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Abstract
Purpose β(1,3)/(1,6)-Glucan of yeast origin is a bioactive polysaccharide used in nutrition, healthcare, agriculture and 
wastewater treatment. Yeast cultivation focused on the biosynthesis of β-glucan with simultaneous utilization of industrial 
wastes as a culture medium is a new way of obtaining these functional polysaccharides. The aim of current study was to 
isolate and characterize the purified β(1,3)/(1,6)-glucan preparation from Candida utilis ATTC 9950 biomass propagated in 
waste deproteinated potato juice water with the addition of glycerol.
Methods The production of biomass of tested C. utilis strain was carried on biofermentor scale. The isolation of cell wall 
β-glucan was tested with two different methods: the alkaline-acid procedure coupled with hot-water extraction (method 1) 
and isolation based on cell wall autoclaving, lipids extraction and proteolysis (method 2). The isolated fractions were further 
analyzed with infrared spectroscopy.
Results Obtained preparations contained approx. 82% of β(1,3)/(1,6)-glucan after shortened extraction comparing with 
procedures described in literature. Infrared spectra of examined preparations demonstrated highly similar pattern to β-glucan 
standard of Saccharomyces cerevisiae origin. The preparation produced by method 2 showed higher ratio of β(1,3)- to 
β(1,6)-glucan. The production efficiency for method 2 was 70%, while for the method 1 it was significantly lower, i.e. 49%, 
indicating substantial material losses during alkaline-acid purification.
Conclusions The C. utilis ATCC 9950 yeast cultivated on waste deproteinated potato juice water supplemented with glycerol 
is a highly efficient system to obtain purified β-glucan preparation.
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Statement of Novelty

Management of substantial quantity of waste deprotein-
ated potato juice water constitutes a problem for the starch 
industry. Presented results highlight the potential of valori-
zation of the waste during production of high-value β(1,3)
(1,6)-glucan preparation using Candida utilis yeast as the 
source of this functional polysaccharide. The efficiency of 
the process of isolation of discussed polymer from C. uti-
lis biomass is high after cultivation in studied substrates. 
Proposed solution could improve the economics of the 
production of yeast origin β-glucan.

Additionally, to the best of our knowledge in the litera-
ture there is no data considering isolation and characteri-
zation of β-glucan of C. utilis origin and its comparison 
with extracted from Saccharomyces cerevisiae biomass, 
the main source of yeast β-glucan on industrial scale 
nowadays.

Introduction

β-Glucan polymers are biologically active polysaccha-
rides created by β-d-glucopyranose residues polymerized 
through β(1,3)-, β(1,4)- and/or β(1,6)-glycoside bonds, 
what depends on the source of glucan origin [1, 2]. They 
make up cell walls of microscopic fungi, bacteria, plants, 
algae and lichen [3].

β(1,3)-Glucan is the major structural constituent 
of yeast cell wall [4], while the organelle accounts for 
approximately 20–30% of dry weight of the biomass [4, 5]. 
Mannoproteins, β(1,6)-glucan and chitin are also structural 
polymers of yeast cell wall [6].

Yeast deserves special attention as a source of β-glucan 
considering high propagation rate and possible re-mod-
elling of cell wall chemical composition depending on 
growth conditions [7–10]. Different stress factors can 
cause the wall structure to be strengthened or thickened 
through intensified synthesis of constituent polysaccha-
rides [3, 6, 7].

Extensive studies have been done on glucan characteri-
zation of S. cerevisiae and Candida albicans origin, much 
less is known about glucans synthesized by other fungi 
[1, 4, 11, 12]. To the best of our knowledge, in the lit-
erature there is no data considering isolation and analysis 
of β(1,3)-glucan preparation purified from the biomass of 
C. utilis origin using different methods. The species of 
Candida utilis yeast is recognized as safe because of long 
history in food additives and feed production and could 
be a new, efficient β-glucan source on an industrial scale. 
Our previous studies stated the important increase in the 

content of discussed functional polysaccharide in cells 
of C. utilis cultivated on food-agricultural waste-depro-
teinated potato juice water (DPJW) with the addition of 
glycerol [10, 13]. Management of substantial quantity of 
DPJW constitutes a problem for the potato starch industry 
[14–16]. The waste arises after deproteinization of potato 
juice generated through potato tubers disintegration during 
starch separation. Discussed by-product is also named as 
deproteinated potato wastewater in literature [15]. Accord-
ing to trends analysis in global potato starch industry the 
market reached app. 3.6 mln tons in 2017 and the forecast 
indicate an increase in potato starch production [15, 17]. In 
accordance with calculations [15] the global potato starch 
industry generated app. 10.8 million  m3 of deproteinated 
potato juice water in 2017 and it will be app. 12 million 
 m3 by 2023.

There have been very interesting applications developed 
for waste potato juice (fresh or spray-dried) using in health-
oriented food products [18]. Discussed functional food prod-
ucts (pâtés, pasta, frankfurters fortified with potato juice) are 
especially addressed to patients with inflammatory bowel 
disease [19–21]. The discussed waste was also applied as 
nitrogen source in yeast lipids biosynthesis [15].

Supplementation of DPJW with glycerol is essential for 
glucan synthesis and high yeast biomass productivity [13]. 
The waste glycerol fraction arising from biodiesel produc-
tion and assimilated as a carbon and energy source by Can-
dida yeast species can be used for that purpose.

Functional properties of yeast β-glucan depend on chemi-
cal and physical features of the polysaccharide affected by 
degree of polymerization, degree of branching and as a 
result by specific molecular conformation, all arise from 
yeast genetic characteristic and cultivation conditions [1, 2, 
4, 5, 22]. Yeast β(1,3)/(1,6)-glucan can form single or triple 
helix structure or is arranged in random coil [1, 11]. The 
triple helix structure of β(1,3)-glucan polymer is considered 
to be important for biological activity of the polysaccharide 
[1]. Batbayar et al. [1] indicate that β(1,3)-glucans of larger 
molecular weight or higher branching degree through β(1,6)-
glycosidic bonds show stronger immunostimulation activ-
ity comparing with linear polymers. However, the precise 
impact of β-glucan branching degree upon biological activ-
ity is rather unclear and unequivocal results of investigation 
are still missing [23].

