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Abstract

Among the native yeasts found in alcoholic fermentation, rough colonies associated with pseudo-

hyphal morphology belonging to the species Saccharomyces cerevisiae are very common and unde-

sirable during the process. The aim of this work was to perform morphological and physiological

characterisations of S. cerevisiae strains that exhibited rough and smooth colonies in an attempt to

identify alternatives that could contribute to the management of rough colony yeasts in alcoholic fer-

mentation. Characterisation tests for invasiveness in Agar medium, killer activity, flocculation and

fermentative capacity were performed on 22 strains (11 rough and 11 smooth colonies). The effects

of acid treatment at different pH values on the growth of two strains (“52” - rough and “PE-02” -

smooth) as well as batch fermentation tests with cell recycling and acid treatment of the cells were

also evaluated. Invasiveness in YPD Agar medium occurred at low frequency; ten of eleven rough

yeasts exhibited flocculation; none of the strains showed killer activity; and the rough strains pre-

sented lower and slower fermentative capacities compared to the smooth strains in a 48-h cycle in a

batch system with sugar cane juice. The growth of the rough strain was severely affected by the acid

treatment at pH values of 1.0 and 1.5; however, the growth of the smooth strain was not affected. The

fermentative efficiency in mixed fermentation (smooth and rough strains in the same cell mass pro-

portion) did not differ from the efficiency obtained with the smooth strain alone, most likely because

the acid treatment was conducted at pH 1.5 in a batch cell-recycle test. A fermentative efficiency as

low as 60% was observed with the rough colony alone.
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Introduction

Despite efforts to search for new microorganisms, the

yeast Saccharomyces cerevisiae remains the most utilised

for ethanol production in Brazil. It is a robust yeast that is

capable of withstanding stressful conditions and has a high

fermentation efficiency, rapid growth, effective sugar use,

the ability to produce and consume ethanol, tolerance of

high ethanol concentrations and low levels of oxygen,

osmotolerance, thermotolerance, and cell activity in acidic

environments, which are fundamental to its industrial use-

fulness (Andrietta et al., 2007).

In Brazil, a continuous sugar cane harvest for fuel eth-

anol production takes place over a seasonal period of ap-

proximately 200 days. Very high yeast cell concentrations

producing alcohol concentrations of 6-11% (v/v) with short

fermentations lasting 6 to 10 h are the main conditions used

by Brazilian distilleries. Another peculiarity is the separa-

tion of yeast cells from the fermented broth by centri-

fugation and continuous recycling. The concentrated yeast

is treated with diluted sulphuric acid for 1-2 h at pH 2.0-2.5

to kill contaminant bacteria and is then reintroduced into

fermentation tanks. The fermented broth is distilled to ob-

tain anhydrous ethanol for fuel (Amorim et al., 2009).
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One of the main concerns in the sugar and ethanol in-

dustry is how to avoid and remove the contaminant micro-

organisms, mainly bacteria and wild yeasts

(Saccharomyces and non-Saccharomyces), both of which

compete with the selected yeast strains to for survival in the

fermentors (Cabrini and Gallo, 1999). The peculiarities of

the Brazilian fermentation process for ethanol production,

specifically, the successive recycling of yeast cells during

the sugar cane harvest season and difficulties in sterilising

large volumes of juice and water, allow the contaminant

microorganisms to enter the process (Amorim et al., 2011).

Contamination by non-Saccharomyces yeasts may be

controlled more easily than contamination by indigenous

(wild) strains of Saccharomyces because, in the latter case,

the strategies used to circumvent the contamination may

also affect the industrial yeast strain, as their metabolisms

are very similar. In addition, non-Saccharomyces strains

are normally eliminated from the process. However, the in-

digenous Saccharomyces sometimes dominate the process,

replacing the intended strain, but this is not always harmful

because the fermentative performances of these two strains

are often similar (Andrietta et al., 2011). Additionally,

Saccharomyces yeasts possess a range of responses to en-

able survival in deleterious circumstances, including fila-

mentation, invasive growth, flocculation, and biofilm

development (Fidalgo et al., 2006), which are undesirable

characteristics for the industry. However, there are many

reports concerning the successful application of floccula-

ting yeast in the fermentation industry, especially for beer,

wine and distilled beverages (Bauer et al., 2010), but for

ethanol production, the use of flocculating strains is still

limited (Zhao and Bhai, 2009). In any case, the definition of

yeast flocculation must be revisited to distinguish between

the different flocculent yeast types.

