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ABSTRACT

The edible split gill mushroom (Schizophyllum commune) is considered as
both nutritive and pharmaceutical mushroom. This mushroom is widely spread in
many Asian nations. Its cell wall consists of abundant schizophyllan (B—gtucan or
polysaccharide from this mushroom) with various distinguished
biological properties. Thus, this research was interested to investigate into the
identification of mushroom strain, nutritional values of the mushroom, study on
optimized hot  water  extraction and ethanol precipitation  process  of
the schizophyllan using response surface methodology (RSM) on central composite
design  (CCD), including suitable solubility —of this extract. Furthermore,
this schizophyllan  extract was characterized the chemical (polysaccharide,
monosaccharide, oligosaccharide, B—glucan and protein compositions) and biological
activities (antioxidant and prebiotic properties), as well as split gill mushroom
essence was developed suitable mushroom essence production condition

and formula supplemented with this functional extract for consumer acceptance.

From this research, this mushroom was specified asS. commune
in comparison  with the  nucleotide  sequence  homology by  BLAST
analysis. The mushroom consisted of superior carbohydrate, crude fiber, protein, low
calories of fat without any heavy metal contamination, considered as a safe
mushroom. Moreover, the cost-effective optimization of schizophyllan extraction was
the low mushroom content of 5 - 8% (w/v) at 100 - 110°C of hot water extraction for
2 - 3 hours and ethanol precipitation at 62 - 65% (v/v) ethanol concentration with

the highest degree of polymerization (DP value of 5.40), the greatest total sugar



content (447.98 mg/g extract), minimized reducing sugar content (92.08 mg/g extract),
suitable protein content (5.30 mg/g extract) and optimized extraction yield (4.03
¢/100 g dry mushroom). Additionally, the optimized solubilization condition of this
extract was 120°C for 120 minutes with 5.00 mg/ml extract concentration with
superior total sugar content, highest reducing sugar content, optimal DP value and

greatest total phenolic content.

Furthermore, this extract contained greater B—glucan content 271.42 mg/g
extract. As a result, the optimized extract had highest DP value along with possibly
potential immunomodulatory, anti-inflammatory and anticarcinogenic properties. The
substance also consisted of B—gtucooligosaccharide or B—glucan oligosaccharide with
DP value about 2 - 3, namely laminaribiose, laminaritriose and B—glucan as prebiotic
effect by promoting probiotic bacteria proliferation. This extract comprised of
bioactive hydrophobin, lectin protein and purpurin (red pigment) along with probably
various biological activities. Besides, the schizophyllan had total phenolic substance
(6.49 mg GAE/g extract), as well as revealed antioxidant properties (83.23% DPPH
inhibition at 80 mg extract/ml and 98.77% ABTS inhibition at 20 mg extract/ml,
respectively), and exhibited more potential to inhibit DPPH and ABTS radical at
inferior content (half-maximal inhibitory concentration (ICs, value) of 15.36 and 7.08
mg extract/ml, respectively). To study cytotoxicity of the extract by MTT assay,
this extract were pretreated to RAW 264.7 cells (macrophages) at 250 - 1,000 g/ml
of extract concentration and 1 - 3 hours of various incubation times with non-
significantly high cell viability. Therefore, both this mushroom and the schizophyllan
would be developed as high value-added mushroom essence products with
nutraceutical compounds for beneficial consumer health at the appropriate
production condition of this mushroom essence (100°C, 120 minutes), including
suitable mushroom essence  formula, namely split gill  mushroom (2.500%
w/V), schizophyllan extract (0.021% w/v), Indian gooseberry (0.017% w/v) and stevia

(0.004% w/v) as natural sweeteners.



Keywords :  split gill mushroom, schizophyllan, optimized extraction, biological

properties, functional food
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CHAPTER 1
INTRODUCTION

1.1 Principles, theory, rationale and/or hypothesis

Numerous pandemics of various infections, diseases, and pollution issues
nowadays exist. People must pay greater attention to their health and consume
more healthy foods, particularly functional foods. Functional food is a food that
supplements a functional component for preventing any diseases or promoting
health (Commission, 2010).

Mushrooms are an essential source of both nutritional and medicinal foods.
They can help you avoid problems including hypertension, hypercholesterolemia,
and cancer (Yim et al., 2013), including their antioxidant, immune-enhancing and anti-
tumor properties (Maity et al.,, 2015). According to the previous study, they are
excellent antioxidant sources because they contain various phenolic compounds and
secondary metabolites that act as highly effective scavengers of free radicals (Yim et
al,, 2013).

Split gill mushroom (Schizophyllum commune) is extensively spread in many
countries in Asia, such as Thailand, Myanmar, Laos and Northeastern India (Yelithao
et al,, 2019). This mushroom grows on a broadleaved tree, dead, fallen, or standing
wood. It is distinguished by light yellow to brown sills, dense white hairs, and the
absence of stalks (Hobbs, 2005). The mushroom comprises B—glucans cross-linked
with chitin in the cell wall (Leung et al., 2006). The conformation of schizophyllan or
B—gtucan is a triple-stranded helix. This B—glucan is a B—1,3—D—gtucan backbone with
B—l,é—D—branches (Lee and Ki, 2020).

Moreover, the split gill mushroom is medicinal (Klaus et al,, 2011) with
plentiful nutritional values, particularly high fiber, protein and low lipid (Basso et al.,
2020). For decades, the mushroom has been a popular alternative protein source to
animal proteins due to the high content of essential amino acids for vegetables
(Gonzalez et al., 2021). The production of healthy foods with a high protein content

that does not contain meat is gaining interest worldwide, such as soy, wheat protein,



and mushroom protein (Kim et al,, 2011). Additionally, this mushroom contains
peptides formed during protein hydrolysis by a protease enzyme that exhibits
antioxidant properties (Wongaem et al., 2021), hydrophobin protein with anticancer
activity in S180 mouse sarcoma and B16-F10 mouse melanoma (Akanbi et al., 2013),
lectin protein with inhibition of cancer cell growth and proliferation (Han et al., 2010),
both hydrophobin and lectin protein via possibly immunomodulatory (Akanbi et al.,
2013; Zhao et al., 2020), as well as schizolysin (hemolysin) with antiviral activity due
to inhibition of HIV-1 reverse transcriptase (Han et al., 2010).

Furthermore, this mushroom is abundant schizophyllan, which is distinguished
by a variety of biological properties (Klaus et al., 2011), for instance, antioxidant
(Chandrawanshi et al., 2017; Yelithao et al., 2019), anti-inflammatory (Du et al., 2017,
Lee and Ki, 2020), immunomodulatory in immune cells from whole human blood
(Smirnou et al., 2017) and macrophage cells (Yelithao et al., 2019), anticancer activity
in lung, gastric, cervical, breast carcinoma cells (Zhong et al, 2013) and tumor-
bearing mouse (Zhong et al,, 2015), antiviral, antifungal (Hobbs, 2005), along with
prebiotic properties (Chaikliang et al., 2015). Additionally, B—glucan is crucial in
preventing oxidative damage caused by free radicals (Yelithao et al., 2019). As a
result, the mushroom is used in a wide variety of industrial applications, including
pharmaceuticals (Lee and Ki, 2020), vaccines, cosmetics, and functional food
(Smirnou et al,, 2017; Zhong et al,, 2013; Zhong et al,, 2015) and traditional food
widely in Southeast Asia and India (Hobbs, 2005).

In addition, B—gtucan is a prebiotic oligosaccharide or polysaccharide
indigestible in the human digestive system (Van Loo, 2006). It promotes the immune
system and helps gastrointestinal tract health by promoting the growth of helpful
probiotic bacteria, controlling the balance of intestinal flora due to acidic chemicals
produced by these probiotic bacteria, and inhibiting harmful bacteria growth
(Singdevsachan et al., 2016).

Therefore, this research aims to determine the mushroom strain's identity,
and the nutritional value of S. commune and optimize the extraction process for

schizophyllan and protein. Additionally, this research analyzed the polysaccharide,



monosaccharide, and protein compositions and the biological activities of these
extracts, including antioxidant and prebiotic properties. Eventually, a high-value-
added functional food product containing various bioactive compounds was

developed from this mushroom to promote a healthy immune system in consumers.

1.2 Objectives of the research
1. To identify the mushroom strain and investigate the nutritional value of S.
commune.
2. To study the optimized extraction process of schizophyllan and protein from
S. commune.
3. To study chemical characterization and biological activity of schizophyllan
and protein from the optimized extraction process.

4. To develop a functional food product from S. commune.

1.3 Scopes of research
1. This study used a split gill mushroom harvested from a mushroom farm in
Thailand's southern region as a raw material.
2. The anti-inflammatory and immune-enhancing properties of the extract were

investigated using macrophages.

1.4 Benefits of research
1. The extraction process was optimized to extract the maximum vyield of
functional ingredients from the mushroom.
2. The extract contained various bioactive compounds to develop a high-value-

added functional food product with health benefits.



CHAPTER 2
LITERATURE REVIEW

2.1 Split gill mushroom

The split gill mushroom (Schizophyllum commune) is a therapeutic
mushroom (Klaus et al., 2011) found in many Asian nations (Yelithao et al., 2019). For
cell wall composition, it consists of rich B—gtucans (schizophyllan) (Lee and Ki, 2020;
Leung et al., 2006). Additionally, this mushroom possesses abundant nutritional value
(Hobbs, 2005) and various biological properties (Klaus et al,, 2011). As a result, the

mushroom has a wide range of industrial applications.

Figure 1 Split gill mushroom.

Source: Concier (2019)

2.1.1 Taxonomic classification
Kingdom: Fungi
Phylum: Basidiomycota
Class: Agaricomycetes
Order: Agaricales
Family: Schizophyllaceae
Genus: Schizophyllum
Species: S. commune

(Du et al., 2017)



2.1.2 Physical characteristics

S. commune is known as split gill mushroom. This mushroom has dense
white hairs, no stalks, and light yellow to brown gills that branch constantly; thus this
mushroom name is called split gill (Hobbs, 2005) as illustrated in Figure 1. The
fruiting body is small around 1 - 5 cm and fan-shaped with white spore. The life
cycle completes within 10 days (Chandrawanshi et al., 2017). It grows on dead, fallen,
or standing broadleaved tree logs. The species is called commune, which means
widespread (Hobbs, 2005). As a result, the mushroom is found in various Asian
countries, including Thailand, Laos, Myanmar, and Northeastern India (Yelithao et al,,

2019).

2.1.3 Nutritional value

Split gill mushroom, fresh and dry from the forest or mushroom farming, is
commonly eaten in many tropical nations. This mushroom has a lot of nutritional
value, especially in terms of carbohydrate and fiber (68.0%), and protein (15.9%),
however, it has a low lipid content (2.0%). The essential amino acid content is about
34% less than protein from the egg, with methionine as a limiting amino acid. The
true digestibility of protein (TDP) is around 53%. Around 72 - 77% of the total fat in
the mushroom is composed of linoleic and oleic acids. Additionally, it has a higher
phosphorus, magnesium, calcium, iron, zinc, manganese, copper, and chromium
concentration. Mineral content varies according to mushroom strain and habitat

(Hobbs, 2005).

2.1.4 Schizophyllan
This mushroom’s cell wall comprises glycoprotein, mannoprotein, B—glucan,
chitin and plasma membrane (Figure 2) (Chan et al., 2009). When we consider the
linkage of B—glucans, it is found that aldehyde groups of B—glucans are cross-linked
covalently to amino groups of chitins to form C=N double bonds by Schiff reaction.
Figure 3 shows cell wall assembly of this mushroom (Leung et al., 2006). The

conformation of schizophyllan (B—glucan from S. commune) is a triple-stranded helix.



This water-soluble B -glucan is B 1,3-D-glucan backbone with B 1,6-D-branches (Lee
and Ki, 2020), as shown in Figure 4. The molecular weight is about 450,000 Da
(Singdevsachan et al., 2016). The conformational complexity of B—glucan is important
in immune function (Chan et al., 2009). Triple helical B—gtucan, with a higher degree
of branching structural complexity, has a greater potential for immunomodulatory
and anticancer effects (Khan et al., 2018) than linear or less branched B—glucan with
low molecular weight significantly (Lee and Ki, 2020).

Furthermore, high-performance  liquid chromatography (HPLC), liquid
chromatography/mass spectrometry (LC/MS), atomic force microscopy, and X-ray
crystallography can determine the composition or structure of B—glucan. Additionally,
the B—glucan content can be determined using the aniline blue staining method, the
phenol-sulfuric acid method, or an ELISA (enzyme-linked immunosorbent assay)

(Chan et al., 2009).
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Figure 2 The key components of the mushroom cell wall.

Source: Chan et al. (2009)
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Figure 3 Cell wall assembly of split gill mushroom.

Source: Leung et al. (2006)
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2.1.5 Extraction process of schizophyllan

In general, mushroom polysaccharides are obtained from mycelial biomass,
fruit bodies, or exopolysaccharides (EPS) released during liquid culture broth
fermentation (Ruthes et al., 2015). Several extraction methods are available to obtain
schizophyllan or B—glucan. Extraction methods affect B—glucan's molecular weight
and structure. Typically, B—gtucan is extracted using hot water to solubilize it into a
solution, as well as alkaline, acidic, enzyme-assisted, ultrasound-assisted, and
microwave-assisted extraction (Zhu et al,, 2016). Different factors affect extraction,
including the temperature of the extraction (ambient, boiling, or other), the type of
organic solvent used to separate the polysaccharide from other components
(ethanol, acetone, chloroform: methanol (CHCl;: MeOH)), and the presence of an
alkaline solution (NaOH or KOH), as well as the use of ultrasonic or microwave
technology to increase efficiency, yield, and reduce extraction time (Ruthes et al,,
2015). The entire extraction and production process of B—glucan on a laboratory and
industrial scale can be summarized as shown in Figure 5.

In addition, triple helical B—glucan is stable at ambient temperature and pH 7.
Nonetheless, after B—gtucan is effectively pretreated with an alkaline solution, hot
water at high temperature, or solvent, the conformation of B—glucan will change
from triple helix to single helix and random coil, respectively (Figure 6), because
hydrogen bonds that are intermolecular forces for maintaining the single helical and

triple-helical conformers are broken (Leung et al., 2006).
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Moreover, there is some research on B—gtucan extraction process. Some

examples are: Chandrawanshi et al. (2017) studied the appropriate extraction process

of the extracts from S. commune on antioxidant capacity. It was noticed that the

highest yield was obtained by hot water extraction (19.06 ¢/100 ¢ dry mushroom)

followed by ethanol and methanol extractions, respectively. The antioxidative

capacity of mushroom extract was investigated using various assay methods in this

study. DPPH radical scavenging activity, total phenolic determination, reducing power,

and hydrogen peroxide scavenging method discovered that ethanolic extract had a

higher antioxidant capacity than hot water and methanol extracts. For the chelating



effect of ferrous ions, hot water extract showed great scavenging activity compared
to other extracts.

Furthermore, Klaus et al. (2011) reported antioxidant activities and chemical
characterization of polysaccharides extracted from fruiting bodies of this mushroom,
such as hot water extract (HWE), hot water extracted polysaccharides (HWP) and hot
water alkali extracted polysaccharides (HWAE). All extracts consisted of glucose as
the dominant monosaccharide. HWAE vyielded the highest (22.6 ¢/100 ¢ of dry
mushroom). However, the total polysaccharide contents of HWP (41.7 ¢/100 ¢ dry
extract) and total glucan contents of HWE (26.9 ¢/100 g dry extract) were the greatest
compared to another extract, respectively. HWP also exhibited higher possible
median effective concentrations (ECs, values) of antioxidant and DPPH scavenging
activities, but HWE had higher ECs, values of reducing power and ferrous ion
chelating abilities.

Besides, Cheung et al. (2012) researched a comparison of polysaccharide-
protein  (PSP) complexes from three medicinal mushrooms, namely Coriolus
versicolor, Grifola frondosa and Lentinus edodes, by ultrasound-assisted extraction
(UAE) and conventional hot-water extraction (HWE) before precipitation of the extract
with ethanol. When compared to HWE, UAE PSP yield was similar to G. frondosa,
significantly superior to L. edodes but inferior to C. versicolor, and UAE extraction
rate was significantly higher with L. edodes and G. frondosa but significantly lower
with C. versicolor. UAE found that the protein content of PSPs from three
mushrooms was higher, while the carbohydrate content was lower than that of HWE.
The antioxidative properties of UAE PSPs were likewise more promising than HWE's.

Moreover, Li et al. (2012) studied a polysaccharide-peptide complex from an
abalone mushroom (Pleurotus abalonus) obtained with hot water extraction
combined with ethanol precipitation. After that, the extract was purified using DEAE-
cellulose anion exchange chromatography and Sephadex G-200 column gel filtration.
Glucose, galactose, rhamnose, and glucuronic acid were all present in this
polysaccharide-peptide combination. This extract also showed increased antioxidant

activity, anticancer activity against breast cancer MCF7 cells and hepatoma HepG2
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cells, hyposglycaemic capability in diabetic mice, and antiviral activity by inhibiting

HIV-1 reverse transcriptase function.

2.1.6 Biological properties
2.1.6.1 Antioxidant properties

Antioxidants are micro components present in edible green plants which can
help to protect the body against oxidative stress induction by free radicals and
prevent harmful reactive oxygen species (ROS). Many physiological and biochemical
processes in the body may produce free radicals and other reactive oxygen species
(Paudel et al., 2018). They are extremely unstable and react quickly with other
compounds in the body, causing oxidative damage to cells and tissues (Li et al,,
2018). Excessive free radicals and reactive oxygen species levels have been linked to
various degenerative disorders, including aging, cancer, cardiovascular disease,
Alzheimer's disease, and other chronic conditions (Ramalingam et al, 2017). To
prevent these diseases, antioxidants play a vital role in controlling oxidative stress in
the body (Li et al,, 2018). Polyphenols, flavonoids, carotenoids, glutathione, and
lipoic acid are antioxidants. They are primarily found in fruits and vegetables. Despite
this, fruit and vegetables are in short supply in many parts of the world. As a result,
researchers are looking for more antioxidants from different sources (Asghari et al,,
2016).

Mushrooms are well-known for their nutritional value and as a source of
therapeutic foods that can help avoid diseases, such as cancer, hypertension, and
hypercholesterolemia (Yim et al., 2013). Moreover, they have drawn attention to
their antioxidant, antitumor, and immunomodulatory properties (Maity et al.,, 2015).
Some researchers have reported their excellent antioxidant source, while they
consist of various secondary metabolites and phenolic compounds as greatly
capable scavengers of free radicals (Yim et al., 2013). Additionally, the schizophyllan
from the split gill mushroom has an antioxidant capacity to protect the human body
from oxidative damage by scavenging free radicals (Chandrawanshi et al., 2017,

Yelithao et al., 2019).
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2.1.6.2 Anti-inflammatory and immune-enhancing properties

S. commune is a common schizophyllan with various biological activities and
potential pharmaceutical applications (Klaus et al., 2011). For instance, antioxidant
capacity (Chandrawanshi et al.,, 2017; Yelithao et al., 2019), anti-inflammatory activity
via suppression of proinflammatory cytokines or stimulation of anti-inflammatory
cytokines (Du et al, 2017, Lee and Ki, 2020), immunomodulatory capacity in
macrophage proliferation (Smirnou et al,, 2017; Yelithao et al, 2019), as well as
anticancer activity in controlling growth of breast, lung, cervical, gastric, cancer cells
(Zhong et al.,, 2013) and mouse tumor-bearing model (Zhong et al., 2015). Antiviral
activity exhibits protection from viral infections in mice, including enhancing survival
rates and phagocytic activity, antifungal activity by induction of candida static activity
in mouse macrophage (Hobbs, 2005), as well as prebiotic property in the stimulation
of probiotic bacteria growth and inhibition of pathogenic bacteria growth (Chaikliang
et al,, 2015).

In addition, Figure 7 depicts the mechanism by which B—glucan activates
immune cells to eliminate pathogens. B—gtucan is a potent immunomodulator that
positively affects innate and adaptive immune systems. Human cells do not contain
B—glucan. Innate immunity is quick to recall and responds to pathogens to minimize
infection. On immune cells, a variety of B—glucan receptors are expressed. This may
act exclusively on B—glucan or in combination with other ligands. Different signaling
pathways are induced, and the downstream signaling molecules associated with
them are identified. The reactor cells are neutrophils, monocytes, dendritic cells,
macrophages, lymphocytes, and natural killer, it is mentioned Dectin-1 which is a
protein receptor binding B—1,3 and B—1,6 glucan. This receptor can begin and
conduct innate immunity. It results in active responses, phagocytosis,
proinflammatory cytokine production and infectious agent elimination. Dectin-1 is
responsible for the innate immune system and is also found in neutrophils, dendritic

cells and macrophages (Chan et al., 2009).
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Figure 7 Diagram of immune activation induced by B—gtucan.

Source: Chan et al. (2009)

The Dectin-1 cytoplasmic tail contains an immunoreceptor tyrosine based
activation motif (ITAM) that signals through the tyrosine kinase in collaboration with
Toll-like receptors 2 and 6 (TLR-2/6). Several signaling molecules have been reported
to be involved. They are NF-KB (nuclear factor-kappa B) through Syk-mediate

pathway (spleen tyrosine kinase), signaling adaptor protein CARD9 and nuclear factor
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of activated T cells (NFAT). This will eventually lead to the release of cytokines
including interleukin (IL)-12, IL-6, tumor necrosis factor (TNF)-Ql, and IL-10. Generally,
bigger and more complex B—glucans have higher immunomodulating potency (Chan
et al., 2009).

Furthermore, pro-inflammatory agents, such as lipopolysaccharide (LPS), can
significantly increase nitric oxide (NO) production in macrophages through the
activation of inducible nitric oxide synthase (iINOS). There are many pro-inflammatory
cytokines, for example, TNF-QL, nitric oxide (NO), IL—1B, IL-6, cyclooxygenase-2 (COX-
2) and 5- lipoxygenase (5-LOX). Nitric oxide is recognized as a regulator in
pathological reactions, especially in acute inflammatory responses. 5-LOX is a key
enzyme in synthesizing leukotrienes, inflammatory mediators of arachidonic acid.
Both inducible nitric oxide synthase (INOS) and COX-2 are important enzyme
mediators that mediate inflammatory processes. INOS and COX2 synthesize
inflammatory mediators, such as nitric oxides and prostaglandins. iNOS mRNA was
measured by real-time PCR using specific primers (Du et al.,, 2017). Additionally, there
are various anti-inflammatory cytokines, namely IL-10, IL-12, and transforming growth
factor-beta (TGF-PB).

Moreover, the prior research reported that B—glucan (from S. commune,
SPG) interacts with dectin-1 as receptor and promotes the IL-10 expression induced
by virulence factor from periodontal bacteria (A.a. LPS from Aggregatibacter
actinomycetemcomitans) via enhancing NF-KB (nuclear factor-kappa B) and MSK1
phosphorylation (mitogen- and stress-activated protein kinase 1) including cAMP-
responsive-element-binding protein (CREB) by Syk activation (spleen tyrosine kinase)
in murine macrophages. In immune cells, dectin-1, an important B—glucan receptor,
binds with B—gtucans to initiate and regulate the immune response, such as the
production of antimicrobial reactive oxysen species, inflammatory cytokines, and
chemokines. Although dectin-1 activation induces the secretion of pro-inflammatory
cytokines, it also strongly promotes the production of IL-10, a key anti-inflammatory
cytokine that plays a critical role in controlling inflammation. LPS is a potent

virulence factor of these periodontal pathogens, and the binding to TLR4 activates
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the NF-KB pathway (via TIRAP and MyD88), further producing inflammatory cytokines.
Dectin-1 is a lectin with a single lectin-like domain and an intracellular ITAM-like
motif, which binds to B—glucan and initiates signaling events via Syk (Figure 8).
Therefore, it is investigated the involvement of Syk with the dectin-1 signaling
pathway is investigated. These observations indicate that SPG binding to the dectin-1
receptor activates Syk, followed by NF-KBQU activation and MSK1 phosphorylation,
ultimately upregulating IL-10 expression. Although dectin-1 is the main receptor
responsible for B—glucan activation, TLR and other receptors may also recognize
components of B-glucans. This work suggests that SPG may help to prevent the
exacerbation of infection from periodontitis and regulate inflammation, which occurs
by host response against the periodontal pathogen. Thus, SPG is a potential

therapeutic agent for periodontal disease (Thongsiri et al., 2021).
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Figure 8 Cell signaling diagram of dectin-1 mediated macrophages induced by LPS (A.a).
Source: Thongsiri et al. (2021)
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Adaptive immunity is another immune mechanism that works with antigen-
presenting cells and T-lymphocytes. Particularly, peptides from intracellular
pathogens for class | major histocompatibility complex (MHC-I) antigen-presenting
cells present to cytotoxic T-cells (CD8+ T-cells). On the contrary, the class I MHC
(MHC-II) antigen-presenting cells display only peptides from extracellular pathogens
to T-helper cells (CD4+ T-cells). Hence, B—glucan could stimulate immune responses
through T-lymphocytes activation (Chan et al,, 2009). Antigen-presenting capacity,
macrophage effector function, ability to modulate acquired immunity by antigen
presentation, production of cell adhesion molecule, and cytokine release are all
improved by the B—glucan. The proliferation of T-lymphocytes, B-lymphocytes,
macrophages and natural killer cells would increase in response to stimulation of B—
glucan when B—glucan binds with the receptor (Leung et al., 2006).

Besides, B—glucan functions with the activated complement receptor 3 (CR3;
CD11b/CD18) on neutrophils, lymphocytes, and natural killer cells. When B—glucan
binds to the lectin domain of CR3, resulting in binding to inactivated complement 3b
(iC3b) on the reactor cell surface. This pathway is B—glucan opsonization. As a result,
it happens phagocytosis and lysis of reactor cells. B—glucan's immunomodulatory
effects affect both the innate and adaptive immune systems. B—gtucan also enhance
phagocytosis and cytokines secretion, such as tumor necrosis factor-0t (TNF-Ql) and

various types of interleukins (IL-6, IL-10, IL-12) (Chan et al., 2009; Lee and Ki, 2020).

2.1.7 Application of split gill mushroom
This mushroom is an essential nutrient source (Basso et al.,, 2020) and has
plentiful pharmaceutical value with biologically active compounds (Klaus et al,
2011). In consequence, the mushroom is widely used in Southeast Asia and India for
a variety of industrial applications, including traditional meals (Hobbs, 2005),
functional food, biocactive cosmetic, immunomodulator, vaccine (Smirmmou et al.,
2017; Zhong et al., 2013; Zhong et al., 2015) and anticancer drug (Lee and Ki, 2020).
Furthermore, there are varied products of B—gtucan from other sources for

industrial applications. For example, B—gtucan is utilized in foods (prebiotic sausage,
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yogurt, dairy product, beverage, gluten-free bread, snack, cake), medicines (vaccine,
wound dressing material, poly-membrane, bone-substituting material), cosmetics
(skin and dermatological composition, film-forming moisturizer, eye drop), along with

feeds (animal feed additive, fish feed additive) (Zhu et al., 2016).

2.2 Prebiotic

Prebiotics are non-digestible and non-absorbable oligosaccharides and
polysaccharides found in the human upper gastrointestinal (GI) tract that promote
the growth of helpful probiotic bacteria while inhibiting the proliferation of bad
bacteria to improve host health. Prebiotics would boost the immune system,
enhance digestion and feces elimination, minimize constipation and diarrhea,
increase short-chain fatty acids (SCFAs) production, lower colon pH, limit pathogen
growth, and lower blood cholesterol levels (Singdevsachan et al,, 2016), including
reducing cardiovascular disease, prevent obesity and inhibit cancer (Lam and Chi-

Keung, 2013).

2.2.1 Concept of prebiotic

The important criteria for prebiotic compounds were described: (1) the
prebiotic should be tolerant to low pH acid of the stomach and resistant to digestive
enzymes in small intestines. (2) This bioactive compound should stimulate the
beneficial probiotic bacteria growth (Lactobacillus sp., Bifidobacterium sp. and
Streptococcus sp.) in the colon (3) to ferment SCFAs (such as acetic, propionic, and
butyric acids) with low large intestine pH for suppression of pathogenic bacteria
growth (Clostridium sp., Salmonella sp. and Bacteroides sp.), (4) leading to beneficial
to Gl tract health and well-being of host (Shi et al., 2018). Additionally, (5) it should
stabilize to food processing condition without degradation or chemical alteration,
while probiotic bacteria in the gut are available (Singdevsachan et al., 2016).

Recently, prebiotics is developed commercial applications for human health,
for example chicory root extract, fructooligosaccharide (FOS), galactooligosaccharide

(GOS), slucooligosaccharide (Shi et al, 2018), xylooligosaccharide (XOS)

(Singdevsachan et al., 2016), isomaltooligosaccharide (IMO), polydextrose, B—glucan
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(Lam and Chi-Keung, 2013), mannooligosaccharides (MOS), inulin and so on (Halsted,

2003; Saetang and Khanongnuch, 2014).

2.2.2 Production process of prebiotic

According to earlier studies, the mushroom is a viable alternative source of
prebiotics because it contains B—glucan with prebiotic properties. This B—glucan is
non-digestible and unable to hydrolyze the B—glycosidic bond of B—glucan because it
is resistant to hydrolyzing by acid in the stomach and human digestive enzymes
(Singdevsachan et al,, 2016). The sources of B—glucans with prebiotic activity are
laminarin  from Laminaria digitata seaweed, curdlan from Alcaligenes faecalis
bacteria, B—glucans from barley, oat, Poria cocos and Polyporous rhinocerus
mushroom. These B—gtucans promote the probiotic bacteria to ferment SCFAs and
organic acids to inhibit pathogenic bacteria proliferation and benefit host health
(Zhao and Cheung, 2013).

Afterward, B—gtucan extract from the prior source would be hydrolyzed by
the B—glucanase enzyme to produce B—gtucan oligosaccharide (BGO). In B—glucan
hydrolysis, B—glucanase would cleavage B—1,3 and B—l,é—glycosidic linkage of B—
glucan into BGO. Their different glycosidic linkages and molecular weight depend on
B—glucans utilization from various sources. Consequently, the received BGO has a
short oligosaccharide with low molecular weight and prebiotic property that could be
tolerant to acid and digestive enzymes in the live enzymes in Gl tract (Lam and Chi-
Keung, 2013). Smaller molecular oligosaccharides are more easily accessible to
probiotic bacteria in the colon than polysaccharides with a high molecular weight for
consumption and fermentation (Nowak et al, 2018). This bioactive sugar also
demonstrates immune-potentiation (Otaka, 2006). The sources of this enzyme for
hydrolysis of B—gtucan are laminarinase (B—l,B—glucanase) from Streptomyces
matensis bacteria (Guan et al., 2018), [3—1,3—gtucanase from Rhizomucor miehei fungi
(Shi et al,, 2018), Trichoderma harzianum fungi (Giese et al., 2011), Bacillus circulans

bacteria (Kim et al., 2006), Cellulosimicrobium cellulans bacteria (Fu et al., 2015) and
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lichenase (B-1,3-1,d-glucanase) from Penicillium occitanis fungi (Chaari et al., 2016)
etc.

In addition, Chaikliang et al. (2015) studied B—glucans and oligo—B—glucans
from S. commune Fr and Auricularia auricula Judae on prebiotic properties. These
B—glucans were extracted under high pressure and temperature. Laminarinase was
used to hydrolyze these oligo—B—gLucans from B—glucans. Following that, fecal
fermentation in batch culture in vitro was performed to compare fecal bacteria
growth during fermentation of the ﬁ—glucans and oligo—B—glucans from these
mushrooms and commercial yeast B—gtucan, and the number of each probiotic
bacteria and pathogenic bacteria strains were counted for the calculation of the
prebiotic index of each extract. It was noticed that B—glucan from A. auricula Judae
raised Lactobacillus sp. and Bifidobacterium sp. significantly. The prebiotic index of
B—glucan from A. auricula Judae was superior to that of yeast B—glucan, B—glucan
from S. commune Fr and oLigo—B—gLucan from both mushrooms, respectively. The
probiotics also produced SCFAs, such as acetate, propionate, butyrate and lactate.
Thus, the B—glucans from these mushrooms are prebiotic candidates.

Furthermore, Shi et al. (2018) evaluated curdlan-B-1,3-glucan oligosaccharide
in vitro digestibility under simulated gastrointestinal settings, as well as stability of
this oligosaccharide at low pH, high temperature, and Maillard reaction conditions
during food processing. In the oligosaccharide production, curdlan (B—1,3—glucan)
from Alcaligenes faecalis bacteria was degraded by B—1,3—glucanase from
Rhizomucor miehei fungi. The results revealed that this oligosaccharide was stable to
simulated Gl digestion, including low pH, thermal, and tolerant to Maillard reaction
conditions. It also enhanced Lactobacillus sp. and Bifidobacterium sp. populations
that produced SCFAs of acetic, propionic and lactic acid, while this oligosaccharide
inhibited E. coli growth. The short oligosaccharides with the degree of polymerization
(DP) of 2 and 3 were easily metabolized by L. strains. They modulated large bowel
environment pH to benefit the host’s well-being and health. This might be

potentially utilized as functional food materials.



