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Abstract. The article reveals the research results of freshness and safety of sprouted wheat bread made with the use of water ad-
ditionally treated with nonequilibrium low-temperature contact plasma. Prospects of the use of dispersion of wheat grain for the
wholegrain bread production are shown which allow decreasing the grain raw materials loss along the food chain. The ways of pro-
longation of bread freshness during storage and slowdown of bread staling are analyzed. It is shown that in case of usage of plasma-
chemically activated water in the technology wheat grain soaking duration decreases by 30%. The additional water treatment also
promotes bread freshness prolongation up to two days. It is determined that water gets the characteristics relevant for the technology
after 30—40 minutes of treatment with nonequilibrium low-temperature contact plasma. According to our findings, usage of plasma-
chemically activated water provides slowdown of water migration and moisture loss by the crumb. It is determined that the usage of
additional water treatment in the technology results in 17—-60% increase in hydrophilic properties of the crumb and slows down their
reduction during storage of sprouted wheat bread. Results of differential thermal analysis showed changes in various forms of mois-
ture binding in the product during storage and increase in the part of adsorptionally bound moisture by 6-8%, when additional water
treatment is used for grain soaking and dough making in sprouted wheat bread making technology. The rate of moisture removal
from crumb of sprouted wheat bread made with the use of water subjected to nonequilibrium low-temperature contact plasma was
determined through mathematical processing of data and construction of piecewise linear model. It is proved that safety level of
usage of plasma-chemically activated water in sprouted wheat bread technology meets the requirements to the content of heavy
metals such as mercury, arsenic, copper, lead, cadmium, zinc, and mycotoxins (aflatoxin B1, deoxynivalenol, zearalenone).
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AHoTamisi. Y CTaTTi NpecTaBiIeHO pe3yJabTaTH IOCITiKeHb CBIXKOCTI 1 6e3redHoCTi XJiba, BUTOTOBICHOrO i3 TUCHepProBaHOl
3epHOBOI MacH IILICHUII TMpPH BHKOPHCTAHHI Yy TEXHOJOTil JONaTKoBOi OOpOOKM BOAM KOHTAKTHOK HEPiIBHOBAYKHOIO
HHM3BKOTEMIIEPATYPHOIO IU1a3MOK0. [IOKa3aHO MEpCIeKTHBH 3aCTOCYBAaHHsS IHUCICPIyBaHHS 3€pHA MUICHMLI I BHPOOHHLTBA
L{JIbHO3EPHOBOrO XJi0a, IO MO3BOMSIE HOCATTH 3HIDKEHHS BTPAT 3CPHOBOI CHPOBHHH B3[OBX IPOAOBOJBYOrO JIAHLIOIA.
[IpoaHasi3oBaHO NHUIAXM MOIOBXKEHHS TPHBAIOCTI 30epiraHHs XJ1i0OM CBIKOCTI Ta 3aTpUMaHHS IMPOLECIB YEPCTBIHHS T'OTOBOI
npoAykiii. BcraHoBieHO, 10 32 yMOBU 3aCTOCYBaHHS y TEXHOJIOTII IIa3MOXiMIYHO aKTHBOBAHOI BOJHM TPHBAICTh 3aMOUYYBaHHS
3epHa MieHuLi ckopouyerbes Ha 30%. IIpu oMy nonaTkoBa oOpoOka BOIM CIPHSE MOAOBKEHHIO CBIXOCTI BUPOOIB Ha ABI 100H.
BusiBnieHo, 1o palioHaibHi Ui TEXHOJOTIT XapakTepucTuky Boaa HalOysae micist 3040 xB 00poOKH KOHTaKTHOIO HEePiBHOBaXKHOIO
HHU3BKOTEMIIEPATYyPHOIO ITa3MO0. [loKa3aHo, L0 BHUKOPUCTAHHS IUIA3MOXIMIYHO AKTHBOBAHOI BOAM BHKIIMKA€E CIIOBIIbHEHHS
mpoleciB Mirpaiiii Boioru Ta ii BTpaTH M’SKYIIKOK. BHSBIEHO, IO 3aCTOCYBAaHHsS JONATKOBOI OOpPOOKHM BOAM y TEXHOJOTII
NPU3BOIMTH /0 3pocTaHHA Ha 17-60% rinpodiabHOCTI M’SKYLIKH Ta YIOBUIBHIOE 11 3HIKEHHS miA 4ac 30epiranHs xumiba i3
JIMCIIEPrOBaHOI 3epHOBOI MacH MIICHULI. 3a pe3yibraTaMu Au(epeHLiHHO-TepMIYHOr0 aHali3y BHSBICHO 3MiHH Pi3HHX (GOpM
3B’SI3Ky BOJIOTM y HPOXYKTI MiJ yac 30epiraHHs Ta MoKazaHo 30UnblIeHHS HA 6—8% uacTku ajcopOLiitHO 3B’s3aHOI BOJIOTH NpH
BHUKOPUCTAHHI Y TEXHOJIOri] LibHO3EpHOBOrO X1iba J0JaTKOBOI OOPOOKM BOMHM IJIsl 3aMOYYBaHHS 3epHA 1 MPUTOTYBAaHHs TicTa.
[InsxoM MaTeMaTHYHOI OOPOOKHM JAaHHWX Ta MOOYIOBH KYCKOBO-JIIHIHHOI MOfENi, BU3HAYEHO INBUIKICTh BHIAJICHHS BOJIOTH i3
M’SIKYIIKH ~ 3€pHOBOTO  XJIi0a, BHTOTOBJICHOrO 3 BHUKOPDUCTAHHSM BOAM, MiAAaHOi MAii KOHTaKTHOI  HEPiBHOBaXKHOL
HU3bKOTEMIIEpaTypHOi ia3mu. JIoBeneHo, 10 piBeHb OE3MEeYHOCTI 3aCTOCYBAHHS IUIa3MOXIMIYHO aKTHBOBAHOI BOAM Y TEXHOJOTIT
xJ1i0a 13 IUcreproBaHoi 3epHOBOI MaCH MIICHHUI 330BOJIbHSIE BUMOTH IIOJI0 BMICTY TAKHX BaXKKUX METANIB SIK PTYTh, MHUIIISIK, Mi/ib,
CBHHEIIb, KaJIMiH, IIMHK i MiKOTOKCHHIB (admoTokcuny Bl, 1e30KkcHHIBaNICHONY, 3eapalieHOHY).

