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ABSTRACT

In Brazil, a leading global producer of bioethanol, the utilization of Saccharomyces cerevisiae strains resistant to adverse
environmental conditions is crucial during the production process. The adaptation and fermentation efficiency of these yeasts
will impact the final ethanol yield. Therefore, the Bio28 strain was selected from isolates from an industrial plant after exposure
to conditions similar to those of the mill. Studies have addressed the replacement of inoculated yeasts with wild strains during
the harvest. The prevalence of the selected strain was monitored throughout the 2022 harvest, demonstrating its persistence
despite a gradual decline.
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1 INTRODUCTION

Brazil stands out as one of the world's largest producers of sugarcane and ethanol, with the Southeast region playing a leading
role in this scenario.l2 Together with the United States, the global leader, these two countries account for 80% of the total
production of ethanol consumed worldwide.34 The sugarcane is main raw material used in ethanol production in Brazil, and
through the action of the yeast Saccharomyces cerevisiae, sucrose is converted into ethanol and carbon dioxide (CO>).
Sudden temperature changes, high alcohol concentrations, acidic pH, molasses and contaminants are just a few of the
obstacles that these yeasts will be subjected to and that can impact the final ethanol yield.6 The use of selected stress-tolerant
strains that present good production efficiency can be tools to improve productivity .5

Genotyping and karyotyping studies have revealed that commercial yeasts inoculated at the beginning of the harvest season in
the production process are replaced by other wild strains in the fermentation tanks, leading to increased flocculation and foam
production, which causes losses.35 In this context, the project aimed to produce bioethanol using a selected strain and monitor
the prevalence of this strain during the harvest season in the fermentation vats of the industrial plant.

2 MATERIAL & METHODS

The research group at the Cellular and Molecular Biology Laboratory of the Universidade Federal de Ouro Preto, where this
work was developed, has extensive experience and knowledge acquired through previous studies that allowed them to conduct
the yeast isolation and selection methodology presented here. Samples were collected from fermentation vats of an industrial
plant located in Sdo Paulo and stored under refrigeration until isolation.”8:2°

For isolation, serial dilutions were performed up to 108, from which 200 pL aliquots were distributed onto sterile Petri dishes
containing Yeast Peptone Sucralose 8% (YPS 8%) medium supplemented with 100 pg/mL chloramphenicol. Isolates were
transferred to 96 well plates and designated as master plates. The plates were incubated at 30 °C for 24 to 48 hours and then
stored under refrigeration. Knowing that Saccharomyces cerevisiae does not grow on certain carbon and nitrogen sources,
growth was tested on 96 well plates in minimal medium with 0.14% Lysine, Yeast Peptone Lactose 2% (YPL 2%), and Yeast
Peptone Mannitol 2% (YPM 2%). After incubation and visual inspection of growth, isolates that did not grow in any of the three
media were considered potential S. cerevisiae.10.11

Potential S. cerevisiae strains were subjected to stress resistance tests in the first selection step, including osmotic stress
(Yeast Peptone Dextrose 33% and Yeast Peptone Sucralose 20%), thermotolerance (growth at 37°C), ethanol tolerance
(ethanol 10, 15, and 17%), and acidic pH (pH = 2.5). The tests were evaluated visually after incubation and growth in 96 well
plates. An overlay of the growth results from all stress tests in this step was performed, and the resistant, selected isolates were
transferred to new 96 well plates containing YPS 8% medium and 100 pg/pL chloramphenicol. The resulting new plates were
subjected to aconitic acid resistance tests in minimal medium (1 mM, 5 mM, 10 mM, and 20 mM) and molasses growth (15 and
30%), both in 96 well plates, in the second step. In this step, growth in Al*3(10.9; 16.3, and 18.5 mM) on solid YPS 2% medium
in Petri dishes was also evaluated, for both undiluted and 10 diluted isolates. As in the previous step, the results were overlaid,
and the resistant strains were transferred to a new plate under the same conditions. In the third and final selection step, a
flocculation test (qualitative and quantitative)'? and an evaluation of the estimated ethanol and foam production on a 50 mL



laboratory scale of YPS 15% with acid recycle were performed.13 The selected strain was multiplied in a 10 L fermenter, sent to
the industrial plant, and its prevalence was monitored during the harvest season by polymorphism analysis (COX1-PCR).8