19

Moreover, Nowak et al. (2018) reported the potential of polysaccharides from
53 strains of wild mushrooms to promote the proliferation of L. rhamnosus and L.
acidophilus, as well as examined the digestibility of polysaccharide fractions. This
study would use ethanol to extract polysaccharides from each mushroom's fruit
bodies and sonication, heat, and the Savage reagent (chloroform: isoamyl alcohol)
for deproteinization. The promotion of probiotic bacteria growth and in vitro
digestion of these fungal polysaccharides were then in a simulated Gl tract. It was
noticed that mushroom polysaccharides stimulate L. strains' proliferation greater than
commercial prebiotics (FOS or inulin). The polysaccharides were also resistant to
artificial gastric juice and remained stable (undigested). The polysaccharides could
pass through the upper Gl tract, reach the large intestine, and promote beneficial
probiotic bacteria growth. As a result, edible mushroom polysaccharides would be

possibly utilized in functional foods and nutraceutical production.

2.2.3 Prebiotic and other biological properties

The mechanism of probiotics action was presented in Figure 9. These
mechanisms comprise (1) the effect of prebiotics on the composition of dietary
ingredients for substrate availability by gut microbe obviously; (2) the bioconversion
of carbohydrates into fermentable products with inhibitory activities by microbiota;
(3) the production of growth substrates, such as vitamins and exopolysaccharide to
regulate the microorganism; (4) impact of probiotics bacteria on the normal flora
possibly by direct antagonism with bacteriocins; (5) increasing competitive exclusion
for binding sites of harmful bacteria; (6) enhancement of barrier action of epithelial
cell; (7) decreasing inflammation, resulting in modifying intestinal activities for
colonization and existence within; and (8) enhancement of innate immunity

(Singdevsachan et al., 2016).
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2.3 Alternative protein

The FAO (Food and Agriculture Organization of the United Nations) now
forecasts that the world's population will be unable to consume enough protein
without alternative proteins from other sources. Agriculture production must be
raised by around 70% to meet the world food demand growing by 2050 (Stephan et
al,, 2018). The manufacture of high-protein, meat-free health meals has piqued
international interest. Both vegetarians and non-vegetarians are concerned about
paying a higher price for a food product that is high in nutrition, health, safe, and
mentally friendly. As a result, it is expected that the market for alternative proteins is
expected to isolate, mycoprotein (mushroom protein), and other alternative protein
sources available (Kim et al., 2011).

Mycoprotein is recognized as the alternative of good quality protein to animal
proteins (Gonzalez et al., 2021). The mycoprotein also has a naturally meaty flavor
since the mushroom comprises glutamic and aspartic acid (Poojary et al,, 2017).

Protein is also necessary for the growth and maintenance of the human body and
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the crucial physiological functions of hormones and enzymes. Although animal
proteins have a higher nutritional value, they increase human cardiovascular disease
and colorectal cancer before, other alternative protein sources should be promoted

to produce commercially and consume more (Gonzalez et al., 2021).

2.3.1 Nutritional value

The split gill mushroom was a good alternative protein source and rich in
essential amino acids compared to various vegetables (Gonzélez et al,, 2021). This
mushroom consisted of plentiful protein (18.8% of dried mushroom). Essential amino
acids, such as lysine, threonine, valine, leucine, and arginine, accounted for about
41% of the total amino acid composition (lvanova et al., 2015). However, the
chemical score of this mushroom was 28 lower than whole egg protein, while
methionine was a limiting amino acid. The true digestibility of protein (TDP) was

about 53% less than casein for the control diet (Hobbs, 2005).

2.3.2 Extraction process of protein

Various proteins from various sources are extracted using both traditional
(water, acid, alkaline solution, salt, solvent, detergent) and modern green
technologies for cell disruption in the protein extraction process (enzymes,
sonication, pulsed electric field, microwave, high pressure, homogenization).
Occasionally, conventional methods may result in a lower yield and quality of
protein extract due to protein degradation. Numerous variables affect protein yield,
including temperature, pH, extraction time, and solvents. As a result, research on
non-thermal green technologies focuses on increasing extraction efficiency and
minimizing protein degradation during extraction. These procedures affect the eco-
friendly environment and the protein extracts are safe for intake without utilizing
toxic solvents and chemicals. Novel protein extraction techniques could improve the
yield of protein extract, and nutritional and functional properties. Exploiting
conventional cooperating with non-conventional methods for protein extraction

accomplishes greater protein yields (Kumar et al., 2021).
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Additionally, extraction solvents, such as aqua, acids, alkalis, and organic
solvents are used in chemical procedures. Chemical approaches are also used with
other methods to improve protein recovery. Typically, the protein extraction process
consists of three steps: fat removal, protein extraction, and protein precipitation. The
following steps are: (1) fat and other compounds in the sample interfering with
protein extraction are removed by solvents like n-pentane, n-hexane and petroleum
ether. (2) Proteins are extracted by salts (NaCl), non-ionic detergents (Triton X100, NP-
40) and ionic detergents (SDS), along with organic solvent, for example, alcohols
(methanol, ethanol), and buffers/strong denaturing agents (Tris-HCl, urea, phenol). A
lot of innovative techniques like enzymes, ultrasound and microwave could enhance
the efficiency of protein extraction. (3) The isolated protein is precipitated at the
isoelectric point and concentrated using solvents or chemicals like methanol,
ethanol, acetone, ammonium sulfate, hydrochloric acid, citric acid and trichloroacetic
acid (Kumar et al., 2021).

Organic solvents are important in protein extraction and precipitation,
producing pure protein products. The water extraction is commonly used with
various protein sources because the separated protein has great solubility and
stability. Proteins can bind to lipids, have polar and/or non-polar side chains, and is
made up of aromatic amino acids that are soluble in organic solvents (acetone,
ethanol, butanol). Furthermore, alkali extraction is the most used method for protein
extraction. Alkaline solutions, such as NaOH and KOH, are widely used to maintain a
basic pH and achieve a higher extraction yield. Protein disulfide links are broken
when the pH is too high for cell wall degradations, including augments protein
recovery and yield. Protein solubility increases when the pH of alkali rises. Improving
either temperature or time increase normally enhances protein diffusion into solvent
and protein yield. Temperature plays also a key role that should be considered in
alkali extraction, resulting in stable protein structure, folding and functionality (Kumar
et al,, 2021).

Enzyme-assisted extraction (EAE) is a viable technique for commercially
recovering high-quality proteins in biochemical protein extraction procedures. Any

cell's stiff cell wall acts as a barrier to protein extraction. This extraction particularly
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assists to destroy cell walls through specifically degrading cell wall components
(cellulose, hemicellulose, and pectin) with the enzyme. Each enzyme function to
catalyze efficiently at the optimum acidic and/or alkaline environments (Kumar et al.,
2021). Single or multiple enzymes, such as proteases and carbohydrates, are
frequently used to degrade cell walls during extraction. Protease extracts the protein
more effectively because proteolysis reduces the size of the protein, allowing it to
dissolve more easily in solution. Carbohydrases can also break down cell walls and
liberate intercellular components like protein. This enzyme can be used in
conjunction with protease or alkali therapy. The major enzyme is used to improve
protein recovery in acidic or somewhat alkaline circumstances. Nevertheless, protein
content hydrolyzed by the mixture of Alcalase (protease) and carbohydrase was not
much better than that of protease hydrolysis alone (Sari et al.,, 2015). Besides, these
protein extracts demonstrate high protein yield, superior quality proteins, greater
thermal stability, lower viscosity, inferior resistance to oxidative stress resistance, and
functional and biological properties (antioxidant, free radical scavenging and metal
chelation). Consequently, due to the environmentally favorable impact, enzyme-
mediated extraction would be suitable for the large-scale manufacture of numerous
functional foods, including high-quality protein. The reuse of immobilized enzyme
decreases the cost of this protein extraction approach (Kumar et al., 2021).
Ultrasound-assisted extraction (UAE) is a physical technique for protein
extraction that uses an ultrasonic wave to create gas bubbles and cavitation on the
cell wall surface, causing cell wall damage and the liberation of intracellular protein
into the extracting solvent with higher extraction yields. PEFAE (pulsed electric field-
assisted extraction) is a technique in which samples are subjected to a higher electric
field strength for a short period, usually a few micros to milliseconds. The electric
field creates holes in the cell membrane, allowing internal proteins to escape.
Microwave-assisted extraction (MAE) uses electromagnetic radiation to create a
microwave that penetrates the cell, helps soluble proteins diffuse into the solvent,
and increases protein recovery. High-pressure-assisted extraction (HPE) breaks down
cells by applying pressure to their cell deformation, boosting solvent mass transfer

into the cell wall, and improving protein extraction efficiency. Therefore, most of
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these advanced green procedures have several benefits, while compared to
conventional, i.e., higher yield, rapid extraction time, cost-efficient, lesser solvent
consumption and user-friendly extraction technique. Enzymatic, ultrasonic, pulsed
electric field, microwave, or high-pressure treatment approaches could be improve
over and yield (Kumar et al, 2021). Figure 10 is an illustration of non-traditional
green protein extraction processes.

Furthermore, Oli et al. (2020) researched the evaluation of the antimicrobial
potentiality of protein extract and the determination of bioactive compounds from A.
auricula-judae mushroom. The mushroom proteins were extracted by Tris buffer and
warm aqueous solution before precipitating by cold acetone. The phytochemical
analysis of these extracts showed similar protein contents (23.75 ug/100 g weight of
dry extract), along with carbohydrates, flavonoids, alkaloids, saponin and tannin.
These protein extracts revealed antimicrobial activity against bacterial and fungal
pathogens (Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Candida albicans).

Moreover, Wongaem et al. (2021) reported peptide production from the split
gill_ mushroom by hydrolysis of mushroom protein with Alcalase. The optimal
conditions of peptide production were enzyme to substrate ratio of 2% (v/w) at 55°C
for 161.41 minutes. The protein hydrolysate with a molecular weight of less than
0.65 kDa could demonstrate the highest radical-scavenging capability in the human
intestinal cancer cell line (HT-29). The peptide with putative antioxidant properties
fights cancer effectively.

Besides, Poojary et al. (2017) studied enzyme-assisted extraction of increasing
peptides and umami taste amino acids from shiitake mushroom (Lentinus edodes)
with B—glucanase and Flavourzyme (protease) for degradation of the cell wall and
proteins, respectively. It was noticed that only B—glucanase mediated extraction did
not raise the extraction efficiency. In contrast, a mixture of B—glucanase and
Flavourzyme significantly improved the extraction efficiency approximately 20-fold
compared to conventional assisted extraction with HCl. The optimized enzyme

hydrolysis condition analysis by aqueous extraction was B-glucanase concentration
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of 5% (v/w), Flavourzyme concentration of 5% (v/w) at initial pH 7.0, temperature

50°C for 1 hour. Conditions reached the greatest source of umami taste amino acids.
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2.3.3 Chemical characterization and biological properties

The split gill mushroom comprised plentiful protein (Basso et al., 2020) with
various biological properties, for instance, protein hydrolysate obtained from protein
hydrolysis with Alcalase (protease enzyme) with radical-scavenging activity in the
human colorectal adenocarcinoma cell line (HT-29) (Wongaem et al, 2021).
Moreover, the hydrophobin protein demonstrated anticancer activities in each mouse
model induced with S180 sarcoma and B16-F10 melanoma cell line, respectively
(Akanbi et al,, 2013). The lectin protein showed suppressive-carcinoma growth and
proliferation (Han et al., 2010), both nontoxic hydrophobin and lectin protein through
likely immune-enhancing as adjuvant associating with radiation and chemotherapy
(Akanbi et al.,, 2013; Zhao et al,, 2020). Schizolysin (hemolysin) protein exhibited
antiviral properties due to the suppression of HIV-1 reverse transcriptase enzyme,
inhibiting HIV-1 virus multiplication (Han et al., 2010).

Furthermore, this mushroom produces more hydrophobin proteins or the
proteins may be released from other filamentous fungi. The short hydrophobins
comprise eight cysteine amino acids linked by four disulfide bonds. The hydrophobic
proteins could be classified into two types based on the solubility features of the
assembled protein, namely assembled type | hydrophobins are very constant and
soluble only in formic acid or trifluoroacetic acid (TFA). Another type is type II
hydrophobins trouble with ethanol, SDS, or using pressure. The assembly of both
proteins causes surface hydrophobicity. Hydrophobins are therefore used in medical
applications, such as increasing the bioavailable hydrophobic medicines'
bioavailability and improving implant surfaces' biocompatibility. This protein also
affects immunomodulatory activity by raising mRNA levels of IL-10 and TNF-QU
cytokines in spleen cells (Akanbi et al., 2013).

Moreover, lectins from medicinal mushrooms have immune-boosting and
cancer-fighting properties. The immunomodulatory processes of mushroom lectins
vary, with some lectins helping to boost the immune system while others releasing
potential cytokines that impact cytotoxic cells. Additionally, lectin proteins are

unique proteins that can recognize and bind to various cell surface carbohydrates or
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glycoproteins. For instance, these proteins can activate nitric oxide production,
increase the expressions of interleukins and TNF-QU to inhibit the proliferation of
carcinoma cells, stimulate lymphocytes, enhance activation of macrophage to

produce other components, and so on (Zhao et al., 2020).



28

CHAPTER 3
MATERIALS AND METHODS

3.1 Conceptual framework and methodology

The methodology for the experiments is depicted in Figure 11. The split gill
mushroom was identified mushroom strain and investigated nutritional values. Then,
schizophyllan and protein from this mushroom were studied for an optimized
extraction process. After that, schizophyllan and protein from the optimized
extraction processes were analyzed for chemical characterization and biological

activity. Finally, the functional food product was developed for consumer

acceptance.
Split gill mushroom
(Schizophyllum commune)
I
v Vv
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Figure 11 Conceptual framework and methodology.
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3.2 Mushroom sample and maintenance
The dried split gill mushroom was purchased from Chaiyo Mushroom Farm in
Surat Thani, Thailand. The dried mushroom was powdered finely before being in a

vacuum bag and stored at room temperature until use in further experiments.

3.3 Mushroom strain identification

To begin with DNA extraction at the Institute of Product Quality and
Standardization (IQS), Maejo University, Chiang Mai, Thailand, the cells of dried split
gill mushroom powder were disrupted using buffer PL2 and proteinase K (incubated
at 65°C for 30 minutes, added buffer PL3 and incubated on ice for 10 minutes),
filtrated lysate using NucleoSpin® Filter, and bound DNA with NucleoSpin® Plant I
Column (NucleoSpin® Plant Il Protocols: Genomic DNA from Plant). Then, the DNA
extract was washed using buffer PW1 and PW2 and dried silica membrane, eluted
using buffer PE (incubated at 65°C, 5 minutes), including measured DNA and RNA
concentration by Thermo Scientific NanoDrop 2000C Spectrophotometer.

After that, this target DNA extract was amplified using ITS5 forward primer and
ITS4 reverse primer by polymerase chain reaction (PCR). The PCR conditions for DNA
amplification showed in Table 1. Then, this PCR product was checked the molecular
size on 1.5% (w/v) agarose gel containing ethidium bromide by agarose gel
electrophoresis and visualized using ultraviolet light. Afterward, the purified PCR
product was sent for DNA sequencing to Apical Scientific Sdn, Bhd (1°' BASE
Laboratories Sdn Bhd), Selangor, Malaysia. The DNA sequence analysis of the 18S
rRNA gene was performed using an automated sequence analyzer and obtained
these consensus sequences by aligning the forward ITS5 and reverse ITS4 sequences.
At last, the nucleotide sequences of this mushroom were compared nucleotide
sequence homology by Basic Local Alignment Search Tool (BLAST) analysis to other
nucleotide sequences in a database of GenBank or National Center for

Biotechnological Information (NCBI).
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Table 1 Polymerase chain reaction (PCR) conditions for DNA amplification from the

split gill mushroom.

PCR reaction PCR conditions
Pre-denaturation 94°C, 2 min
Denaturation 94°C, 30 sec 25 —40 cycles
Annealing 52°C, 30 sec
Extension 68°C, 1 min

3.4 Nutritional value investigation of the mushroom

Most nutritional values of this mushroom were determined by AOAC method
(AOAC, 2012) at Institute of Product Quality and Standardization (IQS), Maejo
University, Chiang Mai, Thailand, namely ash, moisture, protein, fat, carbohydrate,
and crude fiber content, as following:

The ash content of dried split gill mushroom powder was estimated using
AOAC protocol (AOAC, 2012). The powdered mushroom sample (10 g) were placed in
a crucible and converted into ash in a muffle furnace at 525°C for 6 hours. Cooled
crucibles were put in desiccators and weighed. The moisture content of the dried
mushroom sample was determined using AOAC protocol (AOAC, 2012). The
mushroom powder (5 - 10 g) was spread on metal dish, weighed, and dried in an
oven at 70°C for 6 hours under 100 mm Hg (13.3 kPa). Upon drying the dish was
transferred in a desiccator to cool. The heating and cooling process were repeated
until constant weight was achieved. The loss in weight obtained after drying was
regarded as the moisture content.

The Kjeldahl method determined the protein content (AOAC, 2012). A 0.7 -
2.2 ¢ of the ground mushroom sample was digested in Kjeldahl flask using 98% (v/v)
H,SO,, CuSO4.5H,0 as catalyst with K,SO4 as a boiling point elevator, before it was
steam-distilled to release nitrogen from protein. The resulting distillate was titrated
with 0.1 M HCL to first trace of pink or wine-red color, and the percentage of protein

content was calculated as following equation (Eq. 1):
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. (Vs—Vb) XM X 1.4007 X 6.25
Protein content (%) = W (1)

Where: V, = volume (ml) of standard HCl acid used to titrate a sample;
V,, = volume of standard HCl acid used to titrate a blank;
M = molarity (0.1) of standard HCl acid;

W = weight (g) of dried sample used.

The fat content was determined according to the standard method
Association of Official Agricultural Chemists (AOAC, 2012, 989.05). The content of the
available carbohydrate was calculated by difference according to the following

equation (Eq. 2):

Carbohydrate content (%) = 100 - [ (ash + moisture + protein + fat) %] (2)

The crude fiber was estimated using AOAC protocol (AOAC, 2012). About 2 g
of the mushroom sample was boiled in 1.25% (v/v) H,SO, with antifoam solution for
30 minutes. The solution was filtered, and the residues were washed with boiling
water 4 times. Crucibles containing the residues were dried at 130°C for 2 hours,
cooled in a desiccator, and weighed. The crucibles with ash were then placed in a
muffle furnace at 550°C for 2 hours, in a desiccator, and reweighed to find the fiber

content percentage.

3.5 Heavy metal contamination of the mushroom

Heavy metal contamination, e.g., cadmium (Cd), lead (Pb), mercury (Hg) and
arsenic (As) were determined by AOAC method (AOAC, 2019) at Institute of Product
Quality and Standardization (IQS), Maejo University, Chiang Mai, Thailand. The dried
mushroom sample (0.2 - 0.5 ¢) was digested with 3 M HNO; and 30% H,O, under
pressure in a closed digestion vessel heated by microwave. If test solution needed to
be further diluted, it would be diluted with 3 M HNO; to the same acid

concentration before detected metal contamination. Then, these heavy metals in
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the test solution were determined by graphite furnace atomic absorption
spectrophotometry (GFAAS), and expressed as parts per million (ppm) or meg/kg of
the dried mushroom (AOAC, 2019).

3.6 Optimized hot water extraction of schizophyllan extract

The dried mushroom powder was weighed 10% (w/v) in deionized (DI) water
and adjusted pH around 8 - 9 with natural limewater. The mushroom suspension was
heated at various temperature (80 - 121°C) by water bath and autoclave, including
time of hot water extraction (1 - 3 hours) before being filtrated through filter cloth.
The filtrate was then precipitated with 95% ethanol in ratio of 1:2 at 4°C for 24
hours. After that, polysaccharide suspension was centrifuged at 3,000 rpm for 10
minutes to separate the polysaccharide from supernatant and dried at 60°C for 24
hours. The even of the supernatant was separated from ethanol solution by
evaporation at 60°C before freeze-drying.

The hot water extraction process to produce polysaccharides was optimized
using the central composite design (CCD) and response surface methodology (RSM).
The CCD experiment was conducted under the optimal conditions of the significant
factors, namely temperature (A) ranging from 80 to 121°C and extraction time (B)
ranging from 1 to 3 hours. Table 2 provides the details of the experimental variables
and their corresponding levels for the optimization study. To determine the code
values of each variable in each treatment, Table 3 presents the central composite
design code values. The yield of polysaccharide and supernatant extract was
measured, and further analysis included the determination of total sugar, reducing
sugar and protein content in the polysaccharide. The collected data was analyzed
using the Design Expert program version 11, developed by Stat-Ease Inc. in
Minneapolis, USA. This software facilitated the statistical analysis and optimization of

the experimental results.
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Table 2 Levels and ranges of operating parameters for optimization of hot water extraction.

Levels and ranges
Operating factors Coding | Units

Low (-) | Center point (0) | High (+)

Temperature A °C 80 100 121

Time B hr 1 2 3

Table 3 Treatments generated based on the central composite design to hot water

extraction conditions.

Treatments A B
1 - -
9] - 4
3 + -
4 + -
5 = +
6 > +
7 + +
8 + +
9 . 0
10 - 0
11 & 0
12 + 0
13 0 -
14 0 -
15 0 +
16 0 +
17 0 0
18 0 0
19 0 0

A = temperature, B = time
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3.6.1 Total sugar analysis

The total sugar content of the samples was determined using the phenol-
sulfuric acid method described by Dubois et al. (1956). To perform this analysis, 0.5
ml of the appropriately diluted sample was mixed with 0.5 ml of 5% (w/v) phenol
and 2.5 ml of 98% (v/v) sulfuric acid. The mixture was thoroughly mixed and then
incubated at room temperature for 10 minutes. After the incubation period, the
absorbance of the solution was measured spectrophotometrically at a wavelength of
490 nm. The total sugar content in each sample was quantified in micrograms per

gram of dried extract. Glucose was used as a reference for this measurement.

3.6.2 Reducing sugar analysis

The reducing sugar content in the samples was determined using the
modified 3,5-dinitrosalicylic acid (DNS) method developed by Miller (1959). For this
analysis, 0.5 ml of the diluted sample was combined with 0.5 ml of DNS solution and
then boiled in a water bath for 15 minutes under dark conditions. After the solution
was cooled, 4 ml of distilled water was added and thoroughly mixed with the
sample. The absorbance of the resulting mixture was measured using a
spectrophotometer at a wavelength of 540 nm. The reducing sugar content in each
sample was reported in micrograms per gram of dried extract, with glucose serving as
the standard. Additionally, the degree of polymerization (DP) was calculated by

dividing the total sugar content by the reducing sugar content.

3.6.3 Protein analysis
Protein content was analyzed by the dye-binding method (Bradford, 1976)
using bovine serum albumin (BSA) as standard protein. The protein content was
determined by mixing 0.060 ml of sample with 1.800 ml of Bradford reagent and
then incubating at room temperature for 10 minutes. The sample absorbances were
then measured spectrophotometrically at 595 nm. The protein content in each

sample was expressed as micrograms per grams of dried extract.
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3.7 Optimized ethanol precipitation of the schizophyllan

The extraction process for schizophyllan was carried out as follows: Firstly, a
specific amount of dry mushroom powder was weighed, ranging from 5% to 15%
(w/v), and suspended in deionized (DI) water. The pH of the suspension was then
adjusted to approximately 8 - 9 wusing natural limewater. Subsequently, the
mushroom suspension was heated at 100°C for 2 hours, based on the optimized
conditions obtained from a previous study on hot water extraction conducted by
Saetang et al. (2022b). The resulting mixture was then filtered through a filter cloth
to remove any solid particles. The filtrate obtained was subjected to precipitation by
adding 95% ethanol at varying final concentrations, ranging from 49% to 74% (v/v),
and kept at 4°C for 24 hours. After the precipitation period, the polysaccharide pellet
was separated from the solution through centrifugation at 3,000 rpm for 10 minutes.
The pellet was then dried at 60°C for 24 hours to obtain the schizophyllan
polysaccharide in a dry form.

The central composite design (CCD) was applied to optimize the significant
variables for the ethanol precipitation of schizophyllan under response surface
methodology (RSM). This experimental design had two numerical factors: split gill
mushroom content (A: 5 - 15% w/v) and ethanol concentration (B: 49 - 74% v/v). The
independent factors (A, B) with their coded (-1 = low, 0 = center point, 1 = high) and
actual levels of optimization experiment were presented in Table 4. A total run on
RSM by using CCD in this experimental design involved full factorial design, one
block, had generated 19 runs including non-center points 16 runs, center points 3
runs, and axial point (L = 1) (Table 5). In further analysis, the polysaccharide extracts
which were measured total sugar and reducing sugar and protein content, as well
calculated DP value of these extracts were evaluated using the Design-Expert

program version 11 from Stat-Ease, Inc., Minneapolis, USA.
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Table 4 Levels and ranges of operating parameters for optimization of ethanol precipitation.

Levels and ranges
Operating factors Coding Units
Low (-) | Center point (0) | High (+)
Split gill mushroom content A % (w/v) 5 10 15
Ethanol concentration B % (V/V) 49.0 61.5 74.0

Table 5 Treatments generated based on the central composite design to ethanol

precipitation conditions.

Treatments A B
1 - -
2 - .
3 + -
4 + -
5 2 +
6 > +
7 + +
8 + +
9 . 0
10 - 0
11 e 0
12 + 0
13 0 -
14 0 -
15 0 +
16 0 +
17 0 0
18 0 0
19 0 0

A = split gill mushroom content, B = ethanol concentration
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3.8 Chemical characterization studies of the schizophyllan
3.8.1 Solubility of the schizophyllan

In order to investigate the solubility of the extract, dry extract powder was
weighed at different concentrations (mg/ml) and suspended in distilled water. The
extract suspensions were then subjected to heating using a water bath and a hot air
oven, with variations in temperature, time, and extract concentration. The specific
factors and levels of the solubilization experiment are provided in Table 6. Following
the heating process, the suspensions were separated by centrifugation at 3,000 rpm
for 10 minutes. This step allowed for the separation of any insoluble particles or
residues from the soluble extract. The supernatants were measured total sugar
(phenol-sulfuric acid method) (Dubois et al., 1956), reducing sugar (modified 3,5-
dinitrosalicylic acid (DNS) method) (Miller, 1959) and total phenolic content (modified
method from Stankovic (2011)) in further analysis.

Table 6 Ranges of operating parameters for extract solubilization.

Ranges
Operating factors Units
Low (-) High (+)

Incubation

°C 60 120
temperature
Incubation time min 30 180
Extract concentration mg/ml 5 10

Total phenolic content was determined according to modified method from
Stankovic (2011). Briefly, reaction mixture was prepared by mixing 200 pl of diluted
sample, 1,000 pl of 10% (v/v) Folin-Ciocalteu's reagent and 800 ul of 7.5% (w/v)
sodium carbonate solution (NaCOs). After that, reaction mixture was incubated at
room temperature for 60 minutes, and absorbance was measured using

spectrophotometer at 765 nm. Gallic acid (GA) was used as standard. Therefore, total
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phenolic content in each extract was expressed as micrograms of egallic acid

equivalent (GAE) per grams of dried extract.

3.8.2 Protein molecular mass determination of the schizophyllan

The determination of the protein molecular mass in the schizophyllan extract
was conducted using SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) at Biosynthai Biotechnology Co., Ltd. in Angthong, Thailand,
following the method described by Garfin (1990). The sample preparation began by
mixing 20 pg of the extract with 10 pl of 5X sample loading buffer, which contained
0.4 M dithiothreitol (DTT). The mixture was then boiled for 10 minutes. A 15%
polyacrylamide gel, known as the separating or resolving gel, was prepared. An
electrophoresis chamber was assembled for the gel electrophoresis process. Next, a
1X SDS electrophoresis buffer, specifically Tris/glycine buffer, was added to both the
inner and outer reservoirs of the electrophoresis chamber. The comb that was
previously used to create wells in the stacking gel was carefully removed. The
prepared sample was loaded into the well located in the stacking gel, positioned
below the electrode buffer. Electrode plugs were attached to a power supply, and
the power supply was turned on at 150 volts for a duration of 1.15 hours, or until
the Bromophenol blue loading dye front reached the lower gel. After gel running, gel
was stained in staining solution, Coomassie blue 15 ml, for 30 minutes, and de-

stained 3 times for each 15 minutes, till the background was removed satisfactorily.

3.8.3 Bioactive compound identification in the schizophyllan by Raman
confocal spectroscopy
The schizophyllan extract was identified bioactive compound by Raman
confocal spectroscopy at Faculty of Engineering and Agro-Industry, Maejo University,
Chiang Mai, Thailand. Raman spectra were acquired using the Raman confocal
microscope. A spectrometer LabRAM Soleil (Horiba Scientific, Thailand) was used in
this analysis with a diode laser's 785 nm excitation line (11 mW at the sample). This
extract was observed under a microscope, and scattered light was collected long

focus objectives 100x. Spectra were recorded with a SynapseEM device detector.
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The spectral window ranges were from 50 to 3,500 cm™'. Raman spectra of purpurin

extract (red dye) from madder plant (UCL London) were used as references.

3.8.4 Monosaccharide composition of the schizophyllan

HPLC determined the extract's monosaccharide content at Central Laboratory
(Thailand) Co., Ltd. (Bangkok Branch), Bangkok, Thailand. To begin with
monosaccharide standard and sample dissolution, the sugar standard (3 ¢/100 ml)
was dissolved in DI water: acetonitrile = 1:1, (v/v), and the sample (10 ¢/100 ml) was
prepared in DI water : acetonitrile = 1:1, (v/v). Following the preparation of the
standard and sample solutions, both were filtered through a 0.45 ym filter and
subsequently diluted as required. The next step involved injecting the standard and
sample solutions into an HPLC column (high-performance liquid chromatography
column) to analyze the monosaccharide composition. This analysis involved
comparing the results to a standard monosaccharide curve. The HPLC analysis was
carried out using specific conditions outlined in Table 7, which included parameters,
such as column type, mobile phase composition, flow rate, and detection
wavelength. These conditions were carefully followed to ensure accurate and

reliable monosaccharide composition analysis.

Table 7 The HPLC condition analysis of monosaccharide.

Column Bondapak/Carbohydrate column (300 mm x 4 mm)
Mobile phase Acetonitrile: DI water = 83 : 17

Flow rate 1.0 mU/min

Temperature 23°C

Detector Refractive index detector

Injection volume for sample | 10 pl

Reference method In-house method TE-CH-164 based on AOAC (2019)
977.20 (AOAC, 2019)
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3.8.5 Oligosaccharides analysis of the schizophyllan
Oligosaccharides of this extract were analyzed by TLC (thin layer
chromatography) at Food and Ago-Industry Lab, Program in Biotechnology, Faculty of
Science, Maejo University, Chiang Mai, Thailand. To begin with, spotted samples and
standard oligosaccharides on TLC plate, then soaked in TLC tank with mobile phase
(butanol: ethanol: DI water = 5:3:2). Checked band of oligosaccharides by soaked TLC
plate in 5% (v/v) H,SO4 in 99% (v/v) ethanol. Dried TLC plate at 150°C, 10 minutes.

3.8.6 B-glucan analysis of the schizophyllan
The schizophyllan extract from the split gill mushroom was analyzed B—
glucan content by B—glucan assay kit (B—gtucan assay procedure K-YBGL 02/21
(Megazyme Int.)) at Food and Ago-Industry Lab, Program in Biotechnology, Faculty of
Science, Maejo University, Chiang Mai, Thailand. The B—glucan content in the extract
was expressed as micrograms per grams of dried extract, calculated from total glucan

minus with Ol-glucan content in the extract.

3.9 Biological properties of the schizophyllan
3.9.1 Antioxidant activities of the schizophyllan

These extracts from extraction of mushroom content 5% (w/v) (M5
EtOH63.33) and 10% (w/v) with ethanol concentration 63.33% (v/v) (M10 EtOH63.33),
respectively, were selected for analysis of antioxidant activities, compared to
aqueous extract. Aqueous extract was prepared with 80 mg/ml of the mushroom in
distilled water and stood at room temperature for 30 minutes. After that, the extract
was filtrated through cotton and centrifuged at 3,500 rpm for 10 minutes. The
supernatant was analyzed antioxidant activities by DPPH and ABTS radical scavenging
activity, compared to both previous extracts.

