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INTRODUCTION

The product obtained by breaking down and removing
the yeast cell wall in various ways (such as autolysis, plasmol-
ysis, enzymatic hydrolysis, thermolysis, and mechanical dis-
ruption) and consisting of water-soluble constituents of the
yeast cell is called yeast extract [1]. The major constituent of
yeast extracts is hydrolyzed protein [2], and the protein quan-
tity of yeast extract generally varies between approximately
46% [3] and 74% [4] by dry weight (dw). The fat content of
yeast extracts is approximately 1% [5]. Yeast extracts, which
are also rich in essential amino acids, are a good source of
taking these amino acids into the body [6]. Moreover, yeast
extracts contain B group vitamins [4], minerals like mag-
nesium, calcium, iron, and zinc, and phenolic compounds
like (+)-catechin, gallic acid, protocatechuic acid, ferulic
acid, and p-coumaric acid [7]. Due to their rich nutritional
composition, yeast extracts are used in the nutrition of both
humans and various animals. In addition to their nutritional
properties, yeast extracts have begun to be utilized in various
foods as a natural flavor enhancer another option to mono-
sodium glutamate in recent years, as it has been understood
that they cause meat-like flavor and umami taste due to the
high amounts of glutamic acid [8], 5-monophosphate nucle-
otides [9], and peptide profiles [10] they contain.

In addition to their nutritional and flavor-enhancing
properties, yeast extracts may also contribute technologi-
cally to the foods they are used in, especially due to the car-
bohydrates and proteins they contain. As a matter of fact,
in a previous study [5] we conducted, we determined that
yeast extracts can supply technological benefits to foods
due to their water-holding capacity, oil-binding capacity,
and emulsion stability. In fact, the yeast cell wall, which is
removed in the production of yeast extract, has thicken-
ing properties due to its carbohydrate (especially p-glu-
cans) profile [11]. However, there is the potential for slight
losses in flavor when yeast cell walls are used in foods [12].
Although there are some studies examining the rheologi-
cal properties of yeast protein extracts [13, 14] and yeast
extract pastes (Marmite™) [15], to our knowledge, there is
no study examining the effects of yeast extract powders used
as additives in some foods in recent years on the rheological
properties of foods such as soup. However, yeast extracts
contain approximately 12.9% carbohydrates [7], and due to

their rich protein and carbohydrate content, yeast extracts
have the potential to contribute to the rheological proper-
ties of foods if used in appropriate foods. In addition, there
are not enough studies investigating the structural, thermal,
and morphological properties of yeast extracts. However,
with a better understanding of their structural and mor-
phological properties, more effective yeast extract powder
production can be achieved, and with a better understand-
ing of their thermal properties, the possibilities of using
yeast extracts in suitable food systems can be increased. In
this context, this study aims to investigate the structural,
thermal, morphological, and rheological features of yeast
extracts obtained from S. cerevisiae TGM10, S. cerevisiae
var. boulardii S11, and K. marxianus TGM66 yeasts and
define their characteristic properties. Thus, it is targeted to
determine whether yeast extracts, which are mostly used in
various foods due to their flavor-enhancing and nutritional
features, have the potential to provide added benefits to the
foods in which they are used.

MATERIALS AND METHODS

Materials

In this study, lyophilized yeast extract powders obtained
from S. cerevisiae TGM10, S. boulardii S11, and K. marx-
ianus TGM66 strains in our previous study [5] were used.
The chemical compositions of the yeast extracts used in the
study are summarized in Table 1 [5].

Methods
The experimental framework of the study using three
different yeast extracts is summarized in Figure 1.

Structural Properties

Structural properties of yeast extracts were examined
using Fourier Transform Infrared (FTIR) spectroscopy
(Bruker Tensor 27, Germany). Measurements were done by
dissolving yeast extract powders in distilled water and pre-
paring 10% solutions. Before measurement, distilled water
was used to ensure that the spectroscopy accepted distilled
water as a reference. Measurements of the samples were
carried out at room temperature and in the mid-infrared
region (in the wavelength range of 500-3500 cm™).

