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Abstract

In this study, crude polysaccharide extracted from Hypsizygus ulmarius (HUCP) by hot water extraction method at 55°C
and subsequently precipitated with cold ethanol. And then, deproteinized, dialysed, lyophilized. The antioxidant activities
of HUCP were evaluated by established in vitro systems, including scavenging activity of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radicals, hydroxyl radicals, reducing power and ferrous ion chelating ability. HUCP structure characterized by FTIR,
UV spectral analysis, X-ray diffraction and conformation analysis by congored analysis. Physiochemical properties of
HUCP were evaluated. The moisture, pH, carbohydrate, protein, uronic acid, reducing sugar and sulfate content of HUCP
were 77.33%, 7.00%, 6.4%, 5.30% and 5.77%, respectively. Morphological analysis by scanning electron microscopy
(SEM). HUCP had moderate antioxidant potential (51.55% DPPH radical scavenging, 51.73% Fe?* chelation and 0.544
reducing power at 20 mg/ml, 62.33% hydroxyl radical scavenging activity at 10 mg/ml). HUCP can be used an antioxidant

supplement in the pharmaceutical and food sectors.
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Mushrooms, a well-known delicacy, contain a wide
range of biomolecules with nutritious properties [1].
Polysaccharides are  polymers generated by the
polycondensation of ten or more monosaccharides [2].
Polysaccharides, a structurally diverse family of natural
polymers found in living beings, exhibit a wide range of
possible  biological actions, including anticoagulant,
antioxidant, immune-stimulating, and anticancer properties [1].
Polysaccharides are developing as a viable health dietary
additive that can protect the human body from a variety of
ailments based on their biological activities [3]. In a recent year,
polysaccharides have been reported antioxidants and
characterization in Catathelasma ventricosum [1], Poria cocos
sclerotium [4], Pleurotus eous [5], Pleurotus eous [6].
Extraction is the first and most important step in the
characterization and application of bioactive polysaccharides.
Extraction methods and conditions not only alter
polysaccharide yield, but also vary the composition and
structure of polysaccharides, resulting in variations in
bioactivity [7]. Hypsizygus ulmarius, commonly known as the
Elm Oyster Mushroom large and fleshy with excellent taste. It
is an edible mushroom which can be easily grown either for
commercial purpose of home consumption. The purpose of this
study was to first characterize the structure of HUCP, and then
to evaluate its physicochemical qualities. Furthermore, the in
vitro antioxidant activity of HUCP was investigated using in
vitro chemical studies (DPPH, hydroxyl radical, reducing
power, and chelating ability experiments).

MATERIALS AND METHODS

Chemicals

Hypsizygus ulmarius fresh mushroom was procured
from I1IHR, Bangalore. Ethanol, Chloroform, Methanol,
Butanol, Ascorbic acid, Ferric chloride, Dialysis membrane
was purchased from Himedia in Mumbai, India and Merck,
India. 2,2-diphenyl-1-picrylhydrazyl (DPPH), Salicylic acid
was purchased from Sigma Aldrich. All other reagents used in
the experiments were of analytical grade.

Extraction of crude polysaccharide

For 24 hours at room temperature, dried mushroom
powder was soaked in petroleum ether. Centrifugation was used
to collect the solid residue, and the technique was done twice to
remove the lipids and pigments [8-9]. The residue was air dried
and extracted three times with hot water (1:30 (w/v), 55°C, 2
h)., filtrate collected by centrifugation. After filtered, the filtrate
was concentrated by rotary evaporator under the reduced
pressure. Concentrated sample was dialysed against distilled
water for 48 hr. After dialysis, centrifuged, concentrated and
precipitated with 3 volumes of ice-cold ethanol. Polysaccharide
precipitate was collected by centrifugation and lyophilized to
obtain crude Hypsizygus ulmarius polysaccharide (HUCP).

