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Abstract

Purpose: The perfection the modes of thermal treatment for the increase of biological resistance of the
fermented drinks that were got with the use of culture Medusomyces gisevii. Methods: We investigated the
effect of thermal treatment in the range 55..80°C for 10-60 minutes to change the physicochemical and
organoleptic characteristics of fermented beverages during storage and storage conditions of beverages in
glass bottles (temperature, filling factor). Results: It is established that to increase the shelf life of the
beverage in the optimal processing conditions are the temperature ranges and duration, respectively, of
63°C and 40 min to 75°C and 15 min. The optimum fill factor for drink based on the culture of Medusomyces
gisevii in glass bottles is 0.90-0.96. Discussion: The stability of non-alcoholic fermented beverages obtained
using Medusomyces gisevii culture, treated with pasteurization under conditions of two treatment regimes:
63°C and 40 min. and 75°C and 15 min was investigated. Taking into account the rather mild conditions of
thermal treatment and achieved a bacteriostatic effect during 60 days of storage at 30°C, the 1th mode can
be recommended as acceptable to the increase of biological firmness of drink. Storage of beverages at
temperatures up to 12°C can stabilize the microbiological state up to 180 days. In the 2nd mode of heat
treatment the stability of the beverage remained stable at a storage temperature of 30°C for 180 days, and at
12°C — not less than 210 days. The use of modes of thermal processing of beverage within the specified limits
allows guaranteed shelf life of 2 to 6 months without significant reduction of organoleptic characteristics
and content of biologically active substances compared to unprocessed beverage.

Keywords: biological resistance; culture Medusomyces gisevii; expiration date; fermented drink; fill factor
of bottles; tea mushroom; thermal treatment.
1. Introduction packing and high firmness at storage without

addition of synthetic preservative [1].
Mineral water, juices and soft drinks, belong to the

products of everyday demand and daily
consumption. The tendencies of healthy feed that
was folded in society lately influence on market of

2. Analysis of recent research and publications,
problem statement

soft drinks development in Ukraine. The segments
of sweet water, power drinks grow short due to the
increase of consumption of functional drinks from
natural raw material. Producers react on it by
expansion of the assortment line by functional drinks
that contain juice, extracts of spice-aromatic herbs
and others like that. Also, at the market of soft
drinks of Ukraine the marked tendency to high
demand on products that has the comfortable

In recent years in Ukraine are highly popular non-
alcoholic fermented drinks (or fermented beverages).
These include drinks such as kvass, honey drinks,
fermented drinks based on sugar sorghum, as well as
beverages such as "tea mushroom", "rice mushroom"
and others. Drinks of this group contain a balance of
amino acids, enzymes, vitamins, minerals, due to
which they have a positive biomedical effect on the

human body [2, 3].
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Fermented beverages (even filtered) contain
residual cells of the mixed culture of
microorganisms used for fermentation. Therefore, an
important indicator of this group of drinks is their
stability during storage. For unpasteurized fermented
beverages, this index is governed by the term of not
less than 7 days, and for pasteurized — not less than
30 days [4]. The existing technology of fermented
non-alcoholic beverages provides a period of storage
at a temperature not higher than 12°C no more than
2 days, or include heat treatment at high
temperatures, which leads to a decrease in the
content of biologically active substances in the
finished beverage and deterioration of its taste [5].
Thus, the study of and search for optimal ways to
increase the biological stability of the fermented
beverages is an important task and has both
scientific and practical importance.

