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The influence of various concentrations of nanesiim water-soluble composition based on sodiurmatg

on wheat germination and silver accumulation irrgravas investigated. It was shown that the comagahs

of nanobiosilver up to 25,0 mg/L did not have ampibitory effect on the processes of swelling and
germination of seeds. The optimal range of the eotrations of nanobiosilver at which silver contént
wheat seedlings is from 50,0 to 100,0 mg/kg drytenatas determined.
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INTRODUCTION

In recent acquired widespread views, eating of g seeds of various plants that
have useful properties, particularly the germinagedds of wheat, are important in the
provision of the human body by valuable nutrierts Products from sprouted grains
contain enough cellulose, carbohydrates, vitamimgdip, vitamin E, minerals including
iron, zinc and selenium, antioxidants, plant estregand other useful elements which are
necessary for the body to maintain health. Withulaguse of bread on the base of
sprouted wheat grains the body is cleared frormgyxtarcinogens and toxic substances;
metabolism is normalized, bowel motility is impravecholesterol level in the blood and
the risk of cardio-vascular system are reduced [1-5

However, most of the valuable components of sprbugmins are rich nutrient
environment for the development of many microorgands, including mold fungi. Besides
that most of the technological production linesefeal bread have an open system. This
leads to the secondary infection of bread thatitogmtly affects the quality of products.

Known methods of soaking seeds before dispersingdifferent materials of
antimicrobial activity haveot always given a positive effect [6]. Mold spoags resistant
to external influences and can quickly adapt tchssubstances in contrast to the natural
antiseptic - silver, with a strong antibacteriaitifungal, antiviral action. In the literature,
there are examples of successful use of «silveerwan baking of bread [7]. Unlike ionic
silver, nanosilver has prolonged effect, which doetsrequire high doses for achievement
the desired fungicidal and bactericidal effect [8].

Water enriched by silver ions which are releasethfthe surface of the nanoparticles
penetrates during swelling of grain through itd¢ageélling the grain mass by silver ions,
especially the exolayers of the grain. The preseaicglver in food products allows to
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destroy many pathogen bacteria and mold funghibdase, the silver concentration 0.05-
0.1 mg/L is not harmful to human organism. At taese time it is known therapeutic and
prophylactic effect of low silver doses that daibpnsumed by humans [9-12].

The purpose of this research was to study the tefiemanobiosilver on wheat
germination and accumulation of silver in graingr decontamination of pathogens and
prolongation the durability of products obtaineohfrcereal seedlings.

MATERIALS AND METHODS

The objects of the research were wheat gfaiticum aestivuni. and water-soluble
bactericidal nanobiocomposition of silver. For #ymthesis of silver nanobiocomposition
it was used silver nitrate («analytical grade») aodium alginate (alginic acid sodium
salt brown algae, BioChemika). All solutions wereepared by bidistilled water.
Photoreduction of Agcations were performed in air environment at tenapee 20 °C in
100 ml flasks made from Pyrex glass. The high-pressnercury lamp DRSh-250 was
used as light source [13, 14].

Experiments were carried out according to the deon of the technological
process of cereal bread production from sprouteeaivbrain at the laboratory and at the
enterprise «Ecohleb plus Ltd».

The wheat grains were pre-washed and for eachropll® g of them were placed
into the cuvette and were poured with 600 ml of wagier (control) and nanobiosilver
solutions with silver concentration 0,05, 1,0, 2300, 4,0, 5,0, 10,0, 15,0, 20,0 and
25,0 mg/L. The wheat grains were covered by thetiswol layer 1-2 cm. Swelling process
was carried out during 24 hours at water tempezaflz °C. Then the solution was
discarded and the swollen grains germinated dutiddhours at the same temperature.
During the process of germination every 2 hours 4é¥ls were collected and the number
of hatched were counted. At the end of the gerrtingtrocess, the grains were dried in
an oven at 105 °C for 10 hours and then 50 g ofgdayns from each option were ground
in the homogenizer.

The silver content in wheat biomass was determibgd atomic absorption
spectroscopy (Saturn-4 EPAV). For silver contertedrination 10 g of ground biomass
were taken. Determination of silver was carried aftér burning to ashes for 10 hours in
the muffle furnace at temperature 400-450 °C. Harrtanalysis was performed with
electrothermal atomization.

An enlarged experiment was carried out in the enss «Ecohleb plus Ltd» in
conditions of real manufacturing process with contiption (without silver), soaking the
grain in solution of nanobiosilver with concentoats 0,2 and 0,3 mg/L in three replicates.
For each option 5 kg of wheat grains were taken.

