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The medicinal value and the presence of diverse bioactive components have drawn the
attention of researchers to medicinal and edible mushrooms in the recent years. /nonotus
obliquus 1s a white rot fungus and an obligate parasite of the Befula species. It forms a sterile
conk on the infected stem, called Chaga, which has been long consumed as a folk remedy in
Finland and East-European countries. The health benefits of Chaga consumption have been
connected to the presence of polysaccharides in the extracts, which have shown
immunomodulating, anti-tumor and antioxidant activities.

The slow growth of Chaga in nature has led to the research of alternative methods for the
polysaccharide production such as submerged cultivation of the mycelium, which is fast,
easy to control and cost effective. In this study, polysaccharides of Inonotus obliquus
mycelium, cultivated with the supplementation of sea buckthorn press cake, were extracted
and purified. The extraction process included aqueous and alkaline extractions, followed by
ethanol precipitation and different purification passages. The obtained polysaccharides were
characterized in their total sugar, protein and phenolic contents, monosaccharide
composition, and molecular weight. FT-IR spectroscopy was used for structural analysis.

The obtained results indicated the presence of glucose as the major component, along with
substantial amounts of mannose and galactose. Other monomers such as xylose and arabinose
were also found. Small amounts of galacturonic acid present in the monomer composition
was connected to the pectin contained in the supplemented sea buckthorn. The molecular
weights of the main polymer populations were determined to be 6.80x10° Da, 1.17x10° Da,
6.51x10* Da, and 1.51x10* Da for hot water and alkaline extracts of (0+0.5) and (1+2)
fractions respectively. Furthermore, the FT-IR spectra confirmed the presence of proteins,
uronic acids, and a- and B-glucans.
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ABTS 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)

ANOVA Analysis of variance

BSA Bovine serum albumin

BAEE 4-hydroxy-3,5-dimethoxybenzoic acid 2-hydroxy- 1-hydroxymethyl ethyl
ester

CA caffeic acid

DB 3,4-dihydroxybenzaldehyde

DBL 3,4-dihydroxybenzalacetone

DPPH 2,2-diphenyl-1-picrylhydrazyl

DTA 2,5-dihydroxyterephthalic acid

FT-IR Fourier-transform infrared

GC-FID Gas chromatography with flame ionization detector

HPSEC High performance size exclusion chromatography

HW Hot water

LLS Laser light scattering

MWCO Molecular weight cut off

PCA protocatechuic acid

RC Regenerated cellulose

RID Refractive index detector

SA syringic acid

SD Standard deviation

TFA Trifluoroacetic acid

Tri-Sil Sililation reagent (HDMS/TMCS/Pyridine)



1 INTRODUCTION

A wide range of edible and medicinal mushroom species are present in nature and they have
been consumed in different parts of the world for a long time. Many species of the edible
mushrooms have shown health promoting properties and diverse medicinal mushrooms are

also consumed as food (Guillamén et al., 2010).

Over the years, medicinal mushrooms such as Ganoderma lucidum (Reishi), Lentinus edodes
(Shiitake), Schizophyllum commune (Split gill), and Inonotus obliguus (Chaga) have been
used in different parts of the world, including East Asia and Northern Europe (Giavasis,
2014; Wasser, 2002).

In recent years, these edible and medicinal mushrooms have gained much attention due to
the presence of diverse bioactive components and their medicinal value. Studies have
associated the positive health effects of mushroom consumption to the presence of phenolics,
minerals, proteins and carbohydrates. Previous research has shown immunomodulating,
antimicrobial, and antitumor activities in relation to these bioactive components (Seo, 2011;

Giavasis, 2014).

In particular, polysaccharides obtained from mushrooms has shown wide diversity of
biological activities and have gained much attention in the medicinal and biochemical
research areas in the recent past years (Shi, 2016). Studies have shown most of the
mushrooms belonging to the family Basidiomycetes to contain high content of bioactive

polysaccharides (Mizuno, 1999; Wasser, 2002).

The slow growth of these fungal bodies in nature has resulted in researchers finding
alternatives to grow mycelium in order to obtain the bioactive components. Submerged
cultivation is one of the most used technique. It has also been proved to be a fast, easy to
control and cost-effective method (Xu et al., 2014b). Supplementation of fibrous materials
and lipids in the culture media have been shown effective in promoting growth of mycelium
of I obliquus (Yang et al., 2000; Park et al., 2002). In the laboratory of Food Chemistry and
Food Development, sea buckthorn (Hippophaé rhamnoides L.) berry press cakes have been



used as supplement in submerged cultivation of 1. obliquus, and mycelium has been harvested

and dried.

Current thesis work focuses on the extraction and purification of polysaccharides from
Inonotus obliquus (I. obliquus) mycelium cultivated with the supplementation of sea
buckthorn press cake in the medium. The obtained polysaccharides were characterized in
their total sugar, protein and phenolic contents, monosaccharide composition, and molecular
weight. FT-IR spectroscopy was used for structural analysis. The following review includes
examination of recent research on the polysaccharides of 1. obliquus, their bioactivities and

characterization in detail.



2 REVIEVW OF THE LITERATURE

2.1. Chaga

Inonotus obliquus (Fr.) Pilat is a white rot fungus belonging to the family Hymenochaetaceae
of Basidiomycetes. It is an obligate parasite fungus of the Betula (birch) species. The fungus
causes the decay of lignin, cellulose and hemicellulose, and forms a charcoal black sterile
conk (sclerotia) (Figure 1), commonly known as 'Chaga’, on infected stems (Cui et al.,
2005). 1. obliquus, while mainly parasiting birches, has also been reported to grow on trees
such as elm, alder, and ash (Zhong et al., 2009; Song et al., 2013). Sterile conks of Chaga
are found within the northern hemisphere, with a distribution covering 40° N—68° N latitude.
Most commonly known in the regions of Baltic countries, North America, Northern Europe,

Siberia, Northern China, Korea, and Japan (Lee et al., 2007).

The heartwood of the trees decays as the Chaga grows. In the occurrence of host death, the
Chaga loses its nutrient supply and the growth stops. I. obliquus usually forms one to two
sterile conks in the branches and the stem of the host trees (Lee ef al., 2008). Two structures,
the outer pseudo-sclerotial plate and the inner granular core usually characterize the sterile
conks formed by infecton of I. obliquus. The outer structure of Chaga commonly shows hard,
irregular charcoal black appearance, while the internal structure is usually light yellow in
color with paler granules of mycelium. The Chaga conks can be 3-40 cm long and show slow
growth in nature (Balandaykin & Zmitrovich, 2015). A previous study on Chaga has revealed
the growth period of a sterile conk with diameter of 10 cm to be approximately 10-15 years
(Ham et al., 2009). In addition, Shashkina and coworkers stated the chemical composition of
Chaga as follows; water 13.2%, proteins 2.4%, lipids 2.4%, ash 12-15% (50% K:0), and
carbohydrates 71.9% (Shashkina et al., 2006).

Chaga has long been used as a folk medicine in China, Russia, Finland and North and East-
European countries. The usage of Chaga as a folk medicine dates back to the 16th century
(Song et al., 2013), while the use of Chaga in Finland has been reported to be as early as in
17th century as a substitute for coffee (Halmetoja, 2014). The study of Siberian folk medicine
conducted by Saar found that diseases related to heart, liver, and stomach, psychophysical

fatigue, and viper bite are traditionally relieved with Chaga decoctions (Saar, 1991). The
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health benefits of Chaga consumption have been connected to the presence of bioactive
components, which have shown strong immunomodulating, anti-tumor, antioxidant activities

and anti-hyperglycaemic activity (Wang et al., 2015; Wold et al., 2018).

Figure 1. Inonotus obliquus sterile conk (Wong, 2019).

2.2. Bioactive components of Chaga

Several studies have shown the presence of diverse bioactive compounds in the sterile conk
of I. obliquus. These bioactive compounds include polyphenolic components, flavonoids,
vitamins, melanins, polysaccharides, and triterpenes (Nakajima ef al., 2009; Vamanu et al.,
2018; Chen et al., 2020). These bioactive components have shown several biological
activities, including antioxidant, anti-tumor, antiviral, antimicrobial, hypoglycaemic, and
immunomodulating effect (Mizuno et al., 1999; Cui et al., 2005; Kim et al., 2006). Extracts
obtained from Chaga have been used against diseases such as diabetes, tuberculosis, and

various types of cancer (Koyama et al., 2008).
2.2.1. Triterpenoids and sterols
2.2.1.1. Triterpenes

Oxygenated triterpenes have been reported as one of the main active components in Chaga.
Several terpenes have been identified in Chaga by the researchers over the years. These

included lanosterol, inotodiol, trametenolic acid, inonotsuoxides A and B, inonotsulides A,

11



B, and C, inonotsutriols A, B, and C, and spiroinonotsuoxodiol (Handa et al., 2012;
Sagayama et al., 2019). First triterpenes identified in Chaga were lanosterol (Figure 2) and
its derivative inotodiol (Figure 3). Following that, 40 other triterpene compounds have been

detected in the 1. obliquus sclerotia (Nikitina et al., 2016).

""fl,‘

Figure 2. Lanosterol (Nomura et al., 2008).

Triterpene extracts have shown size reduction in sarcoma tumors and antimetastatic effect on
sarcoma cells (Nikitina et al., 2016). Further, Zhao and coworkers have reported triterpenoids
obtained from Chaga to exhibit strong cytotoxicity against A549 tumour cell lines (Zhao et
al., 2015).

lf"‘! L

HO

Figure 3. Inotodiol (Nomura et al., 2008)

aw
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Further, anti-proliferative activity on B16F1 melanoma cells and 60% growth inhibition of
lung cancer cells NC1-H460 were observed in ethanol extracts of Chaga. In addition to the
antitumor activities, inotodiol exhibited hypoglycaemic properties, anti-inflammatory and

antimutagenic effect (Nikitina ez al., 2016).

2.2.1.2. Sterols

Sterols are also present in low amounts in Chaga. Along with ergosterol (Figure 4), other
steroid compounds namely sitosterol, stigmasterol, sitostanol, and cholesterol have also been
found in trace amounts. Chaga chloroform extract containing steroid compounds has shown
reduction in proliferation of P388 leukemia cells (Nikitina et al., 2016). Further, a research
on bioactive components of Chaga revealed sterols to present strong antioxidant activity
(Zhong et al., 2009). Ergosterol has shown antitumor activity against prostate carcinoma.
(Nikitina et al., 2016). Further, antioxidative (Shao et al., 2010) and anti-inflammatory (Kuo

et al.,2011) have been observed in ergosterol.

