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The purpose of this work is to study the dependence of ethanol accumulation by-products and secondary
products (glycerol and propionic acid) during the fermentation in the case of increasing the wort
concentration from 12 to 21% by weight of sugar as an example of commonly used in the alcohol industry the
commercial dry yeast company «Danisco» and experimental osmophilic strain Saccharomyces cerevisiae
DS-02-E, isolated from a concentrated (80% DM) of rye malt wort which spontaneously fermented. The
enzyme preparations “AMYLEX 4T”, “ALPHALASE AFP” and “DIAZYME SSF” were used for the
liquefaction and saccharification of starch wort). The finished industrial of both yeast strains were added to
the fermentation flasks in an amount of 10% by volume of the primary wort. In the mature brew the
unfermented carbohydrates content was determined by colorimetric method with anthrone reagent,
alcohol — by glass areometer-alcoholometer, acidity — potentiometrically, the concentration of dry
matter — by areometer, glycerol content — by photocolorimetry method. In the brew distillate a volatile
impurities content, namely propionic acid, was determined using gas chromatography. Statistical processing
of the results of three series of experiments were carried out by calculating the arithmetical mean value of
5 measurements, their standard deviations and errors. To determine the probable differences between the
mean values were used Student’s test. Differences were considered statistically significant at P < 0.05.

Reduction for accumulation of glycerol (between 38 till 53% ) at higher concentrations of nutrient
medium in the case of the Saccharomyces cerevisiae yeasts DS-02-E as compared with commercial dry
yeast, reduction the formation of unwanted by-product of fermentation — propionic acid (up to 34%), a
better ability of the experimental strain to accumulate sugar of wort and to accumulate ethanol (up to
0.1-0.25% vol.) were shown. It was concluded that the involvement of other mechanisms for osmoadapta-
tion not related to HOG (high-osmolarity glycerol) way, or less active glycerol synthesis system in response
to osmotic stress. The practical significance of research using a new experimental osmophilic yeast strain
consists of increasing the depth of substrate utilization and ethanol yield from the starch of grain raw
materials that have a positive impact on the economy and ecology of ethanol (bioethanol) production.
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One of the main technological stages in
ethyl alcohol bio-technology is yeast culti-
vation, viability of which greatly influences
on fermented wort characteristics during the
starch-containing feedstock processing. The
source kind of alcohol yeasts is Saccharomyces
cerevisiae, which has been the main object
of ethanol production for many years. Yeast
strains XII, XII-T and dry yeasts of different
manufacturers have become the most popular to
ferment wort from starch-containing feedstock
in Ukraine. They fully assimilate sugars, create
secondary and by-products, which influence on
alcohol quality and sustainability to relatively
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high ethanol concentrations in fermented wort.
The ethanol technology is quite costly when
fermented wort contains 9-10% vol. of ethanol.
According to this fact, the increase of alcohol
yield if fermented wort even up to 12-14% vol.
is a real energy efficient measure and it allows
to improve the production profitability [1-3].

The major obstacle to achieving this goal is
the issue of yeasts osmoadaptation to higher
nutrient concentration in mash and ethanol
accumulated in fermented wort. The solution
of this problem lays in selection of new strains
which have osmoprotectoral abilities, and are
capable of high fermentation activity.
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The increased osmophilic pressure, which
occurs in case of increasing the carbohydrates
concentration in cultivation media, causes
the loss of free cell energy to provide
osmoregulation, providing transportation
systems and synthesis of osmoprotectors[4—5].
According to this fact, under the conditions
of high osmolarity, lag-phase extension,
growing speed reduction, ethanol and biomass
accumulation level decrease take place. All this
happens because yeasts are in osmotic stress.

Efficient yeast function under conditions
of high sugar and alcohol concentration in
media is caused by various metabolism ways
activation, adaptive proteins expression and
eventually yeast cell biochemical composition
and modified profile of metabolism products.

It is widely known that yeasts S. cerevisiae
have quite complex and complete systems
of adaptation to the changes of solids
concentrationincultivation media. One of them
is the presence of osmosensors in cytoplasm
membrane. Scientists have claimed that
accumulation of some protective compounds
in yeast cells is constituent, however under
unfavourable conditions the increase of their
production may be noticed [4].

