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Glutathione (GSH) is a tripeptide thiol with important protective activity in living organisms.
Due to its ability to prevent oxidation, this substance is commonly used in biotechnological products.
The fed-batch process with yeasts of the genus Saccharomyces coupled with downstream processing
to obtain inactive dry yeasts with high GSH content is the common method for industrial production.
Short-term high-temperature treatment (1 minute at 105 °C) emerged as potentially optimal,
achieving CFU/g is less than 10> while maintaining relatively high GSH levels. Another approach
showed the promise of adjusting pH changes to levels of 2.4-3.0 without altering inactivation
conditions (95 °C/30 min) as an alternative to the previous one. Further studies are needed to explore
the complex interplay between acidic conditions, duration of inactivation, and temperature para-
meters for simultaneously maximizing glutathione retention while controlling microbial viability.
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Introduction

Glutathione (GSH, y-L-glutamyl-L-cysteinyl-
glycine) is a tripeptide thiol compound that plays a
crucial role in cellular defense against oxidative stress
[8, 13]. Due to its potent antioxidant properties, GSH
has attracted significant attention for applications in
pharmaceuticals, food supplements, and cosmetics [4,
7, 11]. Yeast-derived GSH is particularly valuable due
to its natural origin and the well-established status of
yeast as Generally Recognized As Safe (GRAS) [1, 9].

The production of inactive dry yeast with high
GSH content represents a significant challenge in
industrial biotechnology. While substantial progress
has been made in optimizing fermentation conditions
to enhance intracellular GSH accumulation in
Saccharomyces cerevisiae [6, 11], considerably less
attention has been directed toward downstream
processing stages, which can result in GSH losses
exceeding 40—60 % of the initial content [9, 14].

The preservation of GSH during downstream
processing faces multiple challenges due to its
chemical instability. The tripeptide’s thiol group
(-SH) is highly susceptible to oxidation, particularly
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under aerobic conditions commonly encountered
during processing [7]. Additionally, GSH can
undergo hydrolysis of its peptide bonds and form
mixed disulfides with cellular proteins [3, 12].

Temperature and pH represent critical factors
affecting GSH stability during downstream processing.
Studies have demonstrated that GSH degradation
accelerates significantly with increasing temperatures,
particularly above 60 °C [7, 15]. At temperatures
commonly used for thermal inactivation (70-80 °C),
GSH half-life decreases to less than 30 minutes [11].
Regarding pH, GSH exhibits maximum stability within
the narrow range of 5.0-7.0. Deviations toward alkaline
conditions (pH > 7.5) accelerate auto-oxidation of the
thiol group, while strongly acidic conditions (pH < 3.5)
promote hydrolysis of peptide bonds [11, 18].

Despite the recognized importance of these
parameters, significant knowledge gaps persist in our
understanding of GSH preservation during down-
stream processing, particularly in industrial-scale
production environments. Industry relies on general
knowledge of yeast biology and consultants. The
latter ones usually operate under strict non-disclosure
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agreements which further limits data availability. It is
worth noting that the combined and interactive effects
of temperature and pH throughout the entire dow-
nstream processing chain remain largely unexplored.
Although individual effects have been documented,
the synergistic impacts when unfavorable temperature
and pH conditions coincide are poorly characterized.
For example, GSH degradation at elevated tempe-
ratures was substantially higher at alkaline pH com-
pared to neutral conditions [9]. This suggests complex
interaction mechanisms that warrant further inves-
tigation [2].

Therefore, the goal of this work is to establish
how downstream processing can change the GSH
content in the yeast.

Materials and research methods

The experimental part of the work was carried
out at the laboratory of PRISC ENZYM COMPANY.
The commercial strain of S. cerevisiae with high
potential to produce GSH was grown similarly to
regular baker's yeast and was processed to obtain
yeast cream. The exact name of the strain and
cultivation regime details are undisclosed because
such information had been considered a commercial
secret.

Moisture content was measured via RADWAG
MAS0.R moisture analyzer.

pH of yeast cream was measured by a pH-meter
and was changed by the means of addition of 10 M
KOH and 75 % H;PO, solutions. The addition of
mentioned components occurred in minimal
quantities necessary for pH adjustment. The cho-
ice of concentrations was determined by the applied part
of these studies, as these specific concentrations of
acids and bases are used in production conditions at
the biotechnological enterprise. The use of reagents
with high concentrations is due to the minimization of
introducing additional water into the product before
drying in terms of energy consumption optimization.

