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ABSTRACT. On the strength of reported evidence and our own findings, the metabolic potential of Saccharo-
myces yeasts utilized in bread, beer and wine production was revealed.

Using 14C-compounds, transformation products of ethanol, carbon dioxide and the urine main organic
acids and aminoacids were studied during secondary alcoholic fermentation (sparkling wine production). The
ways of using separate atoms of carbon skeleton of glycerine, ethanol, glycine, acetic and succinic acids by
yeast cells in the process of the yeast endogenic and exogenic exchange have been established.

The results obtained are essential for further perfection of sparkling wine-making biotechnological pro-
cesses through goal-directed synthesis of major compounds with Saccharomyces cerevisiae yeasts. © 2009 Bull.
Georg. Natl. Acad. Sci.
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Yeasts represent facultative organisms which belong
to the lowest eucaryotes-metacaryotes. They are united
in the kingdom fungi (Mycota) where division of fungi
(Eumycota) is separately singled out. In accordance with
the current classification, the majority of investigators,
according to sexual process and type, unite three subdi-
visions into fungi domain: Ascomycetes, Basidiomycetes
and incomplete fungi in which sexual propagation pro-
cess has been detected. The yeasts involved in fermen-
tation process are representatives of Ascomycetes, which
are included in the Hemiascomycetes class, belong to
the order of Endomycetales, to the family of Saccharo-
mycetaceae, to the subfamily of Saccharomycetoideae
wherein Saccharomyces constitute one of the genera [1,
2].

The yeast taxonomy and systematics are made ac-
cording to different signs and undergo permanent per-
fection. For this reason, in up-to-date research, the
methods for assessment of phenotypic, genetic, biochemi-
cal and molecular structure are extensively employed.
As a result, eventually genus and species are established.
Nowadays over 60 genera and more than 500 species of

yeasts have been described. Of alcoholic fermentation
yeasts Saccharomyces cerevisiae appears to be a com-
monly used culture. The yeasts Saccharomyces
cerevisiae, utilized in the wine, beer and bread produc-
tion represent physiological races. They are sporogenic
yeasts. Diploid and polyploidy races of Saccharomyces
genus are used in industry. Candida, Torulopsis,
Pullularia, Rhodotorula and representatives of other
genera belong to asporogenic yeasts.

Yeasts and yeast-like fungi are widely spread in
nature. They are characterized by adsorption type of
nutrition. Many of them are saprophytic and occur in
the plant pilosphere and rhizosphere, in the soil, seas
and fresh waters, in sugar-containing substrates - fruit,
vegetables, grain. Yeasts are found in the organisms of
insects, honey, flowers, etc. Some species of yeasts have
a broad area of spread. Definite forms of them exist in
specific, only restricted, definite conditions of life.

Some representatives of yeasts are used as indus-
trial producers of B group vitamins, enzymes, organic
acids and aminoacids. In addition to the well-known
beneficial properties, yeasts are characterized by some
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deleterious action too. They pollute the casks where beer
is brewed or undergoes marination. Some species are
known as parasites, pathogenic forms for humans, ani-
mals and plants.

People have used yeasts for some thousand years in
wine, beer and bread production. Wine-making history
originated 6000 years ago. Many investigators think that
wine production, at least its generation started in the
South Caucasus [3]. Now this territory involves the
North-western part of Turkey, Northern Iraq, Azerbaijan
and Georgia. Characteristically, the yeasts used in bio-
technological processes, isolated from different soil-cli-
matic zones of Georgia, are distinguished for a great
variety. They are characterized by quite specific physi-
ological properties and by genetically determined high
metabolic potential. Detection of these metabolic pro-
cesses, transformation ability of different class organic
compounds occurs at different levels of research. It is
closely related with the composition of nutrition media,
functioning of enzyme systems under definite condi-
tions of biotechnological processes, with cytological,
biochemical and genetic studies of endogenic and
exogenic metabolisms.

