THE STUDY OF SOME FACTORS THAT ARE DECIDING THE VITAL – METABOLICS GROWTH AND REPRODUCTION PROCESSES FOR THE YEASTS

(ABSTRACT)

· This work is presented along  156 pages and has the following structure:

· Introduction

· Chapter I – Benchmarks on the studies regarding the Yeasts Ecology and the their contribution to the making of quality wines;

· Chapter II – Today's research level regarding the factors that are important in Yeasts vital – metabolic processes of growth and reproduction;

· Chapter III – The aim of this work. Research object. The method of work and material used;

· Chapter IV – Acquired results;

· Chapter V – General conclusion;

· Bibliography – We cited 151 scientific works, scientific drafts and monographs, published in the country and abroad which have treated some aspects and phenomena linked to the factors that are deciding the vital – metabolic processes, of growth and reproduction of yeasts.

· The aim of the research and objectives:

A good development of the metabolic processes, of growth and reproduction of micro-organisms is determined firstly by the existence of favourable general conditions in the environment and by sufficient availabilities for satisfying the nutrition needs.

Accomplishing and driving the development of the vital processes of yeasts in the expected way implies a knowledge of the stimulating or inhibitory factors for the activity of these microorganisms.

The yeasts development, like for any organism, is conditioned from beginning by the environment in which it is living. The yeasts are  especially sensitive to the temperature and aeration conditions. Nevertheless, other factors that are present, such as light, water percentage, pH, or the internal surface of the substrate, also are of great importance. In oenological fermentation conditions, the yeasts are facing, especially in the stationary state, with a set of clearly unfavourable physical-chemical conditions.

The study of these particular conditions has often made the object of research resorting to the impact of each factor, independent of other factors. We have to retain that in normal fermentation conditions, these factors, taken as a whole, are often acting in synergy, emphasizing their toxic or stimulating effects.

Within the framework of our research we try to observe how a part of these factors as: temperature of the fermenting environment, the internal surface of the environment submitted to fermentation, the percentage of acetic acid, the sugar concentration in the must obtained from grapes and  the oxygen content in the must, are influencing the vital – metabolic processes of growth and reproduction for the yeasts. The knowledge of some intimate phenomena of this process, aids the oenologists in taking the right decisions for the driving of the alcoholic fermentation process for obtaining good efficacy and finally driving to quality wine, which by their chemical composition and their oenological characteristics express the vocation for quality of the place and the grape variety.

We have considered as more important to approach the following research objectives:

1. The manner in which the fermentation temperature is influencing the vital – metabolic processes of yeasts growth and reproduction and the way in which these are catalysing the process of metabolizing of sugars;

2. The influence that the internal surface of the product which is fermenting over the vital -metabolic processes of growth and reproduction of the yeasts, reflected through the sugar fermenting speed;

3. The influence of the percentage of the acetic acid over the vital-metabolic processes of growth and reproduction for the yeasts;

4. The dependence that the way the vital – metabolic processes of growth and reproduction for the yeasts have on the percentage of sugars in the grapes must;

5. The influence that the sulphur dioxide dose present in the grapes must can have over the metabolizing of sugars by the yeasts;

6. The necessity of the oxygen presence in the grapes must, subjected to alcoholic fermentation, in order to continue the vital-metabolic processes of growth and reproduction for the yeasts.

· The conclusions drawn following studies made between 2005 – 2008 were:

1. From the fundamental conclusions drawn by Louis Pasteur, result of long and meticulous experiments regarding fermentation, proving that these are not purely chemical but biochemical processes, and to this day we have accumulated immense information on the yeasts ecology and on the factors that are decisive for yeasts vital – metabolic processes, that today it cannot be conceived making quality wines without the oenologist knowing these fundamental fenomena.

2. In all the major wine centers of the world the yeasts natural environments were valued (vineyard soil, the grape, must and wine), the conditions that determine the yeasts presence in those environments and means and methods have been found through which one can isolate and identify yeasts, in order to find yeast strains with convenient physiological – biochemical and technological performances.

3. Today we have yeast strains that have been selected for any type of wine that we want to produce (dry, semidry and sweet white and red wines, sparkling wines, etc.)

