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Abstract

The aim of the work was to obtain autolysates derived from spent brewer's yeast and demonstrate their potential capabilities
as a natural and valuable ingredients intended for functional food and dietary supplements production. The research material
consisted of yeast Saccharomyces cerevisiae which was the remains after the beer production process. In these autolysates the
following analyses were performed - protein, dry matter and amino acids content, determination of molecular weight of proteins,
antioxidant properties and sensory quality. It was found that the tested autolysates were characterised by a high content of
essential amino acids, exciding the amount present in the reference protein developed by FAO/WHO. The sensory quality of
the tested autolysates was dependent on the degree of autolysis process of the yeast protein which further determined their
usage in a food production. Precise time control of the autolysis process allows obtaining a product with the designed functional
properties, characterised by the desired content of free amino acids, peptides with a specific molecular weight and high antioxidant
properties. Based on the obtained results it can be concluded that the post-fermentation yeast may be a valuable raw material
for the preparation of yeast autolysates which may be new and valuable component in functional food and dietary supplements

production.

Keywords: Spent brewer's yeast; Yeast’s autolysates; Functional
food; Supplements

Introduction

Brewer's yeast is increasingly finding application in the food
industry, due to its high functional properties. Most post-fermentation
brewer's yeast, which is a waste product, was used as a source of
B vitamins, protein and minerals in animal feed production [1].
Nowadays, more and more companies are involved in the processing
of post-fermentation yeast products with bioactive properties to be
used in the production of functional food. Some bioactive compounds,
such as P-glucans, monooligosaccharides, significant amounts of B
vitamins, minerals and also yeast extracts can be obtained from the
post-fermentation yeast. Yeast extracts are more widely used as a
natural flavouring preparation of meat profile which replaces protein
hydrolysates obtained by acid hydrolysis. Yeast extracts are produced
by breaking the cell walls with the use of endogenous or exogenous
enzymes [2-4]. The methods of the manufacturing preparation of
extracts are divided into hydrolysis and autolysis. Hydrolysis is the
most efficient method of yeast solubilisation. Yeast extracts prepared
by the use of acids or the addition of enzymes is known as ‘yeast
hydrolysates’. Despite a high production yield, acid hydrolysis is less
attractive to the manufacturers because of relatively high salt content
and high probability of carcinogenic compounds content, such as
monochloropropanol and dichloropropanol [5]. Autolysis with using
the endogenous enzymes occurs in yeast when the cell growth cycle is
completed and the death phase is initiated [3,6]. Intracellular enzymes
are activated by appropriate process conditions, such as temperature
and time, which results in a partial degradation of the cell wall
structures. This allows extracting valuable proteins, carbohydrates and
vitamins from the cells, preserving their native structure. Autolysates
are the purest product group, as hydrolysates contain large amounts
of salt or sodium used during plasmolysis process or to neutralise the
acids used in the hydrolysis process, respectively [7,8]. Currently, yeast
autolysates are used in the fermentation industry, especially as starting
materials and in the food industry mainly as flavour enhancers [9-11].

In the literature, there are only few reports on the possibility of
the application of the post-fermentation yeast for the production of

yeast extracts, which are characterised by the preferred nutritional
properties, that may be used in functional food and dietary supplements
production. The aim of this study was to investigate the possibility of
using post-fermentation yeast in order to obtain yeast autolysates with
the properties valuable from a nutritional point of view that can be
used as a natural ingredient in functional food and dietary supplements
production.

Material and Methods
Material

Material consisted of yeast autolysates obtained from the fermented
yeast slurry of Saccharomyces cerevisiae, which is a byproduct of the
brewing industry. The slurry was subjected to a filtration process
(to remove physical impurities) and centrifugation (to remove beer
residual). The feedstock was then subjected to a standardisation process
to obtain the following parameters: dry matter content: 15, 5-16, 5%,
protein content: min. 42%, pH (5,2-6,2), suitable flocculation and
content of viable yeast cells. Selected yeast slurry in an amount of 3000
g was transferred to the autolytic reactor placed in an oil bath filled with
polyethylene glycol. The slurry was subjected to pre-incubation at 38°C
for 4 hours to completely fermentate sugars remaining in the yeast
slurry. Autolysis was carried out at 47°C during 48 h. After starting the
reactor, the stirrer was working during the whole process. During the
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trial the samples were taken for testing at specified intervals. In order
to inactivate the lytic enzymes obtained samples were heated at 95°C
for 30 min. Tested yeast autolysates were in liquid form, they were
not subjected to compaction nor drying process. The protein and dry
matter content in autolysates used for the study was respectively 7.53 +
0.34% and14.45 + 0.03%.