Yeast cells possess a fairly large surface area. In 1 g
pressed beer yeast with 25% dry mass this value reaches
3x9 m2. As a result of this, nutritive substances rapidly
penetrate the yeast cells. 1 g beer yeast is able in about
1 sec to break down 107 molecules of maltose by form-
ing ethanol and carbon dioxide. Accordingly, glucose
assimilation velocity is 2x107 molecule per second [4].

Metabolic potential of yeasts manifests itself largely
via two metabolic pathways; in unaerobic conditions
almost 90% conversion occurs through the Embden-
Meyerhop pathway. In aerobic conditions the hexose
monophosphate pathway is used by 30-50% with C. utilis
and by 6-30% with S. cerevisiae.

Yeasts are able to unaerobically ferment hexoses:
D-glucose, D-fructose and D-manose. Most yeasts cause
fermentation of Saccharose. Bread and beer yeasts fer-
ment maltose. This process is activated by hexoses. In
intact bread yeasts breakdown of maltose is hindered by
trehalose whose transformation rate is rather low. Pen-
toses, namely xylose, have an inhibitory action on fer-
mentation in beer yeasts.

In Saccharomyces cerevisiae glycine, manite, ethyl
and other alcohols, organic acids (lactic, acetic, malic,
citric) can be used as carbon sources. Assimilation of
different carbon sources with their simultaneous pres-
ence in the nutrition medium occurs by the polyauxia
principle. During periodic cultivation glucose and fruc-
tose are assimilated in the first place. Acetic acid con-

tributes to the assimilation of lactic acid, malic acid - to
the assimilation of glycolic acid. Acetic acid and glu-
cose are assimilated by yeasts simultaneously. As a rule,
from the mixture of carbon sources assimilated first are
compounds which make for high intensity of yeast
growth [5]. Different species of yeasts diversely assimi-
late one and the same carbon source. For example, fer-
mentation of galactose in S. cerevisiae starts only on the
second day of cultivation. Organic acids are essential
for carbon metabolism, energy exchange in microorgan-
isms, for the processes of synthesis and dissimilation.
The use of fatty acids as carbon source is determined by
the yeast species, strain, concentration of the acid used,
the length of its carbon chain and degree of electrolytic
dissociation. From this point of view good substrates
are C2-C4 organic acids. As to the fatty acids of higher
order, only yeasts of certain genus and species assimi-
late them. Any intermediate product of the Krebs cycle
(pyruvic acid, citric acid, succinic acid, fumaric acid,
malic acid) can be utilized by the yeasts as a single
carbon source.

Alongside carbon sources yeasts use also nitric ones.
With the application of chromatographic and microbio-
logical methods a definite order of assimilation of
aminoacids has been established. First occurs assimila-
tion of aliphatic aminoacids (methionine, lysine, leu-
cine, aspartic acid, isoleucine), then come cyclic
aminoacids (phenylalanine, thyrosine, triptophane, his-
tidine), proline, which is not assimilated by all strains
of yeasts forms an exception. At the same time, by the
results obtained with beer yeasts, aminoacids are ar-
ranged according to their assimilation rate by yeasts.
Most rapidly assimilated are: glutaminic acid, aspartic
acid, glutamine serine, threonine, lysine, arginine. Then
- valine, methionine, leucine, isoleucine, histidine. Then
- glycine, thyrosine, triptophane, alanine, ammonia and,
last - proline. Apart from aminoacids, yeasts assimilate
peptides whose structure affects their assimilation rate.
Yeast may also assimilate polypeptides from the fer-
mentation medium. Of other nitric sources, yeasts may
use urine, different bases of purine and pyridine. In
general, yeasts are characterized by the ability of rather
active transformation of organic compounds, owing to
which detoxication of chemicals used in viticulture and
horticulture is in principle feasible. Proper selection of
yeast races may provide for a substantial reduction dur-
ing fermentation, or complete conversion of various toxi-
cants into yeast-specific metabolites that largely account
for the production of ecologically pure products [6].

