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Corn stalks are a major source of agricultural waste in China that have the potential for more efficient

utilisation. In this study, we designed substrate formulas with different proportions of corn stalks to

cultivate Pholiota microspora. The substrate formula for P. microspora cultivation that could partially or

completely replace sawdust with corn stalks was selected through the analysis of mycelial growth rates,

fruiting body traits, yield, biological efficiency, nutrients, and mineral composition. Our results showed

that the substrate formula T2 (38% wood chips and 38% corn stalks) resulted in the highest yield of

275.66 � 2.87 g per bag, which was 6.60% higher than that of formula CK, and the highest biological

efficiency of 90.75 � 0.04%, which was 4.58% higher than that of CK, with no significant differences

from CK in terms of fruiting body traits, nutrients, or mineral composition. The substrate formula T1 (19%

corn stalks) led to mushroom yields with the highest mineral and amino acid contents and was thus

more suitable for the cultivation of medicinal P. microspora. Therefore, substrates comprising a mixture

of corn stalks and sawdust can be used as a novel, inexpensive, and high-yield alternative for the

cultivation of P. microspora.
1. Introduction

Slippery mushroom (Pholiota microspora), also known as Pho-
liota nameko,1,2 was originally cultivated in Japan. In the mid-
1970s, it was introduced to the southern part of Liaoning
Province, China and has become one of main edible fungi
cultivated in China.3

The “slippery” in the common name of P. microspora is
named aer its surface, which is covered with a layer of smooth
and delicious mucus. This mucus has been shown to be bene-
cial to maintaining energy and brain power in humans and is
capable of inhibiting tumours. Research has shown that the
mucus is composed of nucleic acids and polysaccharides.4

Many nd P. microspora tasty, and they are nutritious, as they
contain crude protein, fat, carbohydrates, crude bre, calcium,
phosphorus, iron, multivitamins, and various amino acids
required by the human body. These mushrooms have been
shown to demonstrate a number of pharmacological effects,
which include anti-aging, antitumour, antibiotic, anti-
inammatory, and immune-boosting properties.5–7
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Most edible fungi feed on rotten wood and require wood logs
and sawdust as the main substrate for cultivation. However,
new environmental protection policies and the implementation
of a logging ban have resulted in an increasingly short supply of
wood materials and soaring wood prices.8–10 To better meet the
production demand, protect the environment, and save
resources, it is important to nd alternative substrate materials
for mushroom cultivation. The main components of crop stalks
are similar to those of wood materials and contain nutrients,
such as cellulose, hemicellulose, and lignin, which are required
for the growth of edible fungi.11 Additionally, large amounts of
crop stalks are produced in China and are poorly utilized.
Considered a waste product, the stalks are oen incinerated,
which pollutes the environment and wastes resources. At
present, agricultural waste, such as corn stalks, soybean stalks,
rice straw, and corn cobs, has been used in the cultivation of
edible fungi, such as Lentinula edodes, Pleurotus ostreatus,
Pleurotus eryngii, and Grifola frondosa.12–15 The application of
crop stalks in edible fungi cultivation improves the compre-
hensive utilization of crop waste products and is important for
the sustainable development of the environment, energy, and
the edible fungus industry.

In this study, two types of agricultural waste, sawdust and
corn stalks, were used as rawmaterials in various proportions to
design different cultivation substrate formulas. The effects of
different formulas on the yield and growth period of P. micro-
spora were investigated using the main agronomic and quality
RSC Adv., 2019, 9, 5347–5353 | 5347

http://crossmark.crossref.org/dialog/?doi=10.1039/c8ra10627d&domain=pdf&date_stamp=2019-02-12
http://orcid.org/0000-0002-9327-3459
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra10627d
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA009010


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
Fe

br
ua

ry
 2

01
9.

 D
ow

nl
oa

de
d 

on
 7

/2
3/

20
25

 2
:0

7:
51

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
traits as evaluation indexes. The differences in the nutritional
compositions of mushrooms grown in different substrates were
analysed, and the formula capable of replacing sawdust with
corn stalks for P. microspora cultivation was selected and opti-
mized, thereby providing a reference for the further develop-
ment and utilization of agricultural wastes.
2. Materials and methods
2.1. Strain preparation

The P. microspora strain (strain number: CCMJ2806) was ob-
tained from the Engineering Research Center of the Chinese
Ministry of Education for Edible and Medicinal Fungi, Jilin
Agricultural University. The stock was stored at 4 �C and, aer
inoculation, cultivated in potato dextrose agar (PDA) at 25 �C in
the dark.

