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Abstract

B-glucans are carbohydrate polymers in which several D-glucose monomers are linked by B-
glycosidic bonds. B-glucans show different molecular structures with tremendous medical
activities including anti-cancer, anti inflammatory, and immune-modulating properties. An
increasing interest has been shown by the researchers to produce B-glucans from
lignocellulosic biomass as an abundant source for production of value —added products and
chemicals. The utilization of lignocellulosic biomass for B-glucan production makes the
production processes economically viable and environmentally friendly. This article aims to
overview the utilization of lignocellulosic biomass for the synthesis of -glucan.
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1. Introduction

Glucans (C6H1205)n are known as a type of polysaccharides of D-glucose monomers which
are linked through glycosidic bonds. Glucans are categorized as a-glucans and B-glucans in
accordance with the chemically glycosidic bounds including «o- glycosidic and B-glycosidic
linkage, respectively. Furthermore, some types of glucans are composed of mixed aand 3

glycosidic bonds [1, 2].

B-Glucans are composed of D-glucose monomers which are linked through B-glycosidic
bonds [3].

CH,OH 1 CH,OH \ CH,OH

(o) o} o

OH
~[. e
\O ) O'\
OH | |
OH OH OH
OH \ OH OH

Figure 1. Structure of B-glucan [4]



Various types of B-glucan may be found based on the glycosidic linkage position. The
molecular studies of B-glucans have revealed that glucose unites can be linked by B-(1—3),
B-(1—4) and B-(1—6) bond in the polymeric structure of the B-glucans [5].
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Figure 2. Molecular structure of: (A) (1—3)-B ghlucan, (B) (1—4)-p glucan and (C)
(1—6)-p glucan [6, 7]



In this regard, the mixed B-glucosidic linkage can be detected in the B-glucans including p-
(1—3), B-(1—4) linkage and B-(1—3), p-(1—6) linkage [7-10].
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Figure 3. Molecular structure of (1—3), (1—4)-p glucan (A) and (1—3)-B, (1—6)-p
glucan (B) [6, 7].

B-glucans have been derived from different biological sources. B-Glucan is found in the cell
wall of many organisms including microbes, agricultural grains and seaweed which have
been used for extraction of B-glucan [11-13]. Main agricultural grains used for B-glucan
extraction are oat, barley, maize , rice , wheat and rye [12, 14]. On the other hand, B-Glucan
has been obtained from various microbial sources such as fungi, algae and bacteria [15].
Among the microbial p-Glucan producers, bacteria and fungi (including filamentous fungi,
mushroom and yeast) have received more interest for utilization in -glucan extraction [16].

Table 1 present different B-glucan producing microorganisms.



Table 1. Various microorganisms used for production of B-glucan

Microorganism

Botryosphaeria rhodina

Agaricus brazei MURRILL

Pleurotaceae citrinopileatus

Aureobasidium pullulans

Paenibacillus polymyxa JB115

Bacillus sp. SNC 107

Alcaligenes faecalis

Agrobacterium sp. ATCC 31750

Lasiodiplodia theobromae
Botryosphaeria rhodina
Candida utilis
Panebacillus polymyxa
Bradyrhizobium japonicum
Pleurotus eryngii
Saccharomyces cerevisiae
Botryosphaeria sp.
Botryosphaeria rhodina
Euglena gracilis
Sparassis crispa
Aspergillus flavus
Paecilomyces variotii
Pleurotus ostreatus
Eisenia bicyclis laminarin
Claviceps purpurea
Sclerotinia sclerotiorum
Poria cocos
Vitis vinifera

Larix laricina

Type of B-glucan

(1-3), (1—6)-B glucan

(1—6)-B glucan
(1—3)-B glucan
(1-3), (1—6)-B glucan
(1-3), (1—6)-B glucan
(1—3)-B-glucan
(1—3)-B-glucan
(1-3)-B-glucan
(1—6)-B glucan
( 1-3),(1—6)-B glucan
(1-3),(1—6)-B glucan
(1-3),(1—6)-B glucan
(1-3),(1—6)-B glucan
(1-3)-B glucan
(1-3),(1—6)-B glucan
(1-3),(1—6)-B glucan
(1-3),(1—6)-B glucan
(1—3)-B glucan
(1-3),(1—6)-B glucan
(1—3)-B glucan
(1—6)-B glucan
(1-3),(1—4)-B glucan
(1-3),(1—4)-B glucan
(1-3),(1—4)-B glucan
(1—3),(1—4)-B glucan
(1—-3)-B glucan
(1—3)-B glucan
(1-3)-B glucan
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The physicochemical properties of B-glucans vary depending on their structural features, i.e.,
their linkage type, degree of branching, degree of polymerization,conformation (triple helix,

single helix, or random coil), and molecular weig [11].