Changes in media osmolarity influence on
different signal ways of S. cerevisiae. A number
of researches showed that with increasing of
life-dangerous osmolarity, yeasts activate
HOG (high-osmolarity glycerol) signal way,
the main element of which is Hogl MAP
(mytogen activated proteinkinase). Scientists

consider that HOG system is the most effective
signal way of yeasts reaction on osmotic
changes and signal transfer to transcription
factors. It activates less than in 1 minute in
case of osmolarity increase [6—8]. Activated
Hog1 regulates cell cycle, protein translation
and gene expression which are essential for
glycerol creation and internal osmolarity
increase.

On the contrary, alcohol fermentation
process, which consists of not less than 13
main stages, is always accompanied by glycerol
synthesis. It happens due to the fact that
during glucose to ethanol dissimilation one of
the stages happens with the help of aldolase
transformation of fructose-1,6-diphosphate
into two phosphotrioses: phosphodioxyacetone
and 3-phosphoglyrerol aldehyde. The last
one turns into glycerol after restoration
and phosphorus acid cleavage. To sum up,
the glycerol formation is constituent in
fermentation process.

Glycerol accumulation also plays some
a certain role in cytosolic balance of NAD"/
NADH in S. cerevisiae (Fig. 1) [9] . Except of
glycolitic way (A), which leads to creation of
glycerol, ethanol and ethyl acetate, scientists
consider synthesis of glutamate form
2-oxoglutarate in order to reduce formation of
cytosolic NADH and glycerol (B). Researchers
link overproduction of glycerol by S. cerevisiae
with over secretion of formate dehydrogenase
whish is a stress protein and uses formate to
generate additional source of cytosolic NADH (C).
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Fig. 1. Glycolitic way of glycerol formation and other ways of glycerol accumulation,
engaged in cytosolic balance of NADT/NADH in S. cerevisiae
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The interest of researchers in S. cerevisiae
glycerol overproduction is caused by two
practical factors. Firstly, presence of glycerol
in wine improves its demand and consumer
properties. Secondly, it reduces ethanol
formation during soft dirnks production
which has commercial interest.

On the other hand, in alcohol production
the increase of ethanol yield in wort during
fermentation is a primal objective. Therefore,
the investigation of the way mash solids
concentration increase influences the
metabolism of S. cerevisiae industrial strains
is up-to-date task and has practical value.

The aim of our work was to investigate
biological response of S. cerevisiae yeasts to
osmotic stress, caused by concentration of
fermentable compounds and accumulated
ethanol. Particularly, we have been studying
the influence of mash concentration on
secondary and by-products (glycerol and
propionic acid) formation in yeasts, using as
an example widely used industrial dry yeasts
and experimental yeast strain as well.

Materials and Methods

The objects of our investigation are ethanol
producers — experimental yeast strain DS-
02-E, which is adapted to highly concentrated
mash fermentation, and dry yeasts produced
by “Danisco” company, which are widely used
by alcohol industry enterprises. DS-02-E yeast
strain was isolated from concentrated (80%
solids) rye malt mash, which self-fermented
spontaneously.

For our investigation we used corn mash
samples, which contained 12, 15, 18, 21%
mas. sugars. To prepare the samples we took
corn grind batches of 50, 62.5, 75 and 83 g
and transferred them to 250 ml flasks, mixed
with water at ratio 1:3, added liquefaction
enzyme solution “AMYLEX 4T” in dosage of
1.5 activity units per 1 g of starch and held it
for 3 hours at a temperature of 90 °C.

Afterwards, we cooled the liquefied mash
to 30 °C, added proteolytic enzyme solution
“ALPHALASE AFP” and saccharification
enzyme solution “DIAZYME SSF” in dosage
of 6.0 activity units per 1 g of starch and
added yeast culture, which was cultivated for
24 hours. Yeast ratio was 10% of mash volume
(25 ml). The processes of saccharification and
fermentation were simultaneous and were held
for 72 hours at a temperature of 30 °C.

We propagated pure yeast culture in barley
malt mash which contained 17% m/m sugars.
We used the received suspension in order to
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prepare industrial yeasts using saccharified
corn mash with sugar concentration equal to
their fermentation probe.

To regenerate dry yeasts we took their
batch, mixed them with distilled water which
contained 0.9% m/m of NaCl and sustained
them for 30 min at a temperature of 25-30 °C.
Afterwards, we used yeast suspension in the
same way we had treated experimental strain
DS-02-E.