4. Romanian researchers have brought a great contribution, especially in regard to the yeasts ecology, the use of the selected yeasts and even in the field of isolating and identifying of yeasts strains with advanced technological characteristics (Gheorghe Bălţatu, Marcel Niţescu, Ernest Russ, Elena Moldovan, Georgeta Şeptilici, Vasile Lepădatu, Gorun Sandu Ville, Florin Dănoaie, Klein Angela, Felicia Dragomir, and others).

5. All the sudies undertaken over time on the important factors in vital – metabolic processes of yeasts growth and reproduction, have shown that producing and directing the yeasts vital processes in the desired way, implies the knowledge of the factors that stimulate or inhibit the activity of these microorganisms.

6. Research conducted by us during the period 2005 – 2008 regarding the influence that the fermentation temperature, fermented product internal surface, the percentage of acetic acid, the concentration of sugars, sulfur dioxide and oxygen, have over the vital – metabolic processes of yeasts growth and reproduction, have led us to the following conclusions:

7. The thermal scale along which, from the lowest temperature up to the highest, the yeasts can conduct normal vital activity represents the development temperature range.

8. Optimum temperature for multiplication by burgeoning at yeasts is situated between 22 and 30°C, while the largest number of cells is acumulated in the environment at temperatures of 10 – 15°C, so not at higher temperature when the multiplication is faster; this is due to the lower alcohol toxicity at moderate temperatures and maybe due to optimum temperature diferences in enzymatic activities involved in the multiplication process as a  whole.

9. Regarding the temperature influence over the speed of fermentation, as a general rule, between 15 and 35°C, the must fermentation is more rapid at the beginning and starts more quickly as the temperature is higher. For each degree of temperature, the yeasts are transforming more sugars in the same time. Regarding the temperature influence over the fermentation limit we observe that when the temperature is higher, the start of fermentation is faster, but it stops sooner and the finally acquired alcoholic degree is lower.

10. This implies that when we want a high acoholic content it is necessary to maintain a rather low fermenting temperature. In these conditions the yeasts are not tolerating very well the alcohol, they assimilate less the nitrogenous substances, the reproduction and fermentin processes are stoped. 

11. At low fermenting temperatures, the most important limiting factor is the temperature, the braking action of the formed alcohol and depletion of the environment in nutrients play a secondary role.

12. The influence of the oxido – reduction state for the environment is also different in relation with the thermal fermenting conditions: the yeasts are more affected by the lack of oxygen as the fermentation is taking place at a higher temperature. A suffocation occurs, arising from acute lack of oxygen for the cells and in the same time a shrinking of the its solubility under the action of high temperatures.

13. It is obvious that the unfavourable effect of high temperatures is due to cell poisoning caused by excessive accumulation of toxic compounds, the cells are no longer capable of eliminating these compounds with the same pace that these compounds are formed, as a result of acceleration by the high temperatures of metabolic reactions.

14. In the field of winemaking, the ideal temperature for red wine – making is between 25 – 35°C, and for white wine-making the ideal temperature is around 20°C. In this area of great importance is the notion of critical fermenting temperature, as over this temperature the yeasts no longer reproduce and pass in lysis phase, causing a stop in the fermenting process. It is hard to establish a precise limit, so it is more appropiate to consider a danger zone which can vary with aeration, the must sugars concentration, the nutritional factors for the yeasts etc.

15. The evaluation of the fermenting activity of a yeast strain is emphasized by the speed and the fermenting efficiency whith wich the substrate can ferment (the grapes must).

16. The fermenting temperature influences the fermenting speed and the limit at which the sugars can be metabolized.

17. The yeast metabolics is inhibited by a series of physical, chemical, biological factors. One of this factors is the acetic acid, its negative action is exerted mainly over the yeasts multiplication process, in both aerobiosis and anaerobiosis, its toxicity rising with temperature. The yeasts ability to produce acetic acid is one of the selection citeria for the oenological yeast of interest. A possible practical aplication of yeasts capacity to metabolise the acetic acid could be the decrease through re-fermentation of the volatile acidity of a wine vinegar.