Table 1. Chemical compositions of yeast extract powders obtained from S. cerevisiae TGM10, S. boulardii S11, and K.

marxianus TGM66 strains used in the study

Chemical composition (g/100 g dw) TGM10 S11 TGM66
Moisture (%) 13.93 14.20 15.37
Ash 11.77 12.82 11.15
Protein 69.17 66.16 62.42
Fat 1.36 1.09 1.33
Carbohydrates and other compounds 17.69 19.93 25.10
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Figure 1. Experimental framework of the study [Figure 1 was figured out by the author (ED.) using BioRender.com.]

Thermal Properties

Thermal properties of yeast extracts were examined
by a Differential Scanning Calorimeter (DSC, Q20, TA
Instruments Inc., USA) with some modifications to the
method proposed by Kavosi et al. [16]. The samples were
weighed as 10-15 mg onto aluminum DSC pans and kept in
a desiccator for 20-30 minutes. Then, the hermetically sealed
pans were loaded into the DSC calorimeter and heated to 400
°C under high-purity nitrogen gas (20 mL/min) with a heat-
ing rate of 10 °C/min. An identical blank pan was used as a
control. Melting temperatures of yeast extracts were calcu-
lated from the DSC thermograms obtained.

Morphological Properties

Surface morphological properties of yeast extracts were
determined by Scanning Electron Microscopy (SEM, Zeiss
Evo LS 10, Germany) by slightly modifying the method
proposed by Is¢i and Hayta [17]. Before analysis, samples
were coated with gold-palladium in a gold-plating device
(Quorum SC7620, UK) for 120 seconds. Examination of
the samples with SEM was carried out at 10 kV.

Rheological Properties

Rheological properties of yeast extracts were examined
by making some modifications to the procedure suggested
by Zehir-§entiirk et al. [18]. Yeast extracts were dissolved in
vegetable soup (Penelope Gurme, Tiirkiye; consists of semo-
lina, dried broccoli, dried spinach, and dried celery) at two
different concentrations (0.5% and 1%) and shear stress (Pa)
values against shear rate (s) were obtained by measuring 100

points on the rheometer (Anton Paar, MCR-302, Austria) at
two different temperatures (25 °C and 50 °C) and the flow
behavior of the samples was examined. The obtained data
were adapted to the Ostwald de Waele (Power Law) rheolog-
ical model with the help of the following equation:

T=K(y)"

Here, 1 represents the shear stress (Pa), y is the shear
rate (s7), K is the consistency coefficient (Pa-s*), and n is the
flow behavior index.

Statistical Analysis

Statistical analyses were made with the SPSS (PASW 18.0)
program, all experiments were made in triplicate. Data were
subjected to one-way analysis of variance (ANOVA) and post
hoc comparisons were made using the Tukey test. Differences
between data were considered statistically significant at the
95% (p<0.05) confidence interval. Statistica 14.0 (TIBCO,
USA) software was used to evaluate rheological analyses.

RESULTS AND DISCUSSION

Structural Properties

FTIR spectroscopy; a type of vibration spectroscopy;, is a
technique that can provide easy and fast results that reflect
both the molecular structure and the molecular environ-
ment, and the fact that each chemical bond has a separate
vibration frequency in infrared spectroscopy allows the
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Figure 2. FTIR spectra of three different yeast extracts (the green spectrum belongs to the S. cerevisiae TGM10 extract, the
red spectrum to the S. boulardii S11 extract, and the blue spectrum to the K. marxianus TGM66 extract).

identification of chemical groups [19]. For this reason, FTIR
spectroscopy was used to perform the structural properties
of yeast extracts in this study, and the FTIR spectra of S. cer-
evisiae TGM10, S. boulardii S11, and K. marxianus TGM66
extracts are shown in Figure 2.

Distinct peaks in the FTIR spectra of the yeast extracts
were examined, and it was observed that all three yeast
extracts gave peaks at similar wavelengths. Yeast extracts
are mainly composed of proteins, peptides, amino acids,
nucleic acids, carbohydrates, fats, vitamins, minerals and
phenolic compounds [8], and the vibrational peaks in the
FTIR spectrum of yeast extracts are thought to be associ-
ated with these compounds, especially proteins and amino
acids. Since there are many overlapping bands in the infra-
red spectrum, the chemical structure of a protein cannot be
inferred from it, but changes in chemical structure can be
understood [20].

