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ABSTRACT

This study aimed to explore the variability in thetabolism of nine wild yeasts isolated from thgascane juice
from a distillery in the Brazilian State of Mato @&so. Cell viability under the stress conditionsweaaluated. The
yeasts were inoculated in the test tubes contaisurgarcane juice adjusted from 12 to 21° Brix, atiidrom 6 to
12% in volume and temperature at 30, 35 and 40%@. viability was established by the growth in Pdishes and
visually by the C@production in the test tubes. None of the evatligeasts showed simultaneous resistance to the
three stress conditions. The potential of yeastOBR.ould be emphasized due to its ability to fetmgnto12%
ethanol at 30°C.
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INTRODUCTION et al. 1999). The ethanol content may modify the
degree of polarity of the cellular membrane. At
Saccharomyces cerevisiags used in the high concentrations, ethanol content also reduces
fermentation of sugarcane juice and molasses féhe multiplication and the viability of the yeast
ethanol production. The sugar, acidity and ethandlLind et al. 1991). The pathway of inhibition is
concentration varies significantly during thecomplex and includes many mechanisms, which
fermentation process and the yeast cells afgclude denaturation and inhibition of enzymes
subjected to this stress. The damages caused by e damage to the plasmatic membrane, through
type and degree of stress is defined by mangodifications to its  permeability.  The
factors, including the yeast’s cycle and cellulaphospholipids present in the plasmatic membrane
division in the moment when the stress occurplay an important role in the mechanism of
(Folch-Mallol et al. 2004). One of the changes thatolerance to ethanol (D’Amore and Stewart
the yeasts face during the fermentation process 1987a). According to Alexandre and Charpentier
the progressive decrease in the essential nutrier{ts998), the toxic effects of ethanol $o cerevisiae
for the growth, which demands permaneninvolve the modifications in the lipid composition
adjustment of genetics and the cellular metaboliof the membrane, reduction of the metabolic
system. The alcoholic fermentation also includegctivity, inhibition of the glucose’s transportatio
other stress conditions, such as osmotic pressuirgo the cell, inhibition of the growth and viali
and the increasing of ethanol concentration (lvorraf the cells and inhibition in the production of
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ethanol. The evaluation of the surviving capacity2005). Sugar concentrations over 25% can delay
of the cells that are exposed to ethanol is a Usefthe beginning of the fermentation (lag phase) and
tool to compare the tolerance of different speciesstablish adverse osmotic conditions for the yeast.
and strains of the yeasts (Chi and Arneborg 20008ertoloni et al (1991) isolated the strains of yeas
Pina et al. 2004a). A frequently used method table to ferment the sugarcane juice concentrated
determine the tolerance of ethanol involves théy saccharose addition. The strains converted the
suppression of the cellular growth in the presencsugars to ethanol with yields from 89 to 92% at
of alcohol (D’Amore and Stewart 1987b). Becaus&80°C. Among all the selected strains, the authors
of its simplicity, this method is very useful ineth studied in detail the strains OSMO-6 and OSMO-8
classification of a high number of strains by itsand observed that the cell viability was invariably
ability to tolerate ethanol (Pina et.al 2004b). low, and that the higher values were obtained from
The studies on the ethanol toxicity to the yeastthe alcoholic fermentation of grape must with 30%
have been applied foB. cerevisiaespecies as a sucrose. Higher concentrations of sucrose did not
model (Chi and Arneborg 2000b). Despite the facproduce higher concentrations of ethanol in
that this species has been hardly studied, ttfermentation times from 24 to 28h.

