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Abstract. The dynamics of the accumulation of ethyl alcohol in the must from the
strawberry varieties of Skolka and Pegas harvested in 2016 and 2017 during the
production of unfortified wine materials were investigated. In variants which have
accumulated a sufficient volume fraction of ethyl alcohol for the preparation of non-
fortified wine, the average content is determined depending on the duration of
fermentation. It is advisable to use yeast races EU-1118, ENSIS-LE-5, ENSIS-LE-6 for
the production of quality straw-based wines. A graphical representation of the average
accumulation of alcohol for its optimal passage has been calculated and constructed. It
Is determined that the accumulation of ethyl alcohol in strawberry worms (y, %) can be
calculated in any period of the process (x, day) by the equation of a quadratic parabola:
y = -0,0038x2+ 0,4666x + 2,6646, with to an accuracy of 1,5 %. The equation x = 0...90
days is applied. The intensity of the accumulation of ethyl alcohol (% vol.) is derived
from the equation. The optimal process flow from 24 to31 days. The volumetric fraction
of ethyl alcohol in a must have to be at least 13 %. The criteria for evaluating the
fermentation process in a periodic way and taking measures for its regulation can be
obtained.

Key words: strawberry berries, must, fermentation process, optimization, yeast,
unfortified wines

Introduction. Wine in Europe and
around the world is a food product. In
Ukraine, wine products are equated
with alcoholic beverages. That is why in
our country there is no proper culture of
consumption of  wine  products.
Information on the development of the
National Program for the Development
of Culture of Sport with real measures
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on the "state level of production”, "the
change of wine traditions”. It is
necessary to withdraw the wine from
the excisable goods. The most
important thing here is a healthy and
good product. Innovations  plus
traditions, they must be handed over to
winemaking in inheritance [1, 2].
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In 2018, the Historical Bill "On
Amendments to Certain Legislative Acts
Concerning the Development of the
Production of Original Wines and
Natural Honey Beverages" was adopted
in Ukraine. The document defines the
legal status of small winemaking (up to
10 thousand decaliters per year),
facilitates the introduction of new
varieties into the market, and also
provides a declaration of compliance of
the material and technical base with the
requirements of legislation instead of
certification ~ of  production.  For
registration only a copy of the founding
documents, a document on payment of a
license and a declaration of material and
technical  condition are required.
Innovative changes open the prospects
for the revival of the national heritage -
fruit and berry and honey drinks,
reducing the monopolization of the
industry, expanding the production of
domestic  high-quality ~ competitive
products, interest of agricultural
enterprises in the renewal and extension
of plantations. The law allows you to
make only natural varieties or grape
wines based on the fermentation of
grapes, various fruits, berries or honey
[3].

Almost all fruits and berries contain
high concentrations of acids and less than
desirable sugars to obtain conditioned
wine. Therefore, it is necessary to use
special technological techniques for
making conditioned fruit and berry wines
[4, 5]. The manufacture of table and
unassembled fruit and berry wines is
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associated with a long process of
fermentation [2]. Relevance of the
research is determined by the lack of
objective criteria for the optimality of its
passage, assessment and adoption of
measures to regulate the process.

Fermentation of must is a central
technological process of winemaking. It
can be carried out periodically and
continuously [6]. In the process of
alcoholic fermentation of glucose, two
main products are formed - ethyl
alcohol and carbon dioxide. Different
sugars are fermented at different rates.
The most easily fermented glucose and
fructose, more slowly - mannose and
galactose; pentoses with yeast are not
fermented. Sugar is a good fermentation
substrate, but after hydrolysis to mono-
sugars [7,8].

There are a number of patents for
automatic control methods performed at
the temperature of a wand worn, for
carbon dioxide isolated, or by the
decomposition of sugars. Particularly in
the period of rapid fermentation, yeast
can be decomposed up to 15 ... 25 g of
sugar in 1 dm? of wort [5, 9].

Wineries around the world are
focusing on the regulation of the
fermentation process. Low cost method
for controlling the process of
fermentation of cider in industrial
conditions is offered. The method is
based on the existence of a dependence
between the temperature dynamics and
the evolution of ethyl alcohol [10, 11,
12, 13].
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The use of different models of
alcohol fermentation can predict a
process that is important from a
technical and economic point of view.
The principal physiological processes in
fermentation and mathematical
equations that can describe these
processes are considered. In particular,
the kinetics of yeast growth, taking into
account various inhibitory factors, the
Kinetics of the formation of the product
and the kinetics of the consumption of
the substrate. Despite the high degree of
consistency between model and process,
not all models are suitable outside the
experiment. Creating a global operating
model is difficult, but for a number of
factors taken into account, the creation
of a practically useful model is possible
[9, 12].

