considered in the cultivation of mush-
rooms, as if the cap fails to develop, mushroom growers
will face great losses. In addition, oyster mushrooms
with more oversized caps and shorter stalks are con-
sidered better quality as the stalks contain more insol-
uble dietary fiber than the caps (Synytsya et al., 2008).
Following this report, our study results exhibit a better
performance of mushroom caps than stalks for both
samples; this may be due to the synbiotics, which
enhance the utilization of the substrates by the mush-
room, resulting in larger cap sizes.

Fig. 1i shows the maximum number of fruiting
bodies (9.33) in sample F of white mushrooms. Mush-
room samples A, B, E, and D produced approximately
six fruiting bodies, where the average numbers recorded
were 6.17, 6.33, 6.50, and 6.84, respectively. The aver-
age numbers of fruiting bodies of samples C and G
were slightly higher at 7.0 and 7.17, respectively. The
synbiotics sample E does not show a better yield of the
average number of fruiting bodies than the others that
used prebiotics or probiotics as the watering solution.
However, only 1 and 2 fruiting bodies differ from synbi-
otics samples G and F. Indeed, the difference between
the average number of fruiting bodies of all seven mush-
room samples is insignificant. This result suggests that
supplementing with prebiotics, probiotics, or synbiotics
during mushroom cultivation does not notably increase
the number of fruiting bodies. Nonetheless, synbiotics
of L. casei still demonstrated a more significant effect
than the others on fruiting body formation. Fig. 1j shows
that sample C, sprayed with only L. casei, recorded the
highest number of fruiting bodies, with 6 per harvest
(P<0.05). The number of fruiting bodies in sample F
(5 fruiting bodies) was lower than that of sample C,
but it gained the highest weight of fruiting bodies per
harvest. This can be explained by the low number of



fruiting bodies of grey oyster mushrooms, meaning
that they can utilize the substrates sufficiently to grow
better as the nutrients will not disperse to develop more
fruiting bodies. A study also showed similar results, in
which the highest weight of fruiting bodies gained the
least number of fruiting bodies per harvest (Das et al.,
2015). Therefore, the synbiotics improve the number
of fruiting bodies per harvest and the other growth
parameters of the grey oyster mushroom. By compar-
ing the results of the negative control samples with
those of sample F, it can be proved that the synbiotics
formulation with the combination of inulin and L. casei
improves the growth parameters of the grey oyster
mushrooms. This is because L. casei can stimulate the
mycelial growth of the grey oyster mushroom and
enhance the mushroom fruitification (Kertesz and Thai,
2018). In addition, a prior study showed that probiotics
can also improve the growth and yield of plants and
suppress some diseases at an adequate amount (Rahman
etal., 2018).

PCA was used to understand the importance of
each variable and its independent contribution to mush-
room growth. Fig. 2 shows that the cap diameter con-
tributes the most to the overall variance, explaining
69.37% of the variability in P. ostreatus and 56.06%
of the variability in P. pulmonarius. However, variables
such as cap thickness, stalk length, stalk thickness, and
average fruiting bodies have less influence on data
variability. The overall PCA suggests that the majority
of variance can be effectively captured by the first two
principal components (PC1 and PC2) for both the mush-
room species. These observations align with the growth
parameters studied above, suggesting that synbiotic
formulations have a more significant effect on cap
diameter growth as compared to other variables. The
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synbiotics formulation of inulin and L. casei is more
suitable for cultivating grey oyster mushrooms, as this
formulation provides the best growth parameters and
statistical analysis (Fig. 2).

3.2 Effects of synbiotics on yield and biological
efficiency

This study determined the yield and biological
efficiency of the first flush grey oyster mushroom from
two biological replications. Each sample was performed
in three replicates. The fresh weight of the fruiting
bodies was measured to determine the biological effi-
ciency of the first flush of the grey oyster mushroom. A
higher value of biological efficiency indicates better
growth of the mushroom. Based on the results in Table 2,
the largest yield of oyster mushrooms was harvested
from sample F (56.92 g), which was sprayed with inu-
lin and L. casei, while the negative control sample
showed the lowest yield (34.45 g). Similarly, the high-
est biological efficiency was obtained from sample
F (12.65%), while the lowest was observed in the nega-
tive control sample (7.66%). This indicates that the
growing performance of oyster growth and yield in
the sawdust substrate was minimal. This might be ex-
plained by the fact that the lignocellulosic components
in the sawdust contain little protein and are, therefore,
insufficient for the growth of mushrooms (Girmay
et al., 2016).

