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Abstract

F-glucans are bioactive compounds with a wide range of biological properties,
including anticancer, anti-inflammatory, antioxidant, and immune-modulating
properties. Due to their specific physical properties, such as (in)solubility,
viscosity, and gelation, S-glucans are increasingly being used in the food,
pharmaceutical, and cosmetic industries. The purpose of this review is to
provide an overview of the different types of S-glucans, their sources, espe-
cially Saccharomyces cerevisiae yeasts, and the methods of extraction, isola-
tion, and purification of S-glucans, with the aim of optimizing these methods
for the efficient production process. Moreover, the physico-chemical proper-
ties, modifications, current applications and future prospects of the use of
p-glucans in food, medicines, cosmetics and other potential value-added prod-
ucts are summarized. The data presented indicate that S-glucans will play an
increasingly important role in the sector of special-purpose food products as
well as in other current and future areas.
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1. Introduction

pF-glucans are polymers of glucose with different glycosidic bonds [1]. Most
F-glucans play a crucial role in the structure of the cell wall, while others are
used as an energy source for metabolism [2]. Despite their simple monosaccha-
ride composition, glucans exhibit a high structural variability [2]. f-glucans are
recognized as biologically active substances with immunomodulatory [3] [4],
antioxidant [5], anti-inflammatory [6], antitumor [7], cholesterol [8] and glu-
cose [9] lowering properties. In addition, B-glucans are used in the food industry

for the production of functional food products [10] and nutraceuticals [11] [12].
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In recent decades, f-glucans have gained increasing attention from scientists,
with a particular focus on identifying potential S-glucan sources and valorizing
agro-food waste. In this context, the Republic of Moldova, being an agrarian
country, has a wide variety of agro-food residues that can be utilized [13]. All of
these studies have been significant because, at the initiative of the German com-
pany Leiber GmbH, S-glucans were recognized as a new food ingredient at the
European level in 2017. Thus, studying the applicability and specific functional-
ity in different branches is very topical.

Carbohydrates are widely used as food for humans and animals. In the food
industry, they are used to produce alcoholic beverages, as food additives, and in
the pharmaceutical industry. Vegetable carbohydrates present in foods con-
sumed by humans and animals contain polymer-like fibers. Thus, there are two
types of dietary fiber, soluble and insoluble, which are distinguished by their so-
lubility in water. Insoluble fibers (cellulose, lignin, and some hemicelluloses) are
insoluble in water, while soluble fibers (hemicelluloses and pectin) form viscous
solutions in water. f-glucans are polysaccharides that can be classified into the
hemicellulose group [14].

Although beta-glucans have been studied extensively, their multiple health-
promoting effects are still being investigated, including their effects on the skin
[15]; the human gut [16], as well as the gut of pigs [17], fish [18] [19], and other
animals; the kidneys [20] [21]; the gallbladder [22] [23]; the liver [24]; the brain
[25] [26]. The most common sources of beta-glucans are cereals and microor-
ganisms. Beta-glucans are known for their unique immunomodulation proper-
ties through their ability to interact with macrophages, triggering a specific
beneficial immune response and enhancing the activity of the immune system
without overactivation. They have been suggested as vaccine adjuvants for COVID-
19. Additionally, they are considered to be safer on the basis of nutritional sup-
plements [27].

However, the review of the production, physical properties, and industrial ap-
plications of S-glucans from other promising sources has received little attention
and needs further and more in-depth study. The purpose of this work is to pro-
vide an overview based on published scientific data. We have also presented the
physical properties of S-glucans. Finally, we have included the potential applica-
tions of S-glucan in food, cosmetics, the pharmaceutical industry, and other

health products.

2. General Description of #-Glucans

2.1. Legal Provisions

According to the document published by EFSA (European Food Safety Authori-
ty) in 2011, “Scientific Opinion on the safety of ‘beta-glucans from yeast’ as a
new food ingredient”, S-glucans have been recognized as safe products that can
be used in both soluble and insoluble forms. For dietary supplements or foods

intended for special nutritional uses, a daily dose of 375 mg to 600 mg is rec-
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ommended [28]. Following this opinion, the European Union adopted Decision
(EU) 2017/2048 in 2017, which extended the use of S-glucans from yeast S. cere-
visiae to other foods, such as juices (1.3 g/kg), breakfast cereals (15.3 g/kg), bis-
cuits (6.7 g/kg), milk powder (25.5 g/kg), and dairy products (3.8 g/kg). This de-
cision of the European Union was revised in 2019, and the necessary purity of
pF-glucans was added, which must be greater than 80%. Similarly, more products
in which the use of S-glucans is allowed have been added, such as: cereal bars,
fermented dairy products, soups, chocolate and sweets, jam, marmalade, and
other spreadable fruit products [1] [29].

