IHIPAS. 37 (2) 2024
Ibn Al-Haitham Journal for Pure and Applied Sciences

Journal homepage: jih.uobaghdad.edu.iq
PISSN: 1609-4042, EISSN: 2521-3407

Extraction of Beta-Glucan from Sacchromyces boulardii, Study of its
Chemical and Functional Properties, and Comparison of its Immunological
Properties with Yeast Extracted from it

Zahraa Abdel Reda®” ® & and Janan R. ALwaaili? ® &
2Department of Food Science, College of Agricultural Engineering Sciences, Baghdad University,
Baghdad, Iraqg
*Corresponding Author.

Received: 10 April 2023 Accepted: 9 May 2023 Published: 20 April
20204
doi.org/10.30526/37.2.3394

Abstract

The study was conducted to identify the immunomodulatory effect of beta-glucan and to
compare its immunomodulatory properties with Sacchromyces boulardii yeast. In this study,
S.boulardii yeast was used to extract beta-glucan. The yeast was activated using a YPD medium,
its purity was examined, and the following operations were performed on it: The biomass of
S.boulardii yeast was grown in a vibrating incubator. The biomass was isolated, collected,
washed, and dried. Extracting beta-glucan using the acid-base method for S.boulardii yeast is
considered the best extraction method. Beta-glucan was partially purified using 4% phosphoric
acid. Chemical tests were conducted on it and its functional properties (ability to bind to fats and
water) were evaluated. The biological experiment was conducted for thirty days by taking three
groups, each group containing five mice, Al the control group, A2 the group fed with
S.boulardii yeast, and A3 the group fed with beta-glucan extract. The effect of doses with
treatments Al, A2, and A3 on the external appearance of the mice and the activity of the mice
was studied. The effect of doses with treatments A2 and A3 was studied after the end of the
starvation period on the final weight, and it was compared to treatment Al. It was noted that
there were no significant differences at the level (P<0.05). Blood was drawn from mice by heart
prick for the three groups, and immunological tests and antibodies IL 10, C3, and IgE were
conducted. A significant increase was observed in the IL10 and C3 tests, while no increase in the
IgE test.
Keyword: Beta glucan, biomass composition, Sacchromuces boulardii, 1L10, complement
factor 3, IgE .

1. Introduction

During the past decades, studies that explored the role of microorganisms that live in the
human body have shown their great potential to treat and prevent diseases. Lactobacillus,
Bifidobacterium, and S. boulardii species are the most commonly used, and they have been
effective as a therapeutic option in treating several diseases, including gastrointestinal infections
[1]. Probiotics are generally safe and well tolerated for conditions of the digestive system, and
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due to the imbalance in the intestinal microbiota, this led to the development of many diseases,
including type 1 diabetes, cancer, and others, and using probiotics and Postbiotics, which has a
beneficial effect on the host Ferment probiotics that have efficacy in inhibiting cancer cell lines
with no effect on normal cells [2] . | knew yeast S. boulardii is a single-celled, sagittal feeding
eukaryotic organism belonging to the genus Saccharomyces. It is possible to isolate S. boulardii
from mangosteen fruits. The optimal temperature for the growth of S. boulardii is 37 ° C. Also,
S. boulardii is more resistant to acidic extreme conditions, has a low pH, and stays longer in the
gastrointestinal [3]. The most important characteristic of S. boulardii is that it can be adopted as
a safe bioprosthetic for the treatment of many diseases, and the yeast boulardii is one of the
yeasts that inhibit pathogenic [4]. The cell wall of S. boulardii is thicker than that of S.
cerevisiae, which increases its defenses and resistance to survival towards extreme conditions,
the use of S. boulardii in the preventive treatment of diarrhea associated with antibiotics in
adults and also relapses that occur in patients with Clostridium difficile infection [5] (and used
as nutritional supplements to prevent AIDS) [6]. and help treat stomach ulcers [7]. and beta-
glucan is considered a prebiotic, as it is customary to extract beta-glucan from yeasts, and here
the beta-glucan was extracted from the wall of S.boulardii yeast [8]. Beta-glucans also play a
role as alarm molecules to activate the immune system through their binding to pattern
recognition receptors (PRRs). Beta-glucans activate the inflammatory response. These receptors
directly activate leukocytes to stimulate phagocytosis, cytotoxic and antimicrobial activity [9]. It
also works to modify and enhance the production of cytokines that control the networks
responsible for innate immune responses (and growth, improving survival, and beta-glucan has a
prominent role in improving human resistance to bacteria and viruses such as infection with
AIDS and others [10] . B-glucan has the ability to hold 9 times its weight in water and 1.4 times
its weight in fat, and this enhances its role in food and some baked products [11].