Synthesis of extracellular compounds should also
be considered one of the manifestations of yeast meta-
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bolic potential. Bread, beer and wine yeasts in the pro-
cess of growth and fermentation release nitrogen con-
taining substances into the medium. In addition to
aminoacids, oligopeptides are released into the medium.
There is evidence that yeast cells release nucleotides
too. Exogenic enzymes synthesized by yeasts (namely:
amylase, chitinase, phosphatase, urease, protease, cel-
lulose, lipase, polygalacturonase) are identified in the
medium. Some yeast species are revealed which exhibit
high activity of these enzymes, which is the basis for
their industrial production.

Metabolic potential of yeasts somewhat rises in the
presence of natural growth factors (biotin, pantothenic
acid, inosite, thiamine, nicotinic acid, pyridoxine). Re-
verse carbon-containing compounds (glycogen, treha-
lose, lipids) are also of major importance for normal
metabolism in yeasts.

It is clear that numerous, diverse and complex fac-
tors determine metabolic processes ongoing in the yeast
cells, manifestation of their metabolic potential. These
are enzyme synthesis and activity, cellular control mecha-
nisms, transfer of anabolic and catabolic information
from genes onto ribosomes, composition of nutrition
medium, physiological status of membrane systems, etc.

Research of many years’ standing along these lines
started with a direct study of unaerobic breakdown of
carbohydrates - study of alcoholic fermentation chemism.
In keeping with current views, alcoholic fermentation
can be considered as an unaerobic multistep process of
sugar breakdown through the action of enzymes avail-
able in the cell, or secreted within it resulting in obtain-
ing secondary products together with the main products
of fermentation. In this multistep process the reaction
sequence and velocity are regulated by enzymes - on the
level of phosphor-fructokinase and pyruvatekinase be-
fore formation of pyruvate from glucose-6-phosphate.

It is calculated that each yeast cell can give rise to
fermentation of such an amount of sugar as to 30-fold
exceed its own weight.

During a normal course of alcoholic fermentation
there is a certain quantitative balance between the fer-
mentation products and deviation from it indicates that
for some reason, the biotechnological process has not
gone normally.

The existing quantitative ratio between the fermen-
tation products is expressed in the equilibrium equa-
tions [7]. These equations are of definite technological
importance in viniculture for evaluation of the normal
course of fermentation. However, it does not envisage
further conversions of the compounds existing in the
process or new generations to other substances which

had not been reflected in the equations. It also excludes
the possibility of using in the secondary products’ bio-
synthesis of those compounds which do not represent
the products of glucose conversion.

Use of radioactive compounds has revealed in quite
a new way the metabolic potential of yeast in the pro-
cess of alcoholic fermentation. Experimental findings
have made it clear that it is impossible to place the
processes ongoing in a natural fermentation medium by
yeast within strict frames of any equation. The main
and secondary products of sugar breakdown may again
be implicated in the primary process of fermentation,
undergo endogenic and exogenic conversions and take
part in the synthesis of compounds of different classes.

From this point of view, secondary alcoholic fer-
mentation that is a biotechnological basis for sparkling
wine production has not been studied at all for a long
time and it essentially differs by its conditions from
natural alcoholic fermentation; carbon dioxide high
pressure, alcoholic environment, availability of volatile
acids and alcohols of high order in the wine material,
low temperature of fermentation and other factors affect
the intensity and direction of the yeasts’ endogenic and
exogenic metabolism. Thus far, viability of yeasts under
secondary alcoholic fermentation conditions goes be-
yond the classical fermentation ranges and may be fan-
cied as a biotechnological process occurring in extreme
conditions.