The polysaccharide yield (%) was calculated using the
following formula:

Polysaccharide yield (%, w/w) = [weight of dried
polysaccharide (g)/weight of raw material (g)] x 100%

Chemical composition analysis
The total carbohydrate content was determined using the
phenol-sulfuric acid method with D-glucose as a standard [10].
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Protein content was measured using the Bradford technique
using bovine serum albumin as the reference [11]. The sulphate
content was determined using the Tehro and Haritiala method,
with potassium per sulphate serving as the standard [12] (Tehro
and Haritiala, 1971). DNS (Dinitro salicylic acid) was used to
assess sugar reduction [13]. The uronic content was determined
using the sulfuric acid and carbazole technique [14]. For
quantification, the carbazole reaction was used, which is the
most reliable method for measuring uronic acid. Galacturonic
acid was used as the standard. The results are expressed as %
for HUCP.

Determination of moisture content

The moisture content of the HUCP was determined by
following the method of Sudarsan et al. [15]. Moisture content
was estimated by subtracting the dry weight of sample from the
known wet weight of the sample dried in the hot air oven.

Determination of pH
A 1% wil/v dispersion was prepared by dissolving the
polysaccharide in distilled water and the pH determined.

Characterization of HUCP
UV and FTIR spectrometric analysis

2mg of sample dissolved in 1ml of distilled water, used
for UV spectral analysis. Fourier transform infrared
spectroscopy (FTIR) is commonly used to study molecular
vibration and atom interactions. The structure of
polysaccharides (monosaccharide configuration, glycosidic
bond type, and functional groups) can be determined via an FT-
IR scan. The FTIR spectra of HUCP were acquired using a
BRUKAR 657, Tensor Il spectrometer. The data was gathered
in the 4000-400cm! range using the ATR technique.

X-ray diffraction analysis

A DMAX-2000 diffractometer was used to obtain
polysaccharide X-ray diffraction patterns (Rigaku, Tokyo,
Japan). The diffractometer was set up with nickel filtered Cu K
radiation, 36 kV and 26 mA, a scan speed of 0.05 minl, and an
angular range of 5-70°(26) [16].

Congo red test

The Ogawa procedure, with minor modifications, was
used to determine the triple helical structure of HUCP.
Monitoring the maximum absorption wavelength (max) of
Congo-red polysaccharides at varied sodium hydroxide
concentrations revealed a transition from a triple-helix structure
to a single-stranded conformation. In a gradient of sodium
hydroxide solution, the sample (6 mg/2 mL) was diluted in
distilled water and reacted with Congo red (2.0 mL, 100 M)
(0.1-0.5 M). The absorbance was measured at each sodium
hydroxide concentration. Distilled water served as control.

Scanning electron microscopy (SEM) analysis

SEM (S-4800, FE-SEM, Hitachi High-Technologies,
Japan) was used to examine the morphological characteristics
of HUCP. Images were captured at a magnification of 2000X
and 10 X accelerating voltage.

Antioxidant activity

DPPH radical scavenging activity

DPPH radical scavenging activity of HUCP was
determined using the previously described method [17-18]. 1ml
of the sample (HUCP) was combined with 1mL of 0.2mM
DPPH in methanol solution at various doses (4-20 mg/mL). For

30 minutes, the mixture was stored in the dark at room
temperature. At 517nm, the decrease of the DPPH radical was
measured. The reaction mixture's lower absorbance suggested
more free radical scavenging activity. For comparisons,
ascorbic acid was employed as a positive control. The ECsp
value (mg/mL) is the effective concentration at which the
scavenging ability is calculated using linear regression
interpolation. Scavenging activity (%) = (Ac-As) /Ac x 100 was
used to calculate DPPH radical scavenging activity. Where Ac
is the absorbance control (ImL methanol and 1mL DPPH
solution), and As is the absorbance of the sample mixture (ImL
sample and 1mL DPPH solution).

