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P T JUMA AKTUALIT TE

Sabalans ts, vesel gs un daudzveid gs uzturs nodrošina cilv ka organismu ar  
nepieciešam m miner lviel m un mikroelementiem, kuru tr kums organism
v jina t  aizsargsp jas, pak aujot to slim bu riskam.
Cilv ka organisma norm lai funkcion šanai ir nepieciešams ar  sel ns (Se). Tas 
ietilpst enz mu un hormonu sast v , mijiedarbojas ar vitam niem, piedal s
oksid šan s-reduc šan s procesos, š nu elpošan , tauku, olbaltumvielu un 
og hidr tu mai . Sel ns ietilpst enz ma glutationperoksid zes sast v , kas 
aizsarg  š nas no oksid šan s produktu iedarb bas. Tas mazina vides riska un 
stresa faktoru – misko, mutag no un kancerog no, radioaktivit tes, UV 
starojuma, pestic du, nitr tu, dioks nu, smago met lu utt. – iedarb bu, kas 
veicina br vo radik u veidošanos organism . Sel na saturam cilv ka organisma 
funkciju nodrošin šanai j b t vid ji 0.2–0.5 mg uz erme a masas kilogramu. 
Cilv kam ir sel na defic ts, ja t  daudzums vien  litr  asins plazmas ir maz ks
par 50–60 mikrogramiem. Eirop  sel na norma vien  litr  asins plazmas ir  
80–120 mikrogrami, bet Krievijas zin tnieki, pamatojoties uz vides 
pies r ojuma l meni, rosina šo normu paaugstin t l dz 90–130 mikrogramiem. 
Latvij  šis r d t js ir vid ji 40–50 µg Se vien  litr  asins plazmas.
Se daudzums, ko daž d s pasaules valst s cilv ki dien  uz em ar p rtiku, ir oti
atš ir gs. Tas var vari t no 7 l dz 11 mikrogramiem dien  (piem ram, nas
apgabalos, kas ir nabadz gi ar Se un kur ir izplat ta Kešana slim ba) l dz
vair kiem t kstošiem mikrogramu dien  (centr l s nas rajonos, kur augsnes 
ir bag tas ar sel nu). Latvijas Republikas Labkl j bas ministrijas 2001. gada  
23. augusta r kojums Nr. 233 „Ieteicam s ener ijas un uzturvielu devas 
Latvijas iedz vot jiem” nosaka, ka ieteicam  Se dienas deva pieaugušiem 
cilv kiem ir 60–75 mikrogrami dien . Nepietiekama sel na uz emšana
organism  izraisa hiposelenozi, kas visbiež k att st s cilv kiem, kuri dz vo 
rajonos, kur augsn , den  un p rtikas produktos ir zems sel na saturs. Ar š
mikroelementa defic tu saist tas vair k nek  70 daž das patolo ijas un slim bas,
ta u p r k liela Se koncentr cija ir toksiska cilv ka organismam.
Sel na saturs p rtikas produktos ir atkar gs no t  satura augu un dz vnieku
valsts izejviel s, bet to savuk rt ietekm  sel na saturs augsn . Sel na saturs 
augsn  pasaul  konstat ts plaš s robež s no 0.1 l dz 4 mg kg-1 (Anglija, 
Skotija) l dz 5 l dz 1200 mg kg-1 (Kolumbija, Venecu la, nas centr lie
rajoni). Jau 1960. gad  konstat ts, ka Latvija pieder pie valst m ar zemu sel na 
l meni augsn  – daž dos valsts novados tas ir 1,5–12 reižu maz ks, nek  b tu
nepieciešams.
Sel ns organism  neveidojas, t p c jaut jums par cilv kam nepieciešamo 
sel na daudzumu uztur  un t  uz emšanu ar p rtikas produktiem joproj m ir 
aktu ls gan Latvij , gan cit s valst s. Lai nodrošin tu cilv ku uztur  optim lu
Se daudzumu, j izmanto produkti, kas ir bag ti ar Se (piem ram, Braz lijas
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rieksti) vai Se saturoši uztura bag tin t ji, kuros tas ir 10–350 mg kg-1

prepar ta, k  ar  p rtikas produkti, kas bag tin ti ar Se.
P rtikas produktu bag tin šana ar iztr kstošiem vitam niem un miner lviel m
ir pasaul  plaši lietota prakse. Ir paz stams ar Fe bag tin ts piens, jod t  s ls, ar 
karot nu un E vitam nu bag tin ts margar ns, k  ar  ar Se bag tin ti broko i,

iploki, s ls, za  t ja, miner l dens un seleniz tie raugi.
Graudi un to p rstr des produkti ir viens no svar g kajiem Se avotiem uztur .
Daž di graudaugu produkti saska  ar vesel ga uztura pamatprincipiem veido 
l dz 50% no kop j  ikdienas uztura daudzuma.
Se satura paaugstin šanai graudaugos daudz s valst s augsni m slo ar Se 
saturošiem miner lm sliem vai  augu lapas apsmidzina ar Se saturošu š dumu.
Somij  veiktos p t jumos Se koncentr cija graudos tika palielin ta vid ji no  
10 µg kg-1 l dz 250 µg kg-1 vasaras kviešos, l dz 50 µg kg-1 ziemas kviešos un 
l dz 40 µg kg-1 rudzos, m slojot augsni ar Se saturošu miner lm slojumu. Ta u
šajos gad jumos iesp jamas probl mas, kas saist tas ar augu neuz emto sel nu
un t  nok šanu apk rt j  vid , radot vides pies r ojumu. T p c droš k un 
efekt v k ir Se saturu paaugstin t, graudus bag tinot ar Se to diedz šanas
proces , kur  iesp jams ar  uzlabot graudu biolo iski akt vo vielu saturu. 
Zin tniskaj  literat r  ir maz datu par graudaugu, paši kailgraudu, 
bag tin šanu ar Se to diedz šanas proces , k  ar  par š du graudu uzturv rt bas
izmai m un to praktisko lietojumu. Latvij  tr kst datu par Se saturu Latvij
audz tos graudaugos un p rstr des produktos, par graudu bag tin šanas
iesp j m ar sel nu to diedz šanas laik , k  ar  par sel na ietekmi uz citu 
biolo iski akt vu vielu main bu graudu diedz šanas laik .
Pamatojoties uz atzinumiem, kas izteikti zin tniskaj  literat r , un 
eksperiment lo datu anal zi, ir formul ta promocijas darba hipot ze:
bag tinot graudus ar Se to diedz šanas proces , tajos iesp jams paaugstin t
sel na saturu un b tiski izmain t citu biolo iski akt vo vielu saturu. 

Hipot ze tiek pier d ta ar aizst vam m t z m:
1. Diedz šanas laik  sel na uz emšana graudos ir atkar ga no Se formas un 

koncentr cijas š dum .
2. Se saturs vid  ietekm  biolo iski akt vo vielu veidošanos kviešu, 

kailgraudu miežu un kailgraudu auzu graudos, tos diedz jot.
3. Ar sel nu bag tin tu kviešu graudu piedeva ir droša c u organismam.

4. Ar Se bag tin tu kailgraudu auzu graudu piedeva kviešu maizei paaugstina 
Se saturu maiz  un neizmaina t s kvalit ti.

P t juma m r is: ieg t ar sel nu bag tin tus graudus un izv rt t to kvalit ti.



6

P tnieciskie uzdevumi:

1. Analiz t sel na saturu Latvij  audz tos graudos un graudu p rstr des
produktos.

2. Noteikt Se formu un koncentr cijas ietekmi uz graudu d gtsparu un 
d gtsp ju.

3. P t t savstarp j s sakar bas starp Se uz emšanu, Se saturu diedz tos
graudos un graudu d gtsp ju.

4. Izp t t Se satura ietekmi uz citu biolo iski akt vo vielu – tiam na, 
riboflav na, pantot nsk bes, askorb nsk bes un tokoferolu, k  ar
neaizst jamo aminosk bju satura izmai m diedz tos graudos. 

5. Izstr d t matem tiskos mode us Se satura, graudu d gtsp jas un tiam na, 
riboflav na, pantot nsk bes, askorb nsk bes un tokoferolu satura 
savstarp jo sakar bu noteikšanai un prognoz šanai.

6. P rbaud t ar Se bag tin tu kviešu graudu piedevas ietekmi uz c u
organismu.

7. Izp t t kviešu maizes bag tin šanas iesp jas ar sel nu, pievienojot ar Se 
bag tin tas kailgraudu auzas. 

P t juma novit tes un zin tniskais noz m gums:

1. Izv rt ts, k  ieg t graudus, kas ir bag tin ti ar Se, un noteikts, k dai j b t
optim lai n trija selen ta koncentr cijai š dum , lai ieg tu kviešus, 
kailgraudu auzas un miežus, kas bag tin ti ar Se. 

2. P t ta Se uz emšana graudos, graudu d gtsp ja un Se saturs graudos 
atkar b  no Se koncentr cijas š dum .

3. Izv rt tas Se un citu biolo iski akt vo vielu veidošan s sakar bas graudos 
un ieg ti 2. pak pes neline r s sakar bas vien dojumi Se satura, graudu 
d gtsp jas un tiam na, riboflav na, pantot nsk bes, askorb nsk bes un 
tokoferolu saturu savstarp jo sakar bu noteikšanai un prognoz šanai.

4. P rbaud ts, k  kviešu graudu piedevas, kas ir bag tin tas ar Se, ietekm
glutationa, glutationperoksid zes, malondialdeh da, retinola un tokoferolu 
satura izmai as c u organism .

5. Lai kviešu maiz  paaugstin tu Se saturu, lietotas kailgraudu auzas, kas ir 
bag tin tas ar Se. 

Zin tnisk  darba t ma un t s izstr de ir saist ta ar LZP Sadarb bas projektu 
06.0039. „Lauksaimniec bas izejvielu p rstr des un uztura ilgtsp j gas sist mas
izveide sabiedr bas vesel bas veicin šanai”.

Darba tautsaimniecisk  noz me. Graudu bag tin šana ar sel nu diedz šanas
proces  Latvijas iedz vot jiem dos iesp ju lietot uztur  p rtikas produktus ar 
paaugstin tu sel na saturu un pasarg s vi us no sel na defic ta. Ražot ji var s
ražot jaunus uzturproduktus ar augst ku uzturv rt bu.
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MATERI LI UN METODES 

P t jumu laiks un vieta 

Eksperiment lais darbs veikts laika posm  no 2005. l dz 2009.gadam ar 
iestr d m no 2002.gada: 
• LLU mijas katedras Neorganisk s un anal tisk s mijas

laboratorij s;
• LLU P rtikas tehnolo ijas katedras Iepakojuma materi lu paš bu

izp tes laboratorij ,
• LLU P rtikas tehnolo ijas katedras Maizes ražošanas tehnolo iskaj

laboratorij ,
• LLU Agronomisko anal žu zin tniski p tniecisk  laboratorij ;
• LU Biolo ijas instit ta Dz vnieku bio mijas un fiziolo ijas

laboratorij ;
• PVD Nacion l  Diagnostikas centra P rtikas un vides izmekl jumu

laboratorij ;
• SIA „Vides audits” laboratorij .

P t jum  izmantotie materi li

Sel na satura noteikšanai un ar sel nu bag tin tu graudu ieguvei izmantoti SIA 
„Zelta v rpa ” 2005.gada ražas kviešu š irnes „Kontrast” graudi, Valsts 
Stendes Graudaugu selekcijas instit t  selekcion tie kailgraudu mieži un 
kailgraudu auzas (2006., 2008.gads), n trija selen ts (Na2SeO3 5H2O) un n trija
selen ts (Na2SeO4), Fluka, t r bas pak pe >98%, k  ar  Latvijas lielveikalu 
RIMI un Maxima t klos pieejamie graudu p rstr des produkti (2007.gada 
oktobris): Rudzu formas maize; Ar ju maize; Piena baltmaize; Kliju bagete; 
manna; miežu putraimi; kviešu putraimi; miežu p rslas; rudzu p rslas;
pilngraudu auzu p rslas; kviešu p rslas.
Ar sel nu bag tin ti kviešu graudi tika lietoti k  piedeva komerci lai
kombin tajai pamatbar bai C01 un t s ietekme uz c u organismu p rbaud ta 
A/S Balticovo Lohmann Brown d j jvistu c iem, kontrolei izmantojot 
komerci lo kombin to pamatbar bu C01 bez piedev m.
Eksperiment lo kviešu maizes ar Se saturošu auzu piedevu paraugu gatavošanai 
izmantoti: A/S „Dobeles Dzirnavnieks” 550.tipa kviešu milti, pres ts maizes 
raugs, A/S „R gas raugs” UTN 40003040518-101-2002, cukurs, ražot js A/S 
Jelgavas Cukurfabrika, atbilstoši LR Ministru Kabineta 2003.gada 8.j lija
noteikumiem Nr.377 „Kvalit tes, klasifik cijas un mar juma pras bas daž du
veidu cukuriem”, s ls, ražot js VPO „Artemsol”, Ukraina LST 1930:2003 
(GOST 13830-97), atbilstoši LR Ministru kabineta 2005.gada 5.j lija
noteikumiem Nr.488 „Oblig t s nekait guma, kvalit tes, higi nas un 
mar juma pras bas p rtik  lietojamam s lim un pras bas s ls izplat šanai un 
izmantošanai p rtikas ražošan ”, margar ns Delma ar tauku saturu 48%, ražots 
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Polij ; dens, atbilstoši LR Ministru Kabineta 2003.gada 29.apr a
noteikumiem Nr.235 „Dzeram dens oblig t s nekait guma un kvalit tes
pras bas, monitoringa un kontroles k rt ba”.