In addition, the sawdust substrate must undergo a
period of composting to break down the cellulose and
lignin components of the wood so that the substances
that are essential for the development of mushroom
mycelium can be released (Raman et al., 2022). Fur-
thermore, a study showed that lactic acid bacteria (LAB)
can promote plant growth, stimulate roots and shoots,

- % Individual
1 % Cumulative
P. pulmonarius

99.90 100.00

100 - 96.98

86.76

56.06
50 +

Proportion of variance (%)

Principal component

Fig. 2 Principal component analysis of mushroom growth variables. The graph displays the proportion of variance by each
individual variable: 1, cap diameter; 2, cap thickness; 3, stalk thickness; 4, stalk length; and 5, average fruiting bodies.
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Table 2 Total yield and biological efficiency of the first flush of Pleurotus ostreatus and Pleurotus pulmonarius with different

synbiotics formulations

Total weight per harvest (g)

Biological efficiency of first flush (%)

Sample - -
P. ostreatus P. pulmonarius P, ostreatus P. pulmonarius
A 34.45+6.66 10.18+0.18 7.66+1.58 10.14+0.35
B 51.61£5.03 11.78+0.95 11.47£1.12 11.55+0.72
C 56.31+1.70 11.97+£0.43 12.514+0.38 12.34+0.03
D 39.39+4.86 14.89+1.08 8.75+1.08 12.67+0.19
E 39.1949.35 14.39+£2.29 8.71+£2.08 14.71£0.22
F 56.92+5.85 22.84+0.90 12.65+1.30 19.92+1.97
G 53.29+1.53 14.47+0.18 11.84+0.34 18.15+1.45

A-G formulations as mentioned in Table 1.

and accelerate soil organic content (Hoa et al., 2015).
Adding synbiotics might aid in this process and result
in better yield and biological efficiency. Therefore, the
synbiotics formulation that contains L. casei and inulin
is suitable for improving the cultivation of grey oyster
mushrooms. Additionally, when comparing the total
fresh weight per harvest, sample F showed a higher
total fresh weight per harvest than in other studies
(Fan et al., 2000); these were 42.4 g and 38.76 g. Thus,
L. casei and inulin might be the best synbiotic formu-
lations to cultivate P. pulmonarius as these synbiotics
not only improve the growth parameters of the mush-
room but also improve the yield of the mushroom,
according to this research.

The lowest biological efficiency in the white
mushroom samples (Table 2) was obtained from con-
trol sample A, which recorded 10.14%, followed by
11.55% in sample B. There was an increase in the bio-
logical efficiency in samples C, D, and E, which re-
corded 12.34%, 12.67%, and 14.71%, respectively.
The biological efficiency obtained from sample G
increased significantly to 18.15% compared to con-
trol samples. The highest biological efficiency was
recorded at 19.92% by sample F. Biological efficiency
is defined as the mushroom’s ability to come to frui-
tion through bioconversion of the substrate to fruiting
bodies (Fan et al., 2000). By comparing the biologi-
cal efficiency with the average mushroom yield, the
mushroom’s biological efficiency corresponds to the
mushroom yield. The higher the yield of mushroom
samples, the higher the biological efficiency. An increase
in the biological efficiency indicates that more sub-
strates are being used to form fruiting bodies, resulting in
a greater yield. Our data follow the claim that biolog-
ical efficiency depends on the mushroom yield (Oladipo
et al., 2020). The increase in biological efficiency is

primarily related to the microbial community. Research
on P, ostreatus revealed that inoculating Pseudomonas
spp. to mycelium enhanced primordia formation and
the development of basidiome. The authors’ findings
showed the vital role of bacteria in mushroom growth
performance by inducing fruitification (Oladipo et al.,
2020).

3.3 Proximate, nutritional, and heavy metal analyses

Various mushrooms can grow in hot, humid, and
wet regions. Since the weather and environment of
Malaysia are favorable to the growth of P. ostreatus
and P. pulmonarius, they are two of the most culti-
vated edible mushrooms in Malaysia. Mushrooms are
a healthy food source rich in protein, carbohydrates,
minerals, and vitamins (Hasan and Aunsary, 2020).
This study also focused on the effects of synbiotics on
the nutritional values of the P. ostreatus and P. pulmo-
narius. This analysis studied moisture, ash, protein, fat,
and crude fiber contents, as shown in Table 3.

