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The purpose of the article is to highlight the results of the study of the parameters of the fer-
mentation process of birch sap to obtain on its basis new types of natural blended sap.

The general characteristics and expediency of using natural juices are given. It is noted that
the juices contain in unchanged form and in optimal amounts useful substances for the body (vita-
mins, easily digestible organic minerals, trace elements, enzymes, natural sugars, alkali metals,
natural medicines, plant hormones, antibiotics, etc). In particular, birch sap, due to the rich
composition of macro-and micronutrients, is an effective remedy for many diseases and a useful
vitamin drink to strengthen the immune system and nervous system, which is especially true dur-
ing the pandemic COVID-19.

The results of experimental determination of titrated acidity of fermented birch sap are high-
lighted. Calculations of titrated acidity were performed according to the equation of kinetics,
taking into account the kinetic coefficients determined according to experimental data. The
results showed good closeness to the experimental values. The value of the relative error is in
the range of 0.24—9.45%, which is quite acceptable for the mathematical description of biochem-
ical processes. The linear direct proportional nature of the dependence of the titrated acidity
of fermented birch sap on the initial concentration of sugars is determined: the rate of lactic
acid accumulation during fermentation is very low at the beginning of fermentation, higher in
the middle stage and reaches the highest values at the end of fermentation.

Given the described nature of the laws of kinetics of lactic acid accumulation, a rational
duration of the fermentation process in 4 days is recommended, which allows to achieve a suffi-
ciently high degree of lactic acid accumulation. A further increase in duration leads to a signif-
icant slowdown in the fermentation process. It is noted that even afier heat treatment and stor-
age, the developed types of juices have significant microbicidal activity, reducing the number
of microorganisms in the studied strains by 30 or more times.

a{(ey words: birch sap, biochemical processes, fermentation process, titrated acidity, lactic
acid.

Pozoeéa H.B., Bonoovko O.B. Jlocnioycenna napamempie npouecy ¢hepmenmyeanns
HamMypanbHUX COKig

Mema cmammi nonsieae y 8UC8ImMIeHHI pe3yibmamieé OO0CAIONCEHHs NApamempis npoyecy
Gepmenmysanns 6epe308020 coxy 015 OMPUMAHHSA HA 1020 OCHOBI HOBUX 6UOIE8 HAMYPATLHUX
KYRAJICOBAHUX COKIS.

Hageoeno 3acanvny xapaxmepucmuxy ma OOYINbHICMb 6)ICUBAHHS HAMYPATLHUX COKIG.
3aszuaueno, wo coxu micmamo y HeAMIHHOMY GU2TIS0L MA 8 ONMUMANLHIL KIIbKOCHI KOPUCHI 07151
OP2aHi3My peyosUHU (8IMAMIHU, 1€2KO3AC80I08AHT OP2AHIYUHI MIHepAl, MIKpOeleMeHMU, eH3UMU,
NPUPOOHI YYKPU, JIVIHCHI MEMANU, HAMYPALbHI NIKAPCLKI PEUOBUHU, POCIUHHI 20PMOHU, AHMUOI-
omuku mowo). 30kpema, 6epe30sull Cik 3a80AKU 6a2amomy CKAady MAKpo- i MiKpoeleMeHmis
€ eqhexkmueHUM 3ac060M 8i0 6a2amvbox X60pob Ma KOPUCHUM BIMAMIHHUM HANOEM 01 SMIYHEHHS
iMynimemy i Hepeog6oi cucmemu, o ocooIUo akmyanbro nio uac nandemii COVID-19.
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Bucgimneno pesynomamu eKcnepumenmanbHo20 GUSHAYEHHS MUmpo8anoi KUciomuocmi
Gepmenmosanozo b6epe306020 coxy. Pospaxynku mumposanoi kuciomuocmi npogedeHo 3a pie-
HAHHAM KIHEMUKU 3 YPAXY8AHHAM GUIHAUEHUX 30 eKCNEePUMEHMATbHUMU OAHUMU KIHEMUYHUX
Koegiyienmig. Pezynomamu nokazanu eapny madaudiceHicms 00 eKCnepumMenmanbHuxX 3HAYeHb.
Benuyuna nopisuanoi noxubxu oopistioe 0,24—9,45%, wo yinkom nputinamuo 0nist Mamemamuy-
HO20 onucy Oioximiunux npoyecis. Buznaueno ninitinuii npsamo nponopyiiiHull xapaxmep 3aedic-
HOCMI MUMpOBAHOi KUCIOMHOCHI (hepmenmosanoeo 6epe3o6020 CoKy 6i0 nouamro8oi KOHYeH-
mpayii yyKpia: weuoKicms HAKONUYY8AHHA MOLOYHOT KUCIOMU NI0 Yac ghepmenmyanhs oyxuce
HU3bKA Ha nouamky npoyecy, oOinvuia — 8 cepedHitl cmadii ma 0ocaeae HAUOIbUUX 3HAYEHD
HANpUuKiHyi pepmenmysanHsi.