intraspecific variations could be significant o th The loss of cytoplasmatic water can occur in the
fermentative capacity, because tBe cerevisiae yeasts exposed to osmotic shock and several
strains have different sensibility to the alcoholicmechanisms need to be then activated in order to
content. However, most of the strains are able tprotect the cell and its structures from dehydratio
ferment sugar until alcohol content of 15 °GL. ThgEstruch 2000). Walker (1998) reported that
growth of yeasts generally occurs in lowerglycerol was the most effective osmosis regulator
alcoholic concentrations than the ones, whiclpresent inS. cerevisaeells and the trehalose was
inhibit the fermentation (Guerra and Barnabéhe most efficient carbohydrate for the
2005). stabilization of the plasmatic membrane when the
Guimardes (2005) used methylene blue to studyeast was submitted to osmotic stress. The
the viability of the yeasts and found that 87% ofurvival of the yeast to the stresses during the
yeasts remained viable when incubated at 37 °@Jcoholic fermentation depends on its ability to
but the viability decreased to 83% when the yeasjuickly adapt to environmental changes. Because
were subjected to 8% (v/v) of ethanol at 30°Cof the potential offered by the variation &.
Casimiro et al. (2000) evaluated five yeasts (L2¢cerevisiaemetabolism, the selection of wild yeasts
L3, L6, L7 and L8) for the fermentation of theas fermentation agents could determine the
clarified cashew juice adjusted to 16° Brix and taefficiency of alcohol production.

alcoholic stress by the addition of commercialThe work evaluated the fermentative potential of
ethanol at 0, 2, 4, 6, 8 and 10 °GL. The resultsine wild yeasts isolated from the sugarcane juice
showed a variation of yeasts intolerance as fom a distillery from the Barra do Bugres, Mato
function of the different strains and the alcoholGrosso State, Brazil under thermal, osmotic and
concentration. The highest performance wasthanol stresses.

presented by the yeast L2, which produced a wir

with an alcohol content of 10.05 °GL. D’Amore

and Stewart (1987c) reported that many factoMATERIALSAND METHODS

could interfere with the strain’s resistance to the

ethanol stress, which included the adding olfeast strains

unsaturated fatty acids, accumulation ofNine yeasts morphotypes were isolated from the
intracellular ethanol, temperature and osmotisugarcane juice fronthe distillery Barralcool,
pressure. The yeast’s sensitivity to the etharsal al Barra do Bugres, MT, Brazil. All the strains
increases with increases in the temperature (Limghowed the ability to ferment the sugarcane juice.
et al. 2001). At higher temperatures, the toxioity The yeasts (BB.01 to BB.09) were grown and
the ethanol may prematurely stop the fermentatiopreserved in a PDA medium.

before the sugars are completely consumed (CBugarcanejuice

andArneborg 2000c). Sugarcane juice was collected from the Barralcool
A high osmotic potential is caused by the sugadistillery in a sterilized flask.

pressure in the must that may also increase the

toxicity caused by ethanol (Guerra and Barnabé,
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Stressfactors Analysis of results and statistics

Temperature, ethanol content and osmotic pressufdie media were compared by Variance analysis
were investigated as the stress factors. All teste using Tukey’s test to the level of 5% of probaipilit
were carried out on sugarcane juice previouslysing the Statistica 7.0 program from Statsoft.
adjusted to each kind of test. A volume of 10.0 ml

was put in test tubes with an inverted Durham tubResults and Discussion

and sterilized at 120°C for 20 minutes. The pur&he measurement of cell viability as a function of
cultures were reactivated by inoculation in 3.0 mbtress associated with the ethanol/temperature and
of 0.85% saline solution to provide the cellsBrix/temperature allowed comparing the resistance
concentrations near 5.0 Mac Farland scale. Thef the morphotypes of nine wild yeasts. The higher
test tubes containing 10ml of sugarcane juice wereount was found at the conditions without stress
inoculated with 0.02 ml of the suspension cultur€30°C, 12° Brix, 0% ethanol). None of the wild
in triplicate for all the nine yeasts. yeasts resisted well to all the stress factors.

