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PETIJUMA AKTUALITATE

Rudzu iesalam ir plass pielietojums maizes, kvasa un spirta razosana. Rudzu
iesalu pievieno partikai, lai pieskirtu produktam specifiskas garSas Ipasibas
(Kynue, 2000). Tas ir starpprodukts, ko izmanto iesala kafiju, saldumu,
cepumu, iesala konditorejas izstradajumu, iesala ekstraktu, brokastu parslu,
viskija un iesala etika razoSana (Briggs, 1998). Vacija un Austrija ir speciali
alus veidi, kuru gatavosana izmanto rudzu iesalu, ta¢u izmantotais rudzu iesala
daudzums ir mazs, salidzinot ar miezu iesalu (Hiibner et al., 2010). Latvija ir
senas rudzu iesala razoSanas tradicijas, kuriem seko rudzu iesala razotaji
Latvija — LPKS ,,LATRAPS” un SIA ,Nauks$éni”. Neskaitoties uz tik plasu
pielietojumu klastu, ir jaatzimé, ka literatiira tikpat ka nav sastopami p&tijumi
par rudzu iesalu. Zinatniekus vairak ir interes€jis miezu iesals, kas ir galvena
izejviela alus raZoSana (Hiibner et al., 2010).

Unikalais rudzu iesala sastavs tiek iegiits dabiga rudzu diedz&Sanas procesa,
kuru laika grauda veidojas liels daudzums derigu savienojumu. Rudzu iesals ir
vitaminu, augu fenolu un citu biologiski aktivu vielu avots
(Cmupnosa et al., 1989; Bewleyl, 1997; Urnarenko, 2011). Maizes razo$ana
rudzu iesalu izmanto ka piedevu, ka rezultatd maize veidojas ar izteiktaku
aromatu un garSu, maizes struktira paliek elastigaka un ar intensivaku krasu.
Sis ipasibas ir nozimigas partikas izstradajumiem, kurus gatavo no zemas
kvalitates miltiem (Sabovics, 2014). Kvalitativu iesalu var iegiit, izveidojot
piemerotas graudu Skirnes.

Iesala razoSanas process parasti ietver tris posmus: mércéSanu, diedz&€Sanu
un kalt€Sanu, kuru pamata ir sarezgiti biologiskie, biokimiskie, kimiskie un
fizikalie procesi (Menenuna, 2013; Kulp, Ponte, 2000; Briggs, 1998). Nemot
véra iesala razoSanas tehnologiskas Tpatnibas — graudu mércésanu, ir iesp&jams
to bagatinat ar dazadiem savienojumiem. Piem&ram, pienskabes un diamonija
fosfata izmantoSana iesala mércésanas laika intensificEé iesala diedzESanas
procesu, samazina zudumus elpoSanas un digliSa veidoSanas laika.
Giberelinskabe un kalija bromids samazina iesala diedz&Sanu lidz Cetram
diennaktim. 0,1% sarmu $kidumi palielina Gdens iek]GSanas atrumu grauda,
stimul€ fenolu un rugtvielu izskalosanos no graudu apvalka, kam piemit spgja
regulét augsanas procesus mércéta grauda (Meneanna, 2013).

Literatira nav atrodama informacija par iesala bagatinasanu ar
mikroelementiem. Mikroelementus péc augu spg&jam tos akumulét, iedala vaji
akumulgjoSos, vid&ji un loti labi akumulgjoSos. Graudi ir selénu vaji
akumul@josi augi. Augi vidgji labi akumulé varu, savukart cinku tie akumulé
loti labi.

Mikroelementi — seléns, var§ un cinks ir nepiecieSami augiem un
dzivniekiem normalai dzivibas procesu norisei (L[xoBpeGos et al., 2012;
Byneirua et al.,, 2007). Tie piedalas tados svarigos procesos ka elposana,
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fotosintéze, olbaltumvielu, oglhidratu un taukvielu metabolisma, ietekmé

fermentu darbibas ievirzi un to aktivitati (Protasova, 1998; Orlov, 1998).
Apkopojot literatiira sastopamos teoretiskos un eksperimentalos datus, ir

izvirzita promocijas darba hipotéze — mikroelementiem Se, Cu un Zn ir

atSkiriga akumulacijas efektivitate rudzu iesala, tic izmaina iesala tehnologiskas

pasibas un biologiski aktivo savienojumu saturu.

Hipotgzi pierada ar aizstavamam tézém:

mikroelementi ietekmé rudzu graudu digtspgju;

iesalu ar mikroelementiem (Se, Cu un Zn) ir iespgjams bagatinat, rudzu

graudu mérc€jamam tdenim pievienojot $o elementu salus;

3. dazadiem mikroelementiem rudzu iesala ir atSkiriga akumulacijas
efektivitate;

4. mikroelementi izmaina amilazu aktivitati iesala, kura ir salidzinama ar miltu
reologisko Tpasibu izmainam, ja tiem pievieno rudzu iesalu;

5. ar mikroelementiem bagatinata rudzu iesala ir lielaks kopgjo un atsevisko
fenolu saturs, neka kontroles paraugiem;

6. ar mikroelementiem bagatinats rudzu iesals vairak samazina plauc&uma
konsistenci.

N =

Promocijas darba meérkis ir izpétit ar mikroelementiem Se, Cu un Zn
bagatinata rudzu iesala kvalitati un mikroelementu akumulacijas efektivitati
iesala.

Darba mérka sasnieg8anai ir izvirziti §adi uzdevumi.

. pétit mikroelementu (Se, Cu, Zn) satura ietekmi uz graudu digtsp&ju;

2. noteikt mikroelementu (Se, Cu, Zn) saturu rudzu iesala un aprékinat to

akumulacijas efektivitati;

izvertét mikroelementu ietekmi uz amilazu aktivitati rudzu iesala;

4. noteikt kop&jo un atsevisko fenolu saturu ar mikroelementiem bagatinata
rudzu iesala;

5. salidzinat viena (Se, Cu, Zn) un divu mikroelementu (Se/Cu; Zn/Cu)
ietekmi uz akumulacijas efektivitati, amilazu aktivitati rudzu iesala un miltu
reologiskajam Tpasibam;

6. parbaudit rudzu miltu reologisko ipaSibu izmainas (kriSanas skaitli un
viskozitati), ja tiem pievienots ar mikroelementiem bagatinats iesals;

7. parbaudit ar mikroelementiem bagatinata iesala ietekmi uz plaucgjuma
konsistenci.

Promocijas darba novitate un zinatniskais nozimigums: pirmo reizi pétitas
mikroelementu Se, Cu un Zn izmantoSanas iesp€jas, gatavojot rudzu iesalu.
Izpetita Se, Cu un Zn akumulacijas efektivitate rudzu iesala. Noteikta
mikroelementu ietekme uz fenolu satura izmainam iesala, ka arT izpétita
amilazu aktivitates atkariba no mikroelementa satura iesala. Noteiktas ar
mikroelementiem bagatinata rudzu iesala tehnologisko ipaSibu izmaigas un
piemérotiba rudzu maizes plaucgjuma gatavoSanai.
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Promocijas darba tautsaimnieciskda nozime. Ir izstradata jauna metode
mikroelementu biologiskajai akumulacijai iesala, ka ari aprékinata seléna, vara
un cinka akumulacijas efektivitate. legiitie iesala paraugi ir ar augstaku
enzimatisko aktivitati neka tradicionali gatavotie. Tas dod iespg&jas samazinat
iesala patérinu, gatavojot rudzu maizes plaucgjumu un citus produktus, kuru
razo$ana izmanto iesalu. Perspektiva ar mikroelementiem bagatinatu iesalu
varétu izmantot ka jauna tipa uztura bagatinataju.

ZINATNISKA DARBA APROBACIJA

Petjjuma rezultati apkopoti un publicéti 11 publikacijas recenzgjamos
zinatnisko rakstu krajumos anglu valoda; 7 publikacijas ieklautas datu bazes
SCOPUS un EBSCOhost.

Publikacijas recenzéjamos izdevumos / Publications in peer-reviewed

editions — 11

1. K. Antonenko, L. Briede, V. Kreicbergs, A. Viksna (2018) Assimilation of
selenium, copper and zinc in rye malt. Proceedings of the Latvian Academy
of Sciences. Section B. Vol. 72. No. 2, ISSN 1407-009X, p. 65-70
(in SCOPUS).

2. Kristina Antonenko, Viesturs Kreicbergs, Ingmars Cinkmanis (2017)
Influence of selenium, copper and zinc on phenolic compounds in rye malt.
FoodBalt 2017: 11" Baltic conference on food science and technology
,Food science and technology in a changing world”: conference
proceedings. ISSN 2255-9817, p. 31-35 (in SCOPUS).

3. K. Antogenko, M. Duma, V. Kreicbergs, D. Kunkulberga (2016) The
influence of microelements selenium and copper on the rye malt amylase
activity and flour technological properties. J. Agronomy Research.
No. 14 (2), p. 1261-1270 (in SCOPUS, EBSCO).

4. Kiristina Antonenko, Viesturs Kreicbergs, Anda Linina, Daiga Kunkulberga
(2014) Influence of different selenium concentration on the protein and
starch content in rye malt. 9" Baltic Conference on Food Science and
Technology ,,Food for Consumer Well-Being” FoodBalt 2014 Conference
Proceedings. ISSN 2255-9809, p. 86—89 (in SCOPUS).

5. Antonenko K., Kreicbergs V., Ozola S. (2013) Influence of different copper
concentration on the functional properties of rye malt. Biusiaue pasnoro
cojepkaHuss MeAM Ha (QYHKIMOHAJbHBIE Ka4yecTBa COJOAA PIKH.
Hunosayuonnvie u coepemenuvle MEXHOIOUU NUWEBLIX NPOU3BOOCE:
mamepuanvt  MedcOyHapoOHOU — HAYYHO-MEXHUYECKOU  KOH@epenyuu.
JlanbHEBOCTOYHBIA TOCYNapCTBEHHBIH TEXHUYECKHHA PBHIOOXO3SHCTBEHHBIN
yausepcureT. ISBN 978-5-88871-620-5, c. 32-35.

6. Kristina Antonenko, Emils Kozlinskis (2013) The influence of selenium and
copper on microbiological indicators of rye malt. Proceedings of Annual
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MATERIALI UN METODES

Pétijumu laiks un vieta
Petfjumi veikti laika no 2011. gada Iidz 2015. gadam.

e LLU Partikas tehnologijas fakultates Kimijas katedras

laboratorijas:

Analitiskas un neorganiskas kimijas laboratorija, Dabas vielu kimijas
zinatniska laboratorija;

e Lauksaimniecibas

fakultates Graudu un seklu macibu zinatniskaja

laboratorija;

e Latvijas Universitates Kimijas fakultate;
e SIA ,Nauks$eni” uznémuma laboratorija.

Pétijuma objekts rudzu (Skirne ’Kaupo’) graudi, kas audzeti Vidzemes
regiona ziemelu dala. 2012. gads ir analiz§jamo graudu novaksanas jeb razas
gads. Rudzu graudu kvalitates raditaji:

e krasa: raksturiga veseliem graudiem;
e smarza: raksturiga veseliem graudiem, bez sasmakuma, pel&juma un blakus

smarzam;

e stavoklis: veseli, nesasilusi;
e mitrums: 12,3%;
e tilpummasa: 744 g L',
e bez piemaistjumiem un kaitekliem.

Materiali: mikroelementus (seléns, vars, cinks) saturoSie sali, rudzu milti
un udens, kuru raksturojums apkopots 1. tabula. Rudzu miltus izmantoja
kriSanas skaitla, viskozitates un cietibas noteikSanas metodes.

1. tabula / Table 1
Petiljumos izmantoto materialu raksturojums /
Characteristics of materials used in research

Materiali / Raksturojums /
Materials Characteristics
Seléns / Natrija selenats (Na,SeO,), Fluka, tiribas pakape >98% /
Selenium Sodium selenate (Na,SeOy), degree of purity 98%
Vars§ / Vara sulfats (CuSO..5H,0), Fluka, tiribas pakape >98% /
Copper Copper sulphate (CuSO,5H,0), degree of purity 98%
Cinks / Cinka sulfats (ZnSO,.7H,0), Fluka, tiribas pakape >98% /
Zinc Zinc sulphate (ZnSO,.7H,0), degree of purity 98%
Rudzu milti / Iegadati AS ,,Rigas dzirnavnieks” /
Rye flour Purchased by AS ,, Rigas dzirnavnieks”
Atbilsto$i Ministru kabineta 2017. gada 14. novembra noteikumiem Nr. 671
Dzeramais ,Dzerama tdens obligatas nekaitiguma un kvalitates prasibas, monitoringa un
tdens / kontroles kartiba” / According to the Cabinet of Ministers of the 20017™ of

Drinking water

November 14" rules No. 671 “Drinking water quality and the minimum safety
requirements of the monitoring and control arrangements”
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1. tabulas turpingjums / Continue of table 1

Materiali /
Materials

Raksturojums /
Characteristics

Dejonizéts idens /
Deionazed water

0,055 uS cm’ iegilits Gidens dejonizicijas iekarta ,.Crystal E” (SIA
Adrona”, Latvija) / 0,055 uS cm™ obtained in water deionization
equipment “Crystal E”(SIA “Adrona”’, Latvia)

Mikroelementu ietekme uz rudzu graudu digtspéju

Rudzu graudu digtspgja raksturo graudu dzivibas norises un to nosaka ar
izdiguSo graudu skaitu (%) p&c piecam diennaktim. Rudzu graudu mércéSanas
laika idenim pievieno dazadus mikroelementus: selénu, varu un cinku, kuru
koncentracijas $kidumos ir dotas 2. tabula. Ka kontrole izmantoti rudzu graudi,
kas mércéti destiléta tident bez mikroelementu pievienosanas.

2. tabula / Table 2

P&étljuma izmantoto mikroelementu saturs Skiduma /
Concentrations of microelments in the reserch

Mikroelementi
(izmantotie sali) /
Microelements

Mikroelementu koncentracija $kiduma /
The concentrations of the microelements in solution, (mg L™)

Se (Na,SeOy) 0 1 3 5 8.5 10 17
Cu (CuS04.5H,0) 0 1 10 50 100 500 -
Zn (ZnS0O4.7H,0) 0 1 10 50 100 500 -

Rudzu graudu diedzé$anas shéma, pievienojot mikroelementus, ir attlota

A\ A A%
¢ ¢ ¢

1. attéla.

RUDZU GRAUDI /
RYE GRAIN
10 i
1 !

_____

RUDZU GRAUDU MERCESANA UN
DIEDZESANA /
RYE GRAIN STEEPINGAND . ___________ -

GERMINATING

______________

1. att. Graudu digtspéjas noteikSana /
Fig.1. Scheme of rye grain germination
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Rudzu iesala gatavosanas tehnologija

Eksperimentala iesala sagatavoSana notika atbilsto§i rudzu sauso
neferment&to (balto vai nevitinato) iesalu razo$anas tehnologijai un kvalitates
prasibam.

Iesala gatavoSanas process sakas ar rudzu graudu mércéSanu, kura laika
mitruma saturs grauda strauji palielinas, nodroSinot labveligus apstaklus
digS8anas sakumam. Rudzu meérc€Sana ilgst 48 stundas +6 Iidz +12 °C
temperatura.

Rudzu diedzesana ilgst 72 h, +6 Iidz +15 °C temperatiira un ir atkariga no
grauda fizikalajiem parametriem un diedz&Sanas argjiem apstakliem.

Rudzu graudu mércésanas laika tidenim pievieno dazadus mikroelementus:
selénu, varu un cinku, kuru koncentracijas $kidumos ir dotas 3. tabula.

