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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 additionally 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 prolongation 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 ad-
ditional water treatment also promotes bread freshness prolongation up to two days. It is determined that water gets the charac-
teristics 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 differ-
ential thermal analysis showed changes in various forms of moisture 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 NpPEeACTaBICHO PE3yIbTaTH AOCIIIKECHb CBIXKOCTI 1 6e3MevHOCTI XJ1i0a, BUTOTOBJICHOTO 13 JHCIIEPro-
BaHOI 36pHOBOT MacH MIICHHMI]I IPX BUKOPUCTAHHI Y TEXHOJIOTI] 10aTKOBOi 0OpOOKH BOM KOHTAKTHOIO HEPIBHOBAXKHOIO HU-
3bKOTEMIIEPATYPHOIO IU1a3Mor0. [ToKka3aHo MepCreKTHBU 3aCTOCYBaHHS JUCTICPTyBaHHS 3€pHA IMIIECHMIN Uil BUPOOHUITBA I1i-
JIBHO3EPHOBOTO XJi0a, 110 J03BOJISIE JOCAITH 3HIKEHHS BTPAT 36PHOBOI CHPOBHHH B3/IOBX IPOJOBOJIBYOrO JaHiora. IIpo-
aHaJI30BaHO NUISXU MOJAOBKEHHS TPHBAIOCTI 30epiraHHs X1i00M CBIXKOCTI Ta 3aTPHMaHHS MPOIIECIB YEPCTBIHHS FOTOBOI P O-
nykuii. BetaHOBIEHO, 10 32 YMOBH 3aCTOCYBAaHHS y TEXHOJIOTIT TIa3MOXIMIYHO aKTHBOBAHOI BOJM TPUBAIICTh 3aMOYYBaHHS
3epHa muieHuLi ckopouyetbes Ha 30%. IIpu npomy mogatkoBa 00poOKa BOAU CIPHSE TTOTOBKEHHIO CBIKOCTI BUPOOIB Ha JIBi
no6u. BusiBneHo, 1110 pariioHanbHi JUIsl TEXHOJIOTIT XapakTepucTuKky Boja HabyBae micis 30—40 XxB 00poOKH KOHTaKTHOIO Hepi-
BHOB)KHOIO HH3BKOTEMIIEPATYPHOIO IUIa3Moro. [lokazaHo, 110 BUKOPHCTAaHHS IJIa3MOXIMIYHO aKTHBOBAHOI BOJIY BHKIIHKAE
CIIOBIIBHEHHS MPOLIECiB Mirpailii Bojoru Ta ii BTpaTH M’sSKyIIKO. BUsABIIEHO, 110 3aCTOCYBaHHS JOAATKOBOI 0OpOOKH BOAH Y
TEXHOJIOT1] MPU3BOANTE 10 3pocTaHHsA Ha 17-60% rixpodiabHOCTI M SKYIIKK Ta YIOBUIFHIOE 11 3HIKEHHS MiJ] ac 30epiraHus
xy1i6a i3 aucreproBaHoi 3epHOBOI MacH IIISHUII. 3a pe3yJIbTaTaMy AU(GEpeHIiHO-TepMITHOTO aHaNi3y BHABIEHO 3MIiHH Pi3-
HUX (GopM 3B’SA3KY BOJOTH Yy IPOIYKTI Mif Yac 30epiraHHs Ta MMoKa3aHo 30UIbIIeHHS Ha 6—8% dJacTku ajcopOuiiHO 3B’ s13aHOL
BOJIOTH TIPH BUKOPHUCTAHHI y TEXHOJOTI] IUTbHO3EPHOBOTO XJi0a TOJATKOBOI 0OPOOKH BOAM ISl 3aMOYYBAHHS 3€PHA 1 IPHT O-
TyBaHHs Ticta. llnsaxoM MareMaTn4HOi 0OpOOKH JaHUX Ta NOOYJOBH KYCKOBO-JIiHIHHOT MO/, BU3HAUCHO IIBHUAKICTH BHUAA-
JICHHSI BOJIOTH i3 M’SIKYIIIKH 3€PHOBOTO XJ1i0a, BUTOTOBJIEHOTO 3 BUKOPUCTAHHIM BOJH, MiAAAHOI [l KOHTaKTHOI HEpiBHOBaX-
HOT HU3bKOTEMIIepaTypHOI mi1a3mMu. JloBeeHo, 110 piBeHb OE3MEUHOCTI 3aCTOCYBAHHSI IIa3MOXIMIYHO aKTHBOBAHOI BOIM y Te-
XHOJIOTIT xJifa i3 AMCIeproBaHOi 3epHOBOI Macu MIICHHMIN 3aJ0BOJIbHSE BUMOTH IIOJO0 BMICTY TaKUX BaXKKHX METAIB SK
PTYTh, MHLISIK, MifIb, CBHHEIIb, KaJMiif, IMHK i MiKOTOKCHHIB (aduoTokcuny B1, ne3okcuHiBaieHomy, 3eapaacHOHY).