2.2. Classification of S-Glucans

F-glucans can be classified by their structure and source of origin, and these are
interdependent. Based on their origin, B-glucans are divided into cereal and
non-cereal B-glucans. In cereals, f-glucans are predominantly found in barley
and oats. Other rich sources of f-glucans include mushrooms, seaweed, bacteria,
and seafood. f-glucans in cereals have a different structure than non-cereal
p-glucans [30].

[F-glucans can also be classified by their structure. Ruiz-Herrera [31] classified
F-glucans into seven categories based on their structure:

e Non-branched 1,3-B-glucans;

e 1,3-p-glucans with a few branches;

e 1,6-p-glucans formed from a single glucose unit;

e [-glucans containing 1,3 and 1,4 glucose fragments;

e [glucans formed from 1,3, 1,4, and 51,6 glucose fragments

e 1,3-f-glucans phosphorylated;

e 1,3-f-glucans with significant 1,6 branching;

e [-glucans formed predominantly from 1,6-linked glucose units.

This classification is based on the type of linkages between the glucose mole-
cules in the S-glucan chain. Non-branched 1,3- f-glucans are the simplest type of
F-glucans. They are long, straight chains of S-glucose molecules linked by 1,3-8
linkages. Other types of S-glucans have more complex structures. For example,
1,3-p-glucans with a few branches have 1,3-f linkages between most of the glu-
cose molecules, but some of the glucose molecules are linked by 1,6-f linkages.
The structure of f-glucans affects their properties, such as their solubility and
ability to form gels [31]. The nutritional value of fglucans from different sources
varies depending on the source and the processing method [32]. Therefore, the
structure of b-glucans will also influence the digestibility of S-glucans. In gener-
al, f-glucans have been shown to be more resistant to digestion in the small in-
testine, which allows them to reach the large intestine, where they can be fer-
mented by beneficial bacteria [33]. The fermentation of S-glucans by beneficial
bacteria produces short-chain fatty acids [34].

2.3. Sources of $-Glucans

As mentioned, the structure of S-glucans presents significant differences based

DOI: 10.4236/fns.2023.1410061

965 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.1410061

A. Chioru, A. Chirsanova

on their sources. Table 1 shows different types of S-glucans from different
sources. Cereal f-glucans from different sources vary in their tri- to tetramer ra-
tio, the share of longer cellulosic fragments and the ratio between two types of
glycosidic bonds. The main source of various structural types of glucans is fun-
gal cell walls, which consist mainly of structural polysaccharides and glycoprote-
ins. These S-glucans commonly have trivial names according their fungal origin
(grifolan, lentinan, pachyman, pleuran, schizophylan, scleroglucan, etc.) [2]. The
yeast-derived beta-(1>3)(1->6)-glucan purportedly has greater biological activity
than the (1>3)(1>4)-counterparts [14]. Cereals are considered as the most
common p-glucans source, so the unbranched p-glucans are currently more
widely used [35].

2.4. The Structure of -Glucans

Depending on the interchain linkage, glucans are divided into a and S glucans.
In general, some a glucans are amorphous and soluble in hot water and play the
role of energy storage material. Examples of these are glycogen in fungi and an-
imals, and starch in algae and plants. Those present in the walls of fungi are in-
soluble in water. Most f-glucans are insoluble in water and almost all solvents,
they are mostly crystalline. Examples of S-glucans are cellulose in plants and
various 1,3 f-glucans in yeasts [31]. Figure 1 shows the basic, simple units of
F-glucans. All S-glucans are homo-polysaccharides and essentially composed of
glucose units linked together and thus have a characteristic 1,3 linked backbone.
The structural difference occurs at branching off this backbone, which is dic-
tated by source. S-glucans can be unbranched or branched [30].