Methods

Chemical composition of autolysates was conducted referring to
the method of AOAC [12]. In the autolysates the dry matter content
was determined using the gravimetric method. The content of the
nitrogen was analysed by the Kjeldahl method using a conversion
factor of 6.25 for nitrogen quantities of protein content.

Determination of amino acids content in tested extracts was
followed by acid hydrolysis in order to carry out the peptide bonds
hydrolysis until they reach the free amino acids. After hydrolysis
the derivatization using dansyl chloride was done, and then amino
acids were separated and determined using high performance liquid
chromatography UV/VIS [13]. For determination of tryptophan
alkaline hydrolysis was used. The tryptophan was determined by using
HPLC with fluorescence detection [14]. On the basis of the amino
acid composition Chemical Score (CS) [15] and Essential Amino Acid
Index (EAAI) were calculated [16]. As the pattern of the protein amino
acid composition the standards of whole egg and these developed by
FAO/WHO [17] were adopted.

Determination of molecular weights of proteins by mass
spectrometry was performed using a mass spectrometer equipped with
a MALDI ion source type. For the analysis, the mass spectrometer
MALDI-TOF Reflex IV (Bruker-Daltonics, Bremen, Germany) was
used. The analysis was performed at a linear mode operation mass
spectrometer in the range 500-5500 m/z, 2000-19000 m/z 10000-
105000 m/z. As a matrix the sinapic acid (SA) and the a-cyano-
4-hydroxycinnamic acid (HCCA) (dissolved in a solution of 2:1
acetonitrile in water to saturate the solution) were used. Each sample
was thoroughly mixed and centrifuged (10000 RCF, 10 min, 4°C). Then,
the supernatant was diluted five times with 0.1% TFA. On the plate
0.5 ml of the prepared sample with 0.5 mL of the matrix was loaded
and then the plate was allowed to dry. After drying, the sample was
introduced into the mass spectrometer ion source and ionized. There
was 1 pg of sample used for a single analysis. The nominal sensitivity of
the spectrometer for the peptides of 1000-5000 m/z was 1 fmol.

Determination of peptides with a specific molecular weight
range using LC-MS was performed using high performance liquid
chromatography coupled with a mass detector LTQ Thermo Finnigan.
Each sample was thoroughly mixed, collected in tubes of Falcone
type in an amount of 10 ml and then centrifuged (15 min, 4000 RCF,
4°C). To clean tubes 5 ml of the supernatant was collected and was
acidified with 10% TFA to pH<3. Thus prepared samples were loaded
on a C18 SPE column (200 mg, Merck), after activation the bed (3 mL
0.1% TFA in 80% acetonitrile, 3 ml 0.1% TFA). Then the column was
washed with 3 mL of 0.1% TFA, dried and eluted with 3 ml of 0.1%
TFA in 40% acetonitrile. The eluent was freeze-dried for over 12h, the
dry residue was taken up in 100 pl of 0.1% formic acid and injected
on LC-MS. Spectra MS-MS was performed based on the calculation
program OMSSA using the Swissprot database, for peptides derived
from proteins of yeast (Saccharomyces cerevisiae) without the specified
proteases.

The antioxidant properties were determined by spectrophotometric

method, "in vitro", using the synthetic ABTS radicals according
to Pellegrini et al. [18] method. The content of polyphenols was
determined by the method of Singleton and Rossi [19], using the Folin-
Ciocolteu reagent.

Detailed sensory characteristics of extracts samples was performed
by a quantitative descriptive analysis (Quantitative Descriptive
Analysis - QDA), using the analytical procedure described in BS EN
ISO 13299:2010 [20] 24 quality parameters were selected to analyse
the profile of the extracts. The sensory evaluation of the samples was
conducted by 8-person team of evaluators who are qualified assessors
- experts, with theoretical and practical preparation in the field of
sensory methods. The sensory evaluation was performed in two
independent replications. Ratings were performed at the Laboratory
of Sensory Analysis, which meets all the requirements specified in BS
EN ISO 8589:2010 standard [21]. For planning sessions with ratings
scaling method, generation of random numbers for coding samples,
records of individual results and their pre-treatment a computerised
support system of sensory analysis ANALSENS NT was used.