Kuouosi cioBa: xmi6 i3 aucreproBaHol 3epHOBOI MacH, IUIA3MOXIMIYHO aKTHBOBaHA BOJA, AepuBaTOrpadivuHuil aHaumis,
YepCTBIHHS, KPUILIKYBATICTh, HAOyXaHHs, 3B’s13aHa BOJIOTa, BUIbHA BOJIOTa, MMOKA3HUKU OE3IEKH.
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According to data provided by FAO, more than one third of all food raw materials in the world is lost, which en-
tails the exhaustion of the labor, ecological, material and energy resources [1]. Furthermore, losses of the grain raw
materials such as wheat, rye, and oats are almost 10% higher than the corresponding losses for oil-bearing crops [2].
The greatest losses along the food chain occur at its final stage, i.e. in the process of consumption of food products.

Development of resource-saving technologies is the prerogative of the food industry. At the same time, this effect
can be achieved through the integrated approach and reduction of losses at different stages of the food product mak-
ing [3]. Production of sprouted bread allows excluding the stage of grain processing to obtain flour and preserving all
useful biologically active substances in the finished product [4]. Development and improvement of the technological
aspects of sprouted bread production is considered in a number of works [5-8]. However, the issue of provision of
freshness of such products and, as a consequence, reduction of losses at the stage of consumption of bread is still rele-
vant.

Analysis of recent research and publications

Bread belongs to food products with the relatively high moisture content, which reduces duration of the period of
its consumer properties’ stability [9]. Besides, loss of quality characteristics of bakery products is an inevitable pro-
cess. Since the staling, along with microbiological damage, limit the life cycle of bakery products, various attempts are
made to extend the period of maintenance of bread freshness. It is known that the indicators of freshness of bread de-
pend on raw materials used for making of bakery products [10-15]. At present time, extension of the periods of product
storage is a priority task for the baking industry; therefore, in order to solve this issue, the scientists conduct active stud-
ies in this direction.