The substrate was primarily composed of poplar sawdust
and corn stalks and was supplemented with commercially
available auxiliary materials, such as wheat bran, cornmeal,
soybean meal, lime, and gypsum.
2.2. Substrate preparation, inoculation, and culture

Five formulas were designed using poplar sawdust and corn
stalks (Table 1). The substrate formula for the cultivation strain
CK was 76% poplar sawdust, 15%wheat bran, 5% cornmeal, 2%
soybean meal, 1% lime, 1% gypsum, and 58–60% water, with
a natural pH. The amounts of corn stalks and poplar sawdust
varied in proportion, while the amounts of auxiliary materials
remained unchanged.

The substrates (100 g) of each formula were dried in an oven
at 60 �C to a constant weight, and the content of carbon and
nitrogen were respectively determined using the Kjeldahl
method (Kjeltec™ 8000, Foss, Hilleroed, Denmark) and
dichromate titration, a chemical method.15,16 The carbon to
nitrogen ratio (C/N) was then calculated and analysed (Table 1).
The tests were performed at the Jilin Province Quality Inspec-
tion Institute (Changchun, China). Wheat bran, soybean meal,
cornmeal, gypsum, and lime were used as auxiliary materials to
provide nitrogen sources and to adjust the pH.17

The well-mixed substrate material was placed in a poly-
propylene bag (17 cm � 33 cm � 0.04 cm, 750 g per bag),
autoclaved at 121 �C for 120 min, and then inoculated under
aseptic conditions. The culture was incubated at 25 �C in the
dark.
Table 1 Slippery mushroom cultivation formulas (wt%, except for C/N)

Formula Poplar chips Corn stalks Wheat bran

CK 76 0 15
T1 57 19 15
T2 38 38 15
T3 19 57 15
T4 0 76 15

5348 | RSC Adv., 2019, 9, 5347–5353
2.3. Determination of agronomic traits

2.3.1. Mycelial growth and culture cycle. Aer the hyphae
were fully grown, growth was induced at a temperature ranging
from 14–18 �C and humidity ranging from 93–96%. During the
growth of fruiting bodies, the culture room was intermittently
sprayed with water to maintain the following conditions:
desired humidity, carbon dioxide (CO2) concentration <
2000 ppm, and light at 50–500 lx/12 h. The mycelial growth rate,
i.e., the growth rate of mycelium in a given number of days, the
time for complete substrate colonization, and the growth period
were recorded.

2.3.2. Yield and biological efficiency. When the pilei of the
fruiting bodies had not yet unfolded, the fruiting bodies were
harvested and weighed using an electronic balance with an
accuracy of 0.01 g. The yield of two mushroom harvests was
recorded to calculate the biological efficiency (BE) (Table 3). BE
(%)¼ (fruiting body fresh weight/substrate dry weight)� 100%.

The pileus thickness and diameter of the fresh fruiting body
as well as the length and diameter of the stipe were measured
using a vernier calliper, and the number of fruiting bodies was
counted.

2.4. Analysis of nutrients

2.4.1. Main nutrients. The fruiting bodies were dried in an
oven at 60 �C to a constant weight, and the moisture content of
the fruiting bodies was calculated based on the difference in
weight before and aer drying. The fruiting bodies (100 g) were
then pulverized, sied through a 200-mesh sieve, stored at 4 �C,
and sampled for chemical composition analysis. The protein
concentration was determined using the Kjeldahl method
(Kjeltec™ 8000, Foss, Hilleroed, Denmark),18 the fats were
analysed using a Soxhlet extractor system (Automatic Fats
Analyzer, model 2050, Foss, Hilleroed, Denmark),19 and the
total sugar was determined according to the Watt and Merrill
method using an ultraviolet-visible spectrophotometer (Model
T6, New Century, Beijing General Instrument Co., Ltd., Beijing,
China).20 The tests were performed at the Jilin Province Quality
Inspection Institute.