Mature industrial yeasts of both races were
added to fermentation flasks in a ratio of 10%
to main mash.

In fermented worts we determined the
amount of unfermented sugars using anthrone
method; to determine alcohol value we used
areometer; we determined acidity using pH-
meter; to determine solids concentration we
used aerometer [10]; to determine glycerol
amount we used photometric method [11].

In wort distillates we determined the
amount of contaminants, particularly propio-
nic acid, using gas chromatography [12].

We accomplished the statistical processing
of results, obtained from 3 series of researches,
calculating the arithmetic means of their
standard deviations and mistakes among 5
probes. To determine the probable differences
between average amounts we used Student
criteria. We took divergences as statistically
probable if P <0.05[13].

Results and Discussion

Increased production of glycerol as a
response to osmotic stress, caused by mash
concentrationadvance, hasanegativeinfluence
on substrate utilization ratio, thus on resource
efficiency of alcohol production. According
to this fact, the usage of osmophilic yeasts,
which have the ability to resist the increased
osmolarity due to the synthesis of glycerol,
may cause some reduction of economical
indexes of the process, particularly, in case of
advanced accumulation of other reaction by-
products.

In our researches we compared how do dry
yeasts of “Danisco” company and experimental
yeast race DS-02-E accumulate glycerol in
fermented worts under the conditions of
increased mash solids concentrations. The
results are shown on Fig. 2.

From the diagram we can see, that both
yeast races kept the trend to increase glycerol
accumulation according to sugar concentration
increase. This is natural due to the fact that
mechanisms of alcohol and glycerol-pyruvate
fermentations are tightly connected to each
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B DS-02-E race
B Dry yeasts

12 15 18 A
Sugar concentration, %sm/m

Fig. 2. The influence of mash sugars concentra-
tion on the ability of investigated yeast races to
accumulate glycerol in fermented worts
Here and further: * — P < 0.05;
reliably comparatively to columns 2 (dry yeasts)

other. The alcohol fermentation always starts
from pyruvate fermentation, which serves
as starting period of acetaldehyde synthesis.
On the second stage, when the essential level
of acetaldehyde in the media is reached, the
process of alcohol fermentation and ethanol
production starts to prevail.

During alcohol fermentation the glycerol
accumulation takes place majorly at induction
period of glucose utilization, when the first
molecule of 3-phosphoglycerol aldehyde
recovers and transforms into glycerol, and
the second acetifies to 3-phosphoglycerol acid
and afterwards to pyruvate and acetaldehyde.
Acetaldehyde accumulates and becomes
competitor of phosphoglycerol aldehyde in
Hydrogen acception. And then the alcohol
fermentation and ethanol formation prevails.

In our research, with the initial mash
concentration growth, the amount of glycerol
in fermented worts was different even for
relatively low sugar concentrations: the yeasts
of experimental osmophilic race DS-02-E,
which were adapted to high concentrations,
produced 38% less glycerol, comparing to
“Danisco” dry yeasts, in case of 12% m/m
sugars wort fermentation. And for sugar
concentration of 21% m/m experimental race
produced 53% less glycerol.

Therefore, except for common in alcohol
fermentation formation of glycerol, the other
mechanism of its synthesis is involved. This
can be explained by the fact that during the
process of selection the yeasts, suitable for
drying, which is a strong negative factor,
“Danisco” company dry yeasts undertook the
impact of substantive stress conditions. Thus,
the increased glycerol production is one of
achieved abilities of these yeasts. Apparently,

the osmophilic experimental yeast race DS-
02-E has less active HOG-way mechanisms of
protection against stress. However, this has
positive impact on alcohol fermentation in the
ability to produce such by-product as glycerol.

The tendency of formation the majority
of by-products in initial stages of their
fermentation is observed not only for glycerol,
but forother metabolism products, particularly
organic acids [1]. Their amount sometimes
even reduces in the end of this process.

Thus, we considered it expedient to
investigate the accumulation of organic acids
in case of mash concentration increase for
selected races, because these metabolism by-
products also have a negative effect on the
substrate utilization ratio, rectified alcohol
storage duration and also worsen their alcohol
quality.

For example, propionic acid, the amount of
which, along with butyric acid, is the largest
among all other acids, gives bitter taste to
alcohol. Moreover, during the production
of alcoholic beverages it is hardly absorbed
by either activated charcoal or other known
sorbents [14].