According to the test method of AOAC, the proxi-
mate analysis was performed to compare the moisture,
protein, fiber, fat, and ash contents of normal white
mushroom sample A with those of synbiotics mush-
room sample F. Sample F achieved 85.5% moisture
content, which was higher than that of control sample
A (75.16%) (Table 3). However, it is still an accept-
able range as the moisture content of fresh mushrooms
is generally 85% to 95%, according to Kumar et al.
(2013). Nevertheless, the moisture content of grey
mushroom sample F was also higher than that of the
negative sample, i.e., 90.10% and 87.30%, respec-
tively (Table 3). However, the crude protein con-
tent for both samples of F was relatively lower, with
2.80% and 3.30% for white and grey mushrooms,



respectively, which was not significantly different.
However, mushrooms’ slightly lower protein content
might be because the samples involved in the analysis
were not fresh enough, and protein leeching occurred
during the browning reactions (Tolera and Abera, 2017).

This study also focused on the effects of the syn-
biotics on the mineral content of both mushroom sam-
ples using the ICP-OES method. In a mineral analysis
of P, ostreatus, our results followed those of Lesa et al.
(2022), who claimed that the major constituents of the
mineral element in fruiting bodies are potassium (K),
Na, magnesium (Mg), and Ca, while minor constitu-
ents include Fe, Zn, selenium (Se), and manganese
(Mn). Both normal sample A and synbiotics sample F
contained microelements that can be arranged from
higher to lower concentrations as follows: K>Na>
Mg>Ca>Fe>Zn>Mn>Se. Synbiotics sample F recorded
21778.37 mg/kg of K and 783.23 mg/kg of Na, whereas
typical sample A recorded 14 524.45 mg/kg of K and
737.49 mg/kg of Na (Table 4). The K and Na contents
of synbiotics sample F were higher than those of stan-
dard sample A. Na and K are critical for maintaining
an osmotic balance between cells and intestinal fluid
in animal systems. The high amount of Na and K indi-
cated that oyster mushrooms can be beneficial for
lowering blood pressure, minimizing the risk of osteo-
porosis, and maintaining bone health (Elkanah et al.,
2022). The K level was particularly high concerning Na,
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considered a nutritional advantage, as previous find-
ings support that a high K-to-Na ratio can lower blood
pressure and reduce cardiovascular disease (Kogure
et al., 2021). In addition, the mineral contents in P.
pulmonarius were determined to include six minerals:
Ca, Cu, Fe, Na, Pb, and Zn. The macroelements (Ca and
Na), microelements (Cu, Fe, and Zn), and heavy metal
element (Pb) of the negative control sample and the best
sample, sample F, which was cultivated with L. casei
and inulin, were determined and are recorded in Table 4.

According to the results in Table 4, all the elements
in sample F were recorded in higher amounts than the
negative control in P. pulmonarius. The amount of the
elements differed according to this order: Na>Fe>Ca>
Zn>Cu for the negative control sample and Na>Ca>
Fe>Zn>Cu>Pb for sample F, which was cultivated with
inulin and L. casei. Comparing the two samples, both
indicated that Na was the most abundant, while the
heavy metal Pb was the least abundant element in both
species. Though the crude fiber, fat, or ash content in
both samples did not show much variation, the overall
study showed that the symbiotic formulations can
increase both mushrooms’ macroelements, microele-
ments, and heavy metals. Therefore, synbiotics can
be a booster or fertilizer of mushrooms to improve
their chemical composition. In addition, this can also
help mushroom growers cultivate high-quality oyster
mushrooms to gain more profits.

Table 3 Proximate analysis of the fruiting body Pleurotus ostreatus and Pleurotus pulmonarius in samples A and F

Parameter (%, mass fraction)

Mushroom sample

Moisture Crude protein Crude fiber Crude fat Ash
P, ostreatus (A) 75.16 3.90 0.13 1.88
P, ostreatus (F) 85.50 2.80 1.70 0.30 1.20
P. pulmonarius (A) 87.30 2.00 0.06 1.24
P. pulmonarius (F) 90.10 3.30 0.20 1.40 1.80

A and F formulations as mentioned in Table 1.