KonrouoBi ciroBa: ximi6 i3 qucreproBaHoi 3epHOBOI MacH, INIa3MOXIMIYHO aKTUBOBaHA BOJA, JiepUBaTOTpadiuHuil aHali3,
YepCTBIHHS, KPUIIKYBATICTh, HAOyXaHHs, 3B’s3aHa BOJIOTA, BUIbHA BOJIOTA, TOKA3HUKN OE3IIEKH.
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Introduction. Formulation of the problem

According to data provided by FAO, more than
one third of all food raw materials in the world is lost,
which entails 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 ef-
fect can be achieved through the integrated approach and re-
duction 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 as-
pects of sprouted bread production is considered in a num-
ber of works [5-8]. However, the issue of provision of fresh-
ness of such products and, as a consequence, reduction of
losses at the stage of consumption of bread is still relevant.

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]. Be-
sides, loss of quality characteristics of bakery products
is an inevitable process. Since the staling, along with
microbiological damage, limit the life cycle of bakery
products, various attempts are made to extend the peri-
od of maintenance of bread freshness. It is known that
the indicators of freshness of bread depend on raw ma-
terials used for making of bakery products [10-15]. At
present time, extension of the periods of product stor-
age is a priority task for the baking industry; therefore,
in order to solve this issue, the scientists conduct active
studies 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 deterio-
ration 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 hydro-
philic properties of bread, change of the product microstruc-
ture, transition of starch from the amorphous to crystalline
state. Today there are many technological approaches to ex-
tension of the term of bread freshness which include freez-
ing, packaging in conditions of the gas environment of a cer-
tain composition, 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
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methods of raw materials’ treatment might be of inter-
est [24-26]. Water is one of the main ingredients in the bak-
ing 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 traditionally
of wheat flour [27] and sprouted bread [6].

Despite a number of advantages, production of sprout-
ed bread demands studying of processes of the product qual-
ity 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
differential thermal analysis;

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

Research Materials and Methods

101

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/I,
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 oth-
er elements dissolved in drinking water is minimal, water af-
ter treatment was used without the additional treatment op-
erations. Water was treated in the laboratory of plasma-
chemical technologies of “Ukrainian State University of
Chemical Technology” SHEI on the experimental unit in-
cluding power supply unit, vacuum pump and 0.5 dm? reac-
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tor made of molybdenum glass, with the cooling jacket [28].
Operating parameters of the unit are shown in Table 3. Bot-
tom 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.

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 sam-
ples 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 tem-
perature range of 20-250°C at the rate of 2.5°/min.

Table 1 — Tap water quality indicators (Dnipro city)

No. Name of the indicator Result of
measurement

1 |Water color, deg. 11.58

2 |Odor score 1

3 |[Turbidity, mg/dm® 4.75

4 |Hydrogen index, pH units 7.30

5 [Total alkalinity, mg-eq. HCO5 /dm® 3.29

6 |Bicarbonates, HCO5/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?® 3.00
12 |iron, mg/dm?® 1.52
13 |Manganese, mg/dm?® 0.27
14 |Chlorides, mg/dm?® 27.65
15 [Sulfates, mg/dm® 8.16
16 |Nitrates, mg/dm® 1.07
17 |Phosphates, mg/dm® 0.045
18 |Permanganate oxidation, mg O/dm?® 6.3

19 |Nitrites, mg/dm? 0.02
20 |Ammonium (ammonia nitrogen), mg/dm’ 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

sample e, | P APRISEINT | wanrpn | SO Tppse | Rodonprenel
- - 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

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 03A
Ignition voltage Amplitud_e 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 chromatography (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 deriva-
tographic 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
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bread, features higher content of shells, which cause the in-
crease in water-absorbing capacity of the dough and, accord-
ingly, 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, com-
pared 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 nonequi-
librium 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.
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Table 4 — Effect of duration of grain soaking on moisture content of sprouted bread during storage

Duration of bread stor- Duration of water treatment with plasma, minutes
age, 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 con-
sumer characteristics of bread is observed due to
changes in the structure of biopolymers of the
crumb. These changes provoke the appearance of addi-
tional gaps in the starch-protein matrix of bread.
Crumbling indicator is important for the consumer and
is considered the defining one, since it is directly relat-
ed to the texture characteristics. It is found that dura-
tion of grain soaking has its effect on crumbling of the
bread crumb (Fig. 1). For sprouted bread made with the