The formation of propionic acid (Fig. 3)
grew together with mash concentration
increase. But, its amount was smaller in case
of experimental yeasts fermenting the mash,
comparing with dry yeasts. The amount of
propionicacidindistillateswas 15.5-20.8 mg/1
of pure alcohol for experimental yeast strain
respectively to investigated concentrations.
In case of using dry yeasts these amounts were
20.6—-31.6 mg/1 of pure alcohol.

Thus, the experimental yeast race is more
appropriate to be used in high concentration
mash fermentation than commercial dry
yeasts according to glycerol and propionic acid
accumulation.

@ DS-02-E race
| dry yeasts

Propionic acid contents, mgiL p.a.

15 18 21
Sugar concentration, %am/m

Fig. 3. Accumulation of propionic acid
in fermented wort depending on mash
concentration by investigated yeast races

131



BIOTECHNOLOGIA ACTA, V. 8, No 4, 2015

Considering that glycerol production, as a
yeasts mechanism of osmoadaptation to mash
concentration increase, and propionic acid, as
a secondary product of yeast metabolism, the
formation was lower for experimental yeast
race. It was natural to foresee the alcohol
yield increase from source starch-containing
feedstock during the fermentation of high-
concentrated mash by experimental yeast race.
This happens due to the fact that the majority
of sugars transforms into ethanol, and is not
spent to produce other metabolites. The results
of research are displayed on Fig. 4.
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Fig. 4. The dependence of mash concentration
on alcohol contents in fermented wort
by investigated yeast races