2.4.2. Amino acids. The amino acids of the dried fruiting
body powder were analysed using an amino acid analyser
(Model Hitachi L8900, Hitachi High Technologies America Inc.,
Schaumberg, IL, USA).21 The tests were performed at the Jilin
Province Quality Inspection Institute.

2.4.3. Trace elements and harmful elements. Eight trace
elements and four heavy metals common to mushroom fruiting
bodies were determined using an inductively coupled plasma
mass spectrometer (Model 7700� ICP-MS, Santa Clara, CA,
Cornmeal Soybean meal Lime Gypsum C/N

5 2 1 1 45.93
5 2 1 1 40.55
5 2 1 1 36.07
5 2 1 1 32.29
5 2 1 1 29.06

This journal is © The Royal Society of Chemistry 2019

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra10627d


Table 2 Mycelial growth rate, yield, and biological conversion of P. microspora cultivated on substrates with various proportions of corn stalksa

Treatments CK 76% SD T1 57% SD, 19% CS T2 38% SD, 38% CS T3 19% SD, 57% CS T4 76% CS

Mycelial growth GR/mm d�1 6.18 � 0.29c 6.24 � 0.23c 6.25 � 0.19b 6.71 � 0.39a 6.12 � 0.71c
TCSC/d 27.4 � 0.55a 26.6 � 0.89a 25.80 � 0.45b 24.8 � 0.47c 27.8 � 0.58a
TIH/d 90.00 � 0.71c 87.20 � 0.84b 85.4 � 0.89d 90.20 � 0.78c 96.80 � 1.28a

Yield/g per bag 1st ush 216.03 � 32.70a 221.47 � 18.28b 227.15 � 29.19a 222.20 � 32.41a 174.00 � 32.60b
2nd ush 42.51 � 9.09a 43.50 � 8.27ab 44.38 � 8.94a 33.12 � 10.25b 22.17 � 7.07c
Total 258.59 � 3.01b 2 6 1.2 � 5.85c 275.66 � 2.87a 255.3 � 6.03b 194.75 � 6.59d
BE/% 86.17 � 0.03b 8 6.96 � 0.07c 90.75 � 0.04a 85.14 � 0.05b 65.29 � 0.13d

a SD (sawdust), CS (corn straw), GR (growth rate of mycelium), TCSC (time for complete substrate colonization), TIH (time for inoculation to
harvest). Different letters (a–d) in the same column and rank indicate signicant differences (P < 0.05).
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Agilent, USA).22,23 The tests were also performed at the Jilin
Province Quality Inspection Institute.
3. Results and discussion
3.1. Effects of corn stalks on mycelium growth and culture
period of P. microspora

The mycelial growth rate, the time for complete substrate colo-
nization, and the growth period of mushrooms cultivated with
different substrate formulas varied signicantly (Table 2). The
growth rate ofmycelia on formula T3was the highest, followed by
that on T2, both of which were signicantly higher than that on
CK. In terms of the mycelial growth rate, the order of the
formulas was T3 > T2 > T1 > CK > T4. The time for complete
substrate colonization of mushrooms grown on formula T3 was
the shortest, and in terms of time, the order of the formulas was
T3 < T2 < T1 < CK < T4. This result indicates that for P. microspora
grown on substrates supplemented with corn stalks, the growth
rate of mycelia is negatively correlated with the time for complete
substrate colonization. However, the growth period of the
mushrooms grown on formula T2, which was composed of 38%
corn stalks, was the shortest. In terms of the growth period, the
order of the formulas was T2 < T1 < CK < T3 < T4.

Previous studies have shown that the mycelial growth rate in
early stages depends mainly on the C/N ratio;24 the lower the C/
N ratio, the higher the nitrogen content and the faster the
mycelium growth. However, too much nitrogen inhibits myce-
lial growth and delays the formation of fruiting bodies.25

Formula T4, which contained only corn stalks, had a C/N ratio
of 29.6 and a very low carbon content, whereas the nitrogen
content was signicantly higher than that of the other formulas.
Fig. 1 Pholiota microspora fruiting in different formulas.

This journal is © The Royal Society of Chemistry 2019
Thus, T4 exhibited the longest time for complete substrate
colonization and had the longest mushroom growth period.