Bioactive and other functional properties of yeast origin 
β(1,3)-glucan are extensively studied and possible industrial 
applications of that polysaccharide are well documented. 
Orally administrated particulated yeast β(1,3)-glucan modu-
lates innate and adaptive immune response [1, 24–27]. Dis-
cussed polysaccharide is investigated as oral vaccine carriers 
[28]. The reduction of cholesterol and lipids level in blood 
by yeast β-glucan is indicated [24]. Yeast β(1,3)-glucan 
derivatives show antioxidant and anti-lipid peroxidation 



3259Waste and Biomass Valorization (2020) 11:3257–3271 

1 3

effect by free radicals scavenging properties [29]. Mannan, 
a by-product generated from cell walls during yeast β-glucan 
isolation, is characterized with interesting antioxidant activ-
ity also [30]. Different chemical derivatization strategies of 
discussed polysaccharide can improve its biological com-
patibility and activity in different biological systems [31]. 
Preparations of yeast glucan are recommended to be used as 
feed additives with mycotoxins binding properties also [32]. 
β-Glucan isolated from S. cerevisiae yeast was authorized 
as a novel food ingredient in European Union and is used in 
production of specific food categories, including diet sup-
plements [33]. There are studies on yeast β-glucan applica-
tion as edible films and food packaging component [34] as 
well as food additives of technological significance [2, 27, 
35, 36].

Procedures currently used for yeast β-glucan isolation 
and purification were developed and applied for the bio-
mass of S. cerevisiae yeast, commonly used as a β-glucan 
source for industrial applications. The methods are divided 
into chemical ones, primarily based on alkaline extraction 
or possible acid extraction, and enzymatic ones, that vary 
in relation to proteolytic or lipolytic enzyme preparations 
and hydrolysis conditions [22, 37–39]. Attempts to improve 
mentioned methods were based on application of additional 
stages of purification like hot water extraction or ultrasounds 
treatment [40–42].

Isolation procedures influence on the structure and molec-
ular weight of β-glucan [27]. Proper extraction methods need 
to be applied to preserve the integrity of glucan molecules 
but also to obtain high β-glucan yield and purity at the same 
time. Isolation procedures of yeast β-glucan based on acid 
and alkali treatment or a combination of both, may contrib-
ute to degradation of the polysaccharide, reduced yields and 
limited purity [22, 37, 42]. Soft treatments like enzymatic 
purification, hot water extraction and high-pressure homog-
enization allow to preserve native structure of the polysac-
charide [37]. They are very effective in purification, less 
harmful to the environment and can be easily scaled-up to 
an industrial process [22, 37]. Hovewer, chemical proce-
dures based on acid and alkali extraction steps are rather less 
expensive comparing with enzymatic ones.

Yeast species and culture parameters have considerable 
impact on the efficiency of yeast β-glucan purification due 
to differences in cell wall structure and consequently its 
susceptibility to disruption [22, 43–45]. There is no data 
available in respect of effectiveness of those procedures in 
relation to yeast other than brewer’s and baker’s species. 
Consistently, the aim of the study was to obtain and char-
acterize the β(1,3)/(1,6)-glucan preparation of Candida 
utilis ATTC 9950 using two different methods of isolation 
from the biomass cultivated under conditions intensified the 
β(1,3)/(1,6)-glucan synthesis with simultaneous valorization 
of agro-waste as cultivation medium. For β-glucan isolation 

the alkaline-acid extraction procedure coupled with removal 
of ingredients soluble under autoclaving conditions (method 
1) as well as the process based on impurities solubilization 
under hot-water conditions, lipids extraction using organic 
dissolvent and enzymatic digestion of proteins (method 2) 
were applied. The chemical composition and production 
efficiencies of the preparations were compared in relation 
to applied methods of purification.

Presented results are useful to the industrial production of 
yeast origin β-glucan preparations. We propose the C. utilis 
ATCC 9950 yeast cultivated on waste DPJW supplemented 
with glycerol as a efficient source of highly purified β-glucan 
preparation on industrial scale.

Materials and Methods

Yeast Strain

The Candida utilis ATCC 9950 yeast strain from the col-
lection of pure cultures of the Division of Biotechnology 
and Food Microbiology, Warsaw University of Life Sciences 
was used as a β(1,3)/(1,6)-glucan source. Yeast culture was 
stored on YPD slants at the temperature of 6–8 °C.

Cultivation Medium

For the purpose of C. utilis yeast cultivation, the growth 
medium was based on waste DPJW (pH 5.0 ± 0.2) sup-
plemented with 10% of glycerol. The medium facilitates 
the synthesis of β(1,3)/(1,6)-glucan in cell walls of stud-
ied C. utilis ATCC 9950 strain. DPJW was obtained from 
the processing line of company producing potato starch 
(Mazovia region, Poland). The medium was sterilized 
at 121 °C/0.1 MPa/20 min (HICLAVE HG80 autoclave, 
HMC Europe) and characterized according to Bzducha-
Wróbel et al. [13] considering the content of dry matter, total 
organic carbon (TOC), total nitrogen content, total sugars 
and directly reducing sugars. Contents of selected elements 
in DPJW were determined also (K, S, P, Na, Ca, Mg, Mn) by 
ICP technique in atomic emission spectrometer (ICP-AES 
Thermo iCAP 6500 DUO). Obtained results were stated in 
grams per 1 L of the medium and presented in Table 1.

Inoculum

Yeast cells inoculum was prepared in YPD medium (80 cm3) 
in flasks with capacity of 500 cm3. Cultures were inoculated 
with cells collected from the slants. The culture was incu-
bated at 28 °C during about 20 h with shaking (200 cycles/
min, SM-30 Control). The yeast biomass was centrifugated 
(15,500 g/4 °C/10 min, Eppendorf 5810R Centrifuge) and 
rinsed twice with sterile water before suspention in 300 cm3 
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of waste potato juice water. The inoculum received in this 
way was used for yeast cultivation in biofermentor system.

Cultivation Conditions in Biofermentor

The biomass of studied Candida utilis yeast was cultivated 
in 5-L fermentor (BIOFLO 3000, New Brunswick, USA) 
with a work volume of 3 L of cultivation medium inoculated 
with 10% (v/v) of inoclum. The impeller rotation speed was 
200 rev/min, temperature was set at 28 °C and airflow at 
2.5 v/v/min. The pH of culture was not kept constant. The 
cultivation time was 72 h. Three independent cultivations 
were performed.

Cell Wall Preparations

Cell wall preparations were produced by mechanical disin-
tegration of yeast biomass in Bead-Beater GB26 (Biospec 
Products) bead mill following the procedure described by 
Bzducha-Wróbel et al. [13]. The material obtained in that 
way constituted unpurified cell walls that were used for 
β(1,3)/(1,6)-glucan isolation based on methods described 
in “Isolation of β(1,3)/(1,6)-glucan preparations” section.