Yeast flocculation is defined as an asexual, homo-

typic, reversible and multivariate process of cell aggrega-

tion to form multicellular masses called flocs, with

subsequent rapid sedimentation from the medium in which

they are suspended (Stewart 2009; Soares 2010). This pro-

cess has gained special interest for its biotechnological rel-

evance, and many aspects of this process have recently

been reviewed (Zhao and Bhai, 2009; Bauer et al., 2010;

Soares 2010). In S. cerevisiae cells, aggregation in the form

of sexual aggregation, co-flocculation and cell chain for-

mation should not be confused with flocculation. Of partic-

ular interest to the present work, cell chain formation is

derived from the failure of a younger bud to separate from

its mother cell, resulting in an aggregate formation of ap-

proximately 30-50 cells that are covalently linked and pres-

ent no re-aggregation after mechanical dispersion (Stewart

2009; Soares 2010). This is why the rough variant of S.

cerevisiae, which produces chain of cells, will not be re-

ferred to as flocculent in this study, although its known

property of rapid sedimentation is often termed floccula-

tion.

The colony and cellular morphologies of natural and

industrial populations of S. cerevisiae strains vary in re-

sponse to different environmental stimuli. Variants of

smooth colonies exhibiting rough colonies are common in

this species. Among one thousand strains grown on YPD

medium in a previous study, 2.5% exhibited a rough colony

phenotype (Casalone et al., 2005). In Candida albicans, the

colony morphology is known to be related to the cell type:

smooth colonies contain only blastopores, while rough col-

onies consist of different proportions of true hyphae and

pseudohyphae (Novak et al., 2003). In fact, the formation

of pseudohyphae influences the colony morphology, which

then appears as a central body from which numerous

branches extend (Casalone et al., 2005).

S. cerevisiae strains exhibiting rough colonies and

pseudohyphal morphology have been frequently associated

with disturbances in the fermentation process, depending

on the fermentation system and other operational condi-

tions. However, little is known about their competitive sta-

tus relative to typical strains of S. cerevisiae (smooth and

bright colonies and dispersed cells).

In this context, this work aimed to evaluate strains of

S. cerevisiae exhibiting rough colonies and pseudohyphal

morphology in comparison to typical strains of this species,

with respect to their morphological and physiological char-

acteristics. In particular, their fermentative performance in

a batch system with sugar cane juice and exposure to cell

recycling and acid treatment, which are conditions similar

to industrial conditions, was evaluated. Although these

yeast strains are quite common in the alcoholic fermenta-

tion environment and the problems resulting from their in-

troduction into the system are well known, the present work

is the first scientific contribution to the understanding of

their role in the fermentation process. Hopefully, the results

of this study may identify possible ways to manage these S.

cerevisiae strains during the fermentation when necessary.

Material and Methods

Microorganisms

Yeast cultures exhibiting smooth and rough colonies

were collected from different ethanol-producing units and

submitted to PCR and sequencing of the ITS region using

the rDNA primers ITS-1 and ITS-4 (White et al., 1994) to

confirm the species as S. cerevisiae, following a previously

studied protocol (Reis 2011). The sequences were assem-

bled and compared with sequences at GenBank using the

BLAST algorithm. After confirmation, eleven strains ex-

hibiting smooth colonies and dispersed cells (numbers 2, 3,

12, 15, 17, 18, 33, 37, 38, 39 and 47) and eleven strains ex-

hibiting rough colonies and pseudohyphal morphology

(numbers 4, 6, 7, 8, 9, 10, 16, 19, 35, 36 and 52) were cho-

sen for the experiments, as illustrated in Figure 1. Intra-

specific variation was verified by the amplification of
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microsatellite loci, confirming that the strains were differ-

ent (data not shown).

Morphological and physiological characterisation

Invasive growth

The yeast strains were cultivated on YPD medium

(10 g/L yeast extract; 20 g/L peptone; 20 g/L glucose;

20 g/L agar) at 30 °C for 3 days, followed by incubation at

room temperature for 2 days. The Petri dishes were photo-

graphed, and afterwards, the agar surface was washed with

distilled water to remove colonies. The dishes were photo-

graphed again to verify the presence of colony spots in the

agar (a sign of invasive growth into the culture medium).