Scavenging of hydroxyl radicals

For this activity, 1 mL of polysaccharide solution was
mixed with 1.0 mL of 9 mmol/L FeSO4, 1.0 mL of 9 mmol/L
salicylic acid, and 0.5 mL of 0.1% H20- and kept at 37°C for
30 minutes Li et al. [19]. The resultant suspensions were
measured for absorbance (Ai) at 510 nm with deionized water
as a reference. To determine the absorbance of the solution that
replaces the polysaccharide solution with deionized water, the
same treatment was used (Ao). To determine absorbance,
several concentrations of 1.0 mL polysaccharide solutions were
added to 2.5 mL of deionized water (A2). All of these assays
used Vc as a positive control.
Scavenging activity = [1-(A1-A2) / Ag] x 100, where Aq is the
absorbance of the control (without extract), A; is the absorbance
in the presence of the extract, and A is the absorbance without
sodium salicylate.

Reducing power

The reducing power of HUCP was determined by
according to the method of Liu et al. [20] with some
modifications. In brief, ascorbic acid served as positive control,
whereas the absence of sample served as a negative control. The
reaction mixture was incubated at 50°C for 20 minutes with
various concentrations (4-20 mg/mL) of sample solution
(AmL), 1ImL of 0.2M sodium phosphate buffer (pH 6.6), and
1ml of 1% potassium ferricyanide [K3 Fe(CN6)] (w/v). The
reaction was then terminated by adding 1mL of 10% TCA
(w/v). The mixture was then centrifuged for 10 minutes at
3000rpm. 1mL of supernatant was pipetted and mixed with
ImL of deionized water and 0.2 ml of 0.1% ferric chloride
(FeCls) solution. At 700nm, absorbance was measured against
a blank. The greater the absorbance, the greater the reducing
power. The ECso values were calculated as the effective
concentrations at which the absorbance exceeded 0.500.

Chelating ability

Using the ferrozine assay was used to examine ion
chelating behaviour. Tang et al. [21]. 0.1 mL 2 mM ferrous
chloride and 3.7 mL water were mixed with HUCP (1-5
mg/mL). Starting the reaction, 0.2mL of 5mM ferrozine was
added and allowed to react for 10 minutes at room temperature.
562nm was calculated as the absorbance of the reaction
mixture. The ratio of inhibition of the ferrozine-Fe2+ complex
development was calculated as Acontrol - Asample / Acontrol X 100,
where Acontrol IS the absorbance of only FeCl; and ferrozine and
Asample IS the absorbance of HUCP. Ethylenediaminetetraacetic
acid (EDTA) was used as a control in this experiment.

Statistical analysis

The results were reported as mean + standard deviation
(SD) of three replicates. Statistical analyses were performed
using Analysis of Variance (ANOVA) and the significances of
the differences between samples were determined using
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Tukey’s multiple range test. Statistical significance was set at a
level of P < 0.05.

RESULTS AND DISCUSSION

Chemical composition of HUCP

The vyield of HUCP was 3.87%. Bioactivity of
polysaccharides inevitably depended on the chemical
components [22]. As shown in (Table 1), HUCP exhibited

content of carbohydrate was 77.33%, reducing sugar (5.27%),
uronic acid (6.4%), sulphate (5.77%) and protein (7.07%). The
moisture content and pH of crude polysaccharide was found to
be 7.2% and 7.4.

In previous study Miao et al. [23] reported, total sugar
content ranged between 536-95.4%, uronic acid content ranged
between 11.46-26.3%, protein content ranged between 0.2 -
20.35% of four different polysaccharides from the fruiting
bodies of Lepista sordida.

Table 1 Physicochemical properties of HUCP

. Carbohydrate Reducing . Uronic acid Sulphate Moisture content
0, 0,
Yield (%) (%) sugar (%) Protein (%) (%) (%) (%) pH
3.87+0.058 77.33+2.08 5.27+0.23 7.07+0.058 6.40+0.10 5.77£0.09 7.2+0.252 7.4
Characterization analysis HUW
UV spectra analysis 1800
The UV spectra of HUCP was shown in (Fig 1). 1800
Absorption at 260 nm was observed for HUCP, revealing the vi00 ]
presence of protein.
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Fig 1 UV Spectra of HUCP in the range of 200-400 nm
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Fig 2 FTIR Spectral analysis of HUCP