Isolation of β(1,3)/(1,6)‑Glucan Preparations

Method 1: Alkaline-Acid Isolation Coupled with Hot-Water 
Extraction by Autoclaving

The first of the applied procedures of β(1,3)/(1,6)-glucan 
purification of C. utilis origin was based on the method 
described by Zechner-Krpan et al. [2] with modifications. 
Briefly, approximately 1000 mg of unpurified cell wall 
preparations was weighed and subsequently undergo alkali 
extraction. For that purpose 20% suspended matter was 

prepared in 1 M NaOH. Samples prepared in that way were 
incubated in the water bath (90°C/1 h). After incubation 
all samples were centrifuged (4600 g/4 °C/10 min), super-
natants were poured out, and the specimens were rinsed 
with deionised water three times, centrifuging each time. 
The output specimens were suspended in 1 M solution of 
acetic acid (Avantor Performance Materials, Poland). The 
suspended matters were incubated in the ambient tempera-
ture for 2 h. After that all samples were centrifuged, rinsed 
in water and centrifugated again. The output specimens 
were used for preparing 20% suspended matter in 0.1 M 
sodium citrate buffer. The samples underwent autoclaving 
(121 °C/0.1 MPa/1 h) and were centrifuged. The output 
specimens were rinsed in distilled water three times, cen-
trifuged every single time, and later dried by means of hot 
air inflow (80 °C/24 h). Dried β-glucan preparations were 
milled in laboratory mill and were characterised according to 
point “Characterisation of cell wall and β(1,3)/(1,6)-glucan 
preparations” of the methodology.

Method 2: Hot-Water Extraction Coupled with Dissolution 
of Lipids by Organic Solvent and Enzymatic Protein 
Digestion

The second method applied for C.utilis β(1,3)/(1,6)-glu-
can isolation and purification was developed on the basis 
of procedures recommended by Freimund et al. [22] and 
Magnani et  al. [42] with modifications. Approximately 
1000 mg of cell wall preparations were weighed and sus-
pended in 0.02 M sodium potassium buffer, pH 7.5 (Avan-
tor Performance Materials, Poland). Zirconium-glass 
beads of 1 mm in diameter were added and samples were 
autoclaved (121 °C/0.1 MPa/1 h). Next, all samples were 
centrifuged (4600 g/4 °C/10 min) and obtained specimens 
were rinsed with water three times, centrifuged each time 
under conditions mentioned above. Next 3 cm3 of isopro-
pyl alcohol was added to specimens (Avantor Performance 
Materials, Poland) and samples were incubated in water bath 
(60 °C/2 h). Supernatants were poured out while specimens 
were rinsed in deionized water three times. The enzymatic 
digestion of proteins present in specimens of cell walls prep-
arations was aided by Pronase E enzyme (Sigma-Aldrich, 
USA) using 200 ng/cm3 solution prepared in 0.01 M potas-
sium phosphate buffer (pH 7.0) with the addition of 5 mg/
cm3 of sodium lauryl sulfate (Avantor Performance Mate-
rials, Poland). The sludges of purified preparations were 
suspended in 9.5 cm3 of enzyme solution. Samples were 
incubated at 37 °C for approximately 20 h. After enzymatic 
hydrolysis, specimens were rinsed in water three times, cen-
trifuged and dried by means of hot air inflow (80 °C/24 h). 
Obtained purified β-glucan preparation were milled and 
characterised in compliance with point “Characterisation 

Table 1  Chemical composition of deproteinated potato juice water 
used for yeast cultivation

Ingredient [g/dm3]

Dry matter 51.9 ± 0.3
Total organic carbon 22.9 ± 0.8
Total sugars 17.0 ± 0.1
Directly reducing sugars 16.4 ± 0.1
Nitrogen 2.0 ± 0.1
Protein 12.5 ± 0.1
Phosphorus 0.29 ± 0.01
Potassium 4.1 ± 0.4
Sulphur 12.7 ± 2.1
Sodium 0.73 ± 0.04
Calcium 1.27 ± 0.2
Magnesium 0.27 ± 0.02
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of cell wall and β(1,3)/(1,6)-glucan preparations” of the 
methodology.

Characterisation of Cell Wall and β(1,3)/
(1,6)‑Glucan Preparations

FT‑IR Spectra of Purified β‑Glucan Preparations

For all samples of β-glucans obtained IR spectra were reg-
istered in the middle range i.e. 4000–400 cm−1. The proce-
dure was carried according to the method [24] with little 
modifications. For fine powder preparation approx. 1 mg 
of β-glucan was mixed with approx. 3 g of solid KBr and 
grounded in laboratory mill Specamill. The powder sample 
was pressed into transparent tablet by applying 5 tons of 
pressure using hydraulic piston. Ready pallet was placed 
in holder which in turn was placed in measuring chamber 
rails. Spectra were registered as ratio of spectrum of given 
sample to spectrum of background that was registered with-
out sample in measuring chamber to eliminate the effect of 
water vapor and carbon dioxide. Instrument System 2000 
was operated by GRAMS software. FT-IR spectra were 
recorded with the resolution of 4 cm−1 and ten scan.

Protein Content

Total nitrogen content in the analyzed samples of cell walls 
and β-glucan preparations were determined with the Kjel-
dahl method (Büchi mineralization and distillation units, 
Büchi Labourtechnik, Flawil, Switzeland) according to [46]. 
Nitrogen content was expressed per crude proteins using a 
conversion factor of 6.25. It was assumed that all nitrogen 
comes from proteins only.

Lipids Content and Fatty Acids Composition

The analysis was performed according to [47]. The lipid 
content was expressed as a sum of individual fatty acids con-
tent detected in analysed preparations of yeast cell wall and 
purified β-glucan samples using chromatography equipped 
with a flame ionization detector (GC-FID, TRACE™ 1300, 
Thermo Scientific, USA). Fatty acids contents were calcu-
lated on the basis of internal standard addition and taking 
into account the correction factors determined for each fatty 
acids. App. 100 mg of dry preparations were mixed with 
1 cm3 of hexane and 0.2 cm3 of internal standard (triacy-
loglicerole of C21:0 at 5 mg/cm3). Next, 0.7 cm3 of 8 M 
KOH and 3.3 cm3 of methanol were added. Samples were 
incubated at 55 °C for 1.5 h with shaking. After cooling 
0.58 cm3 12M  H2SO4 was added and samples were incu-
bated at 55 °C for additional 1.5 h with shaking. After cool-
ing, 2 cm3 of hexane were added to each sample and the 

hexane phases were analysed by GC-FID. Separation of fatty 
acid methyl esters was performed using an RTX-2330 capil-
lary column (60 m × 0.25 mm × 0.2 µm, Restek, USA). The 
oven temperature was set at 50 °C (3 min), a temperature 
increase rate was 3°C/min up to 250 °C (5 min). Nitrogen 
(1.6 cm3/min) was the carrier gas. The temperatures of the 
injector and detector were set at 230 and 260 °C, respec-
tively. Identification of individual fatty acids was performed 
on the basis of retention times of Nu-Chek-Prep Inc. (USA) 
external reference standards present in GLC 461 solution (32 
fatty acids methyl esters from C4:0 to C24:0).