Ar sel nu bag tin tu graudu ieguve 

Graudu diedz šana un sagatavošana anal z m

Kvieši, kailgraudu mieži un kailgraudu auzas tika m rc ti un diedz ti +18±2°C
temperat r , dabiskos dienas/nakts apst k os n trija selen ta Na2SeO3 un n trija
selen ta Na2SeO4 saturošos š dumos 72-120 stundas. Sel na koncentr cija 
š dumos – 1, 5, 10, 25, 50, 100 un 200 mg l-1. 100 g graudu tika aplieti ar 300 
ml atbilstoš  š duma, iztur ti 12 h, tad š dums tika noliets un graudi diedz ti.
Diedz šanas laik  2 reizes dien  graudi tika mitrin ti ar atbilstošas 
koncentr cijas Se saturošu š dumu.
Graudu diedz šana destil t den  bez sel na piedev m tika izmantota k
kontrole.
Lai nov rstu graudu virsmas pies r ojumu ar sel nu, p c diedz šanas tie tika 
mazg ti ar destil tu deni (5x500 ml), kalt ti ž v jam  skap 48 h +60±5°C
(l dz mitruma saturam 9%), tad samalti. 

Eksperiments tika veikts 3 atk rtojumos ar katru diedz to graudu veidu. Ar 
sel nu bag tin tu graudu ieguves sh ma par d ta 1.att l .

kvieši/wheat

kailgraudu mieži/hull-less barley

kailgraudu auzas/hull-less oats

Se koncentr cija š dum /

Se concentration, mg l-1

0, 1, 5, 10, 25, 50, 100, 200

Graudi/Grain:

Kalt šana/Drying +60±5°C

M rc šana/Soaking

12h

Diedz šana/

Germination

Malšana/Milling

t=+18±2°, 72-120 h

5x500 ml destil ts dens/

distilled water

Mazg šana/

Washing

1. att. Ar sel nu bag tin tu graudu ieguves sh ma

Fig. 1. The scheme of obtaining grain fortified with selenium 
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Anal žu metodes:

Graudu d gtspara un d gtsp jas noteikšana. 

Graudu d gtspars un d gtsp ja raksturo graudu dz v bas norises un to izsaka ar 
izd gušo graudu skaitu (%) p c 3 un 5 diennakt m. D gšana notiek telpas 
temperat r  +18±2°C.
Se saturs noteikts ar atomabsorbcijas spektroskopijas metodi AOAC 986.15. 

Prote na saturs noteikts ar Kjeld la metodi (AACC 42-20). 
Aminosk bju saturs noteikts, izmantojot autom tisko aminosk bju analizatoru 
AAA 339 (Microtechna Praha). Test šanas metode AOAC 985.28.
Vitam nu satura noteikšana . 
Tiam na (B1 vitam ns) satura noteikšana tika veikta saska  ar AOAC 986.27.
Riboflav na (B2 vitam ns) satura noteikšana tika veikta saska  ar AOAC 
970.65.  
Pantot nsk bes satura noteikšana tika veikta saska  ar AOAC 961.14. 
Askorb nsk bes (C vitam na) saturs noteikts ar AOAC 935.33.
Tokoferolu (E vitam na) satura noteikšanas pamat  ir vitam na atdal šana ar 
pl nsl a hromatogr fiju, oksid šana ar FeCl3, ` dipiridilu un kolorimetriska 
noteikšana 492 nm gaismas vi u garum .

Ar sel nu bag tin tas kviešu graudu piedevas p rbaude uz c u organismu 

Eksperimenta apraksts

C us audz ja LU Biolo ijas instit ta viv rij  b ros ar br vu pieeju bar bai un 
denim. Pirmaj  dien  veica c u numer ciju, sv ršanu un sadal šanu 2 grup s,

katr  pa 40 c iem. 1.grupas (Kontroles grupa) c i sa ma komerci lu
kombin to pamatbar bu C01 ar sel na saturu 0.25 mg kg-1. 2.grupas 
(Eksperiment l  grupa) c i, s kot ar otro eksperimenta dienu, sa ma
kombin to pamatbar bu, kurai tika pievienoti malti, ar sel nu bag tin ti kviešu 
graudi. Kop jais Se saturs eksperiment l s grupas c u bar b  0.40 mg kg-1.
C i un pat r t  bar ba tika sv rti ik p c 7 dien m, no katras grupas 5 c i tika 
dekapit ti ar giljot nas nazi atbilstoši Eiropas Konvencijas rekomend cijai par 
eksperiment lo dz vnieku eitan ziju (Close et al., 1998), pa emti un nosv rti
aknu paraugi, kuros tika noteikts Se, malondialdeh da, glutationa, 
glutationperoksid zes, retinola un tokoferolu saturs.. Paraugus analiz ja uzreiz 
vai uzglab ja -20°C temperat r  l dz anal žu veikšanai. Visi r d t ji noteikti 
diennakti veciem c iem pirms eksperimenta uzs kšanas. Kop jais
eksperimenta ilgums 30 dienas.

Anal žu metodes:

Se saturs c u akn s noteikts fluorimetriski saska  ar AOAC 996.16.
Malondialdeh da (MDA) saturs. Metodes pamat  ir malondialdeh da un 
tiobarbitursk bes reakcija augst  temperat r  (100°C), nosakot absorbciju  
535 nm gaismas vi u garum .
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Glutationa (GSH) noteikšana. Metodes pamat  ir reakcija ar  
5,5-ditio-para-nitrobenzosk bi un spektrofotometriska noteikšana. 
Glutationperoksid zes (GSHPx) noteikšana. GSHPx aktivit te noteikta ar 
modific tu Pinto-Bartleja metodi, kas pamatojas uz glutationa satura 
samazin šanos paraug  sal dzinot ar kontroli. 
Retinola (A vitam ns) saturu nosaka spektrofotometriski ar ekspresmetodi, 
m rot gaismas vi u absorbciju 328 nm. 

Ar sel nu bag tin tas, maltas kailgraudu auzu piedevas kviešu maizes 

ražošan

Kviešu maize ar maltu kailgraudu auzu piedev m gatavota p c LLU P rtikas
tehnolo ijas katedr  izstr d t s maizes ražošanas tehnolo ijas (D.K ava, 2004). 
Ar sel nu bag tin tas kailgraudu auzas ieg tas, diedz jot graudus š dum  ar 
Se koncentr ciju 1 mg l-1 (Se piedeva I) un 5 mg l-1 (Se piedeva II). 
Se saturs kviešu miltos 0.013 mg kg-1, diedz t s kailgraudu auz s bez Se 
piedev m 0.026 mg kg-1. Se saturs ar sel nu bag tin s kailgraudu auz s - 
 0.448 mg kg-1 (Se piedeva I) un 1.082 mg kg-1 (Se piedeva II). 
Kviešu maizes ar samaltu kailgraudu auzu piedev m gatavošanas tehnolo ija
un rež mi apkopoti 2. att l .

diedz tas, maltas  auzas,  raugs, 

s ls, cukurs, margar ns, dens/
Izejvielu sagatavošana un sv ršana/

Preparation of raw materials, weighing

M klas m c šana/Dough making, =5 min M klas sagataves raudz šana/

Dough fermentation

t = +36 ± 1°C
M klas dal šana, apa ošana, form šana/  = 65 ± 1%

Dough diving, rounding, forming  = 30 min

Maizes atdzes šana/ Maizes cepšana/Bread baking

Bread cooling,  = 4 h t = 220°C, = 20 min

Kviešu milti, ar Se bag tin tas, 

Wheat flour, germinated oat 

 with selenium, yeast, salt,

sugar, fat, water

2. att.Kviešu maizes ar Se bag tin tu, maltu kailgraudu auzu piedevu 

gatavošanas tehnolo ija

Fig. 2. Technology of preparation of wheat bread with hull-less oat 

grain additives fortified with selenium 

Izejvielu un m klas sagataves masu nosaka, sverot uz elektroniskajiem svariem 
KERN EW 1500-2, kuru sv ršanas diapazons 1500 g ar precizit ti ± 0.01 g. 
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Anal žu metodes:

Mitrums noteikts saska  ar LVS 6496 metodi.
Maizes ciet bu raksturo ar sp ku (N), ko nosaka ar Strukt ras analizatoru 
TA.XT plus, 2 cm biezu maizes š li saspiežot ar 25 mm uzgali (Probe P/25, 
DIA Cylinder Aluminium), testa trums 1.00 mm s-1, iespiešan s dzi ums
4.00 mm, pieliktais sp ks 0.04903 N. 

dens aktivit ti nosaka 1 g maizes parauga istabas temperat r  ievietojot 
analizator  Meter AquaLab LITE. M r juma ilgums 5 min,  
precizit te ± 0.015 aw.
pH noteikts saska  ar AACC 02-52 metodi, ar pH-metru, m r šanas diapazons 
no pH 0. l dz pH 14 ar precizit ti ± 0.01. 
Ar titrimetrijas metodi noteiktais sk bums (° )- nosaka ar standartmetodi 
AACC 02-31, titr jot ar 0.1 mol ru NaOH š dumu indikatora fenolftale na
kl tb tn .
Se noteikts fluorimetriski saska  ar metodi AOAC 996.16. 

Datu matem tisk  apstr de veikta, lietojot Microsoft Excel for Windows 7.0 
un SPSS 11.5 programmpaketes, izmantojot t-testu, dispersijas, korel cijas un 
regresijas anal zes.
Matem tiskie mode i izveidoti, lietojot matem tikas programmpaketes 
MATHCAD daudzfaktoru anal zes iesp jas.

P T JUMU REZULT TI UN DISKUSIJA 

1. Se saturs graudos un to p rstr des produktos 

Izmantotie inform cijas avoti liecina, ka Se saturs kviešu graudos ir plaš
interv l  no 0.010 l dz 0.550 mg kg-1 (FAO, WHO, 2001). Vismaz k  Se 
koncentr cija ir konstat ta kviešos, kas audz ti n , kur Se saturs augsn  ir 
nabadz gs, – tikai 0.0033–0.007 mg kg-1 (FAO, WHO, 2001), bet visliel k  – 
vair k nek  2 mg kg-1 – kviešos, kas audz ti ASV Zieme dakotas un 
Dienviddakotas apgabalos (Combs, 2001). 
P t juma rezult ti par d ja (3. att.), ka sel na saturs Latvij  audz tos kviešu, 
kailgraudu miežu, kailgraudu auzu un rudzu graudos ir no 0.015 mg kg-1 l dz
0.035 mg kg-1, turkl t tas b tiski atš iras atkar b  no graudu veida (p < 0.05). 
Kailgraudos (auz s un miežos) tas ir zem ks nek  kviešos un rudzos. 
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3. att. Sel na saturs Latvij  audz tos graudos 

Fig.3. The content of selenium in cereals grown in Latvia 

Sal dzinot datus, kas nor d ti inform cijas avotos, varam secin t, ka Somij
audz tos graudos Se saturs ir vid ji 5 reizes, Anglij  audz tos – 15 reizes, bet 
V cij  audz tos graudos tas ir 25 reizes liel ks nek  Latvij  ieg tajos graudos 
(Eurola, 1990; McNaughton, 2002; Combs, 2001).  
R pnieciski ma ot kviešu graudus atk rtot  salikt  malum , ieg st vair kus
produktus: daž du š iru un tipu miltus, klijas, d gl šus.

Analiz jot Se saturu, tika konstat ts, ka 1600. tipa miltos, klij s un d gl šos Se 
saturs ir liel ks, bet 405. tipa miltos t  saturs ir gandr z tr s reizes maz ks nek
vid ji kviešu graudos. (4.att.). Tas izskaidrojams ar to, ka miner lvielas
kviešiem galvenok rt atrodas graudu r jos sl os un d gl t , bet 1600. tipa 
miltiem ir liels miner lvielu un š iedrvielu saturs.



15

.

0.047
0.041

0.049

0.035

0.013

0.035

0

0.02

0.04

0.06

Grau
di/

Gra
in

40
5.

tip
s/T

yp
e 40

5

81
2.

tip
s/T

yp
e 81

2

16
00

. ti
ps

/T
yp

e 16
00

Klij
as

/B
ran

D
g i/G

erm

m
g 

kg
-1

4. att. Sel na saturs daž dos kviešu graudu malšanas produktos 

Fig. 4 The content of selenium in milling fractions of wheat grain 

Sal dzin jumam: Somij  tiek ieg ti kviešu milti, kuros Se saturs ir vid ji 0.170 
mg kg-1 (Eurola et al., 1990), rij  – 0.060–0.099 mg kg-1 (Murphy et al., 2001), 
bet vair kos Krievijas rajonos – Ka i ingradas, Novgorodas, Pleskavas u. c. – 
Se saturs kviešu miltos ir l dz gs k  Latvij  – 0.034–0.064 mg kg-1 (Golubkina 
et al., 1999). 
Sel na saturs tika noteikts daž dos graudu p rstr des produktos, kas tika 
ieg d ti Latvijas lielveikalos: daž da veida maiz s, mann , miežu un kviešu 
putraimos, k  ar  miežu, rudzu, kviešu un pilngraudu auzu p rsl s. Visos 
gad jumos tika konstat ts, ka sel na saturs ir maz ks par 0.014 mg kg1.