DPPH assay (2,2-diphenyl-1-picrylhydrazyl radical scavenging activity) was
carried out according to modified method of Mensor et al. (2001). DPPH radical key
was prepared at 0.3 mM DPPH solution in 99.9% (v/v) methanol. The DPPH radical

solution was diluted to give absorbance at 517 nm around 1.00 + 0.02. After that,
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400 pl of diluted sample were combined with 2,000 ul of DPPH radical solution and
incubated at room temperature for 20 minutes in dark condition. If the sample had
precipitant, it would be separated the supernatant by centrifugation at 3,500 rpm for
10 minutes. The samples were measured the absorbance at 517 nm. Percentage
inhibition of DPPH radical scavenging activity was calculated according to Equation 3.
In contrast, linear regression analysis evaluated half-maximal inhibitory concentration
(ICso value) for inhibition of free radicals from percentage inhibition with

concentration plot.

% DPPH inhibition = [(AC - AS)/AC] x 100 (3)

AC and AS are absorbance at 517 nm of control (99.9% (v/v) methanol) and sample,

respectively.

ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging
activity was carried out according to modified method of Re et al. (1999). ABTS
radical cation (ABTS") was prepared by making 7 mM ABTS stock solution react with
2.45 mM K,S,0g (potassium persulfate) at ratio of 1:0.5 before standing in darkness at
room temperature for 12 - 16 hours. Then, ABTS" solution was diluted with distilled
water to obtain absorbance of 0.70 + 0.05 at 734 nm. After that, 200 ul of diluted
sample were combined with 1,800 pl of ABTS™ solution and incubated for 6 minutes
at room temperature. The absorbance was spectrophotometrically measured at 734
nm. Percentage inhibition of ABTS radical scavenging activity was calculated
according to Equation 4. In contrast, linear regression analysis evaluated half-maximal
inhibitory concentration (ICs, value) for inhibition of free radicals from percentage

inhibition with concentration plot.

% ABTS inhibition = [(AC — AS)/AC] x 100 (4)

AC and AS are absorbance at 734 nm of control (distilled water) and sample,

respectively.
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3.9.2 Prebiotic activity of the schizophyllan

The schizophyllan extract was investigated prebiotic property by promoting
probiotic bacteria growth in MRS medium (de Man, Rogosa and Sharpe). To begin
with isolation of probiotic bacteria, this probiotic bacteria strain was isolate BG-NS02
from Bulgaria yogurt (CP-Meiji Co., Ltd., Saraburi, Thailand). This bacteria strain was
activated to grow better in MRS broth and incubated at 37°C under anaerobic
condition, before streaked on MRS agar supplemented with bromocresol blue to
isolate single colony. Then, the isolate was tested Gram staining and observed under
the light microscope (at 100x magnification).

Afterward, the starter of the bacteria strain was prepared by gaining their
single colony cultivated in MRS broth for inoculum at 37°C under anaerobic
condition. After that, the inoculum was measured optical density (OD) at 600 nm
around 0.7 and inoculated of 10% (v/v) inoculum in each treatment, namely MRS
broth without carbon source (negative control), MRS broth added 1% (w/v) glucose
(positive control), and MRS broth supplemented with 1% (w/v) schizophyllan extract.
Finally, these treatments were incubated at 37°C under anaerobic condition, and

each sample was collected to determine OD at 600 nm every 6 hours for 30 hours.

3.9.3 Anti-inflammatory and immune-enhancing properties of the
schizophyllan
To examine the cytotoxic effects of the schizophyllan extract (SC) obtained
from S. commune on murine RAW 264.7 cells (macrophages), a study was conducted
at the Department of Physiology, Faculty of Medicine, Chiang Mai University,
Thailand. The cytotoxicity assessment was carried out using the MTT assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay). To initiate the
experiment, RAW 264.7 cells were cultured in DMEM at a temperature of 37°C for a
duration of 3 days. The cells were grown in a humidified atmosphere containing 5%
CO,. For each well in a 96-well plate, 200 pl of cells at a concentration of 2.0 x 10°
cells/ml were seeded. The cells were then incubated in complete DMEM at 37°C for

a period of 72 hours.
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After the incubation period, the DMEM medium was removed, and the cells
were pretreated with 150 pl of the SC extract at various concentrations (ranging from
250 to 1,000 pg/ml) in incomplete DMEM. The cells were subsequently incubated for
different time intervals (ranging from 1 to 3 hours) at 37°C. Following this, the DMEM
medium was discarded, and the cells were washed with 200 pl of 1% (w/v)
phosphate-buffered saline (PBS), and the PBS was then removed. Next, 100 pl of
MTT reagent (0.5 mg/ml) was added to each well, and the cells were incubated at
37°C for 4 hours. Subsequently, the MTT solution was removed, and 100 pl of DMSO
(dimethyl sulfoxide) was added to each well, followed by incubation at 37°C for 30
minutes. The viability of the cells, indicated by the formation of purple formazan,
was measured at a wavelength of 570 nm using a microplate reader. A sample
detected at a wavelength of 630 nm was used as a reference.

Cell viability (% control) was calculated using Equation 5. Further studies
were conducted to explore the anti-inflammatory and immune-enhancing properties
of the SC extract by investigating the supernatants of the medium and the cells that

had been pretreated with this extract.

Cell viability (% control) = [(ASs7g - ASe30)/(ACs70 - ACe30)] x 100 (5)

Where ACs;g and ASsyy are absorbance at 570 nm of control and sample,
respectively.

ACs30 and ASgso are absorbance at 630 nm of control and sample, respectively.

3.10 Development of the functional food product
3.10.1 Development of formula product
In the production process of split gill mushroom essence, which is used as a
functional food product, the first step involved extracting the split gill mushroom
using hot water extraction. This method was chosen to extract the beneficial
components from the mushroom. Subsequently, the extracted essence was
concentrated to preserve the nutritional value of the functional components present

in the mushroom. In order to optimize the production process, various factors were
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studied, including the temperature and duration of the hot water extraction. These
factors were carefully examined to determine their impact on the extraction
efficiency and the overall quality of the essence. Once the extraction and
concentration processes were completed, the concentrated mushroom essence was
used to develop an optimal formula for the final product. In this development
phase, factors, such as the content of split gill mushroom and other ingredients were
taken into consideration. The goal was to determine the ideal combination of
ingredients that would complement the extracted content of the mushroom and
enhance the functional properties of the final product.

To study suitable production process of this mushroom essence, dried
mushroom (2 g), this extract (0.017 g) and other ingredients was weighed and added
drinking water (100 ml). The mushroom suspension was boiled at 100°C (from
optimized hot water extraction in the prior research of Saetang et al. (2022b)) with
various time (45 - 120 minutes), then added other ingredients, such as Indian
gooseberry (0.013 g) and stevia (0.003 g). After that, the mushroom suspension was
heated at 60 - 70°C for 15 minutes before filtrated through filter cloth and sterilized
at 121°C for 20 minutes. Afterward, the mushroom essence was cooled down and
kept in product package at 4°C.

In order to determine the optimal formula for the mushroom essence, the
dried mushroom and the extract were weighed according to the specifications
outlined in Table 8. The weighed mushroom was then suspended in a liquid and
subjected to boiling at a temperature of 100°C for a duration of 120 minutes.
Following the boiling process, additional ingredients, such as Indian gooseberry and
stevia were added to the mushroom suspension. Subsequently, the mushroom
suspension was further heated at a temperature range of 60 - 70°C for 15 minutes.
This heating step was performed to ensure proper mixing and integration of all the
ingredients. The mixture was then filtered through a filter cloth to remove any solid
particles, and the resulting liquid was sterilized at a temperature of 121°C for a
period of 20 minutes to eliminate any potential contaminants during the sterilization
process. The mushroom essence was allowed to cool down and then transferred

into suitable packaging for the final product. To maintain its freshness and quality,



a5
the packaged mushroom essence was stored at a temperature of 4°C. This controlled
storage condition helps in preserving the nutritional and functional properties of the

essence.

Table 8 Ingredient content in each split gill mushroom essence formulas.

Content (% w/v)
Ingredients
Formula 1 Formula 2 | Formula 3
Split gill mushroom 2.000 ¢ 2.500 ¢ 3.333 ¢
Schizophyllan extract 0.017 ¢ 0.021 g 0.021 g
Indian gooseberry 0.013 ¢ 0.017 ¢ 0.017 ¢
Stevia 0.003 ¢ 0.004 ¢ 0.004 ¢
Drinking water 100 ml 100 mt 100 ml

3.10.2 Consumer acceptance of the product

The split gill mushroom essences, derived from the previously developed
optimized formula product, underwent a preference test conducted by a group of 30
consumer panelists. The evaluation focused on the attributes of color, aroma, taste,
and overall acceptability of the product. A questionnaire was administered using a 5-
point hedonic scale, where 1 indicated 'dislike very much' and 5 indicated 'like very
much'. Following the preference test, the collected data was analyzed using
descriptive statistics. This statistical analysis involved summarizing and examining the
data in order to gain insights into the panelists' opinions and preferences. The
descriptive statistics allowed for a comprehensive understanding of the consumer
feedback, helping to assess the overall reception of the split gill mushroom essences

based on their color, aroma, taste, and overall acceptability.

3.11 Statistical analysis
All experiments were carried out in triplicate. All data were performed as
either the mean value + standard deviation (SD) or error bars by Microsoft Excel

2016. Moreover, these results were statistically examined through one-way analysis
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of variance (ANOVA). Tukey's test considered the significance of the difference

between each sample at a confidence level of 95.0%
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Molecular characterization of the split gill mushroom

The genomic DNA of the split gill mushroom (from Chaiyo Mushroom Farm in
Thailand) was extracted. TS5 forward and [TS4 reverse primers were used for
amplification, resulting in DNA segments ranging from 500 to 600 base pairs (bp), as
confirmed by agarose gel electrophoresis (Figure 12). Nucleotide sequences obtained
from the mushroom using ITS5 and ITS4 primers are shown in Figure 13a and Figure
13b, respectively. Molecular analysis of the ITS regions revealed that the DNA
sequences of this mushroom (641 bp) exhibited high sequence similarity with various
strains and isolates of Schizophyllum commune, as well as some strains of
Agaricaceae sp., as evidenced by comparison with entries in the NCBI GenBank
(Table 9).

Furthermore, extensive efforts have been made to explore the genetic
diversity among S. commune isolates, with the [TS region proving to be a valuable
marker for molecular testing in this mushroom. The ITS region, which is part of the
ribosomal RNA coding gene, is widely utilized in fungal molecular systematic and
population genetics research. It is a highly variable region within rRNA sequences,
making it suitable for analyzing the genetic diversity of mushroom and fungal strains.
ITS sequences serve as barcodes, facilitating the categorization of genetic distribution

among strains in Asia and Europe (Choi et al., 2020; Singh et al., 2021).
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Figure 12 PCR amplification of split gill mushroom DNA profile with [TS5/ITS4 primer.
Lane M, molecular size marker (M25 100 bp + 2 kb + 3 kb DNA ladder); lane 1, PCR

product of this mushroom.
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igure 13 Nucleotide sequences of the split gill mushroom ITS regions.

F

(a) ITS5 forward primer and (b) ITS4 reverse primer.
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Figure 13 Nucleotide sequences of the split gill mushroom ITS regions.

(a) ITS5 forward primer and (b) ITS4 reverse primer (continued).
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Table 9 Similarity of nucleotide sequence of the split gill mushroom after BLAST

analysis with nucleotide sequence database of GenBank/ NCBI.

Mushroom species Length of Sequence GenBank
sequence homology accession
(bp) (%) number
Schizophyllum commune strain BL1 653 100.00 MT466518.1
S. commune strain IFM 46097 657 100.00 AB369909.1
S. commune isolate Z-H-3A-2 647 100.00 OL471296.1
S. commune isolate H 650 100.00 MN547371.1
S. commune strain CBS579.83 634 100.00 MH861655.1
S. commune strain CBS405.96 643 99.84 MH862583.1
S. commune isolate Z-M-2A-1 695 99.84 OL471289.1
S. commune strainWB033 12 656 99.84 JX848644.1
S. commune isolate T28 674 99.84 JF439509.1
S. commune strain xsd08036 660 99.84 FJ478109.1
S. commune isolate Z3 674 99.84 EF155505.1
S. commune isolate HNO62 657 99.84 AF280750.1
S. commune strainUZ1552 14 651 99.84 KP326577.1
S. commune strain CBS124811 637 99.84 MH863418.1
S. commune isolate Z-E-4C-1 647 99.84 OL471293.1
Agaricaceae sp. BAB-4029 650 100.00 KM051395.1
Agaricaceae sp. GWY1(1) 662 99.84 KM268691.1

4.2 Nutritional composition and heavy metal contamination of the mushroom

Proximate analysis was performed to examine the nutrient composition of the

split gill mushroom, including ash, moisture, protein, fat, carbohydrate, and crude

fiber content (Table 10). It was obvious that this mushroom consisted of superior

carbohydrate (64.06 + 0.08%), high protein (20.99 + 0.14%), crude fiber (4.87 +
0.05%), low fat (0.75 + 0.01%), ash (4.64 + 0.01%), and moisture content (9.56

+

H+

0.04%). S. commune is highly regarded as a valuable mushroom with several health
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benefits. It is known for being low in calories, free of fat and cholesterol. This
mushroom serves as a rich source of various nutrients, particularly complex
polysaccharides and proteins. Notably, schizophyllan, a polysaccharide, and proteins
found in S. commune have been recognized for their potential anticancer properties
(Singh et al,, 2021). Carbohydrates in mushrooms play a vital role as an energy
source. They exist in both digestible forms like glucose, mannitol, and glycogen, as
well as non-digestible dietary fibers, such as chitin and B—D—glucans. The dietary fiber
present in mushrooms contributes to several health benefits, including immune
enhancement, anticarcinogenic properties, and regulation of blood glucose levels

(Basso et al., 2020).

Table 10 Nutritional values of S. commune.

Analysis Composition Test method
(/100 g dried mushroom)

Ash 4.64 + 0.01° AOAC (2012), 940.26
Moisture 9.56 + 0.04° AOAC (2012), 934.06
Protein 20.99 + 0.14° AOAC (2012), 991.20
Fat 0.75 + 0.01° AOAC (2012), 989.05
Carbohydrate 64.06 + 0.08° By difference
Crude fiber 4.87 + 0.05° AOAC (2012), 978.10

Comparative analysis of the nutrient composition of this split gill mushroom
in relation to other mushroom species is presented in Table 11. The results
demonstrate that the protein content of this mushroom is significantly higher
compared to Auricularia polytricha MFB, Lentinus subnudus YEB and Pleurotus
florida YFB. However, the fiber content is similar to these mushrooms, and the fat
content is lower in calories when compared to various mushroom species
(Gbolagade et al., 2006). Furthermore, the protein and carbohydrate content of this

mushroom are considerably greater than Tuber aestivum (Tejedor-Calvo et al., 2020).
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Moreover, the protein and crude fiber content of this cultivated mushroom

are higher than that of wild S. commune, whereas the carbohydrate and fat content

are lower when compared to the wild mushroom (Okwulehie et al., 2007). However,

it is important to note that in another study, the protein, fat, and crude fiber content

of this cultivated mushroom were found to be lower than that of wild S. commune,

possibly due to differences in geographical distribution and cultivation methods

(Singh et al., 2021).

Table 11 Nutritional values of this dried mushroom compared with other mushrooms.

Mushroom Composition (g/100 g dried mushroom) Reference
species Ash | Moisture | Protein | Fat | Carbohydrate | Crude fiber
Auricularia 5.20 4.40 850 |5.20 NA 3.50 Gbolagade
polytricha et al. (2006)
MFB
Lentinus 5.90 7.20 6.50 | 3.60 NA 4.30
subnudus YEB
Pleurotus 9.70 5.80 TS0 RS NA 3.50
florida YFB
Tuber NA NA 9.03 NA 31.02 NA Tejedor-
aestivum Calvo et al.
(2020)

S. commune 7.46 NA 9.63 | 1.28 81.59 0.04 Okwulehie
(wild) et al. (2007)
S. commune 4.40 4.03 2451 | 1.32 45.86 19.88 Singh et al.
(wild) (2021)
S. commune 4.64 9.56 20.99 | 0.75 64.06 4.87 This study

(farm)

Remark: NA = not analyzed
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Moreover, this mushroom was not detected heavy metal contamination, such
as cadmium (Cd), lead (Pb), mercury (Hg) and arsenic (As), because these were less
than the limit of detection (LOD), namely lower than 0.002 mg/kg dried mushroom
(Table 12). These toxic heavy metals cause serious health at low content
consumption, including acute and chronic effects on target organs. They would
accumulate in the human skeleton, resulting in main nutrient depletion, central
nervous system deficiency, immune, hematological, cardiac, gastric, hepatocellular,
renal, and reproductive disorders (Munir et al, 2021). On the other hand, some
researchers reported that heavy metal contamination in some raw materials, for
instance, wheat bran, any mushroom (not specified), any fish, any liver and bovine
muscle found lead (Pb) and cadmium (Cd) were more than 0.1 and 0.01 mg/kg dried
raw material, respectively (AOAC, 2019). As a result, the split gill mushroom is
confidently considered a safe mushroom without any heavy metal contamination
and produces a variety of food, snack, beverage, drug and cosmetics supplemented

with various beneficially bioactive compounds for consumer health.

Table 12 Heavy metal contamination of S. commune.

Heavy metal Contamination Test method

(mg/kg dried mushroom)

Cadmium (Cd) Not detected" AOAC (2019), 999.10
Lead (Pb) Not detected’
Mercury (Hg) Not detected’
Arsenic (As) Not detected’

Remark: * Limit of detection (LOD) = 0.002 mg/kg

4.3 Optimized hot water extraction of schizophyllan extract
4.3.1 Yields of the schizophyllan
Two variables: the different temperatures and time of hot water extraction
were studied for effects on extraction yields of polysaccharides and supernatants

from the extraction of polysaccharide from S. commune as revealed in Table 13.
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When the extraction temperature and time increased, polysaccharide and
supernatant extracts reached superior yield. Consequently, the highest yield was
obtained from polysaccharides (5.74 - 595 ¢/100 ¢ of dried mushroom) and
supernatant extracts (28.42 - 29.55 ¢/100 ¢ of dried mushroom) at a temperature of
this extraction 121°C for 2 - 3 hours, respectively.

Moreover, hot water extraction associated with alkaline solution treatment
can be carried out to degrade exceedingly mushroom cell walls and release water-
soluble intracellular components outside the cells. Thus, the result of
polysaccharide vyield is significantly higher than the only hot water extraction
approach (Klaus et al., 2011). The greatest yield of the schizophyllan extract from hot
water extraction combined with natural alkaline and ethanolic precipitation was 5.95
g/100 ¢ of dried mushroom, including the yields of other mushroom species as
presented in Table 14. It was observed that this polysaccharide extraction yield was
superior to hot water extract associated with ethanol treatment of the same
mushroom around 2.5-fold (Yelithao et al., 2019), hot water extract with ethanolic
precipitation of S. commune at 4.30 ¢/100 g of dried mushroom, polysaccharide from
the same extraction combined with polysaccharide purification of this mushroom
about 12-fold (Klaus et al., 2011), polysaccharide extract from similar extraction of
Trametes hirsuta about 2.5-fold, Heterobasidion annosum approximately fivefold
and Russula fragilis at 14-fold (Nowak et al., 2018).

Besides, the greatest yield obtained from the supernatant extract of this
mushroom may contain a lot of water-soluble components, for instance, a variety of
phenolic compounds which are secondary metabolites as greatly potential
scavengers of reactive oxygen species by oxidation action (Basso et al., 2020),
including alkaloids, terpenes, steroids, free amines (Kabuyi et al., 2017), flavonoids
(Arbaayah and Umi Kalsom, 2013), saponins and tannins. Other nutritional substances
in the supernatant extract may also comprise various vitamins and minerals, such as
vitamin B3 (niacin), vitamin C (ascorbic acid), vitamin Bl (thiamine), vitamin B2
(riboflavin), calcium, sodium, phosphorus, magnesium, and so on (Okwulehie et al,,

2007).
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Table 13 Effect of temperature and time of hot water extraction on extraction yields.

Extraction yield
Extraction Extraction time
(g/100 g dried mushroom)
temperature (°C) (hr)

Polysaccharide Supernatant
80 1 2.60 + 0.77¢ 25.37 + 0.24°
80 2 2.90 + 0.22% 26.93 + 0.62°°°
80 3 3.02 + 0.33% 26.06 + 1.27%°°
100 1 4.00 + 0.02 26.14 + 0.69°°°
100 2 4.03 + 0.14 27.30 + 1.59%°¢
100 3 3.74 + 0.28% 27.26 + 0.05%¢
121 1 5.07 + 0.18%° 24.23 + 0.65°
121 2 5.95 + 0.04° 29.55 + 1.19°
121 3 5.74 + 0.04° 28.42 + 0.60%°

Table 14 Polysaccharide extraction yields of different mushrooms.

Mushroom Yield (g/100 g
Extraction method Reference
species dried mushroom)

S. commune hot water extraction with 2 30 Yelithao et al.
ethanolic treatment (without (2019)
purification)

S. commune hot water extraction with 4.30 Klaus et al.
ethanolic treatment (2011)
hot water extraction with 0.50
ethanolic treatment and
polysaccharide purification

Trametes hirsuta | hot water extraction with 2.41 Nowak et al.

Heterobasidion ethanolic treatment 1.15 (2018)

annosum

Russula fragilis 0.42

S. commune hot water extraction with alkaline 5.95 This study
and ethanolic treatment
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4.3.2 Total sugar content of the schizophyllan

The proper ranges of extraction time and temperature were optimized using
the response surface methodology for maximal total sugar content, minimal reducing
sugar content, and optimal degree of polymerization (DP) of the polysaccharide
extracts from split gill mushroom. The effect of hot water extraction factors on
polysaccharides' total sugar content was determined by variance analysis (ANOVA) as
summarized in Table 15. A p-value less than 0.01 showed a significant effect on the
total sugar content of polysaccharide extracts. The plus and minus values mean the

positive and negative effects on total sugar content.

Table 15 ANOVA model for optimized hot water extraction of the polysaccharides’

total sugar content.

Sum of Degrees of
Source Mean square | F-value | p-value
squares freedom
Model 20870.23 7z 2981.46 1069.13 | < 0.0001
Temperature (A) 4944.82 1 4944.82 1773.18 | < 0.0001
Time (B) 13.07 1 13.07 4.69 0.0533
AB 3106.45 1 3106.45 111395 | < 0.0001
A? 5621.47 1 5621.47 2015.82 | < 0.0001
B? 2580.70 1 2580.70 925.42 | < 0.0001
A%B 941.57 1 941.57 337.64 | < 0.0001
AB’ 1234.59 1 1234.59 442.71 | < 0.0001
Residual 30.68 11 2.79
Lack of fit 0.3242 1 0.3242 0.1068 0.7505
Pure error 30.35 10 3.04
Cor total 20900.90 18
Std. dev. 1.67 R” 0.9985
Mean 416.13 Adjusted R* | 0.9976
CV.% 0.4013 Predicted R 0.9953
Adeq precision | 76.7240
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In addition, the experimental data of the model to fit was proved by the lack
of fit test as insignificant (p-value > 0.05). The higher regression coefficient in a model
with a significant p-value demonstrated a more significant response of each factor
(Yim et al,, 2013). Both extraction temperature and time influenced total sugar
content with a good regression coefficient (R? = 0.9985). The relationship between
the total sugar content and the extraction variable is presented according to the

following coded equation (Eq. 6):

Total sugar concentration (mg/g extract) = 454.09 + 35.16A - 1.81B + 19.71AB -
35.82A% - 24.27B + 18.79A°B - 21.52AB° (6)

Moreover, extraction temperature was found to be the significant positive
linear but negative quadratic factor (p-value < 0.01) affecting the total sugar content
of polysaccharides. Extraction time did not have significant negative linear (p-value >
0.05) but had significant negative quadratic effects (p-value < 0.01). A significant
positive interaction effect between extraction time and temperature was obtained
for the total sugar content (Table 15). Figure 14 revealed the contour plot and
response surface plot of extraction time and temperature on the total sugar content
of polysaccharide extracts. The total sugar content was raised when the extraction
temperature increased. While time enhanced, the total sugar content was not
considerably higher. Thus, the maximum total sugar content predicted by the RSM
design was 461.56 mg/g extract with an optimal extraction temperature of 106.5°C

and time of 126.7 minutes.
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Figure 14 Contour plot (a) and response surface plot (b) of total sugar content of

polysaccharides as a function of extraction temperature and time.

Furthermore, when alkaline, solvent, or high temperature of hot water is
efficiently employed for pretreatment of B-glucan (polysaccharide of mushroom),
hydrogen bonds (intermolecular forces for sustaining the triple-helical and single-
helical B—glucan) are broken. As a result, it leads to the change of B—glucan
conformation from triple helix to single helix and random coil, respectively (Leung et
al., 2006). The total sugar content of schizophyllan by hot water extraction from split
gill mushroom in comparison with other mushroom species was revealed in Table
16. It was also found that the maximal total sugar content of the schizophyllan was
slightly higher than the polysaccharide-peptide complex of Pleurotus abalonus by
hot water extraction with ethanol precipitation (Li et al, 2012), including
polysaccharide-protein  complexes of Coriolus versicolor by ultrasound-assisted

extraction about twice (Cheung et al.,, 2012).
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Table 16 Total sugar content of various mushrooms.

Total sugar
Mushroom species Extraction method content (mg/g Reference

dried extract)

Pleurotus abalonus | hot water extraction 372.10 Li et al. (2012)

with ethanolic

treatment

Coriolus versicolor | ultrasound-assisted 215.00 Cheung et al.
extraction (2012)

S. commune hot water extraction 461.56 This study

with alkaline and

ethanolic treatment

4.3.3 Reducing sugar content of the schizophyllan
To investigate the effect of hot water extraction parameters on reducing sugar
content, the suitable ranges of extraction time and temperature for reducing sugar
content of polysaccharides were estimated by ANOVA (Table 17). The lack of fit of
this experimental data was not significant (p-value > 0.05), indicating that the model
was predictive. The relationship between reducing sugar content and extraction
parameters is quadratic with a good regression coefficient (R? = 0.9999). The coded

equation (Eq. 7) presented the relationship as follows:

Reducing sugar concentration (mg/g extract) = 84.06 - 5.61A - 4.12B + 0.1298AB +
18.80A% - 10.99B” + 10.03A%B - 11.00AB? ()
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Table 17 ANOVA model for optimized hot water extraction of the polysaccharides’

reducing sugar content.

Sum of | Degrees of
Source Mean square F-value | p-value
squares freedom
Model 4603.22 7 657.60 30863.14 | < 0.0001
Temperature (A) 12591 1 12591 5909.21 | < 0.0001
Time (B) 67.83 1 67.83 3183.57 | < 0.0001
AB 0.1348 1 0.1348 6.33 0.0287
A? 1547.87 1 1547.87 72645.99 | < 0.0001
B? 529.01 1 529.01 24827.69 | < 0.0001
AB 268.37 1 268.37 12595.52 | < 0.0001
AB? 322.74 1 322.74 15147.23 | < 0.0001
Residual 0.2344 11 0.0213
Lack of fit 0.0005 1 0.0005 0.0222 0.8844
Pure error 02839 10 0.0234
Cor total 4603.46 18
Std. dev. 0.1460 R* 0.9999
Mean 88.99 Adjusted R? 0.9999
CV.% 0.1640 Predicted R® 0.9998
Adeq precision | 478.3769
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Figure 15 Contour plot (a) and response surface plot (b) of reducing sugar content of

polysaccharides as a function of extraction temperature and time.

Furthermore, extraction temperature and time had significant negative linear
effects (p-value < 0.01). Nevertheless, extraction temperature was found to be a
significant positive quadratic factor. In contrast, time was found to be a significant
negative quadratic factor (p-value < 0.01), as well as a significant positive interaction
effect between extraction time and temperature was observed (p-value < 0.05)
(Table 17). Figure 15 showed the contour plot and response surface plot of reducing
sugar content of polysaccharide extracts as a function of extraction time and
temperature. The reducing sugar content decreased when the extraction
temperature increased. However, it was noticed that as time augmented, the
reducing sugar content raised. The previous research reported that the extraction of
carbohydrates at high temperatures and longer extraction times was affected by
carbohydrate hydrolysis, leading to the presence of reducing sugar (Sawangwan et al.,
2018). In this study, the optimal extraction conditions were predicted to be the
extraction temperature of 103.1°C and time of 177.0 minutes for the minimum

reducing sugar content of 68.74 mg/g extract.
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4.3.4 Degree of polymerization (DP) of the schizophyllan
To evaluate the effect of these extraction variables on the degree of
polymerization (DP), the appropriate ranges of extraction time and temperature for
DP of polysaccharides were analyzed by ANOVA as concluded in Table 18. The
model was to fit since the lack of fit predicted by the statistical program was not
significant (p-value > 0.05). The relationship between DP and extraction factors is
quadratic with a good regression coefficient (R* = 0.9998). The coded equation (Eq. 8)

below showed the relationship:

Degree of polymerization (DP) = 5.45 + 0.5655A + 0.3023B + 0.1395AB - 1.39A% +
0.4191B” - 0.3815A°B + 0.3825AB" (8)

Besides, extraction temperature and time were the significant positive linear
factors (p-value < 0.01). Nonetheless, extraction temperature had a significant
negative quadratic effect. In contrast, time had a positive quadratic effect (p-value <
0.01), including a significant positive interaction effect between extraction time and
temperature was obtained for the DP value (Table 18). Figure 16 revealed the
contour plot and response surface plot of extraction time and temperature on the
DP value of polysaccharide extracts. It could be observed that the DP value raised
with increasing extraction temperature from 80 - 105°C. Likewise, it was obvious that
increasing extraction time could promote higher DP value. The extractive DP value
fell slightly while the extraction temperature was more than 105°C. The optimal
extraction conditions were predicted to be the extraction temperature of 104.1°C
and time of 175.5 minutes for the maximal DP value of 6.21.

Additionally, it is essential for the complex B—glucan conformation,
mushroom polysaccharide, in the function of the immune system (Chan et al., 2009).
It is revealed that the immunomodulatory and anticarcinogenic properties of these
polysaccharides are also related to their molecular weights and configuration,
particularly higher molecular weight polysaccharides (Zhong et al., 2013). The triple

helical B—gtucan, with a greater DP, higher molecular weight, and more degree of a
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complex branching structure, has a superior potency for immunomodulatory and
anticancer activities (Khan et al., 2018) to linear or less branched B—glucan with lower

DP significantly (Lee and Ki, 2020).

Table 18 ANOVA model for optimized hot water extraction of the polysaccharides’

degree of polymerization (DP).

Sum of | Degrees of
Source Mean square | F-value | p-value
squares freedom
Model 17.86 7 2.55 9986.68 | < 0.0001
Temperature (A) 1.28 1 1.28 5005.50 | < 0.0001
Time (B) 0.3655 1 0.3655 1430.49 | < 0.0001
AB 0.1557 1 0.1557 609.48 | < 0.0001
A? 8.46 1 8.46 33107.37 | < 0.0001
B? 0.7696 1 0.7696 3011.78 | < 0.0001
A’B 0.3880 1 0.3880 1518.60 | < 0.0001
AB? 0.3901 1 0.3901 1526.82 | < 0.0001
Residual 0.0028 11 0.0003
Lack of fit 0.0009 1 0.0009 4.54 0.0588
Pure error 0.0019 10 0.0002
Cor total 17.87 18
Std. dev. 0.0160 R® 0.9998
Mean 4.83 Adjusted R? 0.9997
CV.% 0.3308 Predicted R? 0.9996
Adeq precision | 275.5905
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Figure 16 Contour plot (a) and response surface plot (b) of degree of polymerization

(DP) of polysaccharides as a function of extraction temperature and time.

4.3.5 Protein content of the schizophyllan
To study the effect of the extraction parameters on protein content, the
suitable ranges of the extraction factors on the protein content of polysaccharides
were determined by ANOVA (Table 19). The lack of fit test proved the model's
experimental data to fit as not significant (p-value > 0.05). Both temperature and
time influenced the protein content with a good regression coefficient (R* = 0.9888).
The relationship between the protein content and the extraction variable is

presented according to the following coded equation (Eq. 9).

Protein content (mg/g extract) = 6.86 - 2.46A + 0.44B - 0.98AB + 1.43A% + 0.95B” -
1.48AB + 0.64AB? 9)

Moreover, extraction temperature was found to be the significant negative
linear but positive quadratic factor (p-value < 0.01) affecting the protein content of
polysaccharides. Extraction time had both significant positive linear (p-value < 0.05)
and quadratic effects (p-value < 0.01). A significant negative interaction effect
between extraction time and temperature was obtained for the protein content

(Table 19).
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Table 19 ANOVA model for optimized hot water extraction of the polysaccharides’

protein content.