FTIR spectral analysis

The FT-IR spectroscopic analysis was used to
investigate molecular vibrations and polar bonding between
distinct atoms [24]. FT-IR spectra of HUCP, which is common
for carbohydrate polysaccharides (Fig 2). A characteristic main
broad stretching peak between 3209 cm™ corresponded to the
hydroxyl group, while a faint band between 2926 cm™* occurred,
indicating the C-H stretching vibration [25]. The absorbance at
1598 cm* was ascribed to C—O stretching vibration. The bands
at 1018 cm* were due to the stretching vibrations of C-O-C and
C-O-H [26]. In addition, the peak at 857 cm™ was also
observed, which was ascribed to a-type glycosidic linkage.
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Fig 3 XRD diffraction of HUCP

X Ray diffraction analysis

XRD has been frequently utilized to determine the
structure of many compounds [27-28]. The crystalline zone was
seen at the angles (20) 20° and 26° in (Fig 2D), indicating that
the HUCP was a semi-crystalline polymer with low crystallinity
(Fig 3).

Fig 4 SEM images of HUCP




Surface morphology

SEM revealed a considerable change in the surface
morphology of HUCP has a smooth surface with an inconsistent
pattern (Fig 4).

Congo red analysis

In general, Congo red could attach to polysaccharides
having a triple-helix structure, resulting in a bathochromic shift
of the complex's maximum absorption wavelength (Amax).
Furthermore, as the NaOH concentration increased, the
complex would be destroyed, resulting in a rapid decrease in
Amax. The Congo red-HUCP group's Amax change significantly
at varied NaOH concentrations, as illustrated in (Fig 5). As a
result, HUCP had a triple-helix structure. This finding was
supported by triple-helix polysaccharides (Millettia Speciosa
Champ) [29].
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Fig 6 Antioxidant activities of HUCP

Antioxidant activities
DPPH radical scavenging activity

DPPH radical has been extensively used for screening
antioxidant activity, because it can become a stable molecule
after acceptance of an electron or hydrogen atom that shows a
strong absorption at 517nm [30]. It could be seen from (Fig 6a)
that the scavenging abilities increased with increase of the
concentration from 4-20 mg/ml. The scavenging ability of
HUCP from Hypsizygus ulmarius showed 51.50% at 20 mg/ml
when compared with ascorbic acid which showed 99.21% at 0.1
mg/ml, respectively. A significant difference (p<0.05) in DPPH
radical scavenging activity was observed with different sample
concentrations. The half maximal effective concentration
(ECso) is defined as the concentration of sample at which the

scavenging rate reaches 50%. Practically, a lower ECso value
corresponds to stronger antioxidant activity of tested sample
[31]. The ECso value of HUCP was 19.40mg/ml within the
concentration of test range. However, the scavenging activity of
HUPS was lower than that of V¢ (0.005mg/ml). This might be
attributable to its strong hydrogen-donating ability caused by
activating the hydrogen atom of the anomeric carbon [32].
Antioxidant activities of polysaccharides are usually influenced
by many factors, such as their molecular weight, water
solubility, uronic acid content and monosaccharide
composition, glycoside bond type [33]. CVPS extracted from
Chuanminshen violaceum has been reported to have a DPPH
radical scavenging activity of 71.34% at a concentration of
Img/ml [34].
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Reducing power

In reducing power assay, the presence of antioxidants in
the samples would result in the reduction of Fe3*ferricyanide
complex to Fe?* by donating the hydrogen atoms to break chain
reactions. Fe?* can be monitored by measuring the absorbtion
of the Prussian blue at 700 nm. It had been reported that the
reducing power positively related to the antioxidant activities
[35], and that the absorbance values can directly indicate the
reducing power, a higher absorbance indicates a higher
reducing power [36]. (Fig 6b) shows the reducing power
activity of HUCP. At the concentration of 20mg/ml, the
reducing power of HUCP was 0544. V¢ was used as the positive
control, had a reducing power was 0.909 at 0.05mg/ml. A
significance difference (p<0.05) was observed in the ECsp value
between HUCP (19.51mg/ml) and V¢ (0.027mg/ml). It showed
that the reducing power of HUCP was significantly lower than
that of Vc.

