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An examination of the process of extracting crude polysaccharides from Volvariella volvacea solely through hot
water treatment (HWE) at 60, 80, and 100 °C and through an approach involving high pressure processing (HPP)
at 200, 400, and 600 MPa followed by HWE. The physiological properties of the polysaccharides could be
explained by the structural analysis performed via FT-IR spectroscopy and NMR spectroscopy, which revealed
the extract composition of the protein-bound polysaccharides connected by p-glycosidic bonds. Under the

extraction conditions investigated in this current study, the recommended extraction condition was a combi-
nation of HPP (600 MPa, 10 min) and HWE (60 °C, 2 h). This condition gave high crude polysaccharide yields
(with a 2-12% increase), and p-glucan content (with a 15-20% increase) without disrupting the p-glycosidic
bond, as compared to using HWE alone. High pressure extraction could be an alternative technique for reduced
extraction temperatures of active compounds from mushrooms.

Introduction

In East and Southeast Asia, straw mushrooms (Volvariella volvacea
(Bull. ex Fr.) Sing.) are commonly consumed due to their continuous
accessibility, convenience of purchase, and distinctive flavor and con-
sistency. They are a rich source of protein and various bioactive com-
pounds, including non-digestible carbohydrates, polyphenols, and
flavonoids that have antioxidant activities (Cheung, 2008). Addition-
ally, they contain bioactive polysaccharides that are of particular in-
terest to researchers. One particular primary active ingredient derived
from straw mushrooms is f-glucan (Ghosh, 2020), and several re-
searchers have conducted studies of its effective extraction and its po-
tential usefulness for therapeutic purposes. Straw mushroom glucans are
known to provide antioxidative and anticancer effects, as well as stim-
ulating the immune system. These qualities are due to the backbone,
comprising glucose residues linked by p-(1-3)-glycosidic bonds and
coupled p-(1-6) branch points (Cheung, 2008). Both the polysaccharide
and total phenolic components of mushroom extracts were shown to be

linked with their antioxidant properties (Cheung, Cheung, & Ooi, 2003).
Therefore, it can be regarded as a highly prospective component.
Additionally, it is important to note that the extraction method plays an
extremely important role as it can affect yield, physicochemical char-
acterization, and functional qualities.

The typical conventional technique for isolating edible mushroom
crude polysaccharides uses hot water extraction (HWE) in conjunction
with the alcohol precipitation approach. In many studies, HWE methods
involve heating the sample for one to six hours at a temperature between
65 and 100 °C (Kim and Iwahashi, 2015; Chen et al., 2020; Sangthong,
Pintathong, Pongsua, Jirarat, & Chaiwut, 2022). Low operational costs,
safety, environmental friendliness, and straightforward equipment
needs are among the benefits of HWE (Gong et al., 2020). Unfortunately,
HWE also has a number of drawbacks, including a high extraction
temperature that might degrade the most important chemicals and
diminish polysaccharide activity, as well as a lengthy extraction pro-
cedure and a lengthy treatment process that restricts productivity during
industrial processing (Ren et al., 2017). Due to their reduced time and

* Corresponding author at: Department of Food Science and Technology, Faculty of Science and Technology, Thammasat University, 12121 Pathumthani,

Thailand.

E-mail addresses: b.tepsongkroh@gmail.com, benjarat@tu.ac.th (B. Tepsongkroh).

https://doi.org/10.1016/j.fochx.2023.100864

Received 3 July 2023; Received in revised form 31 August 2023; Accepted 3 September 2023

Available online 8 September 2023

2590-1575/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:b.tepsongkroh@gmail.com
mailto:benjarat@tu.ac.th
www.sciencedirect.com/science/journal/25901575
https://www.sciencedirect.com/journal/food-chemistry-x
https://doi.org/10.1016/j.fochx.2023.100864
https://doi.org/10.1016/j.fochx.2023.100864
https://doi.org/10.1016/j.fochx.2023.100864
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

B. Tepsongkroh et al.

energy requirements, recent research on the harvesting of mushroom
polysaccharides using ultrasonic, microwave, enzyme, pulsed-electric-
field, and high-pressure extraction has assisted in the creation of
experimental designs for the recovery of bioactive ingredients from
mushroom polysaccharides (Huang et al., 2022). Additionally, the use
of non-thermal pre-treatment can enhance mass transfer as a substitute
for heating, which may enable greater preservation of the end product’s
nutritional qualities (Luo et al., 2019; Fu, Belwal, Cravotto, & Luo,
2020).

High-pressure processing (HPP) is a non-thermal technique that
employs high pressure delivered via a liquid medium (usually water) at
pressures between 100 and 600 MPa (Gomathy, Pandiselvam, Kotha-
kota, & Ramesh, 2021). Since HPP may shatter cell walls, increasing cell
permeability, which in turn encourages the infiltration of solvents into
cells, increasing mass transfer rates and chemical solubility, HPP can be
utilized to enhance the extraction of bioactive components from animal,
plant, and fungal sources. These features make HPP a high-efficiency
and eco-friendly alternative method for polysaccharide extraction.
Compared with traditional extraction technologies, HPP could ensure
the biological activity of compounds because of the mild treatment
temperature involved (<45 °C), can enhance the extraction efficiency of
target components, and can reduce the extraction time and energy
consumption (Li et al., 2021). Moreover, it could be used to modify the
structure of extracted polysaccharides, such as by reducing the molec-
ular weight, changing the ratio of monosaccharides and promoting the
chemical reaction (Li et al., 2021). High-pressure processing was pre-
viously assessed for extracting polysaccharides from Phellinus linteus
(Kim and Iwahashi, 2015), Schizophyllum commune, Phellinus linteus
(Chen et al., 2020) and Volvariella volvacea (Sangthong, Pintathong,
Pongsua, Jirarat, & Chaiwut, 2022) in order to enhance the separation of
natural components with additional value in terms of biological char-
acteristics. However, there are no well-known reports on polysaccharide
contents of Volvariella volvacea. The objective of this study was to
evaluate the application of high-pressure processing as a pre-treatment,
followed by hot water extraction, for extracting polysaccharides from
Valvariella volvacea and compare this approach with the traditional
method of using only heated water. The chemical properties, antioxi-
dant activity, p-glucans content, and structure analysis of the extracts
were evaluated.

Materials and methods
Materials and chemicals

The fruiting bodies of straw mushrooms (Volvariella volvacea,
V. volvacea) were purchased from a mushroom farm in Chachoengsao
province, Thailand. Ethanol and methanol were purchased from Merck
(Darmstadt, Germany), while 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2,
2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,4,6-
tris (2-pyridyl)-s-triazine (TPTZ) were purchased from Sigma-Aldrich
Co., Ltd. (Steinheim, Germany). Folin-Ciocalteu’s phenol reagent was
purchased from Loba Chemie (Mumbai, India). The standards (gallic
acid and d-glucose) were purchased from Sigma-Aldrich Co., Ltd.
(Steinheim, Germany). All other chemicals used were of analytical
grade. The analytical mushroom p-glucan kit was obtained from Mega-
zyme Int. (Wicklow, Ireland). Distilled and deionized water was used for
the preparation of all solutions.