The bands at approximately 3000 cm™ are generally
associated with C-H bonds, and more specifically, the
bands to the left of 3000 cm™ (between 3150 cm™ and 3000
cm) are attributed to aromatic (between 3010 cm™ and
3050 cm™) and vinyl CH, while the bands to the right are
attributed to aliphatic C-H stretching [21]. Considering
this information, the bands at approximately 3039 cm™ and
2975 cm™; 3045 cm™ and 2974 cm™; 3042 cm™ and 2976 cm™!
in S. cerevisiae TGM10, S. boulardii S11, and K. marxianus
TGM66 extracts, respectively, may be due to the vibration
of aromatic and aliphatic C-H bonds. The bands between

1595 cm™ and 1541 cm™ in the spectrum are thought to be
related to amino acids and arise from antisymmetric NH;*
deformation or antisymmetric COO- stretching [22]. The
bands at approximately 1457 cm™, 1459 cm™, and 1457 cm™
in S. cerevisiae TGM10, S. boulardii S11, and K. marxianus
TGM66 extracts, respectively, may be due to different CH,/
CH, bending vibrations in the proteins. The bands at 1406
cm™ (S. cerevisiae TGM10), 1407 cm™ (S. boulardii S11), and
1408 cn™! (K. marxianus TGM66) in the samples are prob-
ably related to the C(CHj), stretching that generally occurs
in proteins. The bands at approximately 1353 cm™ (S. cere-
visiae TGM10), 1352 cm™ (S. boulardii S11), and 1353 cm™!
(K. marxianus TGM66) may be due to CH, deformation in
lipids. It is thought that the bands at approximately 1236
cm™! (S. cerevisiae TGM10), 1224 cm™ (S. boulardii S11),
and 1224 cm! (K. marxianus TGM66) may be related to
C-O stretching in free nucleotides [23, 24]. The bands at
approximately 1076 cm™ (S. cerevisiae TGM10), 1077 cm'!
(S. boulardii S11), and 1077 cm™ (K. marxianus TGM66)
are probably related to the symmetric stretching of PO2~
in the RNA [23, 25]. The bands around 900 cm™ and 1000
cm are generally associated with carbohydrates, and the
bands at approximately 936 cm™ (S. cerevisiae TGM10), 994
and 937 cm’! (S. boulardii S11), and 933 cm™! (K. marxianus
TGM66) are thought to be related to vibrations in glyco-
sidic bonds [23, 26].

In recent years, FTIR spectroscopy has become wide-
spread because it is a sensitive, fast, easy, and relatively
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inexpensive method for estimating the structural proper-
ties of foods. FTIR spectroscopy can be used to estimate the
structural properties of yeast extracts, monitor cell growth
in yeast biomass production, and monitor the effectiveness
of autolysis or other cell lysis methods, which is one of the
most important levels of yeast extract production [24].

Thermal Properties

DSC is a useful thermoanalytical approach in which the
heat difference required to increase the temperature of a sam-
ple, and a reference is measured as a function of temperature,
allowing to quickly analyze phase changes caused by some
chemical reactions such as water crystallization (melting and
freezing), water evaporation, and protein denaturation [27].
In this context, DSC analysis was made to determine the
melting temperatures of yeast extracts, and the DSC thermo-
grams of S. cerevisiae TGM10, S. boulardii S11, and K. marx-
ianus TGM66 extracts are shown in Figure 3.

When DSC thermograms are examined, endothermic
peaks are observed at approximately 129 °C, 128 °C and

132 °C, corresponding to the melting points of S. cerevisiae
TGM10, S. boulardii S11 and K. marxianus TGM66 extracts,
respectively. It was observed that the thermal stability of S.
cerevisiae TGM10 and S. boulardii S11 extracts were similar
to each other, while the thermal stability of K. marxianus
TGM66 extracts was slightly higher than the other samples.