It is known that such a fermented drink as a "tea
mushroom" is produced by leaven - the culture of
Medusomyces gisevii, which is a mixed population of
microorganisms and consists of yeast and acetic acid
bacteria. In the process of vital functions cultures
produces carbon dioxide, a small amount of ethyl alcohol,
enzymes, vitamins (C, group B, and others), organic acids
(acetic, lactic, gluconic, malic, etc.), amino acids and
other biologically active substances. Due to the
fermentation of the tea-sugar solution by this consortium
of microorganisms, a pleasant carbonated, refreshing
drink with a sweet and sour taste is obtained which has
functional properties and can be used as a preventive
drink [6-9]. One of the problems of soft drinks technology
is their low biological resistance. The specific of the
technology of such beverages is to suspend the
fermentation process at a certain point in reaching certain
physic and chemical indicators. Not stopped the activity
of microorganisms will lead to the appearance of the
precipitate, formation of acetalhydes, esters, which give
the taste and aroma of the finished drink.

To increase the stability of such beverages it is
necessary to remove microorganisms from them or
to stop their livelihoods. A number of studies have
been carried out to increase the biological stability
of the beverage obtained through the culture of
Medusomyces gisevii, by ultrasound (US) and
ultrahigh-frequency (microwave) processing of
fermented wort and with the addition of clarifiers
and preservatives.

US-treatment of a fermented drink "tea mushroom"
was carried out under the following conditions: the
frequency of oscillations is 22 kHz, the power of
oscillations is 0.1 kW, the temperature is 20°C, the
processing time 40 minutes. It was established that
this type of processing allows virtually stop

microorganisms that create a mixed population
Medusomyces gisevii, without changing the
organoleptic characteristics and achieve biological
stability drink for 14-15 days [10].

Microwave processing of a finished fermented
drink "tea mushroom" was carried out at the
installation of "Artemis" under conditions: power 3
kW, frequency 2450 MHz, irradiation duration 10-
15 min. It was determined that in these conditions
the development and the livelihoods of the mixed
culture of microorganisms Medusomyces gisevii
suspended, thereby increasing the biological stability
of the beverage to 16 days, in 2 times exceeds the
regulated resistance to unpasteurized fermented
beverages. At the same physical, chemical and
organoleptic properties of fermented beverage "tea
mushroom" met the regulatory requirements for the
quality of the finished beverage [11].

Investigated the use of illuminant for such as

isinglass, bentonite and "biofine". It is established
that the best effect of the increase in transparency of
fermented beverage "tea mushroom" obtained using
the culture Medusomyces gisevii, achieved by using
an integrated illuminator, which contains isinglass :
bentonite : biofine in the ratio of 1.2 : 80 : 1,
respectively.
This suggests that the use of the integrated
illuminator makes it possible to remove also
colloidal substances, partly microbial cells. Thus, the
increased biological stability of the drink, processed
integrated illuminator, regulated 7 days [12].

With aim comparisons of results investigated
influence of such preservatives, as a benzoate of
natrium, sorbic acid and juglone, on biological
firmness of drink. The marked stability of
organoleptic and physical and chemical indexes of
the fermented drink is a "tea mushroom" at storage
during 4-6 days [12].

It should be noted that studies to develop an
effective way of improving the stability of a
fermented beverage produced using a consortium of
microorganisms Medusomyces gisevii, allow the
following conclusions: the use of lighting, including
fish glue and bentonite " biofine " colloidal increases
and partly biological stability of drink so it may be
appropriate for their prior use efficiency filter and
heat treatment. Concomitant use of lighting and
preservatives has increased the stability of the
beverage to 10 days. Ultrasound and microwave
processing modes studied at allowing almost
completely rid of viable yeast and 8-10 times reduce
the content of acetic acid bacteria [10-12].

Thus, there is a need to continue research
beverage prepared from culture Medusomyces
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gisevii, to develop efficient mode of heat treatment
that would achieve bactericidal or bacteriostatic
effect longer while maintaining high as possible
organoleptic  characteristics and content of
biologically active substances

3. The purpose and objectives of research

The aim of this work was to improve modes of heat
treatment fermented beverages prepared from
culture Medusomyces gisevii, to enhance their
biological stability during storage.

During the studies were delivered the following
tasks: to investigate the effect of heat treatment on
microorganisms culture Medusomyces gisevii
during storage of the beverage produced using a
consortium of microorganisms Medusomyces
gisevii; The optimum processing modes such drinks
(temperature, duration); determine the storage
fermented beverages in glass bottles (temperature,
filling factor).