The Content of Total Sugars and β(1,3)
(1,6)‑Glucan

The content of total sugars, as reducing sugars expressed 
per glucose, was determined by the colorimetric method 
with DNS at the wavelength of 540 nm (BIO-RAD Smart-
Spec 3000) according to [46]. Cell wall preparations (app. 
20 mg) were subjected to acid hydrolysis (72%  H2SO4, 
95 °C/4 h) in water bath (Memmert WNB14, Germany) 
before reducing sugars determination. The content of sugars 
was calculated using a standard curve prepared for glucose 
(y = 2.3279x–0.0755,  R2 = 0.9989).

The total content of β(1,3)(1,6)-glucan was determined 
according to [46] using an Enzymatic Yeast Beta-Glucan Kit 
by Megazyme (K-EBHLG 03/13) following procedure rec-
ommended by the producer. The UV-1800 UV/VIS, RAY-
LEIGH spectrophotometer was used.

The Content of Alkali Soluble and Alkali Insoluble 
Polysaccharides Fractions

Purified β(1,3)/(1,6)-glucan preparations were characterised 
in terms of the content of alkali soluble and alkali insoluble 
polysaccharides fractions [10, 48]. Approximately 20 mg of 
purified β-glucan preparations were taken. Next 1.5 cm3 of 
3% NaOH was added in order to run the first cycle of alka-
line extraction in the water bath (75 °C/1 h). Subsequent 
samples were centrifuged (3900 g/10 min) and supernatants 
were collected. Additional 1.5 cm3 of NaOH portion was 
added to each specimens obtained after first extraction step 
and samples were incubated under conditions as described 
above. After incubation samples were centrifuged and the 
obtained supernatants were mixed with the alkali soluble 
fraction collected after the first step of extraction. The last 
cycle of extraction was performed using 2.0 cm3 of NaOH 
added to each specimens. Finally, supernatants derived from 
three subsequent stages of alkaline extraction of a given 
sample were combined. And analyzed in terms of the total 
content of polysaccharides soluble in alkali (soluble β(1,3)/
(1,6)-glucan fractions, mannoproteins, α-glucan). For that 
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purpose all samples were subjected to acid hydrolysis and 
total sugars content in compliance with point “The content 
of total sugars and β(1,3)(1,6)-glucan” of the methodology.

The specimens derived by alkaline extraction con-
tain yeast β(1,3)- and β(1,6)-glucan fractions insoluble in 
alkali—the main β-glucans type present in yeast cell wall. 
The total content of alkali insoluble β-glucans was deter-
mined by means of total sugars analysis by colorimet-
ric method with DNS after acid hydrolysis of specimens 
(described above). At the same time specimens of poly-
saccharides insoluble in alkali (parallel extractions) were 
subjected to enzymatic hydrolysis using Zymolyase 20T 
preparation according to point “The content of β(1,3)- and 
β(1,6)-glucan insoluble in alkali” of the methodology.

The Content of β(1,3)‑ and β(1,6)‑Glucan Insoluble 
in Alkali

Speciments of β-glucan fractions insoluble in alkali were 
subjected to enzymatic digestion using Zymolyase 20T 
preparation (MP Biomedicals LLC) [10, 48]. The prepa-
ration consist with β(1,3)-glucan laminaripentaohydrolase, 
β(1,3)-glucanase, protease, mannanase, amylase, xylanase 
and phosphatase. The glucose polymers are hydrolyzed at 
the β(1,3)-glucan linkages with laminaripentaose as the prin-
cipal product while β(1,6)-glucan is not subject to digestion. 
The purpose of this stage was to define the content of alkali 
insoluble β(1,3)- and β(1,6)-glucan indyvidually. The con-
tent of β(1,3)-glucan was calculated as difference between 
the total content of sugars present in the alkali insoluble 
specimen derived after alkali extraction and total content of 
β(1,6)-glucan (sum of sugars analysed in specimen derived 
by zymolyase hydrolysis of alkali insoluble fraction plus 
sugars analysed in samples dialysates of after enzyme diges-
tion). It was assumed that alkali insoluble specimens not to 
contain chitin.

Alkali insoluble specimens were rinsed with 0.1  M 
Tris–HCl buffer (pH 7.4) twice and then centrifuged 
(3214 g/15 min). Next 1.5 cm3 of zymolyase preparation 
(5 mg/cm3) dissolved in 0.01 M Tris–HCl buffer (pH 8.0) 
was added to each sample. Samples were incubated approx. 
20 h in water bath with shaking and at the temperature of 
37 °C.

Af ter  hydrolysis  samples were centr i fuged 
(3214 g/15 min). Obtained specimens contained β(1,6)-
glucan fractions not digested by the enzyme. The content of 
β(1,6)-glucan was estimated as total sugars by colorimetric 
method with DNS after acid hydrolysis of specimens.

The content of β(1,6)-glucan was also defined in 
dialysates of supernatants derived after zymolyase diges-
tion of specimens insoluble in alkali. Dialysis was conducted 
in order to separate fractions of hydrolysed β(1,3)-glucan 
from non-hydrolysed β(1,6)-glucan remained in dialysates. 

Dialysis was carried out using high retention cellulose tub-
ing bags (Sigma-Aldrich, St. Louis, USA) submerged in 
deionised water for 24 h. Samples were placed on the mag-
netic stirrer (ES 24, WIGO, Poland). Next, dialysates were 
subjected to acid hydrolysis and total sugars were deter-
mined according to methodology described above.

Production Efficiency of β‑Glucan Preparations 
in Relation to Purification Method

Production efficiencies (PE) of β-glucan preparations in 
terms of the method 1 and 2 were defined according to the 
following formula:

PE [%] =(mCW−mβ−G) × 100/mCW, where  mCW was a 
weight of cell wall preparation subjected to purification 
while  mβ−G was a weight of purified β-glucan preparation 
obtained by each studied method of purification in three 
independent experiments.

Statistical Analysis

Averages were calculated on a basis of results obtained 
in three independent experiments (at least). All analysis 
of tested samples were performed at least in triplicate. 
Obtained results were subjected to a statistical analysis using 
the STATISTICA V.13.1 programme.

An analysis with the ANOVA method (Tuckey’s test) was 
carried out at the α = 0.05 level of significance.