Inactivation procedures were carried out using
Memmert WTBI15 water baths and shake flasks.
200 ml of yeast creme were poured into 500 ml shake
flasks and heated during different times at the required
temperatures.

For colony-forming unit measurement, 1-g
samples were diluted in 100 mL of 0.31 mM
phosphate buffer (pH 7.2) and homogenized for 5 min
by using a magnetic stirrer. This solution was serially
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diluted (1:10) and appropriate dilutions were inoculated
on YPD plates. Plates were incubated at 30 °C for 3
days before yeast colonies were counted.

Subsequent drying of yeast cream was con-
ducted by the means of an ESDT1 spray dryer.

GSH production was measured according to
[15].

Results and discussion

Typical commercial GSH-rich inactive yeasts
production consists of cultivation stage while biomass
was grown and downstream processing stage in order
to obtain actual product in form of packaged dry
yeasts. During the downstream processing stage yeast
biomass undergoes separation from the medium
remnants and subsequent washing out until yeast
cream with 18-22 % of moisture content is received.
Such yeast cream can also be acid-treated to keep the
pH relatively low to make bacterial contamination
impossible. Following heat treatment necessary for
yeast inactivation and inactivated yeast cream then
dried to obtain dry yeasts.

The GSH-reducing steps of downstream
processing (pH change, heating and drying) were
mimicked at the down-scale format. At first, it was
necessary to look after pH change and its effect on the
GSH content and CFU in dried yeasts (Table 1).
Three different pH values were tested (2.4 and 10)
whereas untreated yeast cream was used as a control
(pH value 5). All samples undergo heat treatment at
95 °C for 30 min and subsequently spray dried. Dry
yeasts were diluted in distilled water to obtain a
mixture with 5 % dry matter in order to check the
possible pH change after the drying process.

There was an insignificant change of GSH
levels after pH treatment. pH shift strategy can lead to
either GSH accumulation or loss, depending on
conditions and strain [5, 10]. However, there is a lack
of evidence that this methodology was used during
post-fermentation processing, rather than only during
cultivation. Under extreme alkaline or acidic condi-
tions, yeast cells rapidly accumulate reactive oxygen
species (ROS). This oxidative burden triggers the
upregulation of oxidative stress response genes, which
encode enzymes critical for glutathione biosynthesis
[16]. Lack of significant change in GSH content can
be attributed to the short duration of inactivation
thus the mechanism described was not able to
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start up. Inactivation process caused loss of 0.4—1.6 %
of GSH with the highest loss in the probe 8.
Following drying led to loss of 0.5-0.6 % GSH. The
duration of heating during inactivation is longer than
during drying thus we suggested that it caused bigger
GSH loss.

It is worth noting that the CFU of the dry
product was quite different in all samples and
especially low in the 8 probe. It is generally known at
yeast factories that high pH is detrimental to yeast
growth which could explain such results. There is a
common practice at GSH market to keep CFU equal
or less than 10” whereas we obtained such results only
in sample 10.

Inconclusivity of data led us to further investigate
the relationship between GSH, CFU and pH
treatment.

There was also a technology demand to keep
yeast cream aseptic during downstream processing
and acidic treatment is quite a common way to
minimise bacterial contamination. Another expe-
riment was conducted to evaluate the effect of an
acidic pH treatment and inactivation on GSH content
and quantity of CFU (Table 2).

According to our data, the acidic treatment
caused an insignificant effect on GSH content, similar
to the results from Table 1. Inactivation procedure led
to loss of 0.5-0.6 % of GSH, contrary to the 0.4-1.6 %
change from the first experiment. The difference
between the magnitude of GSH content losses, as well
as changes due to acid/base treatment, could be linked
to the individual strain characteristics. GSH losses
during drying were 0.14 % for control samples and
0.67-0.7 %.