There are not sufficient studies in literature examining
the thermal properties of yeast extracts. However, DSC anal-
ysis has a high potential for determining stability parame-
ters in complex systems such as yeast extracts and can be
utilized as an easy, rapid, and reliable technique to examine
the stability of proteins and fatty acids in particular.

Morphological Properties

With SEM, information can be obtained about the
microstructural surface morphologies and chemical com-
positions of the samples [28]. SEM was used to observe
the morphologies of yeast extract powders. Micrographs
of S. cerevisiae TGM10, S. boulardii S11, and K. marxianus
TGM66 extracts examined by SEM are shown in Figure 4.
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Figure 3. DSC thermograms of S. cerevisiae TGM10, S. boulardii S11, and K. marxianus TGM66 extracts, respectively.
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The drying process (such as freeze drying and spray
drying) applied to liquid samples affects the particle size
of the resulting powder particles [29]. In the freeze dry-
ing (lyophilization) process, liquid samples are first frozen
and then water is removed from the frozen sample by sub-
limation. Therefore, lyophilized particles break down and
become compressed into sheet-like layers with a porous
surface [29]. When micrographs of lyophilized yeast extract
powders are examined, it is seen that the samples have a
porous surface similar to each other and are irregularly dis-
tributed. In their study where they examined freeze- and

spray-dried samples of yeast p-glucan, Petravi¢-Tominac
et al. [29] reported that elliptical and oval shapes were
observed in spray-dried samples with better preservation of
the original structure.

Rheological Properties

The consistency coefficients, flow behavior indices, and
R?values of yeast extracts dissolved in vegetable soup at two
different concentrations (0.5% and 1%) at 25 °C and 50 °C,
determined using the Ostwald de Waele model, are shown

in Tables 2 and 3, respectively.

Figure 4. Micrographs of extracts of S. cerevisiae TGM10, S. boulardii S11, and K. marxianus TGM66, respectively.
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Table 2. Rheological properties of vegetable soup samples, in which yeast extracts obtained from S. cerevisiae TGM10, S.
boulardii S11, and K. marxianus TGM66 strains were mixed at two different concentrations (0.5% and 1%), at 25 °C

Samples Consistency coefficient (Pa.s") Flow behavior index (n) R?

TGM10 (0.5%) 2.22 +0.14° 0.819 + 0.056% 0.9923
S11 (0.5%) 2.35 + 0.46° 0.793 £ 0.023® 0.9893
TGM66 (0.5%) 2.41+0.18° 0.777 + 0.044* 0.9883
TGM10 (1%) 2.54 +0.39% 0.787 £ 0.081® 0.9938
S11 (1%) 3.00 £ 0.51% 0.754 + 0.034° 0.9884
TGM66 (1%) 3.43 +0.44* 0.746 + 0.035° 0.9899
C-1 (Plain soup) 2.08 +0.14° 0.905 + 0.044* 0.9953

Results are expressed as mean values (n = 3) + Standard Deviation (SD). Different letters in the same column specify that the difference between the

two values is statistically significant (p<0.05).

In the measurements, the flow behavior indices of all
samples were below 1, but close to 1 (between 0.746-0.969)
(Table 2 and 3). The flow behavior index being below 1 is
classified as pseudoplastic flow behavior [30]. However,
since the flow behavior indices are close to 1, it can be said
that the flow behavior of all samples shows a weak pseudo-
plastic characteristic. In a study by Pacheco and Sgarbieri
[13] on brewer’s yeast protein concentrates prepared by
three different procedures, it was reported that all yeast
protein concentrates showed pseudoplastic behavior. In a
study [14] investigating the possibility of using yeast protein
extracts obtained from S. cerevisiae and Schizosaccharomyces
pombe as an alternative to egg lecithin in mayonnaise sauce
production, it was determined that both samples showed
similar viscoelastic behavior when compared to mayon-
naise containing egg powder. In the study conducted by
White et al. [15], according to steady-state shear tests, yeast
extract paste (Marmite™) exhibits thixotropic behavior
at ambient temperature, while at higher temperatures the
extent of thixotropy decreases and approaches Newtonian
behavior. The differences between the results are thought to
be mainly related to the form, composition, and production

methodology of the products. More research is needed to
shed light on the issue.

