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Annomayun. Cnaboanxozonvivle HARUMKU U3 HAMYPATLHOZO CbIPbs WUPOKO PACHPOCMPAHEHbI RO 6CEMY MUPY, U36ECH-
HbIMU NPUMEPAMU AGTAIOMCA GUHA U cudp. Taxue nOKa3ameny, Kax coOepiIcanue caxapa u CRUpma ¢ npoyecce NPou3800Ccmea ume-
1Om gaicHoe 3Hauenus. B pesynemame ue2o uccnedosanue ¢ OanHol obnacmu npeocmaensem wupoKuil CHeKmp 603MONCHOCIET
6HeOPeHUsA UHHOBAYUOHHBLX EXHONO2UT 8 NPOU36OOCINGO.

Mamepuane:r u memoodsi. Paccmompen mpaouyuonnetii npoyecc npouze00cmea ciaboankooneH020 HANUMKA — CUOP.
IIpedcmasnen 0630p Memodog UCCAeOOBAHUA ¢ NOMOWBIO USMEPUMENLHO20 npubopa, pedpaxmomempa. ITodpobro onucan npoyecc
6poocenus. Tax xce npedcmagien SHUMAHUIO MEMOO UCCALO08AHUA COOEPHCAHUA Caxapa u chupma ¢ noMowvio gunomepa. Ilpeo-
cmagnenvl 06pabomannble pesyibmamol IKCHEPUMEHMATbHBIX OGHHBIX.

Pesynomamst u obcysncoenusn. Ilposeoén puzuxo-xumuueckuii anamus cooepiucanis CyxXux 6ewecms, a max Jce noKazame-
JIA NPENIOMIIEHUA ¢ NOMOWLIO pedpakmomempa. Ha ocroganuu nonyueHHbIX OanHbIX HOCMPOEHDI 2PAPUK 3a6UCUMOCTHET PACCMATI-
pusaemMbix nOKazameneti Om MeMnepamypHo2o pescuma opoxcenus. Tak sce npedcmaegiensvl 3a6UCUMOCINU COOEPNCAHUA Caxapa U
cnupma om memnepamypuvl Opoxcenus cuopa.

3axnmouenue. C ysenuuenuem nompebumenscko2o cupoca Ha c1aboAnKo2oNbHble HANUMKY, paccmampueaiomes bonee
appexmusnvle u Menee 3ampamubvle Memoovl Ha UX NPOU800CMEO. Yeeruuusaromes mpebosanusa K npouseooumoti npodykyuu. B
Oannoii pabome paccmMoOmpenvl OCHOGHbIE MEMOObl AHANU3A NPOOYKMA, NPUMEHAEMbLE 8 NPOYECce e20 NPOU3EOOCTHEA.

KmioueBsie ciioBa: cuzp, pedpakroMeTp, OpoKeHHE, CIIMPT, BHHOMED, CYXUe BEIIeCTBA.

Abstract. Low alcohol drinks made from natural raw materials are widespread throughout the world, well-known examples
are wine and cider. Indicators such as sugar and alcohol in the manufacturing process are important. As a result, research in this
area presents a wide range of possibilities for introducing innovative technologies into production.

Materials and methods. The traditional process of producing a low-alcoholic beverage, cider, is considered. A review of
research methods using a measuring device, refractometer is presented. The fermentation process is described in detail. A method
for studying sugar and alcohol content using a wine meter is also presented. The processed results of the experimental data are pre-
sented.

Results and discussions. A physicochemical analysis of the solids content, as well as the refractive index using a refrac-
tometer, was carried out. Based on the data obtained, graphs of the dependences of the considered indicators on the temperature
regime of fermentation are constructed. The dependences of sugar and alcohol on cider fermentation temperature are also presented.

Conclusion. With an increase in consumer demand for low alcohol drinks, more effective and less costly methods for their
production are considered. Requirements for manufactured products are increasing. This paper discusses the main methods of prod-
uct analysis used in the process of its production.

Key words: cider, refractometer, fermentation, alcohol, wine meter, solids.

Introduction. Cider is a low-alcohol drink made from the fermentation of apple juice. In the production of ci-
der, apple varieties are used in which tannin is present. The apple varieties in question are cultivated specifically for the
production of this drink. Depending on the organoleptic characteristics, the considered varieties can be divided into four
main groups: sweets, sharps, bittersweets and bittersharps. The presented varieties differ in the amount of sugar, in taste
and in other organoleptic characteristics.