3.2. Effects of corn stalks on the yield and biological
conversion rate of P. microspora

Analysis of the P. microspora yields cultivated on substrate
formulas with various proportions of corn stalks revealed that
as the proportion of corn stalks increased, mushroom yield rst
increased and then decreased (Table 2 and Fig. 1). The BE and
yield of formula T2 were the highest, at 275.66 � 2.87 g per bag
and 90.75 � 0.04%, respectively, and were higher than those of
the control CK by 6.60% and 4.58%, respectively. The BE and
yield of T3, which contained 57% corn stalks and 19% wood
chips, were similar to those of CK, whereas those of T4, which
only contained corn stalks, were the lowest. In terms of yield
and BE, the order of the formulas was T2 > T1 > CK > T3 > T4,
indicating a negative correlation with the growth period trait.

The yield and BE of T2 were the highest, likely due to an
appropriate C/N ratio, which promotes the bioconversion of the
substrate and provides more nutrients for the growth of the
mushrooms.15,26 This result also indicated that as the propor-
tion of corn stalks increased, the C/N ratio gradually decreased
and the nitrogen content gradually increased; however, a C/N
ratio that was too low reduced the yield and signicantly
extended the growth period of P. microspora.

3.3. Effect of corn stalks on fruiting body traits of P.
microspora

The fruiting body traits of P. microspora cultivated on different
substrates are shown in Table 3. The stipe length, pileus
diameter, and thickness of mushrooms cultivated on T4 were the
RSC Adv., 2019, 9, 5347–5353 | 5349
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Table 3 Fruiting body traits of P. microspora grown on substrates with various proportions of corn stalksa

Treatments CK T1 T2 T3 T4

SL (mm) 33.59 � 0.93c 41.45 � 2.66b 30.25 � 2.72cd 29.33 � 1.61d 49.19 � 2.43a
SDM (mm) 8.07 � 1.39bc 9.5 � 1.76a 6.96 � 0.9d 8.53 � 1.23b 7.44 � 1.06c
PD (mm) 25.32 � 2.97c 30.37 � 3.72b 24.63 � 3.21c 29.92 � 2.01b 36.97 � 2.61a
PT (mm) 15.17 � 1.43b 14.71 � 1.55c 13.26 � 1.64d 14.73 � 1.32c 16.08 � 1.35a
Quantity 21.34 � 2.77c 23.11 � 3.55b 28.07 � 2.34a 19.65 � 4.81d 16.49 � 1.95e
Colour Yellow Light yellowish brown Yellowish brown Yellowish brown Dark yellowish brown
Mucus +++ ++ ++ + +

a PT (pileus thickness/mm), PD (pileus diameter/mm), SL (stipe length/mm), SDM (stipe diameter/mm), +(thickness of hyphae). Different letters (a–
d) in the same column and rank indicate signicant differences (P < 0.05).
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highest, whereas the stipe width of mushrooms cultivated on T1
was the highest. Although the size of an individual fruiting body
of T2 was smaller than that of CK, the number of fruiting bodies
of T2 was the highest, and thus, the yield was as well. The ideal
commodity traits of P. microspora include a small pileus, a short
stipe, and a thick pileus.27 The commodity traits of the CK were
the best, and the fruiting body sizes of T1 or T4 were larger than
that of CK, whereas those of T2 and T3 were not signicantly
different from that of CK. The amount of P. microspora mucus
decreased as the proportion of corn stalks in the substrate
increased, with a gradual decrease of the C/N ratio and a decrease
in carbon content. The main components of the mucus are
nucleic acids and polysaccharides,4 of which carbon is the main
constituent element.28,29 Therefore, a decrease in carbon inhibits
the formation of polysaccharides and nucleic acids in the P.
microspora mucus. Although the amount of mucus in mush-
rooms cultivated on T2 slightly decreased, this decrease had little
effect on the commodity traits of the mushroom.
3.4. Effect of corn stalks on the nutritional composition of P.
microspora

To evaluate the nutritional composition of the P. microspora
grown on different substrate formulas, the total sugar, fat,
protein, and moisture content of the P. microspora fruiting
bodies grown on different substrates was analysed (Table 4).
The total sugar includes the sum of all of the sugar species in
the test sample, including reducing and non-reducing sugar
species. The analytical results showed that the total sugar
content of the mushrooms grown on T4, which contained corn
stalks as the sole carbon source, was the highest, whereas those
cultivated on other formulas were slightly lower. In particular,
the sugar content of mushrooms grown on T2 was not signi-
cantly different from those grown on CK. The high total sugar
content for T4 was associated with the low moisture content of
Table 4 Nutritional composition of P. microspora fruiting bodies grown