In addition to the flow behavior index, consistency
coefficients are also important for yeast extracts. The con-
sistency coefficient of a fluid gives an idea about the vis-
cosity, and a high consistency coefficient indicates that
the viscosity is also high [30]. In measurements made at
25 °C, all samples with added yeast extract increased the
consistency coefficient of plain vegetable soup (Table 2),
and the most successful sample in this respect was K. marx-
ianus TGM66 (1%) (p<0.05). In addition, all yeast extracts
increased the consistency coefficient of vegetable soup by
similar (p>0.05) amounts if used at the same concentration.
Although the effect of samples other than K. marxianus
TGM66 (%1) on the consistency coefficient was statistically
insignificant (p>0.05), it can be said that yeast extracts will
have a positive contribution to the viscosity of foods such as
soup at room temperature.

The consistency coefficients of both plain vegetable
soup (control) and vegetable soups with yeast extract added
at the same concentration decreased significantly (p<0.05)
as the temperature increased from 25 °C to 50 °C. However,
the consistency coefficients of all samples with added yeast

Table 3. Rheological properties of vegetable soup samples, in which yeast extracts obtained from S. cerevisiae TGM10, S.
boulardii S11, and K. marxianus TGM66 strains were mixed at two different concentrations (0.5% and 1%), at 50 °C

Samples Consistency coefficient (Pa.s") Flow behavior index (n) R?

p y

TGM10 (0.5%) 1.17 £ 0.11< 0.944 +0.014* 0.9821
S11 (0.5%) 1.34 + (.23 0.924 + 0.029* 0.9795
TGM66 (0.5%) 1.40 + 0.13% 0.932 +£0.015* 0.9823
TGM10 (1%) 1.56 + 0.08¢ 0.863 + 0.030" 0.9819
S11 (1%) 1.81 £ 0.21* 0.815 £ 0.011¢ 0.9761
TGM66 (1%) 1.97 +0.14* 0.792 + 0.032¢ 0.9797
C-2 (Plain soup) 0.88 +0.21¢ 0.969 £ 0.012* 0.9877

Results are expressed as mean values (n=3) + SD. Different letters in the same column specify that the difference between the two values is statistically

significant (p<0.05).
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extract were higher compared to the control. Similar to mea-
surements performed at 25 °C, all yeast extracts increased
the consistency coefficient of vegetable soup by similar
(p>0.05) amounts when used at the same concentrations.
The effect of all samples containing yeast extract at 1% con-
centration on the consistency coefficient of plain soup was
statistically significant (p<0.05). However, K. marxianus
TGM66 sample significantly (p<0.05) increased the consis-
tency coefficient of plain soup even when used at 0.5% con-
centration. In measurements performed at both 25 °C and
50 °C, K. marxianus TGM66 extract stands out among all
extracts. It is thought that the reason for this situation may
be related to the carbohydrate structure and amount and/
or amino acid profile of the K. marxianus TGM66 extract.

To our knowledge, apart from the present study, there
is no study in the literature examining the effects of dis-
tinct yeast extract powders on the rheological properties of
foods such as soup. Whereas, with a better understanding
of the effects of ingredients like yeast extracts and yeast pro-
tein extracts on the rheology of different food systems, the
possibility of using yeast extract-based products, especially
in vegan foods, may increase, as they are generally cheaper
than their counterparts and are not animal-based.