3. tabula / Table 3
Pétijuma izmantoto mikroelementu saturs fidenI un paraugu
apzim&jumi / Concentrations of the microlements and sample codes used
in the research

. . . Mikroelementu koncentracija tident /
Apziméjumi / Mikroelementi The concentrations of the microelements
Codes (izmantotie sali) / in water, mgL ™"
Microelements K 1 5 3
| Se (Na,SeO,) 0 5 8.5 17
1] Cu (CuS0O,4.5H,0) 0 10 50 100
11 Cu (CuS04.5H,0) 0 10 20 50
1\ Zn (ZnSO,.7H,0) 0 10 50 100
v Se (Na,S¢0,) 0 8.5 0 8.5
Cu (CuSO, 5H,0) 0 0 20 20
Vi Zn (ZnSO,7H,0) 0 50 0 50
Cu (CuS04.5H,0) 0 0 20 20
Vi1 Se (Na,5¢0,) 8.5 8.5 8.5 8.5
Cu (CuS0,4.5H,0) 0 3 5 10

Kontroles paraugam (no I — VI) mikroelementi netika izmantoti, savukart
VII paraugam, par kontoli piepemts rudzu iesals, kuru gatavoSanas laika
izmantoja $kidumu ar seléna koncentraciju 8,5 mg L. Kad grauda diglis
sasniedz izméru, kas ir % no pilna grauda izm@ra un ta endosperma ir dalgji
modific€jusies, dzivibas procesi grauda tiek apturéti, mazgajot destiléta tident
un pec tam tos kalt&jot. Kalt€sana ilgst 24 h +30 lidz +80°C temperatiira.

KalteSanas rezZims un ta parametru stingra ieveéroSana ir svarigs faktors
rudzu iesala sagatavoSana. Kaltesanai tika izmantota trisklajienu kalte. Rudzu
iesala gatavosanas shéma, izmantojot mikroelementus, redzama 2. attéla.

P&tfjuma struktiira pa posmiem redzama 3. attela.
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2. att. Rudzu iesala gatavosana /
Fig 2. Rye malt productiontechnology
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3. att. Pétljuma struktiira /
Fig.3. Research structure
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Petijuma izmantoto analizu metoZu raksturojums
P&tfjuma analizém izmantotas metodes apkopotas 4. tabula.

4. tabula / Table 4

P&tijuma analizém izmantotie standarti un analizu metodes /
Standards and analytical methods used for analysis

Nr./ Raditaji / Standarts, metode/
No. Indices Standard, method
1. Mitrums /Moisture, % LVS 6496 272
2. Graudu digtsp&ja /Germination, % EBC 3.5.2:1997
3. Tilpummasa / Volumeweight, g L' Ekspress metode
4. Skabums / Acidity, ° AACC 02-31.01
Ekstrakcijas pakape /
> Extraction rate, % TOCT 12136-77
5. Krasa / Color T'OCT 10967
7. Vara saturs / Cu content, mg kg™! ETAAS
8. Selena saturs / Se content, mg kg'! ICP - MS
9. Cinka saturs / Zn content, mg kg™ ICP - MS
oo AOAC 2002.01,
10. a-amilaze / a-amylase Ceralpha metode
Diastazes aktivitate /
1. Diastase activity, DN Phadebas Test
12 Kopgjo fenolu saturs / Total phenolic Dabina-Bicka et al., 2011;
) content, mg GAE 100 g sausnas/ DW | Damien-Dorman et al., 2004
. . L Skidruma hromotografijas metode

13. Edlr(l)%ua_llle;ersloils//ISS\'/V'duaI phenols, |\ Esn / Liquid chromotography

g 170 g sausn method, HPLC
14. Ciete / Starch, g 100 g ISO 12099
15. Proteins / Protein, g 100 g™ I1SO 12099
16. Kri$anas skaitlis /Falling number, s LVS 274:2000
17. Viskozitate / Viscosity, BU ICC 126/1
18. Konsistence /Consistency, N AACC Nr. 74-09.01

Rezultatu matematiska apstrade

Datu matematiska apstrade veikta ar matematiskas statistikas metodem.
Aprekini veikti ar MS Excel programmu un IBM SPSS 21.0. statistikas
programmu, izmantojot $adas test€Sanas metodes: vienfaktora un divfaktoru
dispersijas analizi (ANOVA). Izvirzitas hipotézes parbauditas ar p-vertibas
metodi un faktori novertéti ka biitiski, ja p-vertiba a<(,05. Hipotézi par divu
generalkopu vidgjiem HO:pul=p2 parbauda, aprékinot T—testa p—vertibu.
Rezultatu interpretacijai pienemts, ka a=0,05 ar 95% ticamibu, ja nav noradits
citadi. Visiem iegutajiem rezultatiem aprékinati vid&jie aritmetiskie un
standartnovirzes raditaji.
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Dazadu pazimju savstarpgjai kopsakaribai lietota korelacijas un regresijas
analize un mazako kvadratu metode. Ja sakariba starp pazimém ir lineara,
determinacijas koeficients sakrit ar korelacijas koeficientu: R* vienads ar r. Ja
korelacijas koeficienta vértiba ir 0,5<|r[>0,8, starp p&tamajam pazimém ir vid&ji
cieSa lineara sakariba. Ja [r>0,8, tad starp p&tamajam pazimém ir cieSa lineara
sakariba (Arhipova, Balina, 2006).

REZULTATI UN DISKUSIJA

1. Mikroelementu ietekme uz rudzu graudu digtspéju

Lai pieraditu promocijas darba aizstavamo t€zi: mikroelementi ietekmé&
rudzu graudu digtsp&ju, analiz€jot eksperimentali iegiitos rezultatus, ir noteikta
un izanalizéta mikroelementu - seléna, vara un cinka ietekme uz rudzu graudu
digtsp&ju. Ka kontroli izmantoja rudzu iesalu, kura gatavoSanas laika izmantoja
dejonizétu tideni bez mikroelementu piedevam.

Seléna ietekme uz rudzu graudu digtspeju

Petfjumiem par rudzu graudu digtspgjas atkaribu no seléna tika izmantoti
natrija selenata (Na,SeO,4) idens skidumi ar seléna koncentraciju 1; 3; 5; 8,5;
10 un 17 mg L™, Pétijuma iegitie rezultati atteloti 4. attela.

94
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N
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Digtsp&ja/ Sprouting activity, %

82 -

\
§
\
N
\
\
\
\
N

80 -

o
n
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=)
=)

0 1 3 5
Se,mg L1

4. att. Dazadu seléna koncentraciju ietekme uz rudzu graudu digtsp&ju /
Fig. 4. The influence of different selenium concentrations
on the sprouting activity of rye grain
Vertibas, kas atzimétas ar vienu un to pasu burtu, bitiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

Petjjuma iegitie rezultati rada, ka visas analizétas Se koncentracijas veicina
rudzu graudu digtsp&ju, salidzinot ar kontroles paraugu. Datu statistiskas
analizes rezultata konstatéts, ka, palielinoties natrija selenata koncentracijai
Skiduma, batiski palielinas rudzu graudu digtsp&ja (p=0,001; a=0,05)
(skat. 4. att€lu). Lielaka rudzu graudu digtsp&ja tika noteikta paraugam, kur Se
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koncentracija §kiduma ir 8,5 mg L, ta palielinajas par 7,1%, salidzinot ar
kontroles paraugu. legttie rezultati ir lidzigi ar citu autoru p&tjjumu rezultatiem
(Dtima, 2010).

Hasanuzamann (2010) ar lidzautoriem seléna ietekmi uz digSanas procesu
graudaugos saista ar antioksidativo aktivitati. Paaugstinata seléna aktivitate
graudos izskaidrojama ar to, ka augu attistibas kritiskas faz€s, pieméram,
graudu digsana un digla attistiba, ir raksturigs augstaks elposanas Iimenis. Sajos
periodos augi ir pasi jutigi pret dazadiem stresiem. Min&tam attistibas fazém ir
raksturigas antioksidativas aktivitates paaugstinata sensitivitate pret skabekla
koncentraciju, jo palielinas elpoSanas intensitate, savukart antioksidativa
sisteéma vel nav izveidojusies. Graudu diedzesanas laika, kad notiek atrs $iinu
apjomu pieaugums, tiek veicinats enzimatiskas un neenzimatiskas izcelsmes
antioksidantu koncentraciju samazinajums. Seléns S$aja perioda augos veic
antioksidativo aizsardzibu. Krievu pétniece Soloveva (2014) augu vajadzibu
pec seléna dotaja attistibas fazg€ skaidro ar lielu nepiecieSamibu p&c prolina
($tnu sieninu olbaltumvielu galvena sastavdala), kura veidosanas palielinas
mikroelementa seléna klatbiitng. Pétnieks Yu-Dong Wang (2013) ar kol€giem
sava petijuma par risu bagatinasanu ar selénu, ka vienu no iemesliem, kas
veicina risu stadu augSanu, min paaugstinatu antioksidantu aktivitati augos.
Aktiviz€jot endogéno antioksidantu sistému, ir iesp&ams palielinat
selénglutationa (Se-GSH) saturu.

Vara ietekme uz rudzu graudu digtspéju

Petfjumos par rudzu graudu digtspgjas atkaribu no vara satura Gdent tika
izmantoti vara sulfata (CuSO4 5H,0) tudens Skidumi ar vara koncentraciju
1;10; 50; 100 un 500 mg L™".

95
90
85

80

Digtspéja / Sprouting activity, %

500

5. att. Dazadu vara koncentraciju ietekme uz rudzu graudu digtspéju /
Fig. 5. The influence of different copper concentrations
on the sprouting activity of rye grain
Veértibas, kas atzim@tas ar vienu un to pasu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

Datu matematiskas apstrades rezultata konstatéts, ka visas analizétas vara
koncentracijas Skiduma butiski ietekm&ja rudzu graudu digtspgju (5. att.),
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salidzinot ar kontroles paraugu (p=0,024; 0=0,05). Lielakais izdiguso graudu
skaits tika noteikts paraugam, kura iegliSana izmantoja vara koncentraciju
skiduma 10 mg L. Min&taja koncentracija rudzu graudu digtspéja palielinjas
par 12,3%, salidzinot ar kontroles paraugu. Jaatzimé, ka lielaka analiz&taja vara
koncentracija $kiduma (500 mg L) graudu digtsp&ja bitiski samazinajas - par
3,7%, salidzinot ar kontroles graudiem (p<0,05; a=0,05).

legtitos rezultatus var izskaidrot ar to, ka lielas koncentracijas var§ negativi
ietekm& augus, izsaucot dazadus trauc€jumus, pieméram, augsanas, fotosintézes
un elposanas kaveésanu, ka ari traucg olbaltumvielu sinté€zi un donoru akceptoru
attiecibas, inaktivé metabolisma fermentu darbibu un Gidens apmainas procesus
augu $itinas (Amo6aiinu, 2013). Krievu pétnieks Titovs (2007) ar lidzautoriem
uzskatija, ka vara toksiskums ir atkarigs no vara jonu sp€jas veidot izturigas
kovalentas saites, ka arT no to savienojuma stabilitates ar olbaltumvielu
SH — grupam. Savukart, noteiktas koncentracijas mikroelements vars palielina
elpoSanas intensitati, pozitivi ietekme olbaltumvielu un oglhidratu apmainu
(Cemmua, 2009), pozitivi ietekm& augu augSanu un attistibu
(Byneirun et al.,, 2007), ietekmé Stnu daliSanos un stiepSanas procesu
(Turos et al., 2007).

Cinka ietekme uz rudzu graudu digtspéju

Petfjumiem par rudzu digtsp&jas atkaribu no cinka satura diedzESanai
izmantotaja Udens Skiduma izmantoja cinka sulfata (ZnSO, -7H,O) udens
Skidumus ar cinka koncentraciju 1; 10; 50; 100 un 500 mg L.

Veicot iegiito eksperimentalo datu matematisko apstradi, lietojot Scheffe
testu, noteikts, ka analiz€jamais mikroelements bitiski ietekmeé gtaudu
digtsp&ju, ja Zn koncentracija $kiduma ir 10; 50; 100 un 500 mg L™ (p<0,05;
0=0,05). Savukart mazika Zn koncentracija $kiduma (1 mg L) batiski
neietekméja rudzu graudu digtsp&ju (p=0,767; a=0,05), salidzinot ar kontroles
paraugu.
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6. att. Dazadu cinka koncentraciju ietekme uz rudzu graudu digtspéju /
Fig. 6. The influence of different zinc concentrations
on the sprouting activity of rye grain
Vertibas, kas atzimétas ar vienu un to paSu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)
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Lielaka rudzu graudu digtsp&ja (6. attéls) noteikta paraugam, kura iegfisanai
izmantoja Zn ar koncentraciju $kiduma 50 mg L. Saja gadijuma rudzu graudu
digtspgja pieauga par 9,6%, salidzinot ar kontroles paraugu. Sads rezultats
izskaidrojams ar to, ka cinks labveligi ietekm& elposSanas intensitates
picaugumu (Cemuna, 2009).

ElposSanas intensitates picauguma iemesli ir sekojosi: fermentu aktivitate,
organisma energijas patérina pieaugums procesiem, kas atbild par bojatu §tanu
uzturéSanu un atjaunosanu, kurus izsauc stresa faktoru darbiba, ka arT organisko
skabju sint€zes nepiecieSamiba, kas kalpo par mikroelementu helatoriem. Ir
zinams, ka cinks ietekmé art elektronu transporta k&di oksidativo fosforilésanu,
kas saistita ar elektronu un protonu transportu mitohondrijos; tidens apmainu
(turgora pieaugums, kas savukart saistits ar Stnu sieninu elastibu, kas
izskaidrojums ar kalcija jonu aizstaSanu ar cinku) (Turos et al., 2007).

2. Mikroelementu saturs un akumulacijas
efektivitate rudzu iesala

Augi, kuri pieder pie dazadam dzimtam, ievérojami atSkiras pé&c
mikroelementu uzkrasanas sp&jas. Atkariba no augu sugas, mikroelementu
saturs tajos var krasi atSkirties (Iidz 100 reizém un vairak). Zinatniskaja
literatiira ir minéts, ka kultdraugiem ir raksturiga mazaka mikroelementu
uzkrasanas sp&ja, neka tas pasas dzimtas savvalas augiem (Bunsaduym, 2011;
Turos et al., 2007). Graudu apvalks darbojas ka barjera mikroelementu
uznems$anai. Mikroelementu nokli$ana lidz séklam ir atkariga no mates auga
sp&jas tos uzpemt no augsnes un sekojoSo transportéSanu Iidz seklam to
attistiSanas procesa (Kranner, Colville, 2011). Citi autori atdzist, ka tas ir
atkarigs ar1 no vairakiem apkartgjas vides faktoriem, piem&ram, iedarbibas
laika, augu augSanas formas un absorbcijas mehanisma tipa, elementu
veidoSanos un paraugu nemsanas laika (Bonanno, 2011; Tpetbsik, ['epacumon
2007).

Seléna saturs un akumulacijas efektivitate rudzu iesala

Seléna koncentracija kvieSu, kailgraudu miezu, kailgraudu auzu un rudzu
graudos, kas audz&ti Latvija, svarstas no 0,01533 mg kg™ Iidz 0,03533 mg kg™
(Diima, 2010). Seléna saturs graudaugos, kuri audzeti Somija, ir piecas reizes
lielaks, savukart Vacija audzetos ir 25 reizes lielaks, neka Latvija audz€tos
graudaugos (Combs, 2001; Eurola, 1990).

P&tljumos par seléna satura un asimilacijas pakapi rudzu iesala izmantots
iesals, kuru gatavoSanas laikd izmantoja natrija selenata (Na,SeO4) Udens
skidumus ar seléna koncentraciju 5; 8,5 un 17 mg L™'. Pétijuma iegitie rezultati
atspoguloti 7. attela.
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7. att. Seleéna saturs rudzu iesala atkariba no Se koncentracijas Skiduma /
Fig. 7. The content of selenium in rye malt depending on the

concentration of Se in the solution
Vertibas, kas atzimétas ar vienu un to pasu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0.05)

Seléna saturs analiz€jamos paraugos bija robezas no 0,05+0,01 Iidz
6,9+0,3 mg kg'. Veicot iegiito datu matematisko apstradi, noteikts, ka Se saturs
iesala butiski atSkiras starp visiem analizE€tiem paraugiem un bija atkarigs no
seléna koncentracijas Skiduma (p=0,002; @=0,05). Paliclinoties Se
koncentracijai $kiduma, picauga ari seléna saturs rudzu iesala. Ja seléna
koncentracija $kiduma 5 mg L™, seléna saturs iesald palielindjas 36 reizes,
salidzinot ar kontroles paraugu. Palielinoties Se koncentracijai skiduma (8,5 un
17 mg L), seléna koncentracija rudzu iesala pieauga attiecigi 68 un 138 reizes,
salidzinot ar kontroles paraugu. Varam secinat, ka seléna akumulacija iesala ir
proporcionala ta koncentracijai Skiduma. P&tijuma iegttie rezultati ir lidzigi ar
citu zinatnieku pétijumu rezultatiem (Duma, 2010; Lintschinger et al., 1997).