B-glucans have found different applications. In this view, B-glucans have notable applications
in medicine. B-glucan is known as biological response modifiers (BRMs). In this context, p-
glucan acts through pattern recognition receptors (PRRs) which are on the surface of
pathogenic microorganisms and release different kinds of immune responses. Subsequently,
cell-mediated immunity is activated and increases phagocytosis activity. On the other hand,
inflammatory responses trigger anti cancer agents and anti microbial substances [12, 22, 25].
Furthermore, B-glucans prevent the absorption of lipids or the reabsorption of bile acids and

their metabolites which lead to reduction of cholesterol level [27].

The further studies have revealed that the supplementation of fish, shrimp and animal
feed by B-glucans results in the improvement of natural immunity which increases its
application in aquaculture and livestock [19]. In addition to medical and pharmaceutical
products, B-glucan is applied in food industry as fat replacers, oil-binder, dietary fibers,
emulsifiers, food thickener with gelling property [13, 33]. B-glucan has also found a specific
application in wound healing and cosmetic [1, 9, 24].

B-glucans derived from different sources have different molecular weights with varied
biological activities [14]. Although yeast , fungi and agricultural crops have mostly been used
for extraction of B-glucan, the production of B-glucan cannot currently meet the wide
demand owing to its high costs of production [12]. The major costs used for B-glucan

production are the supply of raw materials.

Lignocellulolsic substances are the most plentiful biomass formed during photosynthesis and
constitute more than 60% of plant biomass. The yearly lignocellulose production has been
approximated to be 1 x 10*® MT around world [34, 35]. Lignocellulose is composed of
lignin, cellulose and hemicellulose and is the most important structural constituent of woody
and non-woody plants on the earth. Lignocellulosic biomass may be derived from the forestry
and agricultural sectors, paper and pulp industries, timber industries and varied agro-

industrial sectors [36, 37]. In this context, a huge quantity of lignocellulosic substances is



considered as waste and is generally burned to be disposed [37]. Cellulose fraction of
lignocellulosic biomass is the most frequently skeletal composition, constituting about 50%
of the cell wall structure of plants. Cellulose is a linear polymer containing D-glucose

subunits linked by B-1,4 glycosidic bonds which constitute the dimeric cellobiose.

In addition to hemicellulose and lignin, cellulose is recognized as the main fraction of
agricultural residues and municipal waste [38]. Cellulose is regarded as one of the most basic
sources of carbon on the planet so that its annual production by both plants and marine algae
is accounted for 0.85x10"! tonnes [39].

Considering the huge amount of yearly generation of cellulosic waste, the
lignocellulosic biomass is considered as the highly available low-cost carbon source for
utilization in the synthesis of glucose —based biopolymers. In this view, B-glucan production
from lignocellulose could be economically viable and environmentally friendly where the
industrial scale of production is targeted. However, the use of lignocelluloses as the
feedstock for biochemical process of B-glucan production has been neglected in previous
research studies. There is scarce information available regarding the biological conversion of
lignocellulose to B-glucan based biopolymers. Hence, it is imperative to study the
potential uses of lignocellulosic feedstocks for laboratory production of B-glucan with
development of biological processes in commercial scale. Although production of B-glucan
has been extensively taken into account by many researchers, there is a scientific lack of
information regarding the potential application of lignocellulose as a renewable carbon
source for synthesis of B-glucan. To the best of authors’ knowledge , no work has been
published to discuss the possible utilization of lignocelluloses in the production of B-glucans

by microorganisms.

In this review article, an overview of the current B-glucan —derived sources is presented with
processes used for B-glucan production. Finally, the feasibility of b-glucan production from

lignocellulosic substances is discussed.