Sum of | Degrees of
Source Mean square | F-value | p-value
squares freedom
Model 82.05 7 11.72 138.33 | < 0.0001
Temperature (A) 24.22 1 24.22 285.90 | < 0.0001
Time (B) 0.7656 1 0.7656 9.04 0.0120
AB 7.72 1 7.72 91.12 < 0.0001
A2 8.96 1 8.96 105.71 | < 0.0001
B’ 3.98 1 3.98 46.99 | < 0.0001
A’B 5.86 1 5.86 69.16 | < 0.0001
AB? 1.11 1 111 13.07 0.0041
Residual 0.9321 11 0.0847
Lack of fit 0.0870 1 0.0870 1.03 0.3342
Pure error 0.8451 10 0.0845
Cor total 82.98 18
Std. dev. 0.2911 R” 0.9888
Mean 8.36 Adjusted R? 0.9816
CV.% 3.48 Predicted R? 0.9614
Adeq precision | 30.2981

Figure 17 revealed the contour plot and response surface plot of extraction

time and temperature on protein content of polysaccharide extracts. The protein

content decreased when extraction temperature increased. While time enhanced,

the protein content was not significantly higher. Therefore, the maximum protein

content predicted by RSM design was 11.12 mg/g extract with optimal extraction

temperature of 80.0°C and time of 1 hour.
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Figure 17 Contour plot (a) and response surface plot (b) of protein content of

polysaccharides as a function of extraction temperature and time.

4.4 Optimized ethanol precipitation of the schizophyllan
4.4.1 Total sugar content of the schizophyllan

Two independent contributions the mushroom content (% w/v, A) and
ethanol concentration (% v/v, B) were utilized in RSM (the response surface
methodology) for maximized total sugar, optimized reducing sugar concentration and
optimal DP value of the schizophyllan extracts from this mushroom. The trial data
were calculated as the coefficients of the parameters to demonstrate the association
between the total sugar concentration and the parameters according to the coded
equation (Eq. 10) to predict the optimal response. Equation 10 showed the effect of
each significant variable and the interactive effect of the variables on the response of

total sugar concentrations.

Total sugar content (mg/g extract) = 432.76 - 31.48A - 3.02B - 23.32AB - 17.33A% -
96.43B° (10)
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Table 20 ANOVA model analysis for optimized ethanol precipitation of the

polysaccharides’ total sugar concentration.

Source Sum of | Degrees of Mean F-value | p-value
squares freedom square
Model 60194.08 5 12038.82 602.91 < 0.0001
Split gill mushroom
11889.03 1 11889.03 595.41 < 0.0001
content (A)
Ethanol
109.15 1 109.15 5.47 0.0360
concentration (B)
AB 4351.13 1 4351.13 21791 < 0.0001
A? 1316.24 1 1316.24 65.92 < 0.0001
B? 40736.09 1 40736.09 2040.10 | < 0.0001
Residual 259.58 13 19.97
Lack of fit 132.67 ) 44.22 3.48 0.0581
Pure error 126.91 10 12.69
Cor total 60453.67 18
Std. dev. 4.47 R? 0.9957
Mean 360.91 Adjusted R? | 0.9941
CV.% 1.24 Predicted R* | 0.9912
Adeq
73.9591
precision

In addition, ANOVA evaluated the effect of the mushroom content and

ethanol concentration on the total sugar concentration of the polysaccharides, as

concluded in Table 20. The contour plot and response surface plot depicted the

interactions of two independent variables and the coincident effect on the total

sugar content of the polysaccharides (Figure 18). Total sugar concentration decreased

when the mushroom content increased. Nevertheless, total sugar concentration

increased with increasing ethanol concentration during 49.0 to 61.5% (v/v), and total

sugar concentration fell with more than 61.5% (v/v) ethanol. The maximum total
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sugar concentration predicted by the RSM design was 447.98 me/g extract with
optimal mushroom content of 5.11% (w/v) and precipitation ethanol concentration
of 62.78% (v/v).

Besides, the total sugar concentration of the schizophyllan by hot water
extraction with ethanolic precipitation from S. commune, compared to that from
other mushroom species illustrated in Figure 19. It was noticed that the optimized
total sugar concentration of this schizophyllan was superior to the polysaccharide
extract of this mushroom using hot water extraction combined with ethanol
precipitation around 1.5 folds (Klaus et al, 2011). Likewise, the total sugar
concentration was slightly greater than polysaccharide-protein complexes of Lentinus
edodes by ultrasonic extraction (Cheung et al, 2012), polysaccharide-peptide
complex of Pleurotus abalonus using hot water extraction combined with ethanol
treatment (Li et al.,, 2012), as well as the extract of Pholiota nhameko by enzyme-

assisted extraction with Alcalase (Rodrigues et al., 2017).
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Figure 18 Contour plot (a) and 3D plot (b) obtained from total sugar concentration of
the polysaccharides as a function of the mushroom content and precipitation

ethanol concentration.
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Figure 19 Total sugar concentration of the polysaccharide extracts from different mushrooms.
* (1) from Klaus et al. (2011); (2) from Cheung et al. (2012); (3) from Li et al. (2012); (4)
from Rodrigues et al. (2017); (5) from this study.

4.4.2 Reducing sugar content of the schizophyllan
To evaluate the effect of the mushroom content and ethanol concentration
on reducing sugar concentration of the polysaccharides, the coded equation (Eq. 11)
demonstrated the association between the reducing sugar concentration and the
coefficients of the factors obtained from calculating the predicted data. Equation 11
presented the influence of each significant parameter and the interaction of the

variables on reducing sugar concentrations.

Reducing sugar content (mg/g extract) = 81.83 - 4.96A - 12.65B - 0.91AB + 0.93A% +
0.74B7 (11)

Moreover, ANOVA analyzed the influence of the mushroom content and
ethanol concentration on reducing sugar concentration of the polysaccharides, as

summarized in Table 21. In addition, the contour plot and 3D plot portrayed the
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interactions of two parameters and the concomitant effect on reducing sugar
concentration of the polysaccharides (Figure 20). Reducing sugar concentration
augmented when the mushroom content declined. While reducing sugar
concentration dropped considerably, ethanol concentration raised. In this
experimental design, the optimized extraction conditions were predicted to be the
mushroom content of 15.00% (w/v) and ethanol concentration of 74.00% (v/v) for

the minimized reducing sugar concentration of 64.99 mg/g extract.

Table 21 ANOVA model analysis for optimized ethanol precipitation of the

polysaccharides’ reducing sugar concentration.

Source Sum of | Degrees of | Mean square | F-value | p-value
squares | freedom
Model 2227.43 5 445.49 1008.48 | < 0.0001
Split gill mushroom
295.02 1 295.02 667.86 | < 0.0001
content (A)
Ethanol
1919.01 1 1919.01 4344.18 | < 0.0001
concentration (B)
AB 6.57 1 6.57 14.87 0.0020
A 3.78 1 3.78 8.57 0.0118
B? 2.41 4 241 5.46 0.0361
Residual 5.74 13 0.4417
Lack of fit 1.39 3 0.4628 1.06 0.4077
Pure error 4.35 10 0.4354
Cor total 2233.17 18
Std. dev. 0.6646 R? 0.9974
Mean 82.88 Adjusted R? | 0.9964
CV.% 0.8019 Predicted R | 0.9950
Adeq
94.2676
precision
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Figure 20 Contour plot (a) and 3D plot (b) obtained from reducing sugar
concentration of the polysaccharides as a function of the mushroom content and

precipitation ethanol concentration.

4.4.3 DP value of the schizophyllan
To investicate the influence of the mushroom content and ethanol
concentration on the DP value of the polysaccharides, the coded equation (Eq. 12)
revealed the relationship between the DP values and the coefficients of the variables
from the calculation of the trial data. Equation 12 showed the effect of each

significant factor and the interaction of the parameters on the DP values.
Degree of polymerization (DP) = 5.29 - 0.14A + 0.56B - 0.23AB - 0.27A% - 1.138*  (12)

Furthermore, Table 22 summarized the evaluation of these parameters by
ANOVA that affected on DP value of the polysaccharides. Besides, Figure 21 revealed
the contour plot and response surface plot of the DP value of the polysaccharide
extracts, including the interactions of two variables and the concurrent influence of
the DP value. DP value went up slightly with increasing the mushroom content
during 5 to 10% (w/v), and DP value fell insignificantly with greater than 10% (w/v) of
the mushroom. This case meant that the mushroom content affected slightly on DP

value of the polysaccharides. Nevertheless, the DP value climbed up exceedingly
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with the raising of an ethanol concentration between 49.0 to 61.5% (v/v), and the DP
value declined with higher than 61.5% (v/v) ethanol. These graphs could be
summarized that the high mushroom content did not have efficient extraction of the
polysaccharide with greater DP value. Hence, further scale up, the polysaccharide
consisting of higher DP value will be extracted with the low mushroom content due
to reduction of the production cost.

In this experiment, the optimal extraction conditions were predicted to be
the mushroom content of 8.05% (w/v) and ethanol concentration of 65.10% (v/v) for

the maximal DP value of 5.40.

Table 22 ANOVA model analysis for optimized ethanol precipitation of the

polysaccharides’ degree of polymerization (DP).

Source Sum of | Degrees of | Mean square | F-value | p-value
squares | freedom
Model 10.61 5 212 299.67 | < 0.0001
Split gill mushroom
0.2410 1 0.2410 34.04 | <0.0001
content (A)
Ethanol
3.74 1 3.74 528.69 | < 0.0001
concentration (B)
AB 0.4326 1 0.4326 61.11 < 0.0001
A2 0.3138 1 0.3138 44.33 | <0.0001
B? 5.57 1 557 786.68 | < 0.0001
Residual 0.0920 13 0.0071
Lack of fit 0.0463 3 0.0154 3.37 0.0627
Pure error 0.0457 10 0.0046
Cor total 10.70 18
Std. dev. 0.0841 R? 0.9914
Mean 4.41 Adjusted R* | 0.9881
CV.% 191 Predicted R* | 0.9828
Adeq
43.2390
precision
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Figure 21 Contour plot (a) and 3D plot (b) obtained from degree of polymerization
(DP) of the polysaccharides as a function of the mushroom content and precipitation

ethanol concentration.

In addition, the conformational complexity of B—glucan, the mushroom
polysaccharide, is essential in the immune system’s function (Chan et al., 2009). The
triple helical B—glucan, containing a higher DP value with more branching structural
complexity, has a greater potency for immune-enhancing and anticarcinogenic
properties (Khan et al,, 2018) than linear or lower branched B—glucan consisting of

low DP value obviously (Lee and Ki, 2020).

4.4.4 Protein content of the schizophyllan
To study the influence of the mushroom content and ethanol concentration
on the protein concentration of the polysaccharides, the trial data were calculated
the coefficients of the parameters to demonstrate the association between the
protein concentration and the parameters according to the coded equation (Eq. 13)
for prediction the optimal response. Equation 13 showed the effect of each
significant variable and the interactive effect of the variables on the response of

protein concentrations.
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Protein content (mg/g extract) = 7.17 + 0.85A + 0.79B - 0.92AB - 0.58A% - 0.37B*  (13)

In addition, the effect of the mushroom content and ethanol concentration
on protein concentration of the polysaccharides was evaluated by ANOVA, as
concluded in Table 23. Moreover, the contour plot and response surface plot
depicted the interactions of two independent variables and the coincident effect on
the protein concentration of the polysaccharides (Figure 22). Protein concentration
was enhanced by increasing the mushroom content and augmenting ethanol
concentration. Thus, the maximized protein concentration predicted by the RSM
design was 7.59 mg/g extract with optimal mushroom content of 9.73% (w/v) and

ethanol concentration of 74.00% (v/v).

Table 23 ANOVA model for optimized ethanol precipitation of the polysaccharides’

protein concentration.

Sum of | Degrees of
Source Mean square | F-value | p-value
squares | freedom
Model 25.27 5 5.05 928.44 |< 0.0001
Split gill mushroom
content () 8.74 1 8.74 1606.26 | < 0.0001
Ethanol concentration (B)|  7.55 1 7.55 1387.67 | < 0.0001
AB 6.71 1 6.71 1231.99 | < 0.0001
A? 1.47 1 1.47 270.01 |< 0.0001
B? 0.5973 1 0.5973 109.72 |< 0.0001
Residual 0.0708 13 0.0054
Lack of fit 0.0362 3 0.0121 3.48 0.0582
Pure error 0.0346 10 0.0035
Cor total 25.34 18
Std. dev. 0.0738 R® 0.9972
Mean 6.57 Adjusted R* | 0.9961
CV.% 1.12 Predicted R | 0.9948
Adeq precision | 94.9140
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Figure 22 Contour plot (a) and response surface plot (b) of protein concentration of
polysaccharides as a function of the mushroom content and precipitation ethanol

concentration.

4.5 Chemical characterization studies of the schizophyllan
4.5.1 Solubility of the schizophyllan

Figure 23 presented the effect of extract concentration, temperature, and
incubation time of extract solubility on total sugar content. It was found that total
sugar content of this extract was the highest at solubilization at 120°C for 120
minutes with 5.00 meg/ml extract concentration. For the effect of extract
concentration, temperature, and incubation time of extract solubility on reducing
sugar content, it was noticed that reducing sugar content of this extract was the
greatest at the same solubilization condition (Figure 24). However, the effect of
extract concentration, temperature, and incubation time of extract solubility on
degree of polymerization (DP value) showed a suitable DP value at the similar
solubilization condition because this DP value from the optimized condition was not
a too long chain and more chain number of polysaccharide to attach receptors of
immune cells for stimulation of immune system (Figure 25). Additionally, the effect
of extract concentration, temperature, and incubation time of extract solubility on

total phenolic content depicted total phenolic content of this extract was superior at
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solubilization at the same solubilization condition. Although the high temperature

was utilized to solubilize the extract, the bioactive substance was not degraded,

leading to the greater antioxidant candidate (Figure 26).
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solubility on total sugar content.
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Figure 26 Effect of extract concentration, temperature and incubation time of extract

solubility on total phenolic content.

Furthermore, total phenolic contents from Schizophyllum commune
compared to other agricultural materials are revealed in Table 24. It was found that
the entire phenolic content of this extract from the mushroom was remarkably
higher than acetone extract of Solanum melongena's peel approximately 22.4 times
(Boulekbache-Makhlouf et al., 2013), methanolic extract of Pleurotus ostreatus
cultivated with corncob as substrate about 5.4 folds (Jin et al.,, 2020), hot water
extract of Oryza sativa var. glutinosa (Kum Doi Saket) around triple (Pasakawee et al.,
2018), ultrasonic section combined with acetone of P. citrinopileatus about twice (Yin
et al,, 2019) as well as more than microwave extract associated with ethanol of

Coriolus versicolor considerably (Maeng et al., 2017).
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Table 24 Total phenolic contents of different agricultural materials.

Agricultural Extraction method Total phenolic content Reference
materials (mg GAE/g dry extract)
Solanum acetone extraction 0.29 Boulekbache-
melongena peel Makhlouf et al.
(2013)
Pleurotus ostreatus | methanolic extraction 1.21 Jin et al. (2020)
(cultivated with
corncob substrate)
Oryza sativa hot water extraction 2.25 Pasakawee et al.
var. glutinosa (2018)
(Kum Doi Saket)
P. citrinopileatus ultrasonic extraction 2.68 Yin et al. (2019)
with acetone
Coriolus versicolor | microwave-assisted 4.70 Maeng et al.
extraction with ethanol (2017)
Schizophyllum hot water extraction 6.49 This study
commune with alkaline and

ethanolic treatment

4.5.2 Protein molecular weight analysis

When analyzed by polyacrylamide gel electrophoresis, it was found that the

extract from this mushroom was obtained in the range of protein molecular weight

(MW) from 14 - 35 kDa (Figure 27). From the previous research, protein molecular

masses with 14.0 - 18.5 kDa were indicated as hydrophobin protein, as well as their

MWs with 21 - 35 kDa were specified as lectin protein (Table 25). Likewise, the

protein molecular size of hydrophobin SC3 protein from the split gill mushroom was

around 14 kDa (Akanbi et al., 2013), fruiting body protein SC1, SC3, SC6, hydrophobin

6 from S. commune about 11 - 18 kDa, including hydrophobin protein from Pleurotus

ostreatus have an MW ranging from 10 - 20 kDa (Erjavec et al., 2012). Besides, the
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presence of a purified N-acetyl-D-galactosamine (GalNAc)-specific lectin from S.
commune revealed MW band of 31.5 kDa (Chumkhunthod et al., 2006), lectins (12 -
35 kDa) in P. ostreatus (Gonzalez et al., 2021), a lectin HEA isolate (51 kDa) from dried
fruiting bodies of Hericium erinaceum, a purified mannose-binding lectin NTL (26 kDa)
from bulbs of Chinese daffodil Narcissus tazetta, a novel lectin RLL (32 kDa) from
Russula lepida, along with a dimeric lectin isolate (60 kDa) from fresh fruiting bodies
of wild mushroom R. delica (Xu et al., 2011).

In addition, the nontoxic fungal hydrophobin SC3 of S. commune possessed
tumor-suppressive properties via immunomodulation in B16-F10 mouse melanoma
and S180 mouse sarcoma, as well as may be beneficially applied as an adjuvant
combined with radiation and chemotherapy (Akanbi et al., 2013). Additionally, S.
commune lectin (SCL) showed greater selective cytotoxic activity against human
epidermoid carcinoma cell lines (Chumkhunthod et al.,, 2006). Lectins from Xylaria
hypoxylon exhibited antiproliferative effect on tumor cell lines and potential anti-
mitogenic properties on mouse splenocytes, including lectin CNL isolate from the
edible mushroom Clitocybe nebularis possessed immunomodulatory properties. A
lectin isolate from Pholiota adiposa, a lectin HEA isolate from H. erinaceum, and a
dimeric lectin isolate from of Russula delica revealed antiproliferative effects toward
hepatoma HepG2 cells and breast cancer MCF7 cells, including HIV-1 reverse
transcriptase inhibitory property. A purified mannose-binding lectin  NTL from
Narcissus tazetta also exhibited strong antiviral activities against several viruses, such
as influenza A, influenza B viruses and human respiratory syncytial virus (RSV).
Besides, a lectin ABL from Agaricus bisporus showed immunomodulatory activities,
namely in vitro macrophage-stimulating functions in RAW264.7 cells by activating

tumor necrosis factor-alpha (TNF-Ql) and nitric oxide (NO) production (Xu et al., 2011).
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Figure 27 SDS-PAGE of the extract from S. commune.

Lane M, protein molecular weight marker; lane 1, the extract from S. commune.
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Table 25 Protein molecular weight of hydrophobin and lectin protein in the extracts

from different mushroom:s.

Mushroom species Protein molecular weight (kDa) Reference
Hydrophobin Lectin

Pleurotus ostreatus 10 - 20 12 - 190 Erjavec et al. (2012)

S. commune 11-18 NA

S. commune 14 NA Akanbi et al. (2013)

P. ostreatus NA 12 - 35 Gonzalez et al. (2021)

Hericium erinaceum - 51 Xu et al. (2011)

Narcissus tazetta - 26

Russula lepida - 32

R. delica - 60

S. commune v 31.5 Chumkhunthod et al.

(purified lectin) (2006)

S. commune 14.0 - 185 21 - 35 This study

Remark: NA = not analyzed

4.5.3 Raman confocal spectroscopy

Raman spectroscopy serves as a valuable tool for identifying and
characterizing the metabolites produced by fungi, providing a spectral fingerprint with
extensive chemical data. Raman confocal spectroscopy enables direct imaging and
mapping, combining Raman spectroscopy with light microscopy. This technique
requires minimal sample preparation and does not require labeling applications. The
spatial resolution of the microscope is in the range of the laser wavelength, allowing
for chemical mapping of molecules at a resolution below 1 pm. Therefore, Raman
confocal spectroscopy is an effective method for identifying compounds with low
solubility in water and organic solvents, requiring less sample preparation and
reduced measurement time (Menezes et al., 2015).

In this study, the colored metabolite produced by S. commune was identified

using Raman spectroscopy. A Raman microscopic image was obtained from an
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individual schizophyllan extract derived from this mushroom. The analysis revealed
the presence of purpurin (red dye) in the extract, confirmed by comparing it with a
purpurin reference and identifying the target component using Raman confocal
spectroscopy (Figure 28). The spectral region between 952 and 1453 cm™ exhibited
characteristic peaks of purpurin, including bands at 1453, 1394, 1313, 1228, 1050,
1020, and 952 cm™. Thus, the identification of this colorant was successfully

conducted using this equipment.
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Figure 28 The results of bioactive compound identification in the extract from

S. commune by Raman confocal spectroscopy.

Furthermore, purpurin, also known as 1,2,4-trihydroxy anthraquinone, is an
alizarin-type anthraquinone compound and a component of the natural pigment,
Madder Lake. Originally, it exists as a colorless glycoside in the roots of the madder
plant, scientifically known as Rubia tinctorum L. The madder root has been
historically used as a food colorant and in traditional medicine for various
therapeutic purposes. In addition to its traditional uses, purpurin has been
investigated for its health-promoting effects at the cellular and molecular levels,
including both in vitro and in vivo. It has shown a range of biological activities,
namely notable antioxidant, anti-inflammatory, immunomodulatory, anticarcinogenic,

anti-adipogenic, anti-obesity, antifungal, and antibacterial properties (Nam et al,,
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2017; Nam et al,, 2019). These properties contribute to the reported health benefits

associated with purpurin.

4.5.4 Monosaccharide composition

The HPLC chromatogram profiles of sugar analysis in this schizophyllan were
confirmed by HPLC in a Bondapak/Carbohydrate column. This chromatogram showed
the presence of fructose, glucose, and maltose in this extract at the retention time of
8.243, 10.132, and 17.533 minutes, respectively (Figure 29). On the other hand, Table
26 depicted this extract consisted of only fructose (0.57% w/w) and maltose (0.56%
w/w), but low glucose concentration appeared in the extract (less than the limit of
detection (LOD) = 0.30% w/w). Moreover, this extract was not detected sucrose and
lactose. The extract obtained from this mushroom, which has low sugar content
(mono- and disaccharides), offers significant health benefits due to its low-calorie
content. Additionally, it contains water-soluble fiber in the form of B—glucan and B—
glucooligosaccharide, which exhibit prebiotic activities by promoting the growth of
probiotic bacteria in the human gastrointestinal tract. This, in turn, leads to the
production of beneficial substances that contribute to improving the immune system
and digestive system. Conversely, the supernatant obtained after the precipitation of
polysaccharides with ethanol showed higher levels of reducing sugars
(monosaccharides), making it less beneficial for human health (data not shown).
Therefore, the schizophyllan extract was selected for further investigation, including
optimized extraction processes, chemical characterization, assessment of biological

properties, and development of functional food products.
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Figure 29 The HPLC chromatogram of sugar analysis in the extract from S. commune.

Table 26 Sugar composition of the extract from S. commune by HPLC.

Composition
Test item Reference method
(g/100 g dried extract)
Fructose 0.57
Glucose Not detected’ In-house method
Sucrose Not detected’ TE-CH-164 based on
Maltose 0.56 AOAC (2019) 977.20
Lactose Not detected’ (AOAC, 2019)
Total reducing sugar 1.13

Remark: * Limit of detection (LOD) = 0.30 g/100 g dried extract.

4.5.5 Oligosaccharides analysis

To analyze oligosaccharides of the extract by TLC (thin layer
chromatography). Figure 30 presented that the extract consisted of B
glucooligosaccharide or B—glucan oligosaccharide with the degree of polymerization
(DP value) around 2 - 3, namely laminaribiose and laminaritriose, compared to
standard oligosaccharide, including most of the polysaccharides in this extract from
that below spot. Moreover, prior research reported that these oligosaccharides had
potential prebiotic properties to promote probiotic bacteria growth in the human gut

tract, following further prebiotic effect of the extract.
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In addition, Chaikliang et al. (2015) studied B-glucans and oligo-B-glucans
from S. commune Fr. and Auricularia auricula Judae on prebiotic properties. These
B—glucans were extracted under high pressure and temperature. Laminarinase was
used to hydrolyze these oligo—B—gLucans from B—gtucans. Following that, fecal
fermentation in batch culture in vitro was performed to compare fecal bacteria
growth during fermentation of the B—glucans and oligo—B—glucans from these

mushrooms and commercial yeast B—glucan, and the number of each probiotic
bacteria and pathogenic bacteria strains were counted for the calculation of the
prebiotic index of each extract. It was noticed that B—gtucan from A. auricula Judae
raised the proliferation of Lactobacillus sp. and Bifidobacterium sp. significantly. The
prebiotic index of B—glucan from A. auricula Judae was superior to that of yeast B—
glucan, B—glucan from S. commune Fr. and oligo—B—glucan from both mushrooms,
respectively. The probiotics also produced short-chain fatty acids (SCFAs), such as

acetate, propionate, butyrate, and lactate. Thus, the B—glucans from these

mushrooms were prebiotic candidates.

DP 1
DP 2
DP 3 .
DP 4 .
DP 5 -
1 2

Figure 30 The TLC chromatogram of oligosaccharide analysis in the schizophyllan.
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4.5.6 B—glucan analysis
The schizophyllan extract from the split gill mushroom was analyzed B—
glucan content by B—gtucan assay procedure K-YBGL 02/21 (Megazyme Int.) because
this procedure is the specific kit using many specific enzymes and chemicals to
hydrolyze the interested glucan in the extract for B—gtucan analysis. It was noticed
that the extract was comprised of B—glucan content 271.42 + 27.61 mg/g extract,
when calculated from total glucan and Ql-glucan content in the extract by this

procedure around 280.40 + 24.33 and 8.98 + 3.30 mg/g extract, respectively.

Table 27 B—glucan content in the extract from various mushrooms.

Mushroom species B-glucan content Reference

(mg/ g extract)

Agaricus bisporus 63.9 Nitschke et al.
Lentinus edodes 138.0 (2011)

Pleurotus eryngii 167.9

Trametes versicolor 67.7

Inonotus obliqus 79.0 Megazyme (2021)

(H,SO4 procedure)

A. blazei (HCl procedure) 89.0

Tremella fuciformis 149.0

(H,SO4 procedure)

Flammulina velutipes 210.0

(HCl procedure)

S. commune 271.4 This research

Furthermore, a comparison of B-glucan content in this extract with different
mushroom extracts is depicted in Table 27. This schizophyllan extract showed

superior B—gtucan content than Agaricus bisporus quadruple, Lentinus edodes twice,
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Pleurotus eryngii 1.6 times and Trametes versicolor 4 folds (Nitschke et al., 2011).
Likewise, this extract had greater B—gtucan content than from /nonotus obliqus
(H,SO4 procedure) 3.4 times, A. blazei (HCl procedure) triple, Tremella fuciformis
(HSO4 procedure) 1.8 folds and also higher than from Flammulina velutipes (HCl
procedure) (Megazyme, 2021).

4.6 Biological properties of the schizophyllan
4.6.1 Antioxidant activities

The different extracts obtained from the split gill mushroom displayed varying
patterns of free radical inhibitions, as illustrated in Figure 31. The DPPH radical
inhibitions of the aqueous extract, the polysaccharide from the extraction of the
mushroom content 5% (w/v) with ethanol concentration 63.33% (v/v) (M5
EtOH63.33), and from the extraction of the mushroom content 10% (w/v) with same
ethanol concentration (M10 EtOH63.33) increased in proportion to their
concentrations. These mushroom extracts exhibited strong antioxidant properties,
with approximately 86% DPPH inhibition observed at a concentration of 80 mg/ml.
Analysis of the half-maximal inhibitory concentrations (ICs, values) for free radical
inhibition (Table 28) revealed that the aqueous extract demonstrated the highest
potential for inhibiting DPPH radicals at a low concentration of 7.00 mg of dry
extract/ml, surpassing the inhibitory potential of the M5 EtOH63.33 extract (15.36 mg
of dry extract/ml) and the M10 EtOH63.33 extract (20.08 mg of dry extract/ml).

Moreover, the results of all extracts from this mushroom presented different
patterns of free radical inhibitions (Figure 32). ABTS radical inhibitions of aqueous
extract, M5 EtOH63.33 polysaccharide extract, and M10 EtOH63.33 polysaccharide
extract enhanced, while their concentrations augmented too. These mushroom
extracts showed high antioxidant candidates with around 95 - 99% ABTS inhibition at
20 mg/ml. According to the half-maximal inhibitory concentrations (ICs, values) for
inhibition of free radicals (Table 29), it was noticed that M10 EtOH63.33 extract
exhibited more potential for inhibition of ABTS radicals at low concentration 5.69 mg
of dry extract/ml, less than the M5 EtOH63.33 extract (7.08 mg of dry extract/ml) and
treatment control extract (8.10 mg of dry extract/ml). Thus, M5 EtOH63.33 extract
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would be chosen to produce the schizophyllan extract on a large scale, because it
had great potential antioxidant by DPPH and ABTS radical scavenging assays (similar
to M10 EtOH63.33 extract), including cost-effective extraction of schizophyllan with

low content of this raw material.
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Figure 31 DPPH radical inhibition by different extracts from S. commune.
** M5 EtOH63.33 and M10 EtOH63.33 = the polysaccharide from the extraction of the

mushroom content 5 and 10% (w/v) with ethanol concentration 63.33% (v/v),

respectively.

Table 28 Inhibitory activities (ICsy) on DPPH assay of various extracts from S. commune.

Samples ICso values (mg extract/ml)
Aqueous extract 7.00 + 0.04¢
M5 EtOH63.33 15.36 + 0.52°
M10 EtOH63.33 20.08 + 0.21°
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Figure 32 ABTS radical inhibition by different extracts from S. commune.
** M5 EtOH63.33 and M10 EtOH63.33 = the polysaccharide from the extraction of the

mushroom content 5 and 10% (w/v) with ethanol concentration 63.33% (v/v),

respectively.

Table 29 Inhibitory activities (ICso) on ABTS assay of various extracts from S. commune.

Samples ICso values (mg extract/ml)
Aqueous extract 8.10 + 0.07°
M5 EtOH63.33 7.08 + 0.34°
M10 EtOH63.33 5.69 +0.21°

Besides, some researches evaluated antioxidant activity from other
agricultural materials. The ICso value of the schizophyllan extract from the split ill
mushroom (M5 EtOH63.33) was more efficient to inhibit free radicals on DPPH assay
using a lower concentration (15.36 mg of dry extract/ml) than the aqueous extract of
Solanum melongena (eggplant) stem (26.20 mg of dry extract/ml) nearly twice (Jung
et al,, 2011), as well as superior to inhibit free radicals on ABTS assay (7.08 mg of dry
extract/ml) to Pinus yunnanensis Franch. (pine nut) protein hydrolysate (8.83 mg of
dry extract/ml) considerably (Liu et al, 2021). However, the ICs, value of the

schizophyllan from this mushroom on ABTS assay was inferior to this mushroom
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essence using an electric pressure cooker significantly (0.73 mg of dry extract/ml) in
the latest research (Saetang et al., 2022a) because the mushroom essence (similar to
the supernatant from the separation of schizophyllan extraction) comprised of more
water-soluble components of many phenolic compounds as greatly effective
scavengers of free radicals of reactive oxygen species by oxidative reaction, including
flavonoids, tannins, saponins, steroids, alkaloids, terpenes and free amines after the
hot water extraction. Hence, the split gill mushroom essence was antioxidative
potential candidate to develop as nutraceutical product along with beneficially

bioactive substances to prevent oxidative diseases.

4.6.2 Prebiotic property

Isolate BG-NSO2 from Bulgaria yosurt, which is a probiotic bacterium, was
streaked on MRS agar supplemented with bromocresol blue to isolate single
colonies. The appearance of yellow zones around the bacterial colonies on the agar
(Figure 33) indicated the production of lactic acid by the bacteria, causing the pH
indicator bromocresol blue to change from purple to yellow. Gram staining of the
probiotic bacteria, observed under a light microscope (Figure 34), confirmed that
isolate BG-NSO2 is a Gram-positive cocci bacterium, exhibiting a purple stain with
crystal violet. This bacterium belongs to the Streptococcus sp. genus and is
considered a lactic acid bacteria commonly used in various fermentation processes.

Additionally, Figure 35 displayed the growth curves of this probiotic bacterium
cultivated in MRS broth with different carbon sources. It was observed that the
bacterial strain grew rapidly during the early log phase (approximately 6 hours) and
then exhibited slower growth before reaching a steady state in the stationary phase.
Comparatively, the growth of the bacteria in MRS broth supplemented with the
schizophyllan extract was considerably inferior to that in MRS broth with glucose
(used as a positive control), but slightly superior to their growth in MRS broth without
a carbon source (used as a negative control). This suggests that the probiotic bacteria
found it more challenging to utilize the schizophyllan, a polysaccharide with a long
molecular weight, compared to glucose, which is a monosaccharide. In such cases,

there are alternative solutions to enhance utilization of the extract by the bacteria in
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the colon, such as enzymatic hydrolysis of the extract into shorter oligosaccharides
or using natural acidic or alkaline solutions. These approaches can facilitate easier
utilization by the bacteria, as polysaccharides with high molecular weights are less
readily metabolized (Nowak et al., 2018). Nonetheless, the schizophyllan extract
shows potential for prebiotic development.