Statistical analysis of the results was performed using STATISTICA
10 software. The significance of differences in chemical research of yeast
aytolysates was verified using one-way analysis of variance (ANOVA).
In order to study the differences between groups, a Duncan test (a
= 0.05) was used. The graphic projections of distribution of tested
aytolysates in the coordinate system formed by two main factors were
prepared in the ANALSENS based on the covariance matrices.

Results and Discussion

The sum of amino acid of yeast autolysates obtained by varying
autolysis time is shown in Table 1. Along with prolonged autolysis
time, there was an increase of free amino acids - it reached a level
of 11.2% after 2h and 77.5% after 48 hours. The obtained results of
amino acid content of yeast autolysates obtained in the present work
is different from the amino acid composition of pure brewer's yeast,
Saccharomyces cerevisiae. Brewer's yeast contain substantially lower
amount of glutamic acid, proline and arginine [22,23]. This is due to
the fact that the autolysates investigated in the present work were not
prepared from pure brewer's yeast but from their suspension in the wort
remaining in the brewing process, which is rich in proteins, peptides
and free amino acids derived from barley malt and other additives
used in beer production. Consequently, the amino acid profile of the
obtained autolysates is much more developed and is characterised by
a much higher concentration of amino acids that are normally present
in yeast cells in minor amounts. The amino acid profile in such case is
dependent on the wort composition [24,25].

On the basis of the obtained data the amino acid content in
autolysates was converted to gram of protein and the results were
compared toa WHO/FAO [17] standard (Table 2). Among egzogenous
amino acids there was a large number of phenylalanine, threonine,
tryptophan and valine. These amino acids are not typical for the

AUTOLYSATES
2h 6h | 8h | 10h  12h  16h 20h | 48h

Sum of the free amino | 4.69 8.44 9.29 9.77 | 10.17 12.45 16.06 32.38
acids [g/100 g of dry
weight]

Percentage of free
amino acids

[%]

1.2 /202222 234 243 298 384 775

Table 1: The amino acid composition of yeast autolysates after the autolysis
process, per g/100 g of dry weight.
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Amino Acids Autolysate Reference Protein CS*¥)
According To Fao/Who
mg/g of protein mg/g of protein %

Isoleucine (EG.)*) 23.7 28 84.6
Leucine + Norleucine 65.1 66 98.7
(EG.)
Lysine (EG.) 47.2 58 81.4
Methionine (EG.) + 23.8 25 92.0
Cysteine
Phenylalanine (EG.) + 90.6 63 143.8
Tyrosine
Threonine (EG.) 61.3 34 180.3
Tryptophan (EG.) 11.9 1 108.2
Valine (EG.) 69.7 35 199.2
Sum of exogenous 393.3 320 -
amino acids
EAAI***) 117 100 -

*) EG. - essential amino acids
**) CS - chemical score
***) EAAI - essential amino acids index

Table 2: Comparison of the content of essential amino acids in the yeast’s
autolysate after 48 h of autolysis in relation to the content of amino acids in protein
standard established by the FAO/WHO [17].

yeast amino acids but more particularly for plant proteins, especially
for barley’s proteins [26]. It was found that the limiting amino acids
in the obtained autolysates was primarily lysine and in lesser extent
isoleucine, where the rate of limiting amino acid content to a reference
protein developed by FAO/WHO is 81.4% for lysine and 84.6% for
isoleucine. The data indicate that the obtained autolysates are very
valuable source of series of amino acids, such as tryptophan, valine,
threonine and phenylalanine+tyrosine. The content of these amino
acids, as compared to the reference protein developed by FAO/WHO,
was significantly higher, ranging from 143.8% for valine + tyrosine to
199.2% for valine. It is worth emphasizing that the tested autolysates
were characterised by a high sum of the exogenous amino acids of
about 303.3 mg/g of protein. This value is much higher than the total
amino acids present in the reference protein developed by FAO/WHO.
The integrated ratio of essential amino acids (EAAI), as an indicator of
the maximum potential nutritional value of the protein [27] reached
117% for the tested autolysates in relation to a reference protein by
FAO/WHO. It can be concluded that the autolysates obtained from
post-fermentation yeast are a valuable source of amino acids, which
is important from a nutritional point of view. These amino acids
come not only from yeast but also from the components used for the
beer production (e.g., malt and hops). A high total content of amino
acids in yeast autolysates, superior to that present in the reference
protein developed by the FAO/WHO, indicates that these autolysates
can be a valuable component of several products from the group of
functional food and dietary supplements. The obtained autolysates are
characterised by a different degree of hydrolysis, resulting in obtaining
a product with a high and low content of free amino acids which
allows expanding their use depending upon of the desired functional
characteristics of the proposed application.