Ir zinams, ka graudaugi pieder pie augiem, kas Se neakumulé
(Cakir et al., 2012; Hasanuzzaman et al., 2010; Terry et al., 2000). Veiktaja
zinatniskaja pétijjuma aprékinaja un analiz€ja rudzu graudu uzpemto selénu
diedz&Sanas procesa, t. i., cik procentus no S$kiduma eso$a seléna graudi
akumulgja. legiitie rezultati atspoguloti 5. tabula.

Visvairak seléna tiek akumuléts, ja seléna koncentracija Skiduma ir
vislielaka - 17 mg L. Saja gadijuma rudzu graudi uznéma 12,2% no 8kiduma
eso§a seléna, savukart mazaka seléna koncentracija $kiduma (5 mg L) graudi
uznéma 10,6%. Rudzu graudu atskiriga seléna uznemsana ir skaidrojama ar to,
ka, palielinoties seléna koncentracijai $kiduma, biologisko procesu laika seléns
patérgjas graudam nepieciesama daudzuma (Diima, 2010).

Vara saturs un akumulacijas efektivitate rudzu iesala

Miezi, ziemas un vasaras kviesi, ka arT citi kultliraugi ir loti jutigi pret vara
trikumu augsn€, bet savukart rudzi atSkiras ar lielu to panesamibu
(KaramsimoB, 1965). Var§ akumulgjas vairak graudapvalka (Kranner,
Colville, 2011). Zinatniskaja literatiira atrodami dati, ka vara saturs rudzu
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miltos ir 3,02 pg g (Kopli'k et al., 2006), savukart rudzu graudos 4,99 mg kg™
(Shtangeeva et al., 2011). Rudzu iesalam §is raditajs tika noteikts pétijuma un
tas ir 2,8+0,3 mg kg

iesals, kuru pagatavosanai izmantoti vara sulfata (CuSO, 5H,0) Gdens skidumi
ar vara koncentraciju 10; 20 un 50 mg L. Ka kontrole izmantots rudzu iesals,
kuru pagatavosanai izmantots dejoniz€ts Gidens. P&tfjuma rezultati atspoguloti
8. attela.

Cu koncentracija /
Cu concentration,mg 1!

0 10 20 30 40 50 60
Cu saturs iesala / The content of Cu in malt, mg kg !

8. att. Vara saturs rudzu iesala atkariba no Cu koncentracijas §Skiduma /
Fig. 8. The content of copper in rye malt depending on the

concentration of Cu in the solution
Vertibas, kas atzim&tas ar vienu un to paSu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

Vara saturs analiz&jamos paraugos bija robezas no 2,8 lidz 55,9 mg kg™'. Ja
vara koncentracija §kiduma bija 10 mg L™, vara saturs rudzu iesald picauga
4,4 reizes, bet ja vara koncentracija §kiduma 20 mg L™ vara saturs rudzu iesala
piecauga 7,3 reizes, salidzinot ar kontroles paraugu. lesala vara saturs tika
noteikts 19 reizes lielaks, salidzinot ar kontroles paraugu, kura iegtiSanai
izmantoja $kidumu ar lielako analizéto vara koncentraciju 50 mg L™. Rudzu
graudu diedz&sanas laika, izmantojot Cu, bija novérojamas biitiskas atskiribas
starp visiem paraugiem. Savukart Ipasa uzmaniba tika pievérsta paraugam, kur
graudu mércéSanai un diedz€Sanai izmantoja Skidumu ar Cu koncentraciju
20 mg L. Sim paraugam asni bija garaki un sp&cigaki, salidzinot ar kontroles
paraugu un paraugiem, kuriem izmantoja citas vara koncentracijas
(10 un 50 mg L™).

5. tabula ir atspoguloti pétfjuma rezultati par Cu akumulaciju iesala.
Petjjuma iegutie rezultati rada, ka visvairak vara tiek akumuléts no
eksperimentos lietota $kiduma, kura vara koncentracija ir vismazaka 10 mg L™
Rudzu graudi $ada koncentracija uznem 36,9% no Skiduma esosa vara, savukart
lielakas vara koncentracijas $kiduma (20 un 50 mg L) graudi uznéma 30,6%
un 30,8%. Mazaks mikroelementu saturs augu reproduktivos organos ir saistits
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ar aizsargmehanismu funkciongsanu, kas pasargd no mikroelementu lielakas
akumulacijas efektivitates Sajos organos (Turos et al., 2007).

Cinka saturs un akumulacijas efektivitate rudzu iesala

Cinks (Zn) - mikroelements vai mineralviela, kuram ir svariga loma augu
metabolisma, aug$ana un attistiba (Mousavi et al., 2013). Cinks ietilpst
vairakos augu fermentos un proteinos, ka arT kofaktora reguléSana, piedalas
daudzos svarigos biokimiskos procesos. Tie galvenokart saistiti ar oglhidratu
metabolismu, cukuru konversiju cieté, protelnu metabolismu, augSanas
regulatoru metabolismu, ziedputek$nu veidoSanos, biologisko membranu
integritates uzturésanu, izturibu pret infic€Sanos ar noteiktiem patog€niem, ka
ari pozitivu ietekmi uz kultiraugu razu (Mousavi et al., 2013; Bumbsaguy,
2011; Tumxos et al., 2005). Kultiraugu kvantitativa un kvalitativa raza ir stipri
atkariga no cinka (Zn) daudzuma augsné (Mousavi et al., 2013). Zinatniskaja
literattira ir minéts, ka cinka ieneSana augsné mésloSanas veida palielinaja auzu
graudu razibu par 17 — 20,3% (Bunsadaym, 2011). Cinka saturs rudzu miltos
veido 24,1 pg” (Kopli'k et al., 2006), savukart rudzu graudos — 34,7 mg kg™
(Shtangeeva et al., 2011). Analiz&jama rudzu iesala (kontroles parauga) cinka
saturs tika noteikts 24,7 mg L'

Cinka saturs rudzu iesala atkariba no Zn koncentracijas skiduma ir redzams
9. attela. Petijuma iegiitie rezultati rada, ka, palielinoties cinka koncentracijai
Skiduma, bitiski palielinas cinka saturs rudzu iesala (p=0,001; a=0,05).
Lielakais cinka saturs (189 mg kg') rudzu iesala tika noteikts ar cinka
koncentraciju $kiduma 100 mg L', kas picauga 6,7 reizes, salidzinot ar
kontroles paraugu.
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9. att. Cinka saturs rudzu iesala atkariba no Zn koncentracijas Skiduma /
Fig. 9. The content of zinc in rye malt depending on the

concentration of Zn in the solution
Vertibas, kas atzimétas ar vienu un to pasu burtu, bitiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

5. tabula ir atspoguloti rezultati par cinka akumulaciju iesala. Eksperimenta
iegitie rezultati rada, ka visvairak cinka tiek akumul@ts no $kiduma, kura cinka
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koncentracija ir vismazaka 10 mg L™, Rudzu graudi $aja gadijuma uzpem 57%
no Skiduma eso$a cinka, savukart lielakaja analiz€taja cinka koncentracija
$kiduma (100 mg L) graudi uznem 49,3%. Rudzu graudu atikiriga cinka
uznemsana ir skaidrojama ar to, ka stabilaki savienojumi ar $§iinu membranam
veidojas pie mazas mikroelementu koncentracijas vide. Lidz ar koncentracijas
picaugumu mikroelementu saites ar $inam ievérojami novajinas.

5. tabula/Table 5
Mikroelementu akumulacijas efektivitate rudzu iesala /
The accumulation of microelements in rye grain

Mikroelementi / Akumulacijas efektivitate / Paraugi /
Microelements The accumulation efficiency, % Samples
Koncentracija $kiduma /
Seléns / Concentration in solution, mg L™ >0 8.5 17.0
Selenium (Se ) Akumulacijas efektivitate /

Accumulation efficiency, % 106 12.0 12.2

Koncentracija $kiduma /

Vars / Concentration in solution, mg L™! e 20.0 30.0

Copper (Cu) Akumulacijas efektivitate /

Accumulation efficiency, % 369 306 308

Koncentracija skiduma /

Cinks / Concentration in solution, mg L™ 10.0 500 100.0

Zinc (Zn) Akumulacijas efektivitate /

Accumulation efficiency, % 570 306 49.3

Iesp&jams, ar mazu jonu koncentraciju skiduma sakuma piesatinas vietas,
kuras ar mikroelementu katjoniem veido stabilakus savienojumus. P&c So vietu
absorbcijas piesatinatibas iesledzas citas funkcionalas grupas, kuru saites ar
mikroelementu katjoniem ir ievérojami vajakas'.

legttie rezultati parada, ka, palielinoties mikroelementu seléna, vara un
cinka koncentracijai §kidumos, palielinas arT mikroelementu saturs rudzu iesala.
Zinot butisko mikroelementu nozimi augu valsti (IlxoBpeGos et al., 2012;
Byneirun et al., 2007; Protasova, 1998; Orlov, 1998), nakamais misu
eksperimenta solis bija apvienot abus mikroelementus — selénu un varu, ka ari
cinku un varu kopa. Mikroelementu koncentracijas tika izveletas optimalas,
pamatojoties uz eksperimentu rezultatiem (1. un 2. nodala). Petijuma iegiitie
rezultati rada, ka mikroelementu maisijumu (Se/Cu un Zn/Cu) izmatoSana
iesala razoSana dazada koncentracija palielina mikroelementu saturu rudzu
iesala: seléna, vara un cinka saturs bitiski pieaug I1dz ar mikroelementu
koncentraciju Skiduma (p<0.05; 0=0,05). Vara un seléna saturu rudzu iesala

Jonu mijiedarbiba augu attisttba [Skatits 07.06.2015.] Pieejams / Available:
http://openacc.ru/mikroelementy/2019-vzaimodeystvie-ionov-pri-razvitiya-rasteniy.html
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pieaug par 6,2 un 45 reizém, salidzinot ar kontroles paraugu. Savukart cinka un
vara saturs rudzu iesala pieaug 3,6 un 10,1 reizes, salidzinot ar kontroles
paraugu. legitie dati liecina, ka starp analiz&tajiem mikroelementiem (Se/Cu un
Zn/Cu) nepastav antagoniskas attiecibas. Eksperimenta iegtitie rezultati parada
arT to, ka lielaka akumulacijas efektivitate noteikta paraugiem, kuru
pagatavosanai izmantoja mikroelementu maisijumus. Mikroelementu (Se un
Cu) akumulacijas efektivitate rudzu iesala ir 9,3 un 30,5%, savukart Zn un Cu
akumulacijas efektivitate rudzu iesala ir 56,7 un 39,5%.

3. Mikroelementu ietekme uz rudzu iesala amilazu aktivitati

lesala veidosanas laika rudzu graudi sintez€ vai aktivé dazadus enzimus.
Nozimigakie iesala enzimi ir amilazes. Gatavojot miklu un maizi, amilazu
aktivitate ir galvenais faktors, kas nosaka rudzu iesala funkcionalas ipasibas.
Nozimigs ir a-amilazes saturs iesala. Amilolitiskas aktivitates noteiksSanai
rudzu iesala izmatotas divas metodes:
o Megazyme reagentu komplekts (a-amilazes aktivitates noteik$anai);
o Phadebas Amylase tests (diastazes aktivitates noteikSanai).

Seléna ietekme uz rudzu iesala amilazu aktivitati

o-Amilazes aktivitates noteikSana, izmantojot Megazyme reagentu
komplektu. Ir vairaki enzimi, kas hidroliz€ cieti, bet svarigakais no tiem ir
a—amilaze. Veicot ieglito eksperimentalo datu matematisko apstradi, lietojot
Scheffe testu, konstatéts, ka seléns biitiski ietekm&ja a-amilazes aktivitati rudzu
iesala (p=0,007; 0=0,05), salidzinot ar kontroles paraugu. Lielaka o-amilazes
aktivitate (34,8+0,1 vienibas g”) tika noteikta analiz&jamam paraugam, kuru
pagatavo$and izmantoja selénu ar koncentraciju $kiduma 5 mg L™, ta pieauga
par 18,4%, salidzinot ar kontroles paraugu, kura mikroelementu piedevu
neizmantoja (10. att.). Eksperimentali iegltie rezultati lauj secinat, ka
mikroelements seléns veicinaja enzimu aktivitati.

Enzimu aktivitates noteiksana ar Phadebas testu. Diastazes aktivitates
noteik$anai ir dazadas metodes. Viena no tam ir Phadebas Amylase tests.
Neskatoties uz to, ka §1 metode parasti tieck piemérota medus paraugiem, to var
izmantot diastazes noteikSanai arT citos partikas paraugos. Diastazes aktivitates
Gotes vieniba ir fermenta daudzums, kas tiek izmantots, lai Skeltu 0,01 g cietes
1h laika +40°C temperatiira. Gala rezultats tika izteikts uz 1 g produkta.

P&c datu matematiskas apstrades noteikts, ka visas analiz€jamas seléna
koncentracijas Skidumos butiski ietekmé&ja diastazes aktivitati rudzu iesala
(p=0,011; a=0,05) (skat. 10. att.). Lielaka aktivitate (330 Gotes vienibas) ir
noteikta rudzu iesalam, kuru pagatavoSana izmantoja selénu ar koncentraciju
5 mg L' $kiduma. lesala, kura pagatavoianai izmantoja minéto seléna
koncentraciju, diastazes skaitlis palielinajas par 33,1%, salidzinot ar kontroles
paraugu. Savukart rudzu iesala, kuru pagatavosSana izmantoja lielako selénu
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koncentraciju $kiduma (17 mg L), diastazes aktivitate samazinajas par 12,9%,
salidzinot ar kontroles paraugu.
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10. att. Dazadu seléna koncentraciju ietekme uz a — amilazes
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Fig. 10. The influence of different selenium concentration on the

o — amylase and diastase activity in rye malt
Vertibas, kas atzimétas ar vienu un to pasu burtu, batiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

Salidzinot pétfjuma iegiitos rezultatus, izmantojot divas dazadas metodes
(10. att.), varam secinat, ka seléns butiski ietekmgja amilazu aktivitati rudzu
iesala un lielaka aktivitate tika noteikta iesalam, kuru pagatavosanai izmantoja
$kidumu ar seléna koncentraciju 5 mg L. Fermentu aktivitates pieaugums
rudzu iesala, iesp&jams, ir saistits ar seléna dalibu rudzu graudos esoSo
mazmolekularu vielu difuzija no vairodzina uz digliti. Iespgjama ar1 seléna
daliba dazadu savienojumu hidratacija, ka rezultata veidojas labveligi apstakli
augstmolekularo vielu hidrolizes procesiem.

Petfjuma iegiitie rezultati ir 11dzigi ar citu autoru p&tijjumiem. Zinatnieks no
Sibirijas sava petljuma atklaja, ka, izmantojot selénu kviesu graudu diedz€Sanas
laika, diedzetos graudos bitiski palielinas amilolitiska un proteolitiska
aktivitate (Acmammes, 2009). Savukart zinatnieks no Meksikas petfjuma par
seléna ietekmi uz fermentu aktivitati tomatos apgalvoja, ka Se (5 mg L)
butiski palielin3ja katalazes, glutationa peroksidazes un superoksida dismutazes
aktivitati tomatos par 352,7%, 312,2% un 200,8%, salidzinot ar kontroles
paraugu (Castillo-Godina et al., 2016).