2.Materials and methods
2.1 Biomass composition of S. boulardii

S. boulardi yeast is colonies with spherical, smooth, mucous, pale and white to creamy
isolates [12]. The probiotic S. boulardii yeast was used in the form of lyophilized powder inside
a capsule. The yeast was activated by emptying the content of one capsule of the lyophilized
powder. yeast S. boulardii under sterile conditions in liquid YPD medium (Yeast extract,
Pepton, Dextrose Broth) and incubated at a temperature of 37 C for 48 hours, (and the process
was repeated three times under sterile conditions), the biomass was formed by preparing the
prepared liquid PYD medium In a glass beaker, put 200 ml of the liquid medium, and put 7 ml
of the third activation in each beaker. The beakers were placed in the shaking incubator at 200
revolutions per minute for four days, with proper ventilation of the beakers, and the temperature
was 37 degrees Celsius. Using a centrifuge at 3000 cycles for five minutes, the biomass was
separated. The precipitate was taken, washed three times with distilled water, and dried in a
laboratory oven at a temperature of 60 degrees Celsius to the extent of dryness (for constant
weight) [13].
2.2 Extraction of p-glucan from S.bolardii yeast

| took 200 dry yeast prepared in the previous paragraph and mixed it with 1 liter of 1.5 M of
sodium hydroxide heated to (50-60) degrees Celsius, put the mixture in an autoclave for an hour,
cooled the mixture to room temperature and left until the next day. Mix by centrifuge at 3000
rpm for 15 minutes. The filtrate was discarded, the precipitate was taken, and it was washed with
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water three times with distilled water, using a centrifuge at 3000 rpm for 15 minutes. The
precipitate was taken and mixed with a liter of glacial acetic acid at a concentration of 3%, then
the mixture was heated to 85 degrees Celsius for three hours on a mixer. Then the mixture was
cooled to room temperature and left for the next day. It was separated by centrifugation at 3000
rpm for 15 minutes. The filtrate was discarded and the precipitate was taken and mixed with a
liter of distilled water. The mixture was separated by a centrifuge at 3000 rpm for 15 minutes.
Discard the filtrate and take the precipitate and mix it with 600 ml of absolute ethyl alcohol.
Heat the mixture with an electric stirrer until boiling, then leave it until the next day. Separate
the mixture by centrifuge at 3000 rpm for 15 minutes. Discard the filtrate and take the precipitate
and mixed it with 600 ml of acetone by electromixer. Separate the mixture by centrifuge at 3000
rpm for 15 minutes. Discard the filtrate, take the precipitate, mix with 600 ml of absolute ethyl
alcohol, heat until boiling, and leave until the next day. Separate the mixture by centrifuge at
3000 rpm for 15 minutes. Discard the filtrate, take the precipitate, add a liter of distilled water to
it, and heat Until boiling with good mixing and left until the next day and the upper layer was
discarded and the washing was repeated with water three times with the use of a centrifuge each
time and the filtrate was discarded. | kept the quantity produced until use. [14,15].
2.3 Purified B- glucan

The beta-glucan was treated with phosphoric acid 4%, at room temperature for two hours, the
suspension was centrifuged and washed three times with distilled water to separate the leachate
from the crude precipitate, then weighed and washed with distilled water, dried at a temperature
of 37 °C, ground and stored until use [16]. Determination of beta-glucan concentration in the
extract using High-Performance Liquid Chromatography (HPLC) technology.
The concentration and purity of beta-glucan were estimated [17]. Using the HPLC (High-
Performance Liquid Chromatography) device, which was prepared by the Japanese company
Shimadzu.
2.4 biological experiment
2.4.1. Experimental animals