The purpose of the research is to study the effect of temperature conditions on the intensity of fermentation.

Materials and methods. In the traditional production scheme for such a low-alcohol drink as cider, apples are
used. The first stage of manufacturing is the preparation and grinding of the product. At the next stage, the juice is
squeezed out, after which it is filtered. Then the resulting juice is sent to fermentation vats, the duration of this process
takes about two weeks, depending on the apple variety. After that, the drink is clarified and cleaned of impurities. One
of the objects of research in this work is the analysis of the quality indicators of cider, depending on the technological
mode of fermentation. The stages of cider production were carried out according to a typical scheme, consisting of the
following operations.
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1) The apples were stored for 2-3 days in a warm room. This was done in order not to wash away wild yeast
from the surface of the fruit, which is needed for fermentation.

2) The leaves and stems were removed. Apples in the amount of 2.2 kg, together with the peel and seeds, were
crushed with a juicer.

3) Mix the juice with the crushed apples and stir until smooth.

4) Divide the homogeneous mixture into two parts. Each mixture obtained had a mass of 1.1 kg.

5) 0.16 kg of sugar was added to each mixture.

6) Then the resulting mixtures were left to ferment for 2 days.

7) After 2 days, the juice was squeezed out of the fermented mixture and each mixture was placed for further
fermentation at different temperature conditions.

For two weeks, fences were taken and the percentage of dry matter and the refractive index were examined.
These studies were carried out using a refractometer shown in Figure 1 [1].

A refractometer is an optical device, one of the purposes of which is to measure the specific gravity of a liquid.
To carry out this measurement, a few drops of liquid are taken and its optical properties are examined. The refractome-
ter is widely used in the wine-making and brewing fields.

Also, thanks to the refractometer, the specific gravity of the obtained liquids is monitored. At this point, it is a
good alternative to a hydrometer, and often these two methods are used together, for more accurate readings [2].

One of the main advantages of a refractometer in comparison with a hydrometer is the small volume of liquid
required for research.

When examining pure water in terms of optical characteristics, there is a certain deviation that occurs due to
the transmission of light. The deflection resulting from the passage of light through a transparent medium, in our case
water, is called refraction. Moreover, when light passes through other substances, its deviation will deviate from the
standard by a certain value [3].

When sugar-containing substances are added to water, there is an increase in the deviation of light from its
original value. A refractometer uses this effect, resulting in a quantitative determination of sugar in the test sample due
to the amount of deflection of light.

The light source can be either a lamp that illuminates the sample under study or natural light in the room.
These features depend on the characteristics of the refractometer [4].

Two alcoholic beverages of the same composition, cider, fermented at different temperature conditions were
investigated. First sample of cider was fermented at 20 °C, the second — at 27 °C.
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Fig. 1. Refractometer

When working with a refractometer, the following guidelines should be followed. The first thing to do is check
the zero point setting in the refractometer. It should be remembered that the setting of the zero point, as well as the
measurements carried out on the refractometer, must be carried out at the same temperature conditions. Checking and
setting the zero point should be carried out with distilled water [5]. As a result of the study of distilled water, the re-
quired light and shade limit should be on a division equal to 1.33299 on the refractive index scale and 0% on the dry
matter scale. Checking and setting the zero point is carried out according to the following plan:

— move the upper chamber and rinse the surfaces of the measuring and lighting lenses with alcohol, then wipe
the surface dry with a clean cloth;

— apply a few drops of distilled water with a pipette on the measuring surface of the lens and close the previ-
ously opened chamber;

— moving the illuminator, direct the light beam to the lens of the upper camera;

— by rotating the handle with the eyepiece along the scale, find the chiaroscuro border;
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— the found border of chiaroscuro, rotating the handle, combine with the hairline. With the correct setting of the
zero point, the light-shade border will pass beyond the refractive index scale equal to 1.33299 and then 0% of the dry
matter scale [6].

In the course of the work, a study was also carried out, as a result of which the dependence of the change in the
amount of sugar during fermentation was measured. This dependence is due to a decrease in the amount of sugar, as a
result of which the amount of dry matter decreases, as well as the refractive index.