4. Materials and methods of research

As object of researches used the finished fermented
beverage obtained using mixed culture of
microorganisms Medusomyces gisevii, which
consists of three kinds of acetic acid bacteria:
Acetobacter xylinum, Acetobacter suboxydans,
Acetobacter aceti and two kinds of yeast:
Zygosaccharomyces, Torulopsis. The ratio of yeast
and acetic acid bacteria in the consortium
Medusomyces gisevii is on average 1:100 [10].

The treatment temperature was selected according to
the recommended pasteurization of existing
fermented beverages with similar composition of
microorganisms, that is, the thermal treatment of the
studied beverages in glass bottles in the temperature
range 55 ... 80 ° C within 10 ... 60 minutes [4,5].

The effectiveness of treatment methods studied
was determined by aging samples of treated and
control temperature 12C and 30C for 210 days.
During this period (1 every 1-5 days) controlled the
solids content of drinks - refractometric method and

titrated acidity value - electrometric titration. Is
stable during storage was considered as the samples
of beverages, organoleptic and physico-chemical
characteristics of which remained unchanged or did
not exceed the permissible limits. The main
technological parameters are the total acidity of the
beverage, which should be in the range of 2.5 to 4.5
cm’® of NaOH concentration from 1 mol / dm® to
100 dm® of the beverage.

In order to determine the optimal value of the
filling factor of the bottle, the fermentation drink
investigated was observed by changing the pressure
in bottles with the beverage during their heat
treatment.

5. Research results

It is established that optimal processing conditions
for this type of drink has the temperature ranges and
duration, respectively, of 63°C and 40 min. to 75°C
and 15 min provided the maximum possible saving
high organoleptic characteristics and content of
biologically active substances.

The optimal fill factor of the drink based on the
culture Medusomyces gisevii in glass bottles can be
considered 0,90—0,96.

6. Discussion of results

Results previous studies have shown that the
recommended pasteurization regimes for the same at
the microbiological composition of the fermented
beverages (beer, kvass) allowed to achieve a
bacteriostatic effect only for 20 days. Complete
cessation of vital activity of microorganisms was not
detected.

Therefore, for a drink, prepared on the basis of
culture Medusomyces gisevii, a study to develop an
effective treatment heat treatment that would
achieve bactericidal or bacteriostatic effect longer
while maintaining high as possible organoleptic
characteristics and content of biologically active
substances. The research results are presented in the
summary table. 1

Table 1
Summary of determining the effectiveness of heat treatment regimes
Temperature processing, The duration of treatment, The stability of the Organoleptic assessment
o . beverage when stored at
C min. 5 scores
30°C, days

55 60 30 18.5

63 40 60 18.5

70 25 90 18

75 15 180 17

80 10 210 15
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It has been established that in order to increase
the shelf life of the beverage, the optimum
conditions for its processing are temperature ranges
and duration, respectively, from 63°C and 40
minutes up to 75C and 15 minutes.

At the temperature and processing time of more than
75°C  and 15 minutes, the organoleptic
characteristics of the Dbeverage deteriorate
considerably. Under the influence of temperature

less than 63°C and duration less than 40 minutes the
shelf life of the drink is significantly reduced.

In table 2 shows the changes of titratable acidity
during storage of the beverage at 30°C and 12°C for
210 days for the two limiting regimes of heat
treatment, namely, for the I mode with processing
conditions 63°C and 40 min. and II modes with
processing conditions 75°C and 15 min. Significant
changes of dry substance content during the
specified shelf life are not observed.