HO

Figure 4. Ergosterol (Nikitina et al., 2016)
2.2.2. Betulin and Betulinic acid

Studies have revealed betulin and betulinic acid (Figure 5) as active compounds with high
content in Chaga. A study has reported the presence of betulin in the outer bark of birch trees
to be 20-30% of dry outer bark weight (Siman ef al., 2016). The high content of betulin in

the birch trees is considered as the main reason for the presence of betulin in Chaga (Abyshev
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et al., 2007). Previous research conducted in our lab has shown an amount of betulin of 34.7

mg/ 100 g of Chaga.

The anticancer properties of betulin and betulinic acid have been studied and the results
reported antitumor activity along with antioxidant effects that lowered the oxidative stress at
cellular level (Kim, 2005). Further, a study on anti-inflammatory of effect of betulinic acid
reported the reduction in the expression of vascular endothelium growth factor by reducing
Sp protein against breast carcinoma MDA-MB-231 and MDA-MB-468 cell lines (Weber et
al., 2014).

In addition, anticancer activity has been observed in betulinic acid isolated from the
methanolic extract of Dillenia indica (elephant apple) L. fruits. The obtained extract was
reported to exhibit anti-leukemic activity against human leukemic cell lines namely U937,
HL60 and K562 (Moghaddam et al., 2012). Further, antimalarial (Bringmann et al., 1997),
anti-bacterial (Woldemichael et al., 2003), and anti-HIV activities (Fujioka et al., 1994) were

observed in betulinic acid.

29

/201/
30 P

o

N
=~

R=CH,OH (Betulin)

R=COOH (Betulinic acid)

Figure 5. Betulin and betulinic acid (Rizhikovs et al., 2015)
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2.2.3. Phenolic compounds

Phenolic compounds have been proved to exhibit antioxidant activity in diverse plant sources
over the years. Phenolic compounds present in Chaga have been studied by Nakajima and
colleagues and the extracts were reported to contain protocatechuic acid (PCA), caffeic acid
(CA), 2,5-dihydroxyterephthalic acid (DTA), 3,4-dihydroxybenzalacetone (DBL), 3.,4-
dihydroxybenzaldehyde (DB), syringic acid (SA), and 4-hydroxy-3,5-dimethoxybenzoic
acid 2-hydroxy- 1-hydroxymethyl ethyl ester (BAEE) (Figure 6) (Nakajima et al., 2009).
Further, a study on the phenolic compound concentration of edible mushrooms reported the
concentration of phenolic compounds on Chaga to be 50 ng/g PCA, 51 ng/g homogentisic
acid, 263 pg/g p-hydroxybenzoic acid, 22 pg/g ferulic acid, 38 pg/g naringin, 52 pg/g
quercetiin and 53 pg/g kaempferol (Kim et al., 2008).

o b o HO o

B HO o)
OH
/E\
/
HO e OH  HsCO OCHi
\\
Ho” o OH OH OH
DTA PCA DB SA
OH
H
0 0 o &
/ = H3CO OH
o]
HO
OH o OCHg
OH OH
CA DBL BAEE

Figure 6. Structure of small phenolic compounds extracted from chaga (Nakajima, 2009)
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Figure 7. Structures of phenolic compounds 1. Inonoblin A, 2. Inonoblin B, 3. Inonoblin C,

4. Phelligridin D, 5. Phelligridin E, and 6. Phelligridin G (Lee ef al., 2007)

Lee and coworkers studied the antioxidant activities of polyphenols extracted from /nonotus
obliquus sclerotia in vitro. The study revealed inonoblins A, B, and C and phelligridins D, E,
and G (Figure 7) as the major antioxidant polyphenols present in Chaga. The scavenging
activities of the extracts were tested against ABTS radical cation and DPPH radical and their
antioxidant activity resulted to be higher than the control antioxidant compound, BHA (Lee

etal., 2007).

2.2.4. Melanins

Melanins (Figure 8) are polymeric pigments present in animals, plants and microorganisms.
Differences were observed between the physiochemical properties of melanins obtained from
naturally grown Chaga and the melanin synthesized by fungus /. obliquus (Zhong et
al.,2009). Further, studies on the melanin pigments reported differences between the
structures of pigments. Melanin obtained from Chaga were named as allomelanin while the

melanin isolated from cultivated /. obliquus was named as eumelanin (Zhong et al., 2009).

16
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Figure 8. An example of a melanin structure (Gyori et al., 2019)

An in vitro study on the antioxidant activity of melanins extracted from Cinnamomum
burmannii and Osmanthus fragrans was conducted by Huang and colleagues. The
antioxidant activity was determined by ammonium molybdate method and the results
reported higher antioxidant activity to be present in the extracts than BHT (Huang et al.,
2010).

2.2.5. Polysaccharides

Polysaccharides (Figure 9) are long chain carbohydrates formed by the connection of
monosaccharides through glycosidic bonds. The diversity in structures, properties (such as
solubility in water) and functions of polysaccharides are mostly based on the composition of
monomeric units, type and position of glycosidic linkage, monomers configuration and

degree of branching (Shi, 2016).
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CH,0H CH,OH =
0 o)
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o
- . FH
OH OH

Figure 9. An example of a polysaccharide structure — Amylose (Hassan ef al., 2018)

Polysaccharides are found naturally in various sources including plants, fungi, algae, and
bacteria. Polysaccharides are present as either energy storage polymer such as starch or as
cell wall structural component such as cellulose (Figure 10) (Giavasis, 2014). The isolation
and purification of the polysaccharides mainly depends on these structural variations present

in the polysaccharides (Shi, 2016).

H oIl CH:OH

A I,
i g A N0
C C C C
S 6 R | U v L
C O C ?

! I
CH,OH H OH

Figure 10. Structure of cellulose (Richards et al., 2012)

Polysaccharides synthesized by fungi are either present on the cell surface, where they
constitute the core of the fungal cell wall, or are released to the extracellular medium. Among
the several types of polysaccharides present in fungi, glucans are the most abundant. A
diverse structural variability is observed in glucans based on the number and distribution of
glycosidic bonds, anomeric configuration and branching. These diversities also affect the
molecular weight and the characteristics of the glucans. The three main structural types of

polysaccharides are a-glucans, B-glucans, and mixed linkage o/p -glucans (Synytsya &

18



Novak, 2013). Among these, B-glucans (Figure 11) are considered to be the most common
polysaccharide present in fungi (Kroon-Baternburg & Kroon, 1997; Kataoka et al., 2002;
Chan et al., 2009).

I
5
[ o
MI
o
Q I
OH 0 OH
CH,OH 6 CH,OH
HO HO HO 2
_0 o 0 O~ _
OH OH B 3 OH

Figure 11. An example of B-glucan structure (Chan ef al., 2009)

Fungal B-glucans consists of glucose units linked to each other by - (1— 3) glycosidic bonds
in abundance (Kataoka et al., 2002). These polymers vary among each other according to the
branching and the chain length. The branching of glucan polymers is mainly categorized
based on two groups namely B-(1—4) and B-(1—6) glycosidic chains. Studies have shown
different conformations of B-glucans, namely triple helix, single helix or random coils in
aqueous solution, and the immune-regulating activity of B-glucans is affected by these
conformational complexities. Further, studies have suggested the immunomodulatory
activities to be higher when the -glucans possess high degree of structural complexity (Chan

et al., 2009).

Polysaccharides have been identified as one of the major components present in Chaga
(Zhong et al., 2009). The monomers present in Chaga are reported to be glucose, mannose,
galactose, rhamnose, xylose, and arabinose (Huang et al., 2012; Du et al., 2013; Wold et al.,
2018). Further, studies on structure of Chaga polysaccharides revealed the most common

glucose structures present in the extracts as (1— 3) Glc and (1—6) Glc (Wold et al., 2018).
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In addition, the presence of -OH groups, C-O-C linkages, and carboxylic acid groups have
been observed in FT-IR spectroscopy of Chaga polysaccharide extracts (Xu et al., 2014a;
Wold et al., 2018).

The biological activities of polysaccharides including B-glucans present in the medicinal and
edible mushrooms have been studied in the past years. The polysaccharides in medicinal
mushrooms have been considered as the key component responsible for their physiological
functions (Wasser, 2002). Studies on polysaccharides of Lentinus edodes (Chihara, 1990)
(Shiitake) and Ganoderma lucidum (Reishi) reported immunomodulating activities of the -
glucans present in the extracts (Jiang et al., 2016). Similarly, several studies have revealed
the presence and activities of polysaccharides in 1. obliquus sclerotia (Mizuno et al., 1999;
Kim et al., 2006). Biological activities of Chaga polysaccharides are discussed further in the

following section.
2.3. Biological activities of Chaga polysaccharides

Ma and colleagues stated polysaccharides as one of the main bioactive components present
in Chaga (Ma et al., 2013). Based on several findings, it has been reported that fungal
polysaccharides usually exhibited low toxicity and diverse pharmacological activities.
Several studies have proven the biological activities of polysaccharides, especially in relation
to the function of the immune system of organisms (Kim, 2005; Won ef al., 2011). Further,
recent studies on Chaga polysaccharides have shown anti-tumor, antioxidant, and
immunomodulating activities and several clinical assessments have shown potential usage of
Chaga extracts as adjuvants during the treatment of cancer, diabetes, and AIDs (Song ef al.,

2008; Chen et al., 2011).

2.3.1. Antioxidant activity

Antioxidant activity is considered as one of the most important biological activities portrayed
by fungal polysaccharides. Antioxidant activity present in the fungal polysaccharides have
been studied in recent years in relation to the nutraceutical and pharmaceutical effects of

polysaccharides (Song et al., 2008; Xu et al., 2011).
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A study conducted by Huang and colleagues reported the increase in superoxide anion
scavenging activity with the increase in concentrations of polysaccharide aqueous extracts
obtained from the /. obliquus. Further the results concluded the presence of antioxidant
activity in 1. obliquus polysaccharides and the activity were observed in a concentration-
dependent manner (Huang et al., 2012). Similar results were observed by Hu and co-workers,
where concentration depended results were observed in scavenging activities for DPPH and

the hydroxyl radicals in Chaga polysaccharides (Hu et al., 2016).

Xu and colleagues studied the antioxidant activity of Chaga along with /. obliquus mycelium.
The results showed dose-dependent hydroxyl radical scavenging activity. Further,
deproteinization increased the activity of polysaccharides extracted from the sclerotia.
However, the scavenging activity of sclerotial polysaccharides was found to be lower than

vitamin C, a well-known natural antioxidant (Xu ef al., 2011).

2.3.2. Anti-tumor activity

The polysaccharides present in fungi have long been known to act as tumor growth inhibitors.
Basidiomycete fungi such as Ganoderma lucidum, Lentinus edodes, and Schizophyllum
commune contains B-glucans that has shown antitumor and immunomodulatory effects
(Smith et al., 2003). Previous research on fungal polysaccharides has indicated the inhibition
of oncogenesis and tumor metastasis by the polysaccharides extracted from mushrooms. In
addition, the extracted polysaccharides have shown beneficial activity in clinics when

combined together with chemotherapy (Kalac, 2016).