[F-glucans in cereals consist of a mixture of $-(1,3) and S-(1,4) glycosidic lin-
kages, without branching. Cereal derived f-glucans are generally located in the
aleurone (proteins stored as granules), in the sub-aleurone or in the cell wall of
endospores, which are all located in oat, barley, wheat [37]. Figure 2 shows the
basic structure of cereal S-glucans.

Whereas, non-cereal S-glucans do not have S-(1,4) linkages. For example,
p-glucans in mushrooms are formed from linear f-(1,3) glycosidic linkages with
a single f3-(1,6) branching linkage every third linear linkage. S-glucans in the cell
wall of the yeast Saccharomyces cerevisiae are a large molecule, consisting of li-
near chains made up of 30 simple S-(1,3) glycosidic units, the chains are linked
together by branched p-(1,6) glycosidic linkages. Approximately 60% of the
pf-d-glucans in yeasts have a long chain of 1500 glucose residues linked by
F-(1-3)-glycosidic linkages, and a molecular weight of approximately 100 - 200
kDa [28]. Figure 3 shows the comparative structure of glucans from mushrooms
and yeasts.

The conformation of polysaccharides is determined by the interplay of inter-
molecular and intramolecular forces, such as hydrogen bonds. Polysaccharides
can exist in a variety of conformations, including single helices, double helices,
triple helices, random coils, aggregates, rod-like structures, and worm-like struc-
tures [10].
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Table 1. Sources of f-glucans.

The source of provenance of f-glucan Literature
Name of f-glucan . Journal Publication
Source Title Authors . References
of Publication Year
Chemistry,
Bacteri Agrobacterium, Rhizobium, physico-chemistry and Barsanti L, Nat Prod Rep 2011 [36]
acterias
Cellulomonas, Bacillus, applications linked to Passarelli V,
Alcaligenes faecalis biological activities of Evangelista V,
(1>3)-p-D-glucan S 4 Euglena, Astasialonga, f-glucans Journal of
eaweeds
W Pavlovamesolychnon Nakashima A, Nutritional
Lich Stereocaulonramulosum, p-Glucan in Foods Yamada K, Science and
ichens
Ramalina, Cladonia and Its Physiological Iwata O Vitaminology 2018 [37]
Functions
Lichens  Lasalliapustulata Structural analysis of Synytsya A, Ann Transl
1>6)-pB-D-gl 2014 2
(136)-4-D-glucan Fungus  Guignardiacitricarpa glucans Novak M Med (2]
Chemistry,
physico-chemistry and Barsanti L,
(1>3)(1>2)-p-D-glucan Bacterias Streptococuspneumonie applications linked to Passarelli V, Nat Prod Rep 2011 [36]
biological activities of Evangelista V
p-glucans
A Concise Revi
t;nc;;el evllew DuB, Meenu 1,/ 2019 [10]
on the Molecular
Barley, Oats, Wheat . M, LiuH, Xu B
Structure and Function
Cereals Relationship of S-Glucan
(1>3)(1>4)-p-D-glucan Lichens Cetrariaislandica P Bulmer GS, de
F Andrade P,
ungus Lo Recent advances in ,n rade Carbohydrate
Calocybe indica ) K Field RA, van
enzymatic synthesis of Research 2021 [38]
Munster ]M
p-glucan and cellulose
Lentinula edodes, A Concise Review on the
K Molecular Structure and
Grifolafrondosa, R K .
. Function Relationship of
Schizophyllan commune, AGl DuB. M
-Glucan u B, Meenu
Sclerotium, K IJMS 2019 [10]
M, Liu H, Xu B
Pleurotusostreatus, )
X Structural analysis of
Botryosphaeria, lucans Svnvtsva A Ann Transl
Saccharomyces cerevisae, g ynytsya A, Med 2014 [2]
Fungus . Novak M
Schizosaccharomyces
pombe, Aspergillus Evaluati " Ut GL. Di Saudi
aluating comparative ama GL, Dio
(13)(1>6)-f-D-glucan fumigatus, Candida v & P . v L Journal of
. K f-glucan production C, Sulistiyo J, . .
albicans, Aspergillus oryzae j Biological 2021 [39]
aptitude of .
Saccharomyces Sciences
Chaetcerosmulleri, . 3; ”
cerevisiae, Aspergillus
Ochromonas, v Perg . Journal of
Seaweeds . oryzae, Xanthomonas Nakashima A, .
Haramonasdimorpha, . i Nutritional
. campestris, and Bacillus Yamada K, .
Phaeodactylumtricornutum, Science and 2018 [37]
natto Iwata O R X
Vitaminology
Xanth tris,
Bacterias an. OTONas campestris p-Glucan in Foods and Its
Bacillus natto i X K
Physiological Functions
Chemistry,
hysico-chemist d B ti L,
Auricularia auricula-judae, P ys.lco.c errTls yan arsan 1,
(1>4)(1>6)-p-D-glucan Fungus applications linked to Passarelli V, Nat Prod Rep 2011 [36]