Manifestation of the yeasts’ metabolic potentials, study
of the transformation pathways of low-molecular com-
pounds of wine during secondary alcoholic fermentation
allows to ascertain the molecular mechanisms of yeasts’
adaptation under extreme fermentation conditions which
is essential for the management of biotechnological pro-
cesses of secondary alcoholic fermentation [8, 9].

As a result of many years’ research we have ob-
tained statistically significant data dealing with the study
of main, secondary and side products. As a fermentation
agent for qualitative and quantitative analysis pure cul-
tures of Saccharomyces cerevisiae, var. vini were used,
which are traditionally employed in Georgia: Kakhuri-
42, Manavi-86, Chinuri-79, Rkatsiteli-61. In the experi-
ments with 14C-compounds industrial strain of Saccha-
romyces cerevisiae, var. vini-39 was introduced into the
fermentation medium. In the experiments we have used
isotopes having high specific activity, due to which pH
in the fermentation medium did not virtually alter and
the amount of 14C-compound introduced into the me-
dium did not exceed its normal content in the wine.

The results of analysis have shown that the yeast
cells during acute fermentation period before the onset
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of noticeable lysis, take an active part in the metabolism
of the compounds explored. In the process of secondary
fermentation the industrial strain of Saccharomyces
cerevisiae var. vini-39 assimilates the carbon skeleton
of ethanol, carbon dioxide, acetladehyde, acetic acid,
succinic acid, glycerine and glycine. In metabolic pro-
cesses participate 114C-lactic acid, 114C-malic acid, 114C-
citric acid, 114C-alanine, 314C-serine, 114C-lysine, 414C-
aspartic acid and 514C-glutaminic acid. The results of
yeast and wine analysis indicate (Table 1) that, second-
ary and side major products of fermentation are charac-
terized by different levels of transformation. In the con-
ditions of our experiments yeasts maximally assimilate
and convert glucose (98.9%), malic acid (92.4%), citric
acid (91.7%), glycine (90.3%) and serine (90.1%). Ethyl
alcohol (0.7%) undergoes insignificant assimilation and
conversion. From the same evidence it is seen that dur-
ing fermentation going on with the classical method of
champagnization, although yeast contact with wine com-
ponents is short-lasting (exposure for 12-20 days), most
of the endogenic metabolism products of the compounds

explored was transferred into wine. The qualitative and
quantitative composition of the fermented wine was
essentially altered. The carbon skeleton of the studied
compounds did thereat partially oxidize to carbon diox-
ide (Table 2).

More than a half of radioactivity of 114C-cirtric acid,
114C-malic acid assimilated by yeasts, as well as 114C-
alanine, is released in the form of 14CO2 [10]. Complex
mechanisms of carbon skeleton oxidative conversions
are indicated by 14CO2 radioactivity indices during con-
versions of 114C- and 214CF-glycine, 114C- and 214C-
acetic acid, 114C- and 214C-ethyl alcohol.

The results of chromatographic and autoradiographic
assessment show that out of transformation products of
the compounds explored, both in yeast cells and wine
components, the essential ones are Krebs and glyoxalate
acids and those aminoacids whose genesis is associated
with the conversions of relevant ketoacids [11, 12].

In the process of secondary alcoholic fermentation,
in spite of the limiting factors (high CO2 pressure, high
ethanol concentration, presence of high order alcohols,

Table 1

Relative assimilation and conversion of wine components by S. cerevisiae var. vini-39 during
secondary alcoholic fermentation

14C-compounds introduced into the 
medium 

Assimilated and converted  
14C-radioactivity (%) from initial 
activity of fermentation medium 