Results and Discussion

The Analysis of IR Spectra of Studied Preparations

Obtained preparations of β(1,3)/(1,6)-glucan isolated from 
biomass of studied C. utilis strain were characterized by 
infrared spectroscopy. Registered infrared (IR) spectra were 
analyzed and compared to each other (preparations isolated 
by methods 1 and 2) in terms of wavenumbers and intensi-
ties of bands occurring in studied samples. The spectra were 
also related to spectrum registered for β(1,3)/(1,6)-glucan 
standard of Sacharomyces cerevisiae origin purchased from 
Sigma company. All similarities and differences were further 
related to spectral data provided in the literature [2, 24, 34, 
42, 45, 49, 50]. Figure 1 presents three spectra i.e. prepara-
tion obtained by alkali-acid isolation coupled with hot-water 
extraction—method 1 (solid line), preparation purified using 
hot-water extraction coupled with lipids solubilisation and 
protein enzymatic hydrolysis—method 2 (dotted line) and 
standard (dash line). All spectra look quite similarly overall. 
Wide intense band, very characteristic for O–H vibrations, 
occurs at 3417 cm−1 in all spectra as yeast cell wall is pre-
dominantly composed of carbohydrates.
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For fur ther detailed analysis spectral  range 
(4000–400  cm−1) was divided into three specific 
regions i.e. 3200–2700  cm−1, 2000–1450  cm−1 and 

1450–400 cm−1. Listed spectral ranges are presented on 
Figs. 2, 3 and 4, respectively.

In high spectra region five distinct bands are observed 
(Fig. 2). They are generated by C–H stretches and as located 
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Fig. 1  Infrared spectra of β(1,3)/(1,6)-glucan isolated from C. utilis using method 1 (solid) and method 2 (dotted) and β(1,3)/(1,6)-glucan stand-
ard of S. cerevisiae origin (98% pure) purchased from Sigma company (dashed) in the range 4000–400 cm−1
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ard of S. cerevisiae origin (98% pure) purchased from Sigma company (dashed) in the range 3200–2700 cm−1



3264 Waste and Biomass Valorization (2020) 11:3257–3271

1 3

below 3000 cm−1 they can only be related to hydrogen-
carbon chain stretches. Three bands occur in spectra of all 
samples i.e. 2958, 2921 and 2777 cm−1. Band at 2984 cm-1 
is present exclusively in samples obtained in current investi-
gation, while at 2852 cm−1 is present in standard and sample 
purified with the method 2. This differentiate three samples, 
and makes alkali-acid obtained one (method 1) with distinct 
intense band at 2894 cm−1 different. Spectrum of sample 
purified using the method 2 contain a very weak band at this 
wave number while standard sample does not have it. This 
make samples obtained in current experiment similar to each 
other and slightly different from standard. It can be due to 
presence of additional C–H group as compared to standard 
or different chemical environment of vibrating group (e.g. 
impurities influencing it).

Spectral range of 2000–1450 cm−1 is presented on Fig. 3. 
Two distinct bands at 1659 cm−1 occur for samples of both 
preparations, purified by methods 1 and 2, obtained in cur-
rent investigation. This band is however absent in standard 
spectrum which makes spectra different. Additionally stand-
ard spectrum has band at 1619 cm−1 that is absent in spectra 
of samples obtained in current studies. Bands at 1659 cm−1 
are quite wide and intense that makes suggestion for them 
to be generated by C=O stretching vibration. This group is 
however absent in standard of yeast β-glucan that suggest 
presence of some impurities e.g. fatty acids, fats, ketons 
or amides, as all contain C=O group. According to litera-
ture, bands generated by this group from esters (fats) and 

carboxylic acids are located in the range of 1600–1650 and 
1730–1770 cm−1, respectively. On the other hand, ketons or 
aldehydes (both aliphatic and aromatic) C=O bonds occurs 
as bands at 1675–1700 cm−1, while C=O bond present in 
amides presents itself at the range of 1630–1700 cm−1. It 
suggests that bands observed in current investigations are 
generated by amides (proteins) impurities. Although proteins 
surely generate another than C=O bands they are much less 
intense and therefore not observed or observed as very weak 
bands weakly interfering with other characteristic for main 
component i.e. glucan bands.

The third region selected for analysis was 1450–400 cm−1. 
This is known as fingerprint region. Spectra from this 
region are presented on Fig. 4. There are 9 bands present 
at 1379/1371, 1315, 1254, 1204, 1159, 1110, 1080, 1043 
and 893, respectively. Except bands listed as 1379/1371 and 
1110 cm−1 all bands occur in the same location for all sam-
ples studied. This suggest the same bonds vibrating in all 
studied samples generating same bands. Absolute intensities 
of bands vary, however the ratios of neighboring/selected 
bands are considered when compounds are identified. 
According to literature data [42, 45, 49, 50] ratios of fol-
lowing bands 1040/998; 1040/1080; 1135/1080; 1650/891; 
1375/891 and 841/891 can serve as purity detectors. The 
characteristic bands for β(1,3)- and/or β(1,6)-linked glu-
cans are at approx. 1160, 1078, 1041, and 889 cm−1 [49]. 
Bacha et al. [24] explain that band at app. 1080 cm−1 is 
due to COC glycosidic bonds with cyclic structure, while 
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band around 1040 cm−1 represents CO bond and is char-
acteristic for carbohydrate composed structure. Signal at 
app. 890 cm−1 is related to β-glycosidic anomeric groups. 
In current studies bands are shifted as compared to literature 
data therefore following ratios of bands intensities have been 
considered: 1379/1080; 1659/893; 1379/893 and 1080/893. 
Data obtained are presented in Table 2. Especially interest-
ing is the ratio of 1659/893 which indirectly informs about 
protein contamination [2, 24, 49], as compared to standard 
that spectrum does not contain band at 1659 cm−1 at all. This 
ratio is zero for standard while 3.81 and 2.07 for preparations 
obtained by methods 2 and 1, respectively.

As the ratio of protein/glucan bands (1659/893) is big-
ger for preparations obtained by the method 2 it suggest 

alkali-acid purified glucan is less contaminated with pro-
teins. The standard and currently obtained glucans differ 
in intensities ratios especially in the case of 1379/893 and 
1080/893. This is mainly due to very weak band observed 
for standard at 893 cm−1. Considering chitin, and presum-
ing that band at 1379 is sensitive to N-acetylglucosamine 
level [34, 40, 42, 45, 49, 50] one can conclude that standard 
and glucan purified with alkali-acid method are of the same 
quality while isolated by the method 2 has smaller content 
of chitin. In the case of chitin, the quantitative analysis was 
not conducted in current investigation, which makes it dif-
ficult to define the purity of produced β-glucan preparations 
unequivocally.