Coriolusversicolor

biological activities of
f-glucans

Evangelista V,
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Figure 1. The structure of f-glucans [30].
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CH,OH
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Figure 2. The structure of f-glucans from cereals [33].

2.5. Properties of g-Glucans

2.5.1. Solubility of §-Glucans

The solubility of S-glucans is a critical factor that determines their functional
properties, such as stability, emulsifying capacity, and membrane formation
[10]. B-glucans in the cell wall are classified into 3 categories based on solubility:
water-soluble (16 f-glucans, short polymers), alkali-soluble (13 S-glucans not
linked to chitin), and alkali-insoluble (13, 6 S-glucans and linked to chitin)
[40]. B-glucans are very hydrophilic due to the abundance of hydroxyl groups
that participate in hydrogen bonds with water, giving the molecule the ability to
retain water in both soluble and insoluble forms [41]. A study carried out by
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Figure 3. Structure of f-glucans from fungi and yeasts [33].

Kim, H.J. showed that S-glucan from oats with molecular weight between 2.42 x
105 and 1.61 x 105 g/mol has the highest water solubility of 83.4% to 87.3% [42].
Another study reported that an increase in the molecular weight of oat S-glucan
from 1.13 x 105 to 9.04 x 105 g/mol and from 1.65 x 105 to 8.51 x 105 g/mol
leads to a significant decrease in its solubility in water from 72.8% to 68.2% and
72.3% to 67.2%, respectively [43]. A method for reducing the molecular weight
of B-glucans and increasing their solubility is sulfation. The incorporation of io-

nic groups increases the amount of small S-glucan fragments.

2.5.2. Rheological Properties of f-Glucans

The water retention capacity and mode of water retention of S-glucans are in-
fluenced by several factors, including: structure, purity, extraction method, and
isolation method. S-glucans are a type of dietary fiber that forms a viscous solu-
tion when mixed with water [44]. In aqueous solutions, f-glucans have a high
viscosity due to their high molecular weight, conformation, and interactive
properties [45]. The study conducted by Petravi¢-Tominac demonstrated that
the rheological properties of S-glucans are influenced by the extraction and dry-
ing methods used to obtain them [46]. Due to their rheological properties,

F-glucans can be used in the food industry as thickeners, texture enhancers, sta-
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bilizers, and fortified ingredients.

2.6. B-Glucans from the Cell Wall of the Yeast
Saccharomyces cerevisiae

Saccharomyces cerevisiae is a non-pathogenic, non-toxic yeast that is commonly
used in fermentation processes. It produces S-glucans, which are a component of
its cell wall [47]. The earliest studies of the structure of fungal glucans were
made with those produced by S. cerevisiae secreted during protoplast regenera-
tion. Saccharomices cerevisiae yeasts have a thick cell wall composed of poly-
saccharides and proteins that protect the inner compartments of the cell. The
most abundant polysaccharide in the yeast cell wall is S-glucan, which consti-
tutes 65% - 90% of the total polysaccharides [31]. The cell wall of these yeasts is
composed of 55% p-glucans with 1,3 linkages and 12% 1,6 f-glucans. In total,
the mixture of 1,3 and 1,6 f-glucans constitutes between 9% and 18% of the
yeast cell mass [48].

The cell wall of S. cerevisiae yeasts represents 15% - 30% of the dry weight of
the cell, and has a thickness of 105 - 200 nm [49]. The cell wall is composed of
40% manoproteins, 60% S-glucans, and a small amount of chitin. The composi-
tion and organization of the cell wall vary at different stages of the cell cycle [50].
The process of glucan formation takes place in the plasma membrane [51].
Structurally, manoproteins are linked indirectly to S-1,6-glucan via a glycosyl-
phosphatidylinositol (GPI) anchor and directly to $-1,3-glucan. This outer part
of the cell wall, with a thickness of 30 - 40 nm, contains a protein fragment that
can be partially removed chemically, while the rest of the cell wall requires en-
zymatic treatment [1]. The schematic representation of the yeast cell wall and
distribution of S-glucans in Saccharomices cerevisiae is shown in Figure 4.