Albino bulp-c white rats supplied by the Iraqi Center for Cancer Research and Medical
Genetics / Al-Mustansiriya University were used, with a weight of approximately 183 gm, of
male sex, and at the age of approximately 10 weeks. The three groups were fed a standard diet
for three days, and water was always available at the animal needs , the first group Al was left to
feed on a standard diet throughout the experiment and returned as a negative control treatment,
while the second group A2 was fed with a solution of S.boulardii The record, where the ratio of
(5) mg of betaclocan per kg of body weight was chosen using a Teflon tube at an amount of (1)
ml for each animal and after (30) days of dosing. Blood was drawn from the animals by the
method of heart prick. Cardiac Puncture with a medical syringe. Then he studied the effect of
nutrition on the rate of weight gain and blood tests, which include immunological tests.
2.4.2. Preparation of inocula
2.4.2.1 Preparation of group A2 dosage material

Regillier's milk was used, and due to the inability of S. boulardii yeast to metabolize milk
sugar (lactose), table sugar (sucrose) was used to prepare the S. boulardii inoculum in high
numbers, as the milk was prepared by sorting retrieved at a rate of 12% (w/v) and sucrose was
added to it 1% (weight / volume) and autoclaved [18] then the milk was cooled to a temperature
of 37°C and inoculated with 2% (volume/volume) of the liquid culture prepared from
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S.boulardii yeast and incubated at a temperature of 37 °C. m until the appearance of coagulation,
and the rats were dosed with (1) ml per day of the prepared product, for 30 days.
Dosage B- glucan (A3) The rats were dosed intragastrically with a preparation of B-glucan. [19].
The rats were weighed after (30) days of dosing, and the blood was drawn from the animals.
Measurement of the level of the immune cytokine interleukin-10 (Interleukin-10).
For this purpose, the ELISA RAT IL-10 diagnostic kit was used to measure the levels of IL-10
in rat sera, according to the instructions of the American company EAGLE. The optical
absorption readings were recorded from the ELISA reader. The standard curve (Figure 1) that
represents the relationship Between absorbance and IL-10 concentration (pg/mL)
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Figure 1. The standard curve of interleukin 1L10.

2.4.3. Measurement of Complement factor 3 level and IgE concentration

For this purpose, the ELISA Complement Factor 3 diagnostic kit was used to measure
Complement Factor 3 levels in rat sera, according to the instructions of the American producing
company EAGLE. It was placed at room temperature and shaken before use to ensure
homogeneity, and the steps attached to the instructions in the box were followed.

3.Results and Discussion

The results showed that the shape of the colonies was circular in color, white to creamy, and
they were convex in shape with regular edges and a sticky creamy texture, with an average
diameter of (1-2) mm when grown at a temperature of 37 © C for 24 hours, and this agreed with
[20, 21] .

We obtained 500 g biomass from dry yeast S.boulardii using the prepared PYD medium. This
PYD medium was used because it is the best medium for yeast development, and pH (5.5) was
the best in obtaining the largest biomass [22]. The ability of S.boulardii to resist extreme acidity
is due to the presence of some proteins that are expressed in S.boulardii cells in the acidic
environment resulting from metabolic effects given by the high physiological resistance to acidic
conditions. Molecular mechanisms have been developed to respond to these conditions, which
led to important developments in the representation of these cells and their cell membranes not
being affected by extreme acidic conditions. S. boulardii was incubated at a temperature of 37
°C, as it has a shorter generation time at this temperature, as well as the ability to compete with
organisms. Pathogenesis in the ecosystem of the digestive system, and this was agreed upon [23]
The use of vibrating farms is attributed to the formation of biomass to obtain the highest possible
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amount of it, the reason is that aeration and agitation are important things as they help to mix the
contents of the medium and supply the growing cells with nutritional needs and oxygen to carry
out metabolic activities [24].
3.1. Extraction of g-glucan from S. boulardii dry yeast

The base and acid method was used [25] because it saves time compared to other methods
[26] and the weight of the obtained B-glucan was 7.370 g / 100 g of dry yeast. The yield was
(36.8 g) of partially purified B-glucan, and this corresponds to [27] Chemical and physical
properties and biological activity may vary according to the extraction method [28]. The base
extraction process was carried out using the optimal extraction treatment, starting from the
preserved yeast cell wall. At this stage, part of (protein +1-6 - B-glucan soluble in the base) is
eliminated, then the mannoprotein precipitates, and the acid works to remove glycogen. In the
last stage of extraction, disposal is done Partially purified B-glucan was obtained from fats using
alcohol, and then a process of drying and grinding was carried out[29] showed that this method
is characterized by its ability to extract -glucan from yeast in a much higher quantity and more
purification.
3.2. Purification of p-glucan