Chemical Composition of Studied Preparations

Cell Wall Preparations

Cell wall preparations of investigated C. utilis strain were 
produced through mechanical disintegration of yeast bio-
mass using bead milling. The method preserves the native 
structure of β-glucan and can be implemented at industrial 
scale [4, 46]. Cell wall preparations were then used as start-
ing material in the process of β-glucan isolation. Applied 
procedure of yeast disruption allowed to produce cell wall 
preparations consist with approx. 73 g of sugars and approx. 
63 g of β-glucan in 100 gd.w. of preparation (Table 3). The 
protein content was about 16 g/100 gd.w. of the preparation. 
Lipids concentration was only below 0.3% what could result 
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Table 2  The ratios of intensities of selected bands based on intensity 
of single bands occuring in spectra of β(1,3)/(1,6)-glucans isolated 
from C. utilis using the methods 1 and 2

Single band intensity was measured as area under given bands: 
1379/1080; 1659/893, 1379/893, 1080/893
β-G–1 preparation β(1,3)/(1,6)-glucan obtained by method 1, β-G–2 
preparation of β(1,3)/(1,6)-glucan obtained by method 2

Preparation The ratio of selected bands [unitless]

1379/1080 1659/893 1379/893 1080/893

β-G–1 0.65 2.07 0.24 0.37
β-G–2 0.41 3.81 0.40 0.95
Standard 0.62 0 5.62 9.04
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from dissolution of those ingredients at the stage of repeated 
rinsing of cell wall specimens with ethanol after the proce-
dure of cells disintegration. Freimund et al. [22] noted high 
efficiency of lipids extraction from yeast cell walls using 
ethanol. The lipid content in obtained preparations turned 
out to be definitely lower as compared to data presented in 
corresponding literature [22, 41, 42, 51].

It is worth to underline that the content of total sugars, 
proteins and β-glucan in produced cell wall preparations of 
C. utilis was similar to their concentration in commercial 
preparations of purified β-glucan of S. cerevisiae origin stud-
ied by Thammakiti et al. [51] and Suphantharika et al. [52]. 
That proves high efficiency of the process applied for yeast 
cells disintegration. Furthermore, the culture medium based 
on the waste DPJW with glycerol used for C. utilis cultiva-
tion promotes the biosynthesis of β(1,3)/(1,6)-glucan [13], 
which explains significantly higher content of that polysac-
charide in unpurified cell wall preparations as compared to 
data available in literature [51–53].

Purified β-Glucan Preparations

The first method applied for β-glucan isolation from the cell 
walls of studied C. utilis yeast species was based on alkaline 
extraction of that polysaccharide and subsequent moderate 
acid hydrolysis and hot-water extraction by autoclaving of 
the material. Alkali treatment of yeast cell walls results 
in destruction of the spatial organization of the wall and 
releasing of its structural ingredients [48]. Šandula et al. [49] 
indicated that β(1,3)/(1,6)-glucan, isolated from yeast cells 
through alkaline extraction, still contains substantial quan-
tities of contaminants, mainly mannan, proteins, phospho-
lipids, α-glucan as well as amorphous β(1,6)-glucan stuck 
in the net of β(1,3)-glucan fibrilles. Application of moder-
ate acid extraction, for instance using acetic acid, allows to 
reduce the content of alkali insoluble β(1,6)-glucan fraction 
which is sensitive to acetolysis. That process, however, could 
brings about losses of β(1,3)-glucan [2, 49]. The subsequent 
stage of purification of β-glucan preparation, based on auto-
claving of samples suspended in water or buffer, contributed 
to additional removal of water soluble impurities.

Purification of studied cell wall preparations through the 
alkaline-acid procedure caused the total content of sugars to 
rise from approximately 73 to 88 g/100 gd.w. of the prepa-
ration while β(1,3)/(1,6)-glucan concentration increased to 
approximately 82 g/100 gd.w. (about 93% of total sugars)—
Table 3. Discussed purification procedure provided for more 
than double reduction of proteins content in the prepara-
tions, finally reducing the concentration from 16 to 7 g/100 
 gd.w. of β-glucan preparation. However, proteins concentra-
tion was calculated on the basis of total nitrogen content in 
investigated preparations. The assumption was made that all 
nitrogen comes from protein fraction while in yeast cell wall 
preparation the chitin is present and impurities with nucleic 
acids are also possible. It could be the reason of unprecise-
ness between results of spectral IR analysis and chemical 
investigation of protein content in studied preparations.

The content of lipids was about 0.1% of dry substance of 
the purified β-glucan preparation obtained using discussed 
method of isolation.

Zechner-Krpan et al. [2] noticed lower protein content in 
S. cerevisiae yeast β-glucan preparations isolated by means 
of the alkaline-acid extraction connected with hot water 
extraction by autoclaving. However, the processes of alka-
line and hot-water extractions, as carried out by the authors, 
lasted longer (2 and 1,5 h respectively), as compared to the 
procedure applied in our study (1 h each).

Production efficiency of purified β-glucan preparations 
obtained by alkaline-acid extraction coupled with hot-
extraction by autoclaving (method 1) approximated to 49% 
in relation to the quantity of cell wall preparations used for 
purification. That commonly used procedure of β-glucan iso-
lation provides for efficient saponification of esterified lipids 
and removal of proteins covalently bound with mannan in 
the cell wall structure, however, it contributes to degrada-
tion and substantial losses of isolated polysaccharides [2, 
41, 42, 49].

The second method applied in this study for isolation of 
β(1,3)/(1,6)-glucan from C. utilis cell walls preparations 
was based on solutions proposed by Freimund et al. [22] 
and Magnani et al. [42]. Firstly, the extraction of yeast cell 
walls components soluble in water at the temperature above 

Table 3  Comparison of 
the chemical composition 
of C. utilis yeast cell wall 
preparations and β(1,3)/
(1,6)-glucan preparations in 
relation to purification method

*Percentage share in total sugars
CW cell wall preparation, β-G–1 β(1,3)/(1,6)-glucan preparation purified by method 1, β-G–2 β(1,3)/
(1,6)-glucan preparation purified by method 2
a,b,c Mean values in columns marked with the same letters do not differ significantly, Tukey’s test, α = 0.05

Preparation Total sugars 
[g/100 gd.w. prepa-
ration]

β(1,3)/(1,6)-glucan 
[g/100 gd.w. prepara-
tion]

Protein 
[g/100 gd.w. 
preparation]

Lipids 
[mg/100 gd.w. 
preparation]

Production 
effiency 
[%]

CW 73.4 ± 2.2b 62.6 ± 0.8b (85.3%) 16.4 ± 1.4a 284.6 ± 31.2a –
β-G–1 88.0 ± 1.0a 81.8 ± 0.2a (93.0%)* 7.0 ± 0.8b 134.6 ± 20.4b 48.9 ± 0.7a
β-G–2 86.6 ± 2.4a 82.0 ± 0.4a (94.7%) 5.8 ± 0.2c 68.4 ± 3.8c 69.6 ± 1.4b
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100 °C was carried out. Application of hot extraction within 
the process of yeast β-glucan purification provides the struc-
ture of yeast cell walls more susceptible to further stages of 
purification. The next step of β-glucan isolation was based 
on lipids solubilization using isopropyl alcohol followed by 
enzymatic digestion of proteins present in cell wall prepara-
tions. Kath and Kulicke [4] and Liu et al. [41] underlined 
that enzymatic deproteinization of cell wall preparations 
requires lipids to be removed beforehand. Fats, being bound 
with proteins in the structure of yeast cell walls, protect the 
latter ones from the impact of lytic enzyme.