Treatments CK T1

Total sugar% 30.50 � 0.69b 28.91 � 0.20c
Fat% 1.15 � 0.0 8a 0.93 � 0.16bc
Crude protein% 21.04 � 0.23a 19.95 � 0.25b
Moisture% 92.06 � 0.08b 9 2.52 � 0.28c

a Different letters (a–e) in the same column and rank indicate signicant

5350 | RSC Adv., 2019, 9, 5347–5353
the fruiting bodies. The crude protein content of mushrooms
grown on T3 and CK were high, whereas those of the mush-
rooms grown on other formulas were slightly lower. Similarly,
the fat content of mushrooms grown on T3 and CK were high,
whereas those of the mushrooms grown on other formulas were
slightly lower, with that for T4 being the lowest. The moisture
content of the mushrooms grown on T2 was the highest and
exhibited the same trend as the yield variation among the
different formulas. The moisture content rst increased and
then decreased, indicating that the P. microspora yield was
positively correlated with the moisture content.30
3.5. Effect of corn stalks on the amino acid composition of P.
microspora

The content of 16 amino acids of fruiting bodies grown on
different substrates was analysed, and the results showed that
as the proportion of corn stalks increased, the total amino acid
content and essential amino acid content rst increased and
then decreased (Table 5). The total amino acid content of
mushrooms grown on various substrate formulas was in the
range of 10.76 � 0.17% to 13.29 � 0.26%, and the essential
amino acid content was in the range of 5.45% to 6.09%. In
particular, the total amino acids and essential amino acid
content of mushrooms grown on T1 were the highest, at 13.29�
0.26% and 6.09 � 0.06%, respectively, and they were slightly
higher than those of mushrooms grown on T2, which were not
signicantly different from those of mushrooms grown on CK.
Among the 16 amino acids, glutamic acid consistently had the
highest content for all of the formulas, followed by methionine,
whereas the content of glycine, valine, isoleucine, leucine,
tyrosine, histidine, and arginine were not affected by the
substrate formula variation.
on substrates with various proportions of corn stalksa

T2 T3 T4

29.97 � 0.15b 26.13 � 0.35d 33.53 � 0.17a
0.82 � 0.03cd 1.00 � 0.02ab 0.71 � 0.04d

19.93 � 0.16b 21.19 � 0.14a 19.22 � 0.47c
93.25 � 0.23a 89.79 � 0.31d 87.58 � 0.34e

differences (P < 0.05).

This journal is © The Royal Society of Chemistry 2019
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Table 5 Amino acid contents (%) and compositions of P. microspora fruiting bodies grown on substrates with various proportions of corn stalksa