Turpretim Somij  ražotaj  kviešu maiz  Se saturs ir 0.180 mg kg-1 (Eurola, 
1990), rij  ražotaj  kviešu baltmaiz  0.039–0.048 mg kg-1, bet pilngraudu 
maiz s 0.094–0.146 mg kg-1, savuk rt Anglij  ražotaj  kviešu baltmaiz  tas ir 
0.053–0.095 mg kg-1, bet pilngraudu maiz s 0.043–0.044 mg kg1 (Murphy,
Cashman, 2001). T tad Latvij  ražotaj s kviešu baltmaiz s un pilngraudu 
maiz s Se saturs ir vid ji 3–13 reizes maz ks. To var skaidrot ar vair kiem
faktoriem. P d jos 10–20 gados ir strauji sarucis graudu imports no valst m ar 
dabiski augstu sel na saturu graudos, t p c Latvij  maizes un citu graudu 
p rstr des produktu ražošan  galvenok rt tiek lietoti graudi, kas audz ti m su
valst  un kam ir zems sel na saturs. Latvij  zems sel na saturs graudu 
p rstr des produktos ir ar  t p c, ka maizes cepšan  plaši tiek lietoti augst k s
kvalit tes milti (405. tips) un da a Se saturošu savienojumu, kas atrodas 
graudos, miltos vai veidojas maizes cepšanas proces , paaugstin t  temperat r
ir gaistoši un, izejvielas termiski apstr d jot, z d.
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2. Graudu bag tin šana ar sel nu, tos diedz jot

T  k  tika konstat ts, ka Latvij  audz tos graudos Se saturs ir zems, turpm k
darb  tiek p t tas graudu bag tin šanas iesp jas ar Se. Visefekt v k graudus var 
bag tin t ar mikroelementiem diedz šanas proces , jo t  laik  main s ar
graudu miskais sast vs – olbaltumvielu, aminosk bju un vitam nu saturs 
(Tian et al., 2010; Katina et al., 2007; Lintschinger et al., 1997, 2000). T  k
inform cijas avotos ir maz k datu par Se formu ietekmi graudu, paši
kailgraudu, diedz šan , tad tika p t ta daž du koncentr ciju Se neorganisko 
formu (SeO3

2- un SeO4
2-) ietekme uz graudaugu d gšanas procesu. Darb

p rbaud tie Se neorganiskie s i ir at auti uztura bag tin t ju ražošanai Eiropas 
Savien bas valst s. To ražošanu reglament  Eiropas Parlamenta un Eiropas 
Padomes 2002. gada 10. j nija direkt va 2002/46/EK „Par dal bvalstu ties bu
aktu tuvin šanu attiec b  uz uztura bag tin t jiem”, kas papildin ta ar  
2009. gada 30. novembra direkt vu Nr. 1170/2009 „Vitam ni, miner lvielas un 
to formas, kuras var pievienot p rtikai, ieskaitot uztura bag tin t jus”.
Ieg tie rezult ti pier da, ka graudu d gtsp ja ir atkar ga gan no Se 
oksid šan s pak pes savienojum , gan no t  koncentr cijas š dum .
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5. att. Daž du sel na formu ietekme uz kviešu graudu d gtsp ju

Fig. 5 The influence of chemical forms of selenium on wheat germination

5. att l  redzams, ka visas analiz t s Se (VI) koncentr cijas, iz emot
200 mg l-1, veicina kviešu graudu d gtsp ju, sal dzinot ar kontroles graudiem. 
N trija selen ta piedevas interv l  no 1 mg l-1 l dz 50 mg l-1 b tiski palielina 
kviešu graudu d gtsp ju (p < 0.05). Ja Se (VI) koncentr cija ir no 5 mg l-1 l dz
25 mg l-1, iesp jams sasniegt d gtsp jas maksimumu. 
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N trija selen ts tikai neliel  koncentr cij  (l dz 10 mg l-1) nedaudz palielina 
d gtsp ju. Pieaugot Se (IV) koncentr cijai š dum , kviešu graudu d gtsp ja
strauji samazin s.
Kailgraudu miežu d gtsp jas un sel na neorganisk s formas, k  ar
koncentr cijas savstarp j  saist ba raksturota 6. att l .
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6. att. Daž du sel na formu ietekme uz kailgraudu miežu graudu d gtsp ju

Fig. 6 The influence of chemical forms of selenium on 

hull-less barley grain germination 

K  par d ts 6. att l , kailgraudu miežiem visas analiz t s Se (VI) 
koncentr cijas palielina graudu d gtsp ju, sal dzinot ar kontroles graudiem. 
Min t s izmai as ir b tiskas (p < 0.05), ja Se koncentr cija š dum  ir l dz
50 mg l-1. Šiem graudiem ar  tika konstat tas liel k s atš ir bas vien das
koncentr cijas Se (VI) un Se (IV) ietekm  uz d gtsp ju.
No visiem p t tajiem graudaugiem kailgraudu auzu kontroles paraugam tika 
noteikta visaugst k  d gtsp ja – 88% (7. att.), l dz ar to eksperiment li tika 
nov rots vismaz kais d gtsp jas pieaugums – tikai 6% (Se (VI) koncentr cija
š dum  5 mg l-1), sal dzinot ar kontroli. Ar  visliel kais d gtsp jas
samazin jums tika ieg ts p t jumos ar kailgraudu auz m – 46,6% (Se (IV) 
koncentr cija š dum  200 mg l-1). Kailgraudu auzu d gtsp ju iesp jams
palielin t, ja Se (gan IV, gan VI) koncentr cija š dum  ir l dz 5 mg l-1, kad tika 
konstat ta šo graudu maksim l  d gtsp ja. P r jiem analiz tiem graudiem 
maksim l  d gtsp ja tika noteikta, ja sel na koncentr cija š dum  ir l dz
10 mg l-1 (kailgraudu mieži) vai l dz 25 mg l-1 (kvieši). To var skaidrot ar 
kailgraudu auzu kontroles parauga liel ko d gtsp ju, k  ar  atš ir go sel na
daudzumu, kas tika uz emts d gšanas laik .
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Fig. 7 The influence of chemical forms of selenium on 

hull-less oat grain germination 

Divfaktoru dispersijas anal ze par d ja, ka graudu d gtsp ja ir b tiski atkar ga
no Se koncentr cijas š dum  un graudu veida (p<0.05). P t jums pier d ja, ka 
visu p t to graudu d gtsp ja ir lab ka, ja par Se piedevu tiek izmantots 
n trija selen ts (Na2SeO4), nevis n trija selen ts (Na2SeO3). Ieg tie rezult ti ir 
l dz gi ar citu p tnieku datiem par to, ka selen ta forma tiek viegl k uz emta
un transport ta no sakn m uz asniem nek  selen ts vai Se organiskie 
savienojumi (Terry et al., 2000). T  k  ar selen tu tika ieg ta augst ka 
d gtsp ja, tad turpm k tiks analiz tas sakar bas, kas ieg tas, graudu 
diedz šan  izmantojot n trija selen ta daž das koncentr cijas š dumus.

Zin ms, ka graudaugi sel nu neakumul  un to sp ja uz emt Se no augsnes un 
iesaist t savienojumos ir ierobežota (Terry et al., 2000; Dhillon and Dhillon, 
2003; White et al., 2004). Tas apstiprin j s p t jumos ar kviešiem, kailgraudu 
miežiem un kailgraudu auz m. Tika konstat tas noteiktas sakar bas starp 
graudu d gtsp ju, Se saturu graudos un no š duma procentu li uz emt  sel na
daudzumu (8., 9., 10. att.).
K  par d ts 8. att l , kviešu graudi procentu li visvair k Se uz em, ja t
koncentr cija š dum  nep rsniedz 10 mg l-1.
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Fig. 8 The influence of Se concentration in solution on the Se uptake and 

wheat grain germination

Ja Se koncentr ciju š dum  palielina l dz 25 mg l-1, tad procentu li uz emt
sel na daudzums samazin s vid ji divas reizes, bet Se saturs graudos praktiski 
nemain s (1.1 mg kg-1 - 1.2 mg kg-1). Savuk rt, ja Se koncentr ciju š dum
palielina l dz 50 mg l-1, tad procentu li uz emt  sel na daudzums vairs 
nemain s, Se saturs graudos pieaug divas reizes, bet d gtsp ja s k samazin ties.

emot v r  procentu li uz emt  sel na daudzumu un t  saturu graudos, varam 
secin t, ka tas s k kav t biolo iskos procesus, ja Se saturs kviešu graudos 
p rsniedz 1 mg kg-1, jo tad samazin s gan graudu d gtsp ja, gan t  uz emšana.
Kviešu graudu d gtsp ju (y) un Se saturu graudos (x) saista matem tiska
sakar ba (1.) un determin cijas koeficients R2 = 0.6871: 

713.89356.8901.1
2

++= xxy (1.)

Kailgraudu miežu maksim lais relat vais d gtsp jas pieaugums (18.3%) tika 
nov rots (9. att.), ja Se koncentr cija š dum  nep rsniedz 10 mg l-1, bet 
visefekt v k Se tiek uz emts jau koncentr cij  1 mg l-1.
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Fig. 9 The influence of Se concentration in solution on the Se uptake and 

hull-less barley germination 

L dz ar to optim lais Se saturs kailgraudu miežos d gšanas procesu 
veicin šanai ir l dz 3 mg kg-1.
Determin cijas koeficients R2 = 0.5003 un matem tisk  sakar ba (2.) 
raksturo, k  Se saturs graudos (x) ietekm  kailgraudu miežu d gtsp ju (y): 

788.86335.8965.1
2

++= xxy (2.)

Atš ir b  no kviešiem un kailgraudu miežiem kailgraudu auzu d gtsp ja b tiski
samazin s (p < 0.05), ja Se koncentr cija š dum  ir liel ka par 10 mg l-1 (10. 
att). Tas notiek t p c, ka kailgraudu auzas maksim li efekt vi Se uz em jau tad, 
kad Se koncentr cija š dum  ir 1 mg l-1 (42.4% no š dum  esoš  Se), 
sasniedzot Se saturu graudos 0.448 mg kg-1.
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10.att. Se koncentr cijas š dum  ietekme uz t  uz emšanu un 

d gtsp jas izmai m kailgraudu auz s

Fig. 10 The influence of Se concentration in solution on the Se uptake and 

hull-less oats germination 

Matem tiski sakar bu starp kailgraudu auzu graudu d gtsp ju (y) un Se saturu 
graudos (x) raksturo 3. vien dojums un determin cijas koeficients R2 = 0.9494:  

761.91114.1
2

446.0 += xxy
(3.)

Palielinot Se koncentr ciju š dum  5 reizes, Se saturs graudos palielin s tikai 
2.5 reizes un sasniedz 1.082 mg kg-1. Turpm k palielinot Se koncentr ciju
š dum , samazin s gan procentu li uz emt  Se daudzums, gan ar  graudu 
d gtsp ja. Ja Se saturs kailgraudu auz s ir liel ks par 1 mg kg-1, tiek kav ts
graudu d gšanas process. 

3. Sel na un citu biolo iski akt vo vielu mijiedarb ba graudos 

3.1. B grupas, C un E vitam nu saturs ar sel nu bag tin tos graudos 

Graudi ir B grupas vitam nu avots. P t jumos izmantotajos kviešu, kailgraudu 
miežu un kailgraudu auzu graudos mikroelementa sel na kl tb tn  tika noteikts 
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tiam na (B1), riboflav na (B2), pantot nsk bes (B5), askorb nsk bes (C 
vitam na) un tokoferolu (E vitam na) saturs. Lai izv rt tu Se piedevu ietekmi 
uz vitam nu saturu diedz tos graudos, tika analiz ts ar  šo vitam nu saturs 
kontroles graudos (1. tabula). 

1. tabula/Table 1 
B grupas, C un E vitam nu saturs nediedz tos

 un diedz tos kontroles graudos, mg kg-1

The content of B group, C and E vitamins in grain 

 and germinated grain, mg kg-1

Kvieši/Wheat
Kailgraudu mieži/ 
Hull-less barley 

Kailgraudu auzas/ 
Hull-less oats 

Vitam ns/
Vitamin

N
ed

ie
dz

ti/
W

ith
ou

t
ge

rm
in

at
io

n

D
ie

dz
ti/

G
er

m
in

at
ed

N
ed

ie
dz

ti/
W

ith
ou

t
ge

rm
in

at
io

n
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ie

dz
ti/

G
er

m
in

at
ed

N
ed

ie
dz

ti/
W

ith
ou

t
ge

rm
in

at
io

n

D
ie

dz
ti/

G
er

m
in

at
ed

B1 3.80± 0.03 3.34±0.06 3.66± 0.05 1.21±0.02 7.22± 0.01 5.17±0.06
B2 1.17± 0.01 1.20±0.01 1.75± 0.02 1.94±0.04 1.51± 0.06 1.52±0.04
B5 41.93±0.04 60.89±0.77 48.33±0.04 49.91±0.85 17.23±0.01 18.45±0.38
C 0.00 24.31±0.51 0.00 15.60±0.31 0.00 16.62±0.41 
E 22.82±0.21 23.61±0.40 30.21±0.37 30.69±0.66 20.83±0.06 21.1±0.35 

Graudu diedz šanas laik  main s B grupas vitam nu saturs. To izmai as
atkar b  no sel na koncentr cijas š dum  atspogu otas 11., 13. un 15.att los.
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11.att. Sel na koncentr cijas ietekme uz tiam na saturu diedz tos graudos 

Fig. 11 The influence of selenium concentration on the tiamine content in 

germinated grain 
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11.att l  redzams, ka tiam na satura samazin jums diedz tos graudos v rojams
vis s p t taj s Se koncentr cij s. Visliel kais tiam na satura relat vais
samazin jums ir š dum , kur sel na koncentr cija ir 200 mg l-1 – kviešu 
graudiem par 97%, kailgraudu miežiem par 99%, bet kailgraudu auz m par 
54%. Dispersijas anal ze par d ja, ka Se koncentr cijai š dum  ir b tiska
ietekme uz tiam na satura izmai m diedz tos graudos (p<0.05). Kviešiem, 
s kot ar Se koncentr ciju 100 mg l-1, bet kailgraudu miežiem, s kot ar  
50 mg l-1, d gšanas proces  tiek pat r ts praktiski viss tiam ns. Kviešu 
graudiem tas sasaucas ar d gtsp jas relat vo samazin jumu par 10%, bet auz m
tiam na tr kums nevar tu b t d gtsp jas samazin juma c lonis, jo vitam na
satura relat vais samazin jums kailgraudu auz s kopum  ir maz ks nek
diedz tos kviešos un kailgraudu miežos.
Izskait ot s matem tisk s sakar bas (4., 5., 6.) un to grafiskie att li (12.att.), kas 
uzskat mi par da likumsakar bas starp analiz tajiem lielumiem un atbilst bu
konkr tajiem graudaugu veidiem, auj prognoz t tiam na satura mai u atkar b
no graudu d gtsp jas un Se satura graudos.  
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Fig. 12 Germination activity, the content of Se and thiamine, mg kg-1
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Tiam na saturu (C), graudu d gstsp ju (D) un Se saturu graudos (S) raksturo 
š di 2–k rtas neline r s sakar bas vien dojumi (4. – kvieši., 5.- kailgraudu 
mieži, 6. – kailgraudu auzas): 

75.24012.00017.04.006.02
22

++++= DSDDSSC (4.)

DSDDSSC +++= 00047.00035.0613.0006.0218.07.27
22 (5.)

