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ABSTRACT 
 
This work aimed at the assessment of fermentative capacity of original diploid, monocellular haploid and 
recuperated diploid cultures of S. cerevisiae in sterilized sugar-cane wort. Twenty eight cultures were analyzed, four 
being original diploids (URM-4420, Itaiquara Ferment FIT, Lallemand Ferment FLA and Wild Ferment SEL); 12 
monocellular haploids from original ones and 12 recuperated diploids from the monocells. The ethanol percentage 
ranged from 1.7 to 6.2% and the unfermentable reducing sugars from 0.45 to 0.50g/100mL. The highest ethanol 
percentages were produced by the monocellular cultures URM-MH3 (4.8%) in 12 h and SEL-MH1 (6.2%) in 24 h, 
corresponding to the productivity values of 3.15 and 2.03 g.L-1.h-1, respectively. The recuperated diploids did not 
present detectable ethanol content by the method used. The results showed that depending on the physiological state 
of the yeasts, being in the diploid or monocellular haploid form, different percentages of ethanol could be produced. 
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INTRODUCTION 
 
The word fermentation comes from the latin word 
“fervere”, which means boiling. It was used by 
Pasteur to name microbiological actions in sugar 
substrata releasing great amount of gas, giving the 
impression of boiling. The agents responsible for 
this transformation were called “ferments” 
(Fulmer, 1930; Souza and Queiroz, 1995). 
The alcoholic fermentation consists of the 
transformation of carbohydrates in ethanol and 
carbonic gas through the anaerobic metabolism; 
however, other substances such as glycerol and 
acetic acid are produced in smaller amounts 
(Cook, 1958; Conn and Stumpf, 1972; Stupiello 
and Horii, 1981; Scriban, 1985; Souza and 
Queiroz, 1995). The substratum used in alcoholic 
fermentation is highly variable and can be 
constituted by sugar products, such as sugar-cane 
broth, beet root, honey, molasses and fruits or 

amylaceous materials, such as starch grains, roots, 
tubercles and others (Cook, 1958; Jones et al., 
1981; Lima et al., 1985; Scriban, 1985; Souza and 
Queiroz, 1995). 
The microorganisms responsible for the alcoholic 
fermentation are yeasts, such as Saccharomyces, 
Schizosaccharomyces, Kluyveromyces, 
Brettanomyces, Kloeckera and Nadsonia sp. 
(Prescott and Dunn, 1959; Jones et al., 1981; 
Moraes, 1981; Lima et al., 1985; Evangelista, 
1989; Souza and Queiroz, 1995). 
The microorganism to be used in ethanol 
fermentation process should have specific well 
defined characteristics, such as ability to ferment 
carbohydrates with high performance, high 
fermentation speed, osmotolerance, tolerance to 
ethanol, ability to produce high concentrations of 
ethanol, tolerance to acid medium, high cellular 
viability for repeated recyclings, resistance to high 
temperatures and genetic stability of the 
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characteristics previously mentioned (Ferrari et al., 
1980). 
This work had the objective of characterizing 
original diploid, monocellular haploid and 
recuperated diploid cultures of S. cerevisiae, 
regarding their fermentative capacity. 
 
 
MATERIAL AND METHODS 
 
Culture media 
For the fermentative assays, sterilized distilled 
water added to sugar-cane broth (1:1 ratio) was 
used after sterilization in at 120ºC for 15 minutes. 
 
S. cerevisiae cultures 
The following cultures were used: URM-4420 
(Micoteca do Departamento de Micologia, 
Universidade Federal de Pernambuco, Recife, PE); 
Itaiquara Ferment FIT (Usina Itaiquara do Açúcar 
e do Álcool, Vitória de Santo Antão, PE, from the 
fermented sugar-cane wort); Lallemand Ferment 
FLA (Destilaria São Pedro - Ribeirão, PE/Danstil 
493 EDV from sugar-cane molasses) and Wild 
Ferment SEL (Destilaria São Pedro, Ribeirão, PE 
– from the sugar-cane broth).  
 