The aim of our research was to
develop a mathematical model capable
of  objectively  describing the
accumulation of ethyl alcohol in a straw
must for the preparation of unprocessed
wine materials, which can be used to
control and regulate the process for
keeping the last periodic method for
small production.

Materials and research methods.
The research was conducted in the
laboratory of the Department of
technology of storage and processing of
fruits and vegetables of Uman National
Horticultural University in 2016 and
2017. Two varieties of strawberry straw
were used for Salk and Pegasus, from
which juices were obtained by pressing.
After determining the mass concentration
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of sugars and titrated acids and other
quality indicators in juices, they added a
calculated amount of white sugar,
pasteurized the must at a temperature of
80-85 °C. for 3-5 minutes. The must was
cooled to a temperature of 18-20 °C.,
different races of active dry yeast were
added and controlled by the passage of
the fermentation process by changing the
mass of the must due to the release of
carbon dioxide and the accumulation of
ethyl alcohol. After the fermentation
process was completed, the amount of
ethyl alcohol in the wine materials was
determined by the isometric method and
analyzed the dynamics of the
accumulation of ethyl alcohol during
fermentation. There were selected
variants in which a sufficient volume
fraction of ethyl alcohol has been
accumulated for the production of
fortified wines. According to the
averaged data, the correlation equations
were calculated, and the intensity of the
accumulation of ethyl alcohol in different
periods of the process was determined.
Analysis of the correlation equation was
carried out according methodology to
V.0. Yeshchenko and others [14, 15].

Research results and discussion.
Analyzing the content of
physicochemical indicators of quality of
non-fortified wines according to state
standart 6036: 2008, it can be concluded
that in order to ensure their
conditionality, the volumetric fraction
of ethyl alcohol in wine materials
should be not less than 14.2% in Table
1.
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As a result of the dispersion
analysis, it turned out that the greatest
Impact on the accumulation of ethyl
alcohol in the must was the duration of
the process, the impact strength of 77-

96%, the race of yeast 1-20%, and the
interaction of factors 2-4%. Therefore,
we concluded that it is expedient to
optimize the process by its duration.

1. Physical and chemical indicators of quality of unfortified wines and wine

materials
For wines according to the current standard
SSU 6036: 2008 (mass concentration of For wine materials (estimated)
Type of | titrated acids in terms of malic acid 5..8 g/dm®
wine Volume fraction | Mass concentration of Volume Mass concentration of
of ethyl sugars in terms of invert fraction of titrated acids based on
alcohol,% g/dm? ethyl alcohol,% malic acid g / dm?®
Strong 14-15 20-80 14,2-15,7 5,1...84
Strong 14-15 90-130 14,8-16,2 53...8,6
Dessert 14-15 140-190 15,3-16,9 5,5...9,0
Liquor 13-15 200-300 14,7-18,2 5,7...9,7

In 2016, in strawberry must, which
was digested with yeast races EU-1118,
ENSIS -LE-5, ENSIS -LE-6 sufficient

volume fraction of ethyl alcohol has
accumulated at an average of 14.9% in
Table 2.

2. Results of monitoring the dynamics of accumulation of ethyl alcohol in
strawberry must, taken to optimize the process flow,%o vol.

Yeast races Day
Sort 0]/ 3|57 11|13 |18 |24 |31 46|62 77| 9
2016 year
Polka | EC-1118 0 [1,0 [24 [38 ]6,7 | 83 | 99 [11,8|128] 13,6 | 145|150 | 15,0
ENSIS-LE-5 [0 |21 |38 |54 |87 [104 114|127 [129|135][14,2| 147|147
ENSIS-LE-6 |0 [14 |33 [52 |86 |100|112|127|131|137|144 151|151
Pegas | ENSIS-LE-6 [0 [39 |53 (6,7 |81 | 97 |117|127[129|137[ 142|148 | 148
2017 year
Polka |ENSIS-LE-1 [0 |12 [39 [55 [84 | 91 |109|11,7[12,6|145] 154|162 | 169
ENSIS-LE-5 |0 [23 53 [68 |94 |102|123|130|138|154|16,1|16,7 | 17,2
ENSIS-LE-6 [0 |16 |46 [66 100[11,0]136]143[151|168[17,0[172]|174
Pegas | EC-1118 0 21 |49 70 103 | 111132 [134[137]142]147|152] 157
ENSIS-LE-5 [0 |40 |67 [89 11,7 [122]133|136[139145][150] 154|158
ENSIS-LE-6 |0 [20 |60 [66 [90 | 100|126 129|133 14,0 145|150 | 154
Median 022 |46 |62 9,1 [10,2|12,0( 129|134 | 144|150 | 155|158