Preparation of mushroom powder

The fruiting bodies of the mushrooms were dried using a tray dryer
(CD-1, PML tray dryer, Thailand) at 50 °C for 18 h to remove all mois-
ture. Then, the dried mushroom was ground into fine particles (through
a 20-mesh sieve) and kept in air-tight plastic bags at room temperature
for further analysis.
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Fig. 1. Preparation of dried Volvariella volvacea crude polysaccharide extracts
by using hot-water extraction (HWE) and high-pressure extraction (HPP) fol-
lowed by HWE.

Crude polysaccharide extraction

Water-soluble substances were extracted from V. volvacea according
to the method described by Kim, & Iwahashi, (2015) with additional
modifications as shown in Fig. 1. Crude polysaccharide extracts of
V. volvacea were prepared by hot-water treatment, alone and in com-
bination with-high pressure treatment. V. volvacea powdered samples
were stirred with 95% ethanol (ratio 1:10 w/v) for 1 h at 60 °C to
eliminate low-molecular-weight components such as mono-and di-
saccharides, oligosaccharides, amino acids, lipids, and some phenols.

For hot-water extraction (HWE), 20 g of dried V. volvacea powder
was extracted twice with hot water (ratio 1:25 w/v) at various temper-
atures (sample names: HWE 60 at 60 °C, HWE 80 at 80 °C and HWE 100
at 100 °C) at 200 rpm for 2 h. Then, the extracted solutions were
centrifuged (8,000 rpm for 10 min) to collect the supernatant and
concentrated with a rotary evaporator at 50 °C under vacuum. The
concentrate was precipitated using 95% ethanol (ratio 1:4 v/v) at 4 °C
for 24 h. After the centrifugation process, the precipitate was collected
and dried at 50 °C to obtain the crude polysaccharide extract.

For high-pressure extraction (HPP) followed by HWE (HPPE), 20 g of
dried V. volvacea powder in distilled water (ratio 1:25 w/v) was packed
in a small plastic pouch and placed in the vessel of a laboratory-scale
high-pressure processor with a 5-L capacity (HPP600MPa, KFHPP,
China). The vessel was then filled with distilled water. The water was
used as a pressure-transmitting medium and the internal temperature
was set at room temperature. HPP was performed at 3 levels of 200-600
MPa for 10 min. After that, the hydrated samples following HPP were
extracted two times with hot water at 60 °C (200 rpm for 2 h), and then
filtered (sample names: HPPE 200; HPP 200 followed by HWE 60, HPPE
400; HPP 400 followed by HWE 60 and HPPE 600; HPP 600 followed by
HWE 60). The extracted solution was centrifuged (8,000 rpm for 10 min)
to collect the supernatant and concentrated with a rotary evaporator at
50 °C under a vacuum. The concentrate was precipitated using 95%
ethanol (ratio 1:4 v/v) at 4 °C for 24 h. After the centrifugation process,
the precipitate was collected and dried at 50 °C to obtain the crude
polysaccharide extract.
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Determination of proximate composition

The proximate composition (moisture, ash, fiber, protein, fat, and
carbohydrate (by difference) of the mushrooms was determined ac-
cording to the methods of the Association of Official Analytical Chemists
(AOAC, 2000).

Determination of crude polysaccharide yields

The weight of crude polysaccharide extracts was recorded, and the
crude polysaccharide yield (%) was calculated using the following
formula:

Yield (%) = (Weight of dried extract/Weight of raw material) x 100

Determination of polysaccharide content

The polysaccharide content of crude extracts was determined by
phenol-sulfuric acid assay as described by Sangthong, Pintathong,
Pongsua, Jirarat, & Chaiwut, (2022), with d-glucose as the standard. The
crude polysaccharide solutions (0.5 mL) were mixed with 0.50 mL of 5%
phenol solution followed by 2.50 mL of sulfuric acid. The mixture was
vortexed and incubated at 50 °C for 20 min and then stored at room
temperature to cool. After cooling to room temperature, the absorbance
of the mixture was measured at 490 nm. All assays were conducted in
triplicate, and standard curves were obtained using d-glucose. The result
was expressed as grams of d-glucose equivalent per gram of dry weight
(8/g dw).

Determination of protein content

The protein content of the crude extracts was determined according
to the method developed by Bradford, (1976), using bovine serum al-
bumin (BSA) as a standard. The crude extracts (100 uL) were mixed with
3,000 pL of Coomassie reagent from Thermo Scientific (MN, USA) and
then incubated at room temperature for 5 min. Protein concentration
was determined by measuring the absorption at 595 nm.

Determination of total phenolic content

The total phenolic content (TPC) was measured according to the
method of Tepsongkroh, Jangchud, & Trakoontivakorn, (2019). One
milliliter of the crude polysaccharide extract was added to 4 mL of Folin-
Ciocalteu reagent, which was diluted with distilled water (1:10). After 3
min, 5 mL of 7.5% NayCO3 was added. The mixture was agitated and
allowed to stand for a further 30 min in the dark. The absorbance of the
extract and a prepared blank was measured at 765 nm using a spectro-
photometer (X-ma 1200, Human Corporation, Korea). The TPC was
standardized against gallic acid, and the data were expressed as milli-
grams of gallic acid equivalents (GAE) per gram of dry weight (mg GAE/
g dw).

Determination of antioxidant activity

DPPH radical-scavenging activity

The DPPH radical-scavenging activity of crude polysaccharide ex-
tracts was determined according to the method of Liu, Jia, Kan, & Jin,
(2013); Tepsongkroh, Jangchud, & Trakoontivakorn, (2019). Briefly, 2
mL of DPPH radical solution (0.2 mM DPPH in methanol) was mixed
with 2 mL of each crude polysaccharide extract. The mixture was
agitated and allowed to stand for a further 30 min in the dark. Then, the
absorbance of the mixture was measured at 517 nm using a spectro-
photometer. The percentage inhibition was calculated according to the
formula: [(Ag—A1)/Ag] x 100, where Ag is the absorbance of the control
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Table 1

Proximate composition of Volvariella volvacea

mushroom.
Composition %, dry basis
Moisture' 7.46 £ 0.11
Protein” 24.60 + 0.29
Fat 0.75 £+ 0.36
Fiber 13.68 + 0.25
Ash 10.01 £ 0.12
Carbohydrate® 50.96 + 0.33

Values expressed as mean + standard deviation of
triplicate measurements.
! Percentage on a wet basis.
2 Calculated using the conversion factor of N x 4.38.
3 Calculated by difference.

solution (without mushroom extracts) and A; is the absorbance of the
DPPH radical solution containing mushroom extracts. The DPPH
radical-scavenging activity was standardized against gallic acid, and the
data were expressed as mg GAE/g dw.