Spots were excised from the agar, placed on slides with wa-

ter, and coverslipped, and filamentous structures were visu-

alized with an optical microscope at 100X magnification.

Flocculation

The flocculation assay was performed according to

Wang et al. (2008), with some modifications. After growth

in the multiplication medium (sugar cane juice with around

4% of reducing sugars), the cells were collected by centri-

fugation, washed twice with sodium citrate buffer

(50 mM; pH 3.0) containing 5 mM EDTA and washed

again with water at 4 °C. The cells were resuspended in

cold distilled water and diluted or concentrated until an OD

(600 nm) of 2.0 was reached (Thermo Biomate® spectro-

photometer). Flocculation (sedimentation) of the cells was

determined in the absence or presence of calcium chloride

(10 mM). After vigorous shaking, samples from the upper

portion of the tube were taken at 0 and after 10 min, and the

OD was determined. The flocculation percentage (%) was

calculated as follows: Flocculation (%) = [(OD0min -

OD10min) x 100] / OD0min.

Killer character

The yeast strains were tested for production of killer

toxins in buffered methylene blue-YPD (citrate-phosphate

buffer, pH 4.5-4.7, 3% methylene blue) at 30 °C. The

strains to be tested were inoculated by touching sterile

toothpicks that had previously been inoculated with the

sensitive strains S. cerevisiae NCYC1006 and Torulopsis

glabrata ATCC15126 to the surface of the medium. Killer

activity was detected when an inhibition zone and/or a blue

zone was observed surrounding the test yeast colony.

Fermentative tests in a batch system without cell
recycling

The inoculum was prepared in 50-mL Falcon tubes

containing 20 mL of multiplication medium inoculated

with two loops of the yeast strain. The tubes were incubated

at 30 °C, with shaking at 160 rpm, for 12 h. Subsequently,

the medium was centrifuged for 5 min at 3,400 rpm, the

supernatant discarded, and the cells were resuspended in

5 mL of the multiplication medium, which were inoculated

into 125-mL Erlenmeyer flasks containing 45 mL of the

same medium and incubated at 30 °C and 160 rpm for 12 h.

Subsequently, the entire volume was transferred to 50-mL

Falcon tubes (previously sterilised and weighed) and cen-

trifuged under the same conditions. The cells were washed

twice with distilled water. After the last wash, the tubes

were weighed to estimate the wet mass in grams. A concen-

tration of 10 g of wet mass/Litre of fermentation medium

was utilised in a proportion of 20% (v/v) as an inoculum.

The inoculum was then suspended in the fermentation me-

dium (constituting of sugar cane juice with approximately

16% w/v of total reducing sugars). The fermentation flasks

(500-mL Erlenmeyers containing 200 mL final volume of

fermentation medium) were maintained at 30 °C for 48 h.

Samples were removed at 12 h intervals and centrifuged. In

the supernatant, soluble solids (ºBrix) were determined us-

ing a refractometer; the pH was determined using a digital
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Figure 1 - A. Colony (grown on YPD medium) and cells (400X magnifi-

cation by optical microscopy) of a smooth colony (left) and a rough colony

(right) of S. cerevisiae. B. Strains of S. cerevisiae grown on YPD medium

after 3 days at 30 °C and 2 days at room temperature. Aspects of the colo-

nies before washing; after washing, showing the “spots” on agar medium

(invasive growth); and a transverse cut of the agar medium after washing,

showing cells growing into the agar (100X magnification).



pH-meter; and the alcohol content (g/100 mL) was evalu-

ated in the hydroalcoholic solution using a DMA-45 Anton

Paar densitometer after the sample distillation.

Effect of acid treatment on yeast growth

For this test, the yeast strains PE-02 (referred to as 17

in this study) and 52 were selected, representing the smooth

and rough colony types of S. cerevisiae, respectively. Cells

of each phenotype were cultivated overnight in multiplica-

tion medium, followed by centrifugation and transfer of the

cell masses to tubes containing diluted sulphuric acid at pH

1.0, 1.5 and 2.0, in triplicate. The tubes were incubated at

30 °C, with shaking at 160 rpm, for 2 h. After the acid treat-

ment, the cells were washed twice with sterile distilled wa-

ter, inoculated into Erlenmeyer flasks containing multipli-

cation medium and incubated at 30 °C, with shaking at

160 rpm, for 36 h. Samples were taken before the acid treat-

ment, after the acid treatment, and after 18 and 36 h of culti-

vation in the multiplication medium and inoculated onto

Petri dishes with YPD medium. All samples were taken

when the yeast cells were suspended in the multiplication

medium. After incubation at 30 °C for 72 h, the colonies

were counted, and the results were expressed as colony

forming units/mL.