Vara ietekme uz rudzu iesala amilazu aktivitati
o-Amildazes aktivitates noteikSana, izmantojot Megazyme reagentu
komplektu. Eksperimentos iegutie rezultati (11. att.) parada, ka dazadas vara
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koncentracijas $kiduma biatiski palielina o-amilazes aktivitati rudzu iesala
(p=0,021; 0=0,05), salidzinot ar kontroles paraugu. Paliclinoties vara
analiz&jamos paraugos. Liclaka a-amilazes aktivitate (41,2 + 0,2 vienibas g™")
bija iesala paraugam, kuru pagatavo$ana izmantoja Skidumu ar lielako Cu
koncentraciju $kiduma (50 mg L™). Salidzinot ar kontroles paraugu, ta
palielinajas par 34,6%.
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11. att. DaZzadu vara koncentraciju ietekme uz a - amilazes
un diastazes aktivitati rudzu iesala /
Fig. 11. The influence of different copper concentration on the

a —amylase and diastase activity in rye malt
Vertibas, kas atzimétas ar vienu un to pasu burtu, batiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0.05)

Enzimu aktivitates noteiksana ar Phadebas testu. 11dzigus rezultatus uzrada
zinatniskais pétjjums, kura, nosakot dazadu vara koncentraciju ietekmi uz
diastazes aktivitati rudzu iesala, izmantoja otru metodi (Phadebas Amylase Test
tabletes). Iegilitie pétijuma rezultati (11. attéls) parada, ka visas analiz&tas vara
koncentracijas Skidumos biitiski palielina diastazes aktivitati rudzu iesala,
salidzinot ar kontroles paraugu (p=0,016; 0=0,05). Liclaka aktivitate
(252,0+£3,0 Gotes vienibas) ir noteikta rudzu iesalam, kuru pagatavoSana
izmantoja varu ar koncentraciju $kiduma 50 mg L. Saja gadijuma diastazes
skaitlis palielinajas par 37,7%, salidzinot ar kontroles paraugu, kas liecina par
vara pozittvo ietekmi uz amilazes aktivitates pieaugumu rudzu iesala. Petjjuma
iegiitie rezultati, tapat ka ieprieks minétie par selénu, liecina par mikroelementa
vara pozitivo ietekmi uz amilazes aktivitates pieaugumu rudzu iesala. legttie
rezultati ir I1dzigi ar citu zinatnisko autoru rezultatiem. Pieméram, Mihoub u.c.
(2005) sava petijuma apgalvo, ka a-amilazes aktivitate diedz&tos zirnos butiski
pieaug, ja to bagatinasana izmanto varu.
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Cinka ietekme uz rudzu iesala amilazu aktivitati

o-Amilazes aktivitates noteikSana, izmantojot Megazyme reagentu
komplektu. Dazadu cinka koncentraciju ietekme uz a-amilazes aktivitati rudzu
iesala ir atspogulota 12. att€la. Lidzigi selénam un varam, ari cinks batiski
ietekm@ o-amilazes aktivitati rudzu iesala (p=0,018; 0=0,05), salidzinot ar
kontroles paraugu. Lielaka a-amilazes aktivitate tika noteikta analiz€amam
paraugam, kura pagatavoSana izmantoja cinku ar koncentraciju Skiduma
50 mg L. Salidzinot ar kontroles paraugu, kurd mikroelementu piedevu
neizmantoja, ta pieauga par 34,1%.
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12. att. DaZadu cinka koncentraciju ietekme uz o - amilazes
un diastazes aktivitati rudzu iesala /
Fig. 12. The influence of different zinc concentration on the

o — amylase and diastase in rye malt
Vertibas, kas atzimétas ar vienu un to pasu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)

Enzimu aktivitates noteiksana ar Phadebas testu. L1dzigus rezultatus uzrada
pétijums, kura, nosakot dazadu cinka koncentraciju ietekmi uz diastazes
aktivitati rudzu iesald, izmantoja Phadebas Amylase metodi. P&tjjuma iegitie
rezultati (12. att.) parada, ka visas analiz&tas cinka koncentracijas $kidumos
butiski ietekméja diastazes aktivitati rudzu iesala (p=0,011; a=0,05), salidzinot
ar kontroles paraugu. Lielaka diastazes aktivitate (266+2 Gotes vienibas) rudzu
iesala tika noteikta paraugam, kura pagatavoSana izmantoja cinku ar
koncentraciju 8kiduma 50 mg L. Sim paraugam diastazes skaitlis palielinajas
par 22%, salidzinot ar kontroles paraugu. Savukart rudzu iesala, kuru
pagatavosana izmantoja lieldako cinka koncentraciju $kiduma (100 mg L),
diastazes aktivitate samazinajas par 6,4%, salidzinot ar kontroles paraugu.
Salidzinot abu metozu rezultatus, gan o-amilazes aktivitate, gan diastazes
aktivitate ir lielaka rudzu iesala paraugam, kura pagatavosanai izmantoja cinka
koncentraciju $kiduma 50 mg L. Visas izmantotas metodes amilolitiskas
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aktivitates noteikSanai rudzu iesala uzrada, ka mikroelementu seléns un vara
maisijums negativi ietekmé amilazes aktivitati rudzu iesala. Savukart
mikroelementu cinka un vara maisijums uzrada pret€jus rezultatus, kuri liecina
par analiz€jamo mikroelementu maistjumu (Zn/Cu) pozitivo ietekmi uz
amilazes aktivitati rudzu iesala, salidzinot ar paraugiem, kuru pagatavoSana
izmantoja Zn un Cu atseviski.

4, Mikroelementu ietekme uz rudzu iesala
Kkimiskiem raditajiem

Zinatniskaja literatdra ir noradits, ka mitruma saturs rudzu iesala var
svarstities robezas no 4% lidz 10%>°. Mitruma saturs bitiski ictekmé iesala
malSanas un iejavoSanas procesu, ka arT kvalitates parametrus uzglabaSanas
laika (Hertrich, 2013; Menenuna et al., 2013). Eksperimentali ir noteikts, ka
petamo rudzu iesala mitruma saturs svarstijas robezas no 4,1% lidz 10,2%.

Datu matematiskas apstrades rezultata konstatéts, ka cietes saturs ar
mikroelementiem bagatinata rudzu iesala bija robezas no 57,1£1,0 lidz
59,8+1,10 g 100 g'. P&tijuma iegitie rezultati ir lielaki salidzinot ar citu
zinatnieku rezultatiem, kuri norada, ka cietes saturs rudzu iesala ir
4141,63 g 100 g (Balcerek et al., 2016).

Proteina saturs iesala ir atkarigs no graudu Skirnes ipaSibam un no
agrotehnologijas, it Tpasi no slapekla saturo$o mineralvielu iene$anas daudzuma
un laika, ka arl no iesala raZoSanas tehnologijas un kalt€Sanas rezima. Ir
zinams, ka proteina saturs iesala ir par 0,1 — 0,5% mazaks salidzinot ar
graudiem (Menemuna et al., 2013). Zinatniskaja literatiira ir noradits, ka
proteina saturs rudzu iesald nedrikst parsniegt 12,5%°. Eiropa mieZu iesala
proteina saturs nedrikst parsniegt 11,5%, savukart Ziemelamerika 13,5%
(Hertrich, 2013; Menenuna et al., 2013). Veicot iegiito eksperimentalo datu
matematisko apstradi, noteikts, ka analiz€jamiem paraugiem proteina saturs
bija robezas no 8,7+0,9 1idz10,5+0,3 g 100 g”'. Polija veikta pétijuma zinatnieki
atklaja, ka proteina saturs rudzu iesala ir 8,5+0,32 g 100 g’
(Balcerek et al., 2016).

Fenolu satura noteik$anai rudzu iesala izmantoja graudus, kuru mércésanas
laika Gidenim pievienoja dazadas koncentracijas seléna, vara un cinka salus
(3. tabula). P&tijuma tika identificéti 19 fenolu tipa savienojumi, no kuriem
14 ir fenolskabes: 7 benzoskabes atvasinajumi (galluskabe, a-resorcilskabe,
protokatehinskabe, p-hidroksibenzoskabe, vanilinskabe, cerinskabe,

% Rudzu iesala mitruma saturs. [Skatits 02.04.2018.] Pieejams / Available:
http://docs.cntd.ru/document/120003202

* Rudzu iesala mitruma saturs. [Skatits 02.04.2018.] Pieejams / Available:
http://resources.countrymaltgroup.com/CMG _catalog.PDF

4 Proteina saturs rudzu iesala. [Skatits 03.04.2018.] Pieejams / Available:
http://resources.countrymaltgroup.com/CMG _catalog.PDF
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p-kumarinskabe), 6 kanelskabes atvasinajumi (hlorogenskabe, kafijskabe,
sinapinskabe, ferulskabe, o-hidroksikanalskabe, m-hidroksikan&lskabe un viens
feniletikskabes atvasinajums (homovanilinskabe). V&l tika identificéti Cetri
flavonoidi (rutins, kvercetins, luteolins kemferols) un viens flavanoids
(katehins). Lielakai dalai analiz§jamiem paraugiem individualu fenolu
savienojumu saturs bija mazaks par 0,1 mg 100 g, dazos paraugos nebija
iespgjams identificét, jo individualo fenolus saturs bija zem jutibas sliek$na.
Tikai Cetriem no noteiktajiem fenoliem (a-resorcilskabei, protokatehinskabei,
katehinam un kemferolam) koncentracija bija liclaka par 0,1 mg 100 g™

Seléna, vara un cinka piedevu ietekme uz kopgjiem fenoliem un individualo
fenolu summu att€lota 6. tabula. legltie rezultati (6. tab.) rada, ka visas
analiz&tas seléna koncentracijas palielina fenolu saturu rudzu iesala.

6. tabula / Table 6
Seléna ietekme uz kopé€jo un individualu fenolu saturu rudzu iesala /
The influence of selenium on total and individual phenolic
content in rye malt

Savienojumi /
Compounds
Mikroelementu koncentracija Kopéjo fenolu Individualu fenolu
$kiduma / Concentration of saturs / Total summa / Individual
microelements in solution, mg L™ phenolic content, phenolic content, mg
mg GAE 100 g* 100g*
sausnas / DW sausnas / DW
Se koncentracija $kiduma 0 mg L™
The content of Se in solution 313£12 6.2120.54
Se koncentracija $kiduma 5 mg L™ 332417 9.5040.72
The content of Se in solution ) )
Se koncentracija $kiduma 8.5 mg L™
The content of Se in solution 35714 10.82+0.42
Se koncentracija $kiduma 17 mg L'
The content of Se in solution 36311 11.3+0.68
Cu koncentracija $kiduma 0 mg L™
The content of Cur in solution 23113 >:48+0.23
Cu koncentracija $kiduma 10 mg L™
The content of Cur in solution 221415 7.18:0.42
Cu koncentracija $kiduma 20 mg L™
The content of Cur in solution 288418 8.18+0.48
Cu koncentracija 8kiduma 50 mg L™
The content of Cur in solution S 9.99£0.61
Zn koncentricija §kiduma 0 mg L'
The content of Zn in solution 297418 8.33+0.38
Zn koncentracija $kiduma 10 mg L'
The content of Zn in solution 28814 6.98+0.56
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6. tabulas turpinajums / Continue of table 6

Savienojumi /

Compounds
Mikroelementu koncentracija Kopgjo fenolu Individualu fenolu
$kiduma / Concentration of saturs / Total / Individual
microelements in solution, mg L? phenolic content, summa 7 Individua

phenolic content, mg

1
mg GAE 100 g 100 g sausnas / DW

sausnas / DW

Zn koncentracija $kiduma 50 mg L'

The content of Zn in solution 233+17 7.74+0.49

Zn koncentracija $kiduma 100 mg L™

The content of Zn in solution 275+16 9.09+0.41

Lielakais kopgjo fenolu saturs noteikts paraugam, kura iegfisanai izmantoja
$kidumu ar seléna koncentraciju 17 mg L™, kas ir par 16% lielaks, salidzinot ar
kontroles paraugu. Individualu fenolu summa rudzu iesala palielingjas
apméram divas reizes, salidzinot ar kontroles paraugu. Lidzigi rezultati
publicéti citos darbos, kas norada, ka seléns palielina fenolu saturu augos
(Motomura et al., 2008). Ibrahim (2014) apgalvo, ka augu antioksidativas
sistémas stimulacijas cela Se joni var paaugstinat augu izturibu pret abiotiskiem
stresa faktoriem.

Lidzigi selenam, péc iegiitajiem rezultatiem var secinat, ka analizétas vara
koncentracijas (20 un 50 mg L) pozitivi ietekmé fenolu saturu rudzu iesala.
Lielakais kopg€jo fenolu saturs noteikts paraugam, kura iegiiSanai izmantoja
$kidumu ar vara koncentraciju 50 mg L™, kas ir par 34,6% lielaks, salidzinot ar
kontroles paraugu. Salidzinot ar kontroles paraugu, individualu fenolu summa
rudzu iesala butiski palielingjas visos analiz€jamos paraugos, kuru iegiiSanai
izmantoja vara piedevas (p<0,05; 0=0,05). Lielaka individualu fenolu summa
noteikta paraugam, kura iegliSanai izmantoja Skidumu ar vara koncentraciju
50 mg L. Eksperimenta iegitie rezultati ir lidzigi ar citu autoru rezultatiem,
kuru pétijumi liecina, ka fenolu saturs augos paliclinds, palielinoties
mikroelementu (Cu un Zn) saturam (Vinod et al., 2012; Hamid et al., 2010;
Ganeva, Zozikova 2007).

Ka zinams, var§ ir metals ar vairakam iesp&jamam oksidéSanas pakapem,
kas veicina skabek]a akttvo formu un brivo radikalu veidoSanos, ka ari izsauc
oksid@Sanas stresu augu Stinas. Graudu apstrade ar varu palielina oksidéSanas
stresu, kas savukart izsauc antioksidantu enzimu aktivaciju — polifenolu satura
palielindgjumu (Ckpeinauk et al., 2014; Ano6Gaiinu, 2013). Ta var izskaidrot
polifenolu pieaugumu analiz€tajos rudzu iesala paraugos.

Polifenolu satura palielinajums rudzu iesala liecina par oksidéSanas procesa
intensitates izmainam S$tna. Tas var€tu tikt uzskatits ka adaptacijas
aizsargmehanisms, kas uz antioksidantu ITmena pieauguma rekina layj
palielinat augu izturibu pret nelabveligu faktoru ietekmi, ka, pieméram,
paaugstinata vara koncentracija (Cxpsinauk et al., 2014).
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Analizgjot iegiitos rezultatus par cinka piedevu izmantoSanu iesala
iegiSana, neizdevas iegiit sakaribu, p&c kuras varétu viennozimigi apgalvot, ka
Zn veicina vai kaveé fenolu veidoSanos. P&c ieglitajiem rezultatiem (6. tab.) var
secinat, ka visas analiz&tas cinka koncentracijas samazina kopgjo fenolu saturu
rudzu iesala, salidzinot ar kontroles paraugu. Savukart lielaka individualo
fenolu summa tika noteikta paraugam, kura iegtiSana izmantoja Skidumu ar
cinka koncentraciju 100 mg L. Krievu pétniece Salihova (Cammxosa, 2016),
aprakstot sava zinatniska pétljuma rezultatus par cinka jonu ietekmi uz
antioksidantu Itmeni rudzu diglos, apgalvo, ka lielaks polifenolu saturs noteikts,
ja cinka koncentracijas $kiduma ir no 500 lidz 1000 mgL™, bet mazakas
koncentracijas tas butiski nemainijas. Primaras izmainas smago metalu ietekmée
notieck §Gnu ITmeni un izpauzas skabekla aktivo formu generacija un
oksidesanas stresa veidoSana. Fenolu satura picaugums ir augu atbildes reakcija
oksidesanas bojajumu samazinasanai, kurus izsauc cinks.