Monocellular haploid cultures 
After confirmation of purity, original diploid and 
monocellular haploid cultures of S. cereviseae 
were obtained. The original cultures of S. 
cereviseae were cultivated in Agar Gorodkowa 
medium for asci formation. From the cultures 
producing asci, microbial suspensions in 10 mL of 
sterilized distilled water were prepared. After 
being homogenized with a 1 mL sterilized pipette, 
successive dilutions up to a final concentration of 
1:100,000, corresponding to a concentration of 10-

5 cells/mL were prepared. Then, one aliquot was 
mounted on a glass slide and observed under 
microscope until appearance of a maximum of 
three cells, without budding, per field. After that 
0.2 mL were taken and spread radially, in 
duplicate, with the aid of a Drigalski holder, on the 
surface of Agar Sabouraud medium plus yeast 
extract in Petri plates. The cultures were 
maintained at room temperature (28±1ºC) for 72 h.  
From the four original cultures, 28 monocellular 
cultures, being 7 from URM-4420, 7 from 
Itaiquara Ferment, 7 from Lallemand Ferment and 

7 from the Wild Ferment were obtained. The 
monocellular cultures were cultivated in Agar 
Sabouraud plus yeast extract and maintained at 
room temperature (28±1ºC) for 48 h. After this 
period, the cultures were transferred to glass tubes 
with Agar Gorodkowa and Agar Potassium 
Acetate for the production of asci and maintained 
at room temperature (28±1ºC) for up to 15 days. 
Monocellular cultures stable at the haploid phase 
were selected following the criteria of Lodder 
(1970), Rose and Harrison (1987) and Walker 
(1998).  
 
Diploid recuperation 
Eighty four intercrossings among the 28 
monocellular haploid cultures, 21 being from 
URM-4420, 21 from Itaiquara ferment, 21 from 
Lallemand ferment and 21 from the Wild ferment 
were performed.   
The monocellular haploid cultures were placed on 
Agar Sabouraud plus yeast extract and kept at 
room temperature (28±1ºC) for 48 h. Afterwards, 
equal amounts of paired cultures were inoculated 
into deep, straight grooves cut into the sporulation 
medium (Agar Gorodkowa and Agar Potassium 
Acetate), containing slanted tubes (Lodder, 1970). 
The cultures were kept at room temperature 
(28±1ºC) up to 30 days.   
 
Taxonomic confirmation of original cultures, 
monocellular haploids and recuperated diploids 
All the cultures were confirmed according to the 
criteria adopted by Lodder (1970); Kreger-van Rij 
(1984); Kurtzman (1998); Barnett et al. (2000).  
 
Pre-inoculum preparation and medium for the 
fermentative assays  
All the cultures were placed on Agar Sabouraud 
plus yeast extract and kept at room temperature 
(28±1ºC) for 48 h. Then, 100 mL microbial 
suspensions in the sterilized distilled water were 
prepared with a yeast concentration around to 1.2 
x 109 cells/mL (Bier, 1992). For the fermentative 
assays, solutions of 150 mL of sterilized distilled 
water and sugar-cane broth (1:1), were autoclaved 
at 120°C for 15 minutes. 50mL microbial 
suspensions used to inoculate 150mL of the sugar-
cane wort contained in 250 mL Erlenmeyer’s 
flasks and kept at room temperature (28±1ºC) for 
24 h.  
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Brix, Total Reducing Sugars (TRS) and 
Unfermentable Reducing Sugars (URS) 
The Brix was determined in a refractometer. To 
determine the TRS and URS, 1mL of the 
supernatant was hydrolized with chloridic acid 
(1:2, v/v) at 60ºC for 20 minutes in a volumetric 
balloon of proper volume. After cooling to room 
temperature (28ºC±1ºC), it was neutralized with a 
40% NaOH solution and two drops of alcoholic 
solution of 1% phenolftalein as indicator. The 
content was adjusted with distilled water 
according to the capacity of the volumetric balloon 
and after homogenization 1mL was transferred to 
Follin-Wu tubes. To this volume, 1mL of the 3.5 
dinitrisalicylic acid (DNSA) reagent was added 
(Miller, 1959), followed by boiling in a water bath 
for 15 minutes. The cooling was done with ice 
bath and the volume was adjusted to 12.5 mL with 
distilled water. After being homogenized, the 
absorbance was measured using a 
spectrophotometer (Spectronic 20D - Milton Roy 
Company) at 540nm (Souza and Queiroz, 1995).  
 