Fermentative tests in a batch system with cell
recycling

For this test, the yeast strains PE-02 and 52 were se-

lected, representing the smooth and rough colony types of

S. cerevisiae, respectively. The strains were utilised in sin-

gle-strain (pure) and mixed fermentations, using 10 g/L or

1:1 (5 g/L: 5 g/L) cell mass inocula, respectively. The fer-

mentation tests were similar to those described in the sec-

tion titled “Fermentative tests in a batch system without cell

recycling.” However, after the completion of each fermen-

tative cycle (12 h), the cells were recovered by centrifu-

gation (3,400 rpm, 5 min) and treated with sulphuric acid

solution, pH 1.5, at 30 °C, with shaking at 160 rpm for 2 h.

The cell mass was then washed twice with sterile distilled

water and resuspended in fermentation medium to initiate a

new fermentative cycle. Six 12-hfermentative cycles were

performed, with analysis of the supernatant after each fer-

mentative cycle. Soluble solids (ºBrix) were determined us-

ing a refractometer; the pH was determined using a digital

pH-meter; and the alcohol content (g/100 mL) was evalu-

ated in the hydroalcoholic solution using a DMA-45 Anton

Paar densitometer after the sample distillation. The total

amount of reducing sugar was determined by the 3,5-dini-

trosalicylic acid method after hydrolysis of the samples.

The fermentative efficiency was calculated based on the al-

cohol content of the fermented medium and the consump-

tion of the total reducing sugar, in relation to the theoretical

efficiency of Gay-Lussac (51.11 g ethanol/100 g glucose).

Before centrifugation, the fermented broth was plated onto

YPD medium (incubation at 30 °C for 72 h) to evaluate the

number of smooth and rough colonies.

Statistical analysis

The results were analysed by an analysis of variance

and Tukeys test to compare the averages (p < 0.05).

Results and Discussion

Invasive growth

All the selected yeast strains were tested for their abil-

ity to grow invasively into YPD medium. Only 6 strains

(3 smooth, 3 rough) showed invasive growth, and this fea-

ture was not correlated with a particular colony phenotype

(Figure 1).

Carbon limitation induces a developmental switch,

allowing the cells to penetrate the surface of an agar me-

dium. This is called invasiveness. In response to long incu-

bation periods in rich medium, the concentration of glucose

or other fermentable carbon source decreases, and haploid

cells of S. cerevisiae elongate and invade the agar to forage

for nutrients (Roberts and Fink, 1994; Banuett 1998;

Madhani and Fink, 1998; Cullen and Sprague, 2000). Both

haploid and diploid industrial strains of S. cerevisiae ex-

hibit invasive growth (Soares, 2010). In the present work,

the rough colonies were expected to express invasiveness

due to their pseudohyphal morphology, but this result was

not found. Casalone et al. (2005) have also observed inva-

sive growth regardless of colony phenotype.

Flocculation

All the yeast strains were grown in multiplication me-

dium (diluted sugar cane juice), and cell flocculation was

quantified in the presence or absence of Ca2+ ions. A num-

ber of 8 rough strains (4, 8, 9, 10, 16, 19, 36 and 52) showed

a high flocculation rate (> 50%) both with and without cal-

cium, and 7 of these strains had a flocculation rate above

80% under these conditions (exception for the strain 19).

Another group (strains 6, 7 and 35) showed low floccula-

tion rates (2 to 40%). The smooth colony strains had little or

no flocculation (0-6%) regardless of the presence of cal-

cium ions (Figure 2).

This characteristic - flocculation - is not desirable for

the alcoholic fermentation process because it increases the

difficulty of the conversion of sugar to ethanol. To achieve

maximum conversion, yeasts must be suspended in the fer-

mentation broth, and the absence of flocculation is essential

(Ludwig et al., 2001). Yeast flocculation is one of the worst

problems for a fermentation process with cell recycling by

centrifugation. This phenomenon causes a loss of cells in

the centrifugation step, and consequently, the growth sub-

strate is diverted to cell regrowth, causing a decrease in the

alcohol yield (Amorim et al., 2011).