Table 2

Changing the total acidity during storage of drinks after heat treatment

Shelf life, days Total acidity cm® of NaOH conc. 1 mol / dm’® 100 cm® drink
I heat treatment regime 11 heat treatment regime
Storage at 30°C Storage at 12°C Storage at 30°C Storage at 12°C

0 3.5 3.5 3.5 3.5
30 3.5 3.5 3.5 3.5
60 3.5 3.5 3.5 3.5
90 4.1 3.5 3.5 3.5
120 4.9 3.5 3.5 3.5
150 5.1 3.5 3.5 3.5
180 5.8 3.6 3.5 3.5
210 7.2 3.7 3.6 3.5

As can be seen from table 2, the increase in
storage temperature of a beverage from 12°C to
30°C significantly reduces its biological stability.
So, for 90 days, the acidity for the first treatment
mode at a storage temperature of 30°C was more by
17% compared with the storage temperature of
12°C. However, given the rather mild conditions of
thermal treatment and the bacteriostatic effect
achieved during 60 days of storage at 30°C, the first
regime can be recommended as acceptable for
increasing the biological stability of the beverage. In
addition, storage of the beverage at a temperature of
up to 12°C allows stabilizing the microbiological
state to 180 days. Under the 2-st mode of heat
treatment, the stability of the drink remained stable
at storage temperature 30°C for 180 days, and at
12°C - not less than 210 days.

Applying heat treatment regimes beverage in the
above range enables provide guaranteed shelf life of
its 2 to 6 months without a significant reduction in

organoleptic  characteristics and content of
biologically active substances compared with
untreated beverage.

The indicated modes are intended for thermal
processing of a drink in glass bottles. The content of
carbon dioxide in the finished drink is 0.2-0.3%.
When heating occurs complex thermophysical
processes (increasing the volume of the drink,

changing the solubility of carbon dioxide, etc.).
Therefore, in order to prevent the rupture of the
bottle with the test beverage, the dependence of the
pressure change on the various filling factors of the
bottles is determined.

Below are the results of studies to determine the
optimal value of the coefficient of filling bottle
fermented beverages studied (Fig. 1). Carbon
dioxide content was 0.30%, the total volume of the
bottle - 520 ml.

P, MP3
95 o

40 50 60 70

80t,°C 90

Fig. 1. Effect of temperature on the pressure (P) in a
bottle of drink with different fill factor (k)

As can be seen from the graph (Fig. 1), there is a
substantial relationship between the filling factor
and  pressure  during thermal  processing
investigational fermented beverage. For example,
already at 65°C Pressure for k = 0,98 was 2.5 times
higher than for a = 0,90. Most significantly for all
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values of temperature, pressure increased, since
filling factor 0,97.

Taking into account the given results and
requirements regarding the minimum allowable
coefficient of filling of soft drinks in bottles (in
accordance with GOST 28188-89), the optimum
value for a beverage on the basis of Medusomyces
gisevii culture can be considered as 0.90-0.96.

7. Conclusions

It has been established that in order to increase the
biological stability of a fermented beverage based on
Medusomyces gisevii  culture, the optimum
conditions for its treatment are temperature ranges
and duration 63°C and 40 minutes, respectively, to
75 ° C and 15 min.

Applying heat treatment regimes beverage in the
above range enables provide guaranteed shelf life of
its 2 to 6 months without a significant reduction in
organoleptic  characteristics and content of
biologically active substances compared with
untreated beverage provided that the storage
temperature of fermented drinks to 12C.