Bpaxosytouu onucanuii xapaxmep 3axoHomipHocmel KiHeMuKu HAKONUYYS8AHHS MONOYHOT
KUCIOMU, PEKOMEHO0B8AHA PAYIOHAIbHA MPUBATIICIb NPoYecy (epmenmyeants 6npooosic 4 0io,
o 0036014€ d0csA2MU OOCUMb BUCOKO20 CINYNEHsI HAKONUYEHHS MONouHOI kucromu. Ilooanvuue
21C 301IbUIEHHS. MPUBATIOCHIT NPUZBOOUNMDb 00 3HAYHO20 YNOBLIbHEeHHS npoyecy hepmenmayii. Bio-
3HAYEHO, WO HAGIMb NiCis MepMiuHOi 06pobKU ma 30epicantsa po3poONeHi 8UOU COKI8 Maromy
3HAUHY MIKPOOOYUOHY AKIMUBHICIb, 3HUNCYIOUU KINbKICMb MIKPOOP2AHI3MIE O00CTIONCYBAHUX
wmamie y nonao 30 pasie.

Knrwwuoei cnosa: 6epesosuil cix, Oioximiuni npoyecu, npoyec ghepmenmayii, mumposana Kuc-
JIOMHICMb, MOIOYHA KUCTIOMA.

The study found that there is a significant potential for domestic producers of juices
and juice drinks, the use of which is limited by such factors, as the low level of purchas-
ing power of Ukrainian consumers and the growing level of competition in this segment
of the commodity market and modern technologies for harvesting raw materials for
the production of birch sap with the extended term of its preservation and substantia-
tion of recommendations on the production of new types of natural blended juices on
the basis of fermented birch sap therefore, that the processing industry until recently
used for canning only freshly produced birch sap [1]. At the same time, its shelf life
before processing is extremely limited, because at high temperatures, it can ferment
spontaneously, even during transportation. Unfortunately, the healing product of birch
lasts only 3—4 days.

Plant juices supply energy in the form of biophotons, normalize body func-
tions and encourage it to self-repair and produce antibodies against viruses, to dis-
eases and colds contribute to the normalization of biochemical and acid-base balance
of the blood and tissues, prevent premature aging. Vegetable juices improve digestion,
stimulate the heart, endocrine glands, increase the body’s overall resistance to microbes
and various diseases. Juice treatment takes into account that each of them has its own,
unique characteristics and a certain side effect, which, however, can be compensated by
using mixtures of juices [2].

Vegetable juices, or phytosocks (Latin phyto — plant, succus — juice) — a set of cel-
lular and extracellular juice of fresh plant organs, which is released freely (see Nectar,
Pasoka, Mucus, Resins and balms) or due to damage to the plant body (Pad, Latex,
Gum), or squeezed artificially. Natural juice is obtained from fresh vegetable raw mate-
rials (fruits, berries, vegetables, herbs, leaves, flowers) by pressing under high pres-
sure, without the addition of sugar, acids, artificial colors, flavors and preservatives.
They are the most useful and much more effective in the body, because they are formed
and undergo a biological cycle in a plant cell, which has much in common with the cells
of animals and humans. Such juices are easily and quickly (in 10—-15 minutes) absorbed
by the human body, are fully used to nourish the blood, regenerate and heal tissues,
cleanse the body and saturate it with nutrients.

Natural juices cause almost no side effects, allergic reactions, do not accumulate in
the body, act slowly, contain native BAS, show the greatest enzymatic, vitamin and vol-
atile activity. In the case of drying, extraction and storage of vegetable raw materials
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BAS undergo certain changes under the influence of enzymatic processes and other
factors.

From natural juices get juices:

— canned (stabilized) by treatment with chlorobutanol hydrate, ethyl alcohol or citric
acid;

— concentrated (condensed) juices are obtained from fresh plant material in vacuum
evaporators;

— dried vegetable juices are obtained by sublimation to a residual humidity of 2—3%.
They are more stable, free of ballast substances and are used for quick and easy prepa-
ration of medicines;

— pigmented juices contain, in addition to active metabolites, organic dyes (see plant
pigments).

For therapeutic purposes, juices are used only in doses, under the supervision
of a physiotherapist.

One of the most popular cooling and diet drinks is falcon — birch sap., or birch tears [3].

From ancient chronicles it is known that the collection of birch saps (juicers) was
carried out in the princely days. This fishery is not forgotten in our time.

Birch sap is a popular cooling and diet drink that is consumed not only by humans
but also by bees, which improves the quality of honey.

The pharmacological properties of birch sap are the ability to dissolve urinary stones,
most of phosphate and carbonate origin.

It is believed that it heals the blood, stimulates metabolism, strengthens the nerv-
ous system, acts as a diuretic. Prolonged use helps to remove kidney stones. It is used
as a vitamin, antisclerotic, anthelmintic and tonic. Birch sap is useful in scurvy, gout
and rheumatism, diseases of the kidneys, liver and gastrointestinal tract. It can be drunk
by diabetics, but without added sugar [4].