Thus, in the first sample, fermentation proceeded at a temperature of 20 ° C, and in the second sample, the
temperature was 27 ° C. The study was conducted over two weeks, during which fences were taken and changes in the
amount of sugar and alcohol were observed [7].

Alcoholic fermentation is a process, as a result of which, under the influence of yeast, a qualitative reaction of
converting glucose into ethyl alcohol and carbon dioxide occurs in an anaerobic environment. The equation for the de-
scribed reaction is shown below:

C¢H,06 — 2C,HsOH + 2CO,.

As a result of this reaction, one glucose molecule is split into two molecules of ethyl alcohol and two mole-
cules of carbon dioxide. Also, the result of the reaction is a small release of energy, under the influence of which there
is a slight increase in the temperature of the medium. It should be noted that during the fermentation process, fusel oils
are also formed that negatively affect the finished product: butyl, amyl and other alcohols, which are by-products of the
exchange between amino acids [8].

Yeast is a spherical, single-celled fungus. The substance in question has the peculiarity of actively developing
in a liquid medium, which in turn is rich in sugars. In this study, we used naturally-produced yeast that forms on the
surface of apples.

The main factors for the development of yeast are the amount of sugar, temperature and acidity of the envi-
ronment. An additional influence is exerted by the presence of the necessary macro- and microelements, the percentage
of alcohol, as well as the access of the environment to oxygen [9].

1. The amount of sugar required for stable fermentation should be kept in the range of 10-15%. When sugar
concentration exceeds this value, fermentation weakens.

2. The optimum temperature for the yeast should be 20-27 ° C. Since at significantly lower values, the fermen-
tation process slows down significantly.

3. The acidity of the medium should be maintained in the range of 4.0-4.5 pH. At this value, the medium is
acidic, which favorably affects alcoholic fermentation.

4. Ethyl alcohol has a double effect on the fermentation process. First of all, it is a necessary product for the
life of yeast. At the same time, ethyl alcohol is a strong toxin, which slows down the fermentation process. Empirically,
it was calculated that for the formation of approximately 0.6% alcohol, 1% sugar is needed. Thus, to achieve a result of
12% alcohol, a solution is needed, the sugar content of which will be 20%.

5. In an anaerobic environment, the so-called survival of yeast occurs, in which the maximum amount of alco-
hol is released. Thus, in order to protect the wort from the ingress of oxygen into it, as well as to provide removal of
carbon dioxide, a water seal is used [10].

Within the framework of this work, the dependences of the dry matter content and the refractive index on the
temperature regime in which the fermentation process takes place will be obtained. The results obtained give an idea of
the reaction rate. Thus, it is possible to monitor the consumer properties of the product at the stage of wort fermentation.

Also as a result of this work, the dependences of the percentage of sugar and alcohol on the fermentation tem-
perature of the wort were obtained. That allows you to adjust the modes of the technological process.

Results and discussions. As a result of the research, the data were obtained, after analyzing which the table 1
was constructed. This table reflects the dependences of the content of dry substances and the refractive index on the I
and II t°> modes, which correspond to 27°C and 20°C, respectively.

Table 1
Values of the refractive index and the amount of dry matter during fermentation
Reasearch Ne [ 1 [ 2 [ 3 [ 4 [ 5 [ 6 [ 7
1 t® mode
Solids content,% 19,2 15,1 10,8 8,9 8,9 8,9 8,2
ng 1,3625 1,3552 1,349 1,346 1,344 1,342 1,341
11 t° mode
Solids content, % 20 17,8 15,4 13,9 13,1 12,5 12
Ny 1,363 1,36 1,356 1,354 1,352 1,351 1,351

Analyzing the data from Table 1, visual graphs were built that fully reflect the resulting dependence. Figure 2
and Figure 3, respectively, show the changes in dry matter and refraction indicators during wort fermentation.
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Fig. 2. Changes in the dry matter index during fermentation
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Fig. 3. Change in refractive index during fermentation

After analyzing the data obtained, we can conclude that with the classical scheme for making a low-alcohol
drink from apples, the optimal values that allow the use of the drink according to GOST are achieved: during fermenta-
tion at a temperature of 27 °C - this indicator corresponds to the 2nd dimension (2 days after the start of fermentation).