This type of yeast strain (rough colony, pseudohyphal

morphology) is sometimes called flocculent yeast. How-
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ever, this does not follow the definition of flocculation, de-

spite the sedimentation of cells to the bottoms of the flasks.

These cell aggregates result from the inability of the buds to

separate from the mother cell after cell division. This is dif-

ferent from the flocculation caused by environmental con-

ditions and their interactions with the yeast cell wall. The

presence of adhesins decorating the cell wall is a major re-

quirement for true flocculation at the end of fermentation

by brewing yeasts (van Mulders et al., 2010). An extreme

variation in the pH of the medium (Soares 2010) or the ad-

dition of special enzymes such as papain causes the release

of the cells clustered in aggregates. These treatments do not

affect the condition of cell aggregates formed by the strains

studied here. There is a multiplicity of factors that affect

flocculation, including cations, pH, temperature, oxygen,

sugars, ethanol, genealogical and cultural age, cell density

and mechanical agitation (Soares 2010), which do not af-

fect the rough colonies that exhibit pseudohyphal morphol-

ogy. The addition of calcium ions was not relevant to

promote increased flocculation in the rough colonies, as it

is required for the `true’ flocculent yeasts, over a broad

range of pH (Stratford 1989). Interestingly, the yeasts with

the phenotype of rough colonies can also float at the top of

fermentors, constituting a scum, which results in the en-

trapment of CO2 inside the tank and the possibility of me-

dium release with loss of sugar and ethanol. Indeed,

Saccharomyces “flor” (Spanish and Portuguese for

“flower”) yeasts are among the most tolerant organisms to

ethanol and are able to produce a biofilm (velum) that has

acquired the ability to float, which is probably an adapta-

tion to the extreme selective pressures imposed by the con-

ditions inside sherry wine barrels. These yeast cells are

strongly aggregated, showing a flocculation phenotype (Fi-

dalgo et al., 2006).

Killer phenotype

The yeasts were also evaluated for production of

killer toxins, but none of the strains, regardless of whether

they formed smooth or rough colonies, produced killer tox-

ins that inhibited the sensitive yeast strains under the condi-

tions utilised in this study (data not shown). Two strains of

S. cerevisiae isolated from an ethanol fermentation plant

and exhibiting rough colonies and pseudohyphal morphol-

ogy similarly displayed a neutral reaction to a group of

standard killer strains at several pH values (Ceccato-Anto-

nini et al., 1999). A study of 165 flocculent yeasts found

that only 3% were killer toxin producers (Steckelberg and

Andrietta, 2011). These authors credited this result to the

harsh conditions found in their fermentation tanks (high

acidity and alcohol content), which could impair toxin ac-

tivity. However, Ceccato-Antonini et al. (2004) described a

strain isolated from the fermentative process that possessed

high killer activity against other yeasts and exhibited killer

activity throughout the fermentative cycle, regardless of

unfavourable conditions.

Fermentative tests in a batch system without cell
recycling

The fermentative capabilities of the rough and

smooth colonies of S. cerevisiae were analysed in a batch

system without cell recycling. The data for ethanol produc-

tivity shown in Figure 3 illustrate the average productivity

displayed by each strain during the 48-hfermentation test.

The range in the ethanol productivity for the smooth colo-

nies was 1.1-1.7 g/L.h, while that for the rough colonies

was 0.9-1.5 g/L.h, showing similar variability within each

particular colony phenotype and an overall superiority in

ethanol productivity displayed by smooth colonies. Values

of ethanol productivity ranging from 2.22 to 2.84 g/L.h

were found for 19 yeast strains isolated from Brazilian dis-

tilleries belonging to the Saccharomyces sensu stricto

group, with high variability in the kinetics among the

strains (Andrietta et al., 2007).

An overall view of ethanol production by the two col-

ony phenotypes of S. cerevisiae showed that the smooth

colonies yielded a significantly higher alcohol content in

the fermented must compared with the rough colonies. In-

deed, it was observed that the alcohol content was higher

for the smooth colonies than for the rough colonies after 12

and 24 h of fermentation. However, at 36 and 48 h of fer-

mentation, there was no significant difference between the

two colony phenotypes. A slower rate of fermentation was

observed for rough colonies of S. cerevisiae compared to

the smooth colonies.

Effect of acid treatment on yeast growth

To reduce bacterial contamination when fermentation

ceases, yeast cells are centrifuged to produce a yeast

“cream,” consisting of 60-70% (wet weight basis/v) cells.

