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Abstract
Oudemansiella raphanipes (OR) is a commercial mushroom which possesses high nutri-
tional value and excellent and unique flavors. In this study, various agricultural wastes 
were utilized as substitute materials in the low- cost and high- yield production of my-
celia biomass and polysaccharides by liquid fermentation. The sawdust, wheat bran, 
apple pomace, sugarcane, and corn particles were employed to cultivate OR, using the 
potato dextrose broth as control. Additionally, a preliminary characterization and in 
vitro antioxidant activities of partial purified OR polysaccharides were investigated. 
The substrate of sugarcane was suitable for mycelia growth of OR, with high yield 
of mycelia biomass and polysaccharides content. In vitro antioxidant activity assays 
demonstrated that OR polysaccharides could effectively scavenge 2,2′- azino- bis(3- 
ethylbenzothiazoline- 6- sulfonic acid) and 1,1- diphenyl- 2- picrylhydrazyl radicals. OR 
polysaccharides had configuration as revealed by Fourier transform infrared, and was 
mainly composed of fucose (Fuc), rhamnose (Rha), arabinose (Ara), galactose (Gal), 
glucose (Glc), xylose (Xyl), mannose (Man), ribose (Rib), and galacturonic acid (Gal- UA), 
with mass percentages of 3.29%, 0.64%, 1.09%, 16.03%, 72.69%, 0.56%, 3.18%, 
0.93%, and 1.59%, respectively. This study may offer support for decreasing the cost 
of OR polysaccharides production and dealing with these agricultural wastes.
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1  |  INTRODUC TION

The agricultural sector contributes significantly to global waste 
production. Examples include peels, cotton seed hulls, and coffee 
pulp generated from juice, cotton, and coffee processing, respec-
tively. Consequently, improper management of these wastes could 
cause environmental pollution (Mishra and Satapathy, 2021; Kani 
et al., 2021). Interestingly, attributes possessed by these wastes, 
especially the nutritive value, attracts their utilization in directions 
with great economic and social benefits. The agricultural wastes 
have been considered as good source of nutrients for mushroom 
production because they support mycelia growth and development 
into mushroom fruit bodies. The most commercially used agricul-
tural wastes for edible mushroom production include wheat bran, 
cotton seed hulls, sawdust, sugarcane bagasse, corn cobs, hard wood 
chips, rice and wheat straws (Chiu et al., 2000; Sadh et al., 2018). 
Several researches demonstrated the use of bahiagrass, banana 
stalks, and coffee husks as substrates for the cultivation of oyster 
mushroom (Siqueira et al., 2011; Murthy and Manonmani, 2008). 
Kumhomkul and Panich- pat (2013) showed that the use of paddy 
straw as substrate was utilized for the production of straw mush-
room. More so, agricultural wastes were beneficial for king oyster 
mushroom production, and they appeared to be the main ingredi-
ents responsible for its growth, development, and delayed nutrient 
release (Jeznabadi et al., 2016). It is an interesting approach to use 
agricultural wastes as a bioconservation for the cultivation of edible 
mushroom in a controlled way. Therefore, the mushroom cultivation 
is the most efficient and economically viable biotechnology to solve 
the environment- related problems using agricultural wastes as a raw 
material.

Oudemansiella raphanipes (OR), commercially called “Heipijizong,” 
is an important edible mushroom in China. OR is considered an ex-
cellent delicacy and widely cultivated in many regions of China (Hao 
et al., 2016). OR possesses many nutritional and medicinal values, 
excellent and unique flavors, and high protein content. Moreover, 
research has identified the potential bioactivity of OR with antiox-
idant, antitumor, immunomodulatory, and hepatoprotection. The 
orcinol from OR showed antioxidant capacity via scavenging the 
radicals of DPPH (Zhou et al., 2020). The petroleum ether extract of 
OR showed enhanced anticancer properties (Guo et al., 2021). The 
polysaccharides are one of the most important bioactive compounds 
in OR. The immunomodulatory and antitumor ability of OR was sug-
gested by Kim et al. (2007) to be related to its polysaccharides. It also 
has been reported that the polysaccharides of OR demonstrated an-
tioxidant and hepatoprotective activities (Liu et al., 2017). Compared 
to extracting polysaccharides from OR fruit bodies, extracting the 
polysaccharides from OR mycelia using liquid fermentation is an ef-
fective, healthy, and environmental- friendly method to obtain the 
polysaccharides of OR with high yield and low production costs. 
Therefore, the polysaccharides of OR are a potential resource for 
healthy food with high consumer demand. However, limited studies 

systematically investigated the potential use of agricultural wastes 
in the production of OR by liquid fermentation.

In this study, five different agricultural wastes, namely sawdust, 
wheat bran, apple pomace, sugarcane, corn powder, were evaluated 
for their suitability for the cultivation of OR by liquid fermentation. 
The biomass and polysaccharides produced by OR were compared 
among the five agricultural wastes, using potato dextrose broth me-
dium as control.

2  |  MATERIAL S AND METHODS

2.1  |  Materials and chemicals

2,2′- Azino- bis(3- ethylbenzoth- iazoline- 6- sulfonic acid) (ABTS), 
2,2- diphenyl- 1- picrylhydrazyl (DPPH), trichloroacetic acid, and 
Trolox were purchased from Sigma- Aldrich (St Louis, MO), hydrogen 
peroxide (H2O2), potassium persulfate, and ferrous sulfate were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. and other ana-
lytical grade laboratory chemicals were utilized in this study.