The weight of B-glucan after purification was (8.670 gm). By adding 4% phosphoric acid, the
B-glucan extract was purified, and through this process, the filtered -glucan (6-1) was separated
from B-glucan (1-3). Crude precipitate. Some research indicates the ability of phosphoric acid to
dissolve part of the mannoprotein as well [30].
3.3 Chemical checks

High-performance liquid chromatography for Glucan The results of the HPLC analysis shown
in Figures (2a) and (2b) indicate that the standard -glucan retention time corresponds to the -
glucan retention time under study, as the time required for both is (3.93 and 3.98) minutes.
respectively, which confirms that the sample is an extract rich in beta-glucan, and the results also
indicate a high concentration of B-glucan in the extract, indicating an effective method of
extraction, and this is consistent with [31] and [32] that diagnosed B-glucan. Extracted from oat
bran by HPLC technology, the retention time of the B-glucan standard model and the B-glucan
model under study were identical, which was 3.137 minutes.
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Figure 2a. HPLC of standard B-glucan of S. boulardii yeast
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Figure 2b. HPLC of a sample of B-glucan extracted after purification from S. boulasdii yeast.

3.4. Effect of dosing with standard treatments and S. boulardii yeast - glucanp on average
weights of rats

Table 1. indicates the average weights of rats during the 30-day dosing period. It was noted
that there was no difference in the effect of S. boulardii yeast and - B-glucan in the rate of weight
gain that occurred between groups of rats, and it was noted that there were no significant
differences at the level of (0.05) > P) in the average initial weights of rats among the studied
treatments, which were 182.2 gm, 185.0 gm, and 183.0 gm for treatments Al, A2, and A3,
respectively, while the average final weight was 223.2 gm (Al), 223.0 A2, and 219.0 gm A3,
respectively. The mechanism of lowering cholesterol from S.boulardii results from its
representation from its cells by the enzymes of the yeast cell wall [33] as it has the ability to
reduce its level by 36.5%, The reason for this is due to the presence of fiber represented by
betacocan in S. boulardii yeast, which gives a feeling of satiety and reduces the absorption of fat,
which reduces the amount of food intake and delays the feeling of hunger, and then reduces the
amount of energy supplied to the body, which results in a decrease in weight [34], and this is due
to the presence of fibers that give a feeling of satiety and reduce the absorption of fat, which
reduces the amount of food intake and delays the feeling of hunger and then reduces the amount
of energy supplied to the body, and this results in a decrease in weight.

Table 1. The average initial and final weight, the difference in weights, and the rate of weight gain for rats treated
with S.bulardii yeast and B-glucan, and compared with rats fed on the standard diet

Average weight Average weight The average weight

Dosing type Weight gain rate % difference (q) after the before the treatment
treatment (g) (9)
Control 22.46 a 41.0 a 223.2 a 182.2 a
S.boulardii 20 a 38 a 2230 a 185.0 b
B-Glucan 19.64 a 36.0 a 219.0 a 183.0 b
LSD 2.34 5.84%" 5.044°" 3.25%

3.5. Measurement of the level of the immune cytokine interleukin-10 (Interleukin-10)

The results shown in Figure 3 related to measuring the concentration level of the immune
cytokine 1L-10 by ELISA method showed that there was a statistically significant increase in the
level of IL-10 concentration after doses of mice with treatment types (A2) and A3) compared
with treatment The control (A1) at (P<0.05%) level, and the results showed that there were
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significant differences between the two treatments A2 and A3. The effect of B-glucan can be
direct in stimulating immunity through its binding to the Dectin-1 receptor without the need for
(TLR-2), which ultimately leads to enhancing the production of IL-10 [35] the results agreed
with what was presented by [36], as it was shown that - glucanf stimulates the process of
expression (expression) of cytokines, which are proteins that have Characteristics similar to
hormones that support the immune system of mammals, such as interleukin-1, interleukin-2,
tumor necrosis factor, as well as interleukin 10 and 12.