Determination of ethanol concentration 
The concentration of ethanol in the samples of 
fermented wort was determined using a 
DUJARDIN – SALLERON 359 ebulliometer and 
the measurements were taken at 12 and 24 h of 
fermentation. The ethanol productivity values 
were calculated by dividing the alcohol content by 
fermentation time, considering an 0.789g/mL 
density of ethanol at 20ºC. 
 
 
RESULTS AND DISCUSSION 
 
The initial values of Brix and TRS of the sterilized 
sugar-cane wort were 10.3% and 8.68%, 
respectively. Table 1 shows the results of 
fermentation assays of original diploid and 
monocellular haploid cultures of S. cerevisiae in 
sterilized sugar-cane. The recuperated diploid 
cultures did not present detectable alcohol content 
by the method used. In a general way, the 
percentage of ethanol produced by the original 
diploid and monocellular haploid cultures 
changed, in 12 h, from 1.7 to 4.8% and in 24 h, 
from 5 to 6.2%. The productivity changed from 
1.12  to 3.15 g.L-1.h-1 in 12 h and from 1.64 to 2.03 
g.L-1.h-1 in 24 h, meanwhile the URS changed from 
0.45 to 0.50g/100mL of sugar-cane broth.  

From the original URM-4420 and the 
monocellular haploid cultures (URM-MH1, URM-
MH2 and URM-MH3), the original URM-4420 
and the URM-MH1 produced the lowest 
percentage of ethanol (1.7%) and values of 
productivity (1.12 g.L-1.h-1) in 12 h, and in 24 h 
(5% and 1.64  g.L-1.h-1). However, the highest 
percentage of ethanol (4.8%) and values of 
productivity (3.15 g.L-1.h-1) in 12 h, was produced 
by the URM-MH3 and in 24 h (5.8% and 1.9 g.L-

1.h-1) by URM-MH1 and URM-MH3. The lowest 
amount of the URS (0.46g/100mL) was obtained 
by the monocellular URM-MH3 and the highest 
amount (0.5g/100mL) by the original culture 
URM-4420 (Table 1). 
From the original Itaiquara Ferment and the 
monocellulars FIT-MH1, FIT-MH2 and FIT-MH3, 
the highest amount of ethanol (4.2%) and values of 
productivity (2.76 g.L-1.h-1) in 12 h, was produced 
by the original Itaiquara Ferment and in 24 h 
(5.4% and 1.77 g.L-1.h-1 ) by the FIT-MH1. 
However, the lowest percentage of ethanol (2.4%) 
and values of productivity (1.57 g.L-1.h-1) in 12 h, 
were observed in the FIT-MH1 culture and in 24 h 
(5.1% and 1.67 g.L-1.h-1) by FIT-MH2. The lowest 
URS value (0.46g/100mL) was obtained by FIT-
MH1 and the highest (0.49g/100mL) on FIT-MH2 
(Table 1). 
From the original Lallemand Ferment and the 
monocellular cultures FLA-MH1, FLA-MH2 and 
FLA-MH3, the one that produced (in 12 h), the 
lowest percentage of ethanol (1.7%) and values of 
productivity (1.12 g.L-1.h-1) was the original 
Lallemand Ferment, and in 24 h (5.4% and 1.77 
g.L-1.h-1) the original Lallemand Ferment, LAF-
MH1 and LAF-MH2. However, the highest 
percentage of ethanol (4.7%) and values of 
productivity (3.09 g.L-1.h-1) in 12 h, was produced 
by FLA-MH2, and in 24 h (5.6% and 1.83 g.L-1.h-

