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Abstract. In order to develop methods for preserving fruit and berry syrup, which exclude the use of high-temperature
sterilization and preservatives, the survival of spores of micromycetes (B. nivea molds) in model media with different concen-
tration of food osmotically active substances (sucrose, ethyl alcohol, citric acid) at a certain concentration of lethal effects on
microorganisms. It has been established that model media (juice based syrups from blueberries) with a mass content of 4 %
and 6 % alcohol, 50 % sucrose, 1 % and 2 % titrated acids, have a lethal effect on spores of B. nivea molds. The regression
equation is obtained expressing the dependence of the amount of spores of B. nivea molds on the concentration of sucrose, ac-
id, alcohol and the storage time of syrups. The form of the dependence and direction of the connection between the variables is
established — a negative linear regression, which is expressed in the uniform decrease of the function. The estimation of quality
of the received regression model is defined. The deviations of the calculated data from the data of the initial set are calculated.
The proposed model has sufficient reliability, since the regression function is defined, interpreted and justified, and the estima-
tion of the accuracy of the regression analysis meets the requirements.
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AHoTauisi. [3 MeToro po3poOku croco6iB KOHCEPBYBAaHHA (YPYKTOBO-ATIIHIX CHPOIIB, IKi BUKIIOYAIOTh 3aCTOCYBaHHS
BHCOKOTEMIIEpATypHOi CTepuiIizallii Ta KOHCEPBAHTIB, BUBYCHO BIDKMBAHHS CIOP MIKpOMIIETiB (TUTiCeHEBUX TpHOIB BUAY
B. nivea) y MojenpHIX CEpeoBUIAxX i3 Pi3HOI0 KOHIEHTPAIIE€I0 XapYOBHX OCMOTHYHO-IIEBI PEUOBHH (Caxapo3u, ETUIOBOTO
CIIUPTY, IMMOHHOI KHCJIOTH), SIKi BHSBIISIOTH NPH TEBHUX KOHIEHTpALisAX JETalbHY Ail0 Ha MiKpoopraHizmu. BcraHoBieHo,
110 MOJIEbHI CepeoBHIIa (CHPOITH Ha OCHOBI COKY 3 ST/l YOPHMII) 3 MAaCOBOIO YaCTKOIO eTHiIoBoro crupty 4 % 1 6 %, caxa-
po3u — 50 %, TutpoBaHuXx KUCIOT 1 % i 2 % BHUSBISAIOTH JIETAIBHY Ji0 Ha CIIOPH IUTiceHeBHX TpubiB Biay B. nivea. Orpumano
PiBHSIHHSI perpecii, 1[0 BUpa)Kae 3aJIekKHICTh KUTBKOCTI CIIOp IUTiceHeBUX rprbiB BHy B. NiVea BijJ KOHIEHTPAI] caxapo3u, KH-
CJIOTH, €THJIOBOTO CIIHPTY 1 TPUBAIOCTI 30epiraHHs CHpoIiB. BcTaHOBIEHO (OpMY 3aI€KHOCTI Ta HANMPSMOK 3B’SI3KY MIX ITe-
pEeMiHHUMHM — HEraTHBHA JIiHilHA perpecis, sika BUPaKaeThCsl B PIBHOMIpHOMY crafaHHi ¢yHKUii. Bu3HaueHO OIIHKY SKOCTI
OTpUMaHOI perpeciiiHoi Moeni. Po3paxoBaHo BiIXHJIEHHS PO3paxyHKOBHX JaHUX BiJ JaHUX BHXiJZHOTO HaOOpy. 3ampoIoHO-
BaHa MOJIEb MAa€ JOCTATHIO HAIIMHICTh, OCKUTBKH (YHKIIsI perpecii BU3HAUCHA, IHTEpIpETOBaHa i 00IPyHTOBaHa, a OLiHKa
TOYHOCTI PEerpeciiHOro aHai3y BiIIOBia€ BUMOTaM.

Ki11040Bi c10Ba: MIKpOMIIIETH, OCMOTHYHO-JIi€BI PEYOBHHH, TUTICHEBI TPHOH, KOHCEPBYBaHHSI, CHPOITH, PErPeCiiiHa MOJIEIb.
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Introduction. Formulation of the problem syrups (sterilization) results in formation the products

of reaction of melanoidins formation, in particular ox-

The main St|mu||0f microbe Spoiling of fl’ui_t and ymethy'phurphuroll polymerization of phen0| com-

berry syrups are micromycetus (mouldy fungi and  pounds, degradation of thermolabile biologically active

yeast). The traditional technology of canned fruit and  compounds, deteriorating organoleptic indices and re-

berry syrups provides for their sterilization or adding  ducing food value of finished products. Adding of

preservatives with the aim of providing the microbe  chemical preservatives is harmful for one’s health and
stability. The lasting high temperature treatment of  resylts in reducing of food and consumer value.
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With the aim of developing the ways of canning of fruit
and berry syrups, excluding application of high temperature
sterilization and preservatives, survival of micromycetus in
model mediums with different concentration of food sub-
stances with osmosis activity (saccharose, ethyl alcohol, cit-
ric acid), has been determined. Spores of mouldy fungi of
Byssochlamys nivea type were used as a test-culture of mi-
cromycetus. Reactivation of the test-culture and obtaining of
the spores were carried out by standard and well-known
ways [1-6].