AA CK T1 T2 T3 T4

Asp 0.75 � 0.11c 0.89 � 0.02a 0.80 � 0.09b 0.69 � 0.01d 0.70 � 0.04d
Thrb 0.17 � 0.01c 0.27 � 0.02a 0.21 � 0.02b 0.17 � 0.01c 0.13 � 0.01d
Ser 0.05 � 0.01c 0.13 � 0.03b 0.10 � 0.01b 0.30 � 0.01a 0.04 � 0.01c
Glu 1.84 � 0.15ab 1.93 � 0.07a 1.75 � 0.05b 1.25 � 0.07d 1.67 � 0.27bc
Gly 0.42 � 0.02b 0.51 � 0.04a 0.46 � 0.01ab 0.43 � 0.01b 0.40 � 0.01bc
Ala 0.39 � 0.01c 0.50 � 0.01a 0.42 � 0.01b 0.31 � 0.01d 0.34 � 0.01cd
Valb 0.779 � 0.04a 0.81 � 0.02a 0.75 � 0.03ab 0.7 � 0.03ab 0.73 � 0.05b
Metb 1.57 � 0.10b 1.60 � 0.17b 1.76 � 0.16a 1.29 � 0.11c 1.41 � 0.18bc
Ileb 0.57 � 0.02ab 0.59 � 0.03a 0.53 � 0.02b 0.579 � 0.02ab 0.53 � 0.02b
Leub 1.25 � 0.12a 1.18 � 0.21ab 1.24 � 0.14a 1.249 � 0.08a 1.17 � 0.31ab
Tyr 0.33 � 0.01ab 0.37 � 0.02a 0.32 � 0.01ab 0.31 � 0.01b 0.29 � 0.01b
Pheb 0.72 � 0.03b 0.83 � 0.03a 0.68 � 0.03c 0.70 � 0.02b 0.69 � 0.02bc
Lysb 0.83 � 0.04a 0.81 � 0.3b 0.85 � 0.03a 0.84 � 0.05a 0.78 � 0.16bc
His 0.35 � 0.02a 0.37 � 0.02a 0.36 � 0.01a 0.34 � 0.01ab 0.31 � 0.01b
Arg 0.99 � 0.04a 0.86 � 0.03b 0.97 � 0.08a 0.94 � 0.04a 0.93 � 0.11ab
Pro 0.73 � 0.01bc 1.65 � 0.09a 0.79 � 0.02b 0.82 � 0.02b 0.64 � 0.04c
Total essential amino acids 5.88 � 0.08b 6.09 � 0.06a 6.02 � 0.03a 5.58 � 0.09b 5.45 � 0.04bc
Total amino acids 11.72 � 0.14b 13.29 � 0.26a 11.98 � 0.25b 10.97 � 0.23c 10.76 � 0.17c

a Different letters (a–d) in the same column and rank indicate signicant differences (P < 0.05). b Essential amino acids.
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3.6. Effect of corn stalks on the mineral composition of P.
microspora

Edible fungi are prone to accumulating heavy metals, and the
mineral composition of the fruiting bodies has a major impact
on the quality of the product.31,32 In this study, we analysed the
amount of trace elements and harmful metal elements in the
fruiting bodies grown on different formulas and found that the
mineral composition was greatly affected by the different
cultivation substrates (Table 6). Regarding the essential major
elements, such as calcium, magnesium, and sodium, T1 and T3
both had higher amounts of calcium and magnesium than CK.
The fruiting bodies grown on T2 had a higher sodium content
and lower calcium and magnesium content than those grown
on CK. In particular, the calcium content of fruiting bodies
grown on T2 was 579.08� 7.42 mg kg�1, which was signicantly
lower than that of the fruiting bodies grown on other formulas.
It was found that calcium facilitates the formation of fruiting
bodies,33 suggesting that the small size of the fruiting bodies
grown on T2 was due to the low calcium level of the formula.
Table 6 Mineral composition of P. microspora fruiting bodies grown on

Treatments CK T1

Major element Calcium/mg kg�1 820.33 � 1.53c 1250.31
Sodium/mg kg�1 140.33 � 2.52d 1 4 1.00
Magnesium/mg kg�1 1220.12 � 1.78b 1351.77

Trace element Manganese/mg kg�1 18.34 � 1.06c 29.37
Iron/mg kg�1 130.29 � 1.21c 182.10
Copper/mg kg�1 12.78 � 2.99c 16.23
Zinc/mg kg�1 51.44 � 1.34c 55.78
Selenium/mg kg�1 0.32 � 0.01b 0.54

Harmful element Arsenic/mg kg�1 1.12 � 0.08c 0.83
Cadmium/mg kg�1 0.31 � 0.02c 0.52
Mercury/mg kg�1 0.03 � 0.01b 0.03
Lead/mg kg�1 0.92 � 0.01d 2.39

a Different letters (a–e) in the same column and rank indicate signicant

This journal is © The Royal Society of Chemistry 2019
The amount of trace elements, such as manganese, iron, zinc,
copper, and selenium, which are benecial to the human
body,34,35 were higher in mushrooms grown on corn stalk
formulas than in those grown on CK, except for the manganese
and selenium content of mushrooms grown on T2, which were
slightly lower than those of mushrooms grown on CK.