For determination of cereal bread contaminationnimld spores, cereal products
were packaged in plastic bags, placed in the irtonkst 25 °C for 3 days according to
State standard [15].

The obtained data were processed by standard nzetdfadathematic statistic with
using of computer program MicrosdfExcel 2007 and Statistica v.6.0. Stat Soft Inc.
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RESULTS AND DISCUSSION

Grain germination process involves two steps: smgl(soaking in water) and
germination (sprouting).

The swelling process is necessary for the enzynatizsation and creation the
conditions for biochemical reactions since dry seedntain only bound water [16].
Therefore, considering the importance of swelfingcess, the initial aim was to study the
effect of different concentrations of nanobiosileerthis process (fig. 1).
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Fig. 1. The influence of different concentratiorfsnanobiosilver on grain wheat
swelling

Significant increase of seed moisture was obsetillelb hours in all variants of the
experiment (fig. 1), that corresponds to the maximenzymatic activity [17]. Thus,
nanobiosilver at concentration 0,5-25,0 mg/L didlinhibit the process of seeds swelling.

The results of investigation showed that high catre¢ions of nanobiosilver have
not inhibitory effects on the process of seeds gation, which is important for the
technology of cereal bread manufacture (table 2fjg.

Table
Influence of different concentrations of nanobiositer on germination of wheat grains

Variant Germinated grains,%
2h 4h 6 h 8h 10 h
Control (without Ag)| 12,1+0,3] 56,0£2,( 60,2+1,8 4&63,2 | 90,3+4,1
0,5 mg/L Ag 10,3+0,2| 52,3+1,8 63,4+283 84,3+2,7 198,38
1,0 mg/L Ag 14,5+0,4| 53,6+1,6§ 62,8410 83,6122 4935
5,0 mg/L Ag 12,740,3| 54,4+24 64,5+21 850+35 4933
10,0 mg/L Ag 15,2+0,5| 51,2419 65,2425 82,5+29 ,833,1
15,0 mg/L Ag 14,4+0,2| 55,1427 62,0+1,8 86,2+4,1 ,398,2
25,0 mg/L Ag 15,2+0,5| 53,7+1,7 61,3+2,0 83,724 ,093,6

As seen from the results, nanobiosilver in widecemrtration range (0,5- 25,0 mg/l)
had no inhibitory effect on the processes of swellknd sprouting of wheat grains which
used for production of cereal bread.
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Fig. 2. Appearance of sproutd wheat grins (10 Brposure).

Silver content in drinking water is regulated aciog to SanPiN 2.1.4.1074-01.
«Drinking Water». In these regulations the silventent in nitrate form in drinking water
is limited by concentration 0,05 mg/L [18].

According to the literature, harmless and therapgubphylactic concentration of
silver ions in water is 0,05-0,1 mg/L [7]. Thenefpthe main aim of the research was to
determine the concentration of nanobiosilver in gbkitions for swelling grain in which
the sorption of silver did not exceed 0,1 mg/kg¢lre established product.

The investigation of silver content in the grairftelasoaking in the solutions of
nanobiosilver, were conducted in two stages. At fir@ stage, the concentrations of
nanobiosilver were 5,0-25,0 mg/L. The obtained d#tawed that even at the lowest
concentration of nanobiosilver 5,0 mg/L, high sileentent (1,03 mg/kg) was observed in
the biomass (fig. 3a).
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Fig. 3. Sorption capacity of sprouted wheat seediependence from nanobiosilver
concentration: a) 0,2-1,0 mg/L (silver concentmatjob) 5,0-25,0 mg/L (silver
concentration).

Therefore, on the next stage of research nanobérsioncentration was reduced till
0,2-1,0 mg/L in the solution of soaked seeds. is tase, the accumulation of silver was

149



Omel'chenko A.V., Yurkova I.N., Bugara I.A., Kotov S.F ., Pipiya O.M.

0,06-0,3 mg/kg of dry biomass (fig. 3b). Accorditggthe results of silver sorption in
biomass of sprouted seeds it was shown that faeaement the silver concentration of
0,1 mg/kg, grains it is necessary to soak themhim manobiosilver solution at the
concentration 0,3 mg/L.

In conditions of soaking seeds in nanobiosilvelutsan with the concentration
0.3 mg/L in the close-up experiment on the plabtg packaged cereal product in a
thermostate at 25 °C, the formation of mold fungjionies was observed on th8 day
whereas in the control (without addition nanobigsi) — after 3 days.