Chelating ability

Metal chelating activity is widely recognized as an
antioxidant mechanism because it reduces the concentration of
the catalytic transition metal in lipid peroxidation. Ferrozine is
a sensitive reagent that can react with ferrous ions to create
colourful species (iron (Il)-ferrozine complex). When
antioxidants are added to the system, they compete with
ferrozine for ferrous ions, lowering the solution's absorbance.
The metal chelating rate increased from 3.63% to 51.73% when
the concentration of HUCP was increased from 4.0 to 20.0
mg/mL, as shown in (Fig 6¢). EDTA, on the other hand, may
exhibit a 92.73% scavenging effect at a low dosage of 0.1
mg/mL. This suggests that HUCP has a moderate and stable
scavenging ability.

Scavenging of hydroxyl radicals

Hydroxyl radicals are a reactive oxygen species with a
high oxidation capacity that can destroy red blood cells, break
DNA and cell membranes, and cause tissue damage or cell
apoptosis. Li et al. [37]. However, the action of hydroxyl free

radical scavengers can dramatically restore these negative
effects to normal health conditions. The experimental results
(Fig 6d) demonstrated that HUCPs had a concentration-
dependent action for scavenging hydroxyl radicals, which was
enhanced as polysaccharide concentration. Hydroxyl radical
clearance actions of HUCP ranged from 33.17% at 2 mg/mL
62.33% at 10 mg/mL. Li et al. [37] reported Polygonatum
cyrtonema Hua had moderate hydroxyl radical scavenging
activity.

CONCLUSION

In this study, we evaluated the physicochemical
properties and antioxidant activity of the primary fraction
(HUCP). The physicochemical properties of the polysaccharide
showed a degree of purity. HUCP had low level moisture
content. Morphological studies exhibited that the particles had
smooth surface with an inconsistent pattern. HUCP showed
high antioxidant potential and could inhibit the radicals’ chain
reaction propagation, either by the donation hydrogen/electron
to free radicals, or by chelating ion involved in the Fenton
reaction. So as to combat the oxidative stress and treat
humanoid ailments.

Abbreviations

HUCP - Hypsizygus ulmarius crude Polysaccharide
DPPH - 1,1-Diphenyl 2-picrylhydrazyl

VC - Vitamin C

OH - Hydroxyl radical

Acknowledgement

We are grateful to Head of the Department of
Biochemistry and Periyar University, Salem, Tamil Nadu for
the facilities provided to carry out this research work.

Conflict of interest
The authors declare that there are no conflicts of
interest.

LITERATURE CITED
1. LiuY, Tang Q, Duan X, Tang T, Ke Y, Zhang L, Li C, Liu A, Su Z, Hu B. 2018. Antioxidant and anticoagulant activities of
mycelia polysaccharides from Catathelasma ventricosum after sulfated modification. Industrial Crops and Products 112:

53-60.

2.Wang L, Li K, Cui Y, Peng H, Hud Y, Zhu Z. 2023. Preparation, structural characterization and neuroprotective effects to against
H20--induced oxidative damage in PC12 cells of polysaccharides from Pleurotus ostreatus. Food Research International

163: 112146.

3. Zhu L, Zhang F, Yang Y, Liang X, Shen Q, Wang L, Xu Y. 2022. Extraction, purification, structural characterization of
Anemarrhena asphodeloides polysaccharide and its effect on gelatinization and digestion of wheat starch. Industrial Crops

and Products 189: 115867.

4. Si J, Meng G, Wu Y, Ma HF, Cui BK, Dai YC. 2019. Medium composition optimization, structural characterization, and
antioxidant activity of exopolysaccharides from the medicinal mushroom Ganoderma lingzhi. International Journal of

Biological Macromolocules 124: 1186-1196.

5. Gunasekaran S, Govindan, S Ramani P. 2021. Investigation of chemical and biological properties of an acidic polysaccharide
fraction from Pleurotus eous (Berk.) Sacc. Food Bioscience 42: 101209.