2. pglucan production sources
2.1. Agricultural crops

Cereal grains are considered one of the main sources of the B-glucan production. A number
of cereal grains have been utilized to extract p-glucan. Production of B-glucan from cereal
grains has difficult procedures so that it increases the B-glucan production costs. For
extraction of B-glucan firstly, B-glucan is solubilized in hot water and in alkaline solutions.
Next step is the separation of the dissolved proteins by isoelectric precipitation, and
precipitation of the B-glucan by ammonium sulfate, 2-propanol, or ethanol [14]. Among
cereals, barley and oat are rich sources for this type of dietary fiber where the major part of
this dietary fiber resides within the endosperm, and the other may be concentrated within the

aleurone layer.

Barley represents a known B-glucan production which on average contains about 5%
beta-glucan. The B-glucan content of barley is composed of B(1—3), B (1—4) glucan as
structural polysaccharides [6, 38]. Barley B-glucan has a high molecular weight (<1000 kDa)
which causes a high viscosity in food products [8].

Barely can grow on the land during winter in areas with the mild winter, which can be
used as a winter cover crop for protecting soil. Barley captures nitrogen (N) of the soil with
improving sodium (Na) and potassium (K) cycling. On the other hand, barley grains have a
low amount of starch with a high content of fibers which provides a potential source of -
glucan [38 , 39]. Most of the barley harvested is used for livestock feed, while a low amount

of barley is consumed in human food [40].

Different methods have been used for the extraction and recovery of B-glucan from
barley. In a study, the techniques of accelerated solvent extraction (ASE), ultrasound-assisted
extraction (UAE), microwave-assisted extraction (MAE), and reflux extraction were utilized
for the extraction of B-glucan from bran of hull-less barley. It was found that ASE gave a
large extent in a short time, compared to other methods used [41]. Liu et al. (2009) used dry
fractionation methods for enhancement of B-glucan in dehulled and hulless barleys. They
found that combination of pearling method with milling and sieving was effective to obtain
maximum shifting B-glucan content [40]. The ratio of the B(1—4) to B(1—3) linkage in
barley bran p-D-glucan and in lichenan is appropriately 3:1 and 2:1[6].



Oat is a potential alternative cereal grain B-glucan. The major soluble component of oat fiber
is composed of B-glucan. Oat contains a quite high quantity of B-glucan so that its B-glucan
content accounts for between 25 and 66 g/kg. Molecular structure of B-glucan is composed
of B(1—3), B (1—4) glucan. The structure and characteristics of oat B-glucan differ between
species and cultivars of oats, and are also influenced by the conditions adopted for growing,
keeping and processing of oat grain. On the other hand, the amount of B-glucan of oat is
affected by the environmental factors and in a higher extent of genetics [8, 42, 43]. For
extraction of oat B-glucan, Morgan (2006) studied the process of B-glucan production from
oat grains. The process entails different sequential steps including the preparation of flour
from oat grins and subsequent mixing of flour with water to obtain a slurry of an aqueous
solution of B-glucan and a solid residue. It is followed by the separation process of aqueous
solution from the solid residues using evaporation of slurry or ultrafiltration method or
combined both methods to produce B-glucan as gel or solid [44]. Beer et al (1996) used oat
bran for production of B-glucan. In this method, oat bran was mixed with aqueous sodium
carbonate at pH 10 and a temperature of 40°C. The oats gums rich in B-glucan were then

separated and collected by dialysis, ultrafiltration or alcoholic precipitation methods [45].

Skendi et al. (2003) extracted B-glucan form milled seeds of oat obtained from Greek
varieties in which purification was performed by adjusting pH of B-glucan aqueous to the
value of 4.5 [46]. Wheat is of a lower importance source for production of B-glucan. Wheat
contains b-glucan content ranging from 2 and 12 g kg* dry base. Other grain cereals which

are composed of B-glucan include rice, millet, and maize, however, in lower levels [47, 48 ].

2. 2. Microorganisms

B-glucan is one the main molecules in the cell wall of microorganisms. In this regard,
different kinds of PB-glucan are produced in microorganisms which are used as either
saccharides for providing cell energy or for strength of cell wall structure. On the other hand,

some microorganisms secrete [3-glucan molecules into extracellular medium [12, 13, 16].