Decrease in bread quality is associated with the partial loss of moisture, development of negative microflora and
staling of products [16-19]. Bread staling results in deterioration of consumer properties of finished products, i.e. in-
crease in crumbling, loss of taste and aroma [20,21]. In its turn, this process combines a number of transformations in
the structure of biopolymers [22,23]: reduction of hydrophilic properties of bread, change of the product microstructure,
transition of starch from the amorphous to crystalline state. Today there are many technological approaches to extension
of the term of bread freshness which include freezing, packaging in conditions of the gas environment of a certain com-
position, intensification of bioconversion of flour raw materials, usage of various additives of chemical origin, and
others [9]. Modern trends in healthy nutrition are aimed at exclusion of artificial additives. Attempts to use various
methods of raw materials’ treatment might be of interest [24-26]. Water is one of the main ingredients in the baking
formulas. Owing to treatment of water using physical and chemical methods, directed regulation of its properties is
achieved. In particular, usage of nonequilibrium contact plasma for treatment of water and aqueous solutions showed
itself as an efficient method of acceleration of the production processes and increase of quality of bread made tradition-
ally of wheat flour [27] and sprouted bread [6].

Despite a number of advantages, production of sprouted bread demands studying of processes of the product quali-
ty loss during storage. Therefore, it is relevant to study the changes in quality of sprouted bread made with the use of
plasma-chemically activated water and to evaluate safety of products, since along with the large number of peripheral
particles the final product incurs the risk of contamination by heavy metals and mycotoxins.

Aim of the work is the research of processes of changing quality of sprouted bread made with the use of water
subjected to nonequilibrium contact plasma during storage and the level of safety of final product.

To achieve the objective, the following tasks were specified:

1. Identification of changes in quality indicators which characterize staling processes for the sprouted bread made
with the of water treatment by nonequilibrium low-temperature contact plasma in the technology;

2. Establishing of the effect of plasma-chemically activated water on the forms of moisture binding by the differen-
tial thermal analysis;

3. Determination of safety indicators of sprouted bread made with the use of plasma-chemically activated water.

Research Materials and Methods

In the course of studies we used winter wheat grain of “Antonovka” grade with the quality indicators as below:
grain moisture content — 13.8%, natural weight — 822 g/l, falling number — 381 s, amount of crude gluten — 20.6%, and
value of gluten deformation — 62 units. As the recipe components, “Lvivski” pressed bakery yeast (TS U 10.8-
00383320-001); dry wheat gluten of CARGILL TM (TS 9189-005-00365517-06); “Agram dark” food additive (TS
9293-024-18256266-03) were used. For soaking the grain and mixing the dough we used untreated drinking water of
Dnipro city water main (Table 1) and water subjected to nonequilibrium contact plasma during 10, 20, 30 and 40
minutes, with the characteristics set forth in Table 2. Since the alkaline earth metals do not form any sediment as a re-
sult of water plasma-chemical treatment, and amount of other elements dissolved in drinking water is minimal, water
after treatment was used without the additional treatment operations. Water was treated in the laboratory of plasma-
chemical technologies of “Ukrainian State University of Chemical Technology” SHEI on the experimental unit includ-
ing power supply unit, vacuum pump and 0.5 dm? reactor made of molybdenum glass, with the cooling jacket [28].
Operating parameters of the unit are shown in Table 3. Bottom part of the reactor comprises the fixed cathode of stain-
less steel. Anode of stainless steel is mounted in the reactor above the surface of water which is poured into reactor at
the distance of (7-15)-10° m. Pressure in the reactor is 100 KPa. Plasma-chemically activated was stored for 2-3 days
at the temperature of 5-10°C.



Table 1 — Tap water quality indicators (Dnipro city)

- Result of meas-

No. Name of the indicator Urement
1 | Water color, deg. 11.58
2 | Odor score 1

3 | Turbidity, mg/dm3 4.75

4 | Hydrogen index, pH units 7.30

5 | Total alkalinity, mg-eq. HCOs/dm?® 3.29

6 | Bicarbonates, HCOs/dm?, mg/dm? 200.75
7 | Dry residue (insoluble matter), mg/dm?® 290

8 | Hardness, mg-eq/dm? 4.10

9 | Calcium, mg/dm? 70.14
10 | Magnesium, mg/dm?® 7.29
11 | Sodium and potassium, mg/dm?3 3.00
12 | Iron, mg/dm? 1.52
13 | Manganese, mg/dm?® 0.27
14 | Chlorides, mg/dm?® 27.65
15 | Sulfates, mg/dm?3 8.16
16 | Nitrates, mg/dm3 1.07
17 | Phosphates, mg/dm3 0.045
18 | Permanganate oxidation, mg O/dm?® 6.3
19 | Nitrites, mg/dm® 0.02
20 | Ammonium (ammonia nitrogen), mg/dm?3 0.2
21 | Copper, mg/dm? 0.160
22 | Lead, mg/dm? Less than 0.005
23 | Zinc, mg/dm® 0.020