In the must from the Pegas variety,
which was fermented by the ENSIS-LE-
6 race, it has accumulated 14.8% ethyl
alcohol. In 2017, in three variants,
depending on the yeast race: ENSIS -
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LE-1, ENSIS-LE-5, ENSIS-LE-6 in the
must of the Polka variety on average
accounted for 17.2% of the volume.
Ethanol. In must from berry berries sort
Pegas, enough ethyl alcohol has
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accumulated for digestion of the yeast
race EU-1118, ENSIS -LE-5, ENSIS-
LE-6, at an average of 15.6%. To
optimize the process of fermentation of
strawberries, we took into account all
the best options for two years in two
varieties, given in Table 2.

Dynamics of accumulation of ethyl
alcohol in strawberry worms for the
optimal process flow in the figure. la.
Correlation equation is derived which
can be used to evaluate and regulate the
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process in practice.

Fermentation intensity, % vol./da

For the analysis of the obtained
correlation equation, the correlation
ratio was calculated, n,x= 0,92, and the
error correlation ratio, Spy=0,12.
Determine the student's actual criterion,
ty = 7,7. Student's theoretical criterion
was found by the number of degrees of
freedom: tp95 = 0,20, and tg g9 = 3,11.

Since the Student's criterion is
actually t,=7,7 greater than tyos gmsi
tog9, the connection is reliable on both
levels of reliable probability.
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Figure 1. a) Dynamics of the accumulation of ethyl alcohol in strawberry
must for optimal passage of the fermentation process depending on the length of
the process; b) Intensity of accumulation of ethyl alcohol in strawberry must for
optimal passage of the fermentation process.

Calculated deviation (yx,
% of vol.) from the optimal value was
1.48.

Consequently, using the equation:
y=-0,0038x? + 0,4666x+2,6646, one can
determine the volume fraction of ethyl
alcohol in a strawberry on any day of
the fermentation process for its optimal
flow within 90 days with an accuracy of
15% (figure. 1b). Compare the
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calculated indicator with the results
obtained from the control of the wand,
and make timely conclusions and take
measures as needed to improve.

The dynamics of the accumulation
of ethyl alcohol is described by the
equation of a quadratic parabola, which
has the general form: y = Ax?>+ Bx + C.

The velocity of the process (y ') is
derived from the equation and can be
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determined on any day (x) by the

equation: y'=A2x+B +0. In
particular, in our case: y'=0,4666 -—
0,0076x.

Conclusions. To optimize the

process of fermentation of straw berries,
you can use the equation of a quadratic
parabola: y=-
0,0038x2 + 0,4666x+2,6646, which can
be used to control the fermentation of
strawberries in the manufacture of unsold
wine materials. The derived equation
makes it possible to determine the
content of ethyl alcohol in must in any
given day with a precision of 1.5% v / v.
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OIITUMIBALIA MNPOLUECY BPOAIHHA CYHUYHUX CYCEJ
IJIs1 HEKPINIJIEHUX BUH
A. 0. Tokap, I. B. I'aiipaii, O. 0. FOmuna, O. M. JIutoB4eHko,
B. 1. BoiiuexiBcbokuii