Chaga has been widely used for many centuries in Russia and Baltic countries to treat cancer
(Zhong et al., 2009). Wang and colleagues conducted in vitro cytotoxicity tests on hot water
extracts of Chaga purified with DEAE-cellulose anion exchange and Sephadex G-25 gel
permeation chromatography. The obtained results indicated that the tumour cell apoptosis
was induced by the extracts. Additionally, the activation of nuclear transcription factor NF-

kB in A549 cancer cells was inhibited by the obtained Chaga extracts (Wang et al., 2015).

In another study, the antitumor activity of /. obliquus polysaccharide was studied on mice.

The results indicated direct inhibition against proliferation of tumor cells. Activity as high as
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the positive control 5-Fluorouracil was observed even at lower dosage of polysaccharides

from 1. obliqguus (Chen et al., 2010b).
2.3.3. Immunostimulating activity

Several studies on immunostimulant activity of mushroom polysaccharides have suggested
the polysaccharides to stimulate T cells, natural killer cell, B cells, and macrophages, playing
a role on the enhancement of the immune system (Won et al., 2011). A study on the
immunological activities of Chaga polysaccharides attributed the potential to activate
macrophages to mainly lignin-carbohydrate complexes. The obtained results showed lignin-
carbohydrate complexes to enhance the phagocytic activity of RAW 264.7 macrophages (Niu
etal., 2016).

Xu and colleagues studied the stimulation of cytokine production in relation to the . obliquus
sclerotia polysaccharides. The obtained results showed the enhancement of proliferation in
human peripheral blood mononuclear cells and the stimulation of cytokine production in the
presence of extracted sclerotia polysaccharides. This suggested the immunomodulatory

activity of Chaga polysaccharides (Xu ef al., 2014a).
2.3.4. Anti-hyperglycaemic activity

Polysaccharides extracted from Chaga have also shown anti-hyperglycaemic activities by
reducing the glucose levels in the blood. A study on the water-soluble polysaccharides of
Chaga reported their ability to inhibit alpha glucosidase in vifro, which indicates potential
for inducing the inhibition of glucose absorption in vivo (Chen et al., 2010b). Another study
on aqueous extracts of I obliquus and Cordyceps militaris reported the possible use of
extracts in treating diabetes, in accordance to the observed effect against different diabetes,

in particular types 1 and 2 without causing any severe side effects (Noh ef al., 2003).
2.4. Submerged cultivation

Submerged cultivation is an alternative technique for the production of mycelium of
medicinal fungi. The microorganisms are grown in liquid medium, which is aerated and

stirred. Fungi such as I. obliquus (Kim et al., 20006), Aspergillus fumigatus (Saqib et al.,
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2010), and Ganoderma tsugae (Peng et al., 2005) has mostly been cultivated with submerged

cultivation.

In recent years, submerged cultivation technique has been most widely used in producing
mycelium and metabolites of medicinal mushrooms. Submerged cultivation has shown
efficient production and has also been used as an alternative in the industrial production of
polysaccharides. In particular, submerged cultivation has shown potential as a technique for
the production of fungal polysaccharides. Submerged cultivation is fast, cost effective, and
easy to control method to produce polysaccharides with lower contamination rates. Further,
the submerged cultivation has showed higher production of polysaccharides than the
polysaccharides obtained from Chaga (Chen et al., 2020) and the fruiting body of Lyophyllum
decastes (Pokhrel & Ohga, 2007). Further, the higher production of polysaccharides through
submerged mycelium culture, compared to the production through fruit bodies has paved a
way for the commercial production of many medicinal mushroom polysaccharides

(Litchfield, 1967).

A study on the polysaccharides obtained from submerged cultivation of several edible
mushrooms under different culture media showed that polysaccharides could be extracted
from both mycelial biomass and growth medium. However, the structural, and
physiochemical properties between the polysaccharides obtained from mushrooms,

mycelium, and biomass free culture broth differed from each other (Kim ez al., 2001).

Chaga has shown slow growth in nature, and great difficulty has been observed in artificially
cultivating the sclerotia (Sun et al., 2011). The slow growth of I. obliquus has made
unfeasible to obtain large quantities of polysaccharides from such sources as natural sterile
conks of Chaga for the industrial application (Chen ef al., 2007). Submerged cultivation has
been used as the effective alternative to produce I obliquus mycelium from which high

quantities of polysaccharides are isolated.

Several studies have reported in the last years the submerged cultivation of 1. obliquus
mycelium aimed to extraction of intracellular polysaccharides and exopolysaccharides.

Exopolysaccharides and intracellular polysaccharides are the two categories of fungal
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polysaccharides where the former is bound to the cell surface as a capsule or a slime, and the

latter is extracted from the mycelium (Mahapatra & Banerjee, 2013).

A study (Xu & Zhu, 2011) was conducted on exopolysaccharides and intracellular
polysaccharides produced by 1. obliqguus mycelium under submerged cultivation. The results
indicated higher production of polysaccharide from the submerged cultivation. Further, a
study compared polysaccharides extracted from mycelia of I. obliguus harvested from
submerged cultivation with those from Chaga, revealing higher content of polysaccharides
in cultivated mycelia and stronger antioxidant activity of mycelium polysaccharides than

Chaga polysaccharides (Xu ef al., 2014a).

Previous studies on the submerged cultivation of I obliquus mycelium has shown
enhancement in mycelial production with the supplementation of lignocellulosic biomass in
the cultivation medium, and this was due to the ability of I obliquus to decompose
lignocellulose (Xu & Zhu, 2011; Xu ef al., 2014b). Previous studies have shown the use of
fibre supplements such as wheat straw, rice straw, sugarcane bagasse (Xu et al., 2014b), and
corn stover (Xu & Zhu, 2011) to increase the mycelium yield of submerged cultivation of /.

obliquus.

Further, several studies have been conducted to analyse the effects of fatty acids on mycelial
growth and polysaccharide production in submerged cultivation. A study on the mycelium
of Ganoderma lucidum revealed increase in the mycelia and polysaccharide production in
the presence of plant oils in the culture medium (Yang ef al., 2000). In addition, effects of
plant oils and fatty acids in the production of exo-biopolymer and the mycelial growth of
Cordyceps militaris was studied by Park and colleagues. The results reported substantial
increase in the mycelial growth of Cordyceps militaris with the supplementation of plant oils

in the culture medium (Park ef al., 2002).

Northern berries are widely used in the food consumption, and they are mostly processed
into juices, jams or purees. However, the remaining press residues which contains high

quantities of fibres and bioactive compounds are not frequently used in the food applications.

Sea buckthorn (Hippophae rhamnoides L.) is a berry belonging to the family Elaeagnaceae,

and previous studies have shown the presence of fatty acids and fibres in the press residues
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of sea buckthorn berries after juice pressing (Yang & Kallio, 2001; Linderborg et al., 2011).
In the current study, the press cake of sea buckthorn was utilized in replacement of
lignocellulosic fibre used on previously (Xu et al., 2014b) to enhance the submerged

cultivation yield of 1. obliquus mycelium.

2.5. Mycelium polysaccharides and bioactivities

Mycelium has been used as an effective alternative to fruiting body for the extraction of
polysaccharides. It is important to verify the nutritional and medicinal values of cultivated
mycelia in comparison to the mushroom fruiting bodies. From previous studies, mannans
have been reported as the major components of bioactive hetero polysaccharides. Several
studies have reported the antitumor and immunomodulating activity of mannans in vivo and
in vitro (Kiho et al., 1992; Mizuno, 1999). It has been reported that a-(1—3) mannans,
glucomannan, and galactoglucomannan are the highly present components in mycelia
obtained from submerged cultivation of Dictyophora indusiata, Agaricus blazei, and
Lentinula edodes respectively while the hetero polysaccharide obtained from the mycelia of

Phellinus linteus primarily contained mannose as the monomer unit (Wasser, 2002).

Peng and coworkers have shown that the cultured mycelium of Ganoderma tsugae is a better
source of bioactive components than the wild fruiting body, especially regarding
polysaccharides (Peng ef al., 2005). Their study further showed that polysaccharide extracts
of G. tsugae mycelium possess anti-tumor activities in vivo. Additionally, a research was
carried out on the immunomodulatory effect of exopolysaccharides produced by Laetiporus
sulphureus mycelium on human leukemia U937 cells. The exopolysaccharides showed
crucial effect on apoptosis mediators Bax and Bad, indicating the immunomodulatory effect

(Seo et al, 2011).

A study (Xu et al., 2011) on polysaccharide extracts of sterile conk and cultured mycelium
of I. obliquus has shown significant enhancement in the antioxidant activity for the
polysaccharides obtained from I. obliguus mycelium. The results showed prominent
hydroxyl radical scavenging activity and inhibition of lipid peroxidation for both the
extracellular and intracellular polysaccharide extracts obtained from the cultured mycelium

of I. obliquus.
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Furthermore, a study was conducted by Xu and coworkers to investigate the
immunomodulatory activity of polysaccharides obtained from 1. obliqguus mycelium. The
polysaccharides extracted from the mycelium were observed to enhance the cell proliferation
and stimulate the secretion of cytokines by human peripheral blood mononuclear cells. The
study also suggested that the mycelium polysaccharides of 1. obliquus could replace the
polysaccharides of Chaga in the development of immunomodulator nutraceuticals (Xu et al.,

2014a).

Further, a research on anti-cancer effect with in vitro and in vivo assays was conducted by
Kim and co-workers on a-fucoglucomannan extracted from cultivated mycelia of 1. obliquus.
They reported in vivo inhibition of the tumor growth in BDF1 mice. Moreover, the results
indicated the activity in vivo was the result of immunostimulation rather than cytotoxic
activity. Intracellular polysaccharides obtained from cultivated mycelia of /. obliguus would

then have potential in clinical use for cancer prevention and treatment (Kim et al., 2006).

2.6. Extraction of polysaccharides

Fungal polysaccharides could be extracted from fruiting bodies, mycelial biomass or as
exopolysaccharides released directly in the cultivation liquid. In addition, mushroom spores
and sclerotium are also considered as good sources of polysaccharides (Ruthes ez al., 2015).
Cultivated mycelium and sterile conk of /. obliquus are the major sources of polysaccharides
considered in this research. The extraction of polysaccharides is mainly carried out with two

media, aqueous and aqueous diluted alkali.