5. Ar mikroelementiem bagatinata iesala ietekme uz kriSanas
skaitli un viskozitati miltos

Ar selénu bagatinata iesala ietekme uz kriSanas skaitli rudzu miltos

Lai noteiktu iesala, kas ir bagatinats ar mikroelementu selénu, ietekmi uz
miltu reologiskam ipasibam, tika pagatavoti miltu paraugi, kuriem pievienoja
analiz&jamo iesalu. Dazadu seléna koncentraciju ietekme uz kriSanas skaitli
rudzu miltos ar pievienotu iesalu ir atspogulota 13. attcla.
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RM _I_Se0: rudzu milti+iesals (Se koncentracija 0 mg L™); RM_I_Se5: rudzu milti+iesals
(Se koncentracija 5 mg L™"); RM_I_Se8,5: rudzu milti+iesals (Se koncentracija 8,5 mg L™);
RM I Sel7: rudzu milti+iesals (Se koncentracija 17 mg L™);

13. att. Ar selenu bagatinata iesala ietekme uz kri§anas skaitli miltos /
Fig. 13. Enriched malt with selenium effect on falling number in flour

Vertibas, kas atzZimétas ar vienu un to pasu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)
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KriSanas skaitlis rudzu miltiem bez pievienota iesala ir 200 s. P&tjuma
ieglitie rezultati rada, ka visas analiz€tas seléna koncentracijas Skidumos butiski
samazina kriSanas skaitli analiz€jamos paraugos, salidzinot ar kontroles
paraugu (p<0,05, 0=0,05). Zemakais kriSanas skaitlis (81 s) noteikts paraugam
(RM_I Sel7), kuru iesala pagatavoSana izmantoja selénu ar koncentraciju
$kiduma 17 mg L, salidzinot ar kontroles paraugu tas samazinajas par 10,5%.
Krisanas skaitlis (KS) raksturo cietes Ipasibas un a-amilazes aktivitati. Liels
kriSanas skaitla samazindajums parasti liecina par lielu hidrolitisko enzimu
aktivitati rudzu graudos (Salmenkallio-Marttila, Hovinen, 2005). P&tfjuma
ieglitie rezultati liecina par mikroelementu - Se pozitivo ietekmi uz amilazes
aktivitates picaugumu analiz&tajos paraugos.

Ar varu bagatinata iesala ietekme uz kriSanas skaitli rudzu miltos

Lai noteiktu iesala ietekmi uz miltu reologiskam 7ipasibam, tika
pagatavoti miltu paraugi, kuriem pievienoja iesalu, kas bagatinati ar
mikroelementu — varu. Dazadu vara koncentraciju ietekme uz krisanas skaitli
rudzu miltos ar pievienotu iesalu ir paradita 14. attéla.

KriSanas skaitlis rudzu miltiem bez pievienota iesala ir 200 s. Pé&tjjuma
ieglitie rezultati rada, ka lidzigi selenam, visas analiz&tas vara koncentracijas
Skidumos butiski samazina kriSanas skaitli paraugos, salidzinot ar kontroli
(p<0,05, 0=0,05). Zemakais kriSanas skaitlis (87+1,0 s) noteikts paraugam,
kuru iesala pagatavo$ana izmantoja varu ar koncentraciju $kiduma 50 mg L™,
salidzinot ar kontroles paraugu tas samazinajas par 15,5%.
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RM_I Cu0: rudzu milti+iesals (Cu koncentracija 0 mg L); RM_I Cul0: rudzu milti-+iesals
(Cu koncentracija 10 mg L™"); RM_I_Cu20: rudzu milti+iesals (Cu koncentracija 20 mg L™");
RM_I_Cu50: rudzu milti+iesals (Cu koncentracija 50 mg L™);

14. att. Ar varu bagatinata iesala ietekme uz kriSanas skaitli miltos /
Fig. 14. Enriched malt with copper effect on falling number in flour

Vertibas, kas atzimétas ar vienu un to paSu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)
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KriSanas skaitlis rudzu miltiem bez pievienota iesala ir 200 s. P&tjjuma
ieglitie rezultati rada, ka l1dzigi selenam, visas analiz&tas vara koncentracijas
Skidumos butiski samazina kriSanas skaitli paraugos, salidzinot ar kontroli
(p<0,05, 0=0,05). Zemakais kriSanas skaitlis (87+1,0 s) noteikts paraugam,
kuru iesala pagatavo$ana izmantoja varu ar koncentraciju $kiduma 50 mg L™,
salidzinot ar kontroles paraugu tas samazinajas par 15,5%.

KriSanas skaitlis ir a-amilazes aktivitates raditajs, ko plasi izmanto rudzu
miltu cepamipaSibu raksturojumam. Jo augstaka ir autolitiska aktivitate, jo
mazaks ir kriSanas skaitlis. Jo mazaka ir fermentu aktivitate, jo kriSanas skaitlis
ir lielaks (Gaaloul et al., 2011; Kunkulberga et al., 2007; Hansen, 2004).
Petfjuma iegttie rezultati liecina par mikroelementa - Cu pozitivo ietekmi uz
amilazes aktivitates pieaugumu analiz&tajos paraugos.

Ar cinku bagatinata iesala ietekme uz kriSanas skaitli rudzu miltos

Dazadu cinka koncentraciju ietekme uz kriSanas skaitli rudzu miltos ar
pievienotu iesalu ir atspogulota 15. attgla.

Iegiita pétijuma rezultati norada, ka cinks Iidzigi selénam un varam biitiski
ietekmgéja krisanas skaitli analiz&tajos paraugos (p<0,05; a=0,05). Eksperimenta
konstatgja, ka, pievienojot rudzu miltiem iesalu, kuru pagatavo$anai izmantoja
cinku ar koncentraciju $kiduma 50 mg L™, krianas skaitlis samazinajas par
15,6%, salidzinot ar kontroles paraugu, kura mikroelementu piedevas netika
pievienotas.
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RM_I Zn0: rudzu milti+iesals (Zn koncentracija 0 mg L™); RM_I Zn10: rudzu milti+iesals
(Zn koncentracija 10 mg L™"); RM_I_Zn50: rudzu milti+iesals (Zn koncentracija 50 mg L™);
RM_I_Zn100: rudzu milti+iesals (Zn koncentracija 100 mg L™);
15. att. Ar cinku bagatinata iesala ietekme uz kriSanas skaitli miltos /
Fig. 15. Enriched malt with zinc effect on falling number in flour
Veértibas, kas atzimétas ar vienu un to paSu burtu, butiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0,05)
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legiitie rezultati rada, ka cinks pozitivi ietekmgja a-amilazes aktivitati rudzu
iesala un lielaka o-amilazes aktivitate noteikta paraugam, kuru pagatavoSana
izmantoja cinku ar koncentraciju §kiduma 50 mg L™

Ar mikroelementiem bagatinata iesala ietekme uz rudzu miltu
viskozitati

Cepamipasibas liela méra ir atkarigas no cietes klisterizacijas un a-amilazes
fermentativas aktivitates miltos. Loti liela aktivitate noved pie pastiprinatas
cietes sadaliSanas, ka rezultata ciete zaud€ savas Gdens saistiSanas spgjas
klisterizacijas laika. Lai raksturotu viskozitati, rudzu miltu paraugiem uznemtas
amilogrammas liknes. Amilogrammas liknes iegiiSanai izmantoja rudzu miltus
un analiz€jamos iesala paraugus.

Petfjuma ieglitas amilogramas liknes rada, ka ar mikroelementiem Se, Cu un
Zn bagatinats rudzu iesals butiski ietekmé cietes hidroliz€Sanas atrumu miltos,
salidzinot ar amilogrammas likni kontroles paraugam, kuram mikroelementi
netika pievienoti (p<0,05; 0=0,05). Tas izpauzas ar liknes augstuma butisku
samazinajumu un mazaku amilogrammas platumu bagatinata iesala klatbGtne.
Ir zinams, ka Iiknes augstums un platums raksturo Gidens — miltu suspensijas
maksimalo viskozitati cietes klisterizacijas laika un klisterizacijas ilgumu.

Lielako maksimalo viskozitates kritumu noteica paraugam kura iesala
pagatavo$ana izmantoja varu ar koncentraciju §kidum 20 mg L. Viskozitate
samazinajas par 30%, salidzinot ar kontroles paraugu. Analiz€jamam miltu
paraugam, kuram pievienoja iesalu ar Se koncentraciju $kiduma 5 mg L',
viskozitate samazinajas par 10,4%, salidzinot ar kontroles paraugu. Pievienojot
cinku ar koncentraciju $kiduma 50 mg L™, viskozitate samazinas par 3,9%. Tas
izskaidrojams ar to, ka bagatinata iesala enzimi iedarbojas uz cietes granulam,
kas sak Kklisterizéties, un ievérojami paatrina to degradaciju, veidojot tajos
rievas un dobumus (SImamres et al., 2017).

P&tijuma iegitie rezultati liecina par mikroelementu — Se, Cu un Zn pozitivo
ietekmi uz amilazes aktivitates pieaugumu, analiz€jamos paraugos amilolitiskie
fermenti efektivi un atri hidroliz€ rudzu miltu cieti. Dotas iesala TpaSibas var
izmantot miltu parstradé ar zemu amilolitisko aktivitati, no kuras maize iznak
ar sausu un drupenu mikstumu. Zinatnieks Leon u.c. (2002) sava pétijuma
norada, ka ar mikroelementiem bagatinata iesala cietes hidrolize fermentu
iedarbiba notiek 1i1dz mazmolekulariem dekstriniem ar glikozes atlikumiem no
3 Iidz 7, kas palénina maizes sacietéSanas laiku un bremze cietes hidrolizi
maizes mikstuma.

Petfjuma izmantotas metodes kriSanas skaitla un viskozitates noteikSanai ar
mikroelementu maisijumu bagatinatos rudzu miltos uzrada, ka mikroelementu
seléens un vara maisfjums negativi ietekmé amilazes aktivitati analiz€jamos
paraugos. Savukart, mikroelementu cinka un vara maisijums uzrada pret&jus
rezultatus. KriSanas skaitlis analiz€§jama paraugd samazinajas par 2,8%,
viskozitate par 27,9%, salidzinot ar kontroles paraugu. legiitie rezultati liecina
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par analiz€jamo mikroelementu (Zn/Cu) maisijuma pozitivo ietekmi uz
amilazes aktivitati analiz€jamos paraugos.

6. Mikroelementu ietekme uz plaucéjuma ipasibam

Analiz€jamo plaucgjumu gatavosanas laika rudzu bideletiem miltiem
pievienoja iesalu, kuri iegtti diedzESanas laika, izmantojot dazadas
mikroelementu piedevas (7. tabula). Plaucgjuma gatavoSana iesala saturs ir
robezas no 2 lidz 6%. Analiz€jamiem plaucjumiem pievienota iesala saturs
bija 2,9% (7. tabula).

Iegtitie rezultati parada, ka cietaka konsistence (72,54 N) ir plaucgjumam,
kura izmantoja rudzu bidelétos miltus bez pievienota iesala (7. tabula). Tas
izskaidrojams ar to, ka plaucgjuma cietes granulas uzbriest un noteikta
temperatira (apméram +50 °C) uzsakas cietes klisterizacija, plaucgjums
veidojas viskozs un ciets. Salidzinot So rezultatu ar plauc€jumu, kuram tika
pievienots iesals bez mikroelementu piedevas (kontroles paraugs), konsistence
samazinajas par 70,3%. Petijuma iegiitos datus var izskaidrot ar to, ka $aja laika
verojama intensiva amilazes darbiba, kuras rezultata uzsakas cietes SkelSana un
plaucgjuma konsistence paliek skidraka.

7. tabula / Table 7
Seléna, vara un cinka ietekme uz plaucéjuma konsistenci /
Influence of selenium, copper and zinc on the consistency of the scald
consistency

Nr./ Plauc&jums / Konsistence /
No. Scald Consistency, N
1. Rudzu milti / Rye flour + karsts tidens / hot water 72.54+1.28
5 Rudzu milti / Rye flour + iesals / malt + karsts idens / 42.6£0.95

hot water
Rudzu milti / Rye flour + iesals / malt (Se koncentracija /
3 concentration 8.5 mg L) + karsts @idens / hot water 24.7720.32
Rudzu milti / Rye flour + iesals / malt (Cu koncentracija /
4. concentration 20 mg L) + karsts @idens / hot water 32.84+0.68
5 Rudzu milti / Rye flour + iesals / malt (Zn koncentracija / 35424072

concentration 50 mg L") + karsts @idens / hot water

Rudzu milti / Rye flour + iesals / malt
6. (Se un / and Cu koncentracija / concentration 29.16+0.64
8.5 un 10 mg L") + karsts tidens / hot water

Rudzu milti / Rye flour + iesals / malt
7. (Zn un / and Cu koncentracija / concentration 27.92+0.51
50 un 20 mg L") + karsts adens / hot water

Eksperimenta iegiitie rezultati pierada, ka dazadi mikroelementi, kuri tika
izmantoti iesala gatavoSanas laika, butiski ietekme iesala kvalitati un lidz ar to
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plaucgjuma Tpasibas - konsistenci. Skidraka konsistence noteikta plaucgjumam,
kuru pagatavo$anai izmantoja iesalu ar Se piedevu (8,5 mg L), ta samazinajas
par 41,9%, salidzinot ar plaucgjumu, kuru pagatavosana izmantoja iesalu bez
mikroelementu piedevas. Savukart plaucgjumiem, kuru pagatavoSanai
izmantoja iesalu ar Cu (20 mg L™) un Zn (50 mg L) piedevam, konsistence
samazinajas par 22,9% un par 31,5%, salidzinot ar plaucgjumu, kuru
pagatavosana izmantoja iesalu bez mikroelementu piedevas. Tas izskaidrojams
ar to, ka mikroelementi seléns, var§ un cinks paliclina fermenta o-amilazes
aktivitati iesala.

Eksperimenta iegiitic rezultati pierada, ka dazadi mikroelementi, kuri tika
izmantoti iesala gatavosanas laika, butiski ietekmé iesala kvalitati un I1dz ar to
plaucgjuma Tpasibas - konsistenci. Skidraka konsistence noteikta plaucgjumam,
kuru pagatavo$anai izmantoja iesalu ar Se piedevu (8,5 mg L), ta samazinajas
par 41,9%, salidzinot ar plaucgjumu, kuru pagatavosana izmantoja iesalu bez
mikroelementu piedevas. Savukart plaucgjumiem, kuru pagatavoSanai
izmantoja iesalu ar Cu (20 mg L") un Zn (50 mg L) piedevam, konsistence
samazinajas par 22,9% un par 31,5%, salidzinot ar plaucgumu, kuru
pagatavosana izmantoja iesalu bez mikroelementu piedevas. Tas izskaidrojams
ar to, ka mikroelementi seléns, var§ un cinks paliclina fermenta o-amilazes
aktivitati iesala.

Datu statistiskas analizes rezultata konstatéts, ka abu mikroelementu Zn/Cu
(50 un 20 mg L") un Se/Cu (8.5 un 10 mg L") izmantogana iesala gatavosanas
laika samazinaja plauc€juma konsistenci par 34,5% un 31,5%, salidzinot ar
plaucgjumu, kuru pagatavosana izmantoja iesalu bez mikroelementu piedevas
(7. tabula). legiitie eksperimenta rezultati liecina par to, ka mikroelementu
izmantoSana iesala gatavoSanas laika paaugstina a-amilazes aktivitati iesala un
aktivak darbojas plaucgjuma. Tas nozimg, ka tie ir piemerotaki un izdevigaki
izmantoSanai maizes razosana, kur nepiecieSams gatavot plaucgjumu.
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SECINAJUMI

. Petfjuma iegitie rezultati apstiprina izvirzito hipotézi: mikroelementiem Se,
Cu un Zn ir at8kiriga akumulacijas efektivitate rudzu iesala, un tie izmaina
iesala tehnologiskas Ipasibas un biologiski aktivo savienojumu saturu.

. Mikroelementu seléna, vara un cinka izmanto$ana bitiski ietekmé rudzu
graudu digtsp&ju. Lielakais izdiguSo graudu skaits ir paraugiem, kuru
pagatavosanai izmantoja selénu ar koncentraciju $kiduma 8,5 mg L™, varu
ar koncentraciju §kiduma 10 mg L un cinku ar koncentraciju $kiduma
50 mgL™.

Se, Cu un Zn izmantoSana rudzu iesala razoSana bitiski palielina
mikroelementu saturs rudzu iesala. Sel€na saturs iesala pieaug 138 reizes
(koncentracija $kiduma 17 mg L), salidzinot ar kontroli, bet akumulacijas
efektivitate ir robezas no 10,6 lidz 12,2%. Attiecigi vara saturs picaug
19 reizes (koncentracija $kiduma 50 mg L) un akumulacijas efektivitati no
30,6 lidz 36,9%, bet cinka saturs (koncentracija §kiduma 100 mg L™") picaug
6,7 reizes ar akumulacijas efektivitati no 49,3 Iidz 57%.