DSDDSSC +++= 011.00024.0466.0013.0279.143.27
22 (6.)

ar determin cijas koeficientiem 984.0
2
= , 899.0

2
= , 993.0

2
= .

Sal dzinot visus analiz tos graudaugus redzams, ka kop ja tendence ir tiam na
satura samazin jums, pieaugot Se saturam graudos. To var tu skaidrot ar B1

vitam na lomu biolo isk s oksid šan s procesos un audu elpošan , kas tiek 
apgr tin ta vid  ar augstu sel na saturu. Lai tiam ns diedz tos graudos 
saglab tos, Se saturs graudos nedr kst p rsniegt 5 mg kg-1.
Ieg tie eksperiment lie rezult ti par d ja, ka gan Se koncentr cija š dum
(p-v rt ba = 0.0003 < 0.05), gan graudu veids (p-v rt ba = 0.0015 < 0.05) 
b tiski ietekm riboflav na satura izmai as diedz tos graudos.
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13.att. Sel na koncentr cijas ietekme uz riboflav na saturu

Fig. 13 The influence of Se concentration on the content of riboflavin

Analiz jot un izv rt jot sel na koncentr cijas ietekmi uz riboflav na satura 
izmai m diedz tos graudos, redzams (13. att.), ka vitam na satura izmai u
tendences analiz tajos graudos ir l dz gas – diedz tos kviešu graudos un 
kailgraudu auz s tas pieaug, ja Se koncentr cija š dum  ir l dz 25 mg l-1, bet 
kailgraudu miežos robežkoncentr cija ir 50 mg l-1. Ja Se koncentr cija š dum
ir liel ka, riboflav na saturs samazin s vid ji par 20-30%.
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Kailgraudu auzu graudos riboflav na satura samazin jumu Se koncentr cij
š dum  no 1 mg l-1 l dz 10 mg l-1 varam skaidrot ar šo graudu lielo Se 
uz emšanas efektivit ti un l dz ar to strauju Se saturu palielin jumu graudos. 
Diedz t s kailgraudu auz s strauji palielinoties Se saturam (vid ji 17 reizes), 
var tikt kav ti biolo iskie procesi, ar  riboflav na sint ze, jo augos iesp jama
paaugstin ta lip du oksid šan s, kas rada augu oksidat vo stresu (Hartikainen et 
al., 2000). Diedz tos graudos sakar bu starp riboflav na saturu C, graudu 
d gtsp ju D un Se saturu graudos S izsaka vien dojumi: 7. (kvieši),  
8. (kailgraudu mieži,) 9. (kailgraudu auzas): 

69.4300088.00054.096.0021.077.0
22

++= DSDDSSC (7.)

DSDDSSC ++= 000268.00015.0276.000146.0022.0549.10
22 (8.)

DSDDSSC +++= 00141.0000228.0053.000044.0131.041.4
22 (9.)

ar analiz to lielumu ciešo sakar bu raksturojošiem determin cijas koeficientiem

894.0
2
= , 817.0

2
= , 864.0

2
=
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Fig. 14 Germination activity, the content of Se and riboflavin, mg kg-1

Ieg tie matem tiskie mode i (14. att.) dod iesp ju izv rt t optim l kos
apst k us riboflav na satura paaugstin šanai diedz tos graudos. Ja Se saturs 
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kviešu graudos ir l dz 4 mg kg-1, tad jebkur  d gtsp j , kas liel ka par 82%, 
riboflav na saturs ir vid ji 1.5 mg kg-1. Savuk rt, ja Se saturs ir no 5.5 mg kg-1

l dz 8 mg kg-1, vitam na saturs ir atkar gs no d gtsp jas. Ja Se saturs graudos ir 
liel ks par 8 mg kg-1, vitam na saturs ir maz ks par 1 mg kg-1 jebkur  d gtsp j
un d gtsp ja b tiski neietekm  riboflav na saturu graudos (p > 0.05). 
Augst kais riboflav na saturs diedz tos kailgraudu miežos iesp jams, ja Se 
saturs ir l dz 13 mg kg-1, ta u tas ir cieši saist ts ar šo graudu d gtsp ju.
Diedz tas kailgraudu auzas ir jut g kas uz Se satura izmai m, un augst kais
riboflav na saturs sasniedzams, ja Se saturs graudos ir l dz 5 mg kg-1, bet 
graudu d gtsp ja ir oti zema.
Izv rt jot sel na ietekmi uz pantot nsk bes saturu diedz tos graudos, redzams 
(15.att), ka analiz tajiem graudiem tas ir liel ks vis s p t taj s Se 
koncentr cij s, sal dzinot ar kontroles graudiem, bet b tisks pieaugums kviešos 
un kailgraudu auz s tika konstat ts, ja Se koncentr cija š dum  ir 25 un  
50 mg l-1 (p < 0.05). 
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15.att. Sel na koncentr cijas ietekme uz pantot nsk bes saturu 

 Fig. 15 The influence of selenium concentration 

 on the content of pantothenic acid

Paman ms, bet gr ti izskaidrojams ir fakts – visiem p t tajiem graudiem 
noz m g kais relat vais pantot nsk bes pieaugums ir tad, ja Se koncentr cija 
š dum  main s no 10 mg l-1 l dz 25 mg l-1. Kviešos un kailgraudu miežos šaj
sel na koncentr cij  praktiski nemain s Se saturs graudos (8., 9. att.). Auz m
š du likumsakar bu nenov ro..
Pantot nsk bes, l dz gi k  tiam na un riboflav na, saturs pieaug vai samazin s
atkar b  no Se satura graudos. To pamato izstr d tie matem tiskie mode i un to 
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grafiskie att li (16.att.). Diedz tos graudos sakar bu starp pantot nsk bes saturu 
C, graudu d gtsp ju D un Se saturu graudos S izsaka vien dojumi: 10. (kvieši), 
11. (kailgraudu mieži, 12. (kailgraudu auzas): 

27.68324.0016.088.2146.02.28
22
+++= DSDDSSC (10.)

determin cijas koeficients 759.0
2
= ;

DSDDSSC +++= 009.0036.0305.6032.0706.147.225
22 (11.)

determin cijas koeficients 992.0
2
= ;

DSDDSSC ++= 0045.00018.0298.0086.0304.177.29
22 (12.)

un determin cijas koeficients 903.0
2
=  raksturo augstu p t to sakar bu

ciešumu.
Lai gan eksperiment li noteiktais liel kais pantot nsk bes saturs diedz tos 
kviešu graudos ir 69.35 mg kg-1, matem tiskais modelis auj prognoz t, ka to 
iesp jams palielin t l dz 90 mg kg-1, ja Se saturs graudos ir no 8 mg kg-1 l dz 10 
mg kg-1, bet d gtsp ja liel ka par 93% (16.att.). 
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16.att. Graudu d gtsp ja, Se un pantot nsk bes saturs, mg kg-1

Fig. 16 Germination activity, the content of Se 

 and pantothenic acid, mg kg-1

Kailgraudu auz s notiekošie procesi diedz šanas laik  ir saist ti ar Se saturu 
tajos, turkl t atš ir b  no kviešiem un kailgraudu miežiem optim l k s ir 
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vid jas analiz t s Se koncentr cijas no 4 mg kg-1 l dz 16 mg kg-1, ja d gtsp ja ir 
virs 55% (16. att.). Ja Se koncentr cija graudos ir maz ka un liel ka, neatkar gi
no d gtsp jas izmai m nav iesp jams ieg t pantot nsk bes saturu, kas b tu
liel ks par 20 mg kg-1.
Askorb nsk be (C vitam ns) un tokoferoli (E vitam ns), k  ar  sel ns ir 
dabiskie antioksidanti, kas pasarg  š n s un to membr nas no br vajiem 
radik iem. Veseli graudi ir E vitam na avots, ta u tie nesatur C vitam nu, un t
biosint ze notiek graudu d gšanas proces .
P t jumu rezult ti par d ja, ka askorb nsk bes veidošanos analiz tajos graudos 
b tiski ietekm  gan visas p t t s sel na koncentr cijas š dum , gan ar  tas 
b tiski main s atkar b  no graudu veida (p < 0.05).
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17. att. Sel na koncentr cijas ietekme uz askorb nsk bes saturu 

 Fig. 17 The influence of selenium concentration on the

content of ascorbic acid

17. att la redzams, ka palielinot Se koncentr ciju š dum  l dz 10 mg l-1,
diedz tos kviešu graudos v rojams straujš C vitam na satura palielin jums l dz
pat 67%. Ja Se koncentr cija š dum  ir no 10 l dz 25 mg l-1, Se saturs 
diedz tos kviešu graudos sasniedz 1 mg kg-1, bet diedz tos kailgraudu miežos
3 mg kg-1, un sel na procentu l  uz emšana no š duma samazin s vid ji
2 reizes (8., 9. att.). C vitam na satura relat v  pieauguma izmai as diedz tos
kviešu graudos šaj  gad jum  ir tikai 1.6%, bet kailgraudu kviešos 5.1%. 
Kailgraudu auz m šaj  Se koncentr cij  C vitam na satura relat v  pieauguma 
izmai as ir 25.9%. 
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Ja Se koncentr cija š dum  ir no 50 l dz 100 mg l-1, C vitam na saturs kviešos 
un kailgraudu miežos palielin s 2 reizes sal dzin jum  ar kontroles graudiem.
Askorb nsk bes (C) sint zes saist bu ar graudu d gtsp ju D, k  ar  Se saturu 
graudos S apraksta š di matem tiskie vien dojumi: 13. (kvieši), 14. (kailgraudu 
mieži, 15. (kailgraudu auzas): 

93.133455.0024.029.3747.0067.48
22

++= DSDDSSC (13.)

determin cijas koeficients 996.0
2
= ;

7.240063.000455.0863.0087.0673.2
22

+= DSDDSSC (14.)

determin cijas koeficients 986.0
2
= ;

4.100043.0013.05.2212.024.7
22

+= DSDDSSC (15.)

determin cijas koeficients 954.0
2
= , kas visos gad jumos nor da uz ciešu 

sakar bu starp analiz tajiem lielumiem. 
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18.att. Graudu d gtsp ja, Se un askorb nsk bes saturs, mg kg-1

Fig. 18 Germination activity, the content of Se and ascorbic acid, mg kg-1

Askorb nsk bes sint zei optim lais Se saturs diedz tos kviešu graudos ir no  
2.2 mg kg-1 l dz 3.8 mg kg-1, ja d gtsp ja ir liel ka par 82% (18. att.). L dz ar to 
eksperiment li konstat tais C vitam na satura relat vais pieaugums ar zem ku
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Se saturu graudos var tu b t vair k saist ts ar graudu d gtsp jas izmai m. Ja 
Se saturs diedz tos kviešu graudos ir liel ks par 3.8 mg kg-1, ar  zem k
d gtsp j  ir iesp jams pan kt augstu C vitam na saturu. 
Visliel ko C vitam na saturu – virs 25 mg kg-1 kailgraudu miežu graudos var 
ieg t, ja Se saturs ir robež s no 8 mg kg-1 l dz 17 mg kg-1 un d gtsp ja liel ka
par 82%, bet kailgraudu auzu graudos ja Se saturs graudos ir no 6 mg kg-1 l dz
14 mg kg-1 un d gtsp ja liel ka par 60%..
Ieg tie rezult ti par da, ka Se koncentr cija š dum  b tiski maina ar
tokoferolu (E vitam na) saturu diedz tos kailgraudos. 
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19. att. Sel na koncentr cijas ietekme uz tokoferolu saturu 

Fig. 19 The influence of selenium concentration on tocopherol content in 

19.att l  redzams, ka visliel kais E vitam na satura pieaugums diedz tos 
graudos konstat ts, ja Se koncentr cija š dum  ir 10 mg l-1 (kailgraudu miežu 
graudi) vai 25 mg l-1 (kailgraudu auzu graudi), sal dzinot ar kontroles graudiem, 
bet diedz tos kviešu graudos E vitam na saturu palielin jums netika nov rots.
Diedz tos graudos sakar bu starp E vitam na saturu C, graudu d gtsp ju D un 
Se saturu graudos S izsaka vien dojumi 16. (kvieši), 17. (kailgraudu mieži,  
18. (kailgraudu auzas): 

53.28026.000624.0144.1044.0965.1
22

+= DSDDSSC (16.)

determin cijas koeficients 972.0
2
= ;

DSDDSSC ==+= 013.000081.0287.000194.044.115.12
22 (17.)

determin cijas koeficients 955.0
2
= ;

4.91051.0015.0625.2097.011.5
22

+= DSDDSSC (18.)
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determin cijas koeficients 948.0
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Fig. 20 Germination activity, the content of Se and tocopherols, mg kg-1

20.att l  redzams, ka E vitam na satura palielin jums diedz tos kviešu graudos 
robež s no 20 mg kg-1 l dz 23 mg kg-1 iesp jams, ja Se saturs graudos 
nep rsniedz 5.5 mg kg-1, un ja d gtsp ja augst ka par 82%. Diedz tiem
kailgraudu miežiem ir izteikta Se satura un d gtsp jas savstarp j  ietekme uz E 
vitam na satura izmai m. Palielinoties Se saturam graudos, ar  d gtsp jai ir 
j pieaug, tai j b t virs 90%, lai E vitam na saturs b tu augst ks nek  graudos, 
kas diedz ti bez Se piedev m. Ja kailgraudu auzu graudu d gtsp ja ir 95%, 
maksim lais Se saturs diedz tos graudos var sasniegt 4 mg kg-1, lai E vitam na
saturs neb tu maz ks k  kontroles paraug  (21.1 mg kg-1).