2.2  |  Media preparation

The sawdust, wheat bran, apple pomace, sugarcane, and corn par-
ticles were dried at 55°C to a constant weight, crushed using a 
Chinese medicine crusher (2500Y; Xuman), and then filtered through 
80- mesh screen (SUS304, Olodo). Potato dextrose agar (PDA) con-
tained 20 g/L glucose, 6 g/L potato infusion, and 20 g/L agar. Potato 
dextrose broth (PDB) contained 20 g/L glucose and 6 g/L potato 
infusion. Sawdust medium contained 15 g/L sawdust powder and 
30 g/L glucose. Wheat bran medium contained 15 g/L wheat bran 
powder and 30 g/L glucose. Apple pomace medium contained 15 g/L 
apple pomace powder and 30 g/L glucose. Sugarcane medium con-
tained 15 g/L sugarcane powder and 30 g/L glucose. Corn medium 
contained 15 g/L corn powder and 30 g/L glucose.

2.3  |  Fungal strain and liquid spawn preparation

A commercial strain of OR was deposited at the Mycological Research 
Center of Fujian Agricultural and Forestry University, Fuzhou, China, 
under the number OR- 0- 0001. The OR was used throughout this 
study. The OR was inoculated into PDA plates and incubated at 25°C 
for 7 days. A 250- ml flask containing 100 ml of different liquid me-
dium was inoculated with three pieces (5 mm in diameter) of mycelia 
plugs from PDA and incubated at 25°C with shaking of 150 rpm. To 
optimize the liquid cultivation of OR, the inoculated liquid medium 
was incubated with different shaking speed (100, 120, 150, 180, and 
200 rpm), incubation temperatures (15, 20, 25, 30, and 35°C), and 
incubation duration (3, 5, 7, 10, and 12 days).
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2.4  |  Estimation of mycelia biomass

After incubation, the mycelia of OR were harvested by filtration 
with three layers of cloth and then washed three times using dis-
tilled water. The harvested mycelia of OR were transferred into Petri 
dishes and dried at 55°C to a constant weight.

2.5  |  Extraction and purification of polysaccharides 
from OR

The polysaccharides of OR was determined according to the method 
described by Chen et al. (2018). The mycelia powder of OR was 
mixed in distilled water (1:30 w/v) and extracted by incubating 
in a water bath (HWS- 26, Shanghai Yiheng Technical, Co. Ltd.) at 
80°C for 3 h. After extraction, the solvents were filtered through 
a Buchner funnel and centrifuged at 4500 rpm for 20 min to sepa-
rate the pellets. The supernatant was mixed with trichloroacetic acid 
to remove the free protein before mixing with a fourfold volume of 
ethanol and kept at 4°C for 12 h. The particle purified polysaccha-
rides of OR were harvested afterward using a refrigerated centri-
fuge (4°C, Sigma- Aldrich Co. Ltd., MO) at 4500 rpm for 15 min and 
then freeze- dried (FDU- 2110, Eyela).

2.6  |  Antioxidant activities in vitro

2.6.1  |  DPPH radical scavenging activity

The DPPH radical scavenging activity has been widely used 
to evaluate the antioxidant potentials of antioxidants (Liao 
et al., 2012). The DPPH (8 mg) was dissolved in ethanol (45 ml) 
for 5 min using ultrasonic bath (KQ- 5000DE, Kunshan Ultrasonic 
Instrument, Co. Ltd.). Afterward, the ethanol was slowly added to 
the DPPH solution to reach an absorbance value of 1.2 at 517 nm 
using Varioskan LUX Microplate reader (Thermo Fisher Scientific, 
Co. Ltd.). The polysaccharides obtained from OR was dissolved in 
distilled water at different concentrations (0.5, 1, 2, 4, and 8 mg/
ml). A volume of 100 μl of each concentration was then mixed with 
100 μl of DPPH solution, vortexed immediately, and incubated in 
the dark for 30 min at room temperature before taking the absorb-
ance reading at 517 nm using Trolox (Sigma- Aldrich Co. Ltd., MO) 
as a control. The DPPH radical scavenging activity was calculated 
using the following equation:

 where A0 is the absorbance of the blank (ethanol without any sample), 
Ai is the absorbance of the sample, and Aj is the absorbance of the 
control (ethanol without DPPH).

2.6.2  |  ABTS assay

The ABTS radical scavenging activity was determined accord-
ing to the method described previously with slight modification 
(Wei et al., 2020). In brief, ABTS (7 mM) and potassium persulfate 
(2.45 mM) solutions were mixed and incubated in the dark at 25°C 
for 12 h. After incubation, the mixed solution was diluted with dis-
tilled water to reach an absorbance value of 0.7 ± 0.05 at 734 nm. 
Next, 100 μl of the mixture was mixed with 100 μl of polysaccha-
rides of OR sample, followed by incubation at room temperature for 
6 min. The absorbance was measured at 734 nm using Trolox (Sigma- 
Aldrich Co. Ltd., MO) as a control. The ABTS radical scavenging ac-
tivity was measured using the following equation:

 where A0 is the absorbance of the blank (distilled water without any 
sample), Ai is the absorbance of the sample, and Aj is the absorbance of 
the control (distilled water without ABTS).