. Mikroelementu seléna, vara un cinka klatblitne ietekmé o—amilazes un
diastazes aktivitati rudzu iesala, ka ari kriSanas skaitli un viskozitati
paraugos, kuriem pievienoja analizéjamo rudzu iesalu.

. Lielaka amilazes aktivitate ir noteikta iesala paraugiem, kuru pagatavoSanai
izmantoja $kidumus ar seléna koncentraciju $kiduma 5 mg L, vara
koncentraciju 50 mg L™ un cinka koncentraciju 50 mgL™. Visas analiz&tas
seléna un vara koncentracijas butiski samazina (p<0,05; 0=0,05) kriSanas
skaitli un viskozitati paraugos, kas liecina par amilazu aktivitates
palielinasanos.

Seléns un vars$ palielina polifenolu saturu rudzu iesala, savukart, cinka salu
piedevas to samazina. Tika identificéti 19 fenolu tipa savienojumi, no
kuriem 14 ir fenolskabes, 4 flavonoidi un 1 flavanoids (katehins).
a-resorcilskabes saturs bija lielaks salidzinajuma ar citiem noteiktiem fenola
savienojumiem gan kontroles parauga, gan paraugos ar Se, Cu un Zn
piedevam (1,95 — 2,92 mg 100 g™). Kontroles un paraugos ar Zn piedevu,
katehina saturs bija zemakais (0,06 — 0,17 mg 100 g"). Seléna un vara
piedevas veicina katehina veidoSanos.

. Mikroelementu maistjuma (Se/Cu un Zn/Cu) izmantosana iesala iegliSanas
laika biatiski ietekm& mikroelementu saturu un akumulacijas efektivitati
rudzu iesala. Vara un seléna saturs rudzu iesala pieauga 6,2 un 45 reizes,
savukart cinka un vara saturs 3,6 un 10,1 reizes, salidzinot ar kontroles
paraugu. Mikroelementu (Se un Cu) akumulacijas efektivitate rudzu iesala
ir 9,3 un 30,5%, savukart Zn un Cu akumulacijas efektivitate rudzu iesala ir
56,7 un 39,5%, vienlaicigi izmantojot abus mikroelementus.
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8. Vienlaiciga divu mikroelementu (Se/Cu) izmantoSana samazina amilazu
aktivitati rudzu iesala, ka arT palielina kriSanas skaitli un viskozitati,
salidzinot ar paraugiem, kuriem pievienots tikai viens mikroelements.

9. Mikroelementu (Se, Cu un Zn), ka arT mikroelementu maistijumu (Se/Cu un
Zn/Cu) izmantoSana bitiski ietekm& rudzu plaucgjuma cietibu. Ar
mikroelementiem bagatinatas rudzu iesala piedevas samazindja plaucgjuma
konsistenci no 16,8 1idz 41,9%, salidzinot ar kontroles paraugu.
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TOPICALITY OF THE RESEARCH

Rye malt has a wide range of uses in the production of bread, kvass and
alcohol. Rye malt is added to foods to give the product a taste-specific taste
(Kynue, 2000). It is an intermediate product used in the manufacture of malt for
coffee, confectionery, biscuits, malt pastry, malt extract, breakfast cereals,
whiskey and malt vinegar (Briggs, 1998). In Germany and Austria there are
special types of beer in which rye malt is used, but the amount of rye malt used
is low compared to barley malt (Hiibner et al., 2010). In Latvia there are old
traditions of production of rye malt followed by rye malt producers in Latvia -
LPKS "LATRAPS" and SIA "Naukseni". Not to mention such a wide range of
applications, it should be noted that there is hardly any literature on rye malt.
Scientists are more interested in barley malt, which is the main raw material for
brewing (Hiibner et al., 2010).

The unique composition of rye malt is obtained by natural rye sprouting,
during which a large amount of useful compounds are formed in the grain. Rye
malt vitamins, plant phenols and other biologically active substances source
(Cmupnoga et al., 1989; Bewleyl, 1997; Urnatenko, 2011). In the production
of bread, rye malt is used as an additive, resulting in breads with a more
pronounced aroma and taste, the bread structure remains more flexible and
more intense in color. These properties are important for food products which
are made from low quality flour (Sabovics 2014). A good malt can be obtained
by creating suitable grain varieties.

The malt production process usually involves three stages: soaking,
germination and drying, based on complex biological, biochemical, chemical
and physical processes (Menenuna, 2013; Kulp, Ponte, 2000; Briggs, 1998).
Taking into account the technological peculiarities of the production of malt -
the grinding of the grain, it is possible to enrich it with various compounds. For
example, the use of lactic acid and diammonium phosphate during maturation
softens the process of malt germination, reduces the loss during respiration and
germ formation. Gibberellic acid and potassium bromide reduce the mucus
germination to four days. 0.1% alkali solutions increase the rate of water
penetration in the grain, stimulate the leaching of phenols and bitters from the
grain shell, which has the ability to regulate the growth processes in the soaked
grain (Menenuna, 2013).

The literature does not contain information on microelemental enrichment
of malt. Trace elements after plant ability to accumulate, are classified as
weakly accumulating, medium and very well accumulating. Grains are
selenium-weakly cumulative plants. Plants are on average well accumulating
power, while zinc accumulates very well.

Microelements - selenium, copper and zinc are necessary for plants and
animals for normal life processes (IIxoBpeGor et al., 2012;
Byaeirun et al., 2007). They participate in important processes such as
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breathing, photosynthesis, protein, carbohydrate and fat metabolism, affecting
the activity of enzymes and their activity (Protasova, 1998; Orlov, 1998).

Summarizing the theoretical and experimental data found in the literature,
the hypothesis of the doctoral dissertation is raised: the microelements Se, Cu
and Zn have different accumulation efficiency in rye malt, they change the
technological properties of malt and the content of biologically active
compounds.

The hypothesis is proved by defensive theses:

1. microelements are affected by germination of rye grains;

2. malt with microelements (Se, Cu and Zn) can be enriched, adding salts of
these elements to the salt of the rye grains;

3. different microelements in rye malt have different accumulation efficiency;

4. microelements change the activity of amylase in malt, which is comparable
to changes in rheological properties of flour if rye malt is added;

5. microelements in enriched rye malt have a higher content of total and
separate phenols than control samples;

6. rye malt enriched with trace elements further reduces the scald consistency.

The aim of the dissertation is to study the quality of rye malt enriched with
Se, Cu and Zn trace elements and the efficiency of trace element accumulation
in malt.

To achieve the goal, the following tasks have been set:

to study the effect of microelements (Se, Cu, Zn) on grain germination;

2. determine the content of microelements (Se, Cu, Zn) in rye malt and
calculate their accumulation efficiency;

3. to evaluate the effect of micronutrients on the activity of amylase in rye
malt;

4. determine the total and individual phenol content of trace elements in
enriched rye malt;

5. compare the effect of one (Se, Cu, Zn) and two trace elements (Se/Cu;
Zn/Cu) on the accumulation efficiency, the amylase activity in the rye malt
and the rheological properties of the flour;

6. check the rheological properties of the rye flour (falling number and
viscosity) if they are accompanied by trace enriched malt;

7. test the effect of enriched malt on the scald consistency.

The novelty and scientific significance of the doctoral dissertation: for the
first time, the use of the microelements Se, Cu and Zn has been studied in the
preparation of rye malt. The efficiency of Se, Cu and Zn accumulation in rye
malt was studied. The influence of microelements on the changes in the content
of phenols in malt has been determined, as well as the dependence of amylase
activity on the content of microelement in malt has been investigated. Changes
in the technological properties of rye malt enriched with microelements and
their suitability for rye bread baking preparation have been determined.
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The economic significance of the doctoral dissertation. A new method for
bio-accumulation of trace elements in malt has been developed, and the
efficiency of accumulation of selenium, copper and zinc has been calculated.
The obtained malt samples have higher enzymatic activity than the traditional
ones. It gives you the opportunity to reduce the consumption of malt in the
preparation of rye bread crumbs and other products used in the production of
malt. In the prospect of trace elements, enriched malt could be used as a new
type of dietary supplement.

APPROBATION OF THE RESEARCH WORK

The research results are summarized and published 11 publications in peer-
reviewed research articles in English; 7 publications are included in the
databases SCOPUS and EBSCOhost (see page 6).

The results of the research have been reported at 10 international scientific
and practical conferences and symposiums in Latvia, Lithuania, Estonia,
Greece and Russia (see page 7).

MATERIALS AND METHODS

Research time and place

The research was conducted between 2011 and 2015 in:

» laboratories of the Department of Chemistry of the Faculty of Food
Technology of the LLU: Laboratory of Analytical and Inorganic Chemistry,
Scientific Laboratory of Natural Chemistry;

» Faculty of Agriculture, Faculty of Agriculture, Grain and Seed Training
Scientific Laboratory;

* The University of Latvia, Faculty of Chemistry;

* SIA Naukséni company laboratory.

The research object is the rye (breed 'Kaupo') grains grown in the northern
part of the Vidzeme region. 2012 is the year of harvesting or harvesting of the
cereals to be analyzed. Rye Grain Quality Score:

» color: characteristic of whole grains;

» odor: characteristic of whole grains, no clay, mold and adjacent scents;

* condition: healthy, not bled;

e humidity: 12.3%;

« volume weight: 744 g L™';

* free from impurities and pests.

Materials: microelements (selenium, copper, zinc) salts, containing rye
flour and water, the characteristics of which are summarized in Table 1. Rye
flour was used in methods of determination of fall, viscosity and hardness.
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Effect of trace elements on rye grain germination

Rye grain germination characterized life processes and to determine the
number of germinated grains (%) after five days. During the soaking of rye
grains, various trace elements are added to the water: selenium, copper and
zine, in the concentrations of which are given in Table 2. How to control rye
grains soaked in distilled water without the addition of microelements.

Rye grain germination scheme, with the addition of microelements, is given
in Figure 1.

Rye Malt preparation technology

Experimental malt preparation was carried out according to the production
technology and quality requirements for rye dry non-fermentated (white or non-
withered) malt. The process of malt preparation begins with rye grains, during
which the moisture content of the grain increases rapidly, providing favorable
conditions for germination. Soaking the rye lasts for 48 hours at +6 to +12 °C.
Rye sprouting lasts for 72 h, +6 to +15 °C and depends on the physical
parameters of the grain and the external conditions of the sprouting. During the
soaking of rye grains, various microelements are added to the water: selenium,
copper and zinc, in the concentrations of which are given in Table 3.

For the control sample (from I to VI), the trace elements were not used,
while for sample VII, rye malt was accepted for the account, using a solution
containing 8.5 mg of L™ selenium at the time of cooking. When the seed germ
reaches a size of 2/3 of the full grain size and its endosperm has been partially
modified, the life processes in the grain are stopped by washing in distilled
water and then drying them. Drying lasts for 24 hours at +30 to + 80 °C. The
drying regime and the strict observance of its parameters are an important
factor in the preparation of rye malt. For drying was used triple layer dryer. The
scheme for preparing rye malt using micronutrients is shown in Figure 2.

The structure of the research by stages is shown in Figure 3.

Characteristics of the analysis methods used in the study
The methods used for analyzing the research are summarized in Table 4.

Mathematical analysis of results

Data mathematical processing was performed using mathematical statistics
methods. Calculations are made with the MS Excel program and IBM SPSS
21.0. statistical program using the following test methods: single-factor and
two-factor variance analysis (ANOVA). The hypotheses put forward are tested
with the p-value method and the factors are estimated to be significant if
p-value a <0.05. The hypothesis of the mean of two generic units HO: pl=p2 is
checked by calculating the p-value of the T-test. For the interpretation of the
results it is assumed that 0=0.05 with 95% confidence, unless otherwise
indicated. For all the results, average arithmetic and standard deviation values
are calculated.

The correlation and regression analysis and the least squares method are
used for the correlation of different features. If the relationship between the
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features is linear, the determination coefficient coincides with the correlation
coefficient: R2 equals r. If the correlation coefficient value is 0.5<|r[>0.8, there
is a moderate linear correlation between the studied features. If |[>0.8, then
there is a close linear relation between the investigated features (Arhipova,
Balina, 2006).

RESULTS AND DISCUSSION

1. Effect of microelements on rye grain germination

To prove the dissertation defended thesis: micronutrients affects rye grain
germination, analyzing experimental results are determined and analysis of
microelements - selenium, copper and zinc effects of rye grain germination. As
a control used rye malt, which is being prepared to use deionized water free of
micro-nutrient supplements.

The effect of selenium on germination of rye grain

Studies on rye grain germination dependence of selenium was done using
sodium selenate (Na,SeO,) aqueous solution of selenium concentration of
1;3;5;8.5;10 and 17 mg L', The results of the study are shown in Figure 4.

The results of the study show that all analyzed Se concentrations contribute
to the germination of rye grains compared to the control sample. As a result of
statistical data analysis, the increase in the concentration of sodium selenate in
the solution significantly increases the germination of rye grains (p=0.001;
0=0.05) (see Figure 4). The highest germination of rye grains was determined
for a sample where the concentration of Se in the solution was 8.5 mg L™, an
increase of 7.1% compared to the control sample. The results obtained are
similar to the results of other authors' research (Diima, 2010).

Hasanuzamann (2010) co-authored the effect of selenium on the
germination process in cereals with antioxidant activity. Increased activity of
selenium in grains can be explained by the fact that during the critical phases of
plant development, such as seed germination and germ formation, there is a
higher level of respiration. During these periods, the plants are particularly
susceptible to various stresses. The mentioned stages of development are
characterized by the high sensitivity of the antioxidative activity to the oxygen
concentration, as the respiration rate increases, while the antioxidant system has
not yet developed. In the case of grains germinating a rapid increase in cell
volume, a decrease in the antioxidant concentrations of enzymic and
non-insensitive origin is promoted. Selenium produces antioxidant protection
during this period. The Russian scientist Soloveva (2014) explains the need for
herbs for selenium in a given developmental phase with the high need for
proline (the main component of cell wall proteins), whose formation increases
in the presence of trace element selenium. Investigator Yu-Dong Wang (2013)
with colleagues in his study of rice enrichment with selenium, one of the
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reasons for the growth of rice plants, mentions increased activity of
antioxidants in plants. By activating the endogenous antioxidant system, it is
possible to increase the amount of selenoglutathione (Se-GSH).

Effect of copper on germination of rye grain

Investigations on the dependence of rye germinating germination on copper
content in water were copper sulphate (CuSO, 5H,0) aqueous solutions with
copper concentration 1; 10; 50; 100 and 500 mg L™

As a result of data mathematical processing, it was found that all analyzed
copper concentration solutions significantly affected the germination of rye
grains (Fig. 5) compared to the control sample (p=0.024; 0=0.05). The biggest
sprouting number of grains was determined for a sample of 10 mg L™ in the
solution of copper. In this concentration, the germination of rye grain increased
by 12.3% compared to the control sample. It should be noted that in the most
analyzed copper concentration in solution (500 mg L) grain germination
significantly decreased by 3.7% compared to the control grains (p<0.05;
a=0.05).

The results can be explained by the fact that large concentrations of copper
negative impact on plants, causing a variety of problems, such as growth,
photosynthesis and respiration inhibition, as well as interfere with protein
synthesis and donor acceptor, for inactivation of metabolic enzyme activity and
water exchange processes in plant cells (Amo6aiinm , 2013). Russian researcher
Titov (2007) with co-authors believed that the toxicity of copper depends on
the ability of copper ions to form durable covalent bonds and the stability of
their compounds with protein SH groups. In contrast, certain concentrations of
trace element copper increases respiration rate, a positive effect on protein and
carbohydrate exchange (Cemumna, 2009), a positive effect on plant growth and
development (Byaerun et al., 2007), affecting cell division and drawing
process (Turos et al., 2007 ).

The effect of zinc on the germination of rye grain

Zinc sulfate (ZnSO, - 7H,0) aqueous solutions with zinc concentration of
1; 10; 50; 100 and 500 mg L™ were used for studies on the dependence of rye
germination on the zinc content of the aqueous solution used.