Ferric ion reducing antioxidant power

The ability of polysaccharides to reduce ferric ions was analyzed
according to the method described by Sudha, Vadivukkarasi, Shree, &
Lakshmanan, (2012). The FRAP reagent contained 2.5 mL of a 10 mM
TPTZ solution in 40 mM HCI, 2.5 mL of 20 mM FeCls3-6H50, and 25 mL
of 300 mM acetate buffer (pH 3.6). It was freshly prepared and warmed
in a water bath at 37 °C for 30 min. A 3 mL FRAP reagent was mixed with
300 uL water and 100 pL of the crude polysaccharide extracts for 30 min
in the dark at room temperature, and the absorbance was measured at
593 nm. The FeSO4-7H20 solution was used to generate the standard
curve. The FRAP values were expressed as milligrams of FeSO4 equiv-
alents per gram of dry weight (mg FeSO4/g dw).

Determination of f-glucan

The glucan crude polysaccharide contents of V. volvacea were
determined using a mushroom and yeast f-glucan assay kit from Meg-
azyme (Wicklow, Ireland), according to methods reported by Kim, &
Iwahashi, (2015); Sangthong, Pintathong, Pongsua, Jirarat, & Chaiwut,
(2022), The p-glucan content was calculated by subtracting the a-glucan
from the total glucan content. All values of glucan contents were
expressed as grams per 100 g of dry weight.

Fourier transform infrared (FT-IR) spectroscopy

Infrared spectroscopy of crude polysaccharide extracts was per-
formed by the KBr pellet approach with slight modifications according
to the methods of Chen et al. (2020). The operation was as follows: 2 mg
of dried polysaccharide extract was mixed with 100 mg of KBr powder
and pressed. The FT-IR spectrum was obtained by Fourier-transform
infrared spectroscopy (Nicolet-IS50, Thermo Scientific, USA) in the
range of 4000-400 cm ™.

Nuclear magnetic resonance (NMR) spectroscopy

Dried crude polysaccharide extracts were dissolved in D20 for the
detection of 'H NMR and '3C NMR spectra using an NMR spectrometer
(Ascend TM 600/Avance III HD, Bruker, Switzerland). The NMR spectra
were recorded at room temperature by standard.

Bruker software.

Statistical analysis

All data were expressed as mean =+ standard deviation. Analysis of
variance (ANOVA) was performed to determine whether differences
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Fig. 2. Extraction yields of Volvariella volvacea crude polysaccharide extracts. HWE60; hot water extraction (60 °C), HWE80; hot water extraction (80 °C), HWE100;
hot water extraction (100 °C), HPPE200; HPP pre-treatment (200 MPa) followed by HWE60, HPPE400; HPP pre-treatment (400 MPa) followed by HWE60, HPPE600;

HPP pre-treatment (600 MPa) followed by HWE60.

existed among treatments in terms of chemical and antioxidant prop-
erties. Duncan’s new multiple-range test was used to determine the
differences between means established at p < 0.05. Data analysis was
performed using SPSS software (Version 16, SPSS Inc., USA) and
Microsoft Excel software (Version 16, Microsoft Corporation, USA).

Results and discussion

Table 1 presents the composition of dried V. volvacea, suggesting that
V. volvacea contained the largest amounts of carbohydrate, at 50.96%,
while protein comprised 24.60% and fiber comprised 13.68%. The
overall carbohydrate content for these mushrooms, encompassing both
digestible and non-digestible carbohydrate types ranged from 35% to
70% on a dry weight basis (Chen et al., 2011). The carbohydrates of
V. volvacea typically exist as polysaccharides such as glycogen,

hemicelluloses including mannans, xylans, and galactans, as well as
other indigestible fibers such as chitin, cellulose, glucans, and dietary
fibers (Singdevsachan et al., 2016). The results agreed with those re-
ported previously by Tepsongkroh, Jangchud, & Trakoontivakorn,
(2019); Sangthong, Pintathong, Pongsua, Jirarat, & Chaiwut, (2022),
who found the prominence of carbohydrate, protein, and fiber in
V. volvacea. Meanwhile, moisture, ash and fat comprised, respectively,
7.46%, 10.01%, and 0.75%. Differences in these values can arise in
different climates and locations as well as between species.

Crude polysaccharide extraction yields and the contents of polysaccharide
and protein

The yields of crude polysaccharide are significantly influenced by the
conditions pertaining to the extraction process. One common approach
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Fig. 3. Total crude polysaccharide contents of Volvariella volvacea crude polysaccharide extracts. HWE60; hot water extraction (60 °C), HWES80; hot water extraction
(80 °C), HWE100; hot water extraction (100 °C), HPPE200; HPP pre-treatment (200 MPa) followed by HWE60, HPPE400; HPP pre-treatment (400 MPa) followed by
HWE60, HPPE600; HPP pre-treatment (600 MPa) followed by HWE60.
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Fig. 4. Total protein contents of crude polysaccharide extracts of Volvariella volvacea. HWE60; hot water extraction (60 °C), HWE80; hot water extraction (80 °C),
HWE100; hot water extraction (100 °C), HPPE200; HPP pre-treatment (200 MPa) followed by HWE60, HPPE400; HPP pre-treatment (400 MPa) followed by HWE60,

HPPE600; HPP pre-treatment (600 MPa) followed by HWEG60.

is to extract polysaccharides via HWE followed by ethanol precipitation.
Fig. 2 presents the yield of crude polysaccharide extracts, revealing no
significant differences in yields (p > 0.05). The various extraction con-
ditions resulted in a range of crude polysaccharide extract yields from
7.70% to 9.50%, while the highest yields were observed for the HWE
100 and HPPE 600 treatments. The combination of HPP at 600 MPa
followed by HWE at 60 °C increased crude polysaccharide yields about
2-12% compared to the use of HWE alone. It expressed that high pres-
sure combined with hot water treatment can be effectively used to
improve the extraction rate by increasing the mass transfer rate and
possible rupture of the cell wall, membrane and organelles leading to
higher product yields with reduced processing time and solvent con-
sumption (Huang, Hsu, Yang, & Wang, 2013). Increasing the extraction
temperature from 60 °C to 90 °C tended to increase crude poly-
saccharide yields, since the higher temperature increased the potential
for the cell walls to rupture and release polysaccharides in greater
quantities (Yuan, & Macquarrie, 2015). In the case of increased crude
polysaccharide yields when applying high pressure pre-treatment, this
can be attributed to the deprotonation of charged groups while salt
bridges and hydrophobic interaction can be disrupted in the membranes
of the cells, thus allowing heightened levels of permeability (Prasad
et al., 2010).