3. 2. Prote na un aminosk bju saturs ar sel nu bag tin tos graudos

Prote na daudzums graudos ir atkar gs no vair kiem faktoriem, tai skait , no 
graudu veida un š irnes, augšanas apst k iem, m slojuma. Nov rt jot prote na
saturu graudos, kas diedz ti Se saturoš  š dum , varam secin t, ka v rojama
Se koncentr cijas ietekme. Diedz tos kviešu graudos prote na saturs palielin s,
ta u š s izmai as nav b tiskas (p > 0.05) nevien  analiz taj  Se koncentr cij ,
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bet kailgraudos (miežu un auzu graudos) tika konstat tas b tiskas prote na
satura izmai as (p < 0.05): diedz t s kailgraudu auz s – ja Se koncentr cija 
š dum  ir 5 mg l-1, 10 mg l-1, 50 mg l-1 vai 100 mg l-1, un kailgraudu miežos, ja 
Se koncentr cija š dum  ir 100 mg l-1 un 200 mg l-1.
Nov rt jot neaizst jamo aminosk bju saturu diedz tos graudos ar Se piedev m,
varam secin t, ka Se koncentr cija š dum  ietekm  aminosk bju saturu, un 
dispersijas anal zes rezult ti auj konstat t b tiskas atš ir bas (p-v rt ba < 0.05) 
val na, metion na, leic na, tiroz na un fenilanal na satura izmai s p t tajos
graudos.

4. Ar Se bag tin tu kviešu graudu ietekme uz c u organismu 

Lai p rbaud tu k das vielas ietekmi uz dz vo organismu, biolo iskos p t jumos
par eksperiment lo modeli bieži izmanto c us, jo c u organism  metaboliskie 
procesi notiek strauji (Klandorf et al., 1999; Fasola, 2006). P t jumos c u
bar bai tika pievienoti malti kviešu graudi, kas bija bag tin ti ar sel nu.
Sel ns ir da a no dz vo organismu antioksidat v s aizsardz bas sist mas, t p c,
lai raksturotu oksidat vos procesus c u organism , eksperimenta laik  tika 
kontrol ti antioksidat v s aizsargsist mas vair ki komponenti: sel na, 
glutationa, glutationperoksid zes, malondialdeh da, k  ar  A un E vitam na
saturs c u akn s.
Se koncentr cija c u akn s eksperimenta laik  palielin s un maksim lo
lielumu sasniedz 20. barošanas dien  gan kontroles, gan eksperiment l s grupas 
dz vniekiem.

0.366

0.533

0.439

0.504 0.452

0.331

0.420

0.2

0.3

0.4

0.5

0.6

1 10 20 30

Dienas/Days

m
g 

kg
-1

Kontroles grupa/Control group Eksperiment l  grupa/Eksperimental group

21. att. Sel na saturs c u akn s

Fig. 21 The content of selenium in chicken liver 
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21. att l  redzams, ka visliel kais Se saturs tika konstat ts eksperiment l s
grupas 20 dienu vecu c u akn s, kas skaidrojams ar uz emto bar bas vielu 
asimil ciju un t s izmantošanu šaj  laika period . Kontroles grup  Se saturs 
akn s ir par 52.7%, bet eksperiment laj  grup  par 61.5% liel ks nek  Se saturs 
vienu dienu vecu c l šu akn s, t tad Se satura pieaugums ir cieši saist ts ar Se 
saturu bar b . Šie dati sasaucas ar citiem p t jumiem, proti, Se saturs c u akn s
ir liel ks, ja liel ka ir t  koncentr cija bar b  (Pan et al., 2007;  
Haug et al., 2008; Wang et al., 2008). 
Glutations (GSH) ir tripept ds, kas veidojas dz vos organismos no L-ciste na,
L-glutam nsk bes un glic na. Lai gan tas var sintez ties vis s organisma š n s,
tom r vissvar g k  ir t  sint ze akn s. Putni un peles, kuru akn s en tisku
iemeslu d  nevar sintez ties GSH, nomirst pirmaj  dz ves m nes
(Chen et al., 2007). K  par d ja p t juma rezult ti (22. att.), kontroles grupas 
c u akn s glutationa satura visstrauj kais pieaugums nov rojams p c 10 dienu 
barošanas, bet turpm kaj  c u dz ves laik  t  saturs vairs b tiski nepieaug, 
turpret  eksperiment l s grupas c iem glutationa koncentr cijas izmai as 
akn s notiek vienm r g k.
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22. att. Glutationa saturs c u akn s

Fig. 22 The content of glutathione in chicken liver 

Glutationa koncentr cijas pieaugums eksperiment l s grupas c iem ir vid ji
par 25% maz ks, kas var tu b t saist ts ar enz ma glutationperoksid zes 
aktivit tes izmai m.
Glutationperoksid ze (GSH-Px) ir enz ms, kura molekul  ir etri sel nciste na
atlikumi, un t  antioksidat v  darb ba galvenok rt ir saist ta ar mikroelementu 
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sel nu. Glutationperoksid zes aktivit tes izmai as eksperimenta laik  c u
akn s atspogu otas 23.att l .
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23.att. Glutationperoksid zes aktivit te c u akn s

Fig. 23 The activity of glutathione peroxidase in chicken liver 

Vienu dienu vecu c u akn s augstais glutationperoksid zes aktivit tes l menis
saist ts ar sel na daudzumu inkub cijas ol s, k  ar  ar antioksidat v s
aizsardz bas sist mas veidošanos c u embrijos. Vair ki zin tniskie p t jumi
apstiprina, ka glutationperoksid zes aktivit te pieaug vid ji tr s reizes c u
embrijos to att st bas laik  un maksimumu sasniedz pirms c u izš ilšan s
(Surai, 1999; Gaal et al., 1995; Wilson et al., 1992). Eksperiment l s grupas 
c iem, kuri sa ma ar sel nu bag tin tu graudu piedevu, glutationperoksid zes 
aktivit te akn s, s kot ar 10. izbarošanas dienu, pieaug strauj k nek  kontroles 
grupas dz vniekiem: 10. dien  par 5.3%, bet 30. dien  par 11%. P t juma
rezult ti auj secin t, ka glutationperoksid zes aktivit te ir saist ta ar Se 
uz emšanu. Šie rezult ti sasaucas ar citu zin tnieku – Haug et al., 2008;  
Reeves et al., 2007; Wang et al., 2008 – p t jumiem. Turkl t ieg tie rezult ti
auj izskaidrot iepriekš min tos p t jumus, kuros secin ts, ka eksperiment l s

grupas c iem glutationa l menis akn s ir zem ks nek  kontroles grupas c iem,
jo glutations k  substr ts tiek izmantots, lai nodrošin tu liel ku enz ma 
aktivit ti.
Malondialdeh ds (MDA) ir nepies tin to tauksk bju oksid šan s galaprodukts 
(Bieri et al., 1960), t p c t  uzkr šanos akn s izmanto par mar ieri oksidat vo
procesu izv rt šanai.
P t juma rezult ti (24.att.) par d ja, ka malondialdeh da saturs kontroles grupas 
c u akn s p c 10 barošanas dien m ir palielin jies, jo eksperimenta s kum
c u akn s aktiviz jas oksidat vie procesi. Ta u eksperiment l s grupas c iem
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šaj  laik  v rojams malondialdeh da satura samazin jums par 24% 
sal dzin jum  ar kontroles grupu. 
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24. att. Malondialdeh da saturs c u akn s

Fig.24 The content of malondialdehyde in chicken liver 

Iesp jams, tas ir t p c, ka š s grupas c u akn s p c 10 barošanas dien m sel na
daudzums ir par 14.75% liel ks, bet glutationperoksid zes aktivit te par 5.3% 
liel ka nek  kontroles grupas c u akn s šaj  laik . Se k  antioksidant v s
aizsargsist mas komponents c u organism  kav  oksid šan s procesus, t p c
malondialdeh da uzkr šan s akn s samazin s. P c 20 un 30 dien m MDA 
koncentr cija samazin s gan kontroles, gan eksperiment l s grupas c u akn s,
ta u eksperiment laj  grup  t  l menis akn s ir vair k nek  par 16% zem ks
sal dzin jum  ar kontroles grupas r d t ju attiec gaj  laika posm .

A un E vitam nu saturs c u akn s

P t juma rezult ti par d ja, ka eksperiment l s grupas paraugos analiz to
vitam nu saturs ir liel ks – A vitam na saturs par 8.13%, bet E vitam na par 
7.48% – nek  kontroles grupas c u aknu paraugos. T tad Se satura 
palielin šana c u bar b  un l dz ar to ar  liel ks Se saturs c u akn s veicina 
antioksidat v s sist mas komponentu, tai skait  A un E vitam na, saglab šanos
un samazina to oksid šanos. 
Kopum  ieg tie dati liecina, ka ar sel nu bag tin ta, diedz tu kviešu graudu 
piedeva, p rbaudot t s ietekmi uz c u metabolismu, rada pozit vas izmai as to 
antioksidat v  sist m . To pier da gan glutationperoksid zes aktivit tes
pieaugums, gan malondialdeh da uzkr šan s samazin jums, gan ar  liel ks A 
un E vitam na daudzums c u akn s eksperimenta beig s.
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5. Ar sel nu bag tin tu graudu pielietojums maizes cepšan

Zin tniskaj  literat r  pieejama inform cija par auzu miltu lietošanu, kas 
gatavoti no diedz t m auz m, lai paaugstin tu kviešu maizes uzturv rt bu
(Kaukovirta-Norja et al., 2004). Promocijas darb  tika p t ta ar sel nu
bag tin tu, maltu kailgraudu auzu graudu izmantošana kviešu maizes cepšan .
Tika izv l tas ar sel nu bag tin tas kailgraudu auzas, kas diedz tas š dumos,
kur Se koncentr cija ir 1 mg l-1 un 5 mg l-1. Kviešu maizes m klas gatavošanas 
proces  kviešu miltiem tika pievienoti 10% un 20% p t jumos ieg to diedz to,
samalto kailgraudu auzu ar Se saturu 0.448 mg kg-1 (Se piedeva I) un  
1.082 mg kg-1 (Se piedeva II). Ieg tie rezult ti liecin ja, ka analiz t s, ar sel nu
bag tin t s kailgraudu auzu piedevas neietekm  kviešu maizes r jo izskatu, 
sal dzinot ar kviešu maizi, kas satur kailgraudu auzu miltu piedevas bez Se, bet 
maizes cepšanas proces  da a no izejviel s esoš  Se tiek zaud ts. Tas 
skaidrojams ar to , ka cepšanas proces  veidojas gaistoši sel na savienojumi 
(Mo et al., 2006). Rezult t  kviešu maiz , kas gatavota ar Se bag tin tu, 
diedz tu kailgraudu auzu piedev m, saglab jas 33–43% no izejviel s esoš
sel na, bet kontroles paraugos t  saturs ir nedaudz augst ks – 41–51%. Tas 
skaidrojams ar to, ka izejviel s ir mazs sel na saturs un graudos var tu b t
vair k sel na neorganisko formu. 
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Fig. 25 The content of Se in wheat bread 

Se saturu kviešu maiz  (25. att.), kas gatavota ar malt m, diedz t m kailgraudu 
auz m, kas bag tin tas ar Se, iesp jams palielin t no 0.006 mg kg-1 l dz
0.087 mg kg-1, tas ir, vid ji no tr s l dz 10 reiz m, sal dzinot ar kontroles 
paraugu. Tas atkar gs no Se satura piedev  un ar sel nu bag tin to auzu miltu 
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masas kviešu maiz . Rezult t  tiek ieg ts galaprodukts, kur  Se saturs ir t ds
pats k rvalst s ražotaj s maiz s (Eurola, 1990; Murphy, Cashman, 2001). 
P t juma rezult ti par d ja, ka, palielinot kailgraudu auzu graudu piedevas no 
10% l dz 20% no miltu apjoma, pieaug maizes saspiešanai pieliktais sp ks, kas 
raksturo t s ciet bu, jo ir samazin jies maizes mitrums, l dz ar to nedaudz 
palielin jies bl vums. Se koncentr cija kailgraudu auzu graudu piedev  b tiski 
neizmaina maizes ciet bu (p > 0.05). Analiz tie eksperiment l s maizes fizik li

miskie r d t ji atspogu oti 2.tabul .
2. tabula/ Table 2

Maizes fizik li miskie r d t ji/

Physical and chemical parameters of bread 

10% maltu auzu piedeva/  

10% ground oat additive 

20% maltu auzu piedeva/  

20% ground oat additive 
R d t js/

Parametres 
Kontrole/ 

Control

Se I 
Se II 

Kontrole/ 

Control
Se I Se II 

Mitrums/
Moisture, % 

43.10 ±
0.45

42.57 ± 
 0.51 

42.22 ±
0.38

41.62
±0.36

41.20 ±
0.42

41.14 ±
0.39

dens
aktivit te/
Water
activity 

0.96 ±
0.02

0.96 ±
0.02

0.95 ±
0.02

0.96 ± 0.04 0.96 ±  
0.02

0.96 ± 
0.02

pH 5.27 ± 
0.02

5.25 ± 
 0.01 

5.22 ±
0.02

5.18 ± 0.02 5.14 ±  
0.01

5.15 ±
0.01

Titr jamais
sk bums/
Titritable
acidity 

1.21 ±
0.06

1.40 ±
0.05

1.41 ±
0.05

1.90 ± 0.06 2.01 ±
0.04

2.02 ±
0.05

2. tabulas dati r da, ka mitrums, titr jamais sk bums un pH kviešu maiz  ar 
diedz tu un sel nu bag tin tu kailgraudu auzu miltu piedev m main s atkar b
no auzu miltu piedevas koncentr cijas, bet tos b tiski neietekm  Se 
koncentr cija piedev  (p > 0.05). dens aktivit tes izmai as kviešu maiz  ar 
maltu auzu piedev m netika konstat tas.
Kopum  p t jumu rezult ti par d ja, ka, lai palielin tu Se saturu maiz , kviešu 
maizes ražošan  10% un 20% no miltu daudzuma var lietot kailgraudu auzu 
graudu piedevas, kas ir bag tin tas ar Se un kur s Se saturs graudos ir 
0.448.mg kg-1 un 1.082 mg kg-1. Tas neizmaina kviešu maizes kvalit tes
r d t jus.

Secin jumi

1. Latvij  audz tos kviešu, kailgraudu miežu un kailgraudu auzu un rudzu 
graudos sel na saturs ir no 0.015 l dz 0.035 mg kg-1, bet graudu p rstr des
produktos tas ir maz ks par 0.014 mg kg-1.
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2. Graudus bag tinot ar n trija selen tu, iesp jams palielin t graudu d gtsp ju
vid ji par 7% vair k, nek  lietojot n trija selen tu. P t tie kviešu, 
kailgraudu miežu un kailgraudu auzu graudi maksim lo d gtsp ju sasniedz 
atš ir g  sel na koncentr cijas š dum .