1) by the FLA-MH3. The lowest value of URS 
(0.45g/100mL) was observed at the FLA-MH2 and 
the highest (0.5g/100mL) at the original 
Lallemand Ferment (Table 1). 
From the original Wild Ferment and monocellular 
cultures SEL-MH1, SEL-MH2 and SEL-MH3, the 
highest percentage of ethanol (4.3%) and values of 
productivity (2.82 g.L-1.h-1) in 12 h, were produced 
by SEL-MH1 and in 24 h (6.2% and 2.03 g.L-1.h-1) 
by the same culture. However, the lowest 
percentage of ethanol (1.7%) and values of 
productivity (1.12 g.L-1.h-1) in 12 h, were observed
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in the original Wild culture and in 24 hours (5.6% 
and 1.83 g.L-1.h-1) in the SEL-MH2. The lowest 
value of URS (0.45g/100mL) was observed in the 
SEL-MH1 and the highest value (0.48g/100mL), 
in the original Wild Ferment, SEL-MH2 and SEL-
MH3 (Table 1). 
In a general way, the highest percentage of ethanol 
(4.8%) in 12 h was produced by the URM-MH3 
and in 24 h (6.2%), by the SEL-MH1 culture. 
However, the lowest percentage of ethanol (1.7%) 
were obtained in 12 h, by original URM-4420, 
original Lallemand Ferment, original Wild 
Ferment and URM-MH1 and in 24 h (5%), by the 
original URM-4420. 
The highest values of productivity (3.15 g.L-1.h- 1) 
and (2.03 g.L-1.h-1) in 12 and 24 h were found in 
the URM-MH3 and SEL-MH1 cultures, 
respectively. However, the lowest values (1.12 
g.L-1.h-1) were observed in 12 h, in the original 
URM-4420, original Lallemand Ferment, original 
Wild Ferment and URM-MH1, and in 24 h (1.64 
g.L-1.h-1) in the original URM-4420. 
The lowest values of URS (0.45g/100mL) were 
observed in the FLA-MH2 and SEL-MH1 and the 
highest (0.5g/100mL) in the original URM-4420 
and original Lallemand Ferment. 
The results showed that from the same percentage 
of Brix, different percentages of ethanol were 
produced. However, the best results in percentage 
of ethanol and productivity were observed in 12 h, 
by the monocellular haploid culture URM-MH3 
(4.8%, 3.15 g.L-1.h- 1) and in 24 h, by the SEL-
MH1 (6.2%, 2.03 g.L-1.h-1). 
The results showed that depending on the 
physiological state of the yeasts, being in the 
diploid or monocellular haploid form, different 
percentages of ethanol could be produced and 
consequently different values of productivity could 
be obtained.  
Reports mentioning that different samples of the 
same species could have different physiological 
characteristics, among them the fermentative 
capacity, have been described by Jones et al. 

(1981); Kreger-van Rij (1984); Souza and 
Queiroz, 1995. 
Ribeiro and Horii (1999), studying three strains of 
S. cerevisiae to evaluate their performance on 
ethanol fermentation, observed that the best 
productivity (3.40 g.L-1.h-1) was presented by the 
IZ-987 flocculent strain. 
Gomes et al. (2004) used three strains of S. 
cerevisiae to study the optimization of the 
fermentative process, aiming to evaluate the 
kinetic parameters of fermentation and observed  
that the UFMG-A 1007 strain presented better 
values regarding productivity; however, the 
UFMG-A 907 strain presented the best results 
regarding fermentative parameters.  
Silva-Filho et al. (2005) studying the optimization 
of the fermentative process, used 14 strains of S. 
cerevisiae, being three commercial, one industrial 
and ten from Culture Collection, and observed that 
the residual sugar was less than 1g/L for all the 
cultures. Most of the strains presented elevated 
productivity with fermentation efficiency above 
90%. 
Cletto and Mutton (1995), evaluating the effect of 
addition of two lineages of S. cerevisiae to sugar-
cane broth, aimed to analyze the dynamics of 
fermentative process and observed significant 
differences in ethanol production. 
In literature, works focusing on ethanolic 
fermentation using monocellular haploid cultures 
of S. cerevisiae, are not found. 
In a general way, the alcohol industry does not 
take into account the physiological state in which 
the yeast is found, working in the sugar-cane juice 
medium or wort of molasses, just giving priority to 
the productivity of the fermentative process. 
As this work demonstrated, the diploid form or 
monocellular haploid of S. cerevisiae affected the 
ethanol productivity values and probably the 
oscillations obtained in the values of this 
parameter in the alcoholic fermentation processes, 
be on small or large scale, were due to the 
physiological conditions in which the yeast was 
found.
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Table 1 - Results of fermentative assays of original diploid and monocellular haploid (MH) cultures of S.cerevisiae 
in sterilized sugar-cane wort. 