[-glucans in the cell wall of yeasts, unlike plant cell walls, are 80% - 85% inso-
luble in hot alkalis, due to covalent association with chitin and other polysaccha-
rides [1]. Following the isolation of S-glucans from yeasts, there is co-isolation
of glycogen, an a-1,4-glucan similar to starch. The removal of glycogen, in order

to obtain the most accurate results, is difficult [52].

3. Methods of the Extraction of B-Glucans from Yeasts

The extraction of S-glucans from the cell wall of Saccharomyces cerevisiae con-
sists of two steps: 1). Cell disruption: S-glucan is located in the cell wall, so it is
necessary to lyse the cells and separate the insoluble cell wall from the cytop-
lasm; 2). Extraction of f-glucan from the insoluble cell wall [49]. To be used as a
drug, S-glucan must be biologically active and soluble in water. Numerous stu-
dies have focused on transforming S-glucan into a water-soluble form through
chemical modifications [53]. Molecular modifications of f-glucans can affect
their structure and molecular weight, with a significant impact on their bioactiv-
ity. To date, several molecular modification methods have been developed, in-

cluding carboxymethylation, phosphorylation, sulfation, ultrasonic disruption,
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Figure 4. Schematic representation of the yeast cell wall and distribution of S-glucans in Saccharomyces cerevisiae [1].

selenylation, and polysaccharide degradation. Molecular modifications can affect
the physical and chemical properties of polysaccharides, such as solubility, mo-
lecular weight, and intrinsic viscosity. Modified polysaccharides have superior

biological properties [54].

3.1. Mechanical Modification

This method consists of molecular modification by mechanical action, causing
the rupture of the main chain of the glucan macromolecule, which will lead to
the solubilization and functionalization of the polysaccharide, without destroy-
ing the basic molecular structure of the yeast f-glucan. By this method, fractions
of B-glucans with a lower molecular weight, better water solubility, and modifi-
cation of the conformation in solutions are obtained. This method is more effi-

cient when used in combination with other methods.

3.2. Thermal Degradation

Thermal degradation of S-glucans is a simple method for reducing their mole-
cular weight. In 2018, a study was conducted [55] that involved thermal degra-
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dation of yeast S-glucan for solubilization. It was found that it was efficiently
solubilized after being treated in an aqueous suspension at 135°C for several
hours. Another study conducted in 2022 involved autolysis-extraction with
warm water (50°C for 48 h.) and treatment at 121°C for 6 hours in an autoclave

for the extraction of fresh S-glucan [56].

3.3. Irradiation

Irradiation of S-glucans leads to their physicochemical modification. The appli-
cation of ionizing radiation, such as gamma rays, X-rays, and electron beams,
leads to a significant decrease in the molecular weight of S-glucans, depending
on the radiation dose. Additionally, irradiation improves the solubility and de-

creases the viscosity of S-glucans [54].

3.4. The Treatment with Ultrasound

This method involves treating with low-frequency and high-intensity ultra-
sound, which leads to depolymerization and breakage of the side chain of the
molecules. Following this treatment, the molecular weight of the polysaccharides
also decreases, the viscosity decreases, and the solubility in water increases [57].
A study from 2022 showed that ultrasound-assisted H,O, treatment is a simple
and efficient method for reducing the molecular weight and increasing the solu-
bility of yeast S-glucans [58].

3.5. Chemical Modification

Chemical modification is the most commonly used method, as it can signifi-
cantly increase the solubility in water and respective bioactivity of polysaccha-
rides. The most common chemical modification methods are sulfation, alkyla-
tion, carboxymethylation, phosphorylation, selenization, and acetylation [41].

3.6. Sulfation

Sulfated polysaccharides are synthesized by replacing hydroxyl, carboxyl, or
amino terminal groups with sulfate groups, with improved biological activities.
The solubility of the modified glucan is increased due to the hydrophilicity of the
sulfate group. The good aqueous solubility of the resulting polysaccharide has
represented a huge progress in its application, especially in pharmaceutical prod-

ucts.