The mathematical treatment of the experimental data obtained using the
Scheffe test determined that the microelement to be analyzed significantly
affects the germination capacity of the gonads when the concentration of Zn in
the solution is 10; 50; 100 and 500 mg L™ (p<0.05; a=0.05). In contrast, the
lower concentration of Zn in the solution (1 mg L") did not significantly affect
the germination of rye grains (p=0.776; a=0.05) compared to the control
sample.

The highest rye grain germination (Figure 6) was determined for a sample,
which was used to obtain Zn with a concentration of 50 mg L™ in solution. In
this case, rye grain germination increased by 9.6% compared to the control
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sample. This result is explained by the fact that zinc has a beneficial effect on
the increase in respiratory intensity (Cemuna, 2009).

The reasons for the increase in respiratory intensity are as follows: enzyme
activity, increased energy consumption of the organism responsible for the
maintenance and repair of damaged cells caused by the action of stress factors,
and the need for the synthesis of organic acids, which serve as trace element
healers. It is known that zinc also affects the oxidative phosphorylation of the
electron transport chain, which involves the transport of electrons and protons
in the mitochondria; water exchange (turgid growth, which in turn is associated
with cell wall elasticity, as explained by the replacement of calcium ions with
zinc) (Turos et al., 2007).

2. Microelements content and accumulation efficiency in rye malt

Plants belonging to different families, differ significantly in their micro-
nutrient storage capacity. Depending on the species of plants, the content of
microelements can vary widely (up to 100 times and more). Scientific literature
has mentioned that crops are characterized by a lower ability to accumulate
microelements than those of the same family of wild plants (Bumbadmym,
2011; Turos et al., 2007). The grain coating acts as a barrier to microelements.
The traceability to seed depends on the ability of the mother plant to absorb it
from the soil and the subsequent transport to the seed during the development
process (Kranner, Colville, 2011). Other authors are reporting that this also
depends on several environmental factors, such as exposure time, plant growth
pattern and absorption mechanism type, formation of elements and sampling
time (Bonanno, 2011; Tpetssk, ['epacumon 2007).

Selenium content and accumulation efficiency in rye malt

The concentration of selenium in wheat, barley, oat and rye loaves grown in
Latvia varies from 0.01533 mg kg™ to 0.03533 mg kg (Diima, 2010). The
amount of selenium in cereals grown in Finland is five times higher, while in
Germany grown 25 times higher than in cereals grown in Latvia (Combs, 2001;
Eurola, 1990).

In studies on the level of selenium and the degree of assimilation in rye
malt, malt was used, which during the preparation used aqueous solutions of
sodium selenate (Na,SeQ,) with selenium concentration 5; 8.5 and 17 mg L
The research results are presented in Figure 7.

The amount of selenium in the samples to be analyzed was in the range of
0.05+0.01 to 6.9+0.3 mg kg™'. The mathematical processing of the obtained
data determined that the content of Se in the malt significantly differed among
all analyzed samples and was dependent on the concentration of selenium in the
solution (p=0.002; 0=0.05). With increasing concentration of Se in the solution,
the selenium content of rye malt increased as well. If the selenium
concentration in the solution was 5 mg L™, selenium content in malt increased
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36 times compared to control. With increasing concentrations of Se in solution
(8.5 and 17 mg L), the selenium concentration in rye malt increased 68 and
138 times, respectively, compared to the control sample. It can be concluded
that the accumulation of selenium in the malt is proportional to its
concentration in the solution. The results of the study are similar to those of
other researchers (Diima, 2010; Lintschinger et al., 1997).

It is known that cereals belong to plants that do not accumulate Se
(Cakir et al., 2012; Hasanuzzaman et al., 2010; Terry et al., 2000). In a
research study, rye grains were calculated and analyzed in the gelling process
of selenium, i.e., how many percent of the selenium grain in the solution
accumulated. The results are shown in Table 5.

The most selenium is accumulated when the concentration of selenium in
the solution is greatest - 17 mg L™, In this case, rye grains absorbed 12.2% of
the selenium present in the solution, while the smaller amount of selenium in
the solution (5 mg L) grains received 10.6%. The acceptance of selenium
differing in rye grain is due to the fact that selenium consumes selenium in the
amount of grain when the amount of selenium in the solution increases
(Dtima, 2010).

Copper content and accumulation efficiency in rye malt

Barley, winter and summer wheat, as well as other crops, are very sensitive
to the lack of copper in the soil, but rye varies greatly with their tolerance
(KaramemmoB, 1965). Copper accumulates more in grain (Kranner,
Colville, 2011). Scientific literature finds that the copper content of rye flour is
3.02 pg g (Koplik et al., 2006), while rye grains are 4.99 mg kg™ (Shtangeeva
et al., 2011). For rye malt, this indicator was determined in the study and is
2.8+0.3 mgkg”.

Rye malt is analyzed for copper content and accumulation efficiency in
malt, which was prepared using copper sulphate (CuSO4 5H,0) aqueous
solutions with a copper concentration of 10; 20 and 50 mg L. To control and
how to make rye malt using deionised water, obtained results of the study are
shown in Figure 8.

Copper content in the samples to be analyzed was in the range of 2.8 to
55.9 mg kg™ If the copper concentration in the solution was 10 mg L™, the
copper content in the rye malt increased 4.4 times, but when the copper
concentration in the solution increased the content of 20 mg L™ copper in rye
malt by 7.3 times compared to the control sample. The content of copper in the
mound was 19 times greater than the control sample, which was used to obtain
a solution with the most analyzed copper concentration of 50 mg L.
Significant differences between all specimens were observed with Cu during
rye grain sprouting. In its turn, special attention was paid to a sample where a
20 mg L solution was used for dipping and sprouting the grain. For this
sample, the shoots were longer and more vigorous compared to the control
sample and samples used for other copper concentrations (10 and 50 mg L™).
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Table 5 shows the results of the study on the accumulation of Cu in malt.
The results of the study indicate that most of the copper is accumulated from
the experimental solution, in which the copper concentration is at least
10 mg L. Rye grains absorb 36.9% of the copper in solution in this
concentration, while the highest concentrations of copper in the solution
(20 and 50 mg L) absorbed 30.6% and 30.8%. Lower microelement content in
plant reproductive organs is associated with the functioning of protective
mechanisms that prevent the accumulation efficiency of these microorganisms
in these organs (Turos et al., 2007).

Zinc content and accumulation efficiency in rye malt

Zinc (Zn) is a microelement or mineral that plays an important role in the
metabolism, growth and development of plants (Mousavi et al., 2013). Zinc is
part of several plant enzymes and proteins, as well as cofactor regulation, and is
involved in many important biochemical processes. They are mainly related to
carbohydrate metabolism, conversion of sugar to starch, protein metabolism,
metabolism of growth regulators, pollen production, maintenance of biological
membrane integrity, resistance to infection with certain pathogens, and a
positive effect on crop yields (Mousavi et al., 2013; Vildflush, 2011; Tishkov et
al., 2005). The crop's quantitative and qualitative crop is heavily dependent on
the amount of zinc (Zn) in the soil (Mousavi et al.,, 2013). It has been
mentioned in the scientific literature that the introduction of zinc into the soil
by fertilization increased oat grain output by 17 - 20.3% (Vildflush, 2011). Zinc
content in rye flour is 24.1 pg” (Koplik et al., 2006), while rye grains account
for 34.7 mg kg (Shtangeeva et al., 2011). The zinc content of the rye malt
analyzed (control sample) was 24.7 mg L™

Zinc content in rye malt is shown in Figure 9, depending on the
concentration of Zn in the solution. The results of the study show that with
increasing zinc concentration in the solution, the zinc content of rye malt
significantly increases (p=0.001; =0.05). The highest zinc content
(189 mg kg™) in rye malt was determined by zinc concentration in the solution
of 100 mg L™, which increased 6.7 times compared to the control sample.

Table 5 shows the results of zinc accumulation in malt. The experimental
results show that most zinc is accumulated from a solution with a minimum
concentration of 10 mg L. Rye grains in this case take up 57% of the zinc in
the solution, while in the most analyzed zinc concentration in solution
(100 mg L") grains absorb 49.3%. The difference on rye accumulation grade on
zinc is due to the fact that more stable compounds with cell membranes are
formed at low concentration of microelements in the environment. As the
concentration increases, the micronutrient binding to the cells significantly
slows down.

It is possible that, with low ion concentration in the solution, saturated areas
begin with the formation of more stable compounds with trace element cations.
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Following these sites, the absorption saturation was triggered by other
functional groups whose cetera bond strengths are significantly weaker.

The obtained results show that as the trace elements, selenium, copper and
zinc concentrations increase in solutions, the trace element content in rye malt
increases as well. Knowing the importance of the essential micro-nutrients in
the plant kingdom (IIxoBpeGo et al., 2012; Bymerum et al., 2007;
Protasova, 1998; Orlov, 1998), the next step in the experiment was to combine
both micronutrients - selenium and copper, and zinc and copper together. The
microelement concentrations were selected optimally based on the
experimental results (Chapters 1 and 2). The results of the study show that the
use of trace element compounds (Se/Cu and Zn/Cu) in the production of malts
at different concentrations increases the content of trace elements in rye malt:
the content of selenium, copper and zinc increases significantly with the
concentration of trace elements in the solution (p<0.05; a=0,05). The content of
copper and selenium in rye malt increases by 6.2 and 45 times compared to the
control sample. In contrast, zinc and copper content in rye malt increases by 3.6
and 10.1 times compared to the control sample. The obtained data indicate that
there is no antagonistic relationship between the trace elements analyzed
(Se/Cu and Zn/Cu). The results of the experiment also show that a higher
accumulation efficiency was observed for samples that were prepared using
mixtures of micronutrients. The accumulation efficiency of trace elements
(Se and Cu) in rye malt is 9.3 and 30.5%, while the accumulation efficiency of
Zn and Cu in rye malt is 56.7 and 39.5%.

3. Effect of microelements on activity of rye malt amylase

During the formation of malt, rye grains synthesize or activate various
enzymes. The most important malt enzymes are amylases. In the preparation of
dough and bread, amylase activity is a key factor in determining the functional
properties of rye malt. Significant is the a-amylase content in malt. Two
methods have been used to determine amilolytic activity in rye malt:

*  Megazyme reagent kit (for determination of a-amylase activity);
* Phaseebus Amylase test (for the determination of diastase activity).

Effect of Selenium on the activity of rye malt amylase

Determination of a-Amylase activity using a Megazyme Reagent Kit. There
are several enzymes that hydrolyse starch, but the most important of these are
a-amylase. The mathematical treatment of the experimental data obtained from
the Scheffe test revealed that selenium significantly influenced o-amylase
activity in rye malt (p=0.007; 0=0.05) compared to the control sample. The
higher a-amylase activity (34.8+0.1 units g') was determined for the sample to
be analyzed using selenium at a concentration of 5 mg L™, an increase of 18.4%
compared to a control sample in which the trace element was not used (Fig.10).
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Experimental results suggest that the microelement selenium contributed to
enzyme activity.

Determination of enzyme activity by Phadeb test. Different methods are
used to determine diastase activity. One of them is the Phadeba Amylase test.
Despite the fact that this method is usually applied to honey samples, it can also
be used to detect diastase in other food samples. Diastase activity a GOTE unit
is the amount of enzyme that is used to break down 0.01 g starch for 1 hour at
+40 °C. The final result was expressed per 1 g of product.

After mathematical analysis of the data, it was determined that all analyte
concentrations of selenium were significantly affected by diastase activity in
rye malt (p=0.011; a=0.05) (Figure 10). Greater activity (330 Gote units) is
determined for rye malt, which was prepared using selenium with a
concentration 5 mg L solution. In the malt used to produce this selenium
concentration, the diastase number increased by 33.1% compared to the control
sample. Meanwhile, in rye malt with the highest concentrations of selenium in
solution (17 mg L), diastase activity decreased by 12.9% compared to the
control sample.

Comparing the results of the study using two different methods (Fig. 10), it
can be concluded that selenium had a significant effect on amylase activity in
rye malt, and higher activity was determined for malt, which was prepared
using a solution containing 5 mg L' selenium. The increase in enzyme activity
in rye malt is probably due to the presence of selenium in the diffusion of low
molecular weight substances in rye grains from cell to germ. The participation
of selenium in hydration of various compounds is also possible, as a result of
which favorable conditions for the hydrolysis of high molecular weight
substances are formed.

The results of the study are similar to those of other authors. A Siberian
scientist in his study found that amylolytic and proteolytic activity in
germinated grains significantly increases with selenium wheat germ
(Acnamues, 2009). Meanwhile, a Mexican scientist in a study on the effect of
selenium on the activity of enzymes in tomatoes claimed that Se (5 mg L™)
significantly increased the activity of catalase, glutathione peroxidase and
superoxide dismutase in tomatoes by 352.7%, 312.2% and 200.8%,
respectively. compared to the control sample (Castillo-Godina et al., 2016).

Effect of copper on the activity of rye malt amylase

Determination of a-Amylase Activity Using a Megazyme Reagent Kit.
Experimental results (Fig. 11) show that different copper concentration
solutions significantly increase o-amylase activity in rye malt (p=0.021;
a=0.05) compared to the control sample. With increasing copper concentration
in the solution from 10 to 50 mg L', the a-amylase activity in the test
specimens increases. The higher a-amylase activity (41.240.2 units g") was for
a sample of malt, which was prepared using a solution with the highest
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concentration of Cu in solution (50 mg L™). Compared to the control sample, it
increased by 34.6%.

Determination of enzyme activity by Phadeb test. Similar results are
presented in a scientific study that used the second method (Phadebas Amylase
Test Tablets) to determine the effects of different copper concentrations on
diastase activity in rye malt. The obtained results of the study (Figure 11) show
that all analyzed copper concentration solutions significantly increase the
diastase activity in rye malt compared to the control sample (p=0.016;
0=0.05). Greater activity (252.0+3.0 GOTs) is determined for rye malt, which
was made using copper with a concentration of 50 mg L. In this case, the
diastase number increased by 37.7% compared to the control sample, indicating
a positive effect of copper on the increase of amylase activity in rye malt. The
results of the study, like the ones mentioned above for selenium, show the
positive effects of micronutrient copper on the increase of amylase activity in
rye malty. The results obtained are similar to the results of other scientific
authors. For example, Mihoub et al. (2005) in their study argue that the activity
of a-amylase in sprouted peas is significantly increased when copper is used in
enrichment.

The effect of zinc on the activity of rye malt amylase

Determination of a-Amylase Activity Using a Megazyme Reagent Kit. The
effect of different zinc concentrations on a-amylase activity in rye malt is
shown in Figure 12. Similarly to selenium and copper, zinc also significantly
affects the activity of a-amylase in rye malt (p=0.018; 0=0.05) compared to the
control sample. Larger a-amylase activity was determined for the test sample,
which was prepared using zinc concentrate in a solution of 50 mg L.
Compared to the control sample, in which the trace element additive was not
used, it increased by 34.1%.

Determination of enzyme activity by Phadeb test. Similar results are
presented in a study using the Phadebas Amylase method when determining the
effects of different zinc concentrations on the diastase activity in rye malt.
Results obtained in the study (Figure 12) shows that all analyzed zinc
concentrations of solutions significantly affected the diastase activity in rye
malt (p=0.011; 0=0.05) compared to the control sample. Larger diastase
activity (266+2 units of Goet) in rye malt was determined for a sample of zinc
with a concentration of 50 mg L in solution. For this sample, the diastase
number increased by 22% compared to the control sample. Meanwhile, in rye
malt with the highest concentration of zinc in solution (100 mg L), diastase
activity decreased by 6.4% compared to the control sample. Comparing the
results of both methods, both a-amylase activity and diastase activity are higher
for a sample of rye malt, using zinc concentrations in solution of 50 mg L. All
methods used for the determination of amylolytic activity in rye malt show that
the selenium and copper mix of trace elements negatively affects amylase
activity in rye malt. In contrast, the mixture of trace elements zinc and copper
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shows opposite results, which indicate the positive effect of the trace element
mixture (Zn/Cu) on amylase activity in rye malt compared to samples that were
prepared using Zn and Cu separately.

4. Effect of microelements on rye malt chemical indicators

Scientific literature has indicated that moisture content in rye malt can
vary from 4% to 10%. The moisture content has a significant influence on the
milling and ingestion process and the quality parameters during storage
(Hertrich, 2013; Menenuna et al., 2013). It has been experimentally determined
that moisture content of investigated rye malt varied from 4.1% to 10.2%.