The discussed method of β-glucan separation (method 
2) allowed to produce purified β-glucan preparation with 
definitely higher efficiency (approx. 70%) as compared to 
alkaline-acid procedure (Table 3). Those β-glucan prepa-
rations were characterised by the total sugar and β(1,3)/
(1,6)-glucan content similar to stated in preparations pro-
duced by the method 1. These were 85 g and approx. 82 g 
per 100 gd.w. of purified preparation, respectively. In such a 
purified material, β-glucan accounted for almost 95% of total 
sugars. The content of proteins was approx. 5.8 g/100 gd.w. 
of the preparation. The higher efficiency of protein removal 
by similar method of purification presented in literature [22, 
41, 42, 54] could result from a few times longer process 
of hot extraction (4–5 h), possible higher hydrolytic activ-
ity as well as selectivity of applied proteolytic preparations 
and the characteristics of material used for glucan isolation. 
Besides, Magnani et al. [42], after mannoprotein extraction 
with hot water, applied the process of sonication that cause 
the polymeric structure of yeast walls to be loosened improv-
ing the efficiency of impurities extraction from the structure 
of β(1,3)-glucan matrix [42, 49]. Šandula et al. [49] applied 
ultrasonication to yeast cell walls after the stage of acid 
extraction. In consequence, the percentage share of β-glucan 
in purified preparations was around 15% higher.

The level of contamination of discussed β-glucan prepa-
rations with lipid fraction (Table 3) was approx. 0.06% 
being similar or even lower than described for preparations 
referred in literature [22, 41, 42, 51]. Liu et al. [41] and 
Magnani et al. [42] used isopropanol to effectively delipi-
date S. cerevisiae yeast wall preparations to the final content 
about 0.1% and 0.2%, respectively.

In purified β-glucan preparations the presence of oleic 
acid, stearic acid and palmitic acid were defined whereas in 
the cell wall preparations the content of 15 fatty acids was 
analyzed but the three mentioned above constituted about 
83% of evaluated lipid fraction (Table 4). Making a com-
parison of the content of respective fatty acids in cell wall 
preparations and β-glucan preparations it was stated that 
palmitic acid was the least susceptible to extraction regard-
less of the purification method. Extraction of lipids using 
isopropanol provided for removal of approximately 77% of 
stearic acid, 74% of oleic acid and 57% of palmitic acid. 

Those efficiences were higher as compared to the alkaline-
acid extraction aided by autoclaving. Apart from lipids in the 
form of triacyloglycerols in yeast walls there are ergosterol 
and squalene present both not susceptible to saponification 
[22, 37]. The contents of those lipid ingredients were not 
determined.

The contents of individual fatty acids isolated from non-
purified and purified S. cerevisiae cell wall preparations have 
been presented in few publications only, including the work 
of Freimund et al. [22]. Cited authors determined four fatty 
acids (palmitic acid, palmitoleic acid, stearic acid and oleic 
acid) in yeast β-glucan preparation. They reported various 
percentage share of palmitoleic acid and oleic acid in puri-
fied cell wall preparations of S. cerevisiae yeast, resulted 
from differences in chemical composition of yeast biomass 

Table 4  Fatty acids composition and contents is studied cell wall and 
β-glucan preparations in relation to purification method

CW cell wall preparations, β-G–1 β(1,3)/(1,6)-glucan preparation 
purified by method 1, β-G–2 β(1,3)/(1,6)-glucan preparation puri-
fied by method 2, tr trace, nd not detected, C8:0 octanoic acid, C10:0 
decanoic acid, C12:0 dodecanoic acid, C14:0 tetradecanoic acid, 
C16:0 hexadacanoic acid; C16:1 cis-7-hexadecenoic acid, C17:0 
heptadecanoic acid, C17:1 cis-10-heptadecenoic acid, C18:0 octa-
decanoic acid, C18:1 cis-9-octadecenoic acid, C18:2 cis-9,12-octa-
decadienoic acid, C18:3 cis-9,12,15-octadecatrienoic acid, C20:2 
cis-11,14-eicosadienoic acid, C22:0 docosanoic acid, C24:0 tetra-
cosanoic acid
*Extraction efficiency in relation to the content in the cell wall prepa-
rations
a,b,c Mean values in columns marked with the same letters do not differ 
significantly, Tukey’s test, α = 0.05

Fatty acid CW β-G–1 β-G–2
[mg/100 gd.w. preparation]

C8:0 2.4 ± 0.5 nd nd
C10:0 1.0 ± 0.5 nd nd
C12:0 2.3 ± 0.3 nd nd
C14:0 1.4 ± 0.5 nd nd
C16:0 54.7 ± 5.3a 36.9 ± 4.5 (32.5%)

b
23.6 ± 1.1 

(56.9%)
c

C16:1 cis 7 2.7 ± 0.2 nd nd
C17:0 7.8 ± 0.8 tr tr
C17:1 cis 10 2.0 ± 0.1 nd nd
C18:0 72.3 ± 9.0a 38.3 ± 6.6 (47.0%)

b
16.7 ± 0.3 

(76.9%)
c

C18:1 cis 9 109.9 ± 10.4a 59.5 ± 9.3 (45.9%)
b

28.1 ± 2.4 
(74.4%)
c

C18:2 cis 9,12 3.9 ± 0.3 nd nd
C18:3 cis 9,12,15 3.2 ± 0.3 nd nd
C20:2 cis 11,14 8.4 ± 0.6 tr tr
C22:0 2.0 ± 0.2 nd nd
C24:0 11.1 ± 1.9 tr tr
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used for β-glucan isolation and methods of cell walls 
production.