Table 1
Effect of pH change and heating on GSH content and quantity of colony-forming units
No. Description GSH, % CFU/g
1 Control sample 4.52+£0.15 N/A
2 Before inactivation. pH=2.4 4.57+0.16 N/A
3 Before inactivation. pH=4 473 £0.1 N/A
4 Before inactivation. pH=10 4.71+£0.14 N/A
5 Control sample. After inactivation 4.10+0.1 N/A
6 After inactivation. pH=2.4 3.94+0.13 N/A
7 After inactivation. pH=4 3.99+0.15 N/A
8 After inactivation. pH=10 3.22+0.09 N/A
9 Dry yeasts. Control sample 3.48 £0.09 3-10*
10 Dry yeasts. pH=2.4 3.39+£0.1 2107
11 Dry yeasts. pH=4 3.52+0.11 3.6-1001
12 Dry yeasts. pH=10 3.05+0.12 0
Table 2

Effect of acidic treatment and heating on GSH content and quantity of colony-forming units (CFU)

No. Description GSH, % CFU/g
1 Control sample 4.64 +£0.2 N/A
2 Before inactivation. pH=3 498 +0.19 N/A
3 Before inactivation. pH=4 491 +0.21 N/A
4 Control sample. After inactivation 4.03 £0.15 N/A
5 After inactivation. pH=3 447 +0.15 N/A
6 After inactivation. pH=4 4,58 +0.18 N/A
7 Dry yeasts. Control sample 3.89+0.16 3.10*
8 Dry yeasts. pH=3 3.8+£0.14 3-10°
9 Dry yeasts. pH=4 3.8+0.2 3.5-10°
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Table 3
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Effect of the duration of inactivation on GSH and content quantity of colony-forming units (CFU)

No. of iiﬁfj;ﬁgﬂe c Time of inactivation, min | GSH in dry product, % Lé’;fjsozf CFU/g
1 N/A 0 3.8+ 0.19 (in yeast cream) N/A >10°
2 N/A 0 3.4+0.18 0.4 >10°
3 95 5 29+0.14 0.9 2:10°
4 95 10 2.8+0.1 1.0 2:10°
5 95 20 2.8+0.1 1.1 4.10*
6 95 30 2.7+0.13 1.0 3-10*
7 100 5 2.9+0.12 0.9 <10’
8 100 10 2.5+0.11 1.3 <10’
9 105 1 3.2+0.15 0.6 <10°
10 105 5 2.7+0.09 1.1 <10

Notably, yeast cream used at control samples
also had unequal GSH content despite a similar
cultivation regime. Replicability issues are the common
problem during GSH yeast production using complex
media. CFU was almost identical to the results from the
previous experiment. Yet the interest to keep CFU
equal or less than 10* led to further investigation
of the effect of thermal parameters and duration of
inactivation.

The results of testing different time and
temperatures during inactivation are shown in Table 3.

The obtained results showed that both CFU and
GSH content in dry yeasts significantly depend on the
duration of inactivation at 95 °C. Minimal values
observed at the maximal duration of 30 min clearly
indicate that extensive heating negatively affects the
GSH content and cell viability. This result goes along
with a report that proposes that GSH plays an important
role mainly at the first 30 minutes of thermal-induced
cell death [17]. Also, the conditions of some shorter
inactivation regimes were tested. Inactivation for
5 minutes at 100 °C caused a drop of CFU by the order
of 10 and inactivation for 10 minutes at the same
temperature resulted in significant loss of the GSH.
Short-term inactivation (1 min) at 105 °C led to the
lowest CFU among the samples while GSH content
was relatively high.

Conclusions
Our findings have been shown that high pH
value of yeast cream and prolonged inactivation before
drying can negatively affect both GSH content and
CFU. The magnitude of GSH and CFU can be
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attributed both to individual strain characteristics and
possible replicability issues during cultivation due to
the use of complex mediums. The Ilatter one is
extremely important to the correct interpretation of the
results. The obtained results have practical application
and were used for industrial production of inactive
yeast with high glutathione content.

The optimal CFU/g is less than 10 and can be
reached by the 1-5 minutes inactivation at the
temperature of 105 °C. Acidic treatment of yeast
cream to the pH = 2.4-3,0 led to the similar results. The
relationship between acidic treatment and duration of
inactivation presents a promising area for future
studies. Specifically, further research could investigate
the combined effects of acidic pH conditions and
varying inactivation times and temperatures to optimize
the process for both low CFU and minimal GSH loss.