Alternatively, one more product with antimicrobiploperties was obtained by
spraying the cereal product with nanobiosilverhet toncentration less than 0,1 mg/kg:
control (without silver), 2 ml of the nanobiosilvesolution with the concentration
4,0 mg/L (corresponding to 50,0 mg/kg) and 2 ml dhe concentration 8,0 mg/L
(equivalent to 100,0 mg/kg) (fig. 4).

Fig. 4. The surface of cereal bread after treatmatht nanobiosilver spray (5 days at
25°C): a) control (without Ag); b) 50,0 mg/kg Acc) 100,0 mg/kg AY

Thus, the possibility of obtaining the bread fropraaited grains which possessed
antimicrobial properties after treatment with naiosltiver spray was investigated.

CONCLUSION

1. For the first time the influence of water-solublamposition of nanobiosilver on the
germination of wheat was investigated. It was shdhat high concentrations of
nanobiosilver (up to 25,0 mg/L) did not have intoby effect on the processes of
swelling and sprouting of seeds.

2. The optimal range of the initial concentrationsnainobiosilver in which the silver
content in wheat seedlings ranged from 0,05 tariykg of dry matter was detected.
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3.

The possibility of obtaining the cereal product hwiantimicrobial properties by
treating its surface with nanobiosilver spray wasestigated.
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Omenbuenko A.B. HMccienoBanue BiusiHHS HaHoOHMocepeOpa Ha NpopacTaHue 3epHa NIIEHHIbI U
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HccnenoBaHbl pasinyHble KOHIEHTPAlMM HaHocepeOpa B BOJOPAaCTBOPMMOH KOMIIO3MLMM Ha OCHOBE
IbTMHATAa HATPUs Ha IpOpacTaHWe 3epHA IIIEHWIHI M HakoIuleHHe B HeM cepebpa. Ilokasano, dro
KOHIIEHTpanun HanoOuocepedpa no 25,0 Mr/i1 He OKkasblBali HHIMOUPYIOLIECrO ACHCTBHS Ha IPOLECCHI
HaOyxaHWs ¥ NPOKJICBBIBaHUA ceMstH. OmpereneH oNTHMaIbHBIN IHUala30H KOHIEHTpanui HaHoOuocepeopa,
IPU KOTOPBIX coJiepkaHue cepebpa B MpopocTKax mureHuusl cocrapisuio or 50,0 o 100,0 Mkr/kr cyxoro
BELIECTBA.

Knrwouegwle cnosa: Hanobnocepedpo, HAKOIUICHUE cepedpa, 3epHO MIIEHULIB], IPOPACTaHuUE.

Omeabuenko O.B. JlocaigzkeHHss BIUIMBY HaHOOiocpi®jia Ha NpPOpPOCTAHHS 3€pHAa MINEHHUII Ta
HAKONHUYEeHHsT B HboMY cpidaa / O.B. Omenbuenko, I.M. IOpxkoBa, 1.0. Byrapa, C.®. Kortos,
O.M. Hinis // Bueni 3anucku Tappilickkoro HauioHaneHOro yHiBepcuteTy iM. B.I. Bepnancekoro. Cepis
»biosoris, ximig”, — 2013. —T. 26 (65)Ne 1. —C. 146-152.

Hocnimkeno pi3Hi KOHIEHTpawil HaHOCPiOa y BOJOPO3YMHHIN KOMITO3HUINT HA OCHOBI ajbriHATy HATPil0 Ha
MPOPOILYBAHHS 3epHA MIICHHIII Ta HAKOMMYCHHs B HbOMY cpibuia. [TokaszaHo, 110 kKoHIeHTpauii HaHobiocpidia
1o 25,0 mr/n He wuHWIM iHriOyrowoi aii Ha mporecd HaGyXaHHs 1 MPOKILOBYBAaHHS HACiHHS. Bu3Ha4YeHO
ONTHMAJBHUH Jialla30H BHUXIJHUX KOHIIEHTpAIii HaHOOiocpiOila, MpH SKUX BMICT cpibia B IpPOpPOCTKax
mrenuti cranoBwio Big 50,000 100,0MKr/Kr cyx0i pe4oBHHH.

Kntouosi cnoea: Hano6iocpibno, HaKONMYEHHs cpibia, 3epHO MIIEHHUIT], TPOPOCTAHHS.
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