Similar results were reported by Zhang, Xiao, He, & Sun, (2011);
Chen et al. (2020), who used boiling water to extract polysaccharides
from Schizophyllum commune and Boletus edulis and obtained respective
yields of 8.26% and 8.83%. Meanwhile, according to Kim, & Iwahashi,
(2015), the use of high pressure pre-treatment maximized the yields
obtained from Phellinus linteus, although other changes in the extraction
conditions might cause the results to vary. Moreover, the HPP and HPP
followed by HWE treatment in this study provided higher extraction
yields (7.70-9.50 %) compared to other extraction methods. Treatment
with ultrasound-assisted under condition of 150 W powers, 50 min
extraction time at 53 °C gave 2.46% of polysaccharide yields from
Acanthus ilicifolius (Mtetwa et al., 2020). Microwave-assisted treatment
under 550 W for 5 min condition gave 4.98% of polysaccharide yields
from Schizophyllum commune (Chen et al., 2020).

It has also been found that the relative abundance of total crude
polysaccharide content can be significantly altered by HWE alone and by
high-pressure pre-treatment followed by hot water. Both temperature
and pressure are factors that cause variation in polysaccharide content
as soluble proteins are also extracted and sample compression occurs, so
that water molecules cannot be internally diffused among the solid
particles (Barbosa et al., 2020). Total crude polysaccharides content

Table 2
Total phenolic content, antioxidant activity and p-glucan content of Volvariella
volvacea crude polysaccharide extracts.

Treatment  TPC (mg DPPH (mg FRAP (mg p-glucans (%
GAE/g dw) GAE/g dw) GAE/g dw) W/W)

Hot water Extraction (HWE)

HWE 60 351 +0.13*  0.23 +0.07° 0.05 + 0.00° 7.62 + 0.10°
HWE 80 352 +0.12"  0.47 + 0.02° 0.05 +0.00"  8.41 + 0.36"
HWE 100  4.42+0.14*  0.46 +0.11% 0.06 + 0.00% 8.05 + 0.13"
High pressure followed by HWE 60 (HPPE)

HPPE 200  3.30 +0.37°  0.26 + 0.10° 0.05 + 0.01¢ 6.96 + 0.19°
HPPE 400  3.70 + 0.06°  0.39 + 0.05% 0.06 + 0.00" 7.78 + 0.89"
HPPE 600 3.63+0.01°  0.41 +0.01? 0.07 + 0.00% 9.43 + 0.017

Values expressed as mean =+ standard deviation of triplicate measurements.
Means with different lowercase superscript letters in the same column are
significantly (p < 0.05) different.

ranged between 22.44 and 29.51 g/g (Fig. 3), with the lowest and
highest content observed from HWE 60 and HPPE 600, respectively.
Clearly, using a higher temperature over 80 °C resulted in decreased
total polysaccharide content, as these conditions would damage the
structure of the polysaccharides and lead to negative reactions (Zhang
etal., 2015). However, the total polysaccharides content will be affected
by the temperature and pressure applied for the extraction process as
well as by the choice of equipment used.

The protein content of the crude polysaccharides is shown in Fig. 4.
Among all the treatments, the protein content were in the range of
0.05-0.15 g/g. Considering HWE treatment, the protein content
increased when the extraction temperature increased. The increase in -
protein content was probably because protein was partly denatured and
the polymeric components (protein-starch complexes) are degraded at
high temperatures, which resulted in an increased amount of free pro-
tein in the water (Imjongjairak et al., 2016). Considering HPPE treat-
ments, the protein content increased when the HPP increased from 200
to 400 MPa but decreased slightly when the HPP increased from 400 to
600 MPa. The decrease in the protein content was probably caused by
partial protein denaturation and condensation. The surface exposure of
hydrophobic bonding and —SH groups will be connected with -SH
binding in new hydrophobic interactions, which leads to the aggregation
of denatured proteins (Yin, Tang, Wen, Yang, & Li, 2008). These results
agreed with those reported by Zhao, Huo, Qian, Ren, & Lu, (2017), who
worked on the extraction of bioactive peptides from mushroom and
found that increasing HPP from 400 to 500 MPa decreased the protein
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Fig. 5. Fourier-transform infrared spectrum of crude polysaccharide extracts from Volvariella volvacea.

content.

Total phenolic content

Among the extraction conditions, the TPC of V. volvacea poly-
saccharide extracts was found to be in the range of 3.30-4.42 mg GAE/g
dw (Table 2) and showed a slight increase with increasing the extraction
temperature from 60 to 100 °C. The maximum value of 4.42 mg GAE/g
dw occurred in the case of HWE 100. Extraction at high temperatures
allowed the phenolic-matrix bonds within the cellular matrix to be
broken, thus changing the chemical structure and releasing significant
quantities of polyphenolic compounds (Liu et al., 2020; Fu et al., 2021).
Considering HPPE treatments, an increase in TPC could be seen as the
pressure increased from 200 MPa to 400 MPa, although no significant
difference (p > 0.05) could be achieved as the pressure increased further
from 400 MPa to 600 MPa. The increase in TPC might be a consequence
of temperature- and pressure-induced cell disruption, ensuring that as
the cell walls break down, certain antioxidant complexes see an increase
in their bioavailability (Barba, Esteve, & Frigola, 2013). Therefore,
high-pressure pre-treatment along with hot water can achieve similar
TPC levels when employed with lower temperatures than are needed
when hot water is used alone at high temperature.

Antioxidant activity

Table 2 shows the results for antioxidant activity of crude poly-
saccharide extracts measured via DPPH and the FRAP assay. The dif-
ferences might be adjusted if the conditions of temperature and pressure
were altered. Mushroom polysaccharide extracts have the ability to
scavenge free radicals due to the existence of hydrogen in some of the
monosaccharide units, which are able to bind to the side branches
connecting to the main chain (Lo et al., 2011).