This yeast suspension is diluted with water (1:1) and treated

with sulphuric acid at pH 1.8-2.5 for 2 h with agitation. The

yeast cream is ready to be re-used as a starter for a subse-

quent fermentation cycle. This recycling is a peculiar trait

of the Brazilian process over a production season that lasts

for 200-250 days (Basso et al., 2008).

S. cerevisiae and pseudohyphal with respect to alcoholic fermentation 1125

Figure 2 - Flocculation (%) of the smooth and rough colony strains of S.

cerevisiae in the presence (grey bar) or absence (black bar) of calcium

ions.



Despite yeasts’ relative tolerance to low pH, the acid

treatment can cause physiological disturbances in yeast

cells, with mineral leakage and decreasing levels of

intracellular trehalose, resulting in decreased cell viability

(Ferreira et al., 1999). Of particular interest is the evalua-

tion of whether a differential sensitivity to low pH can be

found between the rough and smooth colony types of S.

cerevisiae in order to manage the contaminant strains with

rough colonies during the acid treatment step. A previous

study (Reis 2011) using the same group of yeasts utilised

here has shown that only one rough strain (strain 36) is able

to grow in YPD Agar medium with pH values of 1.25 and

1.5, while ten other strains did not display any growth under

these conditions. On the other hand, three smooth colony

strains were able to grown in this range of pH values, in-

cluding the industrial strain PE-02. This result led to the

study of the effect of a harsher acid treatment to control the

growth of the rough colony strain.

For this test, the strains 17 (smooth) and 52 (rough)

were chosen to verify the effect of acid treatment on their

growth. The first strain (PE-02), is a yeast strain selected

for its dominance and persistence throughout the entire har-

vest season (Basso et al., 2008) and for its high resistance to

low pH (Reis 2011); the second strain was chosen because

it has a high flocculation rate, as described above, and had

resistance to high sugar concentrations and sensitivity to

low pH (Reis 2011). The results showed that the rough

strain was severely affected by pH values as low as 1.0 and

1.5, with significant decrease in the number of colony

forming units. There was a recovery in growth when the

yeast was transferred to multiplication medium (sugar cane

juice) after the acid treatment. However, the initial number

of colonies before the treatment was not reached (Figure 4).

Different results were obtained for the smooth strain

(PE-02). This yeast strain did not show significant decrease

in the growth after the acid treatment, but in pH 1.0; how-

ever, a significant increase in the number of colonies was

observed after the acid treatment in pH 2.0. After 36 h of in-

cubation in multiplication medium, the cells treated with

sulphuric acid produced an increased number of colonies

relative to the initial value (before the treatment), as shown

in Figure 4.

These results suggest a satisfactory strategy to control

contamination by a rough strain of S. cerevisiae. Lowering

the pH value from 2.0 (which is commonly utilised in in-

dustrial conditions (Amorim et al., 2011) to 1.5, for exam-

ple, would result in low numbers of this contaminant yeast

inside the fermentation tanks without impairing the pri-

mary yeast (here represented by PE-02). The growth recov-

ery of the rough strain after treatment occurred over a

longer period of time than that which elapses in a typical

fermentative cycle (normally between 8-10 h).

Fermentative tests in a batch system with cell
recycling

The same yeast strains as above were utilised in this

experiment, which was conducted in a batch system with

cell recycling and acid treatment of the yeast cells. The re-

sults are depicted in Figures 5, 6 and 7.

The fermentation with the rough strain showed a

lower ethanol production, a higher concentration of resid-

ual sugar and a fermentative efficiency of approximately

60%. In the mixed fermentation with rough and smooth

strains (equal amounts of cell mass of each strain in the ini-

tial fermentation cycle), a significantly higher production

of ethanol was observed relative to the rough strain alone.

However, this ethanol production was lower than that

found with the smooth strain alone. The fermentative effi-
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Figure 3 - A. Average productivity (g alcohol/L.h); B, C. Average alcohol

production (g/100 mL) by rough and smooth colonies (total of 22 strains)

of S. cerevisiae, over the entire period of fermentation (48 h) and through-

out the course of fermentation, respectively. The experiments were carried

out in sugar cane juice, 16ºBrix, pH 4.3, during 48 h of fermentation at

30 °C. Different letters above the bars denote significant differences at 5%

by Tukeys test.



ciency of the mixed fermentation was similar to the fermen-

tation with PE-02 alone, but different from that of the rough

strain alone. These results corroborate those obtained for

fermentation over a single 48-hcycle, in which the rough

strain showed a fermentative behaviour similar to that of

the smooth strain, but only after 36 h of fermentation. In a

batch system with cell recycling at every 12 h of fermenta-

tion, the rough yeast was not able to complete the fermenta-

tion and consume all the available sugars (Figure 5).