Main part

The model mediums were prepared on the basis of
bilberry juice, saccharose, citric acid and ethyl alcohol.
The ethyl alcohol was introduced into sterilized mix-
ture of the juice with sugar and acid.

The concentration of the ingredients with osmosis
activity in model mediums was varied within the fol-
lowing limits:
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— mass share of saccharose — 35 — 50 %;

— mass share of ethyl alcohol — 2 — 6 %;

— mass share of titrate acids — 1 — 2 %;

— actual acidity — 3,0 units pH.

Graphic representation of influence of osmosis active
food ingredients concentration (ethyl alcohol, saccharose,
and organic acids) on survival of mouldy fungi spores in
model mediums has been shown in Fig. 1-3.

From the data, given in Fig. 1(a), we can draw a
conclusion, that in case of concentration of 35 % of
saccharose, 2 % of ethyl alcohol and 1 % of the acid in
the model medium, we can note absence of lag-phase
and presence of logarithmic phase, lasting for one
month, at the stages of mouldy fungi growing. Perma-
nency of titra-spores in the following months can be in-
terpreted in two ways, but, most probably, spores expe-
rience the condition of stable anabiosis within six
months of inoculation storage.
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Fig. 1. Influence of ethyl alcohol concentration on survival of mould fungi spores in model mediums
with mass share of saccharose — 35 %, titrate acids 1 % (a) and 2 % (b): 1, 2, 3 — mass share of ethyl alcohol
is 2 %, 4 %, 6 % correspondingly.

For mouldy fungi in model medium of the above —
mentioned composition, but with concentration of ethyl
alcohol, making 4 %, presence of lag-phase lasting one
month is typical, and with concentration of ethyl alco-
hol making 6 %, it lasts for 2 months. That is, with
ethyl alcohol concentration increase up to 4 % and
higher, adaptation of microorganisms becomes slower
concerning time.

As the acidity increases up to 2 % (Fig. 1b), pres-
ence of a lag-phase of the test-culture has been noted
under all concentrations of the ethyl alcohol. When
concentration of the ethyl alcohol reaches 2 % and
4 %, it lasts for 2 months, under 6 % it lasts 3 months.
Then the phase of logarithmic growth occurs (repro-
duction of the cells with their titer increase occurs, the
value of the titer is in the inverse dependence from al-
cohol concentration), which occurs one month, and
then comes the stage of anabiosis during the next six
months of storage. At this stage the investigated model
mediums of the above — mentioned composition render
static effect on spores of mouldy fungi.
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The data, given in Fig. 2(a) testify that in model medium
with mass share of saccharose — 42 %, ethyl alcohol — 2 %,
titrate acids — 1 %, both a lag-phase and a logarithmic phase
of growing are absent in growing of the mouldy fungi
spores. Most probably, that in the medium of the above-
mentioned composition the spores of micromycetus are in
the condition of stable anabiosis. As concentration of ethyl
alcohol increases, after two months of stable anabiosis, the
phase of cells dying off occurs, which lasts 1 month if the
concentration of the alcohol is 4 %; and 2 months if the con-
centration is 6 %, then the condition of stable anabiosis be-
gins again.

Increase of acids concentration up to 2 % intensi-
fies lethal effect of ethyl alcohol; the data, given in
Fig. 2D, testifies to it. So, when the concentration of the
alcohol reaches 2 %, the condition of anabiosis lasts
the first three months, then the phase of cells dying off
occurs and it lasts one month and then comes stable
anabiosis again. When the concentration of the alcohol
reaches 4 %, the condition of anabiosis lasts one
month, then the phase of dying off occurs and stable
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anabiosis comes again. When the concentration of the
alcohol reaches 6 %, we can watch destruction of
spores (decrease of a titer by one order), then the con-
dition of stable anabiosis comes.
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The given results testify that model mediums of the
above — mentioned composition make mouldy fungi
growing difficult, make partial lethal effect, but don’t
lead to their complete destruction.
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Fig. 2. Influence of ethyl alcohol concentration on survival of mouldy fungi spores in model syrups with
mass share of saccharose — 42 %, titrate acids 1 % (a) and 2 % (b): 1, 2, 3 — mass share of ethyl alcohol is
2 %, 4 %, 6 % correspondingly

