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Abstract

High-gravity fermentation enhances ethanol productivity but imposes intense osmotic and metabolic stress
on Saccharomyces cerevisiae, leading to reduced viability and premature cellular senescence. This study
proposes application of pulsed ultrasonic treatment (PUT) during early fermentation to bolster yeast
longevity and process performance. Based on emerging evidence that low-intensity ultrasound can modulate
membrane permeability, enhance stress tolerance, and improve metabolic activity in yeast systems, we
hypothesize that pulsed exposure will (i) mitigate osmotic and ethanol-induced stress, (ii) reduce rates of
viability loss, and (iii) maintain fermentative performance under high sugar concentrations. Expected
outcomes include enhanced viability and longevity metrics (cell counts, metabolic activity), improved
ethanol yield, and altered stress tolerance biomarkers. This work will yield mechanistic insights into
ultrasound-mediated stress protection and practical implications for industrial high-gravity fermentation
optimization.
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AHHOTAHUA

BricokorpaButannoHHasi (pepMEHTAIMs MOBBIMIAET MPOILYKTUBHOCTH 3TAHOJA, HO CO3[aeT MHTEHCUBHBIN
OCMOTHYECKHH W MeTabonmnueckuii crpecc st Saccharomyces cerevisiae, 4YTo MPUBOJIUT K CHHKCHHUIO
KU3HECTIOCOOHOCTH M TNPEXKAECBPEMEHHOMY CTAapeHHUIO KJIETOK. B JaHHOM HccienoBaHUM NpeasiaracTcs
NpUMEHEHUE MMIYJIbCHOW YJbTpa3BykKoBoi 00paboTkn (MYO) Ha paHHHMX craausx (epMeHTauuu Uit



MOBBINICHHS YKU3HECTIOCOOHOCTH Apoxcokeit u adpdekTuBHOCTH mporiecca. OCHOBBIBASCH HA HOBBIX JIAHHBIX
0 TOM, YTO HM3KOMHTEHCUBHBIN YIBTPa3ByK MOXKET MOAYJIAPOBATH MPOHUIIAEMOCTh MEMOpaH, MOBHIIIATh
YCTOWYMBOCTh K CTPECCYy M YJIydllaTh METa0OJNYECKYI0 aKTHBHOCTh B JPOXIKEBBIX CHUCTEMaX, MBI
MpeInoiaraeM, 4To UMITYJIbCHOE BO3JICHCTBHE (1) CMATYUT OCMOTHYSCKUH U BBI3BAaHHBIN 3TAHOJIOM CTPECC,
(i1) CHU3UT CKOPOCTh MOTEPH >KU3HECITOCOOHOCTH M (iii) coxpaHHUT 3(PPEKTUBHOCTH (epMEHTAITMH ITPH
BBICOKMX KOHIIEHTparusax caxapa. OXumaeMmble pe3yibTaThl BKIIOYAIOT IMOBBIIIEHHE TOKa3areneit
JKU3HECTIOCOOHOCTH M JTOJITOBEYHOCTH (KOJUYECTBO KIIETOK, METabOIMYeCKas aKTUBHOCTh), YBEIHUCHHUE
BBIXO/Ia ATAHOJIA U M3MEHEHHEe OMOMapKepOB YCTOWYMBOCTH K CTpeccy. JOTa paboTa MO3BOJIUT MONYIHTh
MIPEJICTaBICHNE O MEXaHN3MaX 3aIlUTHI OT CTPECcca, OTIOCPEIOBaHHON YIBTPA3BYKOM, U JACT MPAKTUIECKHE
MOCIIEACTBUS JJIs1 ONITUMU3AIIUH POMBIIIICHHON BHICOKOTPABUTAIMOHHOM (DEePMEHTAIUH.
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High gravity fermentation is widely applied in bioethanol and beverage production because
it enhances volumetric productivity and process efficiency. However, elevated concentration and
rapid ethanol accumulation impose severe osmotic and ethanol stress on Saccharomyces
cerevisiae, leading to membrane destabilization, metabolic imbalance, and reduced cellular
viability. Osmotic tolerance and stress adaptation are critical determinants of fermentation
performance under such conditions [1]. Studies report enhanced biomass formation, improved
metabolic activity, and increased ethanol productivity in yeast fermentations under optimized
acoustic conditions [2,3]. Controlled ultrasonic regimes have been shown to improve fermentation
dynamics without significant cellular damage. However, the specific application of pulsed
ultrasonic treatment to extend yeast longevity under high gravity stress has not been systematically
investigated.

Saccharomyces cerevisiae will be fermented under high gravity conditions exceeding 250
g/L glucose with three experimental groups: control, continuous ultrasound, and pulsed ultrasonic
treatment applied at optimized frequency and duty cycles. Fermentation kinetics, ethanol
production, cell viability, and selected stress markers will be monitored to evaluate the influence
of ultrasonic parameters on yeast longevity and performance. Treated cells are anticipated to
exhibit improved membrane stability and enhanced stress adaptation compared with control
conditions. Improved viability and metabolic maintenance are expected to result in enhanced
fermentation efficiency and ethanol yield. The study will also evaluate longevity related indicators
including cell counts and metabolic activity as measures of stress protection and lifespan extension.

This study proposes the integration of pulsed ultrasonic treatment as a bioprocess
intervention to extend yeast longevity under high gravity fermentation stress. The successful
demonstration of enhanced viability sustained metabolic activity, and improved ethanol
productivity would provide a scalable strategy for fermentation industries seeking improved
productivity and process robustness.
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