The optimum fill factor for drink based on the
culture of Medusomyces gisevii in glass bottles is
0.90-0.96.
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YaocKkoOHATEHHS PpeXXMMIB TemJoBOro oO0poOJeHHs1 IJsi MiABHINEHHsI OioJioriunoi criiikocCTi
(epMeHTOBaHMX HaNOIB
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Merta: yJOCKOHAIUTH PEKUMHU TEIUIOBOTO OOpPOOJCHHS JJIs IMIiABHMIIEHHS O10JI0TiUHOI CTIMKOCTI
(epMeHTOBaHUX HamoiB, OTPUMAHMX 3 BHUKOPHCTaHHAM KyinbTypu Medusomyces gisevii. Meroau:
JOCTIKYBalld BIUTHB TETUIOBOrO 00poOneHHs y miamazoHi 55...80°C mpotsarom 10...60 XBWIMH Ha 3MiHY
($i3MKO-XIMIYHHX Ta OPTaHOJIENTHYHUX TMOKA3HHUKIB (PEPMEHTOBAHMX HAIOIB il Yac 30epiraHHs Ta yMOBH
30epiraHHsl HamoiB B CKISHUX IUBIIKax (TeMrepaTypa, KoeQilieHT 3amoBHEHHs). Pe3syabraTm:
BCTaHOBJIEHO, IO JJIsl 30UIBIIICHHS TEPMiHy 30€piraHHs HAIOK ONTHUMAJIbHUMH YMOBaMHU HOTO 00pOoOIIeHHS
€ Iiama3oHW TeMIrepaTyp i TpuBaiocTi BimmoBimHO Bim 63°C 1 40 xB. mo 75°C i 15 xB. OnTUManbHIM
Koe(illieHTOM 3aroBHEHHS HAIOI0 Ha OCHOBI KynbTypn Medusomyces gisevii B CKISHHUX IUISIIKAX MOKHA
Beaxatu 0,90—0,96. OOroBopeHHsi: IOCTIIHKEHO CTIHKICTh 0€3aJKOTOJbHHUX (HDEpMEHTOBAaHMX HAroiB,
OTPUMaHUX 3 BUKOPHUCTAHHAM KyJIbTypu Medusomyces gisevii, 00poOJICHNX MIISIXOM IMacTeph3allii 3a yMOB
2 pexumiB 0o0poOku: 63°C i 40 xB. Ta 75°C i 15 xB. BpaxoByrouu IOCHTh M’SIKi YMOBH TEPMidHOTO
00poOIeHHS Ta HOCATHYTHIA OakTepioctatndHuii edekTt mpotsrom 60 mi6 36epiranas mpu 30°C, I pexum
MOJKHA PEKOMEHYBaTH sIK MPUAHATHUNA ISl TiABUIICHHs 010JI0T1UHOT CTIMKOCTI HAmow. 30epiraHHs HaIo
npu temneparypi a0 12°C no3Bossie crabinmizyBatu MikpoOionoriyauid cran mo 180 mi6. 3a Il pexumom
TEIJIOBOIO0 OOPOOJICHHS CTIMKICTh HAIOI0 3alMINajiach CTabUTbHOIO mpu Temieparypi 30epiramns 30°C
mpotsiroM 180 ni6, a mpu 12°C — me mentie 210 xi0. 3acTocyBaHHS peXHMiB TEIZIOBOTO 00OPOOIIEHHS HAIIOIO
B HaBEJCHUX MEXKaxX JI03BOJISE TapaHTOBAHO 3a0€3MEeYUTH TEPMiH 30epiraHHs ¥oro Big 2 10 6 micsiiB 0e3
3HAYHOTO 3HW)KEHHS OPraHOJICNTHYHHMX MOKA3HMKIB 1 BMICTYy OiOJIOTIYHO aKTUBHUX PEUOBHH MOPIBHSHO 3
HEO0OpOOIIEHUM HAITOEM.