CONCLUSION

Although numerous studies have been conducted on the
flavor and nutritional properties of yeast extracts, there are
not sufficient studies in the literature examining the struc-
tural, thermal, morphological, and rheological properties
of different yeast extract powders. To fill this gap in the lit-
erature, this study investigated whether three different yeast
extracts obtained from Saccharomyces cerevisiae TGMI0,
Saccharomyces boulardii S11, and Kluyveromyces marxianus
TGM66 had additional benefits other than their flavor-en-
hancing and nutritional value-enhancing effects in foods.
In this context, structural properties of yeast extracts were
examined by Fourier Transform Infrared spectroscopy,
and their thermal stability was determined by Differential
Scanning Calorimeter. Additionally, surface morphologies
oflyophilized yeast extract powders were examined through
Scanning Electron Microscopy micrographs. As a result of
these investigations, characterizations of three different
yeast extracts were provided. It is thought that the Fourier
Transform Infrared spectra of yeast extracts obtained from
three different yeasts will contribute to the existing litera-
ture in terms of the widespread use of Fourier Transform
Infrared spectroscopy in the production and identification
of yeast extracts, considering that this method is easy, fast,
and inexpensive. In addition, it is expected that the deter-
mination of the thermal stability of yeast extracts will con-
tribute to the use strategies of yeast extracts in food systems.
It is thought that determining the surface morphology of
yeast extracts will contribute to the choice of method to
be used in drying yeast extracts. In addition, in this study,
the effects of extracts obtained from three different yeasts

on the rheological properties of vegetable soup, which was
preferred as a model food, were investigated. The findings
showed that all yeast extracts slightly increased the viscosity
of the soup, but Kluyveromyces marxianus TGM66, espe-
cially at 50 °C, significantly increased the viscosity of the
plain soup at both different concentrations. In light of all
these findings, it can be said that the use of yeast extracts in
appropriate concentrations, especially in foods that are gen-
erally consumed hot, such as soup, and where consistency is
an important quality criterion, has the potential to contrib-
ute to the sensory properties of foods, such as viscosity. This
situation, when considered together with the umami taste
and meat-like flavoring properties of yeast extracts, may
allow the production of more sensory successful foods by
using yeast extracts in appropriate foods and at appropriate
concentrations. However, in order to better understand the
effects of yeast extracts on viscosity, the chemical profiles of
yeast extracts, especially their carbohydrate profiles, need
to be elucidated. Further studies to elucidate the effects of
yeast extracts on viscosity in different food systems such as
sauces as well as different types of soups may pave the way
for the increased use of these nutritive additives in foods. In
conclusion, with a better understanding of the structural,
thermal, morphological, and rheological properties of yeast
extracts, the production efficiency of the extracts can be
increased and it may be possible to obtain more successful
results by using these extracts in food systems for which
they are suitable.

AUTHORSHIP CONTRIBUTIONS

ED.: Conceptualization, Investigation, Methodology,
Writing - Original Draft, Writing - Review & Editing. O.S.:
Conceptualization, Investigation, Methodology, Writing -
Review & Editing, Supervision. E.D.: Conceptualization,
Writing - Review & Editing, Supervision. O.S.:
Conceptualization, Writing - Review & Editing, Supervision.

DATA AVAILABILITY STATEMENT

The authors of the manuscript confirm that the data
supporting the findings of this study are available in the
manuscript. The raw data for the findings obtained in this
study can be obtained from the corresponding author upon
request.

CONFLICT OF INTEREST

All authors of the manuscript declare that they have
no conflicts of interest resulting from the contents of this
manuscript.

ETHICS

There is no ethical problem in publishing this manuscript.



182

Sigma J Eng Nat Sci, Vol. 44, No. 1, pp. 174-183, February, 2026

STATEMENT ON THE USE OF ARTIFICIAL
INTELLIGENCE

Artificial intelligence was not used in the preparation
of the article.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

(10]

(11]

Jacob FE, Michel M, Zarnkow M, Hutzler M,
Methner FJ. The complexity of yeast extracts and
its consequences on the utility in brewing: a review.
Brewing Sci 2019;72:50-62.