At 20 °C, this indicator corresponds to the 3rd dimension (4 days after the start of fermentation).

The research results for cider fermented at I and II temperature regimes are presented in Table 2. The presented
table reflects the dependence of the sugar and alcohol content on the temperature under the influence of which fermen-

tation proceeds.

Table 2
Values of indicators of sugar and alcohol

Reasearch Ne [ 1 [ 2 [ 3 [ 4 5 6 7

1t® mode
Sugar content,% 21 11 5 4 3 0 0
Alcohol content,% 3 5 9 11 12 12,5 12,5

11 t° mode
Sugar content,% 21 20 15 12 10 10 9
Alcohol content,% 1,5 2,1 5 6 8 8 9

Analyzing the data from Table 2, visual graphs were built that fully reflect the resulting dependence. Figure 4

and Figure 5 respectively show the changes in the sugar and alcohol content in the samples under consideration.
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Fig. 4. Sugar content in samples
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Fig. 5. Alcohol content in samples

As can be seen from the graphs, at I1 t® mode, yeast stops processing sugar at an alcohol content of 8%. At the I
t° mode, the yeast processes sugar completely in 2 weeks. The last measurement corresponds to 0% sugar and 12.5%
alcohol content.

Conclusion. Based on the results of the work, the dependence of the intensity of fermentation on its tempera-
ture regime was established. Thus, the optimal fermentation temperature is 26-27 °C. Exceeding this temperature regime
is impractical, as this will lead to the death of yeast fungi. Lowering the temperature regime, in turn, inhibits the devel-
opment of yeast, which leads to a slowdown in the fermentation process.

Based on the results of the work, the dependences of the content of dry substances and the refractive index on
the temperature regime of wort fermentation have been established. Also presented are graphs reflecting the obtained
dependencies.

When carrying out the research, the optimal indicators for wort fermentation were revealed. At a temperature
of 27 °C, this figure corresponds to 2 days after the start of fermentation. At 20 °C, this figure corresponds to 4 days
after the start of fermentation.

Thus, as a result of the work done, it was determined that the increased temperature significantly accelerates
the fermentation process, thereby increasing the productivity of the enterprise.

JIUTEPATYPA
1. Arabanbsui I'.I'. M30pannbie paboThl MO XUMWHM U TEXHOIOTHH BHHA, MMAMITAHCKOTO W KOHBsKa. M.: ITuir. mpoMsIiieH-
HocTb. 1972. C. 615.
2. Apymionsa JLI'. Pa3zpaboTka TEXHONOTHYECKMX TPHUEMOB YIyUINCHHS KauecTBa SOJOYHBIX BHH: ABTOoped. IHC.
KaHJ.TexH.Hayk. M., 1983. C. 25.

Boinyck Ne1, 2020 85



COBPEMEHHAA HAYKA U MHHOBALUWMNU

3. babakuna 3.JI BiusHue nposokel—InM30caXapoMHIETOB Ha BO3HUKHOBEHHE CIIOHTAHHOIO SIOMIOYHO-MOIOYHOTO Opo-
JKEeHUS B O€JIBIX CTONOBBIX BHHOMaTepuanax/ D.J1.babakuna, C.A.Kumkosckas, HW.Bypssn // ITnm.npom-c1b. 1986. Ned. C. 45-47.

4. Babwera W.II. Metoasl BhiieneHus U uaeHtaukaimn aposxokei/ .11 badsera, B. M. onybes. M.: Ilum. npoM—cTh,
1979. C. 120.

5. batrera W.I1., Uepnos U.IO. buonorus apoxckei. M.: T-Bo nayu. uza. KMK, 2004. C. 204.

6. Boiinexorckuit B. 1., Tokaps A. E. KauecTBo cuipoBEIX BAHOMATEPHATIOB B 3aBUCHMOCTH OT COpPTa SOMOK M PaChl APONOKEH.
Bectauk HOxu0Y panbekoro rocygapetBeHHoro yHuBepeuteta. Ceprs: Inmensie u 6uotexnonorun. 2014. T. 2. Ne 4. C. 42-49.