In the case of long-chain polysaccharides, B—glucan extract from S. commune
could be hydrolyzed by the B—gtucanase enzyme for the production of B—glucan
oligosaccharide (BGO). In B—gtucan hydrolysis, B—gtucanase would cleavage B—1,3 and
B—l,é—glycosidic linkage of B—glucan into BGO. Consequently, the received BGO has a
short oligosaccharide with low molecular weight and prebiotic property to tolerate
acid and digestive enzymes in the enzymes in Gl tract (Lam and Chi-Keung, 2013).
Smaller molecular oligosaccharides are more easily accessible to probiotic bacteria in
the colon than polysaccharides with a high molecular weight for consumption and

fermentation (Nowak et al., 2018).

Figure 33 Single colony of probiotic bacteria, isolate BG-NS02 from Bulgaria yosurt,
streaked on MRS agar.
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Figure 34 Gram staining of probiotic bacteria, isolate BG-NS02 from Bulgaria yosurt,

under the light microscope at 100x magnification.
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Figure 35 Growth curves of probiotic bacteria, isolate BG-NS02 from Bulgaria yogurt,

cultivated in MRS broth with different carbon source.
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Moreover, the probiotic proliferation of isolate BG-NSO2 from the Bulgaria
yogurt compared with other probiotic growth in different prebiotic agricultural
materials is depicted in Table 30. It was noticed that this probiotic isolate’s
stimulating proliferation on the schizophyllan extract from this split gill mushroom
was superior to Bifidobacterium longum BB536 and Lactobacillus plantarum TISTR
1854 on XOS (CbXyn10C) [xylooligosaccharides synthesis by bacterial recombinant
GH10 from  Caldicellulosiruptor — bescii  xylanase], and XOS  (Xynl1A)
[xylooligosaccharides synthesis by GH11 from Bacillus firmus K-1 xylanase] from
sugarcane bagasse xylans around 3.7 and 1.7 folds, respectively. This probiotic
growth on this extract also was more significant than L. plantarum TISTR 1854 and B.
longum BB536 on XOS (CbXyn10C) and XOS (Xyn11A) from rice straw xylans
considerably (Gufe et al., 2022). Additionally, it was greater than L. brevis NRRL B-
4527 and L. delbrueckii subsp. bulgaricus NRRL B-548 on BGO [curdlan (1—>3)-B-D-
glucan oligosaccharides synthesis by a GH family 64 B—(1—>3)—gtucanase
(RmLam81A)] from curdlan of Alcaligenes faecalis about triple and 1.3 times,
respectively. It also was remarkably higher than L. casei subsp. casei NRRL B-1922
and L. rhamnosus AS 1.2466 on inulin from chicory root nearly twice and 1.5 folds,
respectively (Shi et al., 2018).

Shi et al. (2018) evaluated of the in vitro digestibility and stability of curdlan-
B—l,S—gLucan oligosaccharide under simulated gastrointestinal conditions. They
utilized curdlan ([3—1,3—glucan) derived from Alcaligenes faecalis bacteria and
degraded it using [3—1,3—gtucanase from Rhizomucor miehei fungi to produce the
oligosaccharide. The results demonstrated that this oligosaccharide remained stable
during simulated gastrointestinal digestion, including exposure to low pH, high
temperature, and Maillard reaction conditions commonly encountered during food
processing. Furthermore, the oligosaccharide promoted the growth of beneficial
bacteria, such as Lactobacillus sp. and Bifidobacterium sp., which produced short-
chain fatty acids (SCFAs), such as acetic, propionic, and lactic acid. Additionally, the
oligosaccharide inhibited the growth of E. coli. Short oligosaccharides with a degree

of polymerization (DP) of 2 and 3 were readily metabolized by Lactobacillus strains,
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modulating the pH of the large intestine and benefiting the overall well-being and

health of the host. These findings suggest the potential utilization of this

oligosaccharide as functional food material.

Table 30 Growth results of probiotic bacteria in various prebiotic agricultural materials.

Agricultural Prebiotic Probiotic bacteria Growth results | Reference
materials type species
Sugarcane XOS Bifidobacterium OD 600 nm = Gufe et al.
bagasse (CbXyn100) longum BB536 0.200, 72 hr (2022)
XOS (Xyn11A) | Lactobacillus OD 600 nm =
plantarum TISTR 1854 | 0.440, 72 hr
Rice straw XOS L. plantarum TISTR OD 600 nm =
(CbXyn100) 1854 0.550, 72 hr
XOS (Xyn11A) | B. longum BB536 OD 600 nm =
0560., 72 hr
Curdlan BGO L. brevis NRRL B-4527 | OD 595 nm = Shi et al.
from 0.217, 48hr (2018)
Alcaligenes L. delbrueckii subsp. OD 595 nm =
faecalis bulgaricus NRRL B-548 | 0.560, 48 hr
Chicory root | Inulin L. casei subsp. casei OD 595 nm =
NRRL B-1922 0.400, 48 hr
L. rhamnosus AS OD 595 nm =
1.2466 0.500, 48 hr
Split gill Schizophyllan | Isolate BG-NS02 from | OD 600 nm = This study
mushroom (B-gtucan) Bulgaria yogurt 0.730, 30 hr

Remark: XOS (CbXyn10C) = xylooligosaccharides synthesis by bacterial recombinant

GH10 from Caldicellulosiruptor bescii (CbXyn10C) xylanase; XOS (Xynl11A) =

xylooligosaccharides synthesis by GH11 from Bacillus firmus K-1 (Xyn11A) xylanase;

BGO = curdlan (1—>3)—B-D—gtucan oligosaccharides synthesis by a GH family 64 B-

(1—>3)-glucanase (RmLam81A).
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Similarly, Nowak et al. (2018) explored the potential of polysaccharides
extracted from 53 strains of wild mushrooms to promote the proliferation of
Lactobacillus rhamnosus and L. acidophilus. They employed ethanol extraction from
the fruit bodies of each mushroom and deproteinization techniques involving
sonication, heat treatment, and the Savage reagent (chloroform: isoamyl alcohol).
The polysaccharide fractions were then tested for their ability to promote the growth
of probiotic bacteria and subjected to in vitro digestion simulating the gastrointestinal
tract. The study revealed that mushroom polysaccharides stimulated the
proliferation of Lactobacillus strains to a greater extent compared to commercial
prebiotics, such as FOS or inulin. Furthermore, the polysaccharides exhibited
resistance to artificial gastric juice, remaining stable and undigested until reaching the
large intestine, where they could promote the growth of beneficial probiotic bacteria.
Consequently, these edible mushroom polysaccharides hold potential for utilization

in functional foods and nutraceuticals production.

4.6.3 Anti-inflammatory and immune-enhancing properties

The cytotoxicity of the extract (SC) to murine RAW 264.7 cells was evaluated
using the MTT assay. The results indicated that a suitable range of extract
concentrations for pretreating RAW 264.7 cells was 250 - 1,000 pyg/ml, with incubation
times of 1 - 3 hours. At these concentrations and incubation times, the cells
exhibited high viability, and there was no significant difference observed at a 95%
confidence level (Figure 36). These findings suggested that the extract concentrations
and incubation times used were non-toxic to the cells. Similarly, a study by Du et al.
(2017) found that an exopolysaccharide concentration of 200 pg/ml from submerged
mycelial culture of S. commune did not affect RAW 264.7 cell viability. In the MTT
assay, viable cells with active mitochondria produce mitochondrial dehydrogenase.
When the yellow MTT solution is added, it is hydrolyzed by mitochondrial
dehydrogenase in the cells, forming purple formazan crystals. These crystals are then
solubilized with a DMSO solution to produce a formazan solution (Wasunan et al,,

2022).
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Furthermore, the prior research reported that B—glucan from the split sill
mushroom (50 pg/ml) enhanced the IL-10 mRNA expression induced with LPS from
Aggregatibacter actinomycetemcomitans in murine RAW 264.7 cells using real-time
PCR. Dectin-1 in immune cells was a greater affinity to the B—glucan receptor to
activate immune-modulatory activities due to the triple helix structure of [3—1,3—1,6—
glucan, namely releasing key anti-inflammatory cytokines like IL-10 expression to
control inflammation and enhance immune responses (Thongsiri et al., 2021).
Additionally, B—gtucan could directly boost immunity through T-lymphocytes
stimulation in the adaptive immune system. The proliferation of macrophages,
including T-lymphocytes, B-lymphocytes and natural killer cells would enhance in
response to B—glucan induction when B—gtucan attached to the receptor, including
secreted antibody for pathogen suppression in humoral immunity (Chan et al., 2009;
Leung et al., 2006).

Moreover, Du et al. (2017) studied the effect of the exopolysaccharide on
LPS-induced nitric oxide (NO), 5-lipoxygenase (5-LOX) production and inducible nitric
oxide synthase (iNOS) mRNA expression levels in the macrophages (RAW 264.7 cells).
Nitric oxide was recognized as a regulator in pathological reactions, especially acute
inflammatory responses. Pro-inflammatory agents like LPS could considerably
enhance nitric oxide production in the macrophages through activation of iNOS.
Additionally, 5-LOX was a key enzyme in the synthesizing inflammatory mediators of
arachidonic acid. The results exhibited that the polysaccharide decreased the
production of 5-LOX. Both iNOS and cyclooxygenase-2 (COX-2) were the important
enzyme mediators that mediated inflammatory processes. It was noticed that the
polysaccharide also inhibited LPS-induced iNOS mRNA expression levels in a dose-

dependent manner.



99

Cell viability (% control)

140 -
120 | 2
100 -
80
60 -
a0 -
20 -
0
Control 250 1000 Control 250 1000 Control 250 1000
SC extract concentration (ug/ml)
1 hr 2 hr

Figure 36 Cytotoxicity of schizophyllan extract (SC) from Schizophyllum commune to
murine RAW 264.7 cells by MTT assay.

Besides, Lee andKi (2020) investigated the influence of ultrasonicated
schizophyllan (USPG) on LPS-induced mRNA expression of RAW 264.7 cells grown in
two-dimensional (2D) and three-dimensional (3D) culture conditions. For 2D cell
culture, the macrophages were maintained in high glucose DMEM medium (in vitro).
For 3D cell culture, the cells were encapsulated in poly(ethylene glycol) (PEG)
hydrogel (in vivo). The experimental results revealed that encapsulated cells grown
in 3D were less sensitive to LPS than those grown in 2D. In the uSPG- and LPS-treated
groups, expression levels of iNOS, COX-2, and TNF-Q reduced, compared to the
expression levels of cells treated with LPS. Thus, the uSPG would suppress the
overproduction of pro-inflammatory mediators, resulting in an anti-inflammatory
effect.

In the case of immune-boosting properties, the macrophages played an
important role in host protection against attacking cells by releasing various

cytokines. Yelithao et al. (2019) evaluated the immunomodulatory effect of the
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polysaccharides from this mushroom on RAW 264.7 cells by determining levels of
cytokines production. It was found that the proliferation activity of crude and
fractions of polysaccharides using DEAE-Sepharose fast flow column against the
macrophages. Both crude and fractions of polysaccharides were significantly greater
than 100% of control and improved their proliferation activity. It was indicated that
crude and fractions were nontoxic to the cells. On the other hand, excess amounts
of pro-inflammatory cytokines (iINOS and TNF-Q) produced could cause several
inflammatory diseases. To overcome this problem, anti-inflammatory cytokines (IL-10
and IL-12) were produced. In this research, F1 polysaccharide significantly decreased
iINOS and TNF-QL expression levels, while IL-10 and IL-12 expressions were cleared
after treatment with crude or F2 polysaccharides. Hence, these cytokines could also
act as an excellent immune stimulant by modifying immune function (Yelithao et al.,

2019).

4.7 Development of the split gill mushroom essence product

The split gill mushroom essence, enriched with herbs, offers a delightful and
healthy twist to one's schizophyllan (B—glucan) consumption. This functional food
product combines the potent ingredients of split gill mushroom, Indian gooseberry,
and stevia. Abundant in this mushroom essence are schizophyllan (B-glucan),
phenols, phyllanthin and chebulagic acid from Indian gooseberry, and stevioside
from stevia, serving as natural sweeteners. Notably, the mushroom essence is
renowned for its immune-boosting, anti-inflammatory, anticancer, antioxidant, and
prebiotic properties, while also being low in calories to support blood sugar control.
Furthermore, this product prides itself on containing only natural, chemical-free
ingredients.

Moreover, the Indian gooseberry (Phyllanthus sp.) contributes to the function
of cytotoxic T lymphocytes (CTL) and natural killer (NK) cells in the immune system.
This herb contains phyllanthin, chebulagic acid, and exhibits anti-inflamsmatory
activity through the NF-KB signaling pathway. Previous research has demonstrated its

ability to enhance immune responses, including both innate and adaptive immune
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systems, making it a potential candidate for immunomodulation and medicinal

applications (Jantan et al., 2019).

Table 31 Sensory evaluation of consumer acceptance of the split gill mushroom

essence in different time of production process.

Evaluation Score level
45 min 90 min 120 min

Color of mushroom essence 3.60 + 0.55° 3.67 + 0.58" 5.00 + 0.00°
Appearance 4.00 + 0.71° 3.67 + 0.58° 4.80 + 0.45°
Sourness 3.75 + 0.96° 4.33 + 0.58° 4.60 + 0.55°
Sweetness 4.00 + 0.82° 4.67 + 0.58° 4.60 + 0.89°
Saltiness 3.20 + 1.79° 46.7 + 0.58° 4.20 + 0.84°
Overall preference about 3.40 + 1.52° 3.67 + 0.58° 4.60 + 0.55°
aroma

Overall preference about taste 2.80 + 1.30° 3.33 + 0.58° 4.40 + 0.55°

In previous research, the extraction of schizophyllan was optimized to
determine a suitable production process for the mushroom essence. The study
identified an optimal extraction temperature of 100°C, which was selected for the
production of the mushroom essence (Saetang et al., 2022b). Table 31 presented the
sensory evaluation of consumer acceptance of the mushroom essence at different
stages of the production process. It was observed that a 120-minute extraction time
yielded favorable results in terms of overall taste acceptability, color, and
appearance of the mushroom essence (p-value < 0.10). Based on these findings,
suitable mushroom essence formulas were developed.

Table 32 showcased the sensory evaluation of consumer acceptance for each
formula of the mushroom essence. Formula 2, which contained functional
schizophyllan with a B-glucan content of 507.55 mg/d40 ml of mushroom essence,

was selected as the appropriate formula for producing the mushroom essence on a
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large scale. This formula demonstrated significant overall taste preference,
particularly in terms of sweetness and saltiness (p-value < 0.05). The resulting
mushroom essence products were described as dark brown and packaged as
premium products (Figure 37). Table 11 presents a comparative analysis of the
nutrient composition between this split gill mushroom and other mushroom species.
The findings reveal that this mushroom has significantly higher protein content than
Auricularia polytricha MFB, Lentinus subnudus YEB, and Pleurotus florida YFB. Its
fiber content is similar to these mushrooms, while its fat content is lower in calories
compared to various mushroom species (Gbolagade et al., 2006). Additionally, this
mushroom exhibits considerably higher protein and carbohydrate content compared
to Tuber aestivum (Tejedor-Calvo et al., 2020). Furthermore, when comparing the
cultivated mushroom to wild S. commune, it is observed that the cultivated
mushroom has higher protein and crude fiber content, but lower carbohydrate and
fat content. These differences may be attributed to variations in geographical

distribution and cultivation methods (Okwulehie et al., 2007; Singh et al., 2021).

Table 32 Sensory evaluation of consumer acceptance of each formula's split gill

mushroom essence.

Evaluation Score level

Formula 1 Formula 2 Formula 3
Color of mushroom essence 5.00 + 0.00° 4.75 + 0.50° 4.71 + 0.49°
Appearance 4.80 + 0.45° 4.75 + 0.50° 4.57 + 0.53°
Sourness 4.60 + 0.55° 4.75 + 0.50° 357 + 1.13°
Sweetness 4.60 + 0.89° 4.75 + 0.50° 3.00 + 1.29°
Saltiness 4.20 + 0.84°° | 5.00 = 0.00° 3.14 + 1.21°
Overall preference about aroma | 4.60 + 0.55° 4.25 + 0.96° 3.86 + 0.90°
Overall preference about taste 4.40 + 0.55° 4.75 + 0.50° 3.14 + 0.90°
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Figure 37 The split gill mushroom essence product.

In a study by Li et al. (2011), the impact of different cooking methods on the
flavor compounds of button mushroom (Agaricus bisporus (Lange)Sing) soup was
investigated. It is known that various mushroom species possess unique taste profiles
attributed to water-soluble substances, including free amino acids, 5’-nucleotides,
and reducing sugars. When the mushrooms were boiled, the levels of certain amino
acids increased, indicating hydrolysis through proteolysis reactions during the boiling
process. The results demonstrated that both boiled and autoclaved mushroom
soups had higher levels of free amino acids and 5’-nucleotides, compared to other
cooking methods. There were main nonvolatile taste-active compounds in this
mushroom, such as alanine (Ala), aspartic acid (Asp), glutamic acids (Glu), glycine
(Gly), threonine (Thr), 5’-guanosine monophosphate (5’-GMP),  5’-inosine
monophosphate (5’-IMP), and 5’-xanthosine monophosphate (5’-XMP). Glu and Ala
are identified as key amino acids contributing to the umami and sweet tastes in

various mushroom species. The levels of 5’-GMP, which is associated with a meaty
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flavor and umami taste, can be influenced by cooking processes. Additionally, 5’-
AMP and Gly have been reported to contribute to sweet and umami tastes,
respectively.

Furthermore, the boiled mushroom soup exhibited higher levels of volatile
compounds compared to the autoclaved mushroom soup. Key aroma-active
substances in the mushroom soup included 3-octen-2-one (cooked mushroom-like),
1-octen-3-one (mushroom-like), and dihydro-5-methyl-2(3H)-furanone (sweet), among
others. These flavor components of mushrooms undergo chemical reactions,
particularly the Maillard reaction between free amino acids and soluble sugars during
cooking processes. The sweeteners which are used such as glucose and fructose,
serve as precursors for the Maillard reaction, resulting in the formation of flavor
compounds during heating (Li et al., 2011).

In another study, Sun et al. (2019) focused on mushroom soup made from
Hypsizygus marmoreus. The various cooking methods (autoclaving, microwaving,
stewing, and sous vide) were evaluated for their impact on nutrient, phytochemical,
and flavor content. The results showed that all cooking processes led to an increase
in macro- and micronutrients (polysaccharides, free amino acids, and polyphenols)
compared to uncooked soup. Autoclaving, in particular, resulted in the highest levels
of polysaccharides due to the high temperature and pressure, causing significant cell
and internal cellular damage. Autoclaving also led to increased phenolic content in
the mushroom soup.

Moreover, autoclaving significantly increased the levels of free amino acids in
the mushroom soup. Umami amino acids (Glu and Asp) and sweet-tasting amino
acids (Ala, Gly, Pro, Ser, and Thr) were found in higher quantities in the autoclaved
soup. These free amino acids may have been generated through mushroom
degradation and protein hydrolysis. The autoclaved soup also exhibited higher total
nucleotide content, contributing to its flavor profile. Notably, 5’-GMP, associated with
meat flavor, and 5’-AMP, known for its sweet flavor, were present in the soup,
enhancing its taste (Sun et al, 2019). Therefore, the split gill mushroom essence
product developed in this research offers a promising taste profile and supports

consumer health. It also encourages the utilization of Thai herbs and the creation of
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high-value-added products. This mushroom essence represents a novel nutraceutical

food enriched with beneficially active substances for consumer health.
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CHAPTER 5
CONCLUSION

This research successfully extracted the genomic DNA of the split sill
mushroom (641 bp) using ITS5 forward and ITS4 reverse primers. The homology
comparison using BLAST analysis against the GenBank or NCBI database identified the
mushroom as Schizophyllum commune based on its nucleotide sequence.
Furthermore, this mushroom exhibited significantly superior nutritive values
compared to other mushroom species, boasting high levels of carbohydrates
(64.06%), crude fiber (4.87%), and alternative mycoprotein (20.99%), while
maintaining low levels of fat (0.75%). Importantly, no harmful heavy metals were
detected, making this mushroom a safe and reliable choice. These findings highlight
the potential of S. commune as a nutritious and uncontaminated mushroom option.
Moreover, the hot water extraction and ethanol precipitation process for
schizophyllan, a low-cost commercial optimization, was conducted. The extraction
involved using a mushroom content of 5 - 8% (w/v) at temperatures ranging from
100 to 110°C for 2 - 3 hours. The subsequent precipitation step utilized ethanol with
a concentration of 62 - 65% (v/v) to isolate schizophyllan, resulting in a
schizophyllan sample with the highest degree of polymerization (DP value of 5.40),
the highest total sugar concentration (447.98 mg/g extract), minimal reducing sugar
concentration (92.08 mg/g extract), optimized protein concentration (5.30 mg/g
extract), and the highest extraction yield (4.03 ¢/100 g dry mushroom).

Additionally, the solubilization of this extract was optimized at a temperature
of 120°C for 120 minutes, with an extract concentration of 5.00 mg/ml. This
optimized solubilization process led to the highest total sugar content, excellent
reducing sugar content, suitable DP value, and superior total phenolic content. These
findings highlight the effectiveness of the optimized extraction and solubilization
processes for obtaining high-quality schizophyllan with desirable properties.
Moreover, the schizophyllan extract exhibited a higher B—gtucan content (271.42

mg/g extract) than other extracts from different mushrooms, as determined by the



107

B-glucan assay procedure. This indicates its possible potential for more significant
immune-enhancing and anticancer activities. The schizophyllan extract also
contained B—gtucooligosaccharides (B—glucan oligosaccharides) with a degree of
polymerization value ranging from 2 to 3, specifically laminaribiose and
laminaritriose. These oligosaccharides show promise as potential prebiotics for further
study, as analyzed through TLC. Also, the HPLC analysis revealed lower sugar
content, specifically fructose and maltose, in the schizophyllan extract. This makes it
a lower-calorie option that is beneficial for human health. Furthermore, when
analyzed through SDS-PAGE, the extract contained hydrophobin (14.0 - 18.5 kDa) and
lectin proteins (21.0 - 35.0 kDa), suggesting probably potential immunomodulatory
and anticarcinogenic properties. The extract also comprised bioactive purpurin, as
identified by Raman confocal spectroscopy. These findings highlight the exceptional
characteristics of the schizophyllan extract, including its high B—glucan content, [3
glucooligosaccharide composition, lower sugar content, presence of hydrophobin and
lectin proteins, and the bioactive purpurin compound. These properties suggest that
the schizophyllan extract might hold excellent potential for immune-enhancing,
prebiotic, and anticarcinogenic activities, making it a valuable subject for further
exploration and potential applications.

Moreover, the schizophyllan, which consists of total phenolic compounds
(6.49 mg GAE/g extract), displays remarkable antioxidant properties. It exhibits a
significant capacity to inhibit DPPH radicals (83.23% inhibition at 80 mg extract/ml)
and ABTS radicals (98.77% inhibition at 20 mg extract/ml). Furthermore, it
demonstrates potent inhibition of DPPH and ABTS radicals at low concentrations,
with ICso values of 15.36 and 7.08 mg extract/ml, respectively. This makes it attractive
for antioxidant applications, especially considering its cost-effective extraction
process and low mushroom content.

However, the mushroom essence outperforms the extract with a significantly
lower ICsy value (0.73 mg extract/ml) in the ABTS assay. Consequently, the
mushroom essence exhibits substantial potential as an antioxidant candidate for

developing nutraceutical products. In addition to its antioxidant properties,
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schizophyllan also possesses prebiotic effects due to the presence of
oligosaccharides, namely laminaribiose and laminaritriose, as well as B—glucan. These
components promote the growth of probiotic bacteria, particularly the BG-NS02
strain isolated from Bulgaria yosurt, within the human gastrointestinal tract.
Comparatively, they exhibit superior probiotic growth stimulation compared to other
prebiotic agricultural materials. Moreover, this substance may be promising in
boosting immune function, reducing inflammation, and displaying potential anti-
cancer properties. To evaluate the cytotoxicity of the extract on murine RAW 264.7
cells (macrophages), MTT assay was conducted using extract concentrations ranging
from 250 to 1,000 pg/ml and incubation times of 1 to 3 hours. The results reveal high
cell viability and no significant differences (p-value < 0.05) among the different
incubation times, indicating the extract's safety. Previous studies have reported that
B—glucan derived from this mushroom (at a concentration of 50 pg/ml) enhances the
production of IL-10 in RAW 264.7 cells induced with LPS. IL-10 is a crucial anti-
inflammatory cytokine known for its ability to control inflammation and enhance
immune-modulatory activities.

Consequently, both the mushroom itself and the schizophyllan substance
were employed to create a functional mushroom essence enriched with herbs. The
optimal conditions for producing the mushroom essence were determined to be a
temperature of 100°C for 120 minutes. The resulting mushroom essence formulation
consists of potent ingredients, including 2.500% (w/v) split gill mushroom, 0.021%
(w/v) schizophyllan extract, 0.017% (w/v) Indian gooseberry, and 0.004% (w/v) stevia,
which serves as a natural sweetener. This novel mushroom essence represents a
high-value-added functional product containing a remarkable array of biologically

active compounds that promote optimal human health.

Recommendations and suggestions:
1. To optimize the commercial extraction of schizophyllan from this mushroom on
an industrial scale, cost-effective methods, such as the utilization of natural

alkaline or acidic solutions, enzymes, and pulsed electric field-assisted extraction
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(PEFAE) can be considered for cell disruption and improved extraction efficiency. It
is important to choose extraction techniques that are low-cost, readily available,
and proven to be effective.

. The B—glucan extract can hydrolyze with an enzyme (B—gtucanase) to short [3—
glucooligosaccharides, which exhibit more potential prebiotic properties to
promote probiotic bacteria proliferation better.

. Further research will investigate the schizophyllan extract for immune-boosting
and anti-inflammatory properties in murine RAW 264.7 cells.

. The split gill mushroom essence product should be sterilized by retort for the
extended shelf life of this product without microbial contamination when kept at
room temperature.

. The mushroom essence product should be studied for certificates of
analysis (COA), to verify the quality, purity, and performance of this product
before distribution in the markets.

. Obtaining ethical certifications, like the Thailand ethical certificate and FDA
certificate, is crucial for marketability. These certifications indicate compliance with
standards and regulations, building consumer confidence for successful market

penetration.



APPENDIX A
QUESTIONNAIRE OF SPLIT GILL MUSHROOM ESSENCE PRODUCT

Sensory evaluation of consumer acceptance of

the split gill mushroom essence with herb

Explanation:

- This product consists of split gill mushroom, Indian gooseberry, and stevia.
- Please mark score in each level of product properties as following table.
When 1 = dislike very much, 2 = dislike slightly, 3 = neither like nor dislike,
4 = like slightly, 5 = like very much

Evaluation Formula ........ Formula ........ Formula ........

11213(4/5/1|23(4]|5]1|2|3|4]|5

Color of this mushroom essence

Appearance

Sourness

Sweetness

Saltiness

Overall preference about aroma

Overall preference about taste

Comments: (e.g. aroma of split gill mushroom, Indian gooseberry, and stevia etc.)
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RAW DATA OF OPTIMIZED SCHIZOPHYLLAN EXTRACTION
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Table 33 Actual and predicted values for optimized hot water extraction on

total sugar content of polysaccharides.

Response: total sugar content

Factor 1 Factor 2
Treatments | A: temperature B: time (mg/g e>.<tract)
-0 thr) Actual Predicted Residual
value value

1 80 1 383.00 383.07 -0.0727
2 80 1 383.00 383.07 -0.0727
3 121 1 370.50 370.95 -0.4477
a4 121 1 371.25 370.95 0.3023
5 80 5 375.11 377.63 -2.52
6 80 i 380.00 377.63 2.37
7 121 5 445.75 444.33 1.43
8 121 3 442.75 44433 -1.57
9 80 2 383.00 383.10 -0.1046
10 80 2 383.50 383.10 0.3954
11 121 2 454.25 453.42 0.8260
12 121 2 452.89 453.42 -0.5351
13 100 1 433.50 431.62 1.88
14 100 1 430.04 431.62 -1.59
15 100 3 428.75 428.01 0.7426
16 100 3 427.56 428.01 -0.4518
17 100 2 455.85 454.09 1.76
18 100 2 452.69 454.09 -1.40
19 100 2 453.13 454.09 -0.9506
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Table 34 Actual and predicted values for optimized hot water extraction on

reducing sugar content of polysaccharides.

Response: reducing sugar content

Factor 1 Factor 2
Treatments | A: temperature B: time (/s e).(tract)
0 thr) Actual Predicted Residual
value value

1 80 1 102.89 102.69 0.1963
2 80 1 102.50 102.69 -0.1905
3 121 1 69.25 69.21 0.0404
a4 121 1 69.17 69.21 -0.0346
5 80 3 114.17 114.26 -0.0943
6 80 3 114.36 114.26 0.1001
7 121 5 81.40 81.30 0.1029
8 121 8 81.20 81.30 -0.0971
9 80 v 108.50 108.46 0.0358
10 80 2 108.42 108.46 -0.0475
11 121 2 97.25 97.24 0.0067
12 121 2 9722 97.24 -0.0183
13 100 1 77.31 77.19 0.1192
14 100 1 77.06 77.19 -0.1308
15 100 3 69.00 68.95 0.0497
16 100 3 68.89 68.95 -0.0614
17 100 2 84.25 84.06 0.1930
18 100 2 83.86 84.06 -0.1960
19 100 2 84.08 84.06 0.0263
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Table 35 Actual and predicted values for optimized hot water extraction on

DP value of polysaccharides.

Factor 1 Factor 2 Response: DP value
Treatments | A: temperature B: time Actual Predicted )

(®) (hr) value value Residual
1 80 1 3.75 3.75 0.0018
2 80 1 3.74 3.75 -0.0094
3 121 1 5.36 5.36 -0.0013
aq 121 1 5.36 5.36 -0.0063
5 80 3 3.29 3.31 -0.0224
6 80 4 3.32 3.31 0.0148
7 121 3 5.48 5.48 -0.0069
8 121 3 5.48 5.48 -0.0007
9 80 2 3.50 3.49 0.0076
10 80 2 3.50 3.49 0.0076
11 121 2 4.63 4.62 0.0076
12 121 2 4.63 4.62 0.0076
13 100 1 5.56 5.56 -0.0037
14 100 1 5.58 5.56 0.0189
15 100 3 6.17 6.17 0.0076
16 100 3 6.17 6.17 0.0076
17 100 2 5.41 5.45 -0.0345
18 100 2 5.45 5.45 0.0021
19 100 2 5.45 5.45 0.0021
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Table 36 Actual and predicted values for optimized hot water extraction on

protein content of polysaccharides.

Response: protein content

Factor 1 Factor 2
(mg/g extract)
Treatments | A: temperature B: time -
0 thr) Actual Predicted Residual
value value

1 80 1 11.56 11.12 0.4439
2 80 1 10.75 11.12 -0.3686
3 121 1 9.73 9.45 0.2758
4 121 ik 9.25 9.45 -0.2005
5 80 3 10.81 10.99 -0.1811
6 80 3 11.25 10.99 0.2564
7 121 5) 5.62 5.40 0.2211
8 121 3 5.25 5.40 -0.1458
9 80 2 10.84 10.75 0.0965
10 80 2 10.50 10.75 -0.2472
11 121 2 6.00 5.83 0.1747
12 121 2 5.50 5.83 -0.3253
13 100 1 7.34 7.37 -0.0285
14 100 1 7.25 1.37 -0.1222
15 100 3 8.25 8.25 0.0028
16 100 3 8.09 8.25 -0.1535
17 100 2 7.11 6.86 0.2537
18 100 2 6.84 6.86 -0.0126
19 100 2 6.92 6.86 0.0602
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Table 37 Actual and predicted values for optimized ethanol precipitation on

total sugar content of polysaccharides.