2.2.1 Fungal B-glucan

Fungal cells are embedded in a polysaccharide complex, including mainly B-glucans and
chitin, which provide the strenghtening and rigidifying framework for the cell wall. Hence,
B-glucans confer the structural integrity of the fungal cell wall [4, 49]. Fungi — originated B-
Glucans are mainly composed of D-glucose units with (1—3) glucosid linkage. However,
mixed linkages (1—3;1—6) are basically found in the cell wall of fungi. On the other hand,
some B-Glucans are also secreted exocellularly [22]. In this regard, lasiodiplodan,
scleroglucan and botryospheran are known as B-glucans which are produced by fungal cells
and secreted extracellularly [16 , 50 ]. Lasiodiplodan is a (1—6)-B-glucan that is produced by
the fungus Lasiodiplodia sp. from glucose in a microbial culture medium [22]. Scleroglucan
represents an extracellular polysaccharide  which is produced by the filamentous
fungus Sclerotium sp. Scleroglucan is composed of (1—3), (1—6)-B-glucan [51, 52].
Botryosphaeran is designated as an extracelluklare B-glucan produced by ascomyceteous

fungus Botryosphaeria sp containing (1—3), (1—6)-B-D-glycosidic linkage [53].

It has been found that mushrooms can contain a high amount of B-glucans ranging from 30 to
40% of their weight (w/w) with a (1—3), (1—6)-B-D-glycosidic bond. In this context,
Sparassis crispa is an edible mushroom species which has a high quantity of B-glucan
accounting for 43.6% of the dry weight of the fungus with B-1,3-linked glucose residues [2,
5, 31]. Biochemical studies of the fruit body of the edible mushroom Lentinus edodes have
reveled that a B-glucan polysaccharide, namely lentinan can be found at the cell walls of the
mycelium. It has been found that lentinan contains a chemical composition of (1—3), B-D-
glycosidic linkage backbone with a (1—6)-B-D-glycosidic bond branch [54]. The fruiting
body of mushrooms are mostly utilized for the isolation and extraction of B-glucan. In this
regard, Bhanja et al. (2014) extracted B-glucan from fruiting body of the mushroom Ramaria
botrytis using sodium hydroxide . The extracted B-glucan contained nonlinear B-(1 /3)-D-
glucan branched at O-6 [55]. A B-glucan polysaccharide was extracted from the fruiting body
of the mushroom Agaricus blazei Murill where the fungus was mixed with distilled water at a
ratio of 1:10 (w/v) and extracted three times with hot water (100 °C) for 3 h [56]. Other
mushrooms containing B-glucan are Grifola frondosa, Agaricus blazei and Phellinus
baummi [57 ]. On the other hand mycelium of fungi has been used for the extraction of the B-

glucans. In this context, a B-glucan polysaccharide from the mycelium of fungus
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Schizophyllum commune was extracted by cultivation of fungus in a liquid culture in which a

synthetic adsorbent was supplemented [58].

2.2.2 Yeast B-glucan

There is an increasing biotechnological and industrial trend in the synthesis of B-glucans
derived from yeast. B-D-glucan occurs as a natural structural constituent of the yeast cell
walls. Its presence represents mechanical rigidity and consequently makes the structural

integrity of the cell wall of yeasts to sustain under environmental stressing factors [24].

B-glucans form 50-55 % of cell wall of yeast. The b-glucans of yeast cell walls are mainly as
1—3B-D-glucan accounting for 85 % of B-glucans, whele 15 % B-glucans are found as
(1-6)-B-D glucan [13]. A number of yeasts have been applied for the production of B-
glucan such as Saccharomyces cerevisiae, Candida utili and winery spent yeast [13, 24 , 35].
In order to produce B-glucan from yeasts, the cell wall needs to be prepared for extraction of
B-glucan. For this purpose, the yeast cell wall is subjected to a lysis or disruption process to
flow out cytoplasmic content of yeast cells. The yeast cell lysis or disruption of yeast cells
can be attained by physical methods (sonication, homogenization), chemical methods (alkali,
acid) and enzymatic methods such as using glucanases [13].