7. Kynmukosa M.T'., Akcenora O.11. MaTemaTudeckoe MOJIeTUPOBAHUE PEIIEITYPRI MO JIAHHBIM CEHCOPHOTO aHanm3a // 1H-
(dopMmaTuKa, MaTeMaTHIecKOe MOJIeIM poBaHue, skoHoMuKa. 2014. Nel. C. 100-104.

8. Kynukoa M.I'., Cunoposa A .M. VIHHOBaITMOHHEIH MOJXOJ K TIPOSKTHPOBAHHIO MHUITICBLIX POYKTOR // EcTecTBeHHBIE U
TexHuuyeckue Hayku. 2017. Ne5. C. 157-158.

9. Hulme A.C., Smith W.H., Wooltorton L.S. Biochemical changes associated with the development a low temperature
breakdown in apples. — J. Sci. Food Agric., 1964. Vol.15, N 5, p.303-308

10. Kunkec R.E. Malo-Lactic Fermentation and Winemaking. Chem. Winemaking. Washington, D.C., 1974, I51-178.

REFERENCES

1. Agabal'yants G.G. Izbrannye raboty po khimii i tekhnologii vina, shampanskogo i kon'yaka. M.: Pishch. promyshlen-
nost'. 1972. S. 615.

2. Arutyunyan L.G. Razrabotka tekhnologicheskikh priemov uluchsheniya kachestva yablochnykh vin: Avtoref. dis.
kand.tekhn.nauk. M., 1983. S. 25.

3. Babakina Eh.L Vliyanie drozhzhel-shizosakharomitsetov na vozniknovenie spontannogo yablochnO-molochnogo
brozheniya v belykh stolovykh vinomaterialakh/ Eh.L.Babakina, S.A.Kishkovskaya, N.I.Bur'yan // Pishch.prom-st'. 1986. Ne4. S. 45—
47.

4. Bab'eva .P. Metody vydeleniya i identifikatsii drozhzhei/ I.P.Bab'eva, V.I.Golubev. M.: Pishch. prom-st', 1979. S. 120.

5. Bab'eva I.P., Chernov I.Yu. Biologiya drozhzhei. M.: T-vo nauch. izd. KMK, 2004. S. 204.

6. Voitsekhovskii V. L., Tokar' A. E. Kachestvo sidrovykh vinomaterialov v zavisimosti ot sorta yablok i rasy drozhzhei.
Vestnik YuzhnOUral'skogo gosudarstvennogo universiteta. Seriya: Pishchevye i biotekhnologii. 2014. T. 2. Ne 4. S. 42-49.

7. Kulikova M.G., Aksenova O.I. Matematicheskoe modelirovanie retseptury po dannym sensornogo analiza // Informatika,
matematicheskoe modelirovanie, ehkonomika. 2014, Nel. S. 100-104.

8. Kulikova M.G., Sidorova A.l. Innovatsionnyi podkhod k proektirovaniyu pishchevykh produktov // Estestvennye i
tekhnicheskie nauki. 2017. Ne5. S. 157-158.

9. Hulme A.C., Smith W.H., Wooltorton L.S. Biochemical changes associated with the development a low temperature
breakdown in apples. — J. Sci. Food Agric., 1964. Vol.15, N 5, p.303-308

10. Kunkec R.E. Malo-Lactic Fermentation and Winemaking. Chem. Winemaking. Washington, D.C., 1974, I51-178.

OBb ABTOPAX | ABOUT AUTHORS
TumanoBckuii EBrenmii AnexceeBut, CTyIeHT MaruCTPaTypHL Kadeapsl « MalliuHEL ¥ arperaThl THITICBHIX
npousBojicTBy, @mwinan ®I'HOY BO «HHUY «MOW» B 1. CMOIEHCKE.
Timanovskiy Yevgeniy Alekseevich, Master's student of the Department of Machines and Units
of Food Production, Branch of "NRU" MPEI "in Smolensk.

Mockanés Makenm OJieroBu4, CTY/ICHT MaTACTPATYPH KadeIphl « MaImuHb 1 arperaThl MUIMEBhIX
pousBojicTBy, @mwinan ®I'HOY BO «HUY «MDHW» B 1. CMoneHCKE.

Moskalev Maksim Olegovich, Master's student of the Department of Machines and Units

of Food Production, Branch of "NRU" MPEI "in Smolensk.

86 Bbinyck Ne1, 2020