The profile displayed by the rough strain, including

slow fermentation, high residual sugar concentrations and

lower fermentative efficiency has been frequently corre-

lated with contamination by this type of S. cerevisiae col-

ony phenotype (data not shown). The cell morphology,

with clusters or flocs, becomes the contact cell - nutrients

more difficult, which in turns affects the fermentation. A

floc, when suspended in a liquid medium, presents a nega-

tive gradient of nutrients from the periphery to the centre.

Nutrient limitation and waste product accumulation are

problems suffered by the cells in the centre of the floc

(Soares, 2010).

The protection guaranteed to the cells within flocs,

which increase survival rates, must also be considered

(Smukalla et al., 2008). This protection is a particularly im-

portant characteristic conferring additional adaptability to

the rough colonies in the fermentation system.

Indigenous Saccharomyces species are more difficult

to control than non-Saccharomyces species during fermen-

tation because the metabolism of the former is very similar

to that displayed by the selected yeast strain, although they

carry undesirable features such as flocculation, low fer-

mentation yield and incomplete sugar consumption (Basso

et al., 2008), as observed in this work for rough S.

cerevisiae strains. At present, there is no product or process

that can be utilised to avoid or reduce contaminations by in-

digenous Saccharomyces without affecting the selected

yeast strain (Amorim et al., 2011). In this regard, a particu-

lar sensitivity towards a specific condition could be em-

ployed to manage the growth of these contaminants, and as

shown in this work, a differential sensitivity to lower pH

may prove useful for the fermentation industry.

The final pH of the fermentation broth was statisti-

cally similar to or significantly lower than that when the

mixed culture of both yeasts or the pure culture of the

smooth strain was utilised, respectively, and both were sig-

nificantly different from the pH obtained with the pure cul-

ture of the rough strain. The lower pH reflects a more

efficient fermentation (Figure 6).

Concerning yeast growth during the fermentation

process, the smooth strain showed the same growth perfor-

mance both in a pure culture and in a mixed culture with the

rough strain. However, the rough strain displayed a differ-

ent growth profile comparing pure and mixed fermenta-

tions. The initial number of colonies was approximately

similar in pure and mixed fermentations for each strain.

However, for the pure fermentation with the rough colony,

there was an increase in growth only until the second

fermentative cycle. In the mixed culture, an increase in the

colony number was not only until the second fermentation
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Figure 4 - Growth (cfu/mL) of two yeast strains of S. cerevisiae (52, in

black, rough colony; PE-02, in grey, smooth colony), submitted to acid

treatment with sulphuric acid at different pH values (1.0, 1.5 and 2.0) at

30 °C for 2 h at 160 rpm. The determination of cfu numbers (in YPD me-

dium) was performed before the acid treatment, immediately after the acid

treatment (0 h) and after 18 and 36 h of incubation of the treated cells in

multiplication medium (sugar cane juice), at 30 °C and 160 rpm. Different

capital and lowercase letters indicate significant differences (p < 0.05)

among the treatments for the smooth colony and rough colony, respec-

tively.



cycle, but also further (Figure 7). An important point

should be emphasised concerning the growth monitoring of

rough colonies. Equal proportions of cell mass for each col-

ony phenotype were added to the fermentation medium at

the start of the fermentation. However, the number of colo-

nies is different between the strains because, for the rough

colonies, a group of cells (pseudohyphae) will generate

only one colony, so that the number of colonies will always

be lower than the number of yeast cells.

In the mixed fermentation, the sugar consumption

was lower and slower than the pure culture of the smooth

strain, indicating the effect of contamination by the rough

strain. The latter may have utilised the sugar for biomass

production, as its growth increased along the fermentative

cycles, resulting in lower alcohol production. This growth

behaviour was not observed in the pure culture of the rough

strain, which may indicate that the smooth strain was more

efficient in sucrose hydrolysis, releasing reducing sugars as

glucose and fructose, which are readily utilised by the

rough strain at a slower rate. This point requires more in-

vestigation. In pure and mixed cultures, the growth of the

smooth strain had approximately the same profile (Fig-

ure 7).