MALDI-TOF-MS analysis of yeast autolysates showed the presence
of small amounts of the compounds with masses in the range of 1000-
6000 Da. The peaks were characterised by a small intensity and mainly
limited to the range of 1000-2500 m/z (Figure 1). The most intense
peak in all the investigated autolysates was found in the vicinity of
2414 m/z. In all the autolysates there were no peaks in the range of
10000-15000 m/z or substances of high molecular weight (up to 200000
m/z). Given the fact that the average molecular weight of amino acid

is approximately 110 Da, it can be assumed that the peptides formed
in the process of autolysis contain 20-30 amino acid residues [28].
Literature data indicates that in the composition of the autolysates
obtained on industrial scale free amino acids represent 35-45%, di-, tri-
and tetrapeptides of a molecular weight of less than 600 Da constitutes
10-15%, oligopeptides of 2000-3000 Da weight constitute 40-45%,
whereas those with a mass of 3000-100000 Da represent only 2-5%.
These values refer to the total protein present in autolysates [3,11,29].
Table 3 shows the results of the molecular masses of the peptides
present in the obtained yeast autolysates, according to the duration of
the autolysis process. The molecular masses were defined on the basis
of the calculation resulting from the molecular ion (m/z), charge and
the areas under the peak for the identified peptides. The presence of
peptides with masses of 1000-2000 Da was revealed in the analysed
autolysates. Based on these results it can be concluded that the amount
of peptide in each sample decreases with lenghtening the autolysis
duration, due to the fact that they are decomposed into free amino
acids. There are known applications of protein hydrolysates with a
high degree of hydrolysis, in which the majority are the peptides with a
molecular weight less than 2500 Da in the feeding of young children or
people with allergies. In the literature there are studies showing that the
loss of immunogenic properties is due to the loss of tertiary structure
of proteins as a result of their hydrolysis. It was demonstrated that
peptides of molecular weight less than 10 kDa are the tolerance limits
but they may have little allergenic properties.

Currently, products of different composition can be found on the
market. In these products, depending on the application, differences in
the content of peptides of certain molecular weights can be determined.
In addition to molecular weight of peptides, an additional important

Figure 1: Comparison of the spectra obtained for the tested autolysate
samples at different autolysis time (6H, 8H, 10H, 12H, 16H, 20H) in the
range of 1000-15000 m/z.

Autolysis Number Of  Percentage Of Identified Peptides In The Mass
Time Identified Range
Peptides <1000 Da | 1000-2000 Da >2000 Da

2h 64 0,27 96,10 3,63
6h 43 8,18 87,20 4,62
8h 34 3,72 89,94 6,34
10h 37 4,01 95,20 0,79
12h 37 0,73 94,62 4,65
16 h 35 1,04 89,08 9,88
20 h 29 1,10 86,25 12,65
48 h 22 2,52 74,28 23,20

Table 3: The percentage of the peptides identified in the individual ranges of the
masses.
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aspect is the source and the way of their reception as well as the ratio of
branched chain amino acids to aromatic peptides [30-32].

The results of the antioxidant activity and the content of
polyphenolic compounds found in the tested yeast autolysates are
shown in Table 4. The obtained results indicate that the test autolysates
are characterised by a high antioxidant activity, ranging from 22.18 to
32.73 mMol TEAC/100 ml. The content of polyphenolic compounds
ranged from 228.3 to 336.1 mgGAE/100 ml. High antioxidant activity
is likely to be related to the presence grade of polyphenolic compounds,
which are derived from hops and malt used for beer production and
the grade of proteins degradation to amino acids. Yeast autolysates
may further contain Maillard reaction products and glutathione. It
has been shown that the antioxidant activity of Maillard reaction
products is dependent on the amino acid sequence of the dipeptides
(the constituents of the yeast autolysates). Fresh baker's yeast contains
about 0.65% of glutathione and after processing this content may
increase up to 5%. It has been shown that the addition of glutathione
to butter in the amount of 0.01-0.02% significantly slowed down the
process of rancidity [11,33]. Studies have shown that whey protein
and soy hydrolysates have antioxidant properties. Short peptides are
probably responsible for this action [34]. The strongest antioxidant
properties have soy hydrolysates containing mainly peptides of a size
0.7-1.4 kDa [34]. During analysing of the obtained results it was noted
that the antioxidant activity increased with the increase in duration of
the autolysis process wherein the autolysates obtained after 16h and
20h of autolysis process did not differ statistically significantly both
in terms of its antioxidant properties and the content of polyphenolic
compounds. In the context of this study, the sensory evaluation of
autolysates solutions was performed depending both on the duration
of the autolysis process (compared to samples obtained after 6, 8, 10
and 20 hours of autolysis process) and autolysate concentration in
the aqueous solution (0.7%, 3.6%, and 7%). Principal Components
Analysis (Figure 2) showed that the autolysate solutions differed
one from another considering their concentration (0.7, 3.6 and 7%).
The vast majority of variation (87.38%) was assigned to the first
component and set out the main changes in the sensory profile of the
tested autolysates. Location of autolysate solutions next to each other
proves their significant similarity. The first group consisted of samples
representing the lowest concentration of autolysate, which showed a
much lower intensity parameters in both a positive and negative, and
overall quality. Location of autolysates of higher concentrations on
the opposite side than the samples (0.7%) after 6h, 8h, 10h and 20h of
autolysis process confirmed their differences. The odour of the samples
obtained in the various duration of the autolysis process and prepared
in a concentration of 3.6% was primarily cereal, bouillon, yeast and
acidic. In the samples representing the highest concentration of
autolysate (7%) such sensory trials as fermentation, beer, yeast and tart