3.7. Carboxymethylation

Carboxymethylation is used to increase the water solubility of macromolecular
polysaccharides, such as cellulose, scleroglucan, and chitin. To prepare carbox-
ymethylated polysaccharides, chloroacetic acid or sodium monochloroacetate is
used as a substrate, reacting with polysaccharides in basic 2-propanone.

3.8. Phosphorylation

Phosphorylation is a method by which a phosphate group is introduced into a
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polysaccharide. Several studies have shown that both naturally occurring and ar-
tificially modified phosphorylated polysaccharides have specific medicinal prop-
erties. The presence of charged phosphate groups can lead to improved water
solubility, changes in molecular weight, and changes in the conformation of the

polysaccharide chain [41].

3.9. Biological Modification - Enzymatic

Biological modification of polysaccharides refers specifically to enzymatic mod-
ification, which consists in the degradation of f-glucans due to the catalysis of
enzymes. Compared to chemical modification, this is a gentler and promising
method, due to its high specificity and efficiency. The most used enzymatic
modification is depolymerization, used especially in industry [54].

Numerous studies have shown that both the extraction method and the drying
method of yeasts play a crucial role on their properties. The most common me-
thods for extracting S-glucans from yeasts are: acid extraction, alkaline extrac-
tion, combined acid-base extraction, enzymatic extraction, and enzymatic-alkaline
extraction [59]. For example, acid-base extraction can be performed using differ-
ent reagents: NaOH/HCI extraction, NaOH/CH,COOH extraction, NaOH/NaClO
extraction, and NaClO/DMSO extraction [32]. Alkaline extraction involves treat-
ment with a 6% NaOH solution (g/v) at 90°C for 2 hours, followed by centrifu-
gation [60]. Several studies have shown that certain characteristics, such as
the physicochemical parameters, chemical structure, and molecular weight of
F-glucans, determine how they will interact with the immune system [52]. The
most appropriate extraction method depends on the sources and the structures
of B-glucans. The cost of S-glucans production is influenced by several factors,
including the source of the beta glucans, the desired purity and properties of the
final product, and the scale of production. Oats are a relatively inexpensive
source of beta glucans, and they can be processed using relatively simple me-
thods. Another way to reduce costs is to optimize the extraction process. For
example, the extraction temperature and pH can be adjusted to optimize the
yield and purity of the beta glucans. Additionally, the use of enzymes and other
additives can help to improve the efficiency of the extraction process [32] [61].
The list of the most widespread methods of methods of extraction and analysis

of B-glucans is presented in Table 2.

4. Valorization of f-Glucans in Industrial Practice

The growing awareness of the potential of some food components to protect
people against different diseases has led to an increased demand for functional
foods. As a result, consumers are increasingly looking for natural foods that are
safe, attractive, and provide valuable nutrients that can help to improve human
health and contribute to a healthy lifestyle. This trend presents a challenge for
food scientists, whose task is to develop and identify sources of foods with spe-

cific properties that can improve health.
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Table 2. Methods of extraction and analysis of S-glucans.

Source of
P-glucan

Saccharomyces
cerevisiae dry
yeast cells

Saccharomyces
cerevisiae pure
culture

Saccharomyces
cerevisiae, pure
culture

NRRL Y-567

Saccharomyces

cerevisiae residual

yeasts from beer
production

Extraction

method Analysismethod

-The acid-base

extraction Spectroscopicanalysis
method (NaOH, P P y

- FTIR
80°C,2h,
CH,COOH)
-Modified
acid-base i

] Spectroscopic
extraction lysis FTIR
anal

method (NaOH, 7

80°C, 2 h, DMSO)