Free-radical scavenging in polysaccharides is usually evaluated via
DPPH assay. The greater extraction efficiency at high temperature and
pressure could account for the high antioxidant activity and TPC.
Increasing the pressure and temperature led to a significant increase (p
< 0.05) in the scavenging ability related to DPPH radicals. Considering
HWE treatments, the highest DPPH radical-scavenging abilities were
found in HWE 80 and HWE 100. This increase in scavenging activity
could be due to the applied heat causing the degradation of poly-
saccharides. In such degraded polysaccharides, it would be more likely
that the chemical groups they contain would come into contact with

radicals due to the greater surface area involved and enhanced water
solubility (Chen et al., 2019). As the pressure increased, the ability to
scavenge DPPH radicals also increased, with the best performance
exhibited in HPPE 400 and HPPE 600. The effect of high pressure is to
expand the extracellular matrix, allowing the solvent to enter the sample
matrix in greater quantities, ensuring an increased likelihood of contact
between the target compounds and the solvent (Huang, Cheng, Chen, &
Wang, 2019). This situation would occur because the pressure of
400-600 MPa upon V. volvacea would be able to break certain non-
covalent bonds, thus enhancing the saccharide solubility in water at
high pressures (Li et al., 2021). Another important consideration is ferric
reducing power, which can be assessed by determining the capacity to
perform Fe>* to Fe?' reduction, thus indicating antioxidant activity.
Polysaccharides are known to serve as electron donors capable of
reacting with free radicals to create stable products (You, Yin, & Ji,
2014). The results showed that all the treatments exhibited reducing
capacity. The V. volvacea polysaccharide extracts acted as electron do-
nors capable of creating stable products by reacting with free radicals,
thus causing the termination of radical chain reactions. The highest
reduction ability was found in HWE 100 and HPPE 600. The application
of high pressure or extraction at higher temperatures may increase the
solvent density and power, as well as boosting the polar compound
solubility (Prasad et al., 2010).

On the basis of the DPPH and FRAP assay results, it can be seen that
V. volvacea polysaccharide extracts offer antioxidant activity. This
heightened level of antioxidant activity may result from the presence of
an impure fraction, as is the case of those phenolic compounds that
display high levels of antioxidant activity (Wang, Hu, Nie, Yu, & Xie,
2016). Furthermore, some authors have stated that the antioxidant
properties of polysaccharides are a consequence of their underlying
chemical structure, including factors such as carbohydrate content, and
the presence of proteins and phenolics. In addition, polysaccharides
contain the -C—0, -OH, and -COOH functional groups, which are
commonly linked to antioxidant activity (Deveci et al., 2019).

p-glucans content

The p-glucans in polysaccharide extracts from V. volvacea mush-
rooms were affected by different extraction conditions and are shown in
Table 2. Determination of the f-glucan contents in the V. volvacea
polysaccharide extracts was carried out due to the importance of this
particular mushroom polysaccharide. The method used was to subtract
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Fig. 6. The *C NMR spectrum of HWE100 (A), 'H NMR spectrum of HWE100 (B) and '*C NMR spectrum of HPPE600 (C), 'H NMR spectrum of HPPE600 (D).
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the amount of a-glucan from the total glucan content, thus arriving at a
figure for the p-glucan content. The highest f-glucan contents were
observed in HPPE 600 (9.43% w/w). The combination of HPP at 600
MPa followed by HWE at 60 °C increased p-glucan contents about
15-20% compared to the use of HWE alone. Increasing the pressure and
water temperature serves to destroy interactions and break bonds link-
ing the polysaccharides within the matrix, thus allowing p-glucans to be
released into the solvent (Benito-Roman, Alonso, & Cocero, 2013). A
similar result was reported by Kim, & Iwahashi, (2015) who found that
B-glucan content of HPP at 300 MPa combined with 65 °C hot water
treatments was higher than that of 95 °C hot water treatment alone.

Fourier transform infrared (FT-IR) spectroscopy analysis

The characteristic functional groups of polysaccharides can be
identified via FT-IR. Fig. 5 presents the FT-IR spectra for V. volvacea
polysaccharides, with all treatments returning similar spectra, from
which it can be inferred that the chemical structures of the poly-
saccharides extracted under different conditions might be rather
similar. There was a strong and broad peak around 3,300-3,400 em™?
indicative of the stretching vibration of the carbohydrate O—H bonds
(Kim, & Iwahashi, 2015). Meanwhile, an absorption peak around
2,900-2,935 cm ! revealed C—H stretching, demonstrating that poly-
saccharides were present (Deveci et al., 2019). Additional peaks in the
range of 1075-1082 cm ! confirmed that a pyranose ring was present
(Yan et al., 2019), while peaks occurring around 1,600-1,650 cm!
showed the stretching vibration of the carbohydrate C—O along with a
clear protein absorption peak in the N—H stretching region (peak
around 3300-3400 cm 1), thereby indicating that the polysaccharides
were comprised of protein (Kim, & Iwahashi, 2015). The presence of
a-linked glycosyl groups within the main chain was revealed by an ab-
sorption peak around 900-930 cm ™}, while a further strong peak around
990-1,050 cm ! represented the p-linked glycosyl groups of the main
chain (Deveci et al., 2019). Considering these criteria, the HWE and
HPPE samples produced spectra showing that all of the samples
comprised protein-bound polysaccharides connected by a-glycosidic
and B-glycosidic bonds. Kim, & Iwahashi, (2015) reported similar
polysaccharide spectra for extracts prepared from Phellinus linteus via
HPP pre-treatment where the pressure was 300 MPa and the tempera-
ture was 65 °C. They compared this to hot water treatment alone at
95 °C, finding protein-bound polysaccharides connected by p-glycosidic
bonds. Moreover, similar FT-IR results were found by Deveci et al.
(2019) who reported that polysaccharide extracts from Ganoderma
applanatum revealed absorption peaks around 3,000 -3,500 cm_l,
indicative of —OH stretching; around 2,924 cmY, revealing —-CHj
stretching; around 2,856 cm ™, showing C—H stretching; in the range of
1690-1,750 em™, for C=0 bonds; at 1,639 cm™ !, for proteins; then at
1,155 and 890 cm?, confirming p-glycosidic linkage; and finally at 920
em™!, showing o-linkage.

Nuclear magnetic resonance (NMR) spectroscopy analysis

In order to further verify the structural of crude polysaccharide ex-
tracts from Volvariella volvacea,'H NMR and 'C NMR spectra were
characterized. The 'H NMR spectrum of all treatments showed signals in
the range of 3.5-5.0 ppm, whereas the >C NMR spectrum showed sig-
nals in the range of 60-80 ppm (data not shown). The presence of these
NMR signals indicates the presence of a and f-configurations of the
glycosidic bond substituted in the crude polysaccharide extracts (Zhao
etal., 2020). Fig. 6 presents the representative treatments as the !HNMR
and '3C NMR spectra of HWE 100 and HPPE 600. For both treatments,
the 'H NMR spectra exhibited a proton signal peak predominantly
ranging from 4.4 to 4.8 ppm and from 3.5 to 3.7 ppm, thus confirming
the presence of both p-linkages and a-linkages (Zhao et al., 2020), in
accordance with similar findings from the FT-IR spectrum shown in
Fig. 5. In the *C NMR spectrum of both treatments, most of the signals
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appearing at 70 to 75 ppm were assigned to unsubstituted C2, C3, C4,
and C5, and the peaks appearing at 60 ppm were attributed to unsub-
stituted C6 (Gong et al., 2020). The results were similar to those of Wang
et al., (2021), who reported that the signals appearing at 75.52, 72.99,
69.43, 68.20, and 60.61 ppm indicated the identity of the primary chain
in Stropharia rugosoannulata polysaccharides as (1 — 3)-f-p-Glcp linkage.
Accordingly, our findings from NMR demonstrate that the p-glucan (1,
3/1, 6) structure was predominant in the extracts of crude poly-
saccharide obtained from Volvariella volvacea, consistent with the results
of FT-IR.