As displayed on Fig. 4, when the initial
sugar concentration was 12% m/m, alcohol
accumulation was equal for both investigated
races and reached 7.9 %vol. Yet, when media
concentration grew upto 15—21% m/m sugars,
DS-02-E yeasts synthesized 0.1-0.25 % vol.
morealcoholagainstdry yeasts. Thisfactallows
increasing the alcohol yield by 4.5-7.5 1/t
of corn grain, considering normal ethanol
yield per t of corn starch and starch contents
in corn grain.
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MeToio poboTu OyJIO HOCTIAUTH 3aJIeKHICTH
HaKONUWYEHHS eTAHOJIy Ta YTBOPEHHA MO0iuHUX i
BTOPUHHUX IIPOAYKTIiB (IJIilepoJsy i mponioHoBoO1
KHCJIOTH) Hix uac 30pomsKyBaHHA 31 30iabIeH-
HAM KOHIeHTpaIii cycaa Bixg 12 mo 21% wmac. my-
KPiB Ha NMPUKJAAi IIIUPOKO BUKOPUCTOBYBAHUX
y CIMPTOBiM raaysi cyXmx KOMepPIiiHUX IpiK-
mkiB pipmu «Danisco» Ta ekcliepuMeHTAaJIbHOTO
ocMmodinbHOTO MmTamMy Saccharomyces cerevisiae
IC-02-E, isonboBaHOro0 3 KoHIIeHTpPoBaHOTO (80%
CP) co1010BOT0 "KUTHLOTO CYCJIa, II[0 CIIOHTAHHO
3abpoauio. I[1a po3piAsKeHHsS Ta OIMYKPIOBaHHS
KPOXMAaJII0 CycJia 3aCTOCOBYBAaJIM €H3MMHI Impe-
mapatu «AMYLEX 4T», «<ALPHALASE AFP» i
«DIAZYM SSF». I'oToBi Bupob6HUUi ApisKaxi 000X
pac ApisK/I:KiB BHOCUJIN B OPOAMIbHI KOJIOU ¥ Kislhb-
kocti 10% Bix 06’emy ocHOBHOTO cycJjia. ¥ 3pinmx
OpasKKaxX BU3HAYAJU BMiCT HE30POIKEeHUX BYTJIe-
BOZiB ()OTOEJEKTPOKOJIOPUMETPUUHIM METOI0M
3 aHTPOHOBUM PEAKTHUBOM, CHUPTY — CKJIAHUM
apeoMeTpPOM-CITUPTOMipPOM, KUCJIOTHICTh — IIOTEH-
I[IOMeTPUYHO, KOHIIEHTPAIIil0 CYXUX PEUYOBUH —
apeoMeTPUYHO, BMICT TJrinieposy — (hOTOKOJIO-
PUMETPUUYHUM METOAOM. ¥ AUCTHUIATAX OpParkKKu’
BUB3HAUYAJN BMiCT JeTKMX MTOMIIIOK, 30KpeMa
TIPOITIiOHOBOI KUCJIOTH, METOIOM Ira30BOi XpOMAaTO-
rpagii. CratTucTuuHy 00POOKY PE3yJIbTaTiB TPHOX
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ITenrio paboThl OGBIIO WCCaAEAOBATH 3aBUCH-
MOCTDH HAKOIIJIEHUs 9TaHOJa U 00pasoBaHUS IIO-
0OUYHBIX M BTOPUUYHBIX IIPOAYKTOB (TJIMIEPOJIA U
IIPOIIMOHOBOM KMCJIOThI) B IIpoliecce cOpasKiBaHUA
IpU YBeJINUYEeHUN KOHIeHTpaIuu cycyaa ot 12 mo
21% mac. caxapoB Ha OpUMepe IIUPOKO MUCIIOIb-
3yeMbIX B CIIMPTOBOM OTPACIH CYXUX KOMMepUe-
CKUX Apo:K:Kell pupMbl «Danisco» 1 sKcmepuMeH-
TaJILHOTO OCMO(MUJILHOTO IIITaMmMa Saccharomyces
cerevisiae [1C-02-E, n301upoBaHHOTO U3 KOHIEH-
rpupoBanuoro (80% CB) cosomoBoro pKaHo-
TO cycja, KOTOpOe CIOHTaHHO 3abponuio. s
PasKUIKeH!UsS U OcaXapuBaHUA KpaxmaJlia cycja
HMCIIOJIb30BaJIu 9H3UMHBIe mpenapaTtbl « AMYLEX
4T», «ALPHALASE AFP» u «DIAZYM SSF».
T'oToBbIE TPOMBBOACTBEHHBIE APOKIKM 00emX pac
BHOCHJIN B OPOuJIbHBIE KOJI0bI B KoaudecTBe 10%
OoT 00'beMa OCHOBHOTO cycJjia. B 3pesbix 6paskKax
OIIPeeISAIN COlePsKaHre HeCOPOKEeHHBIX YIJIeBO-
0B (hOTO3JIEKTPOKOJIOPUMETPUIECKUM METOIOM C
AHTPOHOBLIM PEAKTUBOM, CIUPTA — CTEKJIAHHBIM
apeoMeTpoOM-CIIUPTOMEPOM, KHUCJIOTHOCTh — IIO-
TEHI[IOMETPUUYECKHN, KOHI[EHTPAIINI0 CYXUX Be-
IIeCTB — apeoMeTpUuYecKu, CoJeprKaHue Taulle-
posa — (hOTOKOJIOPUMETPUUYECKUM MeTOJ0OM. B
IUCTUJLIATAX OPasKKU OIPEeNessin coleprKaHue
JIeTyYnX IpUMecell, B YaCTHOCTHU IIPOIIMOHOBOMI
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cepiit mocJifiB MPOBOAMIN IIJIAXOM PO3PAXYHKY
cepenHixX apu(METUUHUX BEJUUYUH i3 I’ ATH BUMI-
PIOBaHB, 1X CepeqHbOKBAAPATUYHUX BiAXUJIEHD i
noxuboK. [ BUsiBJI€HHS BiporigHUX BiAMiHHOC-
Teil MiK cepeqHIMU BeJIMUNHAMYA BUKOPUCTOBYBa-
au xkputepiit CteiogenTa. PosbiskHOCTI BBAasKaIu
CTATHUCTUYHO HocToBipuuMu 3a P < 0,05.