2.7  |  Preliminary characterization of 
polysaccharides from OR

2.7.1  |  Monosaccharide composition analysis

The monosaccharide composition of the polysaccharides of OR was 
evaluated by high- performance anion- exchange chromatography 
(HPAEC, ICS5000, Thermo Fisher Scientific, Co. Ltd.) equipped with a 
CarboPac PA- 20 anion- exchange column (150 mm × 3.0 mm × 10 μm), 
with an injection volume of 5 μl. The binary gradient elution system 
consisted of (A) water (0.1 M sodium hydroxide) and (B) acetonitrile 
(0.1 M sodium hydroxide, 0.1 M sodium acetate). The separation 
was achieved using the following: 95– 80% A over 0– 30 min, 60% A 
over 30– 45 min, and 95% A over 45– 60 min at a flow rate of 0.5 ml/
min. Identification of monosaccharide components was analyzed by 
comparison with standard monosaccharides of fucose (Fuc), rham-
nose (Rha), arabinose (Ara), galactose (Gal), glucose (Glc), xylose 
(Xyl), mannose (Man), fructose (Fru), ribose (Rib), galacturonic acid 
(Gal- UA), glucuronic acid (Glc- UA), mannuronic acid (Man- UA), and 
guluronic acid (Gul- UA).

2.7.2  |  Fourier transform infrared (FT- IR) 
spectroscopy analysis

The FT- IR spectrum analysis was recorded on a Fourier transform- 
infrared spectrophotometer (Nicolet 6700, Thermo Fisher Scientific, 
Co. Ltd.) within the scope of 4000– 500 cm−1, using the potassium 
bromide disc method to prepare the specimen.

(1)DPPH scavenging activity (%) =

[

1 −
Ai − Aj

A0

]

× 100%

(2)ABTS scavenging activity (%) =

[

1 −
Ai − Aj

A0

]

× 100%
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2.8  |  Statistical analysis

The software SPSS 18.0 was used for data analysis and expressed 
as means ± standard deviation of three replicates. One- way ANOVA 
was used for all statistical comparisons among groups, followed by 
mean comparisons using the Duncan's multiple- range test at p < .05.

3  |  RESULTS

3.1  |  Polysaccharides and mycelia biomass 
production on different substrates

The effects of different agricultural wastes on the polysaccha-
rides and mycelia biomass production of OR were assessed in this 
study. Mycelia growth showed different growth rate on different 
agricultural wastes by liquid fermentation. The polysaccharides 
and mycelia biomass production of OR was significantly (p < .05) 
influenced by the substrate compositions. Sugarcane substrate had 
the highest polysaccharides (0.69 ± 0.05 g) and mycelia biomass 
(3.87 ± 0.18 mg) production of OR as compared to the other five 
liquid media assessed (Figure 1). PDB showed the second highest 
polysaccharides (0.46 ± 0.01 g) and mycelia biomass (3.11 ± 0.22 mg) 
production, while sawdust substrate showed the lowest polysaccha-
rides (0.10 ± 0.01 g) and mycelia biomass (0.65 ± 0.11 mg) production. 
Hence, the substrate of sugarcane was used for subsequent inves-
tigations based on the revealed production of polysaccharides and 
mycelia biomass and viability in mycelia cultivation of OR.

3.2  |  Effects of rotation speeds on mycelia 
biomass and polysaccharides

There are significant variations among different rotation speeds on 
the production of mycelia biomass (p < .05, Figure 2). The produc-
tion of mycelia biomass varied from 0.09 ± 0.02 g to 0.40 ± 0.04 g 
for the different rotation speeds (100, 120, 150, 180, and 200 rpm). 
The increase in rotation speed from 100 rpm to 150 rpm conse-
quently caused a rapid increase in the production of mycelia bio-
mass and polysaccharides. Moreover, the peak rotation speed on 
OR growth which yielded the highest production of mycelia biomass 
(0.40 ± 0.04 g) and polysaccharides (3.66 ± 0.12 mg) was attained at 
150 rpm. Afterward, a significant decline in the production of mycelia 
biomass and polysaccharides (p < .05) was observed at 180 rpm and 
200 rpm compared to the rotation speed of 150 rpm. Thus, rotation 
speed of 150 rpm was considered as an appropriate rotation speed.

3.3  |  Effects of cultivation temperature on mycelia 
biomass and polysaccharides

As shown in Figure 3, increasing temperature from 15°C to 25°C 
prompted a significant increase (p < .05) in the production of mycelia 

biomass and polysaccharides. Subsequent cultivation temperature 
increase (30°C and 35°C) revealed significant decrease (p < .05) in 
the production of mycelia biomass and polysaccharides. Accordingly, 
the cultivation temperature of 25°C which revealed the highest 
production of mycelia biomass (0.69 ± 0.06 g) and polysaccharides 
(3.87 ± 0.18 mg) is the most suitable.

3.4  |  Effects of cultivation duration on mycelia 
biomass and polysaccharides

As shown in Figure 4, the production of mycelia biomass and poly-
saccharides increased with longer cultivation duration and peaked at 
10 days, but the difference was insignificant after 10 days. Therefore, 
the cultivation duration of 10 days was considered as the suitable 
cultivation duration for mycelia growth with highest polysaccharides 
production by liquid fermentation.