The amount of elements, such as arsenic, chromium, lead,
and mercury, which are harmful to the human body, have
a signicant impact on the production of edible fungi.36–39 In
this study, we found that the arsenic, cadmium, and lead
content in fruiting bodies grown on corn stalk-added formulas
were all higher than those inmushrooms grown on CK (sawdust
only), whereas there were no differences in the mercury content
of mushrooms grown on different formulas. All amounts of
harmful elements met China's food safety standards for edible
fungi.40 The slightly high arsenic, cadmium, and lead content of
the fruiting bodies grown on corn stalk-added formulas is likely
attributed to the higher content of heavy metals in the corn
stalk substrate than in the wood chip substrate.
substrates with various proportions of corn stalksa

T2 T3 T4

� 3.05a 579.08 � 7.42e 780.65 � 1.54d 870.52 � 3.36b
� 3.12d 160.34 � 1.53c 213.01 � 4.07b 231.33 � 11.06a
� 4.59a 980.13 � 4.25c 1369.89 � 3.18a 1240.55 � 5.76b
� 2.41b 17.19 � 0.98c 25.30 � 1.52b 32.03 � 0.44a
� 4.34a 133.71 � 0.28c 171.69 � 5.72ab 170.33 � 3.57b
� 1.79b 17.24 � 2.57a 14.11 � 0.37c 16.94 � 2.44a
� 2.82a 53.09 � 3.66ab 49.37 � 1.24c 55.24 � 3.11a
� 0.08a 0.22 � 0.02c 0.34 � 0.01b 0.23 � 0.03c
� 0.04d 1.41 � 0.06a 0.52 � 0.05e 1.25 � 0.08b
� 0.05a 0.38 � 0.03b 0.41 � 0.03b 0.42 � 0.03b
� 0.01b 0.03 � 0.01a 0.03 � 0.01b 0.03 � 0.01b
� 0.03b 1.49 � 0.01c 2.59 � 0.08b 3.64 � 0.41a

differences (P < 0.05).
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4. Conclusions

The results show that corn stalks can partially replace sawdust
as a practical and easily available substrate for P. microspora
cultivation. The corn stalk-added formula T2 (38% SD + 38%
CS) signicantly increased the yield and biological efficiency
and shortened the growth period of the mushroom without
affecting the commodity traits or nutritional composition of the
fruiting bodies compared to mushrooms grown on the CK.
Considering environmental protection policies and the recy-
cling of agricultural waste, formula T2 is worth utilizing. In
comparison, the total amino acid and trace element content as
well as the yields of mushrooms grown on T1 (19% CS) were
high, making T1 an ideal substrate formula for the cultivation
of medicinal P. microspora.
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9 P. Oei,Wageningen (Páıses Bajos). Backhuys Publishers, 2003.
10 T. H. Quimio, S. T. Chang and D. J. Royse, Fao Plant

Production & Protection Paper, 1990.
11 L. Fen, X. W. Zhu, N. Y. Li, P. Y. Zhang, S. Zhang, X. Zhao,

P. J. Li, Q. C. Zhu and H. P. Lin, Sci. World J., 2014, 2014,
1–6.

12 H. T. Hoa, C. L. Wang and C. H.Wang,Mycobiology, 2015, 43,
423–434.

13 M. Moonmoon, M. N. Uddin, S. Ahmed, N. J. Shelly and
M. A. Khan, Saudi J. Biol. Sci., 2010, 17, 341–345.

14 Z. C. Pedri, L. M. Lozano, K. L. Hermann, C. V. Helm,
R. M. Peralta and L. B. Tavares, Braz. J. Biol., 2015, 75,
940–947.

15 B. Song, J. Q. Ye, F. L. Sossah, C. T. Li, D. Li, L. S. Meng, S. Xu,
Y. P. Fu and Y. Li, AMB Express, 2018, 8, 46.

16 H. Wang, S. Yuan, J. Zhan, Y. Wang, G. Yu, S. Deng, J. Huang
and B. Wang, Water Res., 2015, 80, 20–29.

17 D. J. Royse and J. E. Sanchez-Vazquez, Bioresour. Technol.,
2003, 90, 225–228.

18 H. Wang, N. Pampati, W. M. McCormick and
L. Bhattacharyya, J. Pharm. Sci., 2016, 105, 1851–1857.

19 D. Fernandes, M. A. Gama, C. V. Ribeiro, F. C. Lopes and
D. E. De Oliveira, Animal, 2014, 8, 587–595.

20 A. M. Alam, M. Kamruzzaman, T. D. Dang, S. H. Lee,
Y. H. Kim and G. M. Kim, Anal. Bioanal. Chem., 2012, 404,
3165–3173.