Conclusion

The extracts of crude polysaccharides from Volvariella volvacea pre-
pared using HWE treatment and also using HPP followed by HWE at
60 °C provided differing yields, polysaccharide content, and protein
content. All extracts seem to consist of a mixture/complex of poly-
saccharides, proteins, and polyphenols that could be bound or even
covalently and o and f-glycosidically linked. Along with the changes in
chemical properties caused by the HWE treatments and by HPP followed
by HWE at 60 °C, increasing temperature or pressure tended to increase
the TPC, antioxidant activities and f-glucan content. The recommend
condition for polysaccharide extraction was combining the HPP at 600
MPa followed by HWE at 60 °C which gave the highest yields, antioxi-
dant activities and p-glucan content. Therefore, HPP technology may
have an important future role to play in the extraction of crude poly-
saccharides, as it enables extraction at lower temperature and can be
considered as a form of green chemistry.

CRediT authorship contribution statement

Benjarat Tepsongkroh: Conceptualization, Funding acquisition,
Methodology, Data curation, Supervision, Writing — original draft,
Writing - review & editing. Chuttida Thaihuttakij: Methodology, Data
curation. Supattra Supawong: Review & editing. Kamolwan Jang-
chud: Visualization, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgements

This work was supported by the Thailand Science Research and
Innovation Fundamental Fund fiscal year 2022 and the Thammasat
University Center of Excellence in Food Science and Innovation.

References

AOAC. (2000). Official Methods of Analysis of the Association of Official Analytical
Chemists (17th ed). Arlington.

Barba, F. J., Esteve, M. J., & Frigola, A. (2013). Physicochemical and nutritional
characteristics of blueberry juice after high pressure processing. Food Research
International, 50, 545-549. https://doi.org/10.1016/j.foodres.2011.02.038

Barbosa, J. R., Freitas, M. M. S., Oliveira, L. C., Martins, L. H. S., Almada-Vilhena, A. O.,
Oliveira, R. M., ... Junior, R. N. C. (2020). Obtaining extracts rich in antioxidant
polysaccharides from the edible mushroom Pleurotus ostreatus using binary system
with hot water and supercritical CO2. Food Chemistry, 330, Article 127173. https://
doi.org/10.1016/j.foodchem.2020.127173

Benito-Romdn, O., Alonso, E., & Cocero, M. J. (2013). Ultrasound-assisted extraction of
B-glucans from barley. LWT-Food Science and Technology, 50, 57-63. https://doi.org/
10.1016/j.1wt.2012.07.006


https://doi.org/10.1016/j.foodres.2011.02.038
https://doi.org/10.1016/j.foodchem.2020.127173
https://doi.org/10.1016/j.foodchem.2020.127173
https://doi.org/10.1016/j.lwt.2012.07.006
https://doi.org/10.1016/j.lwt.2012.07.006

B. Tepsongkroh et al.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72, 248-254. https://doi.org/10.1016/0003-2697(76)90527-3

Chen, R., Liu, Z., Zhao, J., Chen, R., Meng, F., Zhang, M., & Ge, W. (2011). Antioxidant
and immunobiological activity of water-soluble polysaccharide fractions purified
from Acanthopanax senticosu. Food Chemistry, 127, 434-440. https://doi.org/
10.1016/j.foodchem.2010.12.143

Chen, X., Fang, D., Zhao, R., Gao, J., Kimatu, B. M., Hu, Q., ... Zhao, L. (2019). Effects of
ultrasound-assisted extraction on antioxidant activity and bidirectional
immunomodulatory activity of Flammulina velutipes polysaccharide. International
Journal of Biological Macromolecules, 140, 505-514. https://doi.org/10.1016/j.
ijbiomac.2019.08.163

Chen, Z., Yin, C., Fan, X., Ma, K., Yao, F., Zhou, R., ... Gao, H. (2020). Characterization of
physicochemical and biological properties of Schizophyllum commune polysaccharide
extracted with different methods. International Journal of Biological Macromolecules,
156, 1425-1434. https://doi.org/10.1016/j.ijbiomac.2019.11.183

Cheung, P. C. (2008). Mushrooms as functional foods. John Wiley & Sons.

Cheung, L. M., Cheung, P. C., & Ooi, V. E. (2003). Antioxidant activity and total
phenolics of edible mushroom extracts. Food Chemistry, 81, 249-255. https://doi.
org/10.1016/50308-8146(02)00419-3

Deveci, E., Cayan, F., Tel-Cayan, G., & Duru, M. E. (2019). Structural characterization
and determination of biological activities for different polysaccharides extracted
from tree mushroom species. Journal of Food Biochemistry, 43, €12965.

Fu, X., Belwal, T., Cravotto, G., & Luo, Z. (2020). Sono-physical and sono-chemical
effects of ultrasound: Primary applications in extraction and freezing operations and
influence on food components. Ultrasonics Sonochemistry, 60, 104726. https://doi.
org/10.1016/j.ultsonch.2019.104726

Fu, X., Wang, D., Belwal, T., Xu, Y., Li, L., & Luo, Z. (2021). Sonication-synergistic
natural deep eutectic solvent as a green and efficient approach for extraction of
phenolic compounds from peels of Carya cathayensis Sarg. Food Chemistry, 355,
129577. https://doi.org/10.1016/j.foodchem.2021.129577

Ghosh, K. (2020). A review on edible straw mushrooms: A source of high nutritional
supplement, biologically active diverse structural polysaccharides. Journal of
Scientific Research, 64, 295-304. https://doi.org/10.37398/JSR.2020.640241.

Gomathy, K., Pandiselvam, R., Kothakota, A., & Ramesh, S. V. (2021). High-pressure
processing: Potential applications for foods. In G. R. Megh, P. Birwal, & M. Sharma
(Eds.), Handbook of Research on Food Processing and Preservation Technologies (pp.
3-32). Apple Academic Press.