Rakowska R, Sadowska A, Dybkowska E, Swiderski
E Spent yeasts as natural source of functional food
additives. Rocz Panstw Zakl Hig 2017;68:115-121.
Tanguler H, Erten H. Utilisation of spent brew-
er’s yeast for yeast extract production by autolysis:
The effect of temperature. Food Bioprod Process
2008,86317—321 [CrossRef]

Jacob FF, Striegel L, Rychlik M, Hutzler M, Methner
FJ. Yeast extract production using spent yeast from
beer manufacture: Influence of industrially appli-
cable disruption methods on selected substance
groups with biotechnological relevance. Eur Food
Res Technol 2019;245:1169—1182. [CrossRef]
Demirgiil F, Simsek O, Bozkurt E Dertli E, Sagdi¢
O. Production and characterization of yeast extracts
produced by Saccharomyces cerevisiae, Saccharomyces

boulardii and Kluyveromyces marxianus. Prep
Biochem Biotech 2022;52:657—667. [CrossRef]
Vieira E, Cunha SC, Ferreira IMPLVO.

Characterization of a potential bioactive food
ingredient from inner cellular content of brew-
er’s spent yeast. Waste and Biomass Valorization
2019;10:3235-3242. [CrossRef]

Vieira EE, Carvalho J, Pinto E, Cunha S, Almeida
AA, Ferreira IMPLVO. Nutritive value, antioxi-
dant activity and phenolic compounds profile of
brewer’s spent yeast extract. ] Food Compos Anal
2016;52:44—51. [CrossRef]

Demirgiil F, Simsek O, Sagdi¢c O. Amino acid, min-
eral, vitamin B contents and bioactivities of extracts
of yeasts isolated from sourdough. Food Biosci
2022;50:102040. [CrossRef]

Vieira E, Brandao T, Ferreira IMPLVO. Evaluation
of brewer’s spent yeast to produce flavor enhancer
nucleotides: Influence of serial repitching.
J Agric Food Chem 2013;61:8724-8729. [CrossRef]
Alim A, Yang C, Song H, Liu Y, Zou T, Zhang
Y, Zhang S. The behavior of umami components
in thermally treated yeast extract. Food Research
International 2019;120:534—543. [CrossRef]

Caruso MA, Piermaria JA, Abraham AG, Medrano
M. B-glucans obtained from beer spent yeasts as
functional food grade additive: Focus on biolog-
ical activity. Food Hydrocoll 2022;133:107963.
[CrossRef]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Raikos V, Grant SB, Hayes H, Ranawana V. Use of
B-glucan from spent brewer’s yeast as a thickener
in skimmed yogurt: Physicochemical, textural, and
structural properties related to sensory perception.
] Dairy Sci2018;101:5821-5831. [CrossRef]

Pacheco MTB, Sgarbieri VC. Hydrophilic and rheo-
logical properties of brewer’s yeast protein concen-
trates. ] Food Sci 1998;63:238—243. [CrossRef]

Coelho P, Komora N, Xavier A, Centeno E
Raymundo A. New formulas in mayonnaise pro-
duction - A new rheological perspective for systems
with yeast protein extract (YPE). Proceedings of the
Iberian meeting on rheology. Springer Proc Mater
2024;56:181—184. [CrossRef]

White DE, Moggridge GD, Wilson DI. Solid-
liquid transitions in the rheology of a struc-
tured yeast extract paste, Marmite™ ] Food Eng
2008;88:353—363. [CrossRef]

Kavosi M, Mohammadi A, Shojaee-Aliabadi S,
Khaksar R, Hosseini SM. Characterization and
oxidative stability of purslane seed oil microencap-
sulated in yeast cells biocapsules. J Sci Food Agric
2018;98:2490-2497. [CrossRef]

Iscimen EM, Hayta M. Optimization of ultra-
sound-assisted extraction of protein from the
by-product of the hazelnut oil industry using reverse
micelles. Sigma ] Eng Nat Sci 2024;42:1202-1213.
Zehir Senturk D, Dertli E, Erten H, Simsek O.
Structural and technological characterization of
ropy exopolysaccharides produced by Lactobacillus
plantarum strains isolated from Tarhana. Food Sci
Biotechnol 2020;29:121—129. [CrossRef]

Duygu D, Baykal T, Acikgoz I, Yildiz K. Fourier
transform infrared (FT-IR) spectroscopy for biolog-
ical studies. Gazi Univ J Sci 2010;22:117-121.