3.5  |  Antioxidant activities of OR polysaccharides

The antioxidant activities of OR polysaccharides extracted from 
different agricultural wastes were investigated by assessing the 
scavenging radicals activities of DPPH and ABTS (Figure 5). As 
shown in Figure 5, the polysaccharides extracted from sugarcane 
substrate showed the strongest DPPH (46.90 ± 3.53%) and ABTS 
(84.97 ± 10.33%) radicals scavenging activities, followed by wheat 
bran substrate. The values exhibited by the DPPH and ABTS radicals 
scavenging activity of polysaccharides extracted from apple pom-
ace, corn powder, and PDB were not significantly different (p > .05). 
The polysaccharides extracted from sawdust substrate had the low-
est DPPH (6.44 ± 1.70%) and ABTS (12.77 ± 2.25%) radicals scaveng-
ing activities.

F I G U R E  1  Effects of different substrates on the production of 
mycelia biomass and polysaccharides from the submerged mycelia 
culture of Oudemansiella raphanipes mushroom. Values marked by 
different letters are significantly different (p < .05)
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As shown in Figure 6, the OR polysaccharides showed increas-
ing scavenging activities on DPPH and ABTS radicals at higher 
concentrations. At the concentration of 0.5 mg/ml, the DPPH rad-
icals scavenging activity of OR polysaccharides was 6.21 ± 1.83%. 
At concentration of 8 mg/ml, the DPPH radicals scavenging activ-
ity of OR polysaccharides (71.80 ± 1.09%) was significantly higher 
than that of 0.5, 1, 2, and 4 mg/ml (p < .05). The concentration of 
OR polysaccharides to inhibit 50% (IC50) of DPPH was 5.28 mg/ml 
(Figure 6a). The ABTS scavenging ability of OR polysaccharides was 
measured at different concentrations, ranging from 0.5 to 8 mg/ml. 
At the concentration of 0.5 mg/ml, the ABTS radicals scavenging 
activity of OR polysaccharides was 15.09 ± 0.73%. As the concen-
trations of OR polysaccharides were increased, the ABTS radical 

scavenging activity also increased. The OR polysaccharides showed 
an outstanding scavenging activity with an ABTS inhibition value of 
88.75 ± 0.24% at 8 mg/ml concentration. The IC50 of OR polysaccha-
rides was 2.51 mg/ml (Figure 6b).

3.6  |  Characterization analysis of OR 
polysaccharides

The monosaccharide composition of the polysaccharides of OR was 
investigated by comparison with the retention time of the standard 
samples' chromatographic peaks including Fuc, Rha, Ara, Gal, Glc, 
Xyl, Man, Fru, Rib, Gal- UA, Glc- UA, Man- UA, and Gul- UA (Figure 7a). 
The polysaccharides of OR were made up of nine different monosac-
charides of Fuc, Rha, Ara, Gal, Glc, Xyl, Man, Rib, and Gal- UA with 
mass percentages of 3.29%, 0.64%, 1.09%, 16.03%, 72.69%, 0.56%, 
3.18%, 0.93%, and 1.59%, respectively (Figure 7b). Thus, Glc was the 
major monosaccharide composition of the polysaccharides of OR.

The FT- IR spectra is a rapid technique useful in polymer struc-
ture and functional groups identification. FT- IR is capable of qual-
itative identification of the polysaccharides structure. Thus, FT- IR 
was employed in the characterization analysis of OR polysaccha-
rides. A wide and strong band at 3385.45 cm−1 representing OH 
stretching vibrations, peaks at 2927.90 cm−1, 1636.43 cm−1, at 
range of 1450 cm−1 to 1200 cm−1, 1151.50 cm−1, 1078.22 cm−1 and 
1027.41 cm−1 representing - C- H stretching vibrations, C = O stretch-
ing vibrations, combined with C- H stretching vibrations attributed 
to characteristic absorption of sugar rings, C- O- C glycosidic bonds 
vibrations, and C- O bending vibrations, respectively, were displayed 
in Figure 7c. The diagnostic absorption peaks at 922.48 cm−1 may 
suggest the presence of β- d- pyranoid glucose. The results suggest 
that the sample had typical structure of polysaccharides, specifically 
a pyranose form sugar with β configurations.

F I G U R E  2  Effects of different rotation speeds on the 
production of mycelia biomass and polysaccharides from the 
submerged mycelia culture of Oudemansiella raphanipes mushroom. 
Values marked by different letters are significantly different 
(p < .05)

F I G U R E  3  Effects of different cultivation temperatures on 
the production of mycelia biomass and polysaccharides from the 
submerged mycelia culture of Oudemansiella raphanipes mushroom. 
Values marked by different letters are significantly different 
(p < .05)

F I G U R E  4  Effects of different cultivation duration on the 
production of mycelia biomass and polysaccharides from the 
submerged mycelia culture of Oudemansiella raphanipes mushroom. 
Values marked by different letters are significantly different 
(p < .05)
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4  |  DISCUSSION

The vast amount of the agricultural wastes were produced by 
agricultural- based industries every year. Most of the agricultural 
wastes are untreated and underutilized. The agricultural wastes 
without proper disposal procedure that may cause to environmental 
pollution. Mushroom production is a noticeable method of reducing 
environmental pollution by using agricultural wastes as a raw ma-
terial. The cultivation of mushrooms which requires carefully con-
trolled biological system creates an ecological as well as economical 
means for the valorization of agricultural wastes, thereby promot-
ing bioconservation. The essentiality of agricultural wastes as sub-
strates in mushroom production owing to their nutritive value have 
been reported by researchers (Graminha et al., 2008). Rezaeian and 
Pourianfar (2016) reported that different agricultural wastes includ-
ing sugarcane, soybean meal, wheat straw, wheat bran, and saw-
dust could be used for the cultivation of Flammulina velutipes. In this 