Factor 1 Factor 2 Response: total sugar content
A: mushroom B: ethanol (mg/g extract)
Treatments

content concentration Actual | Predicted )

(% w/v) (% v/v) value value Residual
1 5 49.0 329.05 330.17 -1.12
2 5 49.0 326.19 330.17 -3.98
3 15 49.0 312.86 313.86 -1.00
a 15 49.0 309.67 313.86 -4.19
5 5 74.0 371.90 370.78 1.12
6 5 74.0 373.81 370.78 3.03
7 15 74.0 260.48 261.19 -0.7102
8 15 74.0 265.95 261.19 a.T7
9 5 61.5 449.52 446.90 2.62
10 5 61.5 445.24 446.90 -1.67
11 o 61.5 387.14 383.95 3.19
12 15 61.5 381.90 383.95 -2.05
13 10 49.0 343.95 339.35 4.60
14 10 49.0 345.05 339.35 5.70
15 10 74.0 329.52 333.32 -3.79
16 10 74.0 328.90 333.32 -4.41
17 10 61.5 438.57 432.76 5.81
18 10 61.5 426.19 432.76 -6.57
19 10 61.5 431.43 432.76 -1.33
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Table 38 Actual and predicted values for optimized ethanol precipitation on

reducing sugar content of polysaccharides.

Factor 1 Factor 2 Response: reducing sugar
Treatments A: mushroom B: ethanol content (mg/g extract)

content concentration Actual | Predicted )

(% w/v) (% v/v) value value Residual
1 5 49.0 100.25 100.20 0.0548
2 5 49.0 99.75 100.20 -0.4452
3 15 49.0 92.75 92.09 0.6590
a 15 49.0 91.75 92.09 -0.3410
5 5 74.0 76.25 76.72 -0.4660
6 5 74.0 76.50 76.72 -0.2160
7 15 74.0 65.25 64.99 0.2631
8 15 74.0 64.75 64.99 -0.2369
9 5 61.5 88.00 87.71 0.2862
10 5 61.5 88.50 87.71 0.7862
11 o 61.5 78.00 77.80 0.2029
12 15 61.5 77.25 77.80 -0.5471
13 10 49.0 94.75 95.21 -0.4638
14 10 49.0 95.75 95.21 0.5362
15 10 74.0 70.75 69.92 0.8279
16 10 74.0 69.75 69.92 -0.1721
17 10 61.5 81.25 81.83 -0.5761
18 10 61.5 82.75 81.83 0.9239
19 10 61.5 80.75 81.83 -1.08
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Table 39 Actual and predicted values for optimized ethanol precipitation on

DP value of polysaccharides.

Factor 1 Factor 2
Response: DP value
A: mushroom B: ethanol
Treatments
content concentration Actual | Predicted
Residual

(% w/v) (% v/v) value value
1 5 49.0 3.28 3.24 0.0399
2 5 49.0 3.27 3.24 0.0277
3 15 49.0 3.37 3.42 -0.0509
4 15 49.0 3.38 3.42 -0.0489
5 5 74.0 4.88 4.82 0.0530
6 5 74.0 4.89 4.82 0.0620
7 15 74.0 3.99 4.08 -0.0839
8 15 74.0 4.11 4.08 0.0315
9 5 61.5 51 5.16 -0.0527
10 5 61.5 5.03 5.16 -0.1300
11 15 115 4.96 4.88 0.0859
12 15 61.5 4.94 4.88 0.0663
13 10 49.0 3.63 3.60 0.0293
14 10 49.0 3.60 3.60 0.0028
15 10 74.0 4.66 4.72 -0.0602
16 10 74.0 a.72 4.72 -0.0023
17 10 61.5 5.40 5.29 0.1110
18 10 61.5 5.15 5.29 -0.1365
19 10 61.5 5.34 5.29 0.0560
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Table 40 Actual and predicted values for optimized ethanol precipitation on

the protein content of polysaccharides.

Factor 1 Factor 2 Response: protein content
A: mushroom B: ethanol (mg/g extract)
Treatments

content concentration Actual | Predicted )

(% w/v) (% v/v) value value Residual
1 5 49.0 3.63 3.66 -0.0314
2 5 49.0 3.69 3.66 0.0311
3 15 49.0 7.16 7.19 -0.0387
a 15 49.0 7.19 7.19 -0.0074
5 5 74.0 7.02 7.07 -0.0558
6 5 74.0 7.09 7.07 0.0130
7 15 74.0 6.91 6.95 -0.0443
8 15 74.0 6.91 6.95 -0.0443
9 5 61.5 5.76 573 0.0215
10 5 61.5 5.76 573 0.0215
11 o 61.5 7.50 7.44 0.0580
12 15 61.5 T S 7.44 0.0767
13 10 49.0 6.04 6.00 0.0326
14 10 49.0 6.02 6.00 0.0138
15 10 74.0 7.66 7.59 0.0707
16 10 74.0 7.65 7.59 0.0607
17 10 61.5 6.97 7.17 -0.1989
18 10 61.5 7.19 7.17 0.0199
19 10 61.5 7.17 7.17 0.0011
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Abstract. Schizophyllum commune (split gill mushroom) is the alternative protein source. This mushroom
comprises of nufritive mycoprotein (mushroom protein) with essential amino acids, including
pharmaceutical schizophyllan (B-glucan), and so on. It also has plentiful nutritional values and various
biological properties. This research focused on studying the influence of hot water treatment on this
alternative mycoprotein. The factorial experiment in complete randomized design (CRD) was applied to
investigate these response variables, namely temperature (80 - 121°C) and time (1 - 3 hr) of hot water
extraction of mycoprotein. This experiment noticed that the maximum protein content (10.47 mg/g extract)
was obtained from 80°C and 1 hr extraction temperatures. However, in order to extract the schizophyllan
with biologically pharmaceutical activities, the optimized extraction conditions of the polysaccharide
extracts were around 100°C for 2 hr with the highest degree of polymerization (DP value about 6), along
with immunomodulatory and anticancer properties. However, the protein content of this extract was not
greater (7.10 mg/g extract) due to the denaturation of some protein at a higher extraction temperature.
Therefore, the actual commercial extraction of bioactive mycoprotein should consider both lower extraction
temperature to sustain this mycoprotein’s nutritional and pharmaceutical values, including the optimal yield
of the protein extract. Additionally. the mycoprotein extract from S. commune is probably utilized as an
alternative protein ingredient in functional food, snack or beverage products in further study.

Kevywords: Split gill mushroom, Mycoprotein, Hot water extraction, Factorial design

1. Introduction

Schizophyllum commune is known as split gill mushroom. This mushroom is distributed extensively
in many Asian nations, such as Thailand. Laos, Myanmar, and Northeastern India (Yelithao et al., 2019).
It grows on the broadleaved trees, standing, dead. or fallen woods. Its characteristic has pale yellow to
brown gills, dense white hairs, and an absence of stalks (Hobbs, 2005). Additionally, this mushroom is a
medicinal mushroom (Klaus et al., 2011) with abundant nutritional values, especially in terms of high
carbohydrate, protein, and low lipid (Basso et al., 2020). It is also composed of plentiful schizophyllan with
various biological activities (Klaus et al.. 2011), for example, immunomodulatory, anti-mflammatory,
antioxidative, anticancer activity, antiviral, antifungal. including prebiotic properties (Zhong et al., 2013;
Chaikliang et al., 2015; Zhong et al.. 2015; Chandrawanshi et al., 2017; Du et al., 2017; Smirnou et al.,
2017; Lee and K1, 2020).

Morcover, the FAO (Food and Agriculture Organization of the United Nations) now forecasts that
without alternative proteins from other sources, the world’s population will not consume enough protein
(Stephan et al., 2018). Therefore. the manufacture of high-protein, meat-free health meals has attracted
international interest. Soy. wheat protein isolates, mycoprotein (mushroom protein), and other alternative
protein sources are available (Kim et al., 2011). Mycoprotein 1s an alternative of good quality protein to
animal proteins (Gonzalez et al.. 2021). The mycoprotein is also a naturally meaty flavor since the
mushroom comprises glutamic acid and aspartic acid (Poojary et al., 2017). Compared to various
vegetables, this mushroom is rich in essential amino acids (Gonzalez et al., 2021). such as lysine. threonine,
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valine, leucine, and arginine, which accounted for about 41% of the total amino acid composition (Ivanova
etal., 2014). In addition, it consists of hydrophobin and lectin protein with anticancer and immune-boosting
activities (Akanbi et al., 2013; Zhao et al., 2020). As a result, these protemns are utilized in functional food,
drug, vaccine and cosmetics (Akanbi et al., 2013: Zhong et al., 2013; Zhong et al., 2015). In addition, a
variety of proteins from different sources are extracted using both traditional (such as water, acid, alkaline
solution, salt, solvent, detergent) and modern green technologies for cell disruption in the protein extraction
process (for example, enzymes. sonication. pulsed electric field, microwave, high pressure,
homogenization). Many vanables affect protein yield, including temperature, pH, time, and solvents. Using
conventional methods with non-conventional methods for protein extraction accomplishes greater protein
yields and nutritional and functional properties (Kumar et al., 2021).

Furthermore, the factorial design is a statistical procedure employed to screen various factors in
experiments. The most efficient technique is fo estimate the main variables to enhance extraction
effectiveness. However, this statistical approach also considerably declines the resources, is time-
consuming, and attempts to work out solutions. Thus, the factorial experiments are examined as an effective
procedure for analyzing results and gaining valid responses (Qamar et al., 2022). In consequence, this
research aims to study maximized alternative mycoprotein extraction from 5. commune by hot water
treatment and investigate the significance of extraction temperature and time using the factorial experiment
in CRD. The bioactive mycoprotein extract will be developed as the functional food product for promoting
human health in a further study.

2. Materials and methods

2.1 Mushroom sample and maintenance

The dried split gill mushroom was obtained from Charyo Mushroom Farm. Surat Thani, Thailand.
The mushroom sample was prepared by drying at 60°C in a hot air oven for 48 hours before being
pulverized mto powder, packed mn a vacuum bag. and stored at ambient temperature until used in the further
experiment.

2.2 Optimized mycoprotein extraction by hot water treatment

The 20.0-gram dried mushroom powder was suspended in 200.0 ml of deionized (DI) water before
the adjusted pH range to 5.8 - 6.0 by natural caleium hydroxide. First, the mushroom suspension was heated
by water bath and autoclave at different extraction temperatures (80 - 121°C) and time (1 - 3 hr). then
filtrated through a filter cloth. After that, the filtrate was precipitated with 95 % (v/v) ethanol (ratio of 1:2)
at 4°C for 24 hr. Next, the mycoprotein pellet was separated by centrifugation at 3,000 rpm for 10 min
before bemng dried in a hot air oven at 60°C for 24 hours.

Table 1 Variables and their values applied for factorial design of hot water treatment

. . . Levels
Coding Variahles Units Low () Center point (0) High ()
A Temperature °C 80 100 121
B Time hr 1 2 3

The 3 = 3 factorial experiments in complete randomized design (CRD) were applied to investigate the
significant parameters for the hot water treatment. In this experimental approach, there are two variables:
extraction temperature (A: 80 - 121°C) and time (B: 1 - 3 hr). The mdependent factors were listed in Table
1 together with their coded and actual levels of the experiment. The extracts were weighed to estunate
extraction yicld and the profein content was assessed for further examination. The Design Expert
application version 11 from Stat-Ease. Inc.. Minneapolis, USA, evaluated the outcomes. Figure 1 shows a
schematic diagram of the experimental method and extraction operation.

GO “Go Green, Go Eco, and Go Smart”




123

sk Sk
SHF ﬁ
W N '. Q "1 1
LS n
we
Split gill mushroom Hot water extraction
Ethanol
. 7 precipitation
LY e
(L] 4
Determined protein content Mycoprotein
Desonbxrsr Ly |
. =N 3

Analyzed using
Design Expert program 3D response graph

Figure 1 Schematic chart of the experimental process and the extraction procedure

2.3 Protein content analysis

Protein content was analyzed by the dye-binding method (Bradford. 1976) using bovine serum
albumin (BSA) as standard protein. The protein content was determined by mixing 0.060 ml of sample with
1.800 ml of Bradford reagent and then incubating at room temperature for 10 min. The sample absorbances
were then measured spectrophotometrically at 595 nm. The protein content in each sample was expressed
as micrograms per grams of dried extract.

2.4 Statistical analysis and model fitting

All data will be carried out in three replicates. All extraction yield results were reported as mean
value = standard deviation (SD) using Microsoft Excel 2016. Additionally, the data were analyzed
statistically through one-way analysis of variance (ANOVA), as well as the significance of the difference
between each extract were evaluated by Tukey’s test at a 95.0% confidence level. Furthermore, the
statistical model analysis was applied for the experimental approach with the numerical results, including
speculated from ANOVA. The normal graph, actual versus predicted data graph, and 3D response graph at
the suitable condition was estimated by the Design Expert program version 11 from Stat-Ease, Inc.,
Minneapolis, USA. The graphs were evaluated the factors on the protein content of mycoprotein treatments.
While F-value and p-value less than 0.05 revealed the significance and model fitting, non-significance of
lack of fit tests indicated the good model to fit. The R?, adjusted R? and predicted R? values were also
analyzed.

a
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3. Results and discussion

3.1 Mushroom extraction yields

Effect of the various extraction temperature and times of hot water treatment on extraction yields of
extracts from the split gill mushroom presented in Table 2. The extracts achieved a higher yield when
enhancing both extraction temperature and time. As a result. the greatest yield was obtained from the extract

(5.74 - 5.95 g/100 g of dried mushroom) at 121°C for 2 -3 hr.

Table 2 Influence of temperature and time of hot water treatment on extraction yields.

Extraction temperature (°C) Extraction time (hr)

Extraction yield
(2/100 g dried mushroom)

20 1 2.60=0.77¢
80 2 290+ 022
80 3 3.02+0.334
100 1 4.00+0.02%
100 2 403+014>
100 3 3.74+ 028
121 1 5.07+018®
121 2 5.95 + 0.04*
121 3 5.74 +0.04*
6 ] 595
e 430
- E
g = 239
2z 0 241
- -
=1 2
‘:5 ) i
= 1 0.50 L1
e e =
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Figure 2 Extraction yields of different mushroom [ * (1) hot water extract with ethanolic treatment without purification
(Yelithao et al., 2019): (2) extract from the same extraction without purification, (3) with purification (Klaus et al..
2011); (4. 5, 6) extract from similar extraction (Nowak et al.. 2018): (7) hot water extract with alkaline and ethanolic

treatment (this study)].

Besides, hot water treatment combined with the alkaline solution could be conducted to degrade
greatly mushroom’s cell wall and liberate water-soluble intracellular components to external the cells.
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Therefore, the extraction yield is considerably superior to the only hot water treatment (Klaus et al., 2011).
The highest yield of this extract from hot water extraction associated with natural caletum hydroxide and
ethanolic treatment was 5.95 g/100 g of dried mushroom. along with the extraction yields of other
mushroom species as shown in Figure 2. It was noticed that this extraction yield was more than hot water
extract with ethanol precipitation without purification of 5. commune about 2.5-fold (Yelithao et al., 2019),
extract from the similar extraction without purification of the same mushroom at 4.30 /100 g of dried
mushroom, with purification of this mushroom around 12 times (Klaus et al., 2011), extract from same
extraction of Trametes hirsuta approximately 2.5 times, Heterobasidion annosum about 5-fold and Russula
fragilis around 14-fold (Nowak et al., 2018).

3.2 Protein content of the mycoprotein extracts

Table 3 shows responses on the profein content of extracts to examine the effect of extraction
parameters on protein content. Figure 3a portrayed the normal plot of residual’s the distribution from the
extracts. The points were close to a primary line. The chart was allowed errors” be the normal distribution
with a mean zero. Figure 3b depicted the comparison of the predicted versus the actual data from the protein
content of the extracts. This graph expressed great agreement cooperating between the predicted and actual
results. The adjusted R? (0.9849) of protein content was adjacent to 1.0 and accepted the data in the chart
(Manmai et al., 2020).

Table 3 Experimental design responses m protein content of extracts.

Std Run Factor 1 Factor 2 Protein content
A: Temperature B: Time (mg/g extract)
°0) (hr) Actual Predicted
5 1 100 2 741 7.10
3 2 121 1 5.88 5.39
12 3 121 1 5.78 5.59
16 4 80 3 10.01 10.08
21 5 121 1 5.67 5.59
8 6 100 3 719 6.97
9 7 121 3 5.09 520
25 g 80 3 10.25 10.08
13 9 80 2 10.04 10.20
27 10 121 3 488 520
26 11 100 3 731 6.97
4 12 80 2 10.13 10.20
20 13 100 1 734 737
17 14 100 3 7.09 6.97
10 15 80 1 10.75 10.47
24 16 121 2 5.50 532
15 17 121 2 538 532
2 18 100 1 6.81 737
11 19 100 1 725 737
19 20 80 1 10.25 10.47
23 21 100 2 7.06 7.10
6 22 121 2 5.00 532
7 23 80 3 9.75 10.08
18 24 121 3 519 520
1 25 80 1 10.56 10.47
14 26 100 2 6.84 7.10
22 27 80 2 10.50 10.20
> 5
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Figure 3 Protein content analytical graphs of (a) normal graph of residuals;
(b) actual versus predicted graph from the extracts.

Furthermore, the suitable ranges of extraction factors on the protein content of extracts were
evaluated by analysis of variance (ANOVA) (Table 4). The experimental results of the model fitting were
demonstrated by non-significance of the lack of fit (p-value more than 0.05). Both extraction temperature
and time affected the protein content with a good regression coefficient (R>=0.9872). The model was
significant at F-value of 425.06 with a 0.01% chanee that this large could happen because of noise. The
ANOVA model showed the highest F-value of 844.54 at model A (temperature), while model B (time) has
the fewest influence on the result with an F-value of 5.59. The lack of fit was not significant relative to the
pure error at F-value of 2.46 with an 8.27% chance which is a lack of fit F-value; this large could occur due
to noise, resulting in the model to fit. The predicted R? of 0.9808 was the rational arrangement with the
adjusted R? of 0.9849, i.c.. the difference lower than 0.2. Therefore, the ANOVA model of protein content
could guide the design space.

Table 4 ANOVA model analysis for the factorial design of protein content of extracts.

Source Sum of sguares Degrees of freedom Mean sgquare F-value p-value
Model 110.39 4 27.60 425.06 <0.0001
Temperature (A) 109.66 2 54.83 844.54 <0.0001
Time (B) 0.7261 2 03631 5.59 0.0109
Residual 1.43 22 0.0649
Lack of fit 0.5047 4 0.1262 246 0.0827
Pure error 09237 18 0.0513
Cor total 82.98 18
Std. dev. 0.2548 R? 0.9872
Mean 7.59 Adjusted R? 0.9849
CV.% 336 Predicted R? 0.9808

Adeq precision 480507

Moreover, Figure 4 presented the 3D response plot of extraction parameters on the protein content
of extracts. When investigating the chart shape of separation on one factor of protein content models from
Figure 5. Figure 5a was the negative non-linear relationship, i.e.. protein content decreased when
temperature inereased. On the other hand, while Figure 5b was a negative linear relationship, namely time
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enhanced, protein content fell insignificantly. Thus, the maximum protein content was 10.47 mg/g extract
with a suitable extraction temperature of 80°C and time of 1 hr.

Protein content (ma/g extract)

A: Temperature (Celsius) B: Time (Hour)

121 1
Figure 4 The 3D response graph obtained from protein content of extracts

as a function of extraction temperature and time.

—_
0
E=

One Factor (b) One Factor

Protein content (ma/g extract)
@
1

Protein content (mg/g extract)
@
Il

T T T T T T
B0 100 121 1 2 3

A: Temperature (Celsius) B: Time (Hour)

Figure 5 Protem content of extracts in each factor (a) the extraction temperature and (b) extraction tume.

4. Conclusion

From this factorial experiment of hot water treatment of the mycoprotein from the split gill
mushroom, it could be summarized that the appropriate condition of this extraction was a lower temperature
of 80°C for 1 hr with cost-effective extraction. Furthermore, this mushroom consists of plentifully
functional schizophyllan, more than mycoprotein. Therefore, when considering the pharmaceutical
properties of the extract, the schizophyllan was extracted by hot water treatment at a higher temperature
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with a superior degree of polymerization. However, on the other hand, some protein would denature at
higher extraction temperature and the protein content of this extract would be nferior to the extract at a
lower temperature. Hence. in order to commercially extract this mycoproten with nutritive values and
biological effects, it should consider both lower extraction temperature and optimized protein extraction
yield. Hence, this bioactive alternative mycoprotein extract will be applied to produce innowvative
nutraceutical and pharmaceutical products to promote health.
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Abstract

The edible split gill mushroom is considered as both nutritive and therapeutic superfood, as well as
rich in schizophyllan and protein. The schizophyllan (B-glucan) is distinguished by prebiotic properties
and other various biological effects. Thus, this research is an investigation into the identity of
mushroom strain, nutritional composition of this mushroom, and the schizophyllan extract for further
analysis, including its prebiotic activity, and so on. The experimental results revealed that this
mushroom was identified as Schizophylflum commune, comprising of greater carbohydrate, protein,
crude fiber, lower fat, along with not detected any heavy metal. Moreover, this extract consisted of
pharmaceutical hydrophobin (14 -18.5 kDa), lectin protein (21 - 35 kDa), bioactive purpurin or red
pigment, including the prebiotic B-glucan stimulating the proliferation of probiotic bacteria isolate
from yogurt. Hence, both S. commune and the schizophyllan extract have probable potential to be
utilized as prebiotic candidate, functional food, and nutraceutical products.

Keywords: Split gill mushroom, Schizophyllan, Prebiotic, Protein, Nutritional value
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Optimization of ethanol precipitation of schizophyllan from
Schizophyllum commune

Nuttapong Saetang
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ABSTRACT

The split gill mushroom, also known as Schizophyllum commune, is a medicinal fungus. Schizophyllan (B-
glucan or polysaccharide from S. commune) is abundant in its cell wall and has a variety of biological
functions. Using response surface methodology (RSM) on a central composite design, this experiment
looked at how to improve the schizophyllan's ethanol precipitation process for highest degree of
polymerization (DP), largest total sugar, and best reducing sugar concentration. The split gill mushroom
content (5-15 percent w/v) and ethanol concentration (49-74 percent v/v) were both investigated in the
experimental design. Total sugar, reducing sugar concentration, and DP value madels all had good
determination coefficients (R?) of 0.9957, 0.9974, and 0.9914, respectively, and were statistically
significant (P-value 0.05). Furthermore, the optimal mushroom content and polysaccharide ethanol
concentration were: 5.11 percent (w/v) and 62.78 percent (v/v) (total sugar concentration); 15.00 percent
(w/v) and 74.00 percent (v/v) (reducing sugar concentration); and 8.05 percent (w/v) and 65.10 percent
(v/v) (DP value). The optimal conditions for this cost-effective extraction were a low mushroom content
of 5 to 8% (w/v) and an optimal ethanol concentration of 62 to 65 percent (v/v), with the highest DP value
around 5, as well as efficient immunomodulatory and anticancer effects, according to the results of this
experiment. As a result, future study will focus on developing pharmaceutical schizophyllan extract as
nutraceutical goods or medicines.

Keywords: split gill mushroom, schizophyllan, ethanol precipitation, degree of polymerization
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ARTICLE INFO ABSTRACT

Keywords: The nutritional value of routinely used synthetic antioxidants is being reemphasized in today’s
Schizophyllum commune preventative medicine and food sector. The split gill mushroom is a pharmaceutical mushroom
Split gill mushroom essence distinguished by its high nutritional econtent and biological activity. It contains schizophyllan and
Schizophyllan a polysaccharide made up of p-glucan. The p-glucan has a significant level of antioxidant activity.
Antioxidant properties Therefore, this is an investigation into producing split gill mushroom essence rich in bioactive

unctional food components. This study examined the total phenolic content and antioxidant capacity (radical

scavenging activity) of the schizophyllan (the hot water combined with ethanolic extraction of
polysaccharide), supernatant from the separation of the extraction of the polysaccharide, and the
mushroom essence (the production of split gill mushroom essence steamed in an electric pressure
cooker). From this research, split gill mushroom essence (using an eleetric pressure cooker)
showed more great total phenolic content (14.07 mg of gallic acid equivalent [GAE]/g of dry
extract) compared to the supernatant and ethanolie schizophyllan (12.85 and 6.22 mg of GAE/g
of dry extract). Furthermore, this mushroom essence revealed more potential for antioxidant
activity (ICsg value) for inhibition of free radical (0.73 mg of dry extract/ml), compared to other
extracts (ICsp values of the supernatant and the schizophyllan extract as 0.76 and 2.64 mg of dry
extract/ml). Therefore, split gill mushroom essence is probably developed as an innovative
antioxidant functional food product with beneficial compounds to human health.

1. Introduction

Antioxidants are micro components present in the edible green plants which can help to protect the body against oxidative stress
induction by free radicals and prevent harmful reactive oxygen species (ROS). Many physiological and biochemical processes in the
body may produce free radicals and other reactive oxygen species (Paudel et al., 2018), They are extremely unstable and react quickly
with other compounds in the body, causing oxidative damage to cells and tissues (Li et al., 2018). Excessive levels of free radicals and
reactive oxygen species have been linked to various degenerative disorders, including aging, cancer, cardiovascular disease, Alz-

heimer’s disease, and other chronic conditions (Ramalingam et al., 2017). To prevent these diseases, antioxidants play a vital role in
controlling oxidative stress in the body (Li et al., 2018). Polyphenols, flavonoids, carotenoids, glutathione, and lipoic acid are examples

* Corresponding author. Program in Biotechnology, Faculty of Science, Maejo University, Chiang Mai, Thailand..
E-mail addresses: yuwalee@mju.ac.th, yuwaleeun@gmail.com (Y. Unpaprom).

https://doi.org/10.1016/j.bcab.2022.102314

Received 17 October 2021; Received in revised form 19 February 2022; Accepted 20 February 2022
Available online 22 February 2022

1878-8181/© 2022 Published by Elsevier Ltd.



136

N. Sactang et al. Biocatalysis and Agricultural Biotechnology 41 (2022) 102314

of antioxidants. They are primarily found in fruits and vegetables (Sactang et al.,, 2022a), Despite this, fruit and vegetables are in short
supply in many parts of the world. As a result, researchers are looking for more antioxidants from different sources (Asghari et al.,
2016).

Mushrooms are well-known for their nutritional worth and as a source of therapeutic foods that can help avoid diseases including
cancer, hypertension, and hypercholesterolemia (Yim et al., 2013; Saetang et al., 2022b), Moreover, they have drawn attention for
their antioxidant, antitumor, and immunomeodulatory properties (Maity et al., 2015). Some researchers have reported their excellent
antioxidant source, while they consist of various secondary metabolites and phenolic compounds as greatly capable scavengers of free
radicals (Yim et al., 2013).

Split gill mushroom (Schizophyllum commune) is distributed widely in many countries in Asia, including North-East India and
similarly South-East Asia, such as Thailand, Laos, and Myanmar (Yelithao et al., 2019; Saetang et al., 2022¢). It grows on the dead,
fallen, or standing wood of broadleaved trees. Its characteristic is dense white hairs, no stalks, and pale yellow to brown gills (Hobbs,
2005). Cell wall composition is composed of p-glucans cross-linked with chitin (Leung et al., 2006), and the conformation of -glucans
in the mushroom (schizophyllan) is a triple-stranded helix. Thus, schizophyllan is a p-1,3-D-glucan polymer with p-1,6-D-branches (Lee
and Ki, 2020).

Furthermore, there are significant nutritional values, incredibly high fiber, protein, and low lipid (Hobbs, 2005), including
phenolic compounds in its ethanolic extract (Yelithao et al., 2019; Saetang et al., 2022¢), It is a medicinal mushroom with various
biological properties (Klaus et al, 2011), for instance, antioxidant, anti-inflammatory, immune-enhancing, anticancer (Chan-
drawanshi et al., 2017; Duetal,, 2017; Smirnou et al., 2017; Yelithao et al., 2019; Lee and Ki, 2020), antiviral and antifungal properties
(Hobbs, 2005). In addition, the schizophyllan plays the leading role in preventing oxidative damage in the human body against free
radicals (Velithao et al., 2019). Thus, the mushroom has many industrial applications in traditional food extensively in Southeast Asia
and India (Hobbs, 2005), functional food (Smirnou et al., 2017), drug (Lee and Ki, 2020), vaccine, and cosmetics (Smirnou et al.,
2017).

However, the research on antioxidant activity and phenolic content of S. commune found in Thailand is scarce. Therefore, the
present study aims to extract the schizophyllan, the supernatant, from the separation of the extraction of the schizophyllan and
produce split gill mushroom essence, as well as determine the total phenolic content and antioxidant property of these extracts for
evaluation potentiality of this mushroom essence functional food with bioactive antioxidant substances.

2. Materials and methods
2.1. Mushreom sample and maintenance

The dried split gill mushroom was purchased from Chaiyo Mushroom Farm, Surat Thani, Thailand. The sample was packed in a
vacuum bag and stored at room temperature until the further experiment.

2.2, Extraction of schizophyllan

The dried mushroom (50 g) was soaked in deionized (DI) water for 15 min and filtered through stainless steel fine mesh. In a
blender, the sample was mixed with 2.5 L of water and ground finely. Next, the suspension was boiled for 2 h before filtration through a
filter cloth to separate from the residual mushroom. After that, the filtrate was precipitated with 95% ethanol in a ratio of 1:1 at 4 °C for
16 h. Next, the schizophyllan pellet was separated from the supernatant by centrifugation at 3500 rpm for 15 min and dried at 60 °C for
24 h. In the case of the supernatant, it was evaporated at 60 °C for separation from ethanol solution before freeze-drying. Finally, the
schizophyllan and supernatant were weighed for each sample’s estimation yield, including total phenolic content and antioxidant
activity.

2.3. Production of split gill mushroom essence

Preparation of the mushroom (50 g) suspension was similar to the previous study before the sample was ground finely in DI water
(2.5 L). After that, the suspension was steamed in an electric pressure cooker for 35 min and filtrated through a filter cloth to collect the
mushroom essence. Then, the essence was concentrated by a rotary evaporator at 60 °C and freeze-dried. After that, the extract was
weighed to evaluate its yield, analysis of total phenolic content, and ABTS radical scavenging activity, as described below.

2.4. Total phenolic content

Total phenolic content was determined according to the modified method from Stankovic (2011). Briefly, the reaction mixture was
prepared by mixing 200 pL of a diluted sample, 1000 pL of 10% (v/v) Folin-Ciocalteu’s reagent, and 800 pL of 7.5% (w/v) sodium
carbonate solution. After that, the reaction mixture was incubated at room temperature for 60 min, and the absorbance was measured
using a spectrophotometer at 765 nm. Gallic acid (GA) was used as the standard. Therefore, the total phenolic content in each extract
was expressed as micrograms of gallic acid equivalent (GAE) per grams of dried extract.

2.5. Antioxidant activity

ABTS (2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity was carried out according to the modified
method of Re et al. (1999). The ABTS radical cation (ABTS™) was prepared by making 7 mM ABTS stock solution react with 2.45 mM
K5S50g at a ratio of 1:0.5 before standing in darkness at room temperature for 12-16 h. Then, the ABTS™ solution was diluted with
distilled water to obtain an absorbance of 0.70 & 0.05 at 734 nm. After that, 200 pL of the diluted sample were combined with 1800 pL
of ABTS™ solution and incubated for 6 min at room temperature. The absorbance was spectrophotometrically measured at 734 nm.
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Table 1
Extraction yields of each sample from §. commune.

Samples Yield (g/100 g dried mushroom)
Schizophyllan 1.01
Supernatant from the separation of extraction of schizophyllan 15.8
Split gill mushroom essence (using electric pressure cooker) 25.0
Table 2
Extraction yields of various mushrooms.
Mushroom species Extraction method Yield (g/100 g dried Reference
mushroom)
Auricularia polytricha ethanolic extraction 2.00 Teoh et al. (2018)
Cantharellus cibarius acetone extraction 4.83 Ozcan and Ertan (2018)
Trametes sp. (TOD) ethanolic extraction 7.34 Doris (2018)
Pleurotus ostreatus ethanolic extraction 7.88 Egra et al. (2019)
P. pulmonarius ethanolic extraction 10.1 Arbaayah and Umi Kalsom
(2013)
Coriolus versicolor (enriched with methanolic extraction 11.98 Mileti¢ et al. (2019)
selenourea)
Lentinus edodes ultrasound-assisted extraction 12.4 Cheung et al. (2012)
S. commune hot water extraction 19.6 Chandrawanshi et al. (2017)
S. commune hot water extraction (using electric pressure 25.0 This study
cooker)

Percentage inhibition of ABTS radical scavenging activity was calculated according to equation (1). In contrast, the half-maximal
inhibitory concentration (ICsq value) for inhibition of free radical was evaluated from the percentage inhibition with concentration
plot using linear regression analysis.

9% inhibition = [(AC—AS)/AC] x 100 o))
Where AC and AS is the absorbance of the control (distilled water) and sample, respectively.