The data, given in Fig. 3, testify that model medi-
ums with mass share of saccharose 50 %, titrate acids
1 % and 2 %, ethyl alcohol 4 % and 6 %, make a lethal
effect on mouldy fungi spores, as during the whole pe-
riod of storage, cells dying off occurs; reduce of titer
testifies to it. The test-culture in the mediums with
mass share of ethyl alcohol — 2 %, titrate acids — 1 %,
Fig. 3(a), are in condition of anabiosis during one
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month, which transfers to the phase of cells dying off
within a month, but further stable anabiosis occurs
again. This very model medium, but with mass share of
titrate acids 2 %, intensifies the effect of ethyl alcohol,
as we can watch the phase of dying off the test-culture
at once; this phase lasts for one month and transfers to
the phase of anabiosis.
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Fig. 3. Influence of concentration of ethyl alcohol on survival of mouldy fungi spores in model syrups with
mass share of saccharose — 50 %, titrate acids 1 % (a) and 2 % (b): 1, 2, 3 — mass share of ethyl alcohol is
2 %, 4 %, 6 % correspondingly.

Mathematical modeling. As the results of the ex-
periments always contain some error, it’s necessary to
carry out correlation and regressive analysis, which al-
lows to approximate the experimental data.

The main task of the correlation analysis is deter-
mining of tightness and direction of the connection be-
tween the values being studied. The components of the
correlation matrix are given in table 1.
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The analysis of the data, given in table 1, allows to
make the following conclusions:

— correlation dependence exists only between surviv-
al of mouldy fungi spores of B. nivea type, concen-
tration of every ingredient from the fruit and berry
syrups compaosition (saccharose, organic acids, al-
cohol) and storage duration;

— dependence between the components wasn’t re-
vealed;
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the coefficient of correlation makes 0.

Therefore, a regressive model for determining the
analytical expression of relation of the dependent ran-
dom value Y — the amount of mouldy fungi spores of
B. nivea type (effective sign) with independent random
values; X; — storage duration; X, — saccharose; Xs—
acid; X4 — alcohol (factors), can be composed.

For fulfilling the regressive analysis, the following stag-
es of modeling of spores survival of B. nivea mouldy fungi
in fruit and berry syrups, have been chosen.

1. Determining of the analytical form of a regression
equation and determining of the regression parametres.

2. Revealing the degree of stochastic interrelation
of the resulting criterion and factors in the regression,
checking of the common quality of the regression
equation.

3. Checking of the statistic importance of every co-
efficient of the regression equation and determining of
their confidential intervals.

The results of the regressive statistics have been
given in table 2.

Table 1 — Components of the correlation matrix

Table 3 — Values of the regression coefficients and
their statistic estimations

Sig][\s I I % .

-l o - - I — [

Mo |E84 2% | E |5 |E%|ES
O S O R2) @ > o w Lo

ofthe |x 25| ZE | ¥ | d 47|27

system -

Y- 10,71 | 0,35 |30,97|0,00(10,03|11,40

crossing

Duration| -0,08 | 0,02 |-3,89|0,00|-0,13|-0,04

, X4

Saccha- | -0,12 | 0,01 |-16,71|/0,00|-0,13|-0,10

rose, X,

Acid, X3| -0,30 | 0,09 |-3,490,00]|-0,47|-0,13

Alcohol,| -0,13 | 0,03 |-4,820,00|-0,18 |-0,07

X4

y=10,71-0,08x, —0,12x, —0,3x, —0,13x,

The value of the plural determination coefficient
R =0,86 means that 86 % of the general variation of
the resulting criterion is explained by the variation of
factor characteristics X, X, Xz, Xa.

It means that the chosen factors essentially influ-
ence the amount of spores of mouldy fungi of B. nivea
type, and it affirms correctness of including them into
the suggested model.

Regression coefficients a; are significant; P = 0 tes-
tifies to it, because it is less than the given level of sig-
nificance a = 0,05 (table 3).

Conclusions

Signs and Amount Dura- | Sac- . | Alco-
factors of SPOTES| “4ion, |charo Acid, hol
B. nivea, ' X3 '
of the system v X; |se, X, X4
Amount of 1
spores B.
nivea, Y
Duration, X; -0,18 1
Saccharose, -0,79 0 1
X2
Acid, X3 -0,16 0 0 1
Alcohol, X, -0,23 0 |113E-| O 1
17

Table 2 — The results of the regressive statistics

Regressive statistics

Plural R 0,86
R 0,73
Fixed R 0,72
Standard mistake 0,48
Observations 126

The results of the regressive statistics, in particular,
R? > 0,7 point out that the variation of the resulting cri-
terion Y is stipulated, mainly, by influence of X-factors
included in the regressive model.