Temperature Ethanol stress

The inoculated test tubes were incubated in At each temperature (30, 35 and 40 °C), the viable
water bath at 30, 35 and 40°C for 72 h. Theells numbers are shown in Figures 1 to 4 for the
fermentative activity was evaluated by the LLOnine yeasts, as a function of the associated

formation in the Durham tubes. alcohol/temperature.
Some yeasts showed fermentative activity at 6 and
Ethanol 8% ethanol content at 30°C, but at 40°C, none was

The sugarcane juice was adjusted to 12° Brix witdetected at the same alcohol content. The redults o
distilled water, keeping its natural pH of 5.0+0.1.the stress conditions classified the yeast in three
The values of 6, 8, 10 and 12% alcohol wergroups depending on the viability of the cells. In

adjusted by addling commercial ethanol (Nobreghe first group, the yeasts BB.01, 02, 03 and 05
92.8°INPM). Triplicate test tubes were incubatecdshowed 10 to 50 UFC.1W as viable yeasts

at 30, 35 and 40°C for 72 h. number at 30 °C. In this Group, the BB.01 yeast
showed counts near ten times higher than the
Osmotic pressure others (100 UFC.1&1. The second group

The sugarcane juice was adjusted to 12, 15, 18 arsdntained the yeasts BB.04, 06, 07 and 08. These
21° Brix by dilution with the distilled water, yeasts even under the best conditions for the
keeping its natural pH of 5.0+0.1. Triplicate testgrowth (without stress) always showed low cell
tubes were incubated in a water bath at 30, 35 amihbility, with 2 UFC.18% cells numbers. In the
40°C for 72 h. third group, the yeast B.09 showed low viability,
The viability of the yeast cells was determined byalthough showing fermentative activity just at
counting the colonies in Petri dishes (Speck40°C.
1976). To inoculate the plates, aliquots (0.1 mlrhe morphotypes BB.01 and BB.03 showed
were taken from the test tubes showing ,COsignificantly higher viable cells counts with 6 and
formation (by serially diluted them in saline 8% of ethanol (v/v) at 30°C. Similar results were
solution; 0.85%) and spreading with thefound by Fernandes (2008) who evaluated the
Drigaslky’s handle in Petri dishes containingeffect of the ethanol concentration/temperature on
LWYN medium. Ampicillin (500mg/l) was added the cell viability of the yeasts. At first, the wta
to inhibit the growth of bacteria as described byvere submitted to 11% of ethanol at 30° C and
Silva and Cereda (2009). The Petri dishes werthen to 20% ethanol at 16 °C. The cell viability
incubated at 30°C for 72 h. The Petri dishes of thesas measured by the colony-forming units (CFU)
same dilution that presented between 30 to 30@ the Petri dishes with YM agar. For all the ysast
colonies were chosen for counting. The averagselected, the viability was significantly lower at
count from two Petri dishes was multiplied by thethe binomial 20% ethanol at 16 °C, compared to all
dilution factor and by 10to express the counting other cultivation conditions. Concerning the effect
for 1000 ml. of the temperature of the fermentation on the
yeasts viability, Torija et. al. (2002) found tllae
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temperature affected not only the fermentatiomhe yeast BB.09 was more resistant to the alcohol
kinetics, but also the yeasts metabolism. Thegtress with fermentative activity in all the alcbbo
found a high number of unviable yeasts at 35°C. concentrations tested. This strain also showed
In the present study, the ethanol concentratioresistance up to 8% ethanol, even when the
appeared as the major factor of stress. For themperature was increased to 35°C, since the
yeasts BB.04, 05 and 06, even at a favorableumber of viable cells did not differ from that
temperature of 30°C, the fermentative activityobtained under the conditions of lower stress (6%
occurred only at 6% of ethanol, which might beethanol at 30°C). Although this yeast presented the
considered low if compared with the industrialcell viability at all the tested concentrations of
conditions. With the increased, temperature andthanol, the fermentation was only at 6% and 30°
ethanol concentrations (6 to 12%), a significantlyC. The observed resistance of the yeasts to the
reduction in the cellular viability for all the ethanol content could be considered low when
analyzed morphotypes was observed and theompared to Guerra and Barnabé, (2005), who
fermentation was stopped. Nevertheless, both tHeund that the limit for alcoholic fermentation was
yeasts (BB.07 and BB.08) showed fermentativd5 % of alcohol. The tested ethanol concentrations
activity at 6 and 8% of ethanol at 30 and 35°Cinhibited the viability and fermentation in a
without significant difference in the cell viabylit different way for each strain. A possible
counts. At 10% ethanol, no fermentation wasexplanation would be the action of ethanol on the
detected. cell membrane (Lind et al. 1991).
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Figurel - Variation of the wild yeasts viable cell numbers eéthanol and temperature stress
conditions for the morphotypes BB. 01, 02 e 03.
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Figure 2 - Variation on the wild yeasts viable cells numb#ranol and temperature stress conditions
for the morphotypes BB. 04, 05 and 06.
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Figure 3 - Variation on the wild yeasts’ viable cells nhumbe ethanol and temperature stress
conditions for the morphotypes BB. 07, 08 and 09.
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In this work the limit for fermentation was 6% Osmotic stress
ethanol. However, this could not be extended tdhe effects of the osmotic stress by Brix
the industrial conditions. Nagodawithana andncreasing (12, 15, 18 and 21) on the cellular
Steinkraus (1976) reported that the ethanoliability of the nine yeasts were studied at 30, 35
produced on the alcoholic fermentation procesand 40 °C. The 30 °C and Brix from 12 to 15 were
could have a greater toxic effect on the cells thanot really stress conditions (considering the
the effect caused by the ethanol added in thenvironmental conditions in the Brazilian
laboratory conditions. That would be a questiordistilleries). The conditions of 30°C with 25 Brix
needing to be further studied, but there might beould be considered as normal to the
accumulation of other products of secondarenvironmental conditions at the distilleries in the
metabolism that could also be toxic for the yeas€enter-West region of the country, but for the
(Lafon-Lafoucade and Ribéreau-Gayon 1984; S&ermentation of the sugar cane juice or molasses,
Correia 1986). The results highlighted the yeaghe Brix° would be 12 to 14. The viable cell counts
BB.9 as the most promising for alcoholic stress. from the nine yeasts evaluated in the stress due to
the addition of saccharose and temperature are
presented in Figures 4 to 6.
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Figure 4 - Variation on the number of the wild yeasts’ \@leells, fermenting in osmotic and
temperature stress conditions for the morphoty&stB, 02 and 03.