More than 5 million liters of birch sap are harvested annually in Ukraine. It heals
the blood, activates metabolism, strengthens the nervous system, normalizes the liver,
gastrointestinal tract (GI tract), promotes the excretion of salts, urinary and kidney
stones, have a vitamin, antisclerotic, anthelmintic effect, nourishes the skin, enhances it,
smoothes wrinkles removes pigment spots.

Until recently, the processing industry used only freshly produced birch sap for can-
ning. At the same time, its shelf life before processing is extremely limited, because
at high temperatures, it can ferment spontaneously, even during transportation. Unfortu-
nately, the healing product of birch lasts only 3—4 days [7].

Juices are made according to the technology used in the canning industry for the pro-
duction of blended juices. Fermented birch sap is mixed with prepared juices and sugar
according to the recipe and heated to 35—40° C. Finished canned food was sent for stor-
age in the warehouse.

To determine the duration of fermentation (t) of birch sap, which can provide
the required titrated acidity of birch sap due to the accumulation of lactic acid, depend-
ing on the initial concentration of sugars ¢ it is necessary to investigate the patterns
of fermentation. It is known that the kinetics of the fermentation process depend on
many factors. The most important of them are the initial concentration of sugars ¢,
and the duration of the fermentation process t. To reduce energy consumption for
the fermentation process, it is desirable to carry out without heating the juice at room
temperature.

From the literature [5; 6] it is known that the kinetics of most biochemical processes
have significant nonlinearity in duration, and can be described by various mathematical
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models, which include a number of kinetic coefficients, which are determined by exper-
imental data.

Taking into account the above, a plan of experiments on indicators was made,
given in the table. 1. The same table shows the results of experimental determination
of the titrated acidity of fermented birch sap.

Results. The obtained experimental data were approximated by a kinetic equation
close to the known mathematical model of Moser [5]:

a T"

T=T, el M

T is the titrated acidity, %;

Tm is the maximum value of the titrated acidity that can be reached at the end
of the fermentation process, %.

¢, — initial concentration of sugars in birch sap, %;

T is the duration of fermentation, hours;

a, ks, n — kinetic coefficients determined by experimental data.

Table 1
Experimental plan and results of research of kinetics
of birch sap fermentation process
Experiment | Experimental conditions Titrated acidity,% Relative
number C, % 7, hour. | experiment | calculation | tweak,%

2 3 4 5 6
1 1,4 0 0,00 0,00 -
2 1,4 1 0,12 0,13 5,45
3 14 2 0,48 0,49 1,93
4 1,4 3 0,78 0,84 7,10
5 14 4 1,09 1,06 2,55
6 1,4 5 1,25 1,20 4,21
7 14 6 1,26 1,28 1,48
8 0,9 0 0,00 0,00 -
9 0,9 1 0,1 0,09 9,33
10 0,9 2 0,38 0,35 7,75
11 0,9 3 0,6 0,60 0,24
12 0,9 4 0,75 0,76 1,48
13 0,9 5 0,84 0,86 2,14
14 0,9 6 0,90 0,92 1,80
15 0,4 0 0,00 0,00 -
16 04 1 0,05 0,05 1,64
17 0,4 2 0,21 0,19 9,45

The above kinetic coefficients a, ks, n, which are included in the kinetic equation (1),
were determined by us from experimental data by the method of least squares [5; 6],
taking into account which the kinetic equation took the following form:
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The calculations were performed in an MS Excel spreadsheet environment using
the “Solution Search” procedure.

Calculations of titrated acidity, performed according to the obtained equation
of kinetics, showed good approximation to the experimental values, the value of the rel-
ative error is in the range of 0.24-9.45%, which is quite acceptable for the mathematical
description of biochemical processes.

Geometric interpretation of the dependence of the titrated acidity of fermented birch
sap on the sugar concentration and duration of the fermentation process, obtained by
equation (2), is shown in Fig. 1.

Fig. 1. The dependence of the titrated acidity of the fermented birch sap from sugar
concentration and duration fermentation process

The figure clearly shows that the dependence of the titrated acidity of fermented
birch sap on the duration of the fermentation process has an s-shaped character, typical
of most fermentation processes: at the beginning of fermentation the process speed is
very low, in the middle stage it increases rapidly. It is also seen that with increasing
initial concentration of sugars ¢, the fermentation process proceeds faster and during
the same duration of the process the titrated acidity increases significantly.

The dependence of the titrated acidity of fermented birch sap on the initial concen-
tration of sugars c, regardless of the duration of fermentation, is linear and directly pro-
portional. However, it can be noted that the rate of lactic acid accumulation during fer-
mentation depending on the initial concentration of sugars ¢ is also different at different
stages of the process: very low at the beginning of fermentation, higher in the middle
stage and reaches the highest values at the end of fermentation.

Given the descriptive nature of the laws of kinetics of lactic acid accumulation can
be recommended as a rational duration of the fermentation process in 4 days. At this
duration, a sufficiently high degree of accumulation of lactic acid is achieved. A further
increase in duration leads to a significant slowdown in the fermentation process, which
is not rational.
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