2.6.1. Aqueous extraction

Aqueous extraction is the most commonly used method for the extraction of polysaccharides
from the fruit bodies, as most of the fungal polysaccharides show high solubility in hot water.
Further, the stability of polysaccharides in hot water minimizes degradation during the
process of extraction. Nonpolar compounds such as lipids, phenols, and terpenes present in
the fruit bodies are usually extracted beforehand using organic solvents such as ethanol,
acetone, or mixtures of CHCl3: MeOH, enhancing the purity of the polysaccharides

subsequently extracted (Giavasis, 2014; Shi, 2016).
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2.6.2. Alkaline extraction

Certain acidic polysaccharides and high molecular weight polysaccharides shows insolubility
in hot water while they are easily dissolved by dilute alkali solutions. For this reason,
solutions of 2%-15% (w/v) NaOH, KOH or Na>COs are often used at 80°C for the extraction
of the polysaccharides. The concentrations of the alkaline solutions and the extraction
temperatures differ based on the samples and solutions. (Chen ef al., 2015; Ruthes et al.,
2015; Shi, 2016). In general, water soluble polysaccharides are first extracted using hot water

and then the remaining polysaccharides are extracted using dilute alkali solution (Shi, 2016).
2.7. Purification of polysaccharides

In general, glucans form complexes with other polysaccharides and molecules resulting in
the interference of its chemical analysis and bioactivity. Therefore, following the extraction
of polysaccharides, several purification steps should follow to eliminate other substances
such as proteins, phenolic compounds, monosaccharides, and other molecules in order to
obtain pure polysaccharide fractions. In this study, purification methods such as ethanol

precipitation, sevag method, dialysis, freeze thawing and freeze-drying were applied.

2.7.1. Ethanol Precipitation

The most common step for the purification of polysaccharides is the precipitation with cold
ethanol. This step is based on the reduction of the dielectric constant of the solvent by the
addition of ethanol to the polysaccharide extracts, as the dielectric constant of ethanol is
lower than that of water. Thus, the addition of ethanol results in the aggregation and

precipitation of polysaccharides in the extract (Liu ef al., 2016).

2.7.2. Sevag method

Sevag method is a process used to remove the proteins from the crude extract by denaturation.
Chloroform: n-butanol mixture is generally used to denature the protein in the polysaccharide
extract. After the addition of solvent mixture, the sample is violently shaken. Once the
solution is allowed to stand, proteins form a jelly layer between the upper aqueous and lower

organic phase. The lower phase is discarded, and the protein layer is removed by
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centrifugation. For the efficient removal of proteins, it is usually repeated three times (Shi,

2016).

2.7.3. Dialysis

The crude extracts typically contain a wide range of impurities such as inorganic salts and
low molecular weight nonpolar compounds. Several purification methods are used to remove
these substances, and dialysis is one of the most common method used in the purification of

polysaccharides (Shi, 2016).

Dialysis is the technique where impurities and unwanted compounds in solution are removed
by selective and passive diffusion through a membrane with pores of defined dimensions.
Small particles diffuse into the dialysate, which is normally 200 to 500 times larger in volume
than the sample, while the particles that are larger than the membrane pores remain in the
sample solution. Moreover, changing the dialysate within regular time intervals allows more
substances to diffuse into the dialysate and this allows to minimize the concentration of

smaller particles within the sample solution (Shi, 2016).

In addition, the semi permeable membranes used as for dialysis are generally designed for
protein purification. Hence, there has been difficulty in distinguishing the correct molecular
weight cut off (MWCO) membrane for polysaccharide purification. Further, the
polysaccharides also differ from the elution of proteins, due to the different confirmations
attained by the polysaccharides in solutions along with their molecular weight, and this could
influence the purification process by dialysis (Ruthes et al., 2015). The MWCO of the
membrane should be chosen carefully for the polysaccharides and the dialysis process should
not prolong more than 36 hours as it might result in the dialysis bag getting moldy. The
process of dialysis is mostly done in closed systems and has been proved as an effective

method of purification with little or no loss of sample yield (Shi, 2016).

2.7.3. Freeze—thawing

Freeze-thawing is a simple method where the crude extract dissolved in a concentrated
aqueous solution is frozen and then slowly thawed at 4°C. The process separates water-

soluble and -insoluble glucans. The solubility of the polymers is based on the differences
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between the degrees of branching of polysaccharides. Molecules that have a linear structure
or fewer branches tend to precipitate, while those with a higher degree of branching remain

in the fraction soluble in cold water (Ruthes ef al., 2015).

2.8. Characterization of polysaccharides

The high diversity in composition, linkages, configuration, and molecular weight of
polysaccharides results in the requirement of diverse techniques to analyze the
polysaccharides (Hu et al., 2016; Wang et al., 2015). Further, it has also been observed from
previous studies, that the bioactivities of polysaccharides are affected by the composition,
linkages, configuration, and molecular weight (Zhang et al., 2011; Bae et al., 2013).
Polysaccharides are characterized through several techniques, the most commonly used
being gas chromatography, liquid chromatography, mass spectrometry, infrared

spectroscopy, and nuclear magnetic resonance (NMR) (Mulloy ef al., 2009).

2.8.1. FT-IR spectroscopy

Fourier-transform infrared spectroscopy (FT-IR) is a common technique used in the
structural analysis of carbohydrates. The spectra obtained from FT-IR provides information
such as physical and chemical properties of the compounds present in the sample. Further,
specific wavenumbers in the spectra highlights the presence of molecules bound to the
polysaccharides or fraction impurities, such as proteins (amide bands) or remainder phenolic
compounds (aromatic C=C bands) and lipids in the polysaccharide extract (Ruthes et al.,
2015). FT-IR spectra also provides the information on prevailing anomeric configuration and

glycosidic linkages in the sample.

Diverse fungal polysaccharides and their glucans have been analyzed with FT-IR
spectroscopy (Synytsya et al., 2009). The infrared spectrum of polysaccharides includes two
major spectral regions, namely the ‘sugar region’ between 1200-950 cm™ and the ‘anomeric
region’ between 950-750 cm™'. Sugar region mainly includes the glycosidic bonds and
pyranoid rings with highly overlapped bands of C-O and C-C stretching vibrations, while the
anomeric region includes the weaker bands of complex skeletal vibrations assigned to the

glycosidic linkages of polysaccharides. In addition, bands in the region of 2500-3700 cm’!
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are produced by the stretching of the O-H and N-H bonds, and the bands between 1540-1650
cm’! corresponds to the ‘protein region’ (Synytsya & Novak, 2014).

2.8.2. Gas chromatography

The carbohydrate composition of polysaccharides can be analyzed with different methods.
Some of these methods are thin layer chromatography (TLC), high performance liquid
chromatography (HPLC), and gas chromatography (Shi, 2016). In this study, gas
chromatography with flame ionization detector (GC-FID) was used to analyze the

monosaccharide composition.

Homo and heteropolysaccharides are made of anhydrosugar residues covalently bound by
glycosidic linkages. Hence, accurate analysis of the monosaccharide composition requires
depolymerization of polysaccharides. The most commonly used depolymerization methods
are acid hydrolysis, acid methanolysis, and enzymatic hydrolysis. Acid hydrolysis is mostly
used to depolymerize cell wall polysaccharides, while acid methanolysis efficiently
depolymerizes hemicelluloses, and enzymatic hydrolysis of polysaccharides are mostly used
on delignified wood samples (Willfor et al., 2009). The current study included the acid
hydrolysis of extracted polysaccharides prior to the GC analysis.

Further, carbohydrates should be derivatized in order to perform gas chromatography.
Commonly, silylation, fluoroacylation, or acetylation derivatizations are carried prior to
analysis. Among these methods, silylation is considered to be the simplest method based on
its rapid reaction mechanism, and it is applicable to all carbohydrate classes (Ruthes et al.,

2015).

Xu and coworkers analysed the monosaccharide composition of polysaccharides extracted
from Chaga and I. obliquus mycelium using GC-FID. They reported the presence of
monomers glucose, galactose, xylose, thamnose, arabinose, and mannose in the extracts.
Glucose was reported as the major monomer in intracellular polysaccharide extracts (Xu et

al., 2014).
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2.8.3. High performance size exclusion chromatography

High performance size exclusion chromatography (HPSEC) allows the determination of the
molecular weight of the polysaccharides (Ruthes ef al., 2015). The principle behind HPSEC
is the separation of molecules by size through a filtration gel. This gel contains spherical
beads with pores of specific size distribution. These pores separate the molecules by
including or excluding them depending on their sizes. Larger molecules are not entering the
pores, hence elute earlier, while smaller molecules enter into pores of multiple size, hence
elute later. Every SEC column is characterized by an elution limit, the upper limit of
molecular weight beyond which the molecules elute together at the same retention volume,
and a penetration limit, the limit below a certain pore size where the molecules penetrates

completely. (Giddings, 1967).

The molecular weight of a specific polysaccharide population can be determined by
calibrating the analytical system with a set of standard polymers, such as dextrans or
pullulans, of defined molecular weight. Doing so, it is possible to draw a relationship between
molecular weight and retention time (or elution volume) of the polymer. This relationship is
linear if log(M) is used for calibration. Further, HPSEC is coupled with refractive index
detectors (RID). RID measures the changes in refractive index of the mobile phase, which
are due to the elution of molecules. Moreover, the refractive index of a liquid depends on the
temperature and pressure. Hence, stable temperature must be maintained within the analytical

system (Cheong ef al., 2015).

HPSEC has been used to determine the molecular weight of Chaga polysaccharides in
previous studies. (Xu et al., 2014a; Wold et al., 2018). The results obtained from HPSEC
reported the molecular weight of Chaga polysaccharides to range between 60-96 kDa (Xu et
al.,2014a; Wold et al., 2018).
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3 AIM OF THE STUDY

The aim of the present study was to extract and purify polysaccharides from Inonotus
obliguus mycelium, which was cultivated with the supplementation of sea buckthorn press
cake. The polysaccharide extracts were characterized, and their physico-chemical and
chemical properties were analyzed. The characterization process included quantification of
the total sugar, protein and phenolic contents, structural analysis by FT-IR spectroscopy, and
monosaccharide composition and molecular weight analyses. The comparison of the results
provided an insight on the production of polysaccharides from the mycelium of 1. obliquus

cultivated in liquid medium.
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4 MATERIALS AND METHODS

4.1. Mycelium cultivation

1. obliguus mycelium was cultivated in triplicate in control and sea buckthorn containing
media. The control liquid cultivation medium contained (g/200 mL) maltose 3, glucose 3,
peptone 0.4, beef extract 0.26, MgSO4 0.3, KH2PO4 0.5, and vitamin B1 0.002. The press
cake medium contained the same components of control medium, in addition to different
concentrations of sea buckthorn press cake, namely 0.5, 1, 2, and 6 g/200 mL (dry
weight/volume of culture medium). Two different cultivation times, 200 h and 250 h, were
used to grow the mycelium. The culture was incubated in a rotatory shaker with a rotation

speed of 140 rpm at 27°C. Each cultivation was performed in triplicate.