2.2.3. Bacteria B-glucan

Similar to fungi, bacteria can produce extracellular B-glucan. Curdlan is a water-insoluble
linear unbranched exopolysaccharide which is produced by the Agrobacterium sp.,
Alcaligenes faecalis and Bacillus sp. SNC 107. Chemical studies show that curdlan is
comprised of (1—3)-B-glucan. It was noted that soil-isolated bacterial strain Paenibacillus
polymyxa JB115 which was isolated from soil could produce B-glucan containing (1—3),
(1—6)-B-D-glycosidic bond [20, 50, 59]. Stack et . (2010) studied on the production of B-
glucan by bacterial strain Lactobacillus paracasei NFBC 338. They detected extracellular B-
glucan production from this strain using membrane-associated glycosyltransferase enzyme
[60]. The study fulfilled by Crognale et al. (2007) revealed that B-glucan was produced by
Botryosphaeria rhodina DABAC-P82 in which concurrently glucan-hydrolytic enzymes and
their reaction place, rheology of cultivation medium and oxygen transfer was studied. It was
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noted that highest B-glucan concentration attained in the bioreactor was related to the
nitrogen and dissolved oxygen quantities [61].

3. Lignocellulose as potential carbon source for B-glucan production

Lignocellulose is a potential carbon source for the synthesis of B-glucan by microorganisms
such as fungi and bacteria. Cellulose is a basic fraction of lignocellulosic substances which
could be utilized by B-glucan producing microorganisms. Cellulose content is composed of

long chains of B-D-glucopyranose residues which are linked by 1-4 glucosidic bonds [62] .

Hence, microorganisms are able to utilize glucose for production of B-glucan polymer.

Cellulose fraction of lignocellulose is bounded by hemicellulose and lignin fractions. In order
to microorganisms utilize cellulose constituent for B-glucan synthesis, cellulose fraction must
be converted to glucose units. However, cellulose degradation is hindered by the recalcitrant
structure of lignocellulose in which there are robust linkages between cellulose and other
fractions, namely hemicelluloses and lignin. Consequently, for the efficient utilization of
cellulosic biomass in B-glucan production, hemicellulose and lignin must be removed to

access cellulose fraction.

Cellulose is then saccharified by enzyme hydrolysis to liberate glucose monomers.
This entails the use of pretreatment methods. Since lignocellulose has a recalcitrant structure
and complex nature, pretreatment is a prerequisite step to remove or disrupt hemicellulose
and lignin constituents from cellulose fraction for further penetration of enzymes to active
site of cellulose where enzymatic saccharfication is adopted. In addition to disaggregation of
cellulose from lignocellose matrix, pretreatment reduce the degree of cellulose cristallinity,
which in turn enhances enzymatic hydrolysis and glucose liberation. A number of
pretreatment methods have been developed to split lignocellulose constituent including
physical pretretment, chemical pretretment and biological pretretment. Physical pretreatment
referes to the methods used for the decrease of the ligniocellulose particles by grinding,
milling, hacking, rolling, mechanical interactions, as well as for changing chemical structure
through microwave radiation, sonication, spray drying, gamma radiation, liquid hot water,
steam explosion and pyrolysis. Chemical prtretment involves the application of chemicals for
dissociation of lignocellulose . Various chemical approaches have been utilized for this
purpose such as dilute acid degradation, alkaline delignification and ozone pretreatment.
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Biological pretreatment has been known as the application of microorganisms such as brown,
white and soft rot fungi for dissociation of lignin and hemicelluloses fraction from

the lignocellulosic biomass [63].

Although pretreatment methods are used to fractionate lignocellulose structure for
efficient enzyme hydrolysis of cellulose, they bring about the formation of inhibitory
compounds which are derived from lignocellulose during prtetreatment. These inhibitory
substances such as aliphatic carboxylic acids (acetic acid, formic acid, levulinic acid) and the
furan aldehydes (furfural and hydroxymethylfurfural) hinder enzymatic hydrolysis and
microbial cell growth [64]. Hence, inhibitory compounds need to be subjected to a
detoxification step using detoxifying substance such as resin and activated charcoal [65].
Lignocellulosic feedstocks serve a potential source for the production of B-glucan by
microorganisms in a biorefinary system since it is composed of 75% carbohydrate polymer
[66].