Apparently, there was no influence on the activityiabilities, between 180 and 450 UFC¥0 Even

of the yeasts due to high Brix values or ethartol. Iso, the yeast BB.06 showed more resistance at
was possible to include most of the yeast in onlg5°C because their viable cells count did not diffe
one group that presented viable cells in a rangeom those at 30 at 35°C. The yeast BB.07 was the
from 12 to 90 000 CFU.1010/I. Another groupmost sensitive and presented a drop in the vigbilit
(BB.06, 07 and 08) showed the lowest cellof cells with the increase of Brix and temperature.
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The strain BB.09, however, was an exceptionBrix concentration on the cells viability were
which presented low but stable cell viability (5000bserved, with a marked drop in viability. As a
UFC.10Y%) even at the higher Brix values. Theconsequence, no fermentation occurred at 40°C for
highest count of viable cells was from 15 to 18the yeasts BB.08 and 09 that showed viability in
Brix, but fell when the Brix was adjusted to 21. 18 and 21° Brix at 35 and 40°C (Fig. 4). Despite
The yeast BB.03 (Fig. 4) and the BB.04 (Fig. 5this resistance, yeasts might be under intense
didn’t differ significantly in the number of viable stress. The microscope examination showed the
cells, showing more resistance to the osmotitormation of the flocks, which was un-desirable
pressure but not to the temperature. It wafor the industrial conditions.

expected that the yeasts presented the highele yeast BB.09 showed the best cellular viability
counts of viable cells at 12 Brix, as occurred witthetween 15° and 18° Brix at 35°C, with drop only
the yeast BB.01, but for the BB.02, the highesbn extreme values. This yeast had already been

cellular viability occurred at 18° Brix, both at highlighted for its performance under ethanol
30°C. At 35C, more variations on the influence of stress.
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Figure 5 - Variations on the wild yeast viable cells numl@rosmotic and temperature stress
conditions for the morphotypes BB. 04, 05 and 06.
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Figure 6 - Variations on the wild yeasts viable cells numbe osmotic and temperature stress
conditions for the morphotypes BB. BB. 07, 08 aAd 0
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