The question that arises is whether and to what extent

the acid treatment at pH 1.5 was effective in controlling the

rough strain’s growth. The results described in the last para-

graph showed that growth of the rough strain was effec-

tively inhibited by treatment at pH 1.5, which did not occur

with the smooth strain. In view of this result, greater rough

strain growth would be expected if the acid treatment were

not performed or if a less stressful condition was adopted.

In fact, the overall fermentative efficiency was not affected

by contamination with the rough strain (in equal amounts of

cell mass of rough and smooth strains at the initial step), de-

spite the significantly greater residual sugar concentration

in the mixed fermentation.

Metabolic functions associated with this type of col-

ony variant have been seldom studied. Comparisons among

strain M28 (a natural isolate from Tuscany, Italy) and its

colony variants (filigreed, rough and smooth), which segre-
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Figure 5 - Effect of the yeast strain (52, rough; PE-02, smooth; and mixed) on alcohol content (A), total reducing sugars (B), final pH (C) and

fermentative efficiency (D) in fermentations carried out in sugar cane juice, 16% (w/v) total reducing sugars, pH 4.3, at 30 °C, over six 12-hfermentative

cycles, with acid treatment of the yeast cells (at pH 1.5). Different letters above the bars denote significant differences at 5% by Tukeys test. The values

are the means of six fermentative cycles.



gated from a single tetrad, showed that all of the segregants

were vigorous; however, there were differences in the gene

expression patterns among them. The ammonia permease

MEP2 had the greatest affinity for ammonia and was most

prominently overexpressed in the rough segregants, while

amino acid transporters were abundantly expressed in the

smooth strains (Cavalieri et al., 2000). However, there was

no detectable difference among growth rates of any prog-

eny. Given the different metabolic profiles observed, their

fitness may differ under other, non-nutrient-rich conditions

that require further investigation (Landry et al., 2006).

Shorter fermentation time and an increased number of

cell recycles must also be considered because although al-

coholic fermentation is a well-known process, little is

known about the response of yeasts to the stress conditions

adopted by Brazilian distilleries, which do not occur in

other fermentation processes (Amorim et al., 2011). An un-

derstanding of how the stress factors affect the contaminant

yeasts without affecting the primary strain remains a chal-

lenge, but the use of stress factors is undoubtedly a way to

manage yeast contamination during the process. In this

context, the contribution of the present work is to show that

the wild S. cerevisiae yeast strain that displays rough colo-
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Figure 6 - Alcohol content (A), total reducing sugars (B) and final pH (C)

in fermentations with strains of S. cerevisiae (52, rough strain n ; PE-02,

smooth strain ▲; and mixed ◆) in sugar cane juice, 16% (w/v) of total re-

ducing sugars, pH 4.3, at 30 °C, over six 12-h fermentative cycles, with

acid treatment of the ferment (at pH 1.5). “C0” signifies the start of the fer-

mentation cycles. Other samples were taken at the end of the fermentation

cycles.

Figure 7 - Concentration of yeasts (cfu/mL) during fermentations con-

ducted in sugar cane juice inoculated with the S. cerevisiae strains 52

(rough colony, in black) and PE-02 (smooth colony, in grey), in pure (A)

and mixed fermentations (B), over six 12-h fermentative cycles, 16%

(w/v) of total reducing sugars, pH 4.3, at 30 °C, with acid treatment of the

ferment (at pH 1.5). The yeast counts were performed on YPD medium.

“C0” signifies the start of the fermentation cycles. Other samples were

taken at the end of the fermentation cycles.



nies, pseudohyphal morphology and a high flocculation

rate is a slow-fermenting strain, causing low yields of alco-

hol in the fermentation system adopted by Brazilian indus-

tries, which utilises cell recycling after a short fermentation

period of less than 8-12 h (Basso et al., 2011). Contamina-

tion with this yeast strain results in lower ethanol produc-

tion and higher residual sugar concentration, but a more

drastic acid treatment between the cell recycling periods

(pH 1.5) could avoid the more harmful effects of the con-

tamination. Other levels of contamination should be tested

to verify the acceptable number of rough strain cells that re-

sult in little or no effect upon the fermentation yield.
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