study, the agricultural wastes such as sawdust, wheat bran, apple 
pomace, sugarcane, and corn particles were used for the production 
of mycelia biomass and polysaccharides from OR. The substrate of 
sugarcane exhibited greater suitability to the mycelia growth of OR 
by liquid fermentation. This is probably due to the relatively higher 
content of sucrose in sugarcane (Lin et al., 2016). Therefore, the sub-
strate of sugarcane was selected for the liquid fermentation. The 
growth of mycelia was affected by various factors, especially the 
rotation speed, cultivation temperature, and duration. In this study, 
the optimal cultivation conditions for the mycelia growth of OR were 
at 25°C in orbital shaker (150 rpm) for 10 days. Under the optimal 
conditions, the mycelia of OR would grow well, and increase the pro-
duction of mycelia biomass. Thus, it is an effective and economical 
method to produce the OR polysaccharides on a large scale.

The DPPH is a stable radical which can be destroyed in the pres-
ence of antioxidants. The DPPH radical scavenging activity has been 
applied to the measurement of the radical scavenging abilities of 
antioxidants. The ABTS radicals can be reduced in the presence of 
such hydrogen- donating antioxidants. The ABTS assay is applicable 
to the study of both water- soluble and lipid- soluble antioxidants (Re 
et al., 1999). The DPPH and ABTS assays have been widely used for de-
scribing the antioxidant abilities of antioxidants (Liao et al., 2012; Chen 
and Kang, 2014). The natural antioxidants without any side effects 

F I G U R E  5  Antioxidant activities of polysaccharides from 
Oudemansiella raphanipes cultivated at different substrates. (a) 
DPPH inhibition and (b) ABTS inhibition. Values marked by different 
letters are significantly different (p < .05)

F I G U R E  6  Antioxidant activities of polysaccharides from 
Oudemansiella raphanipes: (a) DPPH inhibition and (b) ABTS 
inhibition. Values marked by different letters are significantly 
different (p < .05)
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could provide an effective treatment through counteracting the oxi-
dative stress related to an excess of reactive oxygen species (Teng and 
Chen, 2017). Polysaccharides from mushroom having medicinal prop-
erties could offer an attractive strategy to manage oxidative stress and 

as functional food for human. The antioxidant activities of OR poly-
saccharides were investigated by assessing the scavenging activity of 
free radicals. The OR polysaccharides showed an excellent ability to 
scavenge DPPH and ABTS radicals (Figures 5 and 6).

F I G U R E  7  Preliminary characterization 
of polysaccharides from Oudemansiella 
raphanipes. (a) HPAEC chromatograms of 
standard monosaccharides, (b) HPAEC 
chromatograms of OR polysaccharides, 
and (c) FT- IR spectrum
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The polysaccharides of Agaricus blazei Murrill extracted by 
compound enzymes (cellulase:pectinase:papain) exhibited antiox-
idant abilities via scavenging values of ABTS radicals, DPPH radi-
cals, and hydroxyl radicals (Jia et al., 2016). The polysaccharides of 
Oudemansiella radicata exhibited the ability to scavenge hydroxyl, 
ABTS, and DPPH radicals, and chelate ferrous ion. The DPPH and 
ABTS radical scavenging activity of polysaccharides from O. radicata 
with an IC50 value of 0.9 mg/ml and 2.3 mg/ml, respectively, was 
reported by Wang et al. (2018). In this study, the DPPH radical scav-
enging activity of OR polysaccharides (IC50 5.28 mg/ml) was not as 
strong as that of polysaccharides from O. radicata (IC50 0.9 mg/ml). 
However, the ABTS radical scavenging activity of OR polysaccha-
rides (IC50 2.51 mg/ml) was similar to that of polysaccharides from O. 
radicata (IC50 2.3 mg/ml) reported by Wang et al. (2018). Therefore, 
the polysaccharides of OR effectively scavenged the radicals of 
DPPH and ABTS, suggesting its potential use as antioxidant agents.

A HPAEC analysis of OR polysaccharides showed nine different 
monosaccharides and a dominance of Glc, followed by Gal, Fuc, Man, 
Gal- UA, Ara, Rib, Rha, and Xyl. The monosaccharides composition of 
OR polysaccharides were similar to that of alkali- extracted Coprinus 
comatus fruiting body polysaccharides which includes Glc, Gal, Fuc, 
Man, Rib, Rha, and Xyl (Zhao, Lai, et al., 2018). Moreover, OR poly-
saccharides had the β configuration as revealed by FT- IR spectrum 
analysis, which is in accordance to the report of Dore et al. (2014). 
Also, the polysaccharides configuration from Polyporus albicans is 
composed of β configuration. Song et al. (2018) demonstrated that 
fucose plays a valid role in conferring biological activities, and the 
β- type glycosidic linkages contribute to the biological activities. The 
OR polysaccharides exhibited the antioxidant activities, which may 
be related to the β- type glycosidic linkages. However, polysaccha-
rides configuration from Cordyceps militaris having α and β config-
urations, and Grifola frondosa having α configuration were different 
from the configuration of OR polysaccharides (Meng et al., 2016; 
Zhao, Zhang, et al., 2018), which could be as a result of difference in 
the strains. Putting together, the funding of this study supports the 
exploration of agricultural wastes in the production of OR polysac-
charides, thereby decreasing the production cost to a greater extent.