% distribution of radioactivity 

in yeast in wine components 

1-614C-glucose 98.9 2.5 97.5 

114C-malic acid 92.4 0.2 99.8 

114C-citric acid 91.7 0.01 99.9 
114C-glycine 90.3 16.3 83.7 

314C-serine 90.1 1.7 98.3 

114C-alanine 76.3 2.7 97.3 

214C-glycine 76.1 11.1 88.9 
514C-glutaminic acid 75.5 3.9 96.1 

114C-lysine 60.1 24.8 75.2 

214C-acetic acid 52.2 3.4 96.6 

114C-acetic acid 40.7 3.3 96.7 
114C-lactic acid 36.1 2.4 97.6 

414C-aspartic acid 35.5 9.2 90.8 

2,314C-succinic acid 35.1 2.6 97.4 

1,414C- succinic acid 26.8 3.5 96.5 
1,214C-acetaldehyde 23.3 5.2 94.8 

114C-glycerine 22.7 0.3 99.7 

214C-glycerine 19.5 0.9 99.1 
14C-carbon dioxide 6.3 3.2 96.8 
214C-ethyl alcohol 0.7 0.5 99.5 

114C-ethyl alcohol 0.6 0.4 99.6 
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restricted oxygen amount, etc.), yeast metabolic poten-
tial, interrelation of transformation processes in the wine
main components are strongly manifested.

Autoradiographic analysis has shown that the main
source for succinic acid formation during fermentation is
carbon dioxide, 214C-ethyl alcohol, 114C- and 214C-acetic
acid, 114C-malic acid, 1,214C-acetaldehyde, 114C-glycine
and 514C-glutaminic acid. Succinic acid carbon skeleton
and 414C-aspartic acid are mainly involved in the synthe-
sis of malic acid. 1,414C- and 2,314C-succinic acid and
214C-ethyl alcohol constitute the principal source for cit-
ric acid formation. 114C-alanine and carbon dioxide are
main participants in lactic acid synthesis. Glyoxal acid is

preferentially yielded by 114C-glycerine, 114C-acetic acid,
114C- and 214C-glycine, 114C-lysine.

As the result of conversion of 114C- and 214C-acetic
acid, 1,414C-succinic acid, 114C-malic acid, 114C-citric acid
mainly identified in wine aminoacids are: valine, leucine,
glutaminic acid. In the synthesis of glycine, serine, and
triptophan 214C-acetic acid and 1,414C-succinic acid par-
ticipate preferentially. Synthesis of glutaminic acid is linked
mainly with 114C-acetic and 114C-citric acid conversion.
Intensive formation of valine is noticeable during biotrans-
formation of virtually all the compounds explored.

The principal metabolic pathways of different class
compounds are established; carbon atoms of ethanol and

Table 2

Formation of carbon dioxide by S. cerevisiae var. vini-39 from different wine components

14C-compounds introduced  
into the medium 

Amount of initial substances  
(C12+C14) mg/400 ml 

% Radioactivity of released  
14C02 from the assimilated and  
converted by yeasts compound 

114C-citric acid 168.8 65.7 

114C-malic acid 661.0 53.6 

114C-alanine 49.1 50.0 

114C-glycine 13.1 38.0 

1-614C-glucose 8892.5 25.7 

414C-aspartic acid 179.5 18.6 

214C-glycine 41.4 10.2 

114C-lactic acid 396.7 8.5 

114C-lysine 19.8 4.7 

114C-ethyl alcohol 42014.6 4.3 

1,414C- succinic acid 519.4 2.5 

114C-acetic acid 425.5 2.0 

514C-glutaminic acid 118.2 0.5 

314C-serine 134.0 0.4 

1,214C-acetaldehyde 143.0 0.3 

214C-acetic acid 345.0 0.2 

2,314C-succinic acid  540.4 0.1 

114C-glycerine 1623.1 0.1 

214C-ethyl alcohol 32834.3 0.1 

214C-glycerine 1709.1 0 
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carbon dioxide participate preferentially in the synthe-
sis of wine organic acids and yeast protein aminoacids.
Transformation of a large part of organic acids is ac-
complished by Krebs and glyoxalate cycle. Carbon at-
oms of aminoacids take part mainly in the intermediate
exchange. At the same time, assessment of the carbon
skeleton transformation products of the compounds ex-
plored shows that a large part of them represent the
products of synthetic processes. At every separate mo-
ment of fermentation dynamic changes occur in the fer-
mentation medium qualitative and quantitative compo-
sition, in oxidation-reduction potential, temperature,
enzyme activity, their adsorption and release, formation
of different class compounds. Accumulation of meta-
bolic products in the medium according to Le Chateler’s
principle may disturb the equilibrium with enhancement
of re-synthesis (synthesis of reserve carbohydrates, lip-

