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Wine is the result of a complex biochemical process in wich several yeast and  lactic acid bacteria participate. In 
traditional winemaking, spontaneous fermentation is carried out by yeasts present on the grapes and cellar equipment. 
During early stages of fermentation, non-Saccharomyces yeasts such as Hanseniaspora (Kloeckera), Candida, 
Cryptococcus, Metschnikowia, Rhodotorula, Pichia, Kluyveromyces and Hansenula grow well but they are soon 
replaced by ethanol tolerant Sacharomyces cerevisiae strains. However, in the last decades, the use of commercial 
Saccharomyces strains as starters is becoming a common pratice in most wine-producing regions in order to ensure 
the success of fermentation. Nevertheless, there is no guarantee that these added yeasts will predominate during 
further fermentation stages and, in fact, they may become scarce or even disappear. It has been described that the 
characteristics of the cellar, such as its age (old or newly built) and the practice of inoculating yeasts, may play an 
important role in the diversity of yeast strains found in the environment and, consequently, in the competition 
between wild yeasts from the winery and inoculated commercial yeast.In this work we present a study of the 
evolution of the Saccharomyces population throughout the fermentation in two wineries with different characteristics, 
during two years. One of them is a newly built winery located nearby Ronda (Malaga, Southern Spain) in the 
Denomination of Origin (D.O.) “Sierras de Málaga“, in which inoculation of commercial yeasts has become a 
common practice since the beginning of its activity. During 2005 vintage, two vats with Cabernet Sauvignon must 
were sampled at different stages of fermentation. One of them had been inoculated with the commercial yeast coded 
XR, and the other with a pied de cup prepared separately from the winery. During 2007 vintage, three vats were 
studied, two of them had been also sown with a pied de cup (one with Merlot and the other with Syrah musts) and the 
third vat containing Cabernet Sauvignon must, with the commercial strain XR. Samples from  fresh must, must 
before inoculation and during the fermentation were taken. Additionally, samples of the prepared pieds de cup before 
inoculation were also studied. The other winery is located in Bollullos par del Condado (Huelva, Southern Spain) and 
belongs to the D.O. “Condado de Huelva“. This winery is more than fifty years old and commercial yeast have been 
rarely used. One vat containing Syrah must was studied during 2007 and 2008 vintages; samples were taken at the 
middle and the end of fermentation. Samples were serially diluted and 0.1 ml aliquots were spread onto YEPD agar 
plates and incubated at 28 ºC for 72 hours. For each sample, 30 colonies were randomly chosen and subjected to 
further studies. Isolates were identified by PCR-RFLP of the region encompassing the 5.8S rRNA gene and the two 
internal transcribed spacers ITS1 and ITS2; the PCR products were digested with restrictases HinfI, HhaI and HaeIII. 
Strains of S. cerevisiae were differentiated by RFLP of mtDNA using HinfI. 

In Ronda, during 2005 vintage, no natural (wild) Saccharomyces strains were isolated in any of the two vats as all the 
isolates corresponded to different commercial yeasts used in the winery since 2003 vintage. Surprisingly, during both 
2005 and 2007 vintages, no clear implantation of the inoculated commercial yeast XR in any of the Cabernet 
Sauvignon vats was found, possibly due to a wrong rehydratation practice or to the presence in the must of other 
more competitive commercial strains. The results obtained in the pied de cup of Merlot and Syrah vats in 2007 
vintage, revealed that more than 96 % of the isolates were commercial strains, although there were differences 
between both vats. In the case of the Merlot vats, the grapes had been  harvested and processed earlier in the winery. 