3 RESULTS & DISCUSSION

The total of 960 colonies were isolated from the collected sample, resulting in 10 master plates. Bioethanol plants conventionally
use selected industrial S. cerevisiae yeasts due to their efficiency and safety.4 Knowing that this species does not use Lysine as
a nitrogen source or Mannitol and Lactose as carbon sources, almost 80% of the isolates were found to be potential S.
cerevisae.101! Given this still high number of isolates, the 10 master plates were used to perform the first phase of the selection
tests. In the industrial plant, yeasts face various stressful environmental conditions that will activate different responses. The
response to these conditions can affect the efficiency and ethanol yield. In this context, the use of isolated yeasts that are more
adapted to the process is essential for improving fermentation performance. 55

Following the overlay of the first-stage tests (thermal, osmotic, alcoholic, and acidic pH), 155 isolates grew under the tested
stress conditions, and 15 of these withstood up to 17% ethanol. Only the potential S. cerevisiae strains that resisted up to 15%
ethanol and the other tests were selected for the second phase of selection, totaling 127 isolates. All selected yeasts were
resistant to the tested concentrations of aconitic acid, and therefore the 127 were subjected to the aluminum resistance test. A
total of 22 isolates grew in the three aluminum concentrations and in at least one of the dilutions, thus being selected for the
third phase. Only 5 of the 22 isolates were pre-selected in the qualitative and quantitative flocculation tests, as they presented
the lowest flocculation percentages compared to the other isolates. The fermentation test was performed on a laboratory scale
with the 5 isolates, applying acid recycle daily under the conditions used by the plant. During fermentation, foam production and
estimated ethanol production were evaluated, calculated by the stoichiometry of the reaction and weight loss. Pedra-2 (PE2), an
industrial strain commonly used in the plants, was used as a positive control for the experiments in this last stage. Despite its
average flocculation, Bio28 was the selected strain due to its excellent fermentation performance, with an estimated ethanol
production (>70 g.L?, after the fifth acid recycle) close to or even higher than PE2 at times, in addition to tolerating stress
conditions, including 17% ethanol.

The Bio28 strain was sent for industrial plant testing during the 2022 harvest season, and its prevalence was evaluated by
isolating 50 colonies from three distinct periods (May, July, and September), resulting in 150 isolates for analysis. Employing the
DNA polymorphism analysis method (COX-PCR) enabled the differentiation and comparison of the profile of the isolates from
each period with Bio28. This differentiation was achieved by amplifying the variations in the introns of the COX1 mitochondrial
gene, which is responsible for encoding subunit 1 of cytochrome oxidase.® The prevalence of the selected strain following
multiple acid treatments and fermentation cycles will depend on the strain's robustness and adaptability throughout the
process.15
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Figure 1 Percentage of Bio28 prevalence during the 2022 harvest.

Throughout the harvest periods, an increase in polymorphism was observed, generating band patterns different from Bio28.
According to Figure 1, despite a gradual decrease, the selected strain remained in the vats until the end of the harvest,
corresponding to 57% of the analyzed isolates. The use of strains that prevail until the end of the harvest can be another tool for
improving ethanol productivity and final yield.>

4 CONCLUSION

A selection strategy, the stress conditions that yeasts face during the production process were considered, as well as the
fermentation efficiency that will impact the final yield of bioethanol. Saccharomyces cerevisiae, due to the high percentage,
proved to be the predominant species in the collected sample. The Bio28 strain was selected due to its tolerance to stressful
conditions and high ethanol production estimated. The molecular characterization technique of COX1-PCR polymorphism
analysis has proven to be a useful tool for strain differentiation. Knowing that yeasts are reused from the beginning to the end of
the harvest, Bio28, in addition to its robustness, possibly has good adaptability to the process, since it remained and accounted
for 57% of the isolates identified in the September period. Therefore, the prevalence of the selected strain until the end of the
harvest will have a positive impact on bioethanol yield.
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