Table 2 — Water characteristics before and after treatment with nonequilibrium low-temperature
contact plasma

Duration of plasma ac- Concentration of perox-| Redox poten-
Sample No. tion on water, minutes Water pH ide compounds, mg/I tial, mV
1 - 7.30 - 240
2 10 9.61 100 140
3 20 9.80 200 122
4 30 10.18 400 109
5 40 9.72 500 105

Wheat grain was soaked at hydro-module 1:1 and temperature of 18-22°C, with the duration of operation of 16 and
24 hours and washing of grain after soaking. Wheat grain was dispersed before formation of the homogenous grain
mass. Other components according to the recipe [6] were added to the prepared grain amass, and the dough was mixed.

Changes in the consumer properties of bread were studied in 24, 48 and 72 hours after baking. Tests samples were
stored at the relative air humidity of 75%.

The content of forms of bound moisture in bread was determined using derivatograph “Paulik-Paulik-Erdey” Q-
1500D. The sample was heated in the temperature range of 20-250°C at the rate of 2.5°/min.

Table 3 — Operating parameters of the unit for water treatment with nonequilibrium low-temperature contact

plasma
Parameters Power supply Value
Input voltage Single-phase alternating ~50 Hz; 220 V
Output voltage Direct, pulsating, regulated within 700-1,500 V
Load current Maximum value 0.3A
Ignition voltage Amplitudg 12,000-15,000 V
Pulse duration 1.0-1.5ms

Toxic elements were determined by the method atomic adsorption spectrophotometry using the device Shimadzu
AA-6300 (GOST 26927-86, DSTU 7670:2014, GOST 30178-96), mycotoxins — by the method of thin layer chromatog-
raphy (MRI 2273-80, MU 5177-90). Determination of kinetic characteristics of various forms of moisture binding was
carried out by mathematical processing of data of the derivatographic analysis and construction of the piecewise linear
model in the MS Excel environment.

Results of the research and their discussion

Storage of bread is accompanied by gradual loss of its moisture, due to sufficiently high content of water in the
product. Sprouted bread, as distinct from wheat varieties of bread, features higher content of shells, which cause the



increase in water-absorbing capacity of the dough and, accordingly, growth of moisture in the final product [6]. As it is
seen from data of Table 4, losses of moisture during 72 hours of storage for all samples under study vary within 0.6—
1.45%. Control samples of sprouted bread are characterized by higher loss of moisture with less time of grain soaking
(decreased from 24 to 16 hours). At the same time, compared to control samples, the losses of moisture slow down
almost twice when the grain is soaked for 16 hours and dough is mixed with the use of water subjected to nonequilibri-
um contact plasma. It should be noted that increase in duration of wheat grain soaking on condition of usage of treated
water causes certain leveling of the process of loss of moisture slowdown compared to control.

Table 4 — Effect of duration of grain soaking on moisture content of sprouted bread during storage

Duration of . . .
bread storage, Duration of water treatment with plasma, minutes
hours 0 [ 10 [ 20 ] 30 | 40

Soaking of grain for 16 hours

24 48.3 48.9 49.0 48.6 48.6

48 479 48.7 48.8 48.2 48.2

72 47.6 48.6 48.7 48.1 48.1
Soaking of grain for 24 hours

24 47.2 47.3 48.4 48.3 46.9

48 47.1 47.1 48.3 48.1 46.8

72 46.8 46.8 47.9 47.8 46.4

Along with the loss of moisture, decline in consumer characteristics of bread is observed due to changes in the
structure of biopolymers of the crumb. These changes provoke the appearance of additional gaps in the starch-protein
matrix of bread. Crumbling indicator is important for the consumer and is considered the defining one, since it is direct-
ly related to the texture characteristics. It is found that duration of grain soaking has its effect on crumbling of the bread
crumb (Fig. 1). For sprouted bread made with the use of tap water in 24 hours after baking this indicator makes 2—3.5%;
when the period of storage is increases to 72 hours it grows twofold. At the same time, test samples obtained from grain
after 16 hours of soaking are characterized by the change in crumbling within 0.5% (Fig. 1a). Therefore, usage of plas-
ma-chemically activated water in the technology of grain bread promotes decrease in crumbling of the crumb by 15—
45%, on condition of the usage of water activated during 30-40 minutes, and soaking of grain for 16 hours.
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Fig. 1. Change in crumbling of bread crumb depending on grain soaking duration:
a — 16 hours; b — 24 hours. Duration of water treatment, minutes: 1 -0; 2-10; 3-20; 4-30; 5-40