The Content of Alkali Soluble and Alkali Insoluble 
Polysaccharide Fractions in Purified β-Glucan Preparations

In the structure of S. cerevisiae cell wall, three types of 
β-glucans are identified. Glucan that is insoluble in alkali, 
characteristic of high percentage of β(1,3)-glycosidic bonds 
and low degree of particle branching (app. 3%) through 
β(1,6)-glycosidic bonds, prevails [4, 49, 55–57]. Another 
kind of β(1,3)-glucan is indicative of higher degree of chain 
branching (8–12% of β(1,6)-glycosidic bonds) and solubility 
in alkali [4]. The polymer containing approximately 80% 
of β(1,6)-glycosidic bonds and with high degree of branch-
ing through β(1,3)- linkages is soluble in water and acids 
but insoluble in alkali [8, 58, 59]. However, Klis et al. [8] 
explain that insolubility of glucans in alkali is determined by 
the bond with chitin. The content of respective fractions of 
β-glucans in yeast wall depends on the yeast strain, growth 
phase and cultivation conditions [5, 55, 60]. Biological 
activity is mainly attributed to the water and alkali insolu-
ble fraction of yeast β(1,3)/(1,6)-glucan [60], however, Ha 
et al. [55] indicate such activity in relation to the fraction 
soluble in alkali also.

Obtained β-glucan preparations, independently on puri-
fication method, were characteristic of comparable con-
tent of alkali insoluble polysaccharides fraction (approx. 
67–69%). Alkali insoluble β(1,3)-glucan was stated at 
the concentration approx. 36% (Table 5). The β-glucan 
preparation isolated by method 2 was slightly more con-
taminated with polysaccharides soluble in alkali, contain-
ing lower amount of alkali-insoluble β(1,6)-glucan at the 
same time. In those preparations a higher ratio of β(1,3)- 
to β(1,6)-glucan content was stated. Cell wall proteins are 
mainly cross-linked with the fibrillar structure of β(1,3)-
glucan via β(1,6)-glucan molecules in yeast cell wall. Kol-
lár et al. [61] and Ha et al. [55] stated that bonds occurring 
between mannoproteins and β(1,6)-glucan play the crucial 
role in organization of the structure of yeast wall. Within 

the framework of yeast cell wall structural compounds, 
chitin is strongly associated with β(1,6)-glucan. Conse-
quently the lower contamination degree of preparations 
purified by the method 2 with β(1,6)-glucan could result 
in reduction of N-acetylglucosamine concentration, what 
is in agreement with FT-IR analysis. Probably, enzymatic 
protein hydrolysis facilitated the release of β(1,6)-glucan 
which is soluble in water [4, 6]. Moreover, in the case 
of both studied preparations, the content of β(1,6)-glucan 
may be overestimated due to possible glycogen contamina-
tion that is hard to be removed from yeast cell wall prepa-
rations [62]. At the same time, the presence of branching 
through β(1,6)-glycosidic bonds in β(1,3)-glucan could 
limit the activity of β(1,3)-glucanase present in zymolyase 
preparation. Stronger resistance of β(1,3)-glucan to the 
activity of laminarinase (endo-β(1,3)-glucanase) results 
from blocking of β(1,3)-glycosidic bonds by branching 
created through β(1,6)-glycosidic binding [55].

Data on quantitative analysis of β(1,3)- and β(1,6)-
glucans in yeast β-glucan preparations are rather unique 
in literature what make the discussion difficult. In the cor-
responding literature [2], according to the study by other 
authors [63], β-glucan non-soluble in alkali is assumed 
to contain mainly β(1,3)-glycoside bonds with a slight 
percentage of β(1,6)- ones. However, cited studies refer 
to the preparations isolated from S. cerevisiae yeast cell 
walls, that is why they do not have to be comparable with 
obtained from cells of C. utilis. β-Glucan preparations iso-
lated from C. utilis were characterized with considerable 
percentage of β(1,6)-glycosidic bonds, which suggests a 
higher degree of polymer particle branching as compared 
to S. cerevisiae yeast glucans. However, the content of 
β(1,6)-glucan seems to be dependent on culture aeration 
rate and impeller rotation speed [10]. Availability of the 
larger number of free hydroxyl groups in β-glucan may 
influence on functional properties of the preparation, for 
example increasing the efficiency of mycotoxin binding 
or antioxidant activity. Higher degree of branching may 
influence the glucan spatial structure that is important for 
immunostimulation activity of that polysaccharide. The 

Table 5  The content of alkali soluble and alkali insoluble polysaccharides in studied β-glucan preparations in relation to purification method

*Percentage in total content of alkali soluble and insoluble polysaccharides
**The percentage in the total content of β-glucans insoluble in alkali
β-G–1 β(1,3)/(1,6)-glucan preparation purified by method 1, β-G–2  β(1,3)/(1,6)-glucan preparation purified by method 2
a,b,c Mean values in columns marked with the same letters do not differ significantly, Tukey’s test, α = 0.05

Preparation Alkali soluble polysac-
charides [g/100gd.w. 
preparation]

Alkali insoluble polysac-
charides [g/100 gd.w. 
preparation]

β(1,3)-glucan insoluble 
in alkali [g/100 gd.w. 
preparation]

β(1,6)-glucan insoluble 
in alkali [g/100 gd.w. 
preparation]

The ratio of β(1,3)- to 
β(1,6)-glucan content

β-G–1 16.7 ± 1.2 a 68.7 ± 6.2a (80.4%)* 35.5 ± 5.9a (50.9%)** 34.2 ± 3.5a (49.1)** 1.04
β-G–2 18.5 ± 2.0 b 66.5 ± 5.1a (78.3%)* 36.3 ± 5.6a (55.1%)** 29.7 ± 3.7b (44.9%)** 1.23
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exact chemical structure of isolated β-glucan molecule and 
its functional properties will be the subject of our further 
studies.

Figure 5 presents exemplary photographs of examined 
preparations of cell walls and purified β-glucan but also 
biomass of tested Candida utilis. Cell walls and purified 
β-glucan were characterized by a cream colour, whereas 
freeze-dried biomass was brick-brown. The powders of cell 
wall preparations had a flour-like structure and showed a 
tendency to form lumps, while the preparations of purified 
β-glucan were looser and showed greater adhesiveness.

Conclusions

Candida utilis biomass cultivated on industrial potato 
waste water is efficient system to produce purified 
β-glucan. Infrared spectra of β(1,3)/(1,6)-glucan prepara-
tion were highly similar to β-glucan reference spectra. The 
content of β(1,3)/(1,6)-glucan was in both methods app. 
82% of total preparation mass which makes 93–95% of 
total sugars mass in tested preparations. The ratio of alkali 
insoluble β(1,3)- to β (1,6)-glucan was 1.23 and 1.04 for 
methods 2 and 1, respectively. The production efficiency 
for method 2 was 70% while 49% only for the method 1.

Functional properties of isolated β-glucan preparation 
of C. utilis origin are the objective for further studies.
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