5  |  CONCLUSIONS

In this study, the potentials of different substrates on the production 
of mycelia biomass and polysaccharides from OR were investigated. 
The substrate of sugarcane was beneficial for the mycelia growth, 
with highest production of mycelia biomass and polysaccharides. To 
investigate the additional information on the function of OR poly-
saccharides, their physicochemical characteristics and in vitro anti-
oxidant activities were studied. The OR polysaccharides showed the 
ability to scavenge DPPH and ABTS radicals in vitro. Furthermore, 
HPAEC analysis showed that the OR polysaccharides comprised 
nine kinds of monosaccharides, including Fuc, Rha, Ara, Gal, Glc, Xyl, 
Man, Rib, and Gal- UA. FT- IR analysis showed that OR polysaccha-
rides possesses the typical absorption features of polysaccharides 

with β- configuration pyranose. Ultimately, this study booted the 
idea that utilization of agricultural wastes for the production of pol-
ysaccharides by liquid fermentation can be beneficial in solving the 
environmental problems as well as providing natural nontoxic and 
functional foods for humans.

ACKNOWLEDG MENTS
This work was supported by the Key Cultivating Program of Ningde 
Normal University (grant number 2020ZDK03), the Scientific 
Research Foundation of Ningde Normal University (grant num-
ber 2020Y010, 2020Z01, 2019T02), the Scientific Research Fund 
for Young Teachers in Fujian Province (grant number JAT200689), 
the Scientific Research Fund for Young Teachers in Ningde Normal 
University (grant number 2021Q104), and the Natural Science 
Foundation of Fujian Province, China (grant number 2021J05257).

CONFLIC T OF INTERE S T
The authors declare that they do not have any conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Qi Wei  https://orcid.org/0000-0002-3444-3120 

R E FE R E N C E S
Chiu, S. W., Law, S. C., Ching, M. L., Cheung, K. W., & Chen, M. J. 

(2000). Themes for mushroom exploitation in the 21st century: 
Sustainability, waste management, and conservation. Journal 
of General and Applied Microbiology, 46, 269– 282. https://doi.
org/10.2323/jgam.46.269

Chen, L., & Kang, Y. H. (2014). Antioxidant and enzyme inhibitory ac-
tivities of Plebeian herba (Salvia plebeia R. Br.) under different cul-
tivation conditions. Journal of Agricultural and Food Chemistry, 62, 
2190– 2197. https://doi.org/10.1021/jf404 570s

Chen, Y. X., Liu, X. Y., Wu, L. X., Tong, A. J., Zhao, L. N., Liu, B., & Zhao, 
C. (2018). Physicochemical characterization of polysaccharides 
from Chlorella pyrenoidosa and its anti- ageing effects in Drosophila 
melanogaster. Carbohydrate Polymers, 185, 120– 126. https://doi.
org/10.1016/j.carbp ol.2017.12.077

Dore, C. M. P. G., Santos, M. D. G. L., Souza, L. A. R. D., Baseia, I. G., & 
Leite, E. L. (2014). Antioxidant and anti- inflammatory properties of 
an extract rich in polysaccharides of the mushroom Polyporus der-
moporus. Antioxidants, 3, 730– 744. https://doi.org/10.3390/antio 
x3040730

Graminha, E. B. N., Goncalves, A. Z. L., Balsalobre, M. A. A., Da Silva, R., & 
Gomes, E. (2008). Enzyme production by solid- state fermentation: 
Application to animal nutrition. Animal Feed Science and Technology, 
144, 1– 22. https://doi.org/10.1016/j.anife edsci.2007.09.029

Guo, Y. F., Li, H. F., Chen, P., & Wang, Q. (2021). Chemical constituents and 
anticancer activity of the petroleum ether extract from the fruiting 
of Oudemansiella raphanipes. Chemistry of Natural Compounds, 57, 
976– 977. https://doi.org/10.1007/s1060 0- 021- 03529 - 1

Hao, Y. J., Zhao, Q., Wang, S. X., & Yang, Z. L. (2016). What is the radicate 
Oudemansiella cultivated in China? Phytotaxa, 286, 1– 12. https://
doi.org/10.11646/ phyto taxa.286.1.1

Jia, S. Y., Li, F., Liu, Y., Ren, H. T., Gong, G. L., Wang, Y. Y., & Wu, S. H. 
(2016). Effects of extraction methods on the antioxidant activities 

https://orcid.org/0000-0002-3444-3120
https://orcid.org/0000-0002-3444-3120
https://doi.org/10.2323/jgam.46.269
https://doi.org/10.2323/jgam.46.269
https://doi.org/10.1021/jf404570s
https://doi.org/10.1016/j.carbpol.2017.12.077
https://doi.org/10.1016/j.carbpol.2017.12.077
https://doi.org/10.3390/antiox3040730
https://doi.org/10.3390/antiox3040730
https://doi.org/10.1016/j.anifeedsci.2007.09.029
https://doi.org/10.1007/s10600-021-03529-1
https://doi.org/10.11646/phytotaxa.286.1.1
https://doi.org/10.11646/phytotaxa.286.1.1


3452  |    WEI Et al.

of polysaccharides from Agaricus blazei Murrill. International Journal 
of Biological Macromolecules, 62, 66– 69. https://doi.org/10.1016/j.
ijbio mac.2013.08.031

Jeznabadi, E. K., Jafarpour, M., & Eghbalsaied, S. (2016). King oyster 
mushroom production using various sources of agricultural wastes 
in Iran. International Journal of Recycling of Organic Waste Agriculture, 
5, 17– 24. https://doi.org/10.1007/s4009 3- 015- 0113- 3