In this case, although comercial strains of the inoculum predominated during the fermentation, they did not supressed 
the growth of wild Saccharomyces. Syrah grapes were processed later and, in this case, although wild Saccharomyces
were isolated in the must before inoculation, their growth was supressed by different comercial strains present in the 
pied de cup. These behaviours could be related to differences between harvesting dates and between yeast 
populations in the fresh must and in the inoculum. The results obtained in Bollullos are very different. No 
commercial yeasts were isolated and 32 different patterns of natural Saccharomyces strains were found, 18 of them 
were unique, indicating a great biodiversity not found in Ronda. We conclude that the age of the winery together with 
their practices do affect the yeast population and consequently, the biodiversity of Saccharomyces strains found and 
the implantation of commercial yeasts. 
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The budding yeast Saccharomyces cerevisae has a limited replicative lifespan. The cell mass at division is unequally 
partitioned between a bigger, old parent cell and a smaller, new daughter (virgin) cell. Industrial fermentation 
performed to produce beer is the unique within the alcoholic beverage industry in that the yeast is maintained and 
reused a number of times. At the end of fermentation a portion of the yeast is ‘cropped’ from the fermentation vessel 
for ‘serial repitching’. Typically this is the centre-top portion of the yeast crop, theoretically comprising middle-aged 
and virgin cells. However, increasingly yeast is removed early to decrease process time via a ‘warm’ or ‘early’ 
cropping regime and this facilitates removal of the lower portion of the crop, comprising a greater proportion of aged 
cells. Harvesting yeast may therefore select a population with an imbalance of young and aged individuals. In fact, 
the output of a bioprocess is strictly dependent on the physiology of each single cell in the population, on the 
distribution of the cells throughout the cell cycle and on the effects of environmental conditions on the population. 
Unlike continuous models, Individual-based Modelling (IbM) is a bottom-up approach, meaning that it considers 
each microbe as an individual, a unique and discrete entity, with more than one characteristic that changes throughout 
its life. IbMs are in an increasingly established approach to diverse microbial communities and their use is also 
becoming more widespread in food microbiology. Of those available we have used INDISIM, the simulator 
developed by our group, and which has already been used to study different features of bacterial growth, providing an 
ample pool of interesting results [1]. INDISIM-YEAST constitutes the adaptation of INDISIM to study the specific 
characteristics of the yeast cell cycle and to deal with yeast populations growing in liquid media [2]. The aim of this 
contribution is, by means of individual-based simulations of INDISIM-YEAST, to explore the effects of inoculum 
size and cell genealogical age on the dynamics of the yeast fermentation, focusing on: i) the lag phase and the first 
stages of yeast population growth, ii) the rate of glucose uptake and ethanol production, and iii) biomass and 
genealogical age distributions, in order to be able to integrate these results and to improve the understanding of the 
composition of yeast population and its temporal evolution in fermentation. This simulator provides, from a previous 
simulation of a yeast fermentation, a complete virtual characterization of a pre-inoculum to be used in this study. 
From this we remove the inocula for the ensuing simulations, combining different inocula sizes (i.e., from 1 to 1000 
cells) and genealogical age distributions (i.e., virgin (daughter) cells with 0 scars, young parents cells with 1 to 5 
scars and old parent cells with more than 5 scars). Fifty independent simulations of each combination were 
performed, taking a new inoculum with specified characteristics from the pre-inoculum each time. All these 
simulation results show there is an influence of these initial features of the inocula on the classic lag parameter, 
defined at the population level of description and calculated through its geometrical definition, and on the first 
division time or time until the first budding reproduction appears, defined at an individual level of description. Only 
slight discrepancies on maximum growth rate (exponential phase) are observed. Also, our simulation results show 
that the initial conditions of the seed yeast cells influence also the rate of nutrient uptake and ethanol production. 
Moreover, the evolutions of the biomass and genealogical age distributions during the first stages of growth are 
dissimilar and depend on the initial configuration of the inocula. In this way, we can compare and contrast both the 
individual and global properties of yeast cells and populations at chosen time steps during simulated growth. This can 
offer useful insight to improve understanding of the macroscopic behaviour observed in experimental research. This 
kind of study highlights one of the benefits of the IbMs.  
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