Prolonged high-temperature inactivation has
been shown to lead to significant GSH losses, high-
ighting the importance of carefully controlling these
parameters. Future studies could focus on understan-
ding this relationship more deeply to develop inac-
tivation strategies that maximize yeast inactivation
while preserving GSH content, simultaneously explo-
ring the interplay between pH, temperature, and time.

References
1. Bekatorou, A., Psarianos, C., & Koutinas, A. A.
(2006). Production of food grade yeasts. Food Technology
and Biotechnology, 44(3), 407-415. Retrieved from
https://hrcak.srce.hr/file/162096
2. Couto, N., Wood, J., & Barber, J. (2016). The role
of glutathione reductase and related enzymes on cellular redox



M. H. Stets, V. A. Yerokhin, V. V. Havryliak, V. I. Lubenets, B. Pilarczyk

homoeostasis network. Free Radical Biology and Medicine,
95,27-42. doi: 10.1016/j.freeradbiomed.2016.02.028

3. Espindola, A. S., Gomes, D. S., Panek, A. D., &
Eleutherio, E. C. (2003). The role of glutathione in yeast
dehydration tolerance. Cryobiology, 47(3), 236-241. doi:
10.1016/j.cryobiol.2003.10.003

4. Huang, Z. R, Lin, Y. K., & Fang, J. Y. (2009).
Biological and pharmacological activities of squalene and
related compounds: Potential uses in cosmetic dermatology.
Molecules, 14(1), 540-554. doi:10.3390/molecules14010540

5. Kresnowati, M., Ikhsan, N. A., Nursa’adah, R. S.,
Santoso, N. N., & Susanto, Y. W. (2019). Evaluation of Glu-
tathione Production Method using Saccharomyces cerevisiae.
1IOP Conference Series: Materials Science and Engineering,
543(1), 012004. doi:10.1088/1757-899X/543/1/012004

6. Liang, G., Du, G., & Chen, J. (2008). Enhanced
glutathione production by using low-pH stress coupled with
cysteine addition in the treatment of high cell density culture
of Candida utilis. Letters in applied microbiology, 46(5),
507-512. doi: 10.1111/j.1472-765X.2008.02352.x

7. Li, Y., Wei, G., & Chen, J. (2004). Glutathione: a
review on biotechnological production. Applied microbiology
and biotechnology, 66(3), 233-242. doi:10.1007/s00253-
004-1751-y

8. Meister, A., & Anderson, M. E. (1983).
Glutathione. Annual review of biochemistry, 52, 711-760.
doi: 10.1146/annurev.bi.52.070183.003431

9. Musatti, A., Manzoni, M., & Rollini, M. (2013).
Post-fermentative production of glutathione by baker's yeast
(S. cerevisiae) in compressed and dried forms. New
biotechnology, 30(2), 219-226. doi: 10.1016/j.nbt.2012.05.024

10. Nie, W., Wei, G., Du, G., Li, Y., & Chen, J.
(2005). Enhanced intracellular glutathione synthesis and
excretion capability of Candida utilis by using a low pH-

stress strategy. Letters in applied microbiology, 40(5), 378—
384. doi:10.1111/5.1472-765X.2005.01687.x

11. Penninckx, M. J. (2002). An overview on
glutathione in Saccharomyces versus non-conventional
yeasts. FEMS yeast research, 2(3), 295-305. doi:
10.1016/S1567-1356(02)00081-8

12. Pécsi, 1., Prade, R. A., & Penninckx, M. .
(2004). Glutathione, altruistic metabolite in fungi. Advances
in microbial physiology, 49, 1-76. doi: 10.1016/S0065-
2911(04)49001-8

13. Reed, D. J. (1990). Glutathione: toxicological
implications. Annual review of pharmacology and toxicology,
30, 603-631. doi: 10.1146/annurev.pa.30.040190.003131

14. Rollini, M., Musatti, A., & Manzoni, M. (2010).
Production of glutathione in extracellular and intracellular
forms by Saccharomyces cerevisiae. Process Biochemistry,
45(3), 441-445. doi:10.1016/j.procbio. 2009.10.016