7 A

6 -

Crumbling of the crumb, %

24 48 72
Duration of storage, hours
a

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 plasma-chemically
activated water in the technology of grain bread pro-
motes 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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24 48 72
Duration of storage, hours
b

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 biopolymers, this property is gradually
lost. Fig. 2 shows the change in the degree of swell-
ing of crumb of sprouted wheat bread during stor-
age. With the increase in duration of grain soaking,
the growth of the degree of swelling of the crumb oc-
curs, which is obviously due to activation of the pro-
cesses of conversion of high-molecular substances in-
to low-molecular ones as a result of activation of bio-
chemical 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 sprouted wheat bread. Hydro-
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philic properties of the crumb of bread made accord-
ing to the traditional technology are the most signifi-
cantly 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 ab-
sorb 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 spe-
cial attention with regard to the mechanisms of dynam-
ics of changes in the associative bonds of moisture
with biopolymers of the crumb. Table 5 shows the
derivatographic analysis 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 tech-
nology (C — sample made with the use of untreated wa-
ter; 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 Temperatugecof removal, Amount of Temperatugecof removal,
Forms of moisture binding moisture,% moisture,%
Interval | Peak Interval | Peak
24 hours of storage 72 hours of storage

E isti C 83.1 20-108 - 83 20-117 —
ree moisiure E 74.7 2078 - 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 394 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 layers ¢ 11.3 108214 — 98 117204 —
E 14 78-208 - 15.5 120-220 -
Of mono-molecular layers ¢ 56 214-245 - 7.2 204-250 -
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%. Mechanically bound moisture prevails in the
products made with the use of tap water, while osmoti-
cally bound moisture — in the products made with the
use of plasma-chemically activated water. It indicates
the increase in the degree of swelling of proteins which
may be conditioned by high penetrating power of treat-
ed water, expressed in particular in reducing the sur-
face tension of water after treatment with plasma [30].
The endothermic peak of moisture removal falls on its
osmotically bound form for both experimental and con-
trol 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 con-
trast to the test ones, where the preference is given to
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the most strongly bound form of moisture. 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 plas-
ma, it is quite probable that the starch adsorption ca-
pacity grows and, consequently, the amount of strongly
bound moisture in bakery products with its use in-
creases. During storage for 72 hours, moisture redistri-
bution 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 mois-
ture of mono-molecular layers to poly-molecular ones
occurs.
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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 dura-
tion of storage of products and water used for soaking
of grain and preparation of the dough, as follows: me-
chanically bound moisture > moisture of swelling >
adsorption moisture of mono-molecular layers > ad-
sorption 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 pene-
trates deeper into the granule. Along with activation of
amylolytic enzymes, it promotes the change in redistri-
bution of adsorptionally bound moisture.

Usage of nontraditional methods of raw material pro-
cessing usually raises the questions of safety of the final
product 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 ad-
versely 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 ac-
tivated 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.

1.6 1
-lga
1.2 4
vy =4,11x-12,24
0.8 -
Vo=135%-373
0.4 -
Van=0,09%-0,14
Vau = 0,33%-0,68
0

1,7 19 21 23 25 27 29 1 3.3
1000/T
Fig. 3. Piecewise linear function for removal of

moisture from sprouted bread with the use of plas-

ma-chemically activated water (treated during 30

minutes)

Table 3 — Sprouted bread safety indicators

. Bread made of wheat grain with the use of water treated during
Indicator Requirements of (minutes)
DSTU-P 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 Conclusions

by mycotoxins attract a lot of attention, especially
when the technological conditions of production are
favorable for development of the negative microflo-
ra. In the conditions of excess moisture created during
soaking of grain in the grain bread making technology,
microbiological risks are increasing. In terms of the
content of mycotoxins, being secondary metabolites of
mold fungi, namely aflatoxin B1, vomitoxin and zeara-
lenone, test samples are safe for consumption. It cre-
ates the preconditions for expansion of the niche mar-
ket segment of bakery products with the safe and use-
ful spouted bread.
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Loss of moisture by the sprouted bread crump during
storage slows down twice when water subjected to nonequi-
librium low-temperature contact plasma is used for soaking
of grain during the period which is 8 hours shorter compart-
ed to that of the traditional technology. During storage of
wholegrain bread, usage of plasma-chemically activated wa-
ter reduces crumbling of the crumb by 15-45%, and 17—
60% increase in hydrophilic properties is observed com-
pared 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
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wheat bread results in the increase in bound moisture
content in the product by 6-8% compared to the con-
trol, 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.

kombikormy. 2016; 4(64): 10-15.
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