Kuro4uoBi cjioBa: 6ioj0TigHa CTIHKICTh; KOS(IIi€HT 3alOBHEHHS IUIAMIOK; KyJIbTypa Medusomyces gisevii;
TemIoBe 00poOIeHHs; TepMiH 30epiranHs; (epMEeHTOBaHUH Hamiil; YailHUI rpuo.
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Iesb: yCOBEPIIEHCTBOBATh PEKUMBI TEINIOBOM O0OpPAaOOTKH ISl TOBBINICHHUS OHMOJIOTHMYECKOH CTOWKOCTH
(epMEHTUPOBAHHBIX HAMKUTKOB, TOJYYEHHBIX C WCIOIB30BaHUEM KyInbTypbl Medusomyces gisevii.
MeToapl: UccieoBalu BIUSHUE TEIUIOBOM 00padoTku B auamna3zoHe S5 ... 80 © C B teuenue 10 ... 60 MunyT
Ha M3MEHEHHE (PU3UKO-XMMHUYECKUX W OPraHOJENTUYECKNX ToKa3arenei (hepMEeHTHPOBaHHBIX HAITUTKOB BO
BpeMsi XpaHEHHS W YCIIOBHS XpPaHEHUS HAIIMTKOB B CTEKISIHHBIX OYTBUIKAax (TemIiiepaTtypa, Kodh(uIimeHT
3amojiHeHus1). Pe3yJbTaThl: YCTaHOBICHO, YTO IS YBEIUUEHHS CPOKA XpaHEHMs HAaUTKa ONTHMAaJbHBIMU
YCIIOBUSIMH €r0 O0pa0OTKU SBISIETCS JUANA30HBI TEMIIEPaTyp M MPOJOJDKUTENIEHOCTH COOTBETCTBEHHO OT
63°C m 40 mun. mo 75°C m 15 muH. ONTHUMAaNbHEIM KOX(h(HUIIMEHTOM 3aIoJHEHUS HAIMMTKa Ha OCHOBE
KynbTypel Medusomyces gisevii B CTEKISIHHBIX OyTbutikax MoxkHO cuutath (,90-0,96. O6cyxneHue:
HCCIIeIOBaHA CTOHKOCTh 0€3aJIKOTOIBHBIX (DEPMEHTHPOBAHHBIX HAITUTKOB, MOMyYEHHBIX C UCIIOIH30BAHUEM
KyInsTypbl Medusomyces gisevii, 00pabOTaHHBIX ITyTEM MACTEPU3AINH B YCIOBUAX 2 PEKUMOB 00paOOTKH:
63°C u 40 muH. u 75°C u 15 MuH. YUuTBIBasg AOCTaTOYHO MSTKHE YCJIOBHS TepPMHUYECKOH 0OpabOTKH U
JOOCTHTHYT Oaktepuoctatnyeckuil 3¢dext B Teuenue 60 cytok xpaneHuss npu 30°C, M pexuM MOXKHO
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PEKOMEHIOBAThH KaK MPUEMIIEMBbIN JJIS TOBBILICHHSI OMOJIOTHYECKONH CTOMKOCTH HANUTKA. XpaHEeHHe HalmnuTKa
pu Temrepatype 12°C mo3BonseT ctabunn3upoBaTh MUKpoOuooruiaeckoe coctosiaue 10 180 cyrok. 3a Il
PEXUMOM TEIJIOBOM 00pabOTKM CTOMKOCTH HAaIMTKA OCTAaBalach CTAOWJIBHOW IIPH TEMIIEpaType XpaHEHUs
30°C B teuenue 180 cyTtok, a mpu 12°C - He MeHee 210 cyTok. [IpiMeHeHrEe peXXKUMOB TEIUIOBOH 00pabOTKH
HaIMTKa B IIPUBEICHHBIX Ipeeiax MO3BOJSET TapaHTHPOBAHHO 00ECICUUTh CPOK XpaHEHHsS ero oT 2 10 6
MecsieB 0e3 3HAUUTEIBHOTO CHIKEHHUSI OPraHOJNENTHYECKHX IIOKa3aTeledl M coxepXaHus OMOJIIOrHYecKd
AKTUBHBIX BEILECTB I10 CPaBHEHHUIO C HEOOPaOOTAHHBIM HAITUTKOM.

KioueBble cioBa: Ouonormyeckas CTOHKOCTh; KOI(GQHUIMEHT 3amoijHEeHus OyTBUIOK; KyJIbTypa
Medusomyces gisevii; TerioBas 00paboTKa; CpoK XpaHeHUs; GepMEHTHUPOBAHHBIN HAIMUTOK; YaiHBIN TpHO.
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