6. Sudha G, Vadivukkarasi S, Indhu Shree RB, Lakshmanan P. 2012. Antioxidant activity of various extracts from an edible
mushroom Pleurotus eous. Food Science and Biotechnology 21(3): 618-661.

7. Liu F, Chen H, Qin L, Mansoor Al-Haimi AAN, Xu J, Zhou W, Zhu S, Wang Z. 2023. Effect and characterization of
polysaccharides extracted from Chlorella sp. by hot-water and alkali extraction methods. Algal Research 70: 102970.

8. Sun Y. 2014. Biological activities and potential health benefits of polysaccharides from Poria cocos and their derivatives.
International Journal of Biological Macromolocules 68: 131-134.

9. Afshari K, Samavati V, Shahidi SA. 2015. Ultrasonic-assisted extraction and in-vitro antioxidant activity of polysaccharide from
Hibiscus leaf. International Journal of Biological Macromolocules 74: 558-567.

10. Dubois M., Gilles KA, Hamilton JK, Rebers PA, Smith F. 1956. Colorimetric method for determination of sugars and related

substances. Analytical Chemistry 28: 350-356.

11. Bradford MM. 1976. A rapid and sensitive method for the quantization of microgram quantities of protein utilizing the principle
of protein-dye binding. Analytical Biochemistry 72: 248-254.

470



12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Terho T, Haritiala K. 1971. Method for determination of the sulfate content of glycosaminoglycans. Analytical Chemistry 41:
471-476.

Garriga M, Almaraz M, Marchiaro A. 2017. Determination of reducing sugars in extracts of Undaria pinnatifida (harvey) algae
by UV-visible spctrophotometry (DNS method). Environmental Science- Chemistry 3: 173-179.

Bitter T, Muir HM. 1962. A modified uronic acid carbazole reaction. Analytical Chemistry 4: 300-334.

Sudharsan S, Subhapradha N, Seedevi P, Shanmugam V, Madeswaran P, Shanmugam A, Srinivasan A. 2015. Antioxidant and
anticoagulant activity of sulfated polysaccharidefrom Gracilaria debilis (Forsskal). International Journal of Biological
Macromolecules 81: 1031-1038.

Liu 'Y, Hu C, Fen, X, Cheng L, Ibrahim S, Wang C. 2020. Isolation, characterization and antioxidant of polysaccharides from
Stropharia rugosoannulata. International Journal of Biological Macromolocules 155: 883-889.

Li C, Huang Q, Fu X, Yue XJ, Lui RH, You LJ. 2015. Characterization, antioxidant and immunomodulatory activities of the
polysaccharides from Prunella vulgaris Linn. International Journal of Biological Macromolecules 75: 298-305.

Wang J, Zhao Y, Li W, Wang Z, Shen L. 2015. Optimization of polysaccharides extraction from Tricholoma mongolicum Imai
and their antioxidant and antiproliferative activities. Carbohydrate Polymers 131: 322-330.

Li L, Thakur K, Lia BY, Zhang JG, Wei ZJ. 2018. Antioxidant and antimicrobial potential of polysaccharides sequentially
extracted from Polygonatum cyrtonema Hua. International Journal of Biological Macromolecules 114: 317-323.

Liu YT, SunJ, Luo ZY, Rao SQ, Su YJ, Xu RR, Yang YJ. 2012. Chemical composition of five wild edible mushrooms collected
from Southwest China and their antihyperglycemic and antioxidant activity. Food Chemistry and Toxicology 50: 1238-1244.

Tang J, Nie J, Li D, Zhu W, Zhang S, Ma F, Sun Q, Song J, Zheng Y, Chen P. 2014. Characterization and antioxidant activities
of degraded polysaccharides from Poria cocos sclerotium. Carbohydrate Polymers 105: 121-126.

Cai W, Xu H, Xie L, Sun J, Sun T, Wu X, Fu Q. 2016. Purification, characterization and in vitro anticoagulant activity of
polysaccharides from Gentiana scabra Bunge roots. Carbohydrate Polymers 140: 308-313.