Culture Time (h) Ethanol (%) Productivity 
(g. L-1..h-1) 

URS after 24h 
(g/100mL) 

0 0 0 
12 1,70 1,12 

URM-4420 
(Original) 

24 5,00 1,64 

 
 

0,50 
0 0 0 
12 1,70 1,12 

URM-4420 
(URM - MH1) 

24 5,80 1,90 

 
 

0,48 
0 0 0 
12 3,90 2,56 

URM-4420 
(URM - MH2) 

24 5,60 1,83 

 
 

0,47 
0 0 0 
12 4,80 3,15 

URM-4420 
(URM – MH3) 

24 5,80 1,90 

 
 

0,46 
0 0 0 
12 4,20 2,76 

Itaiquara Ferment 
(Original) 

24 5,20 1,71 

 
 

0,48 
0 0 0 
12 2,40 1,57 

Itaiquara Ferment 
(FIT - MH1) 

24 5,40 1,77 

 
 

0,46 
0 0 0 
12 2,60 1,71 

Itaiquara Ferment 
(FIT – MH2) 

24 5,10 1,67 

 
 

0,49 
0 0 0 
12 3,00 1,97 

Itaiquara Ferment 
(FIT – MH3) 

24 5,20 1,71 

 
 

0,47 
0 0 0 
12 1,70 1,12 

Lallemand Ferment 
(Original) 

24 5,40 1,77 

 
 

0,50 
0 0 0 
12 3,70 2,42 

Lallemand Ferment 
(FLA - MH1) 

24 5,40 1,77 

 
 

0,48 
0 0 0 
12 4,70 3,09 

Lallemand Ferment 
(FLA – MH2) 

24 5,40 1,77 

 
 

0,45 
0 0 0 
12 4,30 2,82 

Lallemand Ferment 
(FLA – MH3) 

24 5,60 1,83 

  
  

0,46 
0 0 0 
12 1,70 1,12 

Wild Ferment 
(Original) 

24 6,00 1,97 

 
 

0,47 
0 0 0 
12 4,30 2,82 

Wild Ferment 
(SEL - MH1) 

24 6,20 2,03 

 
 

0,45 
0 0 0 
12 3,80 2,50 

Wild Ferment 
(SEL – MH2) 

24 5,60 1,83 

 
 

0,48 
0 0 0 
12 3,70 2,42 

Wild Ferment 
(SEL – MH3) 

24 5,80 1,90 

 
 

0,48 
URS = Unfermentable Reducing Sugars; URM = Micoteca do Departamento de Micologia/UFPE; FIT = Itaiquara Ferment;  
FLA = Lallemand Ferment; SEL = Wild Ferment. 
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RESUMO 
 

Este trabalho teve como objetivo avaliar culturas de 
S. cerevisiae diplóides originais, haplóides 
monocelulares e diplóides recuperados, quanto à 
capacidade de fermentar em mosto de cana-de-
açúcar esterilizado. Vinte e oito culturas foram 
analisadas, sendo 4 diplóides originais (URM-4420, 
Fermento Itaiquara FIT, Fermento Lallemand FLA 
e Fermento Selvagem SEL); 12 haplóides 
monocelulares provenientes das originais e 12 
diplóides recuperados a partir das monocelulares. O 
percentual de etanol produzido variou de 1,70% a 
6,20% e os açúcares redutores infermentescíveis de 
0,45 g/100mL a 0,50 g/100mL. Os maiores 
percentuais de etanol foram produzidos pelas 
culturas haplóides monocelulares URM-MH3 
(4,80%), em 12 horas e SEL-MH1 (6,20%), em 24 
horas, correspondendo a valores de produtividade 
3,15g.L-1.h-1 e 2,03 g.L-1.h-1, respectivamente. Os 
diplóides recuperados não apresentaram teores de 
etanol detectáveis pelo método utilizado. Os 
resultados mostram que, dependendo do estado 
fisiológico das leveduras, seja na forma diplóide ou 
haplóide monocelular, podem ser produzidos 
diferentes percentuais de etanol.  
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