A previous study on the monomer composition of the cultivated mycelia indicated no
significant difference in the monomer composition between mycelial samples cultivated in
control medium and control medium supplemented with press cake at dosage of 0.5 g/200
mL, nor between mycelia cultivated with sea buckthorn press cakes added at two different
dosage, 1 and 2 g/200 mL. Hence, the mycelia cultivated without sea buckthorn and with 0.5
g/200 mL sea buckthorn dosage were pooled together for polysaccharide analysis. The
mycelia obtained with 1 and 2 g/200 mL press cake dosages were pooled together, in order
to gain a sufficient amount of samples for extraction and further purification of
polysaccharides. The two mycelia pools were dried at 70°C and milled with a mortar prior to

polysaccharide extraction.

4.2. Extraction of polysaccharides

Figure 12 presents a detailed scheme consisting of series of extractions and purification steps
of polysaccharides from mycelia of 1. obliquus.

4.2.1. Ethanol extraction
Milled 1. obliquus mycelia were extracted three times using 95% ethanol with a solid: liquid
ratio of 1:5, at room temperature for 6 h in order to remove free sugars and phenols and to

deactivate endogenous enzymes. The obtained ethanolic mixture was filtered and the

supernatant was removed. The mycelial residue was subjected to aqueous extraction.
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Inonotus obliquus cultivated in supplemented medium (0, 0.5, 1 and 2g/200ml) with cultivation
times 200 h and 250 h

Samples pooled, dried at 70°C and
milled

v '

Mycelium (0+0.5) Mycelium (1+2)

95% EtOH extraction for 6h
(x3)

v b

Residue Supernatant

Hot water extraction 100°C for 6h (x3)

Residue Supernatant
KOH 2% extraction at 80°C (Hot water extract)
for 6h (x3)
Residue Supernatant

l Neutralization with acetic acid

Alkaline 2% extract

Precipitated with 95% ethanol at §'c overnight

| v

Precipitate Supernatant

Protein removal, dialysis and freeze drying

v v

Polysaccharide extracts Residue
(0+0.5) HW, (0+0.5) 2%
(1+2)HW, (1+2) 2%

Figure 12. Scheme of extraction and purification of polysaccharides from I obliquus
mycelium
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4.2.2. Aqueous extraction

Following the ethanol extraction, the solid residue was extracted with deionized water at a
solid: liquid ratio of 1:5 at 100°C for 6 h with reflux. Extraction was performed three times.
Then, the extracts were combined, filtered and centrifuged to remove water-insoluble
materials. The supernatant constituted the hot water extract, and the solid extraction residue

was further subjected to alkaline extraction.
4.2.3. Alkaline extraction

The combined residues obtained from aqueous extraction were subjected to alkaline
extraction, using KOH (2% w/v) at 80°C three times. The same separation procedure reported
for the hot water extract was followed, and the alkaline extract were obtained from the

supernatant. Following the extraction, the alkaline extracts were neutralized with acetic acid.

4.3. Purification
4.3.1. Ethanol precipitation

95% ethanol was slowly added to both hot water and alkaline extracts containing
polysaccharides of 1. obliquus, and the mixtures were set at 4°C overnight for precipitation.
The precipitates were collected after centrifugation at 6289xg 4°C for 20 mins. The

precipitates were further purified by Sevag method, dialysis, and freeze-thawing.

4.3.2. Sevag method

Sevag method (Shi, 2016) was carried out to remove proteins from the polysaccharide
extracts. A chloroform:n-butanol mixture 4:1 (v/v) was added to the aqueous polysaccharide
solution in the ratio of 3:1 (v/v) in a separatory funnel. This mixture was shaken, and the
lower phase was discarded. Further, the remaining upper phase and the layer of emulsion
formed between the upper and lower phases were centrifuged and the upper solvent phase
was collected while the jelly layer of denatures proteins was discarded. This was proceeded

three times for both hot water and alkaline polysaccharide extracts.
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4.3.3. Dialysis

Following the Sevag method, the solution was dialyzed (Song & Tang, 2016) in order to
remove the impurities such as salts and molecules of low molecular weights, less than 12,000
Da, in this case. First, the dialysis membrane (Spectra/Por®, molecular weight cut off 12,000
Da) was cut into tubes of suitable size (about 20 cm) and soaked in deionized water for 15
min. Then, the soaked membrane tubes were filled with hot water and alkaline extracts and

kept under magnetic stirring for 24 hours.

4.3.4. Freeze-thawing

The polysaccharide solutions obtained from dialysis were subjected to freezing and thawing
cycles at 4°C three times to separate soluble and insoluble polysaccharides (Ruthes et al.,
2014). Then, the frozen soluble polysaccharide extracts were freeze-dried using VirTis bulk
tray drier (SP scientific, NY, USA). The purified polysaccharide extracts were coded (0+0.5)
HW (hot water extract from mycelia cultivated with control medium and supplemented with
sea buckthorn press cake at dosage of 0.5 g/200 mL), (0+0.5) 2% (alkaline extract from
myecelia cultivated with control medium and supplemented with sea buckthorn press cake at
dosage of 0.5 g/200 mL), (1+2) HW (hot water extract from mycelia cultivated with
supplemented sea buckthorn press cake at dosage of 1 g/200 mL and 2 g/200 mL), and (1+2)
2 % (alkaline extract from mycelia cultivated with supplemented sea buckthorn press cake at

dosage of 1 /200 mL and 2 g/200 mL).

4.4. Characterization of polysaccharides
4.4.1. Total sugar content

The total sugar content of the polysaccharide fractions was determined by the phenol-sulfuric
acid method (Masuko et al., 2005) with modifications. Glucose was used as the standard
solution for the calculations. 400 pL of each of the extracts (0+0.5) HW, (0+0.5) 2%, (1+2)
HW, and (1+2) 2% were pipetted into test tubes, followed by the addition of 1200 pL
concentrated H2SO4 and vortexing for 30s. Following this, 240 pL of 5% phenol solution
was added to the mixture and vortexed for 10s. Then the samples were moved to incubation
in a water bath for 5 mins at 90°C. Following this, the samples were moved into an ice bath

for 2 mins and then left in room temperature for 5 mins to let the temperature stabilize. Then,
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250 uL of the samples were pipetted onto microplate wells and the absorbance was measured

at 490 nm using a Hidex microplate reader.

4.4.2. Total phenolic content

Modified Folin-Ciocalteu microplate assay (Magalhaes ef al., 2010) was used to determine
the content of phenolic compounds in the purified polysaccharide fractions (0+0.5) HW,
(0+0.5) 2%, (1+2) HW, and (1+2) 2%. According to the protocol, Folin-Ciocalteu reagent
was diluted with deionized water at a ratio of 1:5 (v/v). Then, 50 uL of sample fractions were
added to the microplate, followed by the addition of 50 uL diluted Folin-Ciocalteu reagent.
Following this, 100 pL of 0.35M NaOH were added to the solutions and the absorbance was
measured at 760 nm using a Hidex microplate reader. Total phenolic content was determined

based on a standard curve of gallic acid.

4.4.3. Total protein content

A modified Lowry method (Markwell ef al., 1978) was used to analyze the total protein
content of the purified hot water and alkaline extracts. Stock solution A was prepared by
adding 2% NaCO3, 0.4% NaOH, 0.16% sodium tartrate and 1% sodium dodecyl sulfate
(SDS), and 4% CuS04.5H>0 was used as reagent B. Further, Folin-Ciocalteu phenol reagent
was diluted 1:1 with deionized water. Reagent C was obtained by mixing reagent A and B in

the ratio of 100:1.

A sample volume of 1 mL containing 10 to 100 pg of protein was added to 3 mL of reagent
C, followed by the addition of 0.3 mL diluted Folin-Ciocalteu reagent. The mixture was
vortexed, and the absorbance at 660 nm was measured using a Hidex microplate reader. Total
protein content of the fractions was determined based on a standard curve of Bovine Serum

Albumin (BSA).

4.4.4. FT-IR spectroscopy

Infrared (IR) spectra of the purified polysaccharide extracts were determined using a FT-IR
spectrometer (Bruker Vertex 70). The instrument was equipped with a single bounce (angle

of incidence 45°) diamond attenuated total reflection accessory (VideoMVP, Harrick).
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Spectra were recorded directly on the freeze-dried polysaccharide extracts, scanning the

frequency range 5000-450 cm™! with a resolution of 2 cm™! (Beltrame et al., 2019).

4.4.5. Analysis of monomer composition of polysaccharides

GC-FID was used to determine the monomer composition of the purified polysaccharide
extracts (Huang ef al., 2012). First, the polysaccharide fractions were hydrolyzed by adding
2 M Trifluoroacetic acid (TFA) to the samples to reach a concentration of 1 mg/mL. These
mixtures were let to react at 100°C for six hours. Then, the samples were filtered using 0.45
pum regenerated cellulose (RC) filters. Following this, 0.5 mL of the filtered samples were
added with 0.1 mL internal standard (1 mg/mL myo-inositol) solution, and the mixtures were
dried in autosampler vials at 70°C with N, flow. These dried samples were kept overnight in

the vacuum desiccator before the silylation process.

Hydrolyzed samples were subjected to silylation by adding 500 puL of Tri-Sil (Thermo
Scientific, Bellefonte, PA, USA), and then vortexed for 7 mins. Then the samples were
incubated at 70°C for one hour and then the clear upper phase were pipetted into autosampler

vials with glass inserts.

The silylated samples were injected to GC- FID (Shimadzu GC-2010 Plus) with a SPB-1
column (30 mx0.25 mmx0.25 um, Suplelco, USA) for the analysis. GC analysis was
performed under the following conditions: split injection 1:15; injector temperature 210°C;
FID temperature 290°C. The temperature in the oven was programmed as follows: initial
temperature of 150°C was maintained for 2 min, then increased to 210°C with a rate of
4°C/min and then increased to 275°C, at a rate of 40°C/min and maintained for 5 min. Helium
was used as a carrier gas. The monomer compositions were identified by matching the GC
retention time with standard compounds and the relative amount of each monomer was
calculated based on proportion of compound peak area to the internal standard peak area of
inositol and the correction factors determined using standard compounds and internal
standards. Xylose, galactose, rhamnose, glucose, mannose, arabinose, fucose, and

galacturonic acid were used as standards.
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4.4.6. Molecular weight analysis

A Waters 2690 HPLC instrument equipped with a TSK-GMPW column (30 cm*7.5 mmi.d.)
was used in the HPSEC analysis to determine the molecular weights of the purified mycelial
polysaccharide extracts (Ruthes et al., 2013) with modifications. The analytical system was
coupled with a Waters 2487 UV detector and a Shimadzu 20A refractive index detector. The
samples were dissolved in the mobile phase (0.1 M NaNO3 0.02% NaN3) to a concentration
of 1 mg/mL and 50 pL of the solutions were injected in the HPSEC-RID system. The system
was calibrated with a pullulan standard kit (Pullulan Kit, Polymer Standards Service,
Germany) with molecular weights ranging from 342 Da to 7.08x10° Da. The flow rate was

0.5 mL/min, and the sample and column temperatures were 40°C.

