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30 YEARS OF FUEL 

ETHANOL PRODUCTION IN BRAZIL:
identification and selection of dominant industrial yeast strains



Sugarcane Production

Source: http://english.unica.com.br/content/show.asp?cntCode={D6C39D36-69BA-458D-A95C-815C87E4404D}



Ethanol Production

Source: Datagro and Bioenergy Review
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Ethanol Production in Brazil

• 420 distilleries: >30 billion liters of ethanol / year

• Selected yeast strains: 154 distilleries

• Fermentor’s volume: 0.2 – 3.0 million Liters

• High yeast cell densities: 10-15% (w/v)

• Fermentation time: 6-12 hours

• Yeast cell recycle: 2-3 times/day (250-280 days)

• Ethanol concentration: 8-12% (v/v)

• Fermentation: 85% fed-batch and 15% continuous



Ethanol Production in Brazil
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Fermentation Yield 75 - 80% 90 - 92%

1980 2010PARAMETERS

Bacteria in Wine 108-109/mL

Fermentation Time 18 - 24 h 6 - 12 h

105-106/mL

Distillation Yield 95% >99%

Sugar Extraction Yield 88% 96%

EVOLUTION

OF ETHANOL PRODUCTION

Sugarcane production 160 Mln tons >600 Mln tons

Ethanol production 3.7 Bln liters >30 Bln liters



EVOLUTION

OF ETHANOL PRODUCTION

Several factors contributed to improve the 

industrial process of ethanol production:

• Sugarcane quality

• Fermentation conditions 

• Design of fermentors

• Analytical control of the industrial process

• Reduction of losses

• Control of  bacterial contaminants

• Identification, monitoring and selection of yeast strains



• Baker’s yeast

YEAST STRAINS

used as starter

• TA-79  (MA-300)

Until 1989 it was not possible to identify and monitor 

well the yeast strains among Saccharomyces.

• IZ-1904 (ESALQ-USP)

1980



• Luiz Carlos Basso

Escola Superior de Agricultura Luiz de Queiroz – USP

Piracicaba, SP - Brazil

• Pierre Barre and Françoise Vezinhet

Institut Supérieur des Products de la Vigne et du Vin

Montpellier, France

YEAST SELECTION

karyotyping technique
1989



YEAST SELECTION

first analysis
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YEAST SELECTION

karyotyping and monitoring



YEAST SELECTION

karyotyping and monitoring



- Baker’s yeast and laboratory strains were quickly 

replaced by wild yeast

- Some wild strains of Saccharomyces were 

dominant and persistent in the fermentors

- 62 yeast strains were selected from industrial 

fermentations and evaluated in laboratory

YEAST SELECTION

first results



YEAST STRAIN EVALUATION

(Laboratory scale)

PARAMETERS

YEAST STRAINS

PE-2 VR-1 CAT-1
Baker’s 

Yeast

Fermentation Yield (%) 91.0 90.5 91.2 88.1

Glycerol (%) 3.38 3.20 3.54 4.70

Trehalose (%) 9.5 10.6 10.3 6.0

Viability (%) 94 95 97 61

* AVERAGE OF 6 FERMENTATION CYCLES



YEAST STRAIN EVALUATION

(Industrial scale - 1995)

STARTER YEASTS (Kg)

Baker’s yeast 2,000

PE-2 0.5
VR-1

SA-1
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YEAST STRAIN EVALUATION

(Industrial scale - 1995)
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YEAST STRAIN EVALUATION

(Industrial scale - 1995)

STARTER YEASTS (Kg)

Baker’s yeast 10,000
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YEAST STRAIN EVALUATION

(Industrial scale - 1995)
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YEAST STRAIN EVALUATION

(Industrial scale - 1997)

STARTER YEASTS (Kg)

Baker’s yeast 10,000

PE-2 100
VR-1 100



YEAST STRAIN EVALUATION

(Industrial scale - 1997)
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SELECTED X WILD YEAST