Gong, P., Wang, S., Liu, M., Chen, F., Yang, W., Chang, X., ... Chen, X. (2020). Extraction
methods, chemical characterizations and biological activities of mushroom
polysaccharides: A mini-review. Carbohydrate Research, 494, Article 108037. https://
doi.org/10.1016/j.carres.2020.108037

Huang, H., Zhu, Y., Fu, X., Zou, Y., Li, Q., & Luo, Z. (2022). Integrated natural deep
eutectic solvent and pulse-ultrasonication for efficient extraction of crocins from
gardenia fruits (Gardenia jasminoides Ellis) and its bioactivities. Food Chemistry, 380,
132216. https://doi.org/10.1016/j.foodchem.2022.132216

Huang, H. W., Cheng, M. C., Chen, B. Y., & Wang, C. Y. (2019). Effects of high pressure
extraction on the extraction yield, phenolic compounds, antioxidant and anti-
tyrosinase activity of Djulis hull. Journal of Food Science and Technology, 56,
4016-4024. https://doi.org/10.1007/s13197-019-03870-y

Huang, H. W,, Hsu, C. P., Yang, B. B., & Wang, C. Y. (2013). Advances in the extraction of
natural ingredients by high pressure extraction technology. Trends in Food Science &
Technology, 33, 54-62. https://doi.org/10.1016/j.tifs.2013.07.001

Imjongjairak, S., Ratanakhanokchai, K., Laohakunjit, N., Tachaapaikoon, C., Pason, P., &
Waeonukul, R. (2016). Biochemical characteristics and antioxidant activity of crude
and purified sulfated polysaccharides from Gracilaria fisheri. Bioscience,
Biotechnology, and Biochemistry, 80, 524-532. https://doi.org/10.1080/
09168451.2015.1101334

Kim, Y. K., & Iwahashi, H. (2015). Properties of polysaccharides extracted from Phellinus
Linteus using high hydrostatic pressure processing and hot water treatment. Journal
of Food Process Engineering, 38, 197-206. https://doi.org/10.1111/jfpe.12153

Liu, J., Jia, L., Kan, J., & Jin, C. H. (2013). In vitro and in vivo antioxidant activity of
ethanolic extract of white button mushroom (Agaricus bisporus). Food and Chemical
Toxicology, 51, 310-316. https://doi.org/10.1016/].fct.2012.10.014

Cheung Liu, W., Li, F., Wang, P., Liu, X., He, J. J., Xian, M. L., ... Wu, D. T. (2020). Effects
of drying methods on the physicochemical characteristics and bioactivities of
polyphenolic-protein-polysaccharide conjugates from Hovenia dulcis. International
Journal of Biological Macromolecules, 148, 1211-1221. https://doi.org/10.1016/j.
ijbiomac.2019.10.211

Li, X., Zhang, Z. H., Qi, X., Li, L., Zhu, J., Brennan, C. S., & Yan, J. K. (2021). Application
of nonthermal processing technologies in extracting and modifying polysaccharides:
A critical review. Comprehensive Reviews in Food Science and Food Safety, 20,
4367-4389. https://doi.org/10.1111/1541-4337.12820

Food Chemistry: X 19 (2023) 100864

Lo, T. C. T., Chang, C. A., Chiu, K. H., Tsay, P. K., & Jen, J. F. (2011). Correlation
evaluation of antioxidant properties on the monosaccharide components and
glycosyl linkages of polysaccharide with different measuring methods. Carbohydrate
Polymers, 86, 320-327. https://doi.org/10.1016/j.carbpol.2011.04.056

Luo, W., Tappi, S., Wang, C., Yu, Y., Zhu, S., Dalla Rosa, M., & Rocculi, P. (2019). Effect
of high hydrostatic pressure (HHP) on the antioxidant and volatile properties of
candied Wumei fruit (Prunus mume) during osmotic dehydration. Food and
Bioprocess Technology, 12, 98-109. https://doi.org/10.1007/s11947-018-2196-0

Mtetwa, M. D., Qian, L., Zhu, H., Cui, F., Zan, X., Sun, W, ... Yang, Y. (2020).
Ultrasound-assisted extraction and antioxidant activity of polysaccharides from
Acanthus ilicifolius. Journal of Food Measurement and Characterization, 14, 1223-1235.
https://doi.org/10.1007/s11694-019-00371-6

Prasad, K. N., Yang, B., Shi, J., Yu, C., Zhao, M., Xue, S., & Jiang, Y. (2010). Enhanced
antioxidant and antityrosinase activities of longan fruit pericarp by ultra-high-
pressure-assisted extraction. Journal of Pharmaceutical and Biomedical Analysis, 51,
471-477. https://doi.org/10.1016/j.jpba.2009.02.033

Ren, B., Chen, C., Li, C, Fu, X., You, L., & Liu, R. H. (2017). Optimization of microwave-
assisted extraction of Sargassum thunbergii polysaccharides and its antioxidant and
hypoglycemic activities. Carbohydrate polymers, 173, 192-201. https://doi.org/
10.1016/j.carbpol.2017.05.094

Sangthong, S., Pintathong, P., Pongsua, P., Jirarat, A., & Chaiwut, P. (2022).
Polysaccharides from Volvariella volvacea mushroom: Extraction, biological activities
and cosmetic efficacy. Journal of Fungi, 8, 572. https://doi.org/10.3390/j0f8060572

Singdevsachan, S. K., Auroshree, P., Mishra, J., Baliyarsingh, B., Tayung, K., & Thatoi, H.
(2016). Mushroom polysaccharides as potential prebiotics with their antitumor and
immunomodulating properties: A review. Bioactive Carbohydrates and Dietary fibre, 7,
1-14. https://doi.org/10.1016/j.bcdf.2015.11.001

Sudha, G., Vadivukkarasi, S., Shree, R. B. 1., & Lakshmanan, P. (2012). Antioxidant
activity of various extracts from an edible mushroom Pleurotus eous. Food Science and
Biotechnology, 21, 661-668. https://doi.org/10.1007/s10068-012-0086-1

Tepsongkroh, B., Jangchud, K., & Trakoontivakorn, G. (2019). Antioxidant properties
and selected phenolic acids of five different tray-dried and freeze-dried mushrooms
using methanol and hot water extraction. Journal of Food Measurement and
Characterization, 13, 3097-3105. https://doi.org/10.1007/511694-019-00232-2

Wang, J., Hu, S., Nie, S., Yu, Q., & Xie, M. (2016). Reviews on mechanisms of in vitro
antioxidant activity of polysaccharides. Oxidative Medicine and Cellular longevity,
2016. https://doi.org/10.1155/2016/5692852

Wang, Q., Zhao, Y., Feng, X., Ibrahim, S. A., Huang, W., & Liu, Y. (2021). Effects of
drying on the structural characteristics and antioxidant activities of polysaccharides
from Stropharia rugosoannulata. Journal of Food Science and Technology, 58,
3622-3631. https://doi.org/10.1007/s13197-021-05120-6