Barth A. Infrared spectroscopy of proteins.
Biochimica Biophysica Acta 2007;1767:1073-1101.
[CrossRef]

Pavia DL, Lampman GM, Kriz GS. Introduction to
spectroscopy. 3rd ed. Washington, USA: Thomson
Learning; 2001.

Wolpert M, Hellwig P. Infrared spectra and molar
absorption coefficients of the 20 alpha amino acids
in aqueous solutions in the spectral range from
1800 to 500 cm™. Spectrochimica Acta Part A
2006;64:987—1001. [CrossRef]

Burattini E, Cavagna M, DellAnna R, Campeggi
FM, Monti F, Rossi F, Torriani S. A FTIR microspec-
troscopy study of autolysis in cells of the wine
yeast Saccharomyces cerevisiae. Vib Spectrosc
2008;47:139—147. [CrossRef]

Cavagna M, Dell'anna R, Monti F, Rossi E, Torriani
S. Use of ATR-FTIR microspectroscopy to moni-
tor autolysis of Saccharomyces cerevisiae cells in
a base wine. ] Agric Food Chem 2010;58:39—-45.
[CrossRef]


https://doi.org/10.1016/j.fbp.2007.10.015
https://doi.org/10.1007/s00217-019-03237-9
https://doi.org/10.1080/10826068.2021.1983833
https://doi.org/10.1007/s12649-018-0368-9
https://doi.org/10.1016/j.jfca.2016.07.006
https://doi.org/10.1016/j.fbio.2022.102040
https://doi.org/10.1021/jf4021619
https://www.sciencedirect.com/journal/food-research-international
https://www.sciencedirect.com/journal/food-research-international
https://doi.org/10.1016/j.foodres.2018.11.002
https://doi.org/10.1016/j.foodhyd.2022.107963
https://doi.org/10.3168/jds.2017-14261
https://doi.org/10.1111/j.1365-2621.1998.tb15717.x
https://doi.org/10.1007/978-3-031-67217-0_40
https://doi.org/10.1016/j.jfoodeng.2008.02.022
https://doi.org/10.1002/jsfa.8696
https://doi.org/10.1007/s10068-019-00641-5
https://doi.org/10.1016/j.bbabio.2007.06.004
https://doi.org/10.1016/j.saa.2005.08.025
https://doi.org/10.1016/j.vibspec.2008.04.007
https://doi.org/10.1021/jf902369s

Sigma J Eng Nat Sci, Vol. 44, No. 1, pp. 174-183, February, 2026

183

(25]

(26]

(27]

(28]

Barja BC, Afonso MDS. An ATR-FTIR study of gly-
phosate and its Fe(III) complex in aqueous solution.
Environ Sci Technol 1998;32:3331-3335. [CrossRef]
Dziuba B, Babuchowski A, Natecz D, Niklewicz
M. Identification of lactic acid bacteria using
FTIR spectroscopy and cluster analysis. Int Dairy ]
2007;17:183—189. [CrossRef]

Karoui R. Food authenticity and fraud. In: Chemical
Analysis of Food Techniques and Applications. 2nd
ed. London: Academic Press; 2020. [CrossRef]
ZhouW, Apkarian RP, Wang ZL, Joy D. Fundamentals
of scanning electron microscopy (SEM). In:

(29]

(30]

Scanning Microscopy for Nanotechnology. New
York, USA: Springer; 2006. p. 1—-40. [CrossRef]
Petravi¢-Tominac V, Zechner-Krpan V, Berkovi¢ K,
Galovi¢ P, Herceg Z, Srecec S, Spoljarié I. Rheological
properties, water-holding and oil-binding capacities
of particulate 3-glucans isolated from spent brewer’s
yeast by three different procedures. Food Technol
Biotech 2011;49:56—-64.

Bjorn A, de La Monja PS, Karlsson A, Ejlertsson
J, Svensson BH. Rheological characterization. In:
Kumar S, (editor). Biogas. London: InTech Open;
2012. [CrossRef]


https://doi.org/10.1016/j.idairyj.2006.02.013
https://doi.org/10.1016/B978-0-12-813266-1.00013-9
https://doi.org/10.1007/978-0-387-39620-0_1
https://doi.org/10.5772/32596