3. Procentu li uz emt  sel na daudzums ir atkar gs no grauda veida un Se 
koncentr cijas š dum . Visvair k Se uz em kailgraudu auzas (42.4%) un 
kailgraudu mieži (34.3%). Optim lais Se saturs kviešos un kailgraudu 
auz s maksim las graudu d gtsp jas sasniegšanai ir 1mg kg -1, bet 
kailgraudu miežos – 3 mg kg-1, ko var sasniegt, ja sel na koncentr cija
š dum  kviešu diedz šanai ir no 5 l dz 10 mg l-1, kailgraudu auz m un 
miežiem – no 1 l dz 5 mg l-1.

4. Diedz šana daž du sel na koncentr ciju š dumos ietekm  tiam na,
riboflav na, pantot nsk bes, askorb nsk bes un tokoferolu saturu kviešu, 
kailgraudu miežu un kailgraudu auzu graudos. Tiam na saturs b tiski
samazin s, ja Se koncentr cija š dum  sasniedz 50 mg l-1. Paaugstinot Se 
koncentr ciju vid , d gšanas laik  tiek pat r ts viss graudos esošais 
tiam ns. Riboflav na un pantot nsk bes satura izmai as p t tajos graudos ir 
l dz gas, un to saturs main s atkar b  no Se koncentr cijas š dum .
Askorb nsk bes veidošanos diedz tos graudos veicina visas eksperiment li
lietot s sel na koncentr cijas. Tokoferolu satura izmai as graudos ir 
nelielas, bet b tiskas.

5. Se koncentr cija š dum  ietekm  aminosk bju saturu graudos un rada 
b tiskas atš ir bas val na, metion na, leic na, tiroz na un fenilanal na
satur .

6. Tiam na, riboflav na, pantot nsk bes, askorb nsk bes un tokoferolu saturu 
graudos atkar b  no Se koncentr cijas š dum  un graudu d gtsp jas ir 
iesp jams prognoz t ar izstr d tajiem 2. pak pes neline r s sakar bas
vien dojumiem.

7. Ar Se bag tin tu kviešu graudu piedeva c u bar b  rada pozit vas
izmai as to antioksidat v  sist m . Eksperiment l s grupas c u akn s
malondialdeh ds ir par 24% maz ks, A un E vitam na saturs ir par 7% 
liel ks, bet glutationa saturs par 25% maz ks. Tas ir saist ts ar enz ma
glutationperoksid zes aktivit tes izmai m.

8. Ar sel nu bag tin tas kailgraudu auzas var lietot Se satura palielin šanai
kviešu maiz , neizmainot kviešu maizes kvalit tes r d t jus.

9. Darb  izvirz t  hipot ze ir korekta, jo, graudu diedz šanas laik  lietojot Se 
saturošus š dumus, palielin s Se saturs graudos un main s B grupas, C un 
E vitam na, k  ar  prote na un neaizvietojamo aminosk bju saturs. 
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TOPICALITY OF RESEARCH 

A balanced, healthy and varied diet provides the human organism with the 
necessary minerals, including trace elements. Their absence weakens the body's 
selfdefense, thus exposing it to a disease risk. 
The microelement selenium is needed for normal functioning of human body 
because it is part of some enzymes and hormones, interacts with vitamins, 
participate in oxidizing processes, metabolism of proteins, carbohydrates, and 
fats. Selenium is part of enzyme glutathione peroxidase, the main part of 
antioxidative defence system in living cells. Therefore selenium and its 
compounds have notable antioxidative properties.  
Selenium reduces the influence of many undesirable factors – chemical, 
cancerogenic, UV, pesticides, nitrates, and heavy metals etc., which promote 
the formation of free radicals in living organisms. Selenium is not synthesized 
in living organisms, therefore the issue of selenium needed for human body and 
possibilities of selenium intake with food is very actual not only in Latvia but 
also in other countries. To perform a normal function, the content of selenium 
in human body has to be 0.2 -0.5 mg kg-1. People suffer from selenium 
deficiency if its content is less than 50-60 micrograms per liter of blood plasma. 
The accepted normal values of Se in European countries are 80 - 120 
micrograms Se per liter of blood plasma, but Russian scientists, basing on the 
environmental contamination level, suggest to increase this level up to 90 -130 
micrograms. In Latvia, Se level is on average 40 to 50 micrograms per liter of 
blood plasma. The daily intake of Se in different countries around the world is 
very different, and it can vary from 7-11 µg per day in Keshan disease affected 
areas to several thousand per day in selenium rich soil areas of central China. 
The Ministry of Welfare of the Republic of Latvia, 2001 August 23 Order 
Nr.233 determined that the recommended daily intake for adults is 60-75 µg Se. 
Insufficient intake of selenium in the body causes hyposelenosis, which most 
often develops in areas with a low selenium content in the soil, water and 
foodstuffs. This micro-nutrient deficiency is linked with more than 70 different 
pathologies and diseases. However, too high Se content is toxic for human 
body.
The selenium content in foodstuffs depends mainly on its content in plant and 
animal raw materials, but this, in its turn, is affected by the content of selenium 
in the soil. The content of selenium in soil is found within a vast range in the 
world from 0.1 to 4 mg kg-1 (England, Scotland) or from 5 to 1200 mg kg-1 
(Colombia, Venezuela, China's central districts), that further determines the  Se 
content in the food chain. In the year 1960 it was already found that Latvia 
belongs to countries with a low selenium level in the soil - in various districts 
throughout the country it is 1.5 to 12 times less than normal values, namely 
0.02-0.12 mg kg-1, and peat soils 0.2-0.4 mg kg -1. In addition, a large part of 
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Latvian soil is characterized by a high acidity and high content of iron. Thus 
selenium may form insoluble compounds resulting in a reduced selenium 
containing ion mobility and bioavailability to plants. 
To provide an optimum amount of Se daily intake, there are three main ways 
practiced in the world: to increase the consumption of products naturally rich in 
Se (e.g., Brazil nuts), Se containing dietary supplements, to enrich and fortify 
food products and raw materials with Se. More than 280 selenium containing 
dietary supplements containing Se within the range from 10 to 350 µg g -1 are 
available in Latvia.
Enrichment of food products is known worldwide and is applied in practice. 
There is known Fe enriched milk, iodinated salt, carotene and vitamin E 
enriched margarine, Se enriched salt, green tea, mineral water, as well as Se 
enriched broccoli, garlic and yeasts. 
Cereals and their products are an important source of Se, even in European 
countries where Se content in soil is low. In accordance with the principles of a 
healthy diet pyramid cereals and their products account for 50% of the total 
nutrient quantity of daily consumption. There are several possibilities to enrich 
or fortify plants, inter alia, cereals by using Se containing fertilizers as well as 
the use of fertilization through the plant leaves spraying them by a Se 
containing solution. 
Selenium concentration in food and forage crops can be increased by adding Se 
to soil-crop systems, a practice termedas agronomic biofortification. 
Worldwide studies show that in such a way it is possible to increase the content 
of Se in cereals (for example, in Finland Se concentration in grain was 
increased from an average of 10 mg kg-1 up to 250 mg kg-1 in spring wheat, to 
50 mg kg-1 in winter wheat, to 40 mg kg-1 in rye). In such cases problems may 
arise due to selenium residue in the soil, causing environmental pollution. 
Therefore, a safer and more effective way is the enrichment of cereals during 
the germination process, which not only enrich the grain with the necessary 
trace elements including selenium but also improve the content of biologically 
active substances in them. There is little scientific information on hull-less 
grain enrichment with Se during germination as well as on nutritional changes 
of germinated grain and their practical application. In Latvia there are no data 
regarding Se content in crops grown in Latvia and their processed products, 
grain enrichment opportunities with selenium during germination, and effects 
of selenium on the changes of biological active compounds. 

After summarizing the theoretical and experimental data found in literature, the

hypothesis of the doctoral thesis was set as follows: by enrichment of cereals 
with Se during the process of germination it is possible to increase the selenium 
content and to change significantly the content of other biologically active 
substances in the grain. 
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Evidence of hypothesis: 

1. The uptake of selenium during germination depends on Se form and 
concentration.

2. The content of Se in solution influences the formation of biologically 
active substances in wheat, hull-less barley and hull-less oat grain 
during germination. 

3. The selenium enriched wheat grain additive is safe for chickens. 
4. The selenium enriched hull-less oat grain additive increases Se content 

in wheat bread without the quality changes. 
The aim of the research was to obtain and evaluate the quality of grain 
fortified with selenium. 
The objectives of the research were the following:

1. To analyze the content of selenium in cereals and cereal products 
produced in Latvia. 

2. To determine the influence of selenium forms and concentration on the 
grain germination. 

3. To find out the connections among Se content, Se uptake and grain 
germination.

4. To investigate the influence of selenium on the content of biologically 
active compounds - thiamine, riboflavin, pantothenic acid, ascorbic 
acid, tocopherols as well as the content of essential amino acids in 
germinated grain. 

5. To work out mathematical models to indicate and make predictions of 
the changes of selenium content, grain germination and thiamine, 
riboflavin, pantothenic acid, ascorbic acid and tocopherol content. 

6. To test the influence of wheat grain enriched with selenium additives 
on the chicken organism. 

7. To investigate the possibilities of increasing selenium content in wheat 
bread by adding hull-less oats supplemented with selenium. 

The novelty of the research and scientific importance: 

1. The process of obtaining Se fortified grain was evaluated and the 
optimum concentration of sodium selenate solution was determined to 
obtain Se fortified wheat, hull-less oat and barley grain. 

2. The Se uptake, grain germination and Se content in grain depending 
on Se concentration in solution were investigated. 

3. The correlation between selenium and the content of other biological 
active compounds in grain was determined. The mathematical models 
for indicating the expected changes of thiamin, riboflavin, pantothenic 
acid, vitamins C and E, selenium content and grain germination were 
developed.
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4. The influence of wheat grain additives enriched with selenium on the 
changes of glutathione, glutathione peroxidase, malondialdehyde, 
retinol and tocopherol content in chickens during growing was tested. 

5. Hull-less oats supplemented with selenium was applied to increase the 
selenium content in wheat bread.

The research was supported by a Grant of the Latvian Council of Science No. 
06.0039 „The development of agricultural raw material processing and a 
sustainable food system to promote public health”. 

The economic importance of the research 

Grain enrichment with selenium during germination will provide food with 
increased selenium content for Latvian people and protect them from a possible 
selenium deficiency as well as manufacturers will be offered to produce new 
foods with higher nutritional value. 

APROBATION OF THE SCIENTIFIC WORK 

The research results have been reported at 14 international scientific 
conferences and congresses in Latvia, Slovenia, Estonia, Lithuania, Bulgaria, 
Greece, Finland, France, Hungary, Croatia, China, and Egypt (see the list on 
pages 7 and 8).
The research results are collected and published in five recognized refereed 
scientific publications in the English language (see the list on page 8). 

MATERIALS AND METHODS 
Time and place of research 

The experimental work was carried out during the period from the year 2005 to 
2009 based on previous experiments started in 2002.
The investigations were carried out at the following places: 

• Laboratory of Inorganic and Analytical Chemistry of the Chemistry 
Department, Latvia University of Agriculture (LUA); 

• Laboratory of Packaging Material Investigations of the Food 
Technology Department, LUA; 

• Technological laboratory of Bread production of the Food Technology 
Department, LUA; 

• Research Laboratory of Agronomy Analysis, LUA; 
• Laboratory of Animal Biochemistry and Physiology of the Institute of 

Biology, Latvia University; 
• Laboratory of Food and Environmental Investigations of the National 

Diagnostic Center, Food and Veterinary Service; 
• Laboratory of Ltd. „Environmental audit”. 



43

Materials used in the research 

Wheat grain (variety „Kontrast”) from Ltd. „Zelta v rpa” (harvested in 2005), 
hull-less barley and hull-less oats cultivated at State Stende Cereals Breading 
Institute in Latvia (harvested in 2006, 2008), sodium selenite (Na2SeO3 5H2O)
and sodium selenate (Na2SeO4) (Fluka, analytical grade, purity>98%), as well 
as bread, manna, peeled barley and wheat, barley, rye, oats and wheat flakes 
from commercial networks RIMI and Maxima (October, 2007) were used to 
determine the selenium content and to fortify grain with selenium. 
In order to make experimental wheat bread samples with oat flour additives the 
following ingredients were used: wheat flour of type 550 from joint-stock 
company. „Dobeles Dzirnavnieks”; germinated hull-less oat flour fortified with 
selenium (experimentally obtained with selenium content 0.448 mg kg-1 and 
1.082 mg kg-1), pressed yeast from the joint-stock company „R gas raugs” UTN 
40003040518-101-2002; sugar, producer the joint-stock company „Jelgavas 
Cukurfabrika” in conformity with the Cabinet of Ministers of the Republic of 
Latvia Regulation No 337 of 8th July 2003 „Requirements on Quality, 
Classification and Marking for Different Sugar Types”; salt, producer VPO 
„Artemsol”, Ukrain LST 1930:2003 (GOST 13830-97), in conformity with the 
Cabinet of Ministers of the Republic of Latvia Regulation No 488 of 5th July 
2005 „On Mandatory Harmlessness, Quality, Hygiene and Marking 
Requirements for Salt Distribution and Use in Food Production”; margarine 
Delma (fat content 48%, Poland); water in conformity with the Cabinet of 
Ministers of the Republic of Latvia Regulation No 235 of 29th April 2003 
„Mandatory Harmlessness Requirements for Drinking Water”.
In order to test the harmlessness of the germinated wheat grain enriched with 
selenium the experiments were carried out on one-day-old Lohmann brown 
chicks from Latvian poultry company Balticovo.  