IToxaszaHo 3MeHINIeHHSA HAKOIUUYeHHA TJile-
poay (Big 38 mo 53%) sa migBUINEHNX KOHIIEH-
Tpamiil XKUBUJILHOTO CepenoBUINa y pasi 3acrTo-
cyBaHHA APiKIKiIB Saccharomyces cerevisiae
HC-02-E nmopiBHAHO i3 cyXuMU KOMepIiHUMU
IpimkIxaMu, SMEHIIIeHHSA YTBOPEHH A HebaKaHo-
T0 TOOIYHOT0 IPOAYKTY OPOAiHHA — IIPOIIiOHOBOI
Kucgotu (mo 34% ), Kpaly 3IaTHICTb eKCIIepH-
MeHTaJbHOI pacu BUKOPUCTOBYBATU IIYKPHU CYC-
Ja i Hakonuuysatu eranoJ (go 0,1-0,25% 006.).
3po06IeHO BUCHOBOK PO iCHYBaHHS iHIIINX Me-
XaHi3sMiB ocMONIpoTeKIlii, He moB’a3auux 3 high-
osmolarity glycerol-masxom, a60 BUKOPUCTAHHSA
MEHIIT aKTUBHOI CUCTeMU YTBOPEHH TJIIIEPOTy y
BiAmmoBiab HA ocMoTHUYHMNY cTpec. IIpakTuune 3Ha-
yeHHs poOOTH y pasi BUKOPUCTAHHSA HOBOT'O eKC-
HIepUMeHTaJbHOTO OCMOMiJIBHOTO IIITAMY APisK-
IKiB mossArae y 36iJbITeHH] TInOuHY yTuIisaii
cybcTpaTy Ta BUXOAY €TaHOJIY 3 KPOoXMaJieBMicHOI
3ePHOBOI CUPOBUHMU, 10 TO3UTUBHO ITO3HAUUTHCA
Ha eKOHOMIIIi Ta eK0JIoTil BUPOOHUIITBA €TaHOJIY
(6ioeraHoITy).

Knwuosicnosa: cycio, ocMOPiabHICTD, APLKIKI,
TJIiIepoJt.
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KUCJOTHI — METOJOM ra30BO¥ XpoMaTorpaduu.
CraTucTuuecKyio o0paboTKy pe3yJabTaTOB TPEX
cepuii OIBITOB IPOBOAUIY MIYTEM pacueTa cpef-
HUX apu(PMeTUUYeCKUX BEJUUUH U3 MATU U3Me-
peHunii, uX cpeJHeKBaApPaTUUECKUX OTKJIOHEHU
u norperHocTei. [id onpeneseHus BePOATHBIX
OTINUNI MEXKIY CPeIHNMU BeJINUYNHAMU NCIIOJIb-
3oBasu Kpurepuit CrponeHTa. PacxoxageHus
CUMTAJU CTATUCTUUYECKH BHAUYUMBIMHU TPU
P <0,05.

ITokasamo yMeHbIIIeHe HAKOILJIEHUS TJINIle-
poua (ot 38 1o 53% ) Ipu HOBBINIEHHBIX KOHIIEH-
TpanuAX MUTATEeJIbHOM Cpeabl B CJIyUYae MCIOJIb-
30BaHUA APOKIKelr Saccharomyces cerevisiae
HOC-02-E B cpaBHEHUU C CyXUMU KOMMEPYECKUMU
IPOJKIKaMM, YMEHbIIIeHe 00pasoBaHUA HexXXe-
JaTeJIbHOTO MOO0OYHOTO IPOAYKTA OPOKEHUI —
MIPOIIMOHOBOI KUCJIOTHI (10 34% ), AYUIIYIO CIIO-
COOHOCTDH AKCIEPUMEHTAJBHON pachl UCIOJIH30-
BaTh caxapa CycJia U HaKaIllJIuBaTh 9TAaHOJ (IO
0,1-0,25% 06.). CinesmaH BBIBOJ O CYIIIECTBOBAHUU
IPYTUX MEeXaHW3MOB OCMOIIPOTEKIIMM, HE CBSA-
3aHHBIX ¢ high-osmolarity glycerol-nmyrem, min
HUCIIO0JIb30BAHUM MeHee aKTUBHOM cucTeMbI oOpa-
30BaHUA TJIUIEPOJA B OTBET HAa OCMOTUYECKUI
ctpecc. IIpakTuueckoe 3HaUeHME PAOOTHI C UCIIOJIb-
30BaHUEM HOBOT'O 3KCIIEPUMEHTAIBHOTO OCMOMUIb-
HOTO IIITaMMa JIPOJKIKEH COCTOUT B yBEJIUUYEHUU
raIyOMHBI YTUJIN3AIUU cyOcTpaTa 1 BBIXOLA dTa-
HOJIa U3 KPaxMaJICoAeP:Kallero 3ePHOBOTO ChIPhS,
YTO ITO3UTUBHO CKaKeTCA Ha S9KOHOMUKE U 9KO0JIO-
TUU IPOU3BOCTBA dTaHoJa (6109TaHOIa).

Kntouesvie cnrosa: cycio, ocMOPUIBHOCTD, IPOXK-
JKU, TJINIEPOJI.