One of properties of fresh bread is high moisture susceptibility of the crumb. However, as a result of ageing of bi-
opolymers, this property is gradually lost. Fig. 2 shows the change in the degree of swelling of crumb of sprouted wheat
bread during storage. With the increase in duration of grain soaking, the growth of the degree of swelling of the crumb
occurs, which is obviously due to activation of the processes of conversion of high-molecular substances into low-
molecular ones as a result of activation of biochemical processes at the expense of prolonged action of water on the
grain biopolymers. The largest effect from increase in the soaking duration is observed for the control sample of sprout-
ed wheat bread. Hydrophilic properties of the crumb of bread made according to the traditional technology are the most
significantly lost during the first 36 hours of storage, so the indicator changes to 24-34% with regard to initial values.
Hydrophilic properties of the crumb for the test samples is 17-60% higher compared to control, and they are lost at the
lower rate. In some cases, such as the use of plasma-chemically activated water with the duration of treatment of
30 minutes for soaking of grain and mixing of dough, the loss of ability to absorb moisture by the crumb is reduced
significantly. Effect of plasma-chemically activated water on wheat starch [29] is evident.
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Fig. 2. Change in the degree of swelling of bread crumb depending on the soaking duration: a — 16 hours, b — 24
hours. Duration of water treatment, minutes: 1 —0; 2 -10; 3—-20; 4 —30; 5-40

High moisture content of grain bread requires special attention with regard to the mechanisms of dynamics of
changes in the associative bonds of moisture with biopolymers of the crumb. Table 5 shows the derivatographic analy-
sis of the studied bread samples made of whole grain on condition of soaking for 16 hours. It reflects the distribution of
moisture by the forms of binding depending on water used in the technology (C — sample made with the use of untreat-
ed water; E — sample made with the use of water subjected to nonequilibrium contact plasma for 30 min).

Table 5 — Forms of moisture binding in grain bread crumb during storage

Amount of Temperature of re- Amount of | Temperature of remov-
. - moisture, moval, °C moisture, al, °C
Forms of moisture binding by o
° Interval | Peak ° Interval |  Peak
24 hours of storage 72 hours of storage

F ist C 83.1 20-108 - 83 20-117 -
fee moisture E 74.7 20 78 - 76,9 20120 -
C 47.9 20-82 - 35.9 20-74 -
Mechanically bound E 35.3 20-51 — 29.3 20-79 —

C 35.2 82-108 100 47.1 74-117 107

Osmotically bound E 39.4 51-80 80 47.6 79-120 110
Adsorptionally bound C 16.9 108-245 - 17 117-250 -
E 25.3 78-248 - 23.1 120-250 -
Of poly-molecular C 11.3 108-214 — 9.8 117-204 —
layers E 14 78-208 - 15.5 120-220 —
Of mono-molecular C 5.6 214-245 — 7.2 204-250 —
layers E 11.3 208-248 - 7.5 220-250 —

For example, content of free moisture in control samples exceeds similar indicators of test samples by 6-8%. Me-
chanically bound moisture prevails in the products made with the use of tap water, while osmotically bound moisture —
in the products made with the use of plasma-chemically activated water. It indicates the increase in the degree of swell-
ing of proteins which may be conditioned by high penetrating power of treated water, expressed in particular in reduc-
ing the surface tension of water after treatment with plasma [30]. The endothermic peak of moisture removal falls on its
osmotically bound form for both experimental and control samples, which is generally typical for all bakery products.
Concerning the control samples, the ratio of the adsorption moisture of the mono- and poly-molecular layers absorbed
by the starch is 2:1, in contrast to the test ones, where the preference is given to the most strongly bound form of mois-
ture. Obviously, this is due to micro-cluster structure of plasma-chemically activated water: large number of -OH
groups in the starch molecule causes its tendency to form the hydrogen bonds. Since water changes its structure under
action of nonequilibrium contact plasma, it is quite probable that the starch adsorption capacity grows and, consequent-
ly, the amount of strongly bound moisture in bakery products with its use increases. During storage for 72 hours, mois-
ture redistribution is the crumb occurs. For the test samples, we found the reduction in the proportion of mechanically
bound moisture; the amount of adsorptionally bound moisture decreases to 2%, and the migration of moisture of mono-
molecular layers to poly-molecular ones occurs.