The calculated values of the regression coefficients
and their statistic estimations are given in table 3.
The calculated and given in the table regression coeffi-
cients a; allowed to bring out the equation, determining
the dependence of the amount of mouldy fungi spores
of B. nivea type on concentration of saccharose, acid,
alcohol and storage duration.
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1. It has been determined that the model mediums
(syrups on the basis of the juice from bilberries) with
mass share of alcohol 4 % and 6 %, saccharose — 50 %,
titrate acids 1% and 2% make a lethal effect on
mouldy fungi spores of B. nivea type.

2. The regression equation, expressing dependence
of the amount of spores of the mouldy fungi of
B. nivea type on concentration of saccharose, acid, al-
cohol and duration of syrups storage, has been ob-
tained. The form of dependence and direction of inter-
relation between the variables — negative linear regres-
sion, which is expressed in uniform reduction of the
function, have been determined.

3. The estimation of the quality of the received re-
gressive model has been determined.

4. The deviations of the rated data from the data of
the primary kit, have been calculated.

5. The suggested model possesses sufficient relia-
bility, because the regression function is determined,
interpreted and substantiated, and the estimation of ex-
actness of the regressive analysis meets the require-
ments.
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Amnnoranust. C 1ensio pa3paboTKe criocob0B KOHCEPBUPOBaHHS (DPYKTOBO-STOIHBIX CHPOIIOB, HCKITFOYAOIINX TIPHMEHEHHE BbI-
COKOTEMITepaTypHOi CTePIUIM3AMA M KOHCEPBAHTOB, OMPENE/SUI BBDKABAEMOCTh CIIOP MHKPOMHIICTOB (TLUIECHEBBIX TPHOOB BHZA
B. nivea) B MOJEITBHBIX CpefiaX ¢ PaziiiIHOM KOHIICHTpALMEH ITHIIEBBIX OCMOTHUYECKH JISSITEIIBHBIX BEILIECTB (Caxapo3bl, STHIOBOTO CITHp-
Ta, JIMMOHHOM KHCJIOTBI), OKa3bIBAIOIIMX TIPY OIPEJIENICHHON KOHIIEHTPAIMH JICTAIBHOE EHCTBHE HA MUKPOOPTaHM3MBIL. Y CTaHOBJICHO,
YTO MOJIETIbHBIE Cpebl (CHPOIIbI Ha OCHOBE COKA U3 SITOJ YepHUKH) ¢ MaccoBor moneit crmpta 4 % u 6 %, caxaposbl 50 %o, THTpYEMbIX KU-
cror 1 % u 2 % OKa3bIBAIOT JIeTATbHOE ACHCTBHE Ha CIIOPHI TUIECHEBBIX IPpHOOB BHza B. nivea. TTomyueHo ypaBHEHIE perpeccHi, Bbipa-
KAIOIIIee 3aBUCHMOCTh KOJIMYECTBA CIIOP IUIECHEBBIX IPHOOB BHA B. NIVEA OT KOHIEHTPALMH Caxapo3bl, KHCIIOThL, CIIAPTA U TPOIOIDKHI-
TENBHOCTH XPaHeHHUsI CHPOTIOB. Y CTAaHOBJIeHa (hopMa 3aBUCHMOCTH U HATIPABIICHUE CBSI3M MEYK/Ty TIEPEMEHHBIMHU — OTPHILIATEIIbHAS JINHEH-
Hasl perpeccusi, KOTopasi BEIpaKaeTcsl B paBHOMepHOM yObIBaHHH (hyHKIMHU. OrpeziesieHa oleHKa KauyecTBa MOMyYeHHOW perpecCHOHHOM
Mofeny. PaccuuTanpl OTKIOHEHHS PaCUeTHBIX JAHHBIX OT JAHHBIX UCXOAHOro Habopa. IpeiokeHHast MOJEb 00IaiaeT 0CTATOMHON
HaJIe)KHOCTBIO, TIOCKOJIBKY (DYHKIINSI PEerpecchy OlpelelieHa, HHTEPIPETHPOBaHa U 000CHOBAHA, a OLCHKA TOYHOCTH PErpecCHOHHOTO
QHAJIM3a COOTBETCTBYET TPEOOBAHMSIM.

KioueBble cjioBa: MHKPOMHUIICTBI, OCMOTHUYECKH JICATEIbHBIC BEIIECTRBA, TUICCHEBbIC TPHOBI, KOHCEPBUPOBAHKE, CH-
POTIBI, PErpecCHOHHAsT MOJIEIb.
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