ADVANTAGES

OF THE SELECTED YEAST STRAINS

• High fermentation yield

• Low foam production

• These strains are not flocculating

• Tolerance to fermentative recycles



CHARACTERISTICS 

OF 379 WILD YEAST STRAINS

91%

9%

Bad   Characteristics

Good Characteristics

Flocculation: 37%

BAD

CHARACTERISTICS

Residual sugar: 53%

Foam: 58%



TOLERANCE TO RECYCLES

(Selected strains X Baker’s yeast)

78 distilleries - 2003
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TOLERANCE TO RECYCLES

(Selected strains X Baker’s yeast)

78 distilleries - 2003

• Baker’s yeast does not survive more than 30 days 

in industrial processes for ethanol production. 

• The use of selected yeast strains delay the 

contamination and competition by wild strains. 



HIGH FERMENTATION YIELD
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A reduction of 5% in the fermentation yield 

represents 25,000 L of ethanol per day for a 

plant that produces 100 million liters/crop season

HIGH FERMENTATION YIELD
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HIGH FERMENTATION YIELD
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HIGH FERMENTATION YIELD
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0.5% OF NON-FERMENTED SUGARS IN THE 

WINE REPRESENTS 5 TONS OF WASTED 

SUGAR TO EACH 8 HOURS FOR A TANK 

OF 1.000 M3

HIGH FERMENTATION YIELD



HIGH FERMENTATION YIELD



PE-2

INTENSE FLOCCULATION

FLOCCULATION

WITHOUT FLOCCULATION

CAT1 WILD YEAST



FLOCCULATION CHAIN FORMATION



CAT1 WILD YEAST

SELECTED YEAST STRAINS 

PRODUCE LOW FOAM



Distilleries that used selected yeasts 

Distilleries where selected yeasts were replaced by wild strains

Distilleries that used Backer’s yeasts only

Antifoam Consumption
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ANTIFOAM CONSUMPTION

0

20

40

60

80

100

18 40 87 108 150 176 197

DAYS

%
 Y

E
A

S
T

0.2

0.3

0.4

0.5

0.6

0.7

g
/L

 A
L

C
O

H
O

L

SELECTED YEAST WILD STRAIN ANTIFOAM

Contamination by other yeasts



In 2009 Fermentec clients saved 1,140 tons of 

antifoaming by the use of selected yeast strains

Yeast strain is the key factor on foam 

production ECONOMY WITH ANTIFOAM



CHARACTERISTICS

PE2 VR1 CAT1

Ploidy Diploid Diploid Diploid

Sporulation + + +

Heterothallic + + +

Killer - - -

Mitochondrial DNA + + +

Plasmidial DNA ? ? ?



CHROMOSOMAL 

REARRANGEMENTS

DISTILLERY A

DISTILLERY B

DISTILLERY C

DISTILLERY D



CAT1

Genome Research
Cold Spring Harbor Laboratory Press

2009



BMC Genomics
http://www.biomedcentral.com

CAT1 2010



PE2 2009



2ª GENERATION YEAST

MAIN CHARACTERISTICS

• High fermentative yield

• Tolerant  to high ethanol concentration in the wine

• Tolerant to low pH

• Non-flocculating / low foam

• Faster fermentations

• High viability during recycles

• Derived from PE2



SELECTION OF NEW YEAST 

STRAINS

• To obtain strains more adapted to industrial 
fermentations.

• To extend the number of strains available to 
distilleries

• To search new strains for different 
characteristics and industrial purposes.

• Preservation of these strains in a specialized 
Culture Collection (Fermentec)



CULTURE COLLECTION

• 4,000 yeast strains identified by karyotyping 
and mitochondrial DNA per year

• 2,000 yeast and bacteria from industrial 
processes of ethanol production

• Conservation:
– Lyophilized cells in glass ampuls

– Ultra-low temperatute (freezer and liquid N)

– Liquid medium



THANK YOU VERY MUCH
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www.fermentec.com.br