-Alkaline-acid

extraction method

assisted with

ultrasound

(NaOH, 90°C, 1 h,

40 kHz during 15

min, CH;COOH, Spectroscopic
85°C, 1h, analysis FTIR
-Ultrasound-assist

ed autolysis (50°C,

24 h, 40 kHz

during 15 min,

CH,COOH,

85°C,1h

-Induced autolysis
(3% NaCl, 55°C,
24 h) + treatment
with water and

. Electron
organic solvent
(121°C, 4 h),
homogenization
and protease

hydrolysis

microscopy

Literature
. Journal
Titl Auth
e uthors of Publication
Enhancement of
f-Glucan Biological
Activit i Modified
c'1v1 y Using a ‘o ified | oud
Acid-Base Extraction
Amer E, Saber
Method from Molecules
Saccharomyces cerevisiae SH, Abo
3% .
4 Markeb A,
Biotechnological S-gl
iotec 1.10 ogical S-glucan Zohri AE-N, .
Production from Egyptian
R Moubasher H,
Returned Baker’s Sugar Journal
Abdel-Hay H,
Yeast and Yeast
. Orban M
Remaining after
Ethanol
Fermentation
Extraction of S-glucan
from Saccharomyces
isiae: C .
cere‘vmae OmpalleOl’l Pengkumsri N, .
of different extraction Si thi Food Sci
ivamaruthi
methods and in vivo . Technol
BS, Sirilun S,
assessment of
immunomodulatory
effect in mice
A new isolation
thod of f-d-gl
method of f-d-glucans Liu X, Wang Q, Food
from spent yeast X . .
Cui§, LiuH Hydrocolloids
Saccharomyces
cerevisiae
Optimized
methodology for extrac-
tion of (1> 3)(1 >
Magnani M,
6)-p-d-gl fi Sac- Carbohydrat
)-f-d-glucan r01j11' A lhari oM., arbohydrate
charomyces cerevisiae Polymers
o . de Macedo FC
and in vitro evaluation of
the
cytotoxicity and
genotoxicity of the
di
cortesponcing ... VassileiosVarela
carboxymethyl derivative o e-Journal of
s, P. Tataridis, .
M. Liouni. T Science &
Application of ) >7" Technolo,
PP Nerantzis &Y

different methods
for the extraction
of yeast fS-glucan

Publication

Year

2021

2019

2016

2008

2009

2016

References

[63]

[64]

(65]

[66]

[67]
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Continued
-Enzyme
treatment + NaOH
-Induced autolysis
" oty Effect of preparation
(3% NaCl), hot .
Saccharomyces . Enzymatic assay methods on
. water extraction, . . . Fu W, Zhao G,
cerevisiae o kit (Megazyme physiochemical and X LWT 2022 [56]
sonication, . i R LiuJ
VIN 13 S . ... International) functional properties
extraction of lipids fyeast fogl
of yeast fS-glucan
and proteins with 4 &
the help of
enzymes
-Autolysis (55°C,
Saccharomyces 48 h), hot water Enzymatic process
cerevisiae dry extraction Enzymatic assay kit  for the fractionation of =~ Borchani C, Food
00
yeast cells Angel  (121°C, 6 h), (Megazyme baker’s yeast cell wall Fonteyn F, Chemist 2014 [68]
emis
Yeast Co., Ltd deproteinization International) (Saccharomyces Jamin G vy
(China) treatment cerevisiae)
(proteases)
-Extraction by the
* . Y New method for
enzymatic method reparing purit
Saccharomyces (hot water X . preparing purity
o . . Enzymatic assay kit ~ S-D-glucans Khanh Pham,
cerevisiae cell extraction 125°C,
. (Megazyme (beta-Glucan) Nguyen Nhut, STDJ 2020 [69]
wall in the form 5 h, treatment : K
. International) from baker’s yeast Nguyen Cuong
of powder with proteases,
. (Saccharomyces
treatment with .
. cerevisiae)
lipases)
Optimization of B-glucan
-Extraction using extraction from waste
the ionic solution brewer’s yeast American
Saccharomyces . . .. .
o , (ionic solution 1D- and saccharomyces cerevisiae Tran Minh Tam, Journal of
cerevisiae baker’s K K
X 4 1-butyl-3-methyl- 2D-NMR using autolysis, enzyme, Nguyen Quoc  Research 2013 [70]
east powder
v p imidazolium spectroscopy ultrasonic and Duy Communica-
Saf-Viet . L ; i
Chloride, stirring combined tion
30 min at 80°C) enzyme — ultrasonic
treatment
A Simple and Efficient
Saccharomyces -Combined X X Mechanical Cell
. . X Enzymatic assay kit X . . .
cerevisiaeresidual enzymatic and Disruption Method Avramia I, Applied
(Megazyme K . ] 2022 [71]
yeasts from beer  ultrasound . Using Glass Beads to Amariei S Sciences
. . International)
production extraction Extract f-Glucans from
Spent Brewer’s Yeast
Saccharomyces ~ -Mechanical
cerevisiaeresidual damage of yeast ~ Spectroscopicanalysis Antioxidant Activity Kofuji K, Aoki ISRN 2012 (72]
yeasts from beer  cells, acid-base ~ FTIR of f-Glucan A, Tsubaki K Pharmaceutics

production

extraction

This review focused on the potential for the utilization of A-glucans -an im-

portant ingredient for the development of new products in the food industry.