2.6. Statistical analysis

All experiments were performed in triplicate, All results were reported as the mean value & standard error (SE) or error bars using
Microsoft Excel version-2016. Furthermore, these data were statistically analysed through a one-way analysis of variance (ANOVA).
Tukey’s test considered the significance of the difference between each sample at a 95.0% confidence level,

3. Results and discussion
3.1. Yields of mushroom extracts

The vields of schizophyllan, supernatant from the separation of the extraction of schizophyllan, and split gill mushroom essence are
revealed in Table 1. The highest yield was obtained from split gill mushroom essence (25.0 g/100 g of dried mushroom) using an
electric pressure cooker, compared to the supernatant from hot water combined with ethanolic extraction of schizophyllan, and only
the schizophyllan separated by ethanol precipitation, respectively. In this case, this mushroom essence reached the most significant
vield due to higher extraction temperature (>100 °C because of more significant pressure from steaming by an electric pressure
cooker) than the temperature of schizophyllan extraction (by boiling around 100 °C). Likewise, the previous research of Saetang et al.
(2022a) studied the effect of temperature and time of hot water extraction. It was observed that when enhancing both extraction
temperature and time, the extracts gained superior extraction yields. To explain the physical basis of these extraction processes, hot
water treatment may damage the mushroom’s extremely rigid cell walls, allowing internal components to escape into solution outside
the cells. Hence, the extraction yield value by hot water extraction at a higher temperature is greater than the extract from a lower
temperature (Saetang et al., 2022b),

Additionally, it might comprise of many water-soluble components after hot water extraction, such as abundant schizophyllan
(Klaus et al., 2011), water-soluble fiber, protein, along with various phenolic compounds as highly effective scavengers of free radicals
by oxidative reaction (Basso et al., 2020), flavonoids (Arbaavah and Umi Kalsom, 2013), steroids, alkaloids, terpenes, free amines
(Kabuyi et al., 2017), tannins and saponins. Other bioactive substances in the mushroom extract might also consist of a variety of
vitamins and minerals, for instance, thiamine (vitamin B1), riboflavin (vitamin B2), niacin (vitamin B3), ascorbic acid (vitamin C),
calcium, magnesium, phosphorus, and sodium, ete. (Okwulehie et al., 2007).

Furthermore, the yields of this split gill mushroom essence, including other mushroom species, are shown in Table 2. It was noticed
that yield of this mushroom’s hot water essence using an electric pressure cooker was superior to ethanolic extract of Auricularia
polytricha around 12.5 folds (Teoh et al., 2018), acetone extract of Cantharellus cibarius about five times (Ozcan and Ertan, 2018),
ethanolic extract of Trametes sp. (TOD) approximately triple (Doris, 2018), and ethanolic extract of Pleurotus ostreatus around threefold
(Egra et al., 2019), Additionally, this mushroom essence’s yield was more significant than ethanolic extract of P. pulmonarius at 2.5
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Fig. 1. Total phenolic contents of each extract from S. commune.

Total phenolic contents of different agricultural materials.

Agricultural materials

Extraction method

Total phenolic content (mg GAE/
g dry extract)

Reference

Solanum melongena (peel)

Pleurotus ostreatus (cultivated with
corncob substrate)

Oryza sativa var. glutinosa (Kum Doi
Saket)

P. citrinopileatus

Coriolus versicolor

Lentinula edodes
Termitomyees fuliginosus
Auricularia polytricha
Schizophyllum commune

acetone extraction
methanolic extraction
hot water extraction

ultrasonic extraction with acetone
microwave-assisted extraction with
ethanol

ethanolic extraction

ultrasonic extraction with methanol
ethanolic extraction

hot water extraction (using electrie
pressure cooker)

0.29
1.21
2.25

2.68
4.70

5.66
6.31
11.38
14.07

Boulekbache-Malkhlouf et al.

(2013)
Jin et al. (2020)

Pasakawee et al. (2018)

Yin et al. (2019)
Maeng et al. (2017)

Bach et al. (2019)
Butkhup et al. (2018)
Teoh et al. (2018)
This study
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Fig. 2. ABTS radical inhibition by different extracts from 5. commune.

times (Arbaayah and Umi, 2013), methanolic extract of Coriolus versicolor enriched with selenourea about double (Mileti'c et al.,
2019), ultrasonic extract of Lentinus edodes around twice (Cheung et al., 2012) and hot water extract of S, commune at 19.6 g/100 g of
dried mushroom (Chandrawanshi et al., 2017).

3.2. Total phenolic contents of mushroom extracts

Total phenolic contents of different extracts are presented in Fig. 1. Among all experimental extracts, split gill mushroom essence
(using an electric pressure cooker) showed significantly highest total phenolic content at 14.07 + 0.09 mg of gallic acid equivalent
[GAE]/g of dry extract), followed by the supernatant from the separation of the extraction of the schizophyllan and the schizophyllan
at 12,85+ 0.12 and 6.22 + 0.06 mg GAE/g of dry extract, respectively. Contents of total phenolics from split gill mushroom essence
compared to other agricultural materials are revealed in Table 3, It was found that the entire phenolic content of this mushroom’s hot
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Table 4

Inhibitory activities (IC5p) on ABTS assay of various extracts from S. commune.
Samples 1Cs0 (mg extract/ml)
Schizophyllan 2.64 +0.23
Supernatant from the separation of the extraction of schizophyllan 0.76 + 0.18°
Split gill mushroom essence (using electric pressure cooker) 0.73 + 0.02°

Table 5

Antioxidant activity on ABTS assay of this mushroom compared with other agricultural materials.
Agricultural materials ICsp (mg extract/ml) % ABTS inhibition (at 0.1 mg extract/ml)  Reference
Albumin from coconut cake N/A® 5.04 Li et al. (2018)
Guava leaves (methanolic extract) N/A® 5.60 Gaber et al. (2021)
Pomegranate peels (ethanolic extract) 9.60
Spirulina protein (ethanolic extraet) N/A® 25.96 Afify et al. (2017)
Pine nut protein hydrolysate 8.83 N/A® Liu et al. (2021)
Phlebopus portentosus 1.78 N/A® Kumla et al. (2021)
Selaginella tamariscina leaf (ethanolic extract) 1.02 N/A® Kim and Lee (2021)
Split gill mushroom (essence using electric pressure cooker)  0.73 41.94 This study

* N/A = not available.

water essence was remarkably higher than acetone extract of Solanum melongena’s peel approximately 48 times, methanolic extract of
Pleurotus ostreatus cultivated with corncob as substrate about 11.6 folds, hot water extract of Oryza sativa var. glutinosa (Kum Doi
Saket) around sixfold as well as ultrasonic section combined with acetone of P. citrinopileatus about five times (Boulekbache -Makhlouf
et al., 2013; Pasakawee et al., 2018; Yin et al., 2019; Jin et al., 2020).

Moreover, this mushroom essence (using an electric pressure cooker) ‘s total phenolic content was more than microwave extract
associated with ethanol of Coriolus versicolor nearly triple (Maeng et al., 2017), ethanolic extract of Lentinula edodes around 2.5 folds
(Bach et al., 2019), ultrasonic extract combined with methanol of Termitomyces fuliginosus about twice (Butlkhup et al., 2018) and
ethanolic extract of Auricularia polytricha approximately 1.24 times (Teoh et al., 2018).

3.3. ABTS radical scavenging activity

The results of all extracts from split gill mushrooms revealed different patterns of free radical inhibitions (Fig. 2). ABTS radical
inhibitions of the schizophyllan, the supernatant from the separation of the extraction, and the mushroom essence (using an electric
pressure cooker) increased while their concentrations increased. This mushroom essence showed a high antioxidant candidate with
98.18% ABTS inhibition at 5.00 mg/ml. According to the half-maximal inhibitory concentrations (ICsp values) for inhibition of free
radical (Table 4), it was noticed that the split gill mushroom essence showed more potential for inhibition of ABTS radical at low
concentration 0.73 & 0.02 mg of dry extract/ml, less than the supernatant (0.76 + 0.18 mg of dry extract/ml) and the schizophyllan
(2,64 £ 0.23 mg of dry extract/ml).

In addition, some researchers studied antioxidant activity on ABTS assay from other agricultural materials, as revealed in Table 5, It
was found that the percentage of ABTS inhibition from this mushroom essence at 0.1 mg of extract/ml (41.94% ABTS inhibition) was
superior to albumin from coconut cake about eightfold (Li et al., 2018), methanolic extract of guava leaves around 7.5 times (Gaber
etal.,, 2021), ethanolic extract of pomegranate peels approximately quadruple (Gaber et al., 2021) and Spirulina protein from ethanolic
extract significantly (Afify et al., 2017). Besides, the ICsq value of this mushroom extract was necessary to just use a lower concen-
tration for more efficient inhibition of free radical (0.73 mg of dry extract/ml) than pine nut protein hydrolysate at 12 times (Liu et al.,
2021), methanolic extract of Phlebopus portentous around twice (Kumla et al., 2021), as well as ethanolic extract of Selaginella tam-
ariscina leaf considerably (Kim and Lee, 2021),

4, Conclusion

From this study results, the split gill mushroom comprises abundant schizophyllan with high phenolic content, including strong
scavenging activity against free radical at low ICsg value, Therefore, this mushroom is a more potential candidate for the split gill
essence as high value-added functional food rich in bioactive compounds with antioxidant properties through suitable extraction, as
well as might be beneficial for human health to prevent some associated diseases with oxidative damage.
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Abstract

The split gill mushroom or Schizophyllum commune (S. commune) is a therapeutic mushroom. For cell wall composition, it
consists of rich p-glucans (schizophyllan). This mushroom is high in nutritional content and has a wide range of biological
properties. In this research, it is interesting to study hot water extraction of this functional schizophyllan. Central composite
design (CCD) of response surface methodology (RSM) was applied to optimize these extraction parameters, namely, tem-
perature (80—121 °C) and time (1-3 h) of schizophyllan extract (polysaccharide from S. commune) with a greater degree
of polymerization (DP), maximum total sugar content, minimum reducing sugar content, and appropriate extraction yield.
The results revealed the highest yield obtained from polysaccharide and supernatant extract (from the separation of poly-
saccharide extraction) at an extraction temperature of 121 °C for 2-3 h. Moreover, the optimal extraction temperature and
time of polysaccharide extracts were 106.5 °C and 126.7 min (total sugar content); 103.1 °C and 177.0 min (reducing sugar
content); and 104.1 °C and 175.5 min (DP value). This research shows that the optimum condition of schizophyllan extrac-
tion was around 100-110 °C for 2-3 h with the highest DP of about 6, including potential immune-enhancing and anticancer
properties. As a result, the schizophyllan from the split gill mushroom is probably utilized as a functional ingredient with
nutraceutical compounds and developed as other high value-added functional food products in further study.

Keywords Split gill mushroom - Schizophyllan - Hot water extraction - Optimization - Degree of polymerization

1 Introduction

Mushrooms are an essential source of both nutritional and
medicinal foods. They can help you avoid problems includ-
ing hypertension, hypercholesterolemia, and cancer [1],
including their antioxidant, immune-enhancing, and anti-
tumor properties [2]. According to some studies, they are
excellent antioxidant sources because they contain different
phenolic compounds and secondary metabolites that act as
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highly effective scavengers of free radicals [1]. The split
gill mushroom, Schizophyllum commune (S. commune), is
found in many Asian nations [3]. This mushroom grows
on a broadleaved tree, dead, fallen, or standing wood. It is
distinguished by light yellow to brown gills, dense white
hairs, and the absence of stalks [4]. The fruiting body is
small and fan-shaped with a white spore. Its life cycle com-
pletes within 10 days [5]. The mushroom cell wall comprises
polysaccharides, which are p-glucans cross-linked with chi-
tin [6]. The conformation of schizophyllan or p-glucan is
a triple-stranded helix. This f-glucan is a p-1,3-D-glucan
backbone with p-1,6-D-branches [7].

Furthermore, the split gill mushroom is a medicinal
mushroom [8] with a variety of nutritional values, includ-
ing higher phosphorus, magnesium, calcium, iron, zinc,
manganese, copper, and chromium, as well as high carbo-
hydrate, fiber, protein, and low lipid, as well as various min-
eral components, such as higher phosphorus, magnesium,
calcium, iron, zinc, manganese, copper, and chromium [4,
9]. This mushroom is abundant in schizophyllan, which

@ Springer
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is distinguished by a variety of biological properties [8],
for instance, antioxidant [3, 5], anti-inflammatory [7, 10],
immunomodulatory [3, 11], anticancer activity [12, 13],
antiviral, and antifungal [4], along with prebiotic properties
[14]. As a result, the mushroom is used in a wide variety
of industrial applications, including pharmaceuticals [7],
vaccines, cosmetic, functional food [11-13], and traditional
food widely in Southeast Asia and India [4].

Furthermore, numerous extraction methods for schizo-
phyllan or B-glucan are available. The molecular weight and
structure of p-glucan are affected by extraction methods.
Typically, pB-glucan is extracted using hot water to solubi-
lize it into solution and alkaline, acidic, enzyme-assisted,
ultrasound-assisted, and microwave-assisted extraction [15].
Additionally, triple-helical B-glucan is stable at ambient tem-
perature and pH levels about 7. Nonetheless, after p-glucan
is effectively pretreated by alkaline solution, hot water at
high temperature, or solvent, the conformation of p-glucan
will change from triple helix to single helix and random coil,
respectively [6]. Besides, polysaccharides can form from
the linkages of monosaccharides, minutest carbohydrate, to
complex carbohydrate structures, such as complex sugars,
starches, and fibers. The classification of carbohydrates can
be categorized with considering of degree of polymerization
(DP). The DP value associates with the number of mono-
mers in each structure. The types of carbohydrates are sorted
of four groups: sugars (DP =1-2; monosaccharides, disac-
charides), oligosaccharides (DP=3-9), polysaccharides
(DP > 9; starch, non-starch polysaccharides), and polyols
(DP 1 to>9; xylitol, mannitol, sorbitol, etc.). The DP value
of each sample could be evaluated from total sugar concen-
tration divided by reducing sugar concentration, while total
sugar and reducing sugar contents were analyzed from each
sample [16]. Additionally, the conformational complexity of
polysaccharides is important in immune function [17]. The
polysaccharide with a higher DP and branching structural
complexity has a greater potential for biological properties,
especially immunomodulatory and anticancer effects [18],
than linear or less branched polysaccharides with low DP
considerably [7].

In addition, response surface methodology (RSM) is
an efficient statistical approach for the organization of the
model to estimate a methodology to study the association
among the independent variables, whether it is alone or in
combination in the process [16]. This statistical design is a
beneficial technique for optimization of the chemical and
biological procedure with decreasing time and cost-effec-
tiveness in the process [1]. Therefore, this research aims to
optimize the hot water extraction process for schizophyllan
from S. commune, including efficiently studying the opti-
mal temperature and time of this extraction with a response
surface methodology approach. The schizophyllan extract
will lead to the trend in developing the innovative functional

@ Springer

food product with various bioactive substances for promot-
ing consumer health in further research.

2 Materials and methods
2.1 Mushroom material and maintenance

The dried split gill mushroom from Chaiyo Mushroom Farm
in Surat Thani Province, Thailand, was prepared by drying
hot air oven at 60 °C for 48 h. After that, the mushroom
material was ground into a fine powder before being packed
in a vacuum bag and kept at room temperature until utilized
in further research.

2.2 Optimized hot water extraction process
for polysaccharide production

The dried mushroom powder was weighed 10% (w/v) in
deionized (DI) water and adjusted pH around 5.8-6.0 with
natural limewater. The mushroom suspension was heated
at various temperatures (80—121 °C) and time of hot water
extraction (1-3 h) before being filtrated through a filter cloth.
The filtrate was then precipitated with 95% ethanol in a ratio
of 1:2 at 4 °C for 24 h. After that, polysaccharide suspen-
sion was centrifugated at 3000 rpm for 10 min to separate
the polysaccharide from the supernatant and dried at 60 °C
for 24 h. Before freeze-drying, the supernatant was removed
from the ethanol solution by evaporation at 60 °C.

The central composite design (CCD) was conducted in
the optimum condition of the significant factors for the hot
water extraction process under response surface methodol-
ogy (RSM). In this experimental design, optimization is
solved by varying two factors: temperature (A: 80-121 °C)
and time of this extraction (B: 1-3 h). Table 1 shows the
experimental variables and levels of the optimization experi-
ment. The central composite design code values of each vari-
able in each treatment are presented in Table 2. The polysac-
charide and supernatant extract was weighed for evaluation
yield of each extract, as well as the polysaccharide deter-
mined total sugar and reducing sugar content in the further
assay. The data were also analyzed using the Design-Expert
program version 11 from Stat-Ease, Inc., Minneapolis, USA.

Table 1 Levels and ranges of operating parameters for optimization

Operating Coding Units Levels and ranges
factors - -
Low (-) Center point High (+)
(V]
Temperature A °c 80 100.5 121
Time B hr 1 2 3
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Table 2 Treatments generated

3 Treatments A B
based on the central composite
design to extraction conditions 1 _ _
2 = =
3 + =
4 + -
3 - #
6 - #
7 + +
8 + +
9 - 0
10 - 0
11 f 0
12 + 0
13 0 -
14 0 -
15 0 +
16 0 +
17 0 0
18 0 0
19 0 0

A temperature, B time

The schematic diagram of the experimental procedure and
optimization of the extraction method is presented in Fig. 1.

2.3 Total sugar analysis

According to the phenol-sulfuric acid method from Dubois
et al. [19], glucose’s total sugar content was carried out as a
reference. Of the appropriately diluted sample, 0.5 ml was
combined with 0.5 ml of 5% (w/v) phenol and 2.5 ml of 98%

DESIGN-EXPERT K\

(v/v) sulfuric acid. After that, the mixture was mixed well
and incubated at room temperature for 10 min. The absorb-
ance was spectrophotometrically measured at 490 nm. The
total sugar content in each sample was expressed as micro-
grams per grams of dried extract.

2.4 Reducing sugar analysis

Reducing sugar content was determined according to the
modified 3,5-dinitrosalicylic acid (DNS) method [20] using
glucose as a standard. First, 0.5 ml of the diluted sample was
mixed with 0.5 ml of DNS solution and boiled in a water
bath for 15 min in dark conditions. After cooling, 4 ml of
distilled water was added and mixed the sample well. The
samples have measured the absorbance using a spectropho-
tometer at 540 nm. The reducing sugar content in each sam-
ple was expressed as micrograms per grams of dried extract.
Then, the degree of polymerization (DP) is calculated from
total sugar content divided by reducing sugar content.

2.5 Statistical analysis

All data will be carried out in three replicates. All results
will be performed as either mean value + standard deviation
(SD) by Microsoft Excel 2016. Moreover, these results will
be examined statistically through one-way analysis of vari-
ance (ANOVA). Tukey’s test will evaluate the significance
of the difference between each extract based on a confidence
level of 95.0%.

Ethanol
precipitation

Polysaccharide

Determined total sugar &
reducing sugar content

=11

Analyzed using
Design Expert program

Response surface plot

Fig.1 Schematic diagram of experimental procedure and optimization of extraction method
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3 Results and discussion
3.1 Edible split gill mushroom

Nowadays, split gill mushrooms are popular valuable foods
because they are low in calories, carbohydrates, fat, and
sodium: also; they are also cholesterol-free. Split gill mush-
rooms are antimicrobial, immune system boosters, cho-
lesterol-lowering agents, and essential bioactive chemical
sources [3, 4]. Some mushroom extracts are used to benefit
human health and are available as dietary supplements as a
result of these qualities. Mushrooms are also high in ribo-
flavin (vitamin B2), niacin, folates, and traces of vitamin
C,B1,B12, D, and E, making them a good source of vita-
mins. Mushrooms are the only natural vitamin D ingredients
for vegetarians because they are the sole non-animal food
source of vitamins. Moreover, the split gill mushroom is a
medicinal mushroom [8] that has plentiful nutritional values,
particularly high carbohydrate, fiber, protein, and low lipid,
including various mineral components, such as higher phos-
phorus, magnesium, calcium, iron, zinc, manganese, copper,
and chromium [4, 9].

Table 3 Effect of temperature and time of hot water extraction on
extraction yields

Extraction tem-  Extraction  Extraction yield
perature (°C) time (hr) (/100 g dried mushroom)
Polysaccharide Supernatant
80.0 1 2.60+0.77¢ 25.37 £0.24%
80.0 2 2.90+0.22¢ 26.93+0.62°
80.0 3 30210334 2646+ 1.27%
100.5 1 4.00+0.02% 26.14 +£0.69%
100.5 2 4.03+0.14% 27.30+1.59%
100.5 3 3744028 27.26 +£0.05
121.0 1 5.07+0.18%® 24234065
121.0 2 5.95+0.04° 2055+ 1.19°
121.0 3 5.74+0.04* 28.42 +0.60°

Table 4 Polysaccharide extraction yields of different mushroom

3.2 Yields of split gill mushroom extracts

Two variables, the different temperature and time of hot
water extraction, were studied for effecting on extraction
yields of polysaccharide and supernatant from extraction
of polysaccharide from S. commune as revealed in Table 3.
‘When increasing both temperature and time of the extrac-
tion, both polysaccharide and supernatant extracts reached
superior yield. Consequently, the highest yield was obtained
from polysaccharide (5.74-5.95 /100 g of dried mushroom)
and supernatant extract (28.42-29.55 g/100 g of dried mush-
room) at the temperature of this extraction 121 °C for 2-3 h,
respectively.

Moreover, hot water extraction associated with alkaline
solution treatment can be carried out to degrade exceedingly
mushroom cell walls and release water-soluble intracellular
components outside the cells. Thus, the result of polysac-
charide yield is significantly higher than the only hot water
extraction approach [8]. The greatest yield of the schizophyl-
lan extract from hot water extraction combined with natu-
ral alkaline and ethanolic precipitation was 5.95 g/100 g of
dried mushroom, including the yields of other mushroom
species as presented in Table 4. It was observed that this pol-
ysaccharide extraction yield was superior hot water extract
associated with ethanol treatment of the same mushroom
around 2.5-fold [3], hot water extract with ethanolic precipi-
tation of S. commune at 4.30 g/100 g of dried mushroom,
a polysaccharide from the same extraction combined with
polysaccharide purification of this mushroom about 12-fold
[8], polysaccharide extract from similar extraction of Tram-
etes hirsuta about 2.5-fold, and Heterobasidion annosum
approximately fivefold and Russula fragilis at 14-fold [21].
Besides, the greatest yield obtained from the supernatant
extract of this mushroom may contain a lot of water-soluble
components, for instance, a variety of phenolic compounds,
which are secondary metabolites as greatly potential scav-
engers of reactive oxygen species by oxidation action [9],
including alkaloids, terpenes, steroids, free amines [22],
flavonoids [23], saponins, and tannins. Other nutritional

Mushroom species Extraction method Yield (g/100 g Reference
dried mushroom)
S. commune Hot water extraction with ethanolic treatment (without purification) 2.39 131
S. commune Hot water extraction with ethanolic treatment 430 [8]
Hot water extraction with ethanolic treatment and polysaccharide purification 0.50
Trametes hirsuta Hot water extraction with ethanolic treatment 241 [21]
Heterobasidion annosum 1.15
Russula fragilis 0.42
S. commune Hot water extraction with alkaline and ethanolic treatment 5.95 This study
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substances in the supernatant extract may also comprise
various vitamins and minerals [24].

3.3 Total sugar concentration of polysaccharide
extracts from split gill mushroom

The proper extraction time and temperature ranges were
optimized using the response surface methodology for maxi-
mal total sugar content, minimal reducing sugar content, and
optimal degree of polymerization (DP) of the polysaccharide
extracts from split gill mushroom. The effect of hot water
extraction factors on the total sugar content of polysaccha-
rides was determined by analysis of variance (ANOVA) as
summarized in Table 5. The p value less than 0.01 showed a
significant effect on the total sugar content of polysaccharide
extracts. The plus and minus values mean the positive and
negative effects on total sugar content, respectively.

In addition, the experimental data of the model to
fit was proved by the lack of fit test as not significant (p
value > (0.05). The higher regression coefficient in a model
with a significant p value demonstrated a more significant
response of each factor [ 1]. Both extraction temperature and
time influenced the total sugar content with a good regres-
sion coefficient (Iv?2 =10.9985). The relationship between the
total sugar content and the extraction variable is presented
according to the following coded equation (Eq. (1)):
Total sugar content (mg/ g extract) = 454.09 + 35.16A — 1.81B

+19.71AB — 35.82A% — 24.2787 [€))

+18.79A%B — 21.52AB?

Moreover, extraction temperature was found to be the
significant positive linear but negative quadratic factors (p
value <0.01) affecting the total sugar content of polysac-
charides. Extraction time did not have significant negative
linear (p value> 0.05) but had significant negative quad-
ratic effects (p value<0.01). A significant positive inter-
action effect between extraction time and the temperature
was obtained for the total sugar content (Table 5). Figure 2
revealed the contour plot and response surface plot of extrac-
tion time and temperature on the total sugar content of poly-
saccharide extracts. The total sugar content raised when the
extraction temperature increased. While time enhanced, the
total sugar content was not considerably higher. Thus, the
maximum total sugar content predicted by RSM design was
461.56 mg/g extract with an optimal extraction temperature
of 106.5 °C and time of 126.7 min.

Furthermore, when alkaline, solvent, or high tempera-
ture of hot water are efficiently employed for pretreatment
of B-glucan (polysaccharide of mushroom), hydrogen bonds
(intermolecular forces for sustaining the triple-helical and
single-helical B-glucan) are broken. As a result, it will lead
to the change of B-glucan conformation from triple helix
to single helix and random coil, respectively [6]. The total
sugar content of schizophyllan by hot water extraction from
split gill mushroom in comparison with other mushroom
species was revealed in Table 6. It was also found that maxi-
mal total sugar content of the schizophyllan was slightly
higher than the polysaccharide-peptide complex of Pleurotus
abalonus by hot water extraction with ethanol precipitation
[25], including polysaccharide-protein complexes of Corio-
lus versicolor by ultrasound-assisted extraction about twice
[26].

Table 5 ANOVA model for

L Source Sum of squares Degrees of Mean square F value p value
optimization of total sugar freedom
content of polysaccharide
Model 20,870.23 7 2981.46 1069.13 <0.0001
Temperature (A) 4944.82 1 4944.82 1773.18 <0.0001
Time (B) 13.07 1 13.07 4.69 0.0533
AB 3106.45 1 3106.45 1113.95 <0.0001
A? 5621.47 1 5621.47 2015.82 <0.0001
B2 2580.70 1 2580.70 92542 <0.0001
A’B 941.57 1 941.57 337.64 <0.0001
AB? 1234.59 1 1234.59 442.71 <0.0001
Residual 30.68 11 2.79
Lack of fit 0.3242 1 0.3242 0.1068  0.7505
Pure error 30.35 10 3.04
Cor total 20,900.90 18
Std. dev 1.67 R? 0.9985
Mean 416.13 Adjusted R* 0.9976
CV. % 0.4013 Predicted R’ 0.9953
Adeq precision 76.7240

@ Springer

145



Biomass Conversion and Biorefinery
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Fig.2 Contour plot (a) and response surface plot (b) of total sugar content of polysaccharide as a function of extraction temperature and time

Table 6 Total sugar content of
various mushroom

Mushroom species Extraction method Total sugar content Reference
(mg/g dried extract)

Pleurotus abalonus ~ Hot water extraction with ethanolic treatment ~ 372.10 [25]

Coriolus versicolor Ultrasound-assisted extraction 215.00 [26]

S. commune Hot water extraction with alkaline and etha- 461.56 This study

nolic treatment

3.4 Reducing sugar concentration of polysaccharide
extracts from split gill mushroom

To investigate the effect of hot water extraction parameters
on reducing sugar content, the suitable ranges of extrac-
tion time and temperature for reducing sugar content of
polysaccharides were estimated by ANOVA (Table 7). The
lack of fit of this experimental data was not significant (p
value > 0.05), indicating that the model was predictive. The
relationship between reducing sugar content and extraction
parameters is quadratic with a good regression coefficient
(R2=D.9999). The coded equation (Eq. (2)) presented the
relationship as follows:

Reducing sugar content (mg/'g extract) = 84.06 — 5.61A — 4.12B
+0.1298AB + 18.80A% — 10.99B7 2)
+1003A’B - 11.00AB*

Furthermore, extraction temperature and time had sig-
nificant negative linear effects (p value < 0.01). Neverthe-
less, extraction temperature was found to be a significant

) Springer

positive quadratic factor. In contrast, time was found to
be a significant negative quadratic factor (p value <0.01),
as well as a significant positive interaction effect between
extraction time and the temperature was observed (p
value <0.05) (Table 7). Figure 3 shows the contour plot
and response surface plot of reducing sugar content of
polysaccharide extracts as a function of extraction time
and temperature. The reducing sugar content decreased
when extraction temperature increased. However, it was
noticed that time augmented, the reducing sugar content
raised. The previous research reported that the extraction
of carbohydrates at high temperatures and longer extrac-
tion time was affected by carbohydrate hydrolysis, leading
to the presence of reducing sugar [27]. In this study, the
optimal extraction conditions were predicted to be the
extraction temperature of 103.1 °C and time of 177.0 min
for the minimum reducing sugar content of 68.74 mg/g
extract.
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Table 7 ANOVA model for

L N Source Sum of squares Degrees of Mean square F value p value
optimization of reducing sugar freedom
content of polysaccharide
Model 4603.22 7 657.60 30,863.14 <0.0001
Temperature (A) 12591 1 12591 5909.21 <0.0001
Time (B) 67.83 1 67.83 3183.57 <0.0001
AB 0.1348 1 0.1348 6.33 0.0287
A? 1547.87 1 1547.87 72,645.99 <0.0001
B? 529.01 1 529.01 24.827.69 <0.0001
A’B 268.37 1 268.37 12,595.52 <0.0001
AB? 322.74 1 322.74 15,147.23 <0.0001
Residual 0.2344 11 0.0213
Lack of fit 0.0005 1 0.0005 00222  0.8844
Pure error 0.2339 10 0.0234
Cor total 4603.46 18
Std. dev 0.1460 R? 0.9999
Mean 88.99 Adjusted R? 0.9999
CV. % 0.1640 Predicted R” 0.9998
Adeq precision 478.3769

Reducing Sugar Content (mg/g)

25
=
3
o]
T

P 2
£
S
&

15

1

80 88.2 96.4 1046 1128

A: Temperature (Celsius)

Fig.3
time

3.5 Degree of polymerization (DP)
of polysaccharide extract from split gill

mushroom

To evaluate the effect of these extraction variables on degree
of polymerization (DP), the appropriate ranges of extraction
time and temperature for DP of polysaccharides were ana-
lyzed by ANOVA as concluded in Table 8. The model was to

121

Reducing Sugar Content (mg/g)

A: Temperature (Celsius) 1128 B:Time (Hour)

121 1

Contour plot (a) and response surface plot (b) of reducing sugar content of polysaccharide as a function of extraction temperature and

fit, since the statistical program predicted the lack of fit was
not significant (p value >0.05). The relationship between
DP and extraction factors is quadratic with a good regres-
sion coefficient (R>=0.9998). The coded equation (Eq. (3))
below showed the relationship:
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Table 8 ANOVA model

. oot Source Sum of squares Degrees of Mean square F value p value
for optimization of degree TR
of polymerization (DP) of
polysaccharide Model 17.86 7 2.55 9986.68 <0.0001
Temperature (A) 1.28 1 1.28 5005.50 <0.0001
Time (B) 0.3655 1 0.3655 1430.49 <0.0001
AB 0.1557 1 0.1557 609.48 <0.0001
A? 8.46 1 8.46 33,107.37 <0.0001
B? 0.7696 1 0.7696 3011.78 <0.0001
A’B 0.3880 1 0.3880 1518.60 <0.0001
AB? 0.3901 1 0.3901 1526.82 <0.0001
Residual 0.0028 11 0.0003
Lack of fit 0.0009 1 0.0009 4.54 0.0588
Pure error 0.0019 10 0.0002
Cor total 17.87 18
Std. dev 0.0160 R? 0.9998
Mean 4.83 Adjusted R? 0.9997
CV.% 0.3308 Predicted R? 0.9996
Adeq precision 275.5905
Degree of polymerization (DP) = 5.45 + 0.5655A +0.30238 quadratic effect, while time had a significant positive
+0.1395AB — 1.39A2 3) quadratic effect (p value <0.01), including a significant

positive interaction effect between extraction time and the
temperature, was obtained for DP value (Table 8). Fig-

Besides, both extraction temperature and time were  yre 4 revealed the contour plot and response surface plot
significant positive linear factors (p value <0.01). None-  of extraction time and temperature on DP value of polysac-
theless, extraction temperature had a significant negative  charide extracts. It could be observed that the DP value

+0.4191B” — 0.3815AB +0.3825AB?
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Fig.4 Contour plot (a) and response surface plot (b) of degree of polymerization (DP) of polysaccharide as a function of extraction temperature
and time
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raised with an increase of extraction temperature from 80
to 105 °C. Likewise, it was obvious that increasing extrac-
tion time could promote a higher DP value. However,
while the extraction temperature was more than 105 °C,
the DP value fell slightly. Hence, the optimal extraction
conditions were predicted to be the extraction temperature
of 104.1 °C and time of 175.5 min for the maximal DP
value of 6.21.