Mathematical data processing allowed revealing the rates of moisture removal at certain stages of heat treatment
process (Fig. 3). For example, the rate of moisture removal is distributed regardless of the duration of storage of prod-
ucts and water used for soaking of grain and preparation of the dough, as follows: mechanically bound moisture > mois-
ture of swelling > adsorption moisture of mono-molecular layers > adsorption moisture of poly-molecular layers. It



should be noted that higher content of moisture of the poly-molecular layers is typical for bread which is made of
flour [31]. It is evident that swelling of starch granules occurs during soaking of the grain, and water penetrates deeper
into the granule. Along with activation of amylolytic enzymes, it promotes the change in redistribution of adsorptionally
bound moisture.
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Fig. 3. Piecewise linear function for removal of moisture from sprouted bread with the use of plasma-chemically
activated water (treated during 30 minutes)

Usage of nontraditional methods of raw material processing usually raises the questions of safety of the final prod-
uct for the consumer. The use of water subjected to nonequilibrium contact plasma showed no toxic effects with regard
to physiological state of hydrobionts in the course of complex biotests [28]. It should be noted that production of bread
of whole grain which excludes the removal of shells, along with the existing biological benefits of consumption, may
face the environmental problems of the present time. The level of contamination by heavy metals, in particular, in the
industrial regions of the country is rather high. It can adversely affect the safety of food products that do not require
removal of external shells of plant raw materials capable of accumulating the toxic elements. As a result of studies, it is
found that content of toxic elements in the sprouted bread made both using untreated water and plasma-chemically
activated water is within quantities permissible by the State standards (Table 3). It should be noted that lead content is
the closest to threshold values for both the test and control samples. This is evidently due to ecological conditions of
grain growing in Dnipropetrovsk region which is confirmed by the data of the work [32] and the revealed facts of lead
metal bearing among the local population.

Table 3 — Sprouted bread safety indicators

Requirements of | Bread made of wheat grain with the use of water
Indicator DSTU-P treated during (minutes)
4583:2006 0 30
Toxic elements, weight fraction, mg/kg
Mercury 0.01 Less than 0.00015 Less than 0.00015
Arsenic 0.1 Less than 0.0025 Less than 0.0025
Copper 5 1.64 0.92
Lead 0,3 0.231 0.206
Cadmium 0.05 Less than 0,01 Less than 0,01
Zinc 25 12.74 13.86
Mycotoxins, mg/kg
Aflatoxin B1 0.005 Less than 0.001 Less than 0.001
Deoxynivalenol 0.5 Less than 0.2 Less than 0.2
Zearalenone 1 Less than 0.1 Less than 0.1

Today the risks of contamination of food products by mycotoxins attract a lot of attention, especially when the
technological conditions of production are favorable for development of the negative microflora. In the conditions of
excess moisture created during soaking of grain in the grain bread making technology, microbiological risks are increas-
ing. In terms of the content of mycotoxins, being secondary metabolites of mold fungi, namely aflatoxin B1, vomitoxin
and zearalenone, test samples are safe for consumption. It creates the preconditions for expansion of the niche market
segment of bakery products with the safe and useful spouted bread.

Conclusions

Loss of moisture by the sprouted bread crump during storage slows down twice when water subjected to
nonequilibrium low-temperature contact plasma is used for soaking of grain during the period which is 8 hours shorter
comparted to that of the traditional technology. During storage of wholegrain bread, usage of plasma-chemically acti-



vated water reduces crumbling of the crumb by 15-45%, and 17-60% increase in hydrophilic properties is observed
compared to the control, which indicates the product freshness prolongation up to two days.

Usage of water subjected to nonequilibrium low-temperature contact plasma for making of wholegrain wheat
bread results in the increase in bound moisture content in the product by 6-8% compared to the control, and binding of
free moisture occurs through its absorption by proteins. The rate of moisture removal is distributed regardless of the
duration of storage and water used for soaking of grain and preparation of the dough, as follows: mechanically bound
moisture > moisture of swelling > adsorption moisture of mono-molecular layers > adsorption moisture of poly-
molecular layers.

The content of heavy metals and mycotoxins in the sprouted bread made both using untreated water and plasma-
chemically activated water is within quantities permissible by the state standards.
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