4.5. Statistical analysis

Except molecular weight analysis and FT-IR spectroscopy, all the experiments were
performed in triplicate and the results were expressed as mean =+ standard deviation (SD).

The softwares IBM SPSS Statistics 25 and RStudio were used for the statistical analysis.

Normality of the data was tested by Kolmogorov-Smirnov and Shapiro-Wilk and the equality
of variance was tested with Levene’s test. The significant differences in variances were
assessed with the non-parametric Kruskal-Wallis test and one-way analysis of variance
(ANOVA). Multiple comparison between all the four extracted polysaccharides of 1.
obliguus was performed by Dunn test for Kruskal-Wallis (with Bonferroni correction) and

by Tukey test in ANOVA.
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5 RESULTS AND DISCUSSION

5.1. Extraction and purification of polysaccharides

Polysaccharide fractions (0+0.5) HW, (0+0.5) 2%, (1+2) HW, and (1+2) 2% (Figure 13)
were obtained after aqueous and alkaline extractions from 1. obliqguus mycelia which were
cultivated with different dosages of sea buckthorn press cake. The obtained hot water extracts
were yellowish brown in color while the alkaline extracts were dark brown in color. The
extraction yields (w/w %) (Table 1) of the four fractions were calculated based on the weight
obtained after purification process and freeze drying and were reported as 2.15%, 4.05%,

1.07%, and 0.95%, respectively.

(B) (€ (D)

Figure 13. I. obliquus mycelium polysaccharide extracts (0+0.5) HW (A), (0+0.5) 2% (B),
(1+2) HW (C), and (1+2) 2% (D).

The obtained yields of hot water extract were in agreement with the yields (w/w %) reported
by Chen and coworkers (2.12%) and Du and colleagues (2.2%) for Chaga hot water extract
(Chen et al., 2010a; Du et al., 2013). In addition, Hu and colleagues reported the yield for
aqueous Chaga polysaccharide extract as 9.83% (Hu et al., 2016) indicating the current study

to hold a lower yield value in comparison.
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Table 1. Aqueous and alkaline extraction yields of 1. obliquus mycelium

Sample Initial mycelium Weight of polysaccharide Yield
amount (g) extract after purification and
(%, w/w)
freeze drying (g)
(0+0.5) HW 18.02 0.39 2.15
(0+0.5) 2% 18.02 0.74 4.05
(1+2) HW 35.04 0.37 1.07
(1+2) 2% 35.04 0.33 0.95

5.2. Characterization of polysaccharides

Table 2. Total sugar, phenolic and protein contents of in the purified polysaccharide extracts

from mycelia of 1. obliquus, expressed as percentage of dry weight of mycelia. Values are

expressed as mean =+ standard deviation (n=3).

Fraction Total sugar content Total phenolic

(%, w/w)

content (%, w/w)

Total protein

content (%, w/w)

Mycelium (0+0.5)  80.02 +2.19°
HW

Mycelium (0+0.5)  76.04 + 1.38°
2%

Mycelium (1+2) 74.29 +£2.56*
HW

Mycelium (142) 2% 54.98 +2.17°

ND*

ND*

ND*

1.19£0.94

23.43 +1.70*

33.38 + 4.56°

22.78 £0.77*

34.42 +£0.93°

"Not detected. Means with different letters in the same column mark significant difference

(p<0.05)
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5.2.1. Total sugar content

The total sugar, phenolic and protein content of the mycelium polysaccharide extracts are
shown in Table 2. The sugar contents of mycelial polysaccharide extracts were significantly
higher than the sugar contents (55-80%) of Chaga polysaccharide extracts, which were 16.00
+0.12% and 19.42 + 2.70 % (w/w), for hot water and alkali extract respectively (results of a
previous experiment). These results were in agreement with previous comparisons between
mycelial and sterile conk polysaccharides (Xu et al., 2011; Xu et al., 2014a). The higher total
sugar content of polysaccharides obtained from the mycelium of /. obliquus in comparison
to the Chaga extracts suggests that submerged cultivation of 1. obliquus could be a good

alternative to produce polysaccharides.

The sugar contents of both hot water extracts were higher than those of the alkaline extracts
of their respective groups. This indicates that most of the polymers present in the mycelium
are extracted with hot water while only the remaining polymers are extracted through alkaline
extraction. In addition, both hot water and alkaline extract fractions of the (0+0.5) pool
showed higher sugar content than the corresponding polysaccharide extracts from the (1+2)
pool. The results suggest culture medium with lower sea buckthorn content to be more

efficient in producing mycelium polysaccharides.

Furthermore, the sugar contents (w/w %) of hot water extracts were higher than those
reported for the hot water extracts of 1. obliquus mycelium cultivated with a control medium
(51.67%) and after the supplementation of different lignocellulosic materials, such as rice
straw (total sugar content 48.29%), wheat straw (68.14%), or sugarcane bagasse (47.43%)
(Xu et al., 2014b). Another study on aqueous polysaccharide extract obtained from
submerged cultivation of 1. obliquus mycelium reports a sugar content (72.4%) in agreement
with the results of the current study (Xu e al., 2011). Moreover, the alkaline extracts obtained
from the cultivated mycelia in the current study had a sugar content higher than the reported

content of an alkaline extract of Chaga (41.9%) (Wold ef al., 2018).
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5.2.2. Total protein content

The content of remaining proteins in the extracts after the removal of free proteins by Sevag
method were analyzed by Lowry method. A study by Kim and colleagues has shown that the
biological activity of polysaccharide extracts is not affected by the proteins bound to the

polysaccharides in the extract (Kim ef al., 2005).

As shown in Table 2, all polysaccharide fractions showed a total protein content lower than
the total sugar content of the respective extracts. This is in agreement with previous studies,
where the total protein content was lower than the total sugar content of their respective

extracts (Xu et al., 2011; Xu et al., 2014b).

Results showed that the polysaccharide-protein complexes extracted with alkali contained
more proteins than the ones extracted with hot water. Further, the protein contents (w/w %)
of hot water extracts were higher than the ones reported by Xu and coworkers in two different
studies (8.65% and 12.9%) obtained from /. obliquus mycelium cultivated in submerged
culture without a supplementation (Xu et al., 2011; Xu et al., 2014a). In addition, our results
showed higher protein content than the one reported by Xu and coworkers for
polysaccharides obtained from 1. obliqguus mycelium cultivated with supplementation of
wheat straw (15.14%), rice straw (15.27%), and sugarcane bagasse (13.05%) (Xu et al.,
2014b).

5.2.3. Total phenolic content

As shown in Table 2, no phenolic compounds were detected in the purified polysaccharide
fractions (0+0.5) HW, (0+0.5) 2%, and (1+2) HW, while (1+2) 2% showed a phenolic
content of 1.19+ 0.94% w/w. Previous studies have stated the high total phenolic content of
sea buckthorn, reporting the phenolic content to be 55.38 mg GAE/g (Ercisli ef al., 2007),
45.78 mg GAE/g (Korekar et al., 2011), and 22.83 g ferulic acid equivalents /kg dry weight
(Li et al., 2009). The presence of phenolics in sea buckthorn could explain the presence of
phenolics in (1+2) 2% extract in the present study, as no phenolic content was detected in the
polysaccharides obtained with lower sea buckthorn supplementation. Further, the phenolic
contents of Chaga polysaccharide fractions extracted with hot water and alkali (unpublished

results of a separate study) were 8.09% and 17.42% w/w, respectively. These results
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indicated the presence of higher phenolic content in Chaga polysaccharides in comparison to
the 1. obliqguus mycelium. In addition, phenolic content of the intracellular polysaccharides
extracted in the current study was in agreement with findings of previous research on
extracted exopolysaccharides. Chen and coworkers reported the phenolic content of
exopolysaccharides extracted from submerged cultivation of I obliquus mycelium
supplemented with corn flour and corn straw to be 0.08% of the dried extract (w/w) (Chen et

al., 2010c).

Further, a research was conducted by Wold and coworkers on Chaga polysaccharides, and
they reported the alkaline extract with dark brown color to contain polyphenolic structure;
further, they speculated the reason to be the presence of melanin in the extract (Wold et al.,
2018). The current study revealed presence of phenolic compounds in alkaline extract of
(14+2), which was dark brown in color, and this could be due to the presence of melanins in

the extract, as mentioned by Wold and coworkers (Wold et al., 2018).
5.2.4. FT-IR spectroscopy

FT-IR spectroscopy was used for the structural analysis of the polysaccharides extracted from
the mycelium of 1. obliquus. The obtained spectra are shown in Figure 14. Different
absorption bands were assigned according to the literature (Synytsya ef al., 2009; Hu et al.,
2016). The highly overlapped intense IR bands of the fractions observed in the region of 930
1240 cm™! indicated the presences of polysaccharides as the major component with higher
intensity than other regions. In particular, the intense band at 1150 cm™! was assigned to the
C-0O-C stretching glycosidic bonds. The IR bands indicating the presence of polysaccharides
in (1+2) HW were less pronounced than those of (0+0.5) HW.

The weaker bands at 894 cm™! indicated the presence of B-glucans while the bands found at
856 cm™! indicated the presence of a-glucans (Liu et al., 2007). Among the two anomeric
signals, the band assigned to a-glucans showed much higher intensity in all the obtained
extracts. In particular, o-glucan signal assigned at 856 cm™! showed relatively same intensity
for (0+0.5) 2%, (1+2) HW, and (1+2) 2% extracts, while the a-glucan signal of (0+0.5) HW
spectrum showed higher intensity than the other three extracts. In addition, the B-glucan

signal assigned at 894 cm™! showed relatively same intensity between spectrum of the two
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alkaline extracts, while the -glucan signal of (0+0.5) HW spectrum showed higher intensity

and (1+2) HW showed lower intensity in comparison to the other fractions.