Table 4 Mineral contents and heavy metal analyses of the fruiting body mushroom samples A and F in Pleurotus ostreatus

and Pleurotus pulmonarius

Mineral and heavy metals (mg/kg)

Mushroom sample

Cu K Cd Pb Fe Na Ca Zn Mg Se Mn
P. ostreatus (A) 1.00 1452445 0.02 0.31 18.57  737.49 23798 6.63 30299 0.11 1.48
P, ostreatus (F) 1.54 21778.37 0.05 0.30 17.38  783.23  248.00 11.15 301.52  0.10 1.49
P. pulmonarius (A)  0.08 5.69 37.48 1.87 0.57
P. pulmonarius (F) 092 1076.85  0.05 0.19 20.42 49.65 46.48 4.70  137.21 0.02 0.71

A and F formulations as mentioned in Table 1.
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3.4 Total phenolic content and antioxidant analysis

In this study, the TPC of the mushroom extract
from all samples was determined using the Folin-
Ciocalteu method based on previous research (Phuyal
et al., 2020). A series of gallic acid standard stock
solutions (0, 25, 50, 75, and 100 pg/mL) were prepared
and used to plot the calibration curve. The absorbance
values for each concentration were recorded to obtain
the calibration curve for grey and white oyster mush-
rooms. From this calibration curve, the concentration
of the phenolic content in the mushroom extracts was
calculated using the linear equation, where y refers to
the absorbance value and x refers to the concentration
of gallic acid in mg/mL. Thus, each sample’s concen-
tration was calculated and shown in Table 5.

Table 5 Total phenolic concentration (TPC) of mushroom

samples
Mushroom TPC (mg GAE/g DE)
sample P ostreatus P. pulmonarius
A 10.570+0.769 0.475£0.109
B 17.314+0.407 0.903+0.037
C 13.457+0.262 0.508+0.058
D 13.225+0.622 1.098+0.030
E 12.915+0.178 0.817+0.197
F 20.550+0.341 1.079+0.020
G 19.388+0.262 0.898+0.027

A-G formulations as mentioned in Table 1. GAE: gallic acid equivalent;
DE: dry extract.

Based on the results, as shown in Table 5, the
TPC is different between all the mushroom extracts
obtained from different mushroom samples. Sample F
in white oyster mushroom had the highest, recorded as
20.550 mg GAE/g DE. It was approximately double
the TPC in sample A (10.570 mg GAE/g DE). Another
synbiotics mushroom extract, sample G, recorded a
higher phenolic content of 19.388 mg GAE/g DE.
However, sample E contained 12.915 mg GAE/g DE,
slightly higher than mushrooms without supplementa-
tion. There was an increased TPC in mushrooms culti-
vated with prebiotics or probiotics alone. The TPC of
mushroom extracts B, C, and D was 17.314, 13.457,
and 13.225 mg GAE/g DE, respectively. Similarly, for
grey mushroom samples, the highest phenolic content
was found in sample D (1.098 mg GAE/g DE), followed
by sample F (1.079 mg GAE/g DE). In contrast, the
lowest phenolic content was observed in sample A,

which was the negative control (0.475 mg GAE/g DE).
The order of the TPC in the samples, from highest to
lowest, was D>F>B>G>E>C>A. If comparing the pro-
biotics used, L. casei produced better results than L. plan-
tarum, which only showed 0.817 mg GAE/g DE in sam-
ple E (inulintLZ. plantarum) and 0.508 mg GAE/g DE
in sample C (L. plantarum). This indicates that L. casei
can increase the amount of TPC in P. pulmonarius.
This result suggested that supplemented prebiotics
combined with microbes provide a synbiotic effect
that can be more effective than either microbes or pre-
biotics alone (Ananthan et al., 2021). In contrast, the
combined effect in synbiotic extract E was not better
than probiotics or prebiotics alone. This may be because
the L. plantarum does not interact closely with the pre-
biotic inulin from chicory as the efficiency of a prebiotic
in synbiotics depends upon its ability to be selectively
fermented by specific microorganisms (Saminathan
etal., 2011).

To determine the antioxidant activity of the mush-
room extracts, DPPH radical scavenging was used.
This study determined the antioxidant activity of P,
pulmanarius cultivated with different synbiotic formu-
lations. Ascorbic acid was used as a reference to inves-
tigate the DPPH radical scavenging activity. A series
of ascorbic acid standard solutions (0.0067, 0.0133,
0.0200, 0.0267, 0.0333, and 0.0667 mg/mL) were pre-
pared, and the absorbance readings were measured at
517 nm. Each mushroom extract of the mushroom
samples was analyzed in triplicate. Fig. 3a (P, ostreatus)
and Fig. 3b (P. pulmonarius) show the ability of the
ascorbic acid and different mushroom extracts at vari-
ous concentrations to scavenge the free radical of DPPH
by plotting the graph of the percentage of inhibition
against concentration. The results were then further
analyzed to determine the concentrations of the mush-
room extracts and ascorbic acid needed to inhibit 50%
of the free radicals (IC,,). Based on the results, the radi-
cal scavenging activity of both the mushroom extracts
increased with concentration as an increasing trend was
observed from the chart. Following the analysis of TPC,
the highest DPPH scavenging activity was found in
synbiotics mushroom extract F, followed by extract G
and prebiotics extract B.