As a result of data mathematical processing, starch content with
microelements in enriched rye malt was found to range from 57.1+1.0 to
59.8+1.10 g 100 g"'. The results of the study are larger than those of other
scientists, which indicate that starch content in rye malt is 41£1.63 g 100 g
(Balcerek et al., 2016).

The protein content of the malt depends on the characteristics of the grain
variety and on agrotechnology, in particular the amount and time of the
introduction of nitrogenous minerals, and the malt production technology and
drying regime. It is known that the protein content of malt is 0.1-0.5% lower
than that of grains (Menenuna et al., 2013). Scientific literature indicates that
the protein content of rye malt must not exceed 12.5%. In Europe, barley malt
has a protein content of up to 11.5%, while in North America it is 13.5%
(Hertrich, 2013; Meneauna et al., 2013). The mathematical processing of the
experimental data obtained showed that protein contents were in the range of
8.7£0.9 to 10.5£0.3 g 100 g"'. In a study conducted in Poland, scientists
found that protein content in rye malt was 8.5+0.32 g per 100 g’
(Balcerek et al., 2016).

To determine the phenolic content of rye malt, grains were used which,
during the soaking, added various concentrations of selenium, copper and zinc
salts to the water (Table 3). The study identified 19 phenol type compounds, of
which 14 are 7 benzoic acid derivatives (gallic acid , a-resorcilic acid,
protocatechuic acid, p-hydroxybenzoic acid, vanillin acid, syringic acid,
p-coumaric acid), 6 cinnamic acid derivatives (chlorogenic acid, caffeic acid,
synapic acid, ferric acid, o-hydroxycainnamic acid, m-hydroxycinnamic acid
and one phenylethic acid derivative (homovallic acid). Four flavonoids (rutine,
quercetin, luteolin kaempferol) and one flavanoid (catechin). Most of the test
specimens of individual phenolic compound content of less than
0.1 mg per 100 g”', some samples could not be identified because of individual
phenolics content was below the sensitivity threshold. Only four of the set
phenols (resorcilic acid-a, protocatechuic acid, catechin and kaempferol) was
greater than 0.1 mg per 100 g™
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The effects of selenium, copper and zinc additives on total phenols and the
sum of individual phenols are shown in Table 6. The obtained results (Table 6)
show that all analyzed concentrations of selenium increase the content of
phenols in rye malt.

The highest total phenol content was determined for a sample, using a
17 mg L™ selenium solution, which is 16% higher than the control sample. The
amount of individual phenols in rye malt increased about twice as compared to
the control sample. Similar results are published in other papers, which indicate
that selenium increases the phenolic content in plants (Motomura et al., 2008).
Ibrahim (2014) argues that the plant's anti-oxidative system stimulates Se ioni
to increase plant resistance to abiotic stressors.

Similar to selenium, it can be concluded from the obtained results that the
analyzed copper concentrations (20 and 50 mg L) positively influence the
content of phenols in rye malt. The highest total phenol content was determined
for a sample, which was used to obtain a solution with a copper concentration
of 50 mg L', which is 34.6% higher than the control sample. Compared to the
control sample, the amount of individual phenols in rye malt increased
significantly in all the samples to be analyzed, using copper additives (p<0,05;
0=0,05). The higher the sum of individual phenols for a given sample, which
was used to obtain a solution with copper concentration 50 mg L™. The results
of the experiment are similar to the results of other authors whose studies
indicate that the phenol content of the plants increases with increasing content
of trace elements (Cu and Zn) (Vinod et al., 2012; Hamid et al., 2010; Ganeva,
Zozikova 2007).

Copper is known to have a number of possible oxidation steps that
contribute to the formation of reactive oxygen species and free radicals, as well
as causes oxidative stress in plant cells. Grain handling with power increases
the oxidation stress, which in turn causes the activation of antioxidant enzymes
- an increase in the content of polyphenols (Ckpeimauk et al., 2014;
Alobaydy, 2013). It can explain the growth of polyphenols in the analyzed rye
malt samples.

The increase of polyphenols content in rye malt shows the changes in the
intensity of the oxidation process in the cell. This could be considered as an
adaptive protection mechanism, which, at the expense of the increase in
antioxidants, can increase the resistance of plants to adverse effects such as
increased copper concentration (Cknaanuuk et al., 2014).

Analyzing the results for the use of zinc additives in malt production, it was
not possible to obtain a coherence, which could clearly state that Zn facilitates
or prevents the formation of phenols. Based on the results obtained (Table 6), it
can be concluded that all analyzed zinc concentrations reduce the total phenol
content in rye malt compared to the control sample. On the other hand, the
higher amount of individual phenols was determined for a sample, which was
used to obtain a solution with a zinc concentration of 100 mg L. A Russian
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researcher Salihova (CanuxoBa, 2016), describing the results of the research on
the effect of zinc ions on the level of antioxidants in rye germs, claims that a
higher content of polyphenols is determined if the zinc concentration solution
contains from 500 to 1000 mg of L but at lower concentrations it did not
change significantly. Primary changes in the influence of heavy metals occur at
the cellular level and manifest in the formation of the active forms of oxygen
and the formation of oxidative stress. The increase in phenol content is a plant
response to the oxidation damage caused by zinc.

5. The effect of malt on enriched microelements on the
number of fall and viscosity in flour

The effect of selenium rich malt on the number of fall in rye flour

In order to determine the effect of the rheological properties of flour on the
malt that is enriched with the microelement selenium, flour samples were added
to which the malt was analyzed. The effect of different selenium concentrations
on the fall number in rye flour with added malt is shown in Figure 13.

Falling number for rye flour without added malt is 200 s. The results of the
study show that all analyzed solutions of selenium significantly reduce the
number of fall in the samples to be analyzed compared to the control sample
(p<0,05, 0=0,05). The lowest fall number (81 s) was determined for a sample
(RM_1 Sel7), which was used in the preparation of malts with a concentration
of 17 mg L in a solution, compared to a control sample of 10.5%. The Fall
Number (KS) is characterized by starch characteristics and a-amylase activity.
A large decrease in the number of falls usually indicates a high activity of
hydrolytic enzymes in rye grains (Salmenkallio-Marttila, Hovinen, 2005). The
results of the study indicate the trace element - Se positive effect on the
increase of amylase activity in the analyzed samples.

The effect of copper rich malt on the number of fall in rye flour

To determine the effect of malt on the rheological properties of the flour,
flour samples were added to which the malt was enriched with trace elements -
the power. The effect of various copper concentrations on the fall number in
rye flour with added malt is shown in Figure 14. Falling number for rye flour
without added malt is 200 s. The results of the study show that, similar to
selenium, all analyzed copper concentration solutions significantly reduce the
number of fall in the samples compared to control (p<0.05; a=0.05). The lowest
fall number (87+1.0 s) was determined for a sample of 50 mg L in the
production of malt with a concentration of 50 mg L™, compared with a control
sample of 15.5%.

Falling number for rye flour without added malt is 200 s. The results of the
study show that, similar to selenium, all analyzed copper concentration
solutions significantly reduce the number of fall in the samples compared to
control (p<0.05, 0=0.05). The lowest fall number (87+1.0 s) was determined for
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a sample of 50 mg L™ in the production of malt with a concentration of
50 mg L™, compared with a control sample of 15.5%.

Falling figure is an indicator of a-amylase activity, which is widely used for
rye flour baking characteristics. The higher the autolysis activity, the smaller
the falling number. The lower the activity of the enzymes, as the fall number is
higher (Gaaloul et al., 2011; Kunkulberga et al., 2007; Hansen, 2004). The
results of the study indicate the positive effect of micronutrient - Cu on the
increase of amylase activity in the analyzed samples.

Effect of zinc enriched malt on the fall number in rye flour

The effect of different zinc concentrations on the fall number in rye flour
with added malt is illustrated in Figure 15.

The results of the study indicate that zinc is similar to selenium and we can
significantly affect the fall number in the analyzed samples (p<0.05; a=0.05).
In the experiment it was found that when adding rye flour to malt with
50 mg L' zinc concentrate, the fall number decreased by 15.6% compared to
the control sample in which the trace element additives were not added.

The obtained results indicate that zinc had a positive effect on a-amylase
activity in rye malt and increased a-amylase activity in a specific sample made
with zinc concentrate in a solution of 50 mg L™

The effect of malt enriched with trace elements on the viscosity of rye flour

The baking properties depend to a large extent on the agglutination of starch
and on the enzymatic activity of a-amylase in flour. Very high activity leads to
increased starch dissolution, resulting in starch lose its water binding ability
during the cessation of the time. To characterize viscosity, samples of rye flour
were taken into amylogram curves. Rye meal and samples of malt to be
analyzed were used to obtain the amylogram curve.

The amylogram curves obtained in the study show that the trace elements of
Se, Cu and Zn enriched rye malt have a significant effect on the rate of starch
hydrolysis in flour compared to the control sample for which the microelements
were not added (p<0,05; 0=0,05). This is due to a significant reduction in the
curvature height and a smaller amylogram in the presence of rich malts. It is
known that the height and width of the curve characterize the maximum
viscosity of the water - flour suspension during starch gelatinization and the
duration of adhesion. The highest maximum drop in viscosity was determined
by using a sample of 20 mg L™ in the production of malt. Viscosity decreased
by 30% compared to the control sample. Analyze the flour sample for which
added malt with a concentration of Se in a solution of 5 mg L™, the viscosity
decreased by 10.4% compared to the control sample. Adding zinc to a
concentration of 50 mg L™ in a solution reduces viscosity by 3.9%. This is due
to the fact that enriched malt enzymes act on starch granules, which start to
become slippery, and greatly accelerate their degradation by forming grooves
and cavities in them (SImarmes et al., 2017). The results of the study show the
positive effect of micronutrients - Se, Cu and Zn on the increase of amylase
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activity, in amilolithic enzymes that are analyzed in the samples, rye flour
starch is effectively and quickly hydrolysed. The properties of the given malt
can be used for the processing of flour with low amylolytic activity, from
which bread comes out with dry and crumbly pulp. Scientist Leon et al (2002)
in their study indicates that hydrolysis of starch hydrolysis by microelements in
enzymes takes place up to low molecular weight dextrins with glucose residues
from 3 to 7, which slows the hardening of the bread and inhibits starch
hydrolysis in bread crumbs.

The methods used in the study to determine the amount of fall and viscosity
in trace element rich rye flour show that the selenium and copper mix of trace
elements negatively affects the amylase activity in the samples to be analyzed.
In turn, the mixture of trace elements zinc and copper shows opposite results.
The drop in the test sample decreased by 2.8%, viscosity by 27.9% compared to
the control sample. The obtained results indicate the positive effect of the
mixture of trace elements (Zn/Cu) to be analyzed on the amylase activity in the
test samples.

6. Microelements effect on scald properties

During the analysis of scald making, rye bellied flour was added to the malt
obtained from the germination using various trace element additives (Table 7).
Malt content ranges from 2 to 6% in the process of surfing. The malt content
added to the analyzes was 2.9% (Table 7).

The obtained results show that a harder consistency (72.54 N) is for scald
using rye flour without added malt (Table 7). This is explained by the fact that
the starch granules swell and, at a certain temperature (about +50 °C), begin to
become stylistic, and the fusion develops viscous and solid. Comparing this
result with a scrub to which malt was added without the trace element additive
(control sample), consistency decreased by 70.3%. The data obtained in the
study can be explained by the fact that during this time, intense amylase
activity is observed, which results in the breaking up of the starch and the
smoothness of the texture remains smoother.

The results of the experiment demonstrate that the various microelements
used during the malt preparation significantly affect the quality of the malt and,
consequently, the properties of the scald consistency. The liquid consistency
was determined for fermented malt with the Se additive (8.5 mg L), which
decreased by 41.9% compared to the scald without the addition of
micronutrients. On the other hand, for the preparation of malt with
Cu (20 mg L") and Zn (50 mg L), the consistency decreased by 22.9% and
31.5%, compared to the scald in which the malt was used without trace element
additives. This is due to the fact that the microelements selenium, copper and
zinc increase the enzyme o-amylase activity in malt.
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The results of the experiment demonstrate that the various microelements
used during the malt preparation significantly affect the quality of the malt and,
consequently, the properties of the scald consistency. The liquid consistency
was determined for fermented malt with the Se additive (8.5 mg L"), which
decreased by 41.9% compared to the mucilage without the addition of
micronutrients. On the other hand, for the preparation of malt with Cu
(20 mg L") and Zn (50 mg L"), the consistency decreased by 22.9% and
31.5%, compared to the scald in which the malt was used without microelement
additives. This is due to the fact that the trace elements selenium, copper and
zinc increase the enzyme a-amylase activity in malt.

As a result of statistical data analysis, the use of both microelements
Zn/Cu (50 and 20 mg L") and Se/Cu (8.5 and 10 mg L) during malt
preparation reduced the scald consistency by 34.5% and 31.5 % compared to
the scald preparation of malt with no microelements added (Table 7). The
results of the experiment show that the use of micronutrients during malt
preparation increases the activity of a-amylase in malt and is more active in the
preparation of scald. This means that they are more suitable and more
beneficial for use in the manufacture of bread, where it is necessary to prepare
scald.
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CONCLUSIONS

. The results of the study confirm the hypothesis proposed: the microelements
Se, Cu and Zn have different accumulation efficiency in rye malt and
change the technological properties of malt and the content of biologically
active compounds.

. The use of trace elements selenium, copper and zinc has a significant effect
on the germination of rye grains. The largest number of developed grains is
for samples prepared with selenium concentration of 8.5 mg L™, a stock
with a concentration of 10 mg L in solution and a zinc concentration in
solution 50 mg L™

. The use of Se, Cu and Zn in the production of rye malt significantly
increases the content of microelements in rye malt. The amount of selenium
in malt increases 138 times (concentration in solution 17 mg L™) compared
to control, but accumulation efficiency ranges from 10.6 to 12.2%. The
copper content increases 19 times (concentration in solution 50 mg L) and
the accumulation efficiency from 30.6 to 36.9%, but the zinc content
(concentration in solution 100 mg L) increases 6.7 times with
accumulation efficiency from 49 , 3 to 57%.

. The presence of microelements selenium, copper and zinc affects the
a-amylase and diastase activity in rye malt as well as the number and
viscosity of the samples in the samples to which the rye malt was added.

. Increased amylase activity is determined for malt samples prepared using
solutions with selenium concentration in solution 5 mg L, copper
concentration 50 mg L™ and zinc concentration 50 mg L. All analyzed
concentrations of selenium and copper significantly reduce the fall number
(p<0,05; 0=0,05) and the viscosity in the samples, indicating an increase in
amylase activity.

. Selenium and copper increase the content of polyphenols in rye malt, while
zinc salts add it. 19 phenol compounds were identified, of which 14 were
phenolic acids, 4 flavonoids and 1 flavanoid (catechin). The a-resorcinic
acid content was higher in comparison with other identified phenolic
compounds in both the control and samples with Se, Cu and Zn
(1.95 to 2.92 mg 100 g™). In control and samples with Zn, the catechin
content was lowest (0.06 to 0.17 mg 100 g'). Selenium and copper
supplements promotes the formation of catechins.

. The use of microelements (Se/Cu and Zn/Cu) during malt production has a
significant effect on the content of micro-nutrients and the accumulation
efficiency in rye malt. The copper and selenium content of rye malt
increased 6.2 and 45 times, while the zinc and copper content was 3.6 and
10.1 times, compared to the control sample. The accumulation efficiency of
trace elements (Se and Cu) in rye malt is 9.3 and 30.5%, while the
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accumulation efficiency of Zn and Cu in rye malt is 56.7 and 39.5%, using
both trace elements at the same time.

. Simultaneous use of two microelements (Se/Cu) reduces the activity of
amylase in rye malt, as well as increases the number of fall and viscosity
compared to samples that have only one trace element added.

. The use of trace elements (Se, Cu and Zn) as well as mixtures of trace
elements (Se/Cu and Zn/Cu) have a significant influence on the rigidity of
rye scald. Enriched rye malt with microelements reduced the scald
consistency from 16.8 to 41.9% compared to the control sample.
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