The signals near 1373 and 1080 cm™! could be assigned to B-glucans. Furthermore, other
bands ascribable to a-glucans were also found near 1367, 930 and 853 cm™! (Synytsya et al.,
2009). Higher intensity was observed for B-glucan signal assigned at 1373 cm™ than the
intensities of all the signals assigned to a-glucans in all four extracted polysaccharide
fractions. The strong IR bands at 1650 cm™! were attributed to the presence of amide I, while
the band at 1545 cm™ was assigned to amide II. The presence of amide I and amide II bands
were ascribed to the vibrations of proteins. The amide I and amide II bands of hot water
extracts were much less pronounced than the corresponding bands of their alkaline extracts.
The results were in agreement with the measured total protein content (Table 2), where the
alkaline extracts contained more proteins than the hot water extracts in both (0+0.5) and
(1+2) fractions. In addition, the IR bands at 1745 cm™! for (1+2) HW and (1+2) 2% were
attributed to the presence of carboxylic group belonging to uronic acids. These bands were

absent in the (0+0.5) HW and (0+0.5) 2% extracts.
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Figure 14. FT-IR spectra of polysaccharide extracts obtained from /. obliquus.



5.2.5. Monomer composition

The monomer composition of the polysaccharides extracted from 1. obliquus was outlined
and quantified using GC-FID. Representative chromatograms obtained for hot water and
alkaline extracts of fractions (0+0.5) and (1+2) are shown in Figure 15. Monomer
composition of all the extracted polysaccharide fractions is summarized in Table 3. All the
polysaccharide extracts were mainly composed of the monomer xylose, galactose, rhamnose,
glucose, mannose, arabinose, fucose, and galacturonic acid, in different relative molar

percentages.

Table 3. Monomer composition (mol % of total) of polysaccharides extracted from I

obliguus. Each value is expressed as mean =+ standard deviation (n=3).

Fraction Xyl Gal Rha Glc Man Ara Fuc  GalA

Mycelium 1.4+ 1290+ 0.17+  63.47+ 20.38 046+ 117+ 0.44+
(0+0.5) HW 0.02**  0.35®  0.00°  0.13*®  +0.22*  0.04*  0.07"° 0.02%

Mycelium 1.7+ 1580+ 022+ 5626+ 2392+  0.78+ 130+ 0.20+
(040.5)2% 0.03® 022*°  0.01® 035  0.17°  0.03® 0.03® 0.02°

Mycelium 0.8+  11.66+ 035+ 6501+ 17.85+ 123+ 1.03+ 1.99+
(1+2)HW  0.02*  0.14®  0.08*  0.12° 0.13 0.01°®  0.02° 0.08°

Mycelium 6.7+ 1090+  0.53+ 49.96+ 27.00+ 198+ 157+ .19+
(1+2) 2%  0.06"  0.24° 0.02>  0.26" 0.38° 0.04>  0.03* 0.06™

Different letters in the same column mark significant difference (p<0.05).

Glucose was the major monomer of all four polysaccharide fractions of 1. obliquus. A
decrease in relative percentage was observed in the alkaline extracts compared to the hot
water extracts in both the pools (0+0.5) and (1+2), suggesting that most of the glucans were
extracted initially by hot water and the remaining was extracted during alkaline extraction
process. Overall, (1+2) HW had the highest content of glucose while (1+2) 2% had the lowest

content of glucose. Mannose was present as the second major monomer in all the four
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fractions and, in contrast to glucose, its relative content was higher in the alkali fractions of

the relative mycelium pools.

The reported monomer compositions were in agreement with the previous studies on
polysaccharides of 1. obliquus mycelia, where glucose and mannose were found as the major
monosaccharides (Kim et al., 2005; Huang et al., 2012; Xu et al., 2014a; Xu et al., 2014b).
A previous study on [ obliquus mycelia cultivated with the supplementation of
lignocellulosic biomass reported the glucose content of extracted polysaccharides to be 71%,
72.1%, and 62.8% for mycelia grown in culture supplemented with wheat straw, rice straw,
and sugarcane bagasse, respectively (Xu et al., 2014b). The glucose content of all the
polysaccharide fractions in the current study was slightly lower than the glucose content of
the above-mentioned mycelia cultures supplemented with wheat straw and rice straw.
However, the hot water extracts of current study were higher than the glucose content of
polysaccharides obtained from mycelium cultivated with the supplementation of sugarcane
bagasse. Another study on polysaccharides extracted from /. obliquus mycelium cultivated
without supplements in the medium reported the glucose content to be 37.8% (Xu et al.,
2014a), indicating higher glucose content in all the extracted polysaccharides of current study
with the sea buckthorn supplementation in the culture medium than the glucose content of
polysaccharides extracted from /. obliquus mycelium cultivated without supplements in the
medium.The difference in the glucose content between the studies could be speculated to be
due to the different cultivation time, supplementations used in the culture, and extraction and

purification processes.

The mannose content of the all the polysaccharide extracts obtained from the
supplementation of sea buckthorn press cake in the mycelia culture (18-27%) was higher than
the reported content of polysaccharides obtained after supplementation of wheat straw (11%),
rice straw (13.2%), and sugarcane bagasse (18%) in the mycelia culture medium (Xu et al.,
2014b). The content of rhamnose was the lowest among the monosaccharides in all the
fractions. This was in agreement with previous studies (Xu et al., 2014b). Further, a
noticeable increase was observed in the content of xylose of the (1+2) 2% fraction, compared
to the other fractions. Arabinose showed an increase in relative content from hot water to

alkali fractions and from 0+0.5 to 1+2 mycelia pool. It could be speculated that the presence
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of sea buckthorn in the culture medium affected the monomer composition of the
polysaccharides, with monomers present in sea buckthorn being absorbed by the mycelia. Xu
and coworkers as well reported that monomer composition of the 1. obliguus mycelia was
affected by the presence of the lignocellulose supplements in the culture medium (Xu et al.,
2014b). Overall, the relative content all the monomers except glucose increased from
aqueous extract to alkaline extract. Similar results were reported by Wold and colleagues for

the aqueous and alkaline polysaccharide extracts obtained from Chaga (Wold et al., 2018).

In addition, galacturonic acid was found in smaller amounts in the extracts containing lower
sea buckthorn supplementation in the medium (0+0.5), while it was relatively higher in the
polysaccharides obtained from (1+2) mycelial pool. This suggests that galacturonic acid
present in the polysaccharides extracted from the (1+2) pool is due to the pectin released in

the medium by the press cake.
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Figure 15. GC-FID chromatograms of polysaccharide extracts obtained from /. obliquus.
Peaks were identified as (1) Arabinose, (2) Xylose, (3) Fucose, (4) Mannose, (5) Galactose,
(6) Glucose, (7) Galacturonic acid, and (8) Rhamnose
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5.2.6. Molecular weight analysis

Molecular weights of the extracted polysaccharides were determined by HPSEC coupled
with RID detector. The obtained chromatograms are shown in Figure 16. Both (0+0.5)
fractions showed two major peaks, while three polymer populations were observed in the
(1+2) fractions. Molecular weights of the extracted fractions were determined according to

the calibration curve obtained from pullulan standard kit. Values are reported in Table 4.

The larger polymer populations were observed to be 6.80 x 10°, 2.80 x 10, 6.51 x 10*, and
1.54 x 10* Da for fractions (0+0.5) HW, (0+0.5) 2%, (1+2) HW, and (1+2) 2% respectively.
Previous research has reported the molecular weight of hot water polysaccharides obtained
from 1. obliguus mycelium to be 1x10° Da and 1.2x10° Da, respectively (Kim et al., 2006;
Xu et al., 2014a). On the other hand, three different studies on hot water extract of Chaga
have reported the molecular weight of the polysaccharides to be 1.5x10° Da, 4.9x10* Da, and
3.25x10* Da, respectively (Huang et al., 2012; Chen et al., 2015; Yang et al., 2016). The
current study on hot water extracts of 1. obliquus mycelia revealed (0+0.5) HW to contain
larger molecular weight in main population while, (1+2) HW showed a smaller molecular
weight in the main population than the above-mentioned literature on hot water extracts of 1.

obliquus mycelium.

Kim and coworkers studied the polysaccharide extracts obtained from submerged culture of
1. obliguus mycelium in absence of supplement and reported the glucose content to be
decreasing with the increase in the molecular weight of 1. obliquus mycelial polysaccharides
in the extract. The glucose content dropped from 98.12% to 60.08% when the molecular
weight of the polysaccharides increased from <10 kDa to >50 kDa (Kim ef al., 2005).

The molecular weight of alkaline polysaccharide extracts obtained from Chaga were reported
as 6.1x10* Da and 2x10° Da, in two different studies (Niu et al., 2016; Wold et al., 2018).
The current study reported lower molecular weights for the main populations of alkaline

extracts than that was reported for Chaga alkaline extracts.

Kim and coworkers studied the immunostimulating activity of I. obliquus mycelial
polysaccharides and reported the extracts containing the higher molecular weight (> 5x10*

Da) to show higher immune stimulating activity than the other extracts (Kim ef al., 2005). In
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addition, Xu and coworkers reported the polysaccharide extracts of 1. obliquus mycelia with

higher molecular weight in the range of 5x10° to 2 x10° Da to have a higher effect in the

stimulation of cytokine production (Xu ef al., 2014a). Based on the previous studies, it could

be speculated that the aqueous extracts of (0+0.5) and (1+2) pools which contains higher

molecular weight in the main population could possess higher immune stimulating activity

than the alkaline extracts.

Further, the obtained results indicated a reduction in the molecular weight of the main

populations of respective hot water and alkaline extracts with the increase in the sea

buckthorn amount used as the supplement in the culture medium. Hence, it could be

speculated that the use of sea buckthorn in the medium has a negative influence on the

biological activity of extracted polysaccharides.

Table 4. Molecular weight of polysaccharides extracted from /. obliquus

Fraction Mw (Da) Area %
Mycelium (0+0.5) HW 6.80 x 10° 75.00
1.60 x 10* 25.00
Mycelium (0+0.5) 2% 4.10 x 10 26.00
2.80 x 10* 74.00
Myecelium (1+2) HW 2.00 x 10° 18.55
6.51 x 10* 79.48
6.70 x 10° 1.97
Mycelium (1+2) 2% 1.40 x 10° 8.62
2.02 x 10° 21.40
1.54 x 10* 69.98
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Figure 16. HPSEC chromatograms of polysaccharide extracts obtained from /. obliquus.
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6 CONCLUSIONS

Production of Chaga and extraction of polysaccharides from naturally grown sclerotia is
hampered by the slow growth of Chaga in the nature. Submerged cultivation presents an
alternative method for the production of polysaccharides from cultured 7. obliquus mycelium.
In the present study, polysaccharides were extracted from the mycelium of 1. obliquus,
cultivated with supplementation of sea buckthorn press cake, using hot water and alkaline
solution. After purification, the physio-chemical and chemical properties of the extracted

fractions were determined by chemical methods, GC-FID, HPSEC and FT-IR spectroscopy.