Furthermore, Fig. 4a shows the mushroom extract
required to scavenge 50% of DPPH free radicals for
investigating the antioxidant activity in white oyster
mushrooms. The higher the value of IC,,, the higher
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Fig. 3 DPPH radical scavenging activity of Pleurotus ostreatus extracts at different concentrations (25-200 pg/mL) (a)
and Pleurotus pulmonarius extracts at different concentrations (5-70 pg/mL) (b) cultivated with different synbiotics
formulations. A—G formulations as mentioned in Table 1. AA: ascorbic acid; DPPH: diphenyl-1-picryl-hydrazyl.
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Fig. 4 IC,, of DPPH radical scavenging activity of the Pleurotus ostreatus (a) and Pleurotus pulmonarius (b) mushroom
extracts cultivated with different synbiotics formulations. A—G formulations as mentioned in Table 1. IC,;: 50% inhibitory

concentration; DPPH: diphenyl-1-picryl-hydrazyl.

the amount of sample extract required to be involved
in free radical scavenging activity. Higher antioxidant
activity will result in a lower value of IC,, (Jin et al.,
2018). Since ascorbic acid is a potent antioxidant, the
analysis showed that only a deficient concentration of
ascorbic acid, 0.0002 pg/mL, was required to reduce
50% of free DPPH free radical. In contrast, a total of
852.28 ng/mL was required by mushroom extract A
to be involved in 50% of DPPH radical scavenging
activity in P. ostreatus. It was noted that the value of
IC,, dropped to 303.93 pg/mL in mushroom extract C.
The value of IC,, dropped to 300 pg/mL in mushroom
extracts E, D, and B, which recorded IC,, values of
249.45, 243.54, and 222.39 pg/mL, respectively. Mush-
room extract F established the highest antioxidant
activity, recording the lowest IC,, of 100.92 pg/mL.
The antioxidant activity of synbiotics G was also high,
achieving an IC,, of 177.44 pg/mL. All these results
showed that the mushroom could act as an antioxidant to
neutralize the free radicals of DPPH. Supplementing
prebiotics, probiotics, and synbiotics increased mush-
room extracts’ TPC and antioxidant activity. The reason
for the improvement is that the chemical composition

of the substrate on which oyster mushrooms grow
significantly impacts the matured fruiting bodies. The
fruiting bodies can efficiently absorb bioactive sub-
stances, such as polyphenols, flavonoids, alkaloids,
and tannins, and all of these compounds contribute to
the establishment of high antioxidant properties (Jin
et al., 2018).

4 Conclusions

In this study, white and grey oyster mushrooms
were grown with prebiotics, probiotics, and synbiotics
to investigate their effects on the growing performance
of the mushrooms. This study showed that all the for-
mulated watering solutions of prebiotics, probiotics,
and synbiotics could influence the growth of oyster
mushrooms, as a bigger size and greater yield were
obtained from synbiotics mushroom samples. In add-
ition, supplementing synbiotics can improve the poly-
phenol content and antioxidant activity of white and
grey oyster mushrooms. The greater the amount of poly-
phenol in the mushrooms, the greater the mushroom’s
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capacity to scavenge free radicals. The effect of syn-
biotics is not evident in the proximate analysis, as
there was no huge difference in the macronutrient con-
tent between the synbiotics sample and the standard
sample. Yet, our results still suggested that the synbio-
tics can improve the quality of oyster mushrooms by
increasing the levels of certain minerals in the nutri-
tional analysis; higher levels of K, Na, Ca, Zn, and
Mn can offer better health benefits to the consumer.
The white mushroom also showed an increase of heavy
metals in the synbiotic samples; however, these were
still at levels that are safe to consume. Furthermore,
supplementing L. plantarum with inulin and probiot-
ics does not significantly improve the growing perfor-
mance of white and grey oyster mushrooms. The poor
effect of the synbiotics might be because of the low
efficiency of the prebiotics in selectively fermenting the
L. plantarum; a further in vivo study is required to
investigate their compatibility. To conclude, the formu-
lated synbiotics watering solution can be applied as a
potential biofertilizer to improve the growing perfor-
mance of white and grey oyster mushrooms. L. casei
and inulin can be considered a potential synbiotic com-
bination because of their extraordinary effect on mush-
room growth better than the other formulated synbiotics.
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