It is also required for the complex glucan structure, mush-
room polysaccharide, to function properly in the immune
system [17]. It has been discovered that the immunomodu-
latory and anticarcinogenic activities of polysaccharides,
notably higher molecular weight polysaccharides, are con-
nected to their molecular weights and structure [12]. The
triple-helical B-glucan has a much better potency for immu-
nomodulatory and anticancer activities [ 18] than linear or
less branched p-glucan with lower DP [7]. This is because
it has a higher DP, larger molecular weight, and a higher
degree of the complex branching structure. As a result,
schizophyllan is a possible functional material for manu-
facturing functional food products rich in pharmacological
compounds that are beneficial to human health. The chemi-
cal characterization and biological activity of the extract, on
the other hand, will require more investigation and biologi-
cal activities will be necessary to study in further research.

4 Conclusion

From this study, it could be concluded that the optimal con-
dition of the hot water extraction process for schizophyllan
from S. commune was the temperature of this extraction at
the ranges of 100-110 °C for 2-3 h with the highest degree
of polymerization (DP & 6), maximal total sugar content,
minimal reducing sugar content, and suitable extraction
yield. The schizophyllan was reported for its various bio-
logical properties, particularly a higher degree of polymeri-
zation and branching structure which had a greater potential
for immunomodulatory and anticancer effects. Furthermore,
other biological activities of this bioactive extract include
antioxidant, anti-inflammatory, antiviral, antifungal, and
prebiotic characteristics. As a result, this functional schizo-
phyllan is being used to generate novel functional food and
medicinal items, such as mushroom immunomodulators.
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Abstract

Schizophyllum commune or split gill mushroom is a pharmaceutical mushroom. Its cell wall contains abundant schizophyl-
lan (p-glucan or polysaccharide from S. commune) distinguished by various biological activities. This experiment focused
on studying the optimized ethanol precipitation process of the schizophyllan on the maximum degree of polymerization
(DP), highest total sugar, and optimal reducing sugar concentration using response surface methodology (RSM) on central
composite design (CCD). The experimental design examined the factors, including the split gill mushroom content (5-15%
wi/v) and ethanol concentration (49-74% v/v). From this experiment, it could be concluded that the optimized condition of
this cost-effective extraction was the low mushroom content 5-8% (w/v) and optimal ethanol concentration 62-65% (v/v)
with the highest DP value around 5, along with efficient immunomodulatory and anticancer effects. Thus, further research

will develop the pharmaceutical schizophyllan extract as nutraceutical products or drugs.

Keywords Split gill mushroom - Schizophyllan - Ethanol precipitation - Degree of polymerization - Central composite

design (CCD)

1 Introduction

Nowadays, there are numerous pandemics of various infec-
tions, diseases, and pollution issues. Therefore, people must
pay greater attention to their health and consume more
healthy foods, exceptionally functional foods. Functional
food supplements are a functional component for preventing
diseases or promoting health [1]. For example, mushrooms
are an essential source of nutritional and medicinal foods.
They can help you avoid problems including hypertension,
hypercholesterolemia, and cancer [2], including their anti-
oxidant, immune-enhancing, and anti-tumor properties [3].
According to some studies, they are excellent antioxidant
sources because they contain various phenolic compounds
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and secondary metabolites that act as highly effective scav-
engers of free radicals [2].

Split gill mushroom (Schizophyllum commune) is exten-
sively spread in many countries in Asia, such as Thailand,
Myanmar, Laos, and Northeastern India [4]. This mushroom
grows on a broadleaved tree, dead, fallen, or standing wood.
It is distinguished by light yellow to brown gills, dense
white hairs, and the absence of stalks [5]. The mushroom
composes of B-glucans cross-linked with chitin in its cell
wall [6]. The conformation of schizophyllan or p-glucan is
a triple-stranded helix. This p-glucan is a p-1,3-D-glucan
backbone with p-1,6-D-branches [7]. Moreover, the split
gill mushroom is a medicinal mushroom [8] with plentiful
nutritional values, particularly high fiber, protein, and low
lipid [9]. For decades, mushroom has been a popular alter-
native protein source to animal proteins due to their high
content of essential amino acids compared to vegetables
[10]. Therefore, the production of healthy foods with a high
protein content that does not contain meat is gaining inter-
est worldwide, such as soy, wheat protein, and mycoprotein
(mushroom protein) [11, 12].

Additionally, this mushroom contains peptides formed
during protein hydrolysis by a protease enzyme that exhib-
its antioxidant properties [13], hydrophobin protein with
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anticancer activity in S180 mouse sarcoma and B16-F10
mouse melanoma [14], lectin protein with inhibition of
cancer cell growth and proliferation [15]. both hydrophobin
and lectin protein via possibly immunomodulatory [14, 16],
and schizolysin (hemolysin) with antiviral activity due to
inhibition of HIV-1 reverse transcriptase [15]. Besides, this
mushroom is abundant schizophyllan, which is distinguished
by a variety of biological properties [8], for instance, anti-
oxidant [4, 17], anti-inflammatory [7, 18], immunomodu-
latory in immune cells from whole human blood [19] and
macrophage cells [4], anticancer activity in lung, gastric,
cervical, breast carcinoma cells [20] and tumor-bearing
mouse [21], antiviral, antifungal [5], along with prebiotic
properties [22].

Aside from that, f-glucan has a critical role in protecting
the body from the oxidative damage caused by free radicals
[4]. As a result, the mushroom is used in a wide variety of
industrial applications, including pharmaceuticals [7], vac-
cines, cosmetics, functional food [19-21], and traditional
food widely in Southeast Asia and India [5]. In addition,
p-glucan is a prebiotic oligosaccharide or polysaccharide
indigestible in the human digestive system [23]. Therefore,
it promotes the immune system and helps gastrointestinal
tract health by promoting the growth of helpful probiotic
bacteria, controlling the balance of intestinal flora due to
acidic chemicals produced by these probiotic bacteria, and
inhibiting harmful bacteria growth [24]. Moreover, poly-
saccharides could shape from the links of monosaccharides
(smallest carbohydrate) to the structural complexity of car-
bohydrates. Therefore, the sorting of carbohydrates could be
classified by considering the degree of polymerization (DP).
The DP value depends on the quantity of monosaccharides
in each structure. So, the DP value of each treatment could
be assessed from total sugar content divided by reducing
sugar content; meanwhile, each treatment was determined
total sugar and reducing sugar concentration [25].

In the extraction process of schizophyllan or p-glucan,
various parameters are affecting on extraction, for exam-
ple, the temperature of the extraction (ambient, boiling,
or other); the type of organic solvent used to separate the
polysaccharide from other components (ethanol, acetone,
chloroform:methanol (CHCl;:MeOH)); the presence of an
alkaline solution (NaOH or KOH) and acidic solution; and
the use of an enzyme, ultrasonic, or microwave technology
to increase efficiency, yield, and reduce extraction time [26,
27]. Likewise, few research involving schizophyllan extrac-
tion from the split gill mushroom. For instance, Saetang
et al. [25] researched the effect of hot water extraction of the
schizophyllan using a response surface methodology (RSM)
on DP value, total sugar, reducing sugar concentration, and
extraction yield of schizophyllan extract.

In addition, Chandrawanshi et al. [17] studied the appro-
priate extraction process of the extracts from S. commune

@ Springer

on antioxidant capacity. It was noticed that the highest yield
was obtained by hot water extraction followed by ethanol
and methanol extractions, respectively. Additionally, Klaus
et al. [8] reported antioxidant activities and chemical charac-
terization of polysaccharides extracted from fruiting bodies
of this mushroom, such as hot water extract (HWE), hot
water extracted polysaccharides (HWP), and hot water alkali
extracted polysaccharides (HWAE). Thus, this research aims
to optimize the ethanol precipitation process for schizophyl-
lan of S. commune using a response surface methodology
(RSM) on central composite design (CCD).

2 Materials and methods
2.1 Mushroom sample and maintenance

The dry split gill mushroom was obtained from Chaiyo
Mushroom Farm, Surat Thani, Thailand. The mushroom
sample was packed in a vacuum bag and stored at ambient
temperature until used in further study.

2.2 Optimized ethanol precipitation
of schizophyllan

The experimental procedure and optimization of the extrac-
tion process of schizophyllan are presented in Fig. 1. First,
the schizophyllan extraction was described as follows: the
dry mushroom powder was weighed various content (5-15%
w/v) suspended in deionized (DI) water and adjusted pH
about 5.7-6.0 with natural limewater. Next, the mushroom
suspension was heated at 100 °C for 2 h (these conditions
from optimization of hot water extraction in the previous
study of Saetang et al. [25]) and filtrated through a filter
cloth. After that, the filtrate was precipitated with 95% etha-
nol in different final concentrations (49-74% v/v) at 4 °C
for 24 h. Then, the polysaccharide pellet was separated by
centrifugation at 3000 rpm for 10 min before drying at 60 °C
for 24 h.

The central composite design (CCD) was applied to
optimize the significant variables for the ethanol precipi-
tation of schizophyllan under response surface methodol-
ogy (RSM). This experimental design has two numerical
factors: split gill mushroom content (A: 5-15% w/v) and
ethanol concentration (B: 49-74% v/v). The independent
factors (A, B) with their coded (— I = low, 0 =center point,
1=high) and actual levels of optimization experiment are
presented in Table 1. A total run on RSM by using CCD in
this experimental design involved full factorial design, one
block, had generated 19 runs including non-center points 16
runs, center points 3 runs, and axial point (@=1). In further
analysis, the total sugar and reducing sugar concentration
were measured from polysaccharide extract. These results
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Fig.1 The experimental procedure and optimization of the extraction process of schizophyllan

Table 1 Parameters and their values used for optimization experiment

Symbols Parameters Units -1 0 1
A Split gill mushroom content % (w/v) 5 10 15
B Ethanol concentration % (vIv) 490 615 740

were evaluated using the Design-Expert program version
11 from Stat-Ease, Inc., Minneapolis, USA.

2.3 Analytical methods

Total sugar concentration was analyzed by the phenol-sul-
furic acid method [28], using glucose as a standard. First,
0.5 ml of the suitable diluted sample, 0.5 ml of 5% (w/v)
phenol, and 2.5 ml of 98% (v/v) H,SO,4 were dispensed in
test tubes and mixed well. The mixture was then stood at
ambient temperature for 10 min. The samples have meas-
ured the absorbance using a spectrophotometer at 490 nm.
The total sugar concentration of each treatment was demon-
strated as mg/g dry extract.

The modified 3,5-dinitrosalicylic acid (DNS) method
[29] uses glucose as a reference. First, 0.5 ml of the diluted
sample and 0.5 ml of DNS solution reagent were mixed
well. Then, the mixture was boiled for 15 min in a water
bath with dark conditions. It was cooled down before add-
ing 4 ml of distilled water and mixed well. The absorb-
ance was measured with a spectrophotometer at 540 nm.
The reducing sugar concentration of each treatment was

demonstrated as mg/g dry extract. After that, the degree of
polymerization (DP) is evaluated from total sugar concen-
tration divided by reducing sugar concentration.

2.4 Statistical analysis and model fitting

The statistical analysis of the model was utilized for the
experimental design with the numerical responses and
predicted from analysis of variance (ANOVA). The data
of the normal plots, predicted versus actual values plots,
residuals versus predicted values plots, residuals versus
experimental run plots, contour plots, and response sur-
face plots at the optimal condition were evaluated using
the Design-Expert program version 11 from Stat-Ease,
Inc., Minneapolis, USA. All the contours and graphs were
estimated independent parameters on total sugar, reduc-
ing sugar concentration, and DP value of polysaccharide
treatments. While F-test and P-value <0.05 showed the
significance and fit of the model, not significant lack of fit
tests explained the good model to fit. The R, predicted R?,
and adjusted R? values were also determined.
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3 Results and discussion

3.1 Total sugar concentration of schizophyllan
extracts

Two independent contributions, the split gill mushroom con-
tent (% w/v, A) and ethanol concentration (% v/v, B), were
utilized in the response surface methodology for maximized
total sugar concentration, optimized reducing sugar concen-
tration, and optimal degree of polymerization (DP) of the
schizophyllan extracts from S. commune. The responses on
total sugar concentration of the polysaccharide are exposed
in Table 2. The trial data have calculated the coefficients of
the parameters to demonstrate the association between the
total sugar concentration and the parameters according to
the coded equation (Eq. (1)) to predict the optimal response.
Equation 1 shows the effect of each significant variable and
the interactive effect of the variables on the response of total
sugar concentrations. The plus and minus values indicated
the positive and negative influences on total sugar concentra-
tion. The maximum total sugar concentration predicted by
RSM design was 447.98 mg/g extract with optimal split gill
mushroom content 5.11% (w/v) and precipitation ethanol
concentration 62.78% (v/v).

Table 2 Experimental design results in total sugar concentration of
the polysaccharide

Std Run Factor 1 Factor 2 Total sugar con-
A: Split gill mush- ~ B:Ethanol  centration (mg/g)
room content (% concentration ———————————
Whv) (% viv) Actual Predicted

4 1 135 49.0 300.67 313.86

14 2 10 49.0 34505 33935

5 3 5 74.0 371.90 370.78

19 4 10 61.5 431.43 43276

18 5 10 61.5 426.19 432.76

12 6 15 61.5 381.90 383.95

3 7 15 49.0 312.86 313.86

7 8 15 74.0 260.48 261.19

6 9 5 74.0 373.81 370.78

17 10 10 61.5 438.57 43276

15 11 10 74.0 329.52 33332

1 12 5 49.0 329.05 330.17

0 13 5 61.5 44524 446.90

8 14 15 74.0 26595 261.19

13 15 10 49.0 34395 339.35

11 16 15 61.5 387.14 383.95

9 17 5 61.5 449.52  446.90

2 18 5 49.0 326.19 330.17

16 19 10 74.0 328.90 333.32
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Total sugar concentration (mg/g extract) = 432.76 — 31.48A
—3.02B — 23.32AB — 17.33A2 — 964387 O

Figure 2a presents the distribution of the normal residual
plot from the polysaccharide. The points were adjacent to an
original line, and the graph allowed the normal distribution
of errors with a mean zero. Figure 2b shows the comparison
between the actual and predicted values from the polysac-
charide’s total sugar concentration after ethanol precipita-
tion. The predicted values were estimated by design using
Eq. (1). This plot exhibited great agreement, which inter-
acted with the actual and predicted results. The adjusted R”
(0.9941) of total sugar concentration was close to 1.0 and
consented to the results in the graph [30]. Moreover, Fig. 2¢
reveals the relationship between the externally studentized
residuals and predicted results to set the standard deviations
for normal probability. The results in the plot showed pre-
liminary errors and the plot specified normality for these
values. Lastly, the residuals and experimental run numbers
have assessed the model to good fit using an internally stu-
dentized arrangement of the total sugar concentration model,
as presented in Fig. 2d.

In addition, the effect of the mushroom content and
ethanol concentration on the total sugar concentration of
the polysaccharide was evaluated by analysis of variance
(ANOVA), as concluded in Table 3. P-value and F-value
as statistical terms indicate the significance of the model
and each factor (P-value < 0.05) at a 95.0% confidence level
[31]. The model F-value of 602.91 indicated that the model
was significant. There was only a 0.01% chance which an
F-value, this large could occur because of noise. ANOVA
model demonstrated the greatest F-value of 595.41 at model
A (the mushroom content), while model B (ethanol concen-
tration) has the least effect on the response with an F-value
of 5.47. P-values <0.05 implied model terms are significant.
In this case, A, B, AB, Az, and B? were significant model
terms. P-value>0.10 signified that the model terms were not
significant. The lack of fit F-value of 3.48 indicated that the
lack of fit was nonsignificant relative to the pure error. There
was a 5.81% chance that a lack of fit F-value, this large could
happen because of noise. The insignificance of lack of fit is
good, leading the model to fit. The predicted R? of 0.9912
was reasonable with the adjusted R of 0.9941, namely the
difference < 0.2. Adequate precision analyzed the signal-to-
noise ratio. A ratio>4 was desirable. The ratio of 73.9591
signified an adequate signal. ANOVA model of total sugar
concentration could be applied to direct the design space.

Moreover, the contour plot and response surface plot
depicted the interactions of two independent variables and
the coincident effect on the total sugar concentration of the
polysaccharide (Fig. 3). The interaction of AB was nega-
tive significantly at F-value of 217.91 and P-value <0.0001
(Table 3, Eq. (1)). When analyzing the graph shape of
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Fig.2 Total sugar concentra-
tion analytical plots of normal
plot of residuals (a): predicted
versus actual plot (b); residuals
versus predicted plot (e); and
residuals versus the experimen-
tal run from the polysaccharide
(d)

Table 3 ANOVA model
analysis for optimization of
total sugar concentration of the
polysaccharide
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Predicted vs. Actual

(@) ® -
99— [==]-}
] [a}
s
= ap .I 400
R [ oo
% 70 4 .DD B m
; 504 ﬁF. % 350
s 0 o= & a "
E 20 5>
E = m
BE o 200
E
1
.
250
T T T T T T T T T T
200 100 000 1.00 200 250 300 350 400 450
Externally Studentized Residuals Actual
() Residuals vs. Predicted (d) Residuals vs. Run
400 377633 400 377833
E 2
5 200 5 2004
& = H . i ‘ "
i . = | i | \&\ \ kaw
£ ow o T L \ / |
£ = T = = E I o ey T
: | i VR \
= o o = ] \ / ]
5 200 " £ 2o o
& 3
377833 -3.77833
400 ] 400 |
T T T T T L e e e AN N B
250 300 350 400 450 1 4 7 0 13 18 19
Predicted Run Number
Source Sum of squares  Degrees of Mean square F-value  P-value
freedom
Model 60,194.08 5 12,038.82 602.91  <0.0001
Split gill mushroom content (A)  11,889.03 1 11,889.03 59541  <0.0001
Ethanol concentration (B) 109.15 1 109.15 547 0.0360
AB 4351.13 1 4351.13 217.91  <0.0001
A? 1316.24 1 1316.24 6592  <0.0001
B? 40,736.09 1 40,736.09 2040.10  <0.0001
Residual 259.58 13 19.97
Lack of fit 132.67 3 4422 348  0.0581
Pure error 126.91 10 12.69
Cor total 60,453.67 18
Std. dev 447 ' 0.9957
Mean 360.91 Adjusted R* 0.9941
CV. % 1.24 Predicted R? 0.9912
Adeq precision 73.9591
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Fig.3 Contour plot (a) and 3D
plot (b) obtained from total
sugar concentration of the poly-
saccharide as a function of the
mushroom content and precipi-
tation ethanol concentration
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separation on one factor of total sugar concentration mod-
els from Fig. 4, Fig. 4a was the negative non-linear rela-
tionship, i.e., total sugar concentration decreased when the
mushroom content increased, while Fig. 4b was the negative
quadratic relationship, i.e., total sugar concentration raised
with increasing ethanol concentration during 49.0 to 61.5%
(v/v), and total sugar concentration fell with more than
61.5% (v/v) ethanol.

Furthermore, p-glucan, a polysaccharide of mushroom,
is extracted using hot water to solubilize it into solution,
as well as an acidic, alkaline, organic solvent or enzyme-
assisted extraction, and so on [27, 32], because these treat-
ments could degrade greatly mushroom’s cell wall and liber-
ate water-soluble intracellular compositions to external of
the cells [8]. However, in this case, hydrogen bonds that
are intermolecular forces for maintaining the triple-helical
and single-helical conformer of p-glucan are broken. Con-
sequently, the conformation of p-glucan expressed changes
from triple helix to single helix and random coil [6].
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Fig. 5 Total sugar concentration of the polysaccharide extract from
the different mushrooms. *(1) from Klaus et al. [8]: (2) from this
study
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Besides, the total sugar concentration of the schizophyl-
lan by hot water extraction with ethanolic precipitation from
S. commune, compared to that from other mushroom species,
is illustrated in Fig. 5. It was noticed that the optimized total
sugar concentration of this schizophyllan was superior to the
polysaccharide extract of this mushroom using hot water
extraction combined with ethanol precipitation around 1.5
folds [8]. Likewise, its total sugar concentration was slightly
greater than polysaccharide-protein complexes of Lentinus
edodes by ultrasonic extraction [33], the polysaccharide-
peptide complex of Pleurotus abalonus using hot water
extraction combined with ethanol treatment [34], and the
extract of Pholiota nameko by enzyme-assisted extraction
with Alcalase [35].

3.2 Reducing sugar concentration of schizophyllan
extracts

The results of lowering sugar concentration are shown in
Table 4 to analyze the influence of split gill mushroom con-
tent and ethanol concentration on polysaccharide reducing
sugar concentration. The coded equation (Eq. (2)) demon-
strated the association between the reducing sugar concen-
tration and the coefficients of the factors obtained from cal-
culating the predicted data. In addition, Eq. (2) presents the

Table 4 Experimental design results in reducing sugar concentration
of the polysaccharide

Std Run Factor 1 Factor 2 Reducing sugar
A: Split gill mush-  B: Ethanol concentration
room content (% concentration (mg/g)
wiv) (% viv) -

Actual  Predicted

4 1 15 49.0 91.75  92.09

14 2 10 49.0 95.75 9521

5 3 5 74.0 76.25  76.72

19 4 10 61.5 80.75  81.83

18 5 10 61.5 82775 81.83

12 6 15 61.5 7125 71.80

3 7 15 49.0 92.75  92.09

7 8 15 74.0 65.25  64.99

6 9 5 74.0 76.50  76.72

17 10 10 61.5 81.25 81.83

15 11 10 74.0 7075 69.92

1 12 5 49.0 100.25  100.20

10 13 5 61.5 88.50 8771

8 14 15 74.0 6475 64.99

13 15 10 49.0 94.75  95.21

11 16 15 61.5 78.00 77.80

9 17 5 61.5 88.00 8771

2 18 5 49.0 99.75  100.20

16 19 10 74.0 69.75  69.92

influence of each significant parameter and the interaction
of the variables on reducing sugar concentrations. In this
experimental design, the optimized extraction conditions
were predicted to be the mushroom content 15.00% (w/v)
and precipitation ethanol concentration 74.00% (v/v) for
the minimized reducing sugar concentration of 64.99 mg/g
extract.

Reducing sugar concentration (mg/g extract) = §1.83 — 4.96A — 12.65B
—0.91AB +0.93A2 + 0.74B? @

Besides, Fig. 6a depicts the normal plot of residual’s dis-
tribution from the polysaccharide. These points were close
to a primary line. The chart approved the normal distribution
of errors with a mean zero. The comparison of the actual
and the predicted data from reducing sugar concentration of
the polysaccharide is shown in Fig. 6b. The predicted data
were analyzed by design using Eq. (2). The graph expressed
a great arrangement cooperating between the actual and
predicted data. The adjusted R® (0.9964) of reducing sugar
concentration was adjacent to 1.0 and concurred with the
values in the plot [30]. Figure 6¢ also presents the associa-
tion between the predicted values and externally studentized
residuals to organize the standard deviations for normal
probability. The values in the chart illustrated initial errors.
The plot indicated normality for the results. Finally, the
experimental run numbers and residuals have estimated the
model to good fit using an internally studentized configura-
tion of the reducing sugar concentration model, as revealed
in Fig. 6d.

Moreover, the influence of the mushroom content and
ethanol concentration on reducing sugar concentration of
the polysaccharide was analyzed by analysis of variance
(ANOVA), as summarized in Table 5. The model was sig-
nificant at a F-value of 1008.48 with a 0.01% chance that
this large could happen because of noise. ANOVA model
illustrated the highest F-value of 4344.18 at model B, etha-
nol concentration, while model A, the mushroom content,
there is the fewest influence on the response with an F-value
of 667.86. In this case, A, B, AB, A% and B? were signifi-
cant model terms (P-value <0.05). The lack of fit was not
significant relative to the pure error at F-value of 1.06 with
a 40.77% chance that F-value, this large could occur because
of noise. As a result, the model was to fit. The predicted R?
of 0.9950 was reasonable with the adjusted R? of 0.9964;
namely, the difference was lower than 0.2, Adequate preci-
sion measured the signal-to-noise ratio. A ratio of more than
4 was pleasing. The ratio of 94.2676 indicated an adequate
signal. This ANOVA model could be utilized to navigate
the design space.

In addition, the contour plot and 3D plot portrayed the
interactions of two parameters and the concomitant effect on
reducing sugar concentration of the polysaccharide (Fig. 7).

@ Springer



158

Biomass Conversion and Biorefinery

Fig.6 Reducing sugar con-
centration analytical plots of
normal plot of residuals (a):
predicted versus actual plot
(b); residuals versus predicted
plot (¢); and residuals versus
the experimental run from the
polysaccharide (d)

Table 5 ANOVA model
analysis for optimization of
reducing sugar concentration of
the polysaccharide
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Fig.7 Contour plot (a) and 3D
plot (b) obtained from reducing
sugar concentration of the poly-
saccharide as a function of the
mushroom content and precipi-
tation ethanol concentration
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The AB interaction was significantly negative at F-value of
14.87 and P-value of 0.0020 (Table 5, Eq. (2)). In the case
of investigating the chart shape of separation on one factor
of reducing sugar concentration models from Fig. 8, Fig. 8a
is the negative non-linear relationship, namely reducing
sugar concentration augmented when the mushroom content
declined. As Fig. 8b was the negative linear relationship,
namely reducing sugar concentration dropped considerably
with raising of ethanol concentration.

3.3 Degree of polymerization of schizophyllan
extracts

The reaction on the DP values is shown in Table 6 to study
the influence of mushroom content and ethanol concentra-
tion on polysaccharide polymerization (DP). The coded
equation (Eq. (3)) revealed the relationship between the DP
values and the coefficients of the variables from the calcula-
tion of the trial data. In addition, Eq. (3) shows the effect of
each significant factor and the interaction of the parameters
on the DP values. In this experiment, the optimal extraction

B: Ethanol concentration (% v/v)

conditions were predicted to be the mushroom content 8.05%
(w/v) and precipitation ethanol concentration 65.10% (v/v)
for the maximal DP value of 5.40.

Degree of polymerization (DP) = 5.20 — 0.14A + 0.56B — 0.23AB — 0.27A% - 11387
(3)
Moreover, the normal plot of residual’s distribution is
shown in Fig. 9a. The points were adjacent to a preliminary
line. The plot allowed errors’ be the normal distribution with
a mean zero. Figure 9b portrays the predicted and actual
results from the DP value of the polysaccharide. The pre-
dicted results were estimated by design using Eq. (3). The
chart performed good agreement that cooperated between
the predicted and the actual results. The adjusted R? (0.9881)
of DP value was close to 1.0 and accepted the data in the
graph [30]. The relationship between the externally studen-
tized residuals and predicted data arranged the standard
deviations for normal probability, as revealed in Fig. 9¢c. The
data in the graph showed former errors. The chart signi-
fied normality for the data. Eventually, Fig. 9d presents the
experimental run numbers versus residuals. These data have
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Table 6 Experimental design results in degree of polymerization
(DP) of the polysaccharide

Std Run Factor 1 Factor 2 Degree of polym-
A: Split gill mush-  B: Ethanol erization (DP)
room content (% concentration T —
wiv) (% vIv) Actual Predicted

4 1 15 49.0 338 342

14 2 10 49.0 360 3.60

5 3 5 74.0 488  4.82

19 4 10 61.5 534 529

18 5 10 61.5 515 529

12 6 15 61.5 494 488

3 7 15 49.0 337 342

7 8 15 74.0 3.99 408

6 O 5 74.0 4.80 482

17 10 10 61.5 540 529

15 11 10 74.0 4.66 472

1 12 5 49.0 328 324

10 13 5 61.5 503 516

8 14 15 74.0 411 4.08

13 15 10 49.0 363  3.60

11 16 15 61.5 496 488

9 17 5 61.5 511 516

2 18 5 49.0 327 324

16 19 10 74.0 472 472

analyzed the model to good fit using an internally studen-
tized arrangement of the DP value model.

Furthermore, Table 7 summarizes the evaluation of these
parameters by analysis of variance (ANOVA) that affected
the DP value of the polysaccharide. Furthermore, -glucan is
important in reducing free radical-induced oxidative dam-
age. ANOVA model showed the superior F-value of 528.69
at model B: ethanol concentration, while model A: the
mushroom content, there is the inferior effect on the result
with an F-value of 34.04. In this case, A, B, AB, A2, and
B? were significant model terms at P-value lower than 0.05.
The lack of fit was not significant relative to the pure error
at F-value of 3.37 with an 6.27% chance that F-value, this
large could happen due to noise, resulting in the model to fit.
The predicted R of 0.9828 was the rational agreement with
the adjusted R? of 0.9881, i.e., the difference <0.2. Adequate
precision determined the signal-to-noise ratio. A ratio higher
than 4 was desirable. The ratio of 43.2390 implied an ade-
quate signal. This ANOVA model could be applied to guide
the design space.

Besides, Fig. 10 reveals the contour plot and response
surface plot of DP value of the polysaccharide extract as
a function of the mushroom content and ethanol concen-
tration, including the interactions of two variables and
the concurrent influence on the DP value. The interaction
of AB was negative significantly at F-value of 61.11 and
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P-value <0.0001 (Table 7, Eq. (3)). In the case of evaluat-
ing the graph shape of separation on one factor of DP value
models, Fig. 11a is the negative quadratic relationship, i.e.,
DP value went up slightly with increasing of the mushroom
content during 5 to 10% (w/v), and DP value fell insignifi-
cantly with greater than 10% (w/v) the mushroom. This case
meaned that the mushroom content affected slightly on DP
value of the polysaccharide. Nevertheless, although Fig. 11b
is the negative quadratic relationship, DP value climbed up
exceedingly with raising ethanol concentration between 49.0
and 61.5% (v/v), and DP value declined with higher than
61.5% (v/v) ethanol. These graphs could be summarized
that the high mushroom content did not have an effect on
efficient extraction of the polysaccharide with greater DP
value (Fig. 11). Hence, further, scale-up, the polysaccharide
consisting of higher DP value will be extracted with the low
mushroom content due to reduction of the production cost.

In addition, the conformational complexity of p-glucan,
the mushroom polysaccharide, is essential in the immune
system’s function [36]. The triple-helical p-glucan, con-
taining a higher DP value with more branching structural
complexity, has a greater potency for immune-enhancing
and anticarcinogenic properties [32] than linear or lower
branched p-glucan consisting of low DP value obviously [7].

4 Conclusion

Schizophyllum commune is an abundant potential schizo-
phyllan substance with various pharmaceutical, biological
properties, namely antioxidative, anti-inflammatory, immu-
nomodulatory, and anticancer capacity. From this optimi-
zation of the ethanol precipitation of the schizophyllan, it
could be summarized that the optimized condition of this
schizophyllan extraction was the ranges of the mushroom
content 5-8% (w/v) and ethanol concentration 62-65% (v/v)
with the greatest DP value (around 5), maximal total sugar,
and optimal reducing sugar concentration. Therefore, this
polysaccharide consisting of higher DP value and branching
structure was declared more potential for immune-enhancing
and anticarcinogenic activities. Additionally, the low-cost
commercial extraction of the polysaccharide with superior
DP value will be achieved with less mushroom content and
cost-effective ethanol concentration. Consequently, this
functional schizophyllan has more potential to produce
nutraceutical products or medicines with high bioactive
compounds to promote health. However, the biological
properties of the polysaccharide should be studied more in
further in vitro and/or in vivo experiments.
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Fig.9 Degree of polymeriza-
tion (DP) analytical plots of
normal plot of residuals (a);
predicted versus actual plot
(b): residuals versus predicted
plot (¢); and residuals versus
the experimental run from the
polysaccharide (d)

Table 7 ANOVA model
analysis for optimization of
degree of polymerization (DP)
of the polysaccharide
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Predicted Run Number
Source Sum of squares  Degrees of Mean square F-value  P-value
freedom
Model 10.61 5 212 299.67 <0.0001
Split gill mushroom content (A) 0.2410 1 0.2410 34.04 <0.0001
Ethanol concentration (B) 3.74 1 3.74 528.69 <0.0001
AB 0.4326 1 0.4326 61.11 <0.0001
A? 0.3138 1 0.3138 44.33 <0.0001
B? 5.57 1 5.57 786.68 <0.0001
Residual 0.0920 13 0.0071
Lack of fit 0.0463 3 0.0154 3.37 0.0627
Pure error 0.0457 10 0.0046
Cor total 10.70 18
Std. dev 0.0841 R* 0.9914
Mean 4.41 Adjusted R* 0.9881
CV. % 1.91 Predicted R 0.9828
Adeq precision 43.2390
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Fig.10 Contour plot (a) and 3D
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