15. Salbitani, G., Bottone, C., & Carfagna, S. (2017).
Determination of reduced and total glutathione content in
extremophilic microalga Galdieria phlegrea. Bio-protocol,
7(13), €2372. doi:10.21769/BioProtoc.2372

16. Serra-Cardona, A., Canadell, D., & Arifio, J.
(2015). Coordinate responses to alkaline pH stress in budding
yeast. Microbial cell (Graz, Austria), 2(6), 182-196.
doi:10.15698/mic2015.06.205

17. Sugiyama, K., Kawamura, A., Izawa, S., &
Inoue, Y. (2000). Role of glutathione in heat-shock-induced
cell death of Saccharomyces cerevisiae. The Biochemical
Jjournal, 352 Pt 1(Pt 1), 71-78. doi: 10.1042/bj3520071

18. Wei, G, Li, Y., Du, G., & Chen, J. (2003). Effect
of surfactants on extracellular accumulation of glutathione by
Saccharomyces cerevisiae. Process Biochemistry, 38, 1133—
1138. doi:10.1016/S0032-9592(02)00249-2

M. T. Crens', B. A. €poxin’, B. B. lappuasx’, B. L. JIy6enens', B. Iinapunk’
' Hauionansauit yrisepeurer “JIbBiBChKA TOTITEXHiKa”,
Kageapa TEXHOJIOTI] 010JIONYHO aKTUBHUX CHOINYK, (hapMartii Ta 6ioTexHOoIOori1
? 3aXiIHOIOMOPChKHMIi TeXHOMOriuHmi yHiBepcuTer, [TonbIna,
Kadeapa penpoayKTUBHOI O10TEXHOJIOTI] Ta Tri€HN HABKOJIUIITHBOTO CEpPeIOBHIIA

BILJIUB IOCT®EPMEHTAIIIMHOI OFPOBKA HA BMICT I'JIYTATIOHY TA )KATTE3JIATHICTh
KJIITUH I YAC BUPOBHUILITBA HEAKTUBHUX CYXUX JAPIK/KIB

I'myraTtion (GSH) — ne TpunenTHIHUIA Tioa i3 BajKJIIMBOIO 3aXMCHOI0 AKTHBHICTIO B ;KHBHX OpraHizMax.
3aBasKH CBOIl 3JATHOCTI 3amo0iraTH OKHCHEHHIO I[I0 PEYOBHHY INMMPOKO BHKOPHCTOBYIOTH Yy 0ioTexXHO-
Jgorigaux npoaykrax. IIpomec nepioquuHoro KyJbTUBYBAHHS 3 MiIXKUBJIEHHAM JAPiKIKIB pony Saccharomyces
Y NO€IHAHHI 3 MOAAJBIIOK MOCT(hepMeHTALIiHOKW 00POOKOI0 IS OTPUMAHHS HEAKTUBHHUX CYXMX JAPIKIKIB 3
BucokuM BMmicToM GSH € mommpeHnM MeToaoM NPOMHCI0BOro BUpoOHHITBa. KopoTKOoTpHBaia BHCOKOTEM-
nepatypHa oopooka (1 xsmwiuHa npu 105 °C) BusiBHjIacs NOTEHIIHO onTHMAJILHOIO, 3a0e3neuyoun KYO/r
meHmie 102, 30epiraroun npu uboMy BiiHocHO BUCOKHi piBeHb GSH. Inmmii minxia — ne kopekuiss pH g0 piBHst
2,4-3,0 0e3 3minm ymoB iHakTuBamii (95 °C/30 xB) ik anbTepHaTHBa 10 nonepeanboro. Iloganemi mocii-
JUKeHHsI HeoOXiaHi 1Ish BUBYEHHS CKJIATHOI B3a€MOo/ii Mi’k KHCJIOTHHMHM YMOBaAMH, TPHBAJIICTIO iHaKTHBAaNIii Ta
TeMIepATyPHUMHU NapaMeTpaMu Uil OJHOYACHOI MakcuMizamii 30epesKeHHs IVIYTATiOHY IpPH KOHTPOJIi

MIKpOOHOI JKUTTE3AATHOCTI.

KuiouoBi ciioBa: riyrarion, iHakTuBHI cyxi apiamki, KYO.

138