The B-glucan, which is derived from the dead cell walls of S. boulardii yeast in the intestinal
tract, has a strong effect in stimulating and increasing the immune response by binding to special
receptors in the gastrointestinal tract, which stimulates immune cells to produce anti-
inflammatory cytokines IL-10. This is explained by the fact that some Factors derived from the
cell walls of the probiotic S. boulardii contributed to the enhancement and augmentation of the
host immune response and the balancing of Th2/Thl which promoted increased IL-10
production and that IL-10-producing B cells upregulated Th responses induced by 1,3-B-glucan
[37].

160
=
2 50
:7 10 | l I
8

120 © :

Control A1 Boulardii A2 B~ glucan A3 |

| Treatments  133.07 144,92 152.78 |

Figure 3. The effect of the three treatments on interleukin production

3.6. Measurement of the level of complement (C3) Complement factor 3

The results shown in Figure 4. related to measuring the level of C3 concentration by ELISA
method showed that there was a statistically significant increase in the level of C3 after
administering mice with the types of treatments (A2 and A3) compared with the control
treatment (Al) at the level * (P<0.05), The results also showed that there were significant
differences between the two treatments A2 and A3, and the highest value was recorded for the
A3 treatment of 1.69 ml/mg, followed by the A2 treatment with a concentration of 1.42 mg/ml,
while the control treatment (A1) achieved a numerical value of 1.19ml/mg as the LSD was
0.337*.
The results agreed with [38] showing in light of his research that upon ingestion of -glucans
that are captured by macrophages via the Dectin-1 receptor and subsequently transported to the
spleen, lymph nodes, and bone marrow, within the bone marrow, macrophages break the large
proteins B-1,3-glucans into fragments. The smallest soluble is 3,1B-glucan. These fragments
were subsequently taken up via complement receptor 3 (CR3) of granulocytes. These
granulocytes containing B-glucan-fluorescein bound to CR3 were shown to kill inactivated
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tumor cells after being ligated to the site of complement activation such as tumor cells coated
with a monomeric antibody. Clonal and ample evidence has shown that B-glucan can act on
several receptors, such as Dectin and complement receptor (CR3) [39].

2
m
]
5
2 1
m
b
c
o 0
S Control Boulardii B-glucan
mg/ml mg/ml mg/mil
l ' 1.19 142 1.69

Figure 4. Shows the effect of the three treatments by stimulating the C3 sites

3.7. IgE screening

The results shown in Figure 5 related to measuring IgE levels by ELISA method showed that
there were no statistically significant differences in the level of IgE after administering mice
with the types of treatments (A2 and A3) compared with the control treatment (Al). The results
also showed that there were no significant differences. Between treatments A2 and A3, the
highest value was recorded for treatment A3 was 120 ng/ml, followed by treatment A3 with a
concentration of 118 ng/ml, while the control treatment (A1) achieved a numerical value of 116
ng/ml.These results are in agreement with [40] the IgE concentration should be low enough so
that there are no adverse reactions attributable to the co-administration of beta-glucans in the
clinical trial and given that oral beta-glucans were found to be less sensitizing than those given
by injection and administration of S. boulardii in hydrolyzed formula extensively resulted in
increased tolerance in infants with milk allergy compared to those treated with hydrolyzed
formula alone, which was due in part to changes in the structure of the intestinal flora in the
infants' gut and the result was no increase in IgE concentration [41].

IgkE

120
119
118
117
116
115
114

Control ng/ml Boulardii ng/ml beta glucan
ng/ml
| Mean 116 118 120

concentration IgE

Figure 5. The effect of the three treatments on IgE secretion.
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4.Conclusions

S.boulardii yeast was grown in a YPD medium, and it turned out to be the optimal medium
for development. Beta-glucan was extracted from S.boulardii yeast using the acid-base method,
which is considered the best method. This was demonstrated by HPLC testing. The biological
experiment was conducted by feeding group Al on The standard leech and group A2 on
S.boulardii yeast solution and group A3 fed on beta-glucan extract showed, after conducting
immunological tests, a significant increase to group A3 with tests (IL10, increased concentration
of CO3 level and no increase in the concentration of IgE antibodies) and it turned out that beta-
glucan It does not affect the increase in the body, but only increases the immune qualities of the
body.
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