21 K. Kim, S. C. Lee, J. Lee, Y. Yu, K. Yang, B. S. Choi, H. J. Koh,
N. E. Waminal, H. I. Choi, N. H. Kim, W. Jang, H. S. Park,
H. O. Lee, H. J. Joh, H. J. Lee, J. Y. Park, S. Perumal,
M. Jayakodi, Y. S. Lee, B. Kim, D. Copetti, S. Kim,
This journal is © The Royal Society of Chemistry 2019

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra10627d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
Fe

br
ua

ry
 2

01
9.

 D
ow

nl
oa

de
d 

on
 7

/2
3/

20
25

 2
:0

7:
51

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
K. B. Lim, Y. D. Kim, K. S. Cho, B. S. Park, R. A. Wing and
T. J. Yang, Sci. Rep., 2015, 5, 15655.

22 S. Embaby Hel and S. M. Mokhtar, J. Food Sci., 2011, 76,
C736–741.

23 M. M. Ozcan and F. Y. Al Juhaimi, Int. J. Food Sci. Nutr., 2011,
62, 533–536.

24 R. Naraian, R. Sahu, S. Kumar, S. Garg, C. Singh and
R. Kanaujia, Environmentalist, 2009, 29, 1–7.

25 W. Yang, F. Guo and Z. Wan, Saudi J. Biol. Sci., 2013b, 20,
333–338.

26 C. N. Economou, P. A. Diamantopoulou and
A. N. Philippoussis, Appl. Microbiol. Biotechnol., 2017, 101,
5213–5222.

27 A. E. Beetz and M. Kustudia, Mushroom cultivation and
marketing, 2004.

28 L. D. Hamilton, R. K. Barclay, M. H. Wilkins, G. L. Brown,
H. R. Wilson, D. A. Marvin, H. Ephrussi-Taylor and
N. S. Simmons, J. Biophys. Biochem. Cytol., 1959, 5, 397–404.

29 Y. He, X. Li, C. Hao, P. Zeng, M. Zhang, Y. Liu, Y. Chang and
L. Zhang, Discov. Med., 2018, 25, 159–176.

30 V. K. Singh and M. P. Singh, Cell. Mol. Biol., 2014, 60, 2–6.
This journal is © The Royal Society of Chemistry 2019
31 M. Mleczek, M. Siwulski, K. Stuper-Szablewska, I. Rissmann,
K. Sobieralski and P. Golinski, J. Environ. Sci. Health, Part B,
2013a, 48, 69–81.

32 V. Stefanovic, J. Triovic, J. Mutic and Z. Tesic, Environ. Sci.
Pollut. Res., 2016, 23, 13178–13190.

33 X. X. Liao, Y. B. Liang, L. Q. Huang, Q. Ji and Z. J. Tang, Biotic
Resources, 2005, 27, 41–44.

34 Y. Naito, Y. Yoshikawa, K. Yoshizawa, A. Takenouchi and
H. Yasui, In Vivo, 2017, 31, 1145–1151.

35 M. Vinceti, T. Filippini and L. A. Wise, Environmental
Selenium and Human Health: an Update, Curr. Environ.
Health Rep., 2018, 5, 464–485.

36 D. Michelot, E. Siobud, J. C. Dore, C. Viel and F. Poirier,
Toxicon, 1998, 36, 1997–2012.

37 M. Mleczek, M. Siwulski, K. Stuper-Szablewska,
K. Sobieralski, Z. Magdziak and P. Golinski, J. Environ. Sci.
Health, Part B, 2013b, 48, 308–317.

38 X. C. Song, M. Q. Liu, D. Wu, L. Qi, C. L. Ye, J. G. Jiao and
F. Hu, Waste Manag., 2014, 34, 1977–1983.

39 M. Turkmen and D. Budur, Food Chem., 2018, 254, 256–259.
40 A. Demirbas, Heavy metal bioaccumulation by mushrooms

form artically fortied soils, Food Chem., 2001, 74, 293–301.
RSC Adv., 2019, 9, 5347–5353 | 5353

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra10627d

	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)

	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)

	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)
	Effects of corn stalk cultivation substrate on the growth of the slippery mushroom (Pholiota microspora)