Germination and sample preparation 

Wheat, hull-less barley and hull-less oat grain were soaked and germinated at 
room temperature +18±2°C, under natural day/night conditions using sodium 
selenite Na2SeO3 and sodium selenate Na2SeO4 solutions. The period of 
germination was 72 – 120 h. The concentration of selenium was 1, 5, 10, 25, 
50, 100 and 200 mg l-1. The grain (100g) was soaked for 12h in the above 
mentioned solutions (500 ml), and let to sprout. During germination, the 
sprouts were rinsed two times every day with 100 ml of solutions. The 
germination of grain with deionized water served as a control. After 
germination, all sprouts were washed off carefully with deionised water (5x500 
ml) to exclude contamination of the surface of sprouts with culture solution, 
dried for 48 h +60±5°C(till moisture 9%), then they were ground. The 
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experiments were perfomed in triplicates. The scheme of obtaining germinated 
grain fortified with selenium is shown in Figure 1 (page 11). 

Methods of analysis. 

The grain germination activity (%) was determined by counting the sprouted 
grains after 3 and 5 days of germination at room temperature +18±2°C.
The content of selenium was determined by a standard method AOAC 986.15

The crude protein content was determined by Kjeldal method (AACC 42-20).  
The content of amino acids was determined by a standard method AOAC 
985.28 and a chromatographic method of the amino acid analyzer AAA 339 
(Microtechna Praha). 
The content of vitamins was determined: 

Thiamine (vitamin B1) – by a standard method AOAC 986.27. 
Riboflavin (vitamin B2) – by a standard method AOAC 970.65.
Pantothenic acid – by a standard method AOAC 961.14.
Ascorbic acid (Vitamin C) – by a standard method AOAC 935.33.
Tocopherols (Vitamin E) – determination was based on a chromatographic 
separation, oxidizing tocopherol with FeCl3, , ` dipiridil and colorometrical 
determination at the wavelength of 492 nm. 

The test of wheat grain enriched with selenium 

Animals. One-day-old Lohman brown chicks were obtained from the Latvian 
poultry company BALTICOVO. 
Experimental design.

Chicks were housed at the vivarium of the Institute of Biology, Latvia 
University in cage units with free access to feed and water. At the beginning of 
the experiment the animals were weighed and divided into two groups of  
40 animals in each. Chicks of Group 1 (control diet group) were fed a wheat-
barley full-fed basal diet C01, containing all necessary elements. The selenium 
concentration in basal diet was 0.25 mg kg-1. Chicks of Group 2 (experimental 
diet group) were provided with the same basal diet supplemented with wheat 
grain flour additives enriched with selenium. The total dose of selenium of the 
experimental diet was 0.40 mg kg-1.
As to body weight gain, chicks and residual feed were weighed on day 1, 7, 14, 
21, 28, and feed consumption was calculated. Five chickens from each group 
were killed by decapitation, in accordance with the recommendations for 
euthanasia of experimental animals of the European Convention  
(Close et al., 1998). The liver was taken, weighed and the content of Se, MDA, 
GSH, vitamins A and E or activity of GSHPx were measured immediately or 
after storage at -20°C until all were examined. All indices were determined also 
of one-day-old chicks. The total duration of experiment was 30 days. 
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Methods of analysis

The content of selenium was determined by a standard method AOAC 996.16.
The content of malondialdehyde (MDA). The method is based on the reaction of 
MDA and thiobarbituric acid determining absorbtion at the length of 535 nm of 
light waves (Bieri, 1960).
The determination of glutathione is based on the reaction with sulfhydryl 
reagent 5,5 -dithio-bis(2-nitrobenzoic acid) to form a yellow derivative  
5 -thio-2-nitrobenzoic acid measurable at the wavelength of 412 nm. 
Glutathione peroxidase activity was estimated by a modified Pinto-Barley 
method. The enzyme activity was assessed by the reduction of glutathione 
content in comparison with the control. 
The content of retinol was determined photometrically at the wavelength of 
 412 nm.

Experimental wheat bread samples with ground oat additives fortified with 

selenium

The wheat bread with ground oat additives has been prepared in accordance 
with technology worked out by D.K ava (2004), Department of Food 
Technology, LUA. The content of selenium in wheat flour was 0.013 mg kg-1,
in germinated grounded hull-less oats 0.026 mg kg-1, in germinated ground 
hull-lesss oats enriched with selenium (selenium additive I) concentration in 
solution was 1 mg l-1, content in oats was 0.448 mg kg-1, in germinated hull-
lesss oats enriched with selenium (selenium additive II) concentration in 
solution was 5 mg l-1, content in oats– 1.082 mg kg-1).
The technological scheme of bread preparation is presented in Fig. 2 (page 13). 
Weight of raw materials and dough was determined by weighing on the 
electronical balance KERN EW 1500-2, range 1500 g, and accuracy ± 0.01 g. 

Methods of analysis

The moisture content in bread samples was determined by a standard method 
LVS 6496. 
The changes of bread hardness were determined by means of a force of Texture 
Analyzer TA.XT plus, 2 cm bread sample, Probe P/25, 25 mm DIA Cylinder 
Aluminum, test speed 1.00 mm s-1, distance 4.00 mm, trigger force 0.04903 N. 
The water activity was determined by Analyzer Meter AquaLab LITE, weight 
of sample 1 g, room temperature, duration 5 min, and accuracy ± 0.015 aw.
The pH was determined by a standard method AACC 02-52, using pH-meter, 
range of pH from 0 to pH 14, accuracy ± 0.01. 
Titritable acidity was determined by a standard method AACC 02-31. 
The content of selenium was determined fluorometrically by a standard method 
AOAC 996.16. 
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Mathematical data processing

The statistical analyses of data were carried out using Microsoft Excel for 
Windows 7.0 and SPSS11.5. Mean values and standard deviations and 
significant values were calculated, statistical comparisons were performed 
using t-test, dispersion, correlation, and regression analysis. Statistical 
significance was set at p<0.05. 
On the basis of the experimental data there was developed a non-linear three-
dimensional mathematical model, which shows the mathematical agreement 
between selenium content, germination and thiamine, riboflavin, pantothenic 
acid, vitamins C and E content in grain. The model was developed by using 
possibilities of multifunctional analysis with mathematical programme 
MATHCAD.

RESULTS AND DISCUSSION 

1. The content of selenium in cereals and cereal products 

It is reported in literature that cereals and cereal products contain a wide range 
of selenium concentration between 0.0010 and 0.550 mg kg-1

(FAO, WHO, 2001). Se concentration of cereal grain produced in some regions 
of China are as low as 0.003-0.007 mg kg-1 (FAO, WHO, 2001), but wheat 
grain produced in the North and South Dakota in the US may contain more than 
2 mg kg-1 (Combs, 2001). 
The results of the research (Figure 3) show that selenium content in wheat, 
hull-less barley, hull-less oat and rye grain harvested in Latvia is within the 
range from 0.01533 mg kg-1 to 0.03533 mg kg-1, in addition, the variety of 
cereal has a significant effect on the content of selenium (p <0.05). The content 
of selenium is lower in hull-less grain (barley and oats). 
In comparison, the content of selenium in cereals cultivated in Finland is five 
times, in England – 15 times, but in Germany 25 times higher than in Latvia 
(Eurola, 1990; McNaughton, 2002; Combs, 2001). 
Different manufactured products have been obtained during the wheat grain 
milling – a different type of flour, bran and germ fractions.
The obtained results (Figure 4.) have shown that the content of selenium is 
higher in flour type 1600, germ and bran fractions, but in flour type 405 it was 
observed three times less than selenium content in wheat grain. Such 
differences could be explained by the placement of mineral substances in fruit 
coat, pericarp and germ of the grain. Flour type 1600 is the darkest wheat flour; 
it contains a lot of mineral substances and fiber.
Comparatively, the content of selenium in wheat flour manufactured in Finland 
is on average 0.170 mg kg-1 (Eurola et al., 1990), in Ireland – from 0.060 to 
0.099 mg kg-1 (Murphy et al., 2001), but in some regions of Russia the content 
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of selenium is similar to Latvia – between 0.034 and 0.064 mg kg-1

(Golubkina, 1997).
The content of selenium was determined in different bread (Rye bread, Ar ju
whole meal bread, Milk bread), manna, peeled barley and wheat, barley, rye, 
oat and wheat flakes from commercial networks – all samples contained 
selenium less than 0.014 mg kg1. In comparison, the content of selenium in 
bread manufactured in Finland is 0.180 mg kg-1 (Eurola, 1990), in Ireland - 
from 0.039 to 0.048 mg kg-1, but in whole meal breads 0.094 - 0.146 mg kg-1, in 
England 0.053 - 0.095 mg kg-1, but in whole meal breads 0.043 -0.044 mg kg-1

(Murphy, Cashman, 2001). Consequently, the selenium content in breads and 
whole meal breads produced in Latvia is on average 3-13 times less. It can be 
explained first of all by a reduced import of Se rich, high protein wheat for 
bread making flour from North America and Canada during last 10-20 years. 
Wheat flour type 405, which characterizes with low selenium content is mostly 
used for bread making in Latvia as well as part of Se containing compounds are 
volatile at higher temperatures and during manufacturing will be lost. 

2. Grain fortification with selenium during germination 

Establishing the low content of selenium in grain and grain products produced 
in Latvia, one of the tasks of scientific work was to investigate the possibilities 
of grain enrichment with selenium. Germination was chosen because it 
additionally improves the nutritional value of grain – the content of protein, 
amino acids, and vitamins is changed. It is known that germination may 
influence the level and bioavailability of the bioactive compounds (Tian et al., 
2010; Katina et al., 2007; Lintschinger et al., 1997, 2000).. As there is little 
information in scientific literature on the effect of selenium on hull-less grain 
germination, the influence of different selenium inorganic forms (SeO3

2- and 
SeO4

2-) and concentration on wheat, hull-less barley and hull-less oat grain 
were investigated. The used Se inorganic salts are permitted for the production 
of food supplements in European Union countries, governed by the European 
Parliament and the Council Directive 2002/46/EC of 10 June 2002 “On the 
approximation of laws relating to food supplements ", as supplemented by the 
directive No.1170/2009 of 30 November 2009 “Lists of vitamins and minerals 
and their forms that can be added to foods, including food supplements”.
The obtained results showed that grain germination activity depends on the Se 
degree and its concentration in solution.  
The obtained results (Figure 5) have shown that all analyzed Se (VI) 
concentrations, except 200 mg l-1, promoted the germination of wheat grain. 
The changes of wheat grain germination were significant (p<0.05), if the 
concentration of selenium was between 1 mg l-1 and 50 mg l-1, but the highest 
germination activity was observed when selenium concentration was between  
5 mg l-1 and 25 mg l-1. Sodium selenite increased the germination up to Se 
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concentration 10 mg l-1, but with increasing Se (IV) concentration in a solution 
the wheat grain germination decreased dramatically.
All analyzed selenium concentrations promoted germination of hull-less barley 
grain (Figure 6.). The changes are significant (p<0.05) if selenium 
concentration is up to 50 mg l-1. Equal concentrations of Se (VI) and Se (IV) 
showed the major differences of grain germination activity.
The highest germination activity 88% (Fig.7) was determined in hull-less oat 
grain of control sample; consequently, the experimentally lower germination 
increase - only 6% was observed (Se (VI) concentration in solution was 5 mg l-

1) compared with control sample. Hull-less oat grain is also characterized by the 
highest decrease of germination activity 46.6% (Se (IV) concentration in 
solution was 200 mg l-1).
The highest germination activity of hull-less oats was observed at selenium 
concentration between 1 mg l-1 and 5 mg l-1 unlike the wheat grain (till 
concentration 25 mg l-1) and hull-less barley (till concentration 10 mg l-1). This 
difference could be explained by a higher germination activity of hull-less oat 
control sample, the chemical composition of grain as well as with different 
selenium uptake during germination. The results of variance analysis have 
shown that the selenium concentration and variety of grain have a significant 
effect on the grain germination activity (p<0.05). Better germination results 
were obtained using sodium selenate Na2SeO4 - Se (VI) as Se additive 
compared with the Se concentration, which was obtained by using sodium 
selenite Na2SeO3 - Se (IV). That confirmed conclusions reported in literature 
that selenate is transported more easily than selenite or organic Se  
(Terry et. al., 2000); then for next experiments only different concentrations of 
sodium selenate had been used.
It is known that cereals belong to Se non-accumulating plants due to a limited 
ability of selenium uptake from the soil and incorporation in compounds (Terry 
et al., 2000; Dhillon and Dhillon, 2003; White et al., 2004). That was confirmed 
by research experimental data not only with wheat grain but also with hull-less 
cereals. Moreover, connections between germination activity, Se content in 
grain and selenium uptake from solution were found out (Fig. 8, 9, 10).   
The data show (Fig.8) that the highest uptake of selenium in wheat grain is 
possible to selenium concentration 10 mg l-1. At selenium concentration more 
then 25 mg l-1, selenium uptake increases on average two times, but the content 
of selenium in wheat grain remains constant (1.1 mg kg-1 - 1.2 mg kg-1). While 
Se concentration decreases to 50 mg l-1, the uptake of selenium does not 
change, and the content of selenium increases two times, but germination 
activity decreases. A conclusion can be drawn if the selenium content is more 
than 1.2 mg kg-1 in germinated wheat grain it starts to inhibit biological 
processes. The equation 1. characterizes the agreement between germination 
activity of wheat grain (y) and selenium content (x). 
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713.89356.8901.1
2

++= xxy (1)
The highest increase of hull-less barley germination activity (18.3%) has 
been observed at selenium concentration of 10 mg l-1, but the highest 
selenium uptake at concentration of 1 mg l-1 (Fig. 9). If selenium 
concentration exceeds 10 mg l-1, both selenium uptake and germination activity 
decrease on average for 10%. We can conclude that selenium content to 3 mg 
kg-1 promotes germination activity of hull-less barley. The equation 2. 
characterizes the agreement between germination activity of hull-less barley 

grain (y) and selenium content (x). 788.86335.8965.1
2

++= xxy  (2) 
Unlike wheat and hull-less barley, the germination activity of hull-less oats 
deceases significantly (p<0.05) if selenium concentration increases up to 10 
mg l-1 (Fig.10). Such differences could be explained by a very fast selenium 
uptake (42.4%) at selenium concentration of 1 mg l-1 reaching 0.448 mg kg-1

content in grain. The equation 3 characterizes the agreement between 
germination activity of hull-less oat grain (y) and selenium content (x). 