Miao S, Mao X, Pei R, Miao S, Xiang C, Lv Y, Yang X, Sun J, Jia S, Liu Y. 2013. Antitumor activity of polysaccharides from
Lepista sordida against a laryngo carcinoma in vitro and in vivo. International Journal of Biological Macromolecules 60:
235-240.

Huang Z, Zong MH, Lou WY. 2022. Preparation, structural elucidation and immunomodulatory activity of a polysaccharide
from Millettia speciosa Champ. Industrial Crops and Products 182: 114889.

Ma L, Jiao K, Luo L, Xiang J, Fan J, Zhang X, Yi J, Zhu W. 2019. Characterization and macrophage immunomodulatory
activity of two polysaccharides from the flowers of Paeonia suffruticosa Andr. International Journal of Biological
Macromolecules 124: 955-962.

Guo MZ, Meng M, Duan SQ, Feng CC, Wang CL. 2019. Structure characterization, physicochemical property and
immunomodulatory activity on RAW?264.7 cells of a novel triple-helix polysaccharide from Craterellus cornucopioides.
International Journal of Biological Macromolecules 126: 796-804.

Ghanbari M, Ansari F, Salavati-Niasari M. 2017. Simple synthesis-controlled fabrication of thallium cadmium iodide
nanostructures via a novel route and photocatalytic investigation in degradation of toxic dyes. Inorganica Chimica Acta 455:
88-97.

Chen Y, Xue Y. 2018. Purification, chemical characterization and antioxidant activities of a novel polysaccharide from
Auricularia polytricha. International Journal of Biological Macromolocules 120: 1087-1092.

Huang J, Liu J, Tian R, Liu K, Zhuang P, Sherman HT, Budjan C, Fong M, Jeong MS, Kong XJ. 2022. Correction: Huang et
al. A Next generation sequencing-based protocol for screening of variants of concern in autism spectrum disorder. Cells
11(20): 3276.

Li SQ, Shah NP. 2014. Antioxidant and antibacterial activities of sulphated polysaccharides from Pleurotus eryngii and
Streptococcus thermophilus ASCC 1275. Food Chemistry 165: 262-270.

Kozarski M, Klaus A, Niksic M, Jakovljevic D, Helsper JPFG, Van Griensven LJLD. 2011. Antioxidative and
immunomodulating activities of polysaccharide extracts of the medicinal mushrooms Agaricus bisporus, Agaricus
brasiliensis, Ganoderma lucidum and Phellinus linteus. Food Chemistry 129: 1667-1675.

Chen H, Li S. 2015. Polysaccharides from medicinal mushrooms and their antitumor activities. In: (Eds) K. G. Ramawat, J.-M.
Mérillon. Polysaccharides, Springer International Publishing, Switzerland, (Chapter 61).

Shi M, Zhang Z, Yang Y. 2013. Antioxidant and immunoregulatory activity of Ganoderma iucidum polysaccharide (GLP).
Carbohydrate Polymers 95: 200-206.

Fan J, Feng HB, Yu Y, Sun MX, Liu YP, Li TZ, Sun X, Liu SJ, Sun MD. 2017. Antioxidant activities of the polysaccharides if
Chuanminshen violaceum. Carbohydrate Polymers 157: 629-636.

You L, Gao Q, Feng M, Yang B, Ren J, Gu L, Zhao M. 2013. Structural characterization of polysaccharides from Tricholoma
matsutake and their antioxidant and antitumour activities. Food Chemistry 138: 2242-2249.

Gao J, Zhang T, Jin ZY, Xu XM, Wang JH, Zha XQ. 2015. Structural characterization, physicochemical properties and
antioxidant activity of polysaccharide from Lilium lancifolium Thunb. Food Chemistry 169: 430-438.

Bai L, Xu D, Zhou Y-M, Zhang Y-B, Zhang H, Chen YB, Cui YL. 2022. Antioxidant activities of natural polysaccharides and
their derivatives for biomedical and medicinal applications. Antioxidants 11(12): 2491.

471