Kim, S. B., Lee, G. W., Lee, U. Y., & Lee, T. S. (2007). Studies on 
immuno- modulatory and antitumor effects of crude polysac-
charides extracted from fruiting body of Oudemansiella radicata. 
Korean Journal of Mycology, 2, 109– 114. https://doi.org/10.4489/
KJM.2007.35.2.109

Kumhomkul, T., & Panich- pat, T. (2013). Lead accumulation in the straw 
mushroom, Volvariella volvacea, from lead contaminated rice straw 
and stubble. Bulletin of Environmental Contamination and Toxicology, 
91, 231– 234. https://doi.org/10.1007/s0012 8- 013- 1025- 4

Kani, A. N., Dovi, E., Mpatani, F. M., Aryee, A. A., Han, R. P., Li, Z. H., & 
Qu, L. B. (2021). Pollutant decontamination by polyethyleneimine- 
engineered agricultural waste materials: A review. Environmental 
Chemistry Letters, 154, 1– 25. https://doi.org/10.1007/s1031 1- 021- 
01328 - 2

Liu, Q., Zhu, M. J., Geng, X. R., Wang, H. X., & Ng, T. B. (2017). 
Characterization of polysaccharides with antioxidant and hepato-
protective activities from the edible mushroom Oudemansiella rad-
icata. Molecules, 22, 234– 250. https://doi.org/10.3390/molec ules2 
2020234

Lin, Q. Y., Long, L. K., Wu, L. L., Zhang, F. L., Wu, S. L., Zhang, W. M., & 
Sun, X. M. (2016). Evaluation of different agricultural wastes for 
the production of fruiting bodies and bioactive compounds by me-
dicinal mushroom Cordyceps militaris. Journal of the Science of Food 
and Agriculture, 97, 3476– 3480. https://doi.org/10.1002/jsfa.8097

Liao, W. C., Wu, W. H., Lai, S. T., Lin, W. J., Liou, H. C., & Chan, C. F. 
(2012). Kinetics investigation of antioxidant capacity and total phe-
nols of low- temperature steeping Bi Luo Chun green tea. Intentional 
Journal Food Science and Technology, 47, 2009– 2014. https://doi.
org/10.1111/j.1365- 2621.2012.03064.x

Murthy, P. S., & Manonmani, H. K. (2008). Bioconversion of coffee indus-
try wastes with white rot fungus Pleurotus Florida. Research Journal 
of Environmental Science, 2, 145– 150. https://doi.org/10.3923/
rjes.2008.145.150

Meng, M., Cheng, D., Han, L. R., Chen, Y. Y., & Wang, C. L. (2016). 
Isolation, purification, structural analysis and immunostimulatory 
activity of water- soluble polysaccharides from Grifola frondosa 
fruiting body. Carbohydrate Polymers, 157, 1134– 1143. https://doi.
org/10.1016/j.carbp ol.2016.10.082

Mishra, D., & Satapathy, S. (2021). Technology adoption to reduce the 
harvesting losses and wastes in agriculture. Clean Technologies 
Environmental Policy, 23, 1947– 1963. https://doi.org/10.1007/
s1009 8- 021- 02075 - 2

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice- Evans, 
C. (1999). Antioxidant activity applying an improved ABTS radical 
cation decolorization assay. Free Radical Biology and Medicine, 26, 
1231– 1237. https://doi.org/10.1016/S0891 - 5849(98)00315 - 3

Rezaeian, S., & Pourianfar, H. R. (2016). A comparative study on biocon-
version of different Agro wastes by wild and cultivated strains of 
Flammulina velutipes. Waste and Biomass Valorization, 8, 2631– 2642. 
https://doi.org/10.1007/s1264 9- 016- 9698- 7

Siqueira, F. G., Martos, E. T., Silva, R., & Dias, E. S. (2011). Cultivation 
of Pleurotus sajor- caju on banana stalk and Bahia grass based 
substrates. Horticultura Brasileira, 29, 199– 204. https://doi.
org/10.1590/S0102 - 05362 01100 0200011

Sadh, P. K., Duhan, S., & Duhan, J. S. (2018). Agro- industrial wastes 
and their utilization using solid state fermentation: A review. 
Bioresources and Bioprocessing, 5, 1– 15. https://doi.org/10.1186/
s4064 3- 017- 0187- z

Song, X. L., Shen, Q., Liu, M., Zhang, C., Zhang, L., Ren, Z. Z., Wang, W. 
S., Dong, Y. H., Wang, X. X., & Zhang, J. J. (2018). Antioxidant and 
hepatoprotective effects of intracellular mycelium polysaccha-
rides from Pleurotus geesteranus against alcoholic liver diseases. 
International Journal of Biological Macromolecules, 114, 979– 988. 
https://doi.org/10.1016/j.ijbio mac.2018.04.001

Teng, H., & Chen, L. (2017). α- Glucosidase and α- amylase inhibitors from 
seed oil: A review of liposoluble substance to treat diabetes. Critical 
Reviews in Food Science and Nutrition, 57, 3438– 3448. https://doi.
org/10.1080/10408 398.2015.1129309

Wang, Y. F., Jia, J. X., Ren, X. J., Li, B. H., & Zhang, Q. (2018). Extraction, 
preliminary characterization and in vitro antioxidant activ-
ity of polysaccharides from Oudemansiella radicata mushroom. 
International Journal of Biological Macromolecules., 120, 1760– 1769. 
https://doi.org/10.1016/j.ijbio mac.2018.09.209