Yan, J., Zhu, L., Qu, Y., Qu, X., Mu, M., Zhang, M., ... Sun, L. (2019). Analyses of active
antioxidant polysaccharides from four edible mushrooms. International Journal of
Biological Macromolecules, 123, 945-956. https://doi.org/10.1016/j.
ijbiomac.2018.11.079

Yin, S. W,, Tang, C. H., Wen, Q. B., Yang, X. Q., & Li, L. (2008). Functional properties and
in vitro trypsin digestibility of red kidney bean (Phaseolus vulgaris L.) protein
isolate: Effect of high-pressure treatment. Food Chemistry, 110, 938-945. https://doi.
org/10.1016/j.foodchem.2008.02.090

You, Q., Yin, X., & Ji, C. (2014). Pulsed counter-current ultrasound-assisted extraction
and characterization of polysaccharides from Boletus edulis. Carbohydrate Polymers,
101, 379-385. https://doi.org/10.1016/j.carbpol.2013.09.031

Yuan, Y., & Macquarrie, D. (2015). Microwave assisted extraction of sulfated
polysaccharides (fucoidan) from Ascophyllum nodosum and its antioxidant activity.
Carbohydrate Polymers, 129, 101-107. https://doi.org/10.1016/j.
carbpol.2015.04.057

Zhang, A., Xiao, N., He, P., & Sun, P. (2011). Chemical analysis and antioxidant activity
in vitro of polysaccharides extracted from Boletus edulis. International Journal of
Biological Macromolecules, 49, 1092-1095. https://doi.org/10.1016/j.
ijbiomac.2011.09.005

Zhang, T. T., Lu, C. L., Jiang, J. G., Wang, M., Wang, D. M., & Zhu, W. (2015).
Bioactivities and extraction optimization of crude polysaccharides from the fruits
and leaves of Rubus chingii Hu. Carbohydrate Polymers, 130, 307-315. https://doi.
org/10.1016/j.carbpol.2015.05.012

Zhao, R. J., Huo, C. Y., Qian, Y., Ren, D. F., & Lu, J. (2017). Ultra-high-pressure
processing improves proteolysis and release of bioactive peptides with activation
activities on alcohol metabolic enzymes in vitro from mushroom foot protein. Food
Chemistry, 231, 25-32. https://doi.org/10.1016/j.foodchem.2017.03.058

Zhao, Y., Chen, X., Jia, W., Gong, G., Zhao, Y., Li, G., ... Ma, W. (2020). Extraction,
isolation, characterization, antioxidant and anti-fatigue activities of Pleurotus
eryngii polysaccharides. International Journal of Food Science & Technology, 55,
2492-2508. https://doi.org/10.1111/ijfs.14501


https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.foodchem.2010.12.143
https://doi.org/10.1016/j.foodchem.2010.12.143
https://doi.org/10.1016/j.ijbiomac.2019.08.163
https://doi.org/10.1016/j.ijbiomac.2019.08.163
https://doi.org/10.1016/j.ijbiomac.2019.11.183
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0045
https://doi.org/10.1016/S0308-8146(02)00419-3
https://doi.org/10.1016/S0308-8146(02)00419-3
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0055
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0055
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0055
https://doi.org/10.1016/j.ultsonch.2019.104726
https://doi.org/10.1016/j.ultsonch.2019.104726
https://doi.org/10.1016/j.foodchem.2021.129577
https://doi.org/10.37398/JSR.2020.640241
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0065
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0065
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0065
http://refhub.elsevier.com/S2590-1575(23)00307-3/h0065
https://doi.org/10.1016/j.carres.2020.108037
https://doi.org/10.1016/j.carres.2020.108037
https://doi.org/10.1016/j.foodchem.2022.132216
https://doi.org/10.1007/s13197-019-03870-y
https://doi.org/10.1016/j.tifs.2013.07.001
https://doi.org/10.1080/09168451.2015.1101334
https://doi.org/10.1080/09168451.2015.1101334
https://doi.org/10.1111/jfpe.12153
https://doi.org/10.1016/j.fct.2012.10.014
https://doi.org/10.1016/j.ijbiomac.2019.10.211
https://doi.org/10.1016/j.ijbiomac.2019.10.211
https://doi.org/10.1111/1541-4337.12820
https://doi.org/10.1016/j.carbpol.2011.04.056
https://doi.org/10.1007/s11947-018-2196-0
https://doi.org/10.1007/s11694-019-00371-6
https://doi.org/10.1016/j.jpba.2009.02.033
https://doi.org/10.1016/j.carbpol.2017.05.094
https://doi.org/10.1016/j.carbpol.2017.05.094
https://doi.org/10.3390/jof8060572
https://doi.org/10.1016/j.bcdf.2015.11.001
https://doi.org/10.1007/s10068-012-0086-1
https://doi.org/10.1007/s11694-019-00232-2
https://doi.org/10.1155/2016/5692852
https://doi.org/10.1007/s13197-021-05120-6
https://doi.org/10.1016/j.ijbiomac.2018.11.079
https://doi.org/10.1016/j.ijbiomac.2018.11.079
https://doi.org/10.1016/j.foodchem.2008.02.090
https://doi.org/10.1016/j.foodchem.2008.02.090
https://doi.org/10.1016/j.carbpol.2013.09.031
https://doi.org/10.1016/j.carbpol.2015.04.057
https://doi.org/10.1016/j.carbpol.2015.04.057
https://doi.org/10.1016/j.ijbiomac.2011.09.005
https://doi.org/10.1016/j.ijbiomac.2011.09.005
https://doi.org/10.1016/j.carbpol.2015.05.012
https://doi.org/10.1016/j.carbpol.2015.05.012
https://doi.org/10.1016/j.foodchem.2017.03.058
https://doi.org/10.1111/ijfs.14501

	Impact of high pressure pre-treatment and hot water extraction on chemical properties of crude polysaccharide extract obtai ...
	Introduction
	Materials and methods
	Materials and chemicals
	Preparation of mushroom powder
	Crude polysaccharide extraction
	Determination of proximate composition
	Determination of crude polysaccharide yields
	Determination of polysaccharide content
	Determination of protein content
	Determination of total phenolic content
	Determination of antioxidant activity
	DPPH radical-scavenging activity
	Ferric ion reducing antioxidant power

	Determination of β-glucan
	Fourier transform infrared (FT-IR) spectroscopy
	Nuclear magnetic resonance (NMR) spectroscopy
	Statistical analysis

	Results and discussion
	Crude polysaccharide extraction yields and the contents of polysaccharide and protein
	Total phenolic content
	Antioxidant activity
	β-glucans content
	Fourier transform infrared (FT-IR) spectroscopy analysis
	Nuclear magnetic resonance (NMR) spectroscopy analysis

	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