Our results showed that the total sugar contents of the polysaccharide extracts from 1.
obliquus mycelia were higher than that of Chaga polysaccharide extracts. This suggests the
cultivated mycelium of I obliquus could be a good alternative for the production of
polysaccharides. In addition, presence of proteins in the extracts was revealed through FT-
IR spectroscopy and Lowry method. Results obtained from Lowry method reported the
presence of proteins after the protein removal with Sevag method, and this indicates the
protein to be covalently bound to the polysaccharides in the extracts. Further, the total
phenolics were observed to be absent in the extracts of (0+0.5) fraction while present in the
extracts of (1+2) fraction. It could then be speculated that higher amounts of sea buckthorn

in the culture medium are responsible for the presence of phenolics in the (1+2) fractions.

The study on the monomer composition of the extracted polysaccharides indicated the
presence of glucose as the major monomer in all the extracted fractions. The result was in
agreement with the previous research, which has shown that glucose is the major monomer
of both Chaga polysaccharides and /. obliquus mycelium polysaccharides. Substantial
amounts of galactose and mannose were also found in the extracts along with smaller
amounts of monomers such as xylose, arabinose, rhamnose and fucose. Galacturonic acid
was found in small quantity in the extracts. Its presence in the polysaccharide extracts was
connected to the pectin contained in the supplemented sea buckthorn. In addition, IR bands
obtained from the FT-IR spectroscopy confirmed the presence of proteins, uronic acids and
a- and B-glucans in the obtained extracts. Further, a-glucans were observed to be more

abundant than B-glucans in all the polysaccharide extracts.
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Further, the molecular weights of the main polymer populations were determined to be
6.80x10° Da, 1.17x10° Da, 6.51x10* Da and 1.51x10* Da for water and alkaline extracts of
(0+0.5) and (1+2) fractions respectively. In addition, a reduction in the molecular weight of
the main populations was observed in the respective hot water and alkaline extracts with the
increase in the amount of sea buckthorn supplemented in the culture medium. The results
obtained from monomer composition and molecular weight analysis suggests the
macromolecular properties of mycelia polysaccharides to be affected by the presence of sea

buckthorn in the medium.

Higher immunostimulating activity and stimulation of cytokine production have been
reported by the polysaccharide extracts with higher molecular weight in previous studies.
Hence, the current study could suggest the extracts of (1+2) pool with higher molecular
weight to have a higher bioactivity. Further, the increase in the sea buckthorn
supplementation could influence the bioactivity of the extracts by increasing the molecular

weight of the polysaccharide extracts.

The current findings show a favorable production of polysaccharides through 7. obliquus
mycelia with a supplementation of sea buckthorn press cake in the medium. Hence, the
current study indicates a potential application of polysaccharide production, that could be
used in the mycelium nutraceuticals. Further studies would be required to verify the influence
of extraction medium and use of supplement on the biological activities of extracted

polysaccharides.
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Table 6. One-way ANOVA paired with Tukey test for protein content

Multiple Comparisons

Dependent Variable: Protein

Tukey HSD

Mean

Difference (I-

95% Confidence Interval

(I) Samples |(J) Samples |J) Std. Error Sig. Lower Bound|Upper Bound
(0+0.5)_H |(0+0.5)_AL |- 2,153043511 ,007 - -
W K 10,09157706 390010 16,98638026 3,196773855
0931908" 6065463 798352
(1+2)_HW [1,718421052 2,153043511 |,853 - 8,613224257
631577 390010 5,176382152 (765133
501979
(1+2)_ALK - 2,153043511 [006 |- -
10,19814814 390010 17,09295135 [3,303344943
8148146 3281702 014590
(0+0.5)_AL [(0+0.5)_H [10,09157706 2,153043511 [,007 3,196773855 [16,98638026
K \\% 0931908" 390010 798352 6065463
(1+2)_HW [11,80999811 2,153043511 |,003 4.915194908 |18,70480131
3563484" 390010 429928 8697040
(1+2)_ALK | 2,153043511 {1,000 - 6,788232117
,1065710872 390010 7,001374292 917318
16238 349794
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(1+2)_HW |(0+0.5)_H | 2,153043511 |,853 - 5,176382152
\\% 1,718421052 390010 8,613224257 501979
631577 765133
(0+0.5)_AL | 2,153043511 |,003 - -
K 11,80999811 (390010 18,70480131 4,915194908
3563484" 8697040 429928
(1+2)_ALK | 2,153043511 |,002 - -
11,91656920 390010 18,81137240 [5,021765995
0779723" 5913280 646167
(1+2)_ALK [(0+0.5)_H |10,19814814 2,153043511 |,006 3,303344943 (17,09295135
\\% 8148146 390010 014590 3281702
(0+0.5)_AL [,1065710872 2,153043511 (1,000 - 7,001374292
K 16238 390010 6,788232117 349794
917318
(1+2)_HW [11,91656920 2,153043511 |,002 5,021765995 [18,81137240
0779723" 390010 646167 5913280
*. The mean difference is significant at the 0.05 level.
Protein
Tukey HSD?
Subset for alpha = 0.05
Samples N 1 2
(1+2)_HW 3| 22,49824561
4035090
(0+0.5)_H 3| 24,21666666
\\Y 6666665
(0+0.5)_AL 3 34,30824372
K 7598570
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(1+2)_ALK 3 34,41481481
4814810
Sig. ,853 1,000
Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3,000.

Table 7. P-value obtained from Kruskal Wallis test for the monomers of mycelium extracts

Monosaccharide P value (Extract) P value (Fraction)
Xylose 0.004 1.000
Galactose 1.000 0.004
Rhamnose 0.149 0.004
Glucose 0.004 1.000
Mannose 0.004 1.000
Arabinose 0.149 0.004
Fucose 0.004 1.000

Table 8. Multiple comparison results (adjusted p-value) of mycelium extracts obtained from

Dunn Kruskal Wallis

Multiple Xyl Gal Rha Gle Man Ara Fuc

comparison

(0+0.5) (0+0.5) 1.000 | 1.000 | 1.000 |1.000 |1.000 | 1.000 | 1.000
2% HW
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(1+2) 2% | 1.000 | 0.013 |0.249 | 1.000 |1.000 |0.249 | 1.000
(1+2) 0.249 10.249 | 1.000 |0.249 |0.249 | 1.000 |0.249
HW

(0+0.5) (1+2)2% | 0.249 |0.249 |0.013 |0.249 |0.249 |0.013 |0.249

HW
(1+2) 1.000 |1.000 |0.249 |1.000 |1.000 |0.249 | 1.000
HW

(1+2) 2% | (1+2) 0.013 |1.000 |1.000 |0.013 |0.013 |1.000 |0.013
HW

Table 9. One-way ANOVA paired with Tukey test for sugar content

Multiple Comparisons

Dependent Variable: Sugar

Tukey HSD
Mean 95% Confidence Interval
(D J) Difference Lower Upper
Fraction |Fraction |(I-]) Std. Error | Sig. Bound Bound
(0+0.5) (0+0.5) 13,9609035 |9,70197826 |,512 - 45,0300530
HW 2% 44648488 2684241 17,1082459 |84736030
95439056
(1+2) HW [8,33507345 (9,70197826 |,825 - 39,4042229
7082729 2684241 22,7340760 |97170270
83004815
(1+2) 2% [27,6436278 [9,70197826 |,082 - 58,7127773
33151662 2684241 3,42552170 |73239206
6935882
(0+0.5) (0+0.5) - 9,70197826 |,512 - 17,1082459
2% HW 13,9609035 |2684241 45,0300530 |95439056
44648488 84736030
(1+2) HW |- 9,70197826 |,935 - 25,4433194
5,62583008 (2684241 36,6949796 |52521784
7565760 27653304
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(142) 2% |13,6827242 [9,70197826 |,527 |- 44,7518738
88503174  |2684241 17,3864252 | 28590720
51584370
(1+2) HW [(0+0.5) |- 9,70197826 |,825 |- 22,7340760
HW 8,33507345 |2684241 39,4042229 |83004815
7082729 97170270
(0+0.5)  |5,62583008 [9,70197826 |,935 |- 36,6949796
2% 7565760  |2684241 25,4433194 |27653304
52521784
(142) 2% |19,3085543 [9,70197826 |,267 |- 50,3777039
76068933 2684241 11,7605951 | 16156480
64018610
(142) 2% |(0+0.5) |- 9,70197826 [,082 |- 3,42552170
HW 27,6436278 | 2684241 58,7127773 |6935882
33151662 73239206
0+0.5) |- 9,70197826 |,527 |- 17,3864252
2% 13,6827242 | 2684241 44,7518738 | 51584370
88503174 28590720
(1+2) HW |- 9,70197826 |,267 |- 11,7605951
19,3085543 | 2684241 50,3777039 |64018610
76068933 16156480

Table 10. Univariate analysis paired with Bonferroni for Galacturonic acid content of the

extracts

Multiple Comparisons

Dependent Variable: GalA

000000

849019

Bonferroni
Mean 95% Confidence Interval
(D J) Difference (I-
Variable | Variable )] Std. Error Sig. | Lower Bound | Upper Bound
0_0.5_HW |0_0.5_AL | ,2359082080 | ,0426105020 ,003 | ,0876714191 | ,3841449968
K 00000 48076 50981 49019
1_2_ HW -1 ,0426105020 ,000 - -
1,544618223 48076 1,692855011| 1,396381434

150981
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1_2 ALK -1 ,0426105020 ,000 - -

, 7532652230 48076 9015020118 | ,6050284341

00000 49019 50981

0_0.5_AL |0_0.5_HW -1 ,0426105020 ,003 - -
K ,2359082080 48076 ,3841449968 | ,0876714191
00000 49019 50981

1.2 HW -1 ,0426105020 ,000 - -
1,780526431 48076 1,928763219| 1,632289642

000000 849019 150981

1.2 ALK -1 ,0426105020 ,000 - -
,9891734310 48076 1,137410219| ,8409366421

00000 849019 50981

1.2 HW |0_0.5_HW | 1,544618223| ,0426105020 ,000| 1,396381434| 1,692855011
000000° 48076 150981 849019

0_0.5_AL | 1,780526431| ,0426105020 ,000| 1,632289642| 1,928763219

K 000000 48076 150981 849019

1_2_ALK | ,7913530000| ,0426105020 ,000( ,6431162111| ,9395897888

00000" 48076 50981 49019

1_2_ ALK |0_0.5_HW | ,7532652230| ,0426105020 ,000( ,6050284341| ,9015020118
00000 48076 50981 49019

0_0.5_AL | ,9891734310| ,0426105020 ,000| ,8409366421| 1,137410219

K 00000" 48076 50981 849019

1.2 HW -1 ,0426105020 ,000 - -
,7913530000 48076 9395897888 | ,6431162111

00000" 49019 50981

Based on observed means.

The error term is Mean Square(Error) = ,003.

*. The mean difference is significant at the 0,05 level.
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