18. The acetic acid added to the grapes must in doses that are over 1 g/l inhibit the yeasts multiplication process. The toxicity is greater as the fermentation temperature is higher. The acetic acid inhibits strongly the yeasts activity, these are acting slower, the transforming of sugars into alcoholic fermentation final products is delayed. Content in acetic acid that are bigger than 1 g/l, determines that for each additional gram large delays to appear and even stopping of the process, when we reach levels of 3 g/l. The sugars fermenting efficiency is strongly affected as the quantity of acetic acid rises, observing also the effect of high temperature over its toxicity.

19. The internal surface of the must subject to fermentation influences the lag period, the duration of the fermentation process and the metabolised output of the sugars by yeasts. As long as the internal surface of the substratum (of the grapes must) is bigger, the time period for the fermentation starting process is shorter, as a consequence of the favorable conditions for the growing and the multiplication of the yeasts.

20.   The grapes must initial concentration in sugars influences the speed and the duration of the fermentation. Big speeds and short durations of fermentation shall be registered at the concentration of the sugars contained between 136 and 180 g/l. When the concentration in sugars of the musts exceeds 240g/l the yeasts can't ferment all the amount of sugars, the fermentation been stopped at about 14 vol% alcohol and for Saccharomyces oviformis at about 15-16 vol% alcohol. The fermentation rhythm (grams sugar fermented in 24 hours) decreases with the contents increase in sugars of the must.

21.  To develop in environments loaded with big sugars amounts of  sugars, the yeasts must achieve a higher back osmotic pressure, through which it can prevent the loss of the water by the external environment more avid, loss that exposes them to dehydration and so to death through plasmolysis. In these conditions, the ethyl alcohol and the rest of the secondary products made through fermentation are much harder to bear by the cells. Therefore, the fermentation activity takes place very slowly and it stops long before the sugar to be consumed.

22. The relative sensitivity at the sulfurous acid of the different microorganisms present in the musts and wines, big differences are register not only between the bacteria and the yeasts, but also between different genders and species of yeasts.

23.    The maximum resistance of one of the yeasts species, established by us, for the sulfur dioxid is 150mg/l SO2 overall for Saccharomyces ellipsoideus, 250 mg/l SO2 overall for Saccharomyces oviformis, 400 mg/l SO2 overall for Saccharomyces acidifaciens and Saccharomyces elegans. So is found that the antiseptic effect of the sulfurous acid is very selective, beeing lower towards the yeasts from Saccharomyces gender, than the Kloeckera gender extremely spread in the levurian flora spontaneous.

24.     The durability of the yeasts cells at different SO2 doses is dependent of the concentration of hydrogen ions (pH), as long as the pH value is closer to 2,8 the yeasts  durability cells is shorter. Values of the pH over 3,4-3,8 increase the yeasts cells resistance.

25.   The doses of SO2  used for the antioxidant protection of the musts influence the yeasts population in the lag phase, exponential, stationary, maximal and decline.

26.   The oxygen has a decisive role for the multiplying of the yeasts. The amino acids that serve at the formation of the protein substances take birth inside the cell through endogenous synthesis, having as precursors the acids resultated in the respiratory degradation process of the sugars.

27.   He research related to the oxygen amount administrated to the must in the fermentation (5-10 ml/l) have proven that they have a decisive role concerning the yeasts population and respectively of the fermentation process duration.

28.   The administration of some low doses of oxygen (1-5 ml/l) starting with the second fermentation day and up to the nine day of  fermentation (doses incrisingly smaller) have provided a sufficient population of yeasts on the entire duration of the fermentation with beneficial influence of the shortening duration of the fermentation and of metabolizing the entire content of must sugar.

29.   Under the influence of the controled doses of oxygen, the red wines gains a intense coloration, perhaps because of the progressive oxidation of the anthocyanins at what is add  probably the tannins too. The color intensity increases, the tonality is much improved and is beeing avoid the sulfhidric smells.

30.   It was found that the especial importance of oxygen for the yeasts multiplication it is reflected especially in that the reproduction they can not be deprived for a long time of oxygen, even those with the most pronounced fermentation character can not continue the multiplying in strict anaerobiosis, but for limited time.

31.   Through our researches and the results that we've obtained  on the influence of some factors that stimulates or inhibit the vital – metabolic processes of the yeasts we have brought a modest contribution to the knowledge of some phenomena and processes with major impact concerning the biotechnologies used for the obtaining of wines in general, especially of those of high quality.
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