Wei, Q., Zhan, Y. S., Chen, B. Z., Xie, B. G., Fang, T., Ravishankar, S., & Jiang, 
Y. J. (2020). Assessment of antioxidant and anti- diabetic properties 
of Agaricus blazei Murrill extracts. Food Science & Nutrition, 8, 332– 
339. https://doi.org/10.1002/fsn3.1310

Zhao, H. J., Lai, Q. Q., Zhang, J. J., Huang, C. Y., & Jia, L. (2018). 
Antioxidant and hypoglycemic effects of acidic- extractable poly-
saccharides from Cordyceps militaris on type 2 diabetes mice. 
Oxidative Medicine and Cellular Longevity, 2018, 1– 15. https://doi.
org/10.1155/2018/9150807

Zhao, H. J., Zhang, J. J., Liu, X. C., Yang, Q. H., Dong, Y. H., & Jia, L. (2018). 
The antioxidant activities of alkalic- extractable polysaccharides 
from Coprinus comatus on alcohol- induced liver injury in mice. 
Scientific Reports, 8, 1– 12. https://doi.org/10.1038/s4159 8- 018- 
30104 - 6

Zhou, X., Yang, C. L., Meng, Q. F., Cui, Y., Wang, Y. D., Chen, X., & Fu, S. 
B. (2020). Investigation of chemical compounds and DPPH radical 
scavenging activity of Oudemansiella raphanipes (Agaricomycetes) 
based on fermentation. International Journal of medicinal Mushrooms, 
22, 299– 304. https://doi.org/10.1615/IntJM edMus hrooms.20200 
33998

How to cite this article: Wei, Q., Zhong, X., Haruna, M. H., Liu, 
S., Zhou, F., & Chen, M. (2022). Evaluation of different 
agricultural wastes for the production of polysaccharides from 
Oudemansiella raphanipes and its antioxidant properties. Food 
Science & Nutrition, 10, 3444–3452. https://doi.org/10.1002/
fsn3.2945

https://doi.org/10.1016/j.ijbiomac.2013.08.031
https://doi.org/10.1016/j.ijbiomac.2013.08.031
https://doi.org/10.1007/s40093-015-0113-3
https://doi.org/10.4489/KJM.2007.35.2.109
https://doi.org/10.4489/KJM.2007.35.2.109
https://doi.org/10.1007/s00128-013-1025-4
https://doi.org/10.1007/s10311-021-01328-2
https://doi.org/10.1007/s10311-021-01328-2
https://doi.org/10.3390/molecules22020234
https://doi.org/10.3390/molecules22020234
https://doi.org/10.1002/jsfa.8097
https://doi.org/10.1111/j.1365-2621.2012.03064.x
https://doi.org/10.1111/j.1365-2621.2012.03064.x
https://doi.org/10.3923/rjes.2008.145.150
https://doi.org/10.3923/rjes.2008.145.150
https://doi.org/10.1016/j.carbpol.2016.10.082
https://doi.org/10.1016/j.carbpol.2016.10.082
https://doi.org/10.1007/s10098-021-02075-2
https://doi.org/10.1007/s10098-021-02075-2
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1007/s12649-016-9698-7
https://doi.org/10.1590/S0102-05362011000200011
https://doi.org/10.1590/S0102-05362011000200011
https://doi.org/10.1186/s40643-017-0187-z
https://doi.org/10.1186/s40643-017-0187-z
https://doi.org/10.1016/j.ijbiomac.2018.04.001
https://doi.org/10.1080/10408398.2015.1129309
https://doi.org/10.1080/10408398.2015.1129309
https://doi.org/10.1016/j.ijbiomac.2018.09.209
https://doi.org/10.1002/fsn3.1310
https://doi.org/10.1155/2018/9150807
https://doi.org/10.1155/2018/9150807
https://doi.org/10.1038/s41598-018-30104-6
https://doi.org/10.1038/s41598-018-30104-6
https://doi.org/10.1615/IntJMedMushrooms.2020033998
https://doi.org/10.1615/IntJMedMushrooms.2020033998
https://doi.org/10.1002/fsn3.2945
https://doi.org/10.1002/fsn3.2945

	Evaluation of different agricultural wastes for the production of polysaccharides from Oudemansiella raphanipes and its antioxidant properties
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Materials and chemicals
	2.2|Media preparation
	2.3|Fungal strain and liquid spawn preparation
	2.4|Estimation of mycelia biomass
	2.5|Extraction and purification of polysaccharides from OR
	2.6|Antioxidant activities in vitro
	2.6.1|DPPH radical scavenging activity
	2.6.2|ABTS assay

	2.7|Preliminary characterization of polysaccharides from OR
	2.7.1|Monosaccharide composition analysis
	2.7.2|Fourier transform infrared (FT-IR) spectroscopy analysis

	2.8|Statistical analysis

	3|RESULTS
	3.1|Polysaccharides and mycelia biomass production on different substrates
	3.2|Effects of rotation speeds on mycelia biomass and polysaccharides
	3.3|Effects of cultivation temperature on mycelia biomass and polysaccharides
	3.4|Effects of cultivation duration on mycelia biomass and polysaccharides
	3.5|Antioxidant activities of OR polysaccharides
	3.6|Characterization analysis of OR polysaccharides

	4|DISCUSSION
	5|CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