ids) that may result in a temporary inhibition of a sugar
breakdown process.

Extreme fermentation conditions alongside other
factors causes profound changes of the principal meta-
bolic pathways which does not rule out the functioning
of as yet unknown separate pathways.

The results obtained enable to study every question
of fermentation yeasts’metabolism, to reveal compre-
hensively their metabolic potential. Thus far, rather
important task is to establish optimal composition of
wines with the use of selectively chosen yeast strains, to
reveal genetic peculiarities of functioning of the enzyme
systems having specific biochemical characteristics that
are responsible for biosynthesis of technologically im-
portant compounds. This is essential for further perfec-
tion of sparkling wine production biotechnological pro-
cesses.

biofizika

spirtuli duRilis safuvrebis metaboluri
potenciali

e. kirTaZe*, n. nucubiZe**

*   s. durmiSiZis bioqimiisa da bioteqnologiis instituti, Tbilisi
** akademiis wevri, s. durmiSiZis bioqimiisa da bioteqnologiis instituti, Tbilisi

naSromSi warmodgenilia alkoholur duRilSi gamoyenebuli safuvrebis klasifikacia
taqsonomiisa da Tanamedrove sistematikis principebis gaTvaliswinebiT.

literaturis monacemebisa da sakuTari gamokvlevebis safuZvelze gamovlenilia puris, ludisa
da Rvinis warmoebaSi gamoyenebuli safuvrebis metaboluri potenciali. gaanalizebulia spirtuli
duRilis qimizmis ZiriTadi aspeqtebi.

Saccharomyces-is gvaris safuvrebSi 14C naerTebis gamoyenebiT Seswavlilia duRilis ZiriTadi
produqtebis (eTanoli, naxSirorJangi), organuli mJavebis (ZmarmJavas, rZemJavas, qarvamJavas,
vaSlmJavas, limonmJavas), aminomJavebis (alaninis, glicinis, serinis, lizinis, asparaginmJavas da
glutaminmJavas) transformaciis produqtebi meoreuli spirtuli duRilis procesSi (cqriala
Rvinoebis warmoebisas), rogorc safuarSi, ise daduRebul areSi.

dadgenilia safuvrebis ujredebis mier glicerinis, eTanolis, glicinis, ZmarmJavasa da
qarvamJavas naxSirbadovani ConCxis calkeuli naxSirbadatomebis gamoyenebis gzebi meoreuli
spirtuli duRilis eqstremalur pirobebSi. eTanolisa da naxSirorJangis naxSirbadatomebi
upiratesad Rvinis organuli mJavebisa da safuvris cilebis amonomJavaTa sinTezSi monawileobs.
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organul mJavaTa didi nawilis transformacia krebsisa da glioqsalatis cikliT xorcieldeba.
aminomJavaTa naxSirbadatomebi ZiriTadad Sualedur cvlaSi monawileoben.

miRebul Sedegebs arsebiTi mniSvneloba aqvs Seswavlili safuvrebis (Saccharomyces cerevisiae
var. vini) energetikuli da konstruqciuli cvlis im TaviseburebaTa gamoyenebisTvis, romelnic
ganapirobebs mza produqciis xarisxisaTvis mniSvnelovani naerTebis sinTezs, cqriala Rvinoebis
warmoebis bioteqnologiuri procesebis Semdgomi srulyofisTvis.
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