Various lignocellulosic biomass can provide crud cellulose as a base substrate for
microorganisms to synthesize B-glucan. In this context, lignocelluloses obtained from
agriculture and forestry, including agro-industrial residues, forest-industrial residues and
energy crops such as sugarcane bagasse, rice straw, wheat straw, switch grass, corn stover,
barley straw, rice hull, hard wood, soft wood, are low cost cellulosic substances [67, 68]
which can be taken into account of a viable source for cost effective B-glucan production.
On the other hand, lignocellulosic raw materials such as municipal solid waste, pulp milles,
residues from biorefineries waste, and anima manures [67, 69] can contribute to the future
economically viable production of B-glucan. Table 2 presents different lignocellulosic

feedstocks as a potential substrate for B-glucan production [70-72].

Among microorganisms fungi (molds and yeasts) and and bacteria are most suitable
microorganisms for B-glucan synthesis using lignocellulosic biomass since their cells are
capable of utilize glucose for producing a high quantity of B-glucan in the fermentation

processes either as cell wall B-glucan or extracellular polymers [22, 24, 50, 73].

Generally, in B-glucan fermentation from lignocellulose, the cellulose fraction of
holocellulose (whole cellulose, hemicellulose and lignin) must be dissociated from
hemicellulose and lignin fractions by means of pretreatment approaches. Cellulose pulp
obtained is further hydrolyzed by cellulolytic enzymes to liberate glucose monomers as a
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base carbon source for production of B-glucan by microorganisms. Glucose-rich hydrolysate
is then transferred to fermentation medium for microbial growth and B-glucan synthesis.
Although to date no work has been reported to exploit lignocellulosic feedstocks for f-glucan
production, it is noteworthy that the utilization of lignocellulose from raw materials and agro-
industrial waste for biochemical production is economically viable and environmentally
friendly because of their high availability and low cost [74, 75]. In this context, the research
studies performed by the authors (data still not published) revealed that the utilization of
agricultural residues containing a cellulosic content are a promising lignocellulosic substrate
for the synthesis of B-glucan by the fugal strains which produce extracellular polysaacharide

in fermentation media.

Same studies showed that the alkaline pretreatment of agricultural residues tested
following dilute acid pretreatment under high pressure and temperature of steam in an
autoclave could split lignocellulose structure to provide a high enough cellulose component
for enzymatic saccharification by cellulase. The biochemical analysis of the hydrolysate
content obtained from enzymatic hydrolysis of the cellulose fraction revealed that a high
quantity of glucose monomer was triggered [76] which was used as a structural block for 3-

glucan production by microorganisms.

4. Conclusion

B-glucan is the biopolymer of glucose molecules linked by glycosidic bonds. -glucan
is obtained from different sources such as microorganisms and agricultural cereals. B-glucan
has found various application in medicine, food industry and cosmetic. The major costs used
for B-glucan production are the supply of raw materials. Lignocellulose is composed of
cellulose, hemicellulose and lignin. Lignocellulosic biomass is a sustainable source of
carbon-based substance which is produced in huge amount in environment. In this regard,
lignocellulosic feedstocks can be considered as economically viable raw materials for
production of B-glucan by microorganisms. Hence, lignocellulosic compounds are promising
raw substances which can make B-glucan production more cost effective and environmentally

friendly.
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Table 2 Different lignocellulose containing materials with the respective quantity of
cellulose, hemicellulose and lignin content [70-72]

Lignocellulosic materials Cellulose (%0) Hemicellulose (%) Lignin
(%)

Hardwood stems 40-55 24-40 18-25
Softwood stems 45-50 25-35 25-35
Nut shells 25-30 25-30 30-40
Corn cobs 45 35 15
Rice straw 32.1 24 18
Waste paper from chemical pulps 60-70 10-20 5-10
Switch grass 45 31.4 12
Sugar cane bagasse 19-24 27-32 19-24
Wheat straw 29-35 26-32 16-21
Barley straw 31-34 24-29 14-15
Oat straw 31-37 27-38 16-19
Rye straw 33-35 27-30 16-19
Bamboo 26-43 15-26 21-31
Coffee pulp 35 46.3 18.8
Banana waste 13.2 14.8 14
Corn stalks 61.2 19.3 6.9
Sugar beet waste 26.3 18.5 2.5
Soya stalks 34.5 24.8 19.8
Sunflower stalks 421 29.7 13.4
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