Over time, the immunomodulatory activity of various polysaccharides, either

from plants or microorganisms, has been observed. S-glucans belong to this

group. Generically, these are called biological response modifiers (BRM) [73],
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[74]. In addition, various studies have shown that S-glucans also have other the-
rapeutic properties in the human body, such as antioxidant activity [75] [76]
hypoglycemic [44] [77] [78], hypolipidemic (reduction of lipid content) [79]
[80], prebiotic activity [59] [81], antitumor action [82] [83] reduces inflamma-
tion in acute respiratory infections, including in the case of covid-19 [84].
Therefore, S-glucans can be added to products as a dietary supplement in: juices,
cereal bars, breakfast cereals, biscuits, dairy products, chocolate, soups, sauces,
and powdered milk.

In addition to their therapeutic effects, S-glucans can be used in the food in-
dustry as functional ingredients: thickener, water retention agent, texturizer, sta-
bilizer, emulsifier and fat substitute [85]. Numerous studies show that S-glucans
show positive results used in different products as functional agents. The study
carried out by Mykhalevych [40] regarding the use of f-glucans in dairy prod-
ucts showed that in dairy drinks with additions it is possible to replace carra-
geenans with B-glucans, for example in a drink based on orange juice the addi-
tion of 0.5% of barley S-glucans and 1.5% whey protein isolate, the drink be-
comes more structured, less acidic. Another study published by Chiozzi [35] re-
ports that the addition of 0.6% oat S-glucan in fermented dairy products does
not affect the fermentation time and leads to an increase in the viscosity of the
product. In sausages, a 10:1 mixture of oat S-glucan and marine collagen pep-
tides allows the replacement of 50% of fats. Study conducted by Ramandeep
Kaur [86] demonstrates the positive effect of S-glucans on the rheological, phy-
sicochemical, sensory properties of yogurt, effects that are maintained during the
storage period of the product compared to the control sample. In the same way,
F-glucans also improved the nutritional values of yogurt, acting as a prebiotic. It
should be noted that the sensory characteristics of yogurt samples with the addi-
tion of beta-glucans in different amounts do not influence the smell of yogurts
obtained. At the same time, the external appearance and consistency are changed
in essentially: the consistency of the curd becomes firmer but still remains
without gas bubbles, with poor elimination of whey [87]. Another study shows
that bifidobacterial are capable of utilizing all of the structurally diversified
pF-glucansas a substrate of fermentation comparably to the known prebiotici-
nulin [20].

The use of f-glucans from yeasts was studied by Marinescu G. [88] for the
preparation of mayonnaise. In this study, 50% of the oil was replaced with
F-glucan, so the added mayonnaise is less caloric and has a more stable storage
stability than mayonnaise without g-glucan.

[F-glucans can be used in meat products for the partial substitution of carra-
geenans and starch, this shows the study conducted by Sandra M. Vasquez Mejia
[89]. They play the role of stabilizer, water retention agent and lead to the reduc-
tion of the curtains during baking. A significant decrease in hardness and frac-
ture values was also observed, while maintaining the structural cohesiveness of

the samples, in part due to the increase in moisture content.

DOI: 10.4236/fns.2023.1410061

976 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.1410061

A. Chioru, A. Chirsanova

5. Conclusion

F-glucans are among the compounds that will be increasingly studied for their
potential applications in various industrial sectors. This is supported by the
scientific studies that highlight their diverse multifunctional properties; by the
growing trend of consumers who prefer products with “clean labels” without
additives, and by other factors that lead to the development of new functional
ingredients, such as f-glucans. Currently, S-glucans have a wide range of appli-
cations in the food, pharmaceutical, and cosmetic industries. However, their po-
tential is not yet fully realized. Further research is needed to optimize the extrac-
tion, purification, drying, and use of S-glucans from yeast in various fields.
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