Anomauia. J[ocniodxceno OUHAMIKY HAKONUYEHHST eMUi08020 CRUPMY 8 CYCIAX 3
5210 cynuyi caooeoi copmise llonxa i Ilecac epooicaro 2016 i 2017 pokis nio uac
BUCOMOBNEHHS HEKPINIeHUX 8UHOMamepianis. Y eapianmamu, y SAKUX HAKONUYULACH
oocmamusi 00 €EMHA YACMKA emuilo8020 CRUPMY 05 NPUSOMYB8AHHS HEKPINIeH020
BUHA, BUZHAYEHO CePeoHill BMICM 3ANedCHO 8i0 mpusaiocmi OpoOdinHA. s
BUCOMOBNEHHS SKICHUX CYHUYHUX BUHOMAMeEPIanie OOYLIbHO 3ACMOCO8Y8AMU DPACU
opisconcie EC-1118, ENSIS-LE-5, ENSIS-LE-6. Pospaxoseano i nobyoosano
epaghiune 300padiceHHss YcepeOHeH020 Npoyecy HAKONUYEHHS CRupmy 3a U020
ONMUMATILHO20 NPOX00dNCeHHs. Busnaueno, wo naxonuuewHs emuniogozo cnupmy 6
cyHuuHux cyciax (y, %), mooce 6ymu pospaxosanum y 6yob-axuti nepioo npoyecy (X,
0oba) 3a pienaunam keaopamuunoi napabomu: y=-0,0038x*+0,4666x+2,6646, 3
moynicmio 1,5%. Obnacmo 3acmocysanus pisnannsa x=0...90 0i6. Inmencusnicmo
HAKONUYeHHs emunogo2o cnupmy (%006./0006y) € noxiomoro 6i0 pieHAHHA. 3a
ONMUMATIbHO20 Npomikauusa npoyecy 00 24—31 0obu. O6’emua wacmka emunio8020
cnupmy y cycii nosuHHa cmauosumu He menuie 13 %. Ompumano Kpumepii, 3a
AKUMU MOJNCIUBO OYIHUMU Npoyec OPOOiHH NepioOUHUM CNOCODOM MA NPUUHSMU
3ax00U w000 U020 Pe2yItOBAHHSL.

Knrwouoei cnoea: si2o0u cynuyi caoosoi, cycio, npoyec 6poOinHsa, onmumizayis,
OpIdCONCE, HeKpINieHi BUHA
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OINITUMHM3AIINA MPOIIECCA BPOKEHWE 3EMJISHUYHBINA CYCEJI
JJIA HEKPEIIJIEHBIE BUH
A. E. Tokaps, U. B. I'aiigai, O. 0. IOmmna, A. M. JIuTOBYEHKO,
B. U. BolinexoBckui

Annomayus. Viccneoosano OUHAMUKY HAKONJIEHUSI 9IMUT08020 CNUPMA 8 CYCaX C
5200 3eMsIHUKU cadosotl copmos lloaka u Ileecac ypoocas 2016 u 2017 20006 60
8peMs  npou3eo0cmea  HeKpPenleHHuIX  euHomMamepuanos. Y  eapuamwmax, c
00CMAMOYHbIM HAKONJEHUEeM SMUL08020 CHUPMA ONpeoeleHa UHMEHCUBHOCMb U
OnumenbHocms  O6podcenus. [na  npucomosieHuss KauyecmeeHHvlX —3eMISAHUYHBIX
BUHOMAMEPUAIO8 Yenecoo0pasHo UCnoIb306amsb pacwl Opoxcoicei EC-1118, ENSIS-
LE-5, ENSIS-LE-6. Paccuumana modenv u nodawo epaguueckas mooeisb
VCPEOHeHHO20 npoyecca e20 ONMUMAIbHO20 Npoxoxcoenus. OnpeodeneHo, 4mo
HAKONJIeHue 3Mui08020 CHUpmy 6 3eMIAHuYHbIX cycaax (y, %), moocem Ovimb
paccuumano 8 arodoll nepuod npoyecca (X, CYmKu) no YpaeHeHUuio Keaopamuyeckoll
napabonvl: y=-0,0038x2+0,4666x+2,6646, ¢ mounocmoio  1,5%. Obracmo
ucnonvzosanus ypasHenus x=0...90 cymok. HnmencusHocmos HaKonieHuss 3muio8020
cnupma (%006./cymku) sensiemcsi npouzsoonol om ypasHenus. [lpu onmumanvrom
npomekanuu npoyecca 3a 24-31 cymok & cycie ob6vemHas 007 3Mui08020 CNUpma
oonxcHa docmueams He meHee 13%. [lonyuenvt kpumepuu, no KOMOPHIM MONCHO
OYeHUMsb npoyecc OpoNiCeHUsT NEPUOOUYECKUM CHOCOOOM U NPUHAMb Mepbl K e20
Dpe2yaupo8anuio.
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