Autolysis Antioxidant activity Xav. (SD) | Polyphenolic compounds
Time Xav. (SD)
mMol TEAC/100 ml mg GAE/100 ml
6h 22,182 (0,24) 228,34+ (1,59)
8h 24,78° (0,26) 274,82° (1,35)
10h 27,36° (0,12) 300,30° (2,10)
12h 30,04¢ (0,33) 307,02¢ (1,51)
16 h 32,73¢ (0,22) 329,98° (1,28)
20 h 32,71¢ (0,19) 336,14¢ (1,28)

Xav-the average content; SD-the standard deviation; @¢the mean values in columns
indicated with different letters differed significantly (a=0,05)

Table 4: The antioxidant activity and the content of polyphenolic compounds of
yeast autolysates obtained during the autolysis process.
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Figure 2: Similarities and differences in the sensory characteristics of the
tested yeast autolysates.

predominated. Analysing the effect of concentration on the sensory
quality of yeast autolysates it can be concluded that the intensity of
quality parameters increased with the increase in concentration of the
autolysate in the solution. Sensory quality of yeast autolysates solutions
was complex and depended on the presence and the changing the
intensity of many flavour traits. The sensory profile of the tested yeast
autolysates was clearly dependent on such notes as yeast, fermentation,
"beer”, bitter-astringent and roasting. It was observed that autolysates
obtained after 20 hours of the autolysis process were characterised
by the least intensive aroma, such as yeast, fermentation, beer, cereal
and acid as compared to other autolysates. These autolysates were also
characterised by the highest clarity and lowest amount of sediment
and represented the lowest rate of fermentation and beer taste. The
intensity of the other quality parameters was comparable, irrespective
to the duration of the autolysis process. Overall quality remained at the
highest level for the autolysates obtained after 20 hours of the autolysis
process.

Conclusions

I.  The post-fermentation brewing yeast may be a valuable material
for the preparation of yeast autolysates which can be then used
in the production of functional food and dietary supplements.
The functional properties of obtained autolysates were affected
by the use of yeast slurry rich in amino acids and the bioactive
compounds derived from barley and hops used for beer
production.

II.  The obtained yeast autolysates were characterised by a high
content of amino acids, exciding the amount present in the
reference protein developed by FAO/WHO. Varied content
of free amino acids and high content of low weight molecular
peptides in autolysates is very advantageous and may indicate
the possibility of their broader use in functional food and dietary
supplements.

III.  Theobtained autolysates were characterised by a high antioxidant
properties, which were affected, among others, by polyphenolic
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Iv.

compounds derived from hops and malt present in the post-
fermentation yeast slurry used for autolysate production.

The tested autolysates were characterised by a different sensory
profile with a clearly noticeable bitter aftertaste derived from
bitter substances extracted from hops. This bitter aftertaste
changes favourably with the increase in duration of the autolysis
process and growth of free amino acids content, particularly
glutamic acid.

V. The sensory quality and functional properties of autolysates

VL

derived from post-fermentation yeasts are dependent on the
degree of the yeast protein autolysis which determines their
usage in a food production.

Precise time control of the autolysis process allows obtaining a
product with designed composition and functional properties.
Such product is characterised by a desired content of free amino
acids, peptides with a specific molecular weight and antioxidant
properties.
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