761.91114.1
2

446.0 += xxy  (3) 
With increasing Se concentration for five times, the content of selenium 
increases only for 2.5 times (content of selenium 1.082 mg kg-1). Further 
increasing selenium concentration, a decrease of Se uptake and germination 
activity was observed. It allows concluding that Se content above 1 mg kg-1 in 
germinated hull-less oats starts to inhibit biological processes.

.3. Interactions between selenium and other 

 biological active compounds in grain 

3.1. The content of B group, C and E vitamins in grain 

 fortified with selenium 

Cereals are a good source of B-group vitamins. To assess the effect of Se 
additives on vitamin content in germinated grain, vitamin content in grain 
germinated without selenium were analyzed. Experimental results are presented 
in Table 1. The changes of B group, C and E vitamins content during 
germination and the influence of selenium concentration are reflected in 
Figures 11, 13, 15. 
The results of the research (Fig.11.) show that the presence of Se significantly 
decreases the content of thiamine, and the highest relative decrease was 
observed at Se concentration of 200 mg l-1 (wheat grain by 97%, hull-less 
barley by 99%, but hull-less oats by 54% ). The results of variance analysis 
have shown that the Se concentration has a significant effect on the thiamine 
content in germinated grain (p<0.05). All thiamine during germination in wheat 
grain was consumed starting at Se concentration of 100 mg l-1, but in hull-less 
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barley - starting at 50 mg l-1. That relates to a relative decrease of wheat grain 
germination of 10%, but the lack of thiamine in oats could not be the cause of 
germination decrease, because the relative decrease of the vitamin content in 
hull-less oats is generally lower than in wheat and hull-less barley sprouts. 
The established mathematical correlations (4, 5, 6) and graphic images  
(Fig. 12) allow to analyze and predict the changes of thiamine content 
depending on grain germination activity and Se content in grain. The following 
2-order non-linear equations of the correlation (1 - wheat, 2 – hull-less barley, 
3– hull-less oats) characterize the thiamine content (C), grain germination (D) 
and Se content of grains (S):

75.24012.00017.04.006.02
22

++++= DSDDSSC (4)

coefficient of determination 984.0
2
= ;

DSDDSSC +++= 00047.00035.0613.0006.0218.07.27
22 (5)

coefficient of determination 899.0
2
= ;

DSDDSSC +++= 011.00024.0466.0013.0279.143.27
22 (6)

coefficient of determination 993.0
2
= .

Comparing all analyzed cereals, it is apparent that similar tendencies can be 
observed: the thiamine content decreases with increasing Se content in grain, 
and it should not exceed 5 mg kg-1, in order to maintain the thiamine in 
germinated grain. 
The obtained results show evidence that the changes of riboflavin content in 
germinated grain significantly depend on the Se concentration  
(p-value = 0.0003 <0.05) and type of grain (p-value = 0.0015 <0.05). 
Analyzing the content of riboflavin in germinated grain (Fig.13), similar 
tendencies can be observed - the vitamin content in wheat grain and hull-less 
oat grain increases to the concentration of 25 mg l-1, but in hull-less barley to 
the concentration of 50 mg l-1. After that, the content of vitamin decreases for 
20-30%, that corresponds to a decrease of grain germination activity. 
The relative decrease of riboflavin content in germinated hull-less oats at Se 
concentration of 1 - 10 mg l-1 could be explained by a high Se uptake, and 
hence a rapid increase on average 17 times of Se content in grain. It can inhibit 
the biological processes, including riboflavin synthesis, because of the potential 
of increased lipid oxidation in plants, thereby causing oxidative stress in plants 
(Hartikainen et al., 2000). 
The changes of riboflavin content in germinated grain can be explained by the 
different content of Se. The correlation between the riboflavin content C, grain 
germination D and Se content of grain S: expressed in equations 7 (wheat),
8 (hull-less barley), 9(hull-less oats): 

69.4300088.00054.096.0021.077.0
22

++= DSDDSSC (7)
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coefficient of determination 894.0
2
= ;

DSDDSSC ++= 000268.00015.0276.000146.0022.0549.10
22 (8)

coefficient of determination 817.0
2
= ;

DSDDSSC +++= 00141.0000228.0053.000044.0131.041.4
22 (9)

coefficient of determination 864.0
2
= .

The obtained mathematical models and their graphic display (Fig.14) give 
possibilities to evaluate and predict the optimum conditions to increase the 
riboflavin content depending on Se content in grain and grain germination. 
The results of research show that if the Se content of wheat grain is up to  
4 mg kg-1, and germination is above 82%, then riboflavin content is on average 
1.5 mg kg-1. In contrast, if the Se content is within the range from 5.5 mg kg-1

to 8 mg kg-1, then the vitamin content depends on the germination activity. If Se 
content in grain is higher than 8 mg kg-1, and the vitamin content is less than  
1 mg kg-1 at any germination activity, then the germination effect on riboflavin 
content in wheat grain is insignificant (p>0.05).
The highest riboflavin content in germinated hull-less barley is possible to 
obtain if the Se content is up to 13 mg kg-1, and this is closely related to the 
grain germination. 
Germinated hull-less oats are more sensitive regarding changes in the Se 
content, and the highest riboflavin content is achievable when Se content in 
hull-less oats is less than 5 mg kg-1, even if the grain germination is very low. 
Evaluating the effects of selenium on the content of pantothenic acid in 
germinated grain, it can be seen (Fig.15) that it is higher in all the investigated 
Se concentrations compared with the control, but a significant increase in wheat 
and hull-less oat grain was found at the Se concentration of 25 and 50 mg l-1

(p <0.05). 
Noticeable, but difficult to be explained is the fact that the most important  
relative increase of pantothenic acid content in all grains was observed when Se 
concentration in solution varies from 10 mg l-1 to 25 mg l-1. That relates to the 
fact that the selenium content in wheat and hull-less barley practically does not 
change at these concentrations (Fig. 8, 9). In oats, such regularities are not 
observed.
The increase or decrease of pantothenic acid content, like thiamin and 
riboflavin, could be explained by a different Se content in germinated grain. 
Such a conclusion is based on developed mathematical models and their 
graphic images (Fig.16). Correlation between pantothenic acid content C, grain 
germination D and Se content in grain S is expressed by the equations:  
10 (wheat), 11 (hull-less barley, 12 (hull-less oats): 

C = -28.2S + 0.146S2 + 2.88 D – 0.016D2 + 0.324SD – 68.27 (10) 

coefficient of determination 759.0
2
= ;



52

C = -225.47+1.706·S–0.032·S2+6.305·D + 0.036·D2 – 0.009·S·D (11) 

coefficient of determination 992.0
2
= ;

C = 29.77+1.304· –0.086·S2– 0.298·D – 0.0018·D2 + 0.0045·S·D (12) 

coefficient of determination 903.0
2
= .

Although the experimentally determined largest content of pantothenic acid in 
germinated wheat grain was found 69.35 mg kg-1, a mathematical model can 
predict that it can be increased to 90 mg kg-1 if the Se content of the grain is 
from 8 mg kg-1 to 10 mg kg - 1, but germination activity is more than 93% 
(Fig.16).
The biological processes taking place during germination of hull-less oats are 
closely connected with selenium content in grain. Unlike wheat and hull-less 
barley, Figure 16 shows that the Se concentration in grain from 4 mg kg-1 to  
16 mg kg-1, and germination above 55% allow to achieve the content of 
pantothenic acid to 25 mg kg-1. The smallest and the largest Se concentration in 
grain, regardless of germination activity, do not allow to obtain pantothenic 
acid content more than 20 mg kg-1.
Ascorbic acid (Vitamins C), tocopherols (Vitamin E), and selenium are natural 
antioxidants that protect cells and their membranes from free radicals. Whole 
grain is a source of vitamin E, but it does not contain vitamin C, and its 
biosynthesis occurs only in grain germination process.
The results of research show that all studied selenium concentrations as well as 
grain type significantly affect the content of ascorbic acid (p <0.05).The 
obtained results (Fig.17) show that increasing Se concentration to  
10 mg l-1, a radical increase of vitamin C content up to 67% (wheat grain) can 
be observe. At Se concentration from 10 to 25 mg l-1, the content of Se in 
germinated wheat grain increases to 1 mg kg-1, but in germinated hull-less 
barley - 3 mg kg-1, and Se uptake decreases on average 2 times (Fig. 8, 9). The 
relative increase of vitamin C content in germinated wheat grain at this stage is 
only 1.6%, in germinated hull-less barley 5.1%, but in germinated hull-less oats 
25.9%. Another factor facilitating Se affect on vitamin C biosynthesis in wheat 
and hull-less barley is Se concentration from 50 to 100 mg l-1. Then the vitamin 
C content increased 2 times compared with the control. 
Correlation between the ascorbic acid content C, grain germination D and Se 
content in grain S are expressed by equations: 13 (wheat), 14 (hull-less barley), 
15 (hull-less oats): 

93.133455.0024.029.3747.0067.48
22

++= DSDDSSC (13.)

coefficient of determination 996.0
2
= ;

7.240063.000455.0863.0087.0673.2
22

+= DSDDSSC (14.)

coefficient of determination 986.0
2
= ;

4.100043.0013.05.2212.024.7
22

+= DSDDSSC (15.)
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coefficient of determination 954.0
2
= .

The results of research (Fig.18) show that optimum Se level for vitamin C 
synthesis in wheat grain ranged from 2.2 mg kg-1 to 3.8 mg kg-1, provided the 
germination is above 82%. Consequently, the increase of vitamin C content at a 
lower Se content in grain might be more related to changes in grain 
germination. When the content of Se in germinated wheat grain is higher than 
3.8 mg kg-1, it is possible to achieve a high vitamin C content even at a lower 
germination. The highest content of vitamin C - more than 25 mg kg-1 in 
germinated hull-less barley can be obtained if the Se content ranges from  
8 mg kg-1 to 17 mg kg-1, and the germination is more than 82%. If Se content is 
between 6 mg kg-1 and 14 mg kg-1, and the germination is above 60%, the 
highest content of vitamin C was observed in hull-less oat grain.
The obtained results (Fig.19) show evidence that the content of tocopherols in 
germinated grain depends on the Se concentration in solution. The largest 
relative increase of vitamin E content in germinated hull-less grain was found 
at Se concentration of 10 mg l-1 (barley) or 25 mg l-1 (oats). The increase of 
vitamin E content in germinated wheat grain was not observed. The correlation 
between the vitamin E content C, grain germination D, and Se content of grain 
S are expressed by equations 16 (wheat), 17 (hull-less barley, 18(hull-less oats) 
(graphic image see Fig.16).

53.28026.000624.0144.1044.0965.1
22

+= DSDDSSC (16.)

coefficient of determination 972.0
2
= ;

DSDDSSC ==+= 013.000081.0287.000194.044.115.12
22 (17.)

coefficient of determination 955.0
2
= ;

4.91051.0015.0625.2097.011.5
22

+= DSDDSSC (18.)

coefficient of determination 948.0
2
= .

We can see (Fig.20) that to increase the vitamin E content of germinated wheat 
grain to 20 mg kg-1 - 23 mg kg-1, the Se content of grain should not exceed  
5.5 mg kg-1, if the germination is higher than 82%. The changes of vitamin E 
content in hull-less barley depends on Se content and grain germination 
activity. To obtain the content of vitamin E in germinated hull-less oats not less 
than 21.1 mg kg-1 (control sample), the Se content must be 6 mg kg-1 and 
germination activity 95%. 

3.2. The content of protein and amino acids in grain fortified with selenium 

The content of protein in cereals depends on several factors, including the grain 
type and variety, growing conditions, fertilizer. Analyzing the content of crude 
protein in germinated grain a conclusion can be drawn that the influence of Se 
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was observed. By applying t-tests it was established that the crude protein 
content does not change significantly (p> 0.05) in all the sprouts of wheat 
grains at different Se concentrations, but significantly changes (p <0.05) were 
observed in germinated hull-less grain: hull-less oats – at Se concentration of  
5 mg l-1, 10 mg l-1, 50 mg l-1 or 100 mg l-1 and hull-less barley, at Se 
concentration of 100 mg l-1 and 200 mg l-1. Also, the total content of essential 
amino acids differs significantly among grain types and vary depending on Se 
concentration of the solution. Variance analysis allows to find significant 
differences (p-value <0.05) on the content of some essential amino acids –
valine, methionine, leucine, tyrosine, phenylalanine in germinated grain. 

4. The influence of wheat grain fortified with selenium on chicken’s 

organism

Chicken is especially useful in biological studies due to its high intensity of 
metabolic processes. Chicken is very easy to identify and study, which makes it 
optimal for monitoring (Klandorf et all., 1999, Fasol, 2006). The selenium 
enriched, ground, germinated wheat grain was added to the chicken feed.
Selenium is part of antioxidative system of a living organism. To characterize 
the oxidative processes occurring in chickens, some components of 
antioxidative defence system were controlled during the experiment: the 
content of selenium, glutathione, malondialdehyde, activity of 
glutathionperoxidase, as well as the content of vitamins A and E of chicken 
liver.
The content of selenium increased in chicken liver during the experiment, and 
reached a maximum on the 20th day in both animal groups. The results, as 
shown in Fig. 21, indicate that the highest content of Se was found in 20-day-
old experimental group chicken liver, which can be explained with a good 
intake and assimilation of nutrient at this period. The Se content in control diet 
group chicken liver was about 52.7%, while in experimental diet group this 
index was for 61.5% higher than the content of Se in one-day-old chicken liver. 
A conclusion can be drawn that Se concentration in the feed is closely 
associated with the Se concentration in the liver. The obtained results confirm 
the conclusions mentioned in literature that the more Se is in the diet, the higher 
is Se concentration in chicken liver (Pan, et al., 2007; Haug, et al., 2008; Wang,

et al., 2008).
Glutathione is tripeptide formed in vivo from L-cysteine, L-glutamic acid and 
glycine. Although it can be synthesized in all body cells, most important is its 
synthesis in the liver. For example, birds and mice, the liver of which for 
genetic reasons cannot synthesize GSH, dies in the first month of life (Chen, et 
al., 2007). The obtained results (Fig.22) show evidence that the fastest increase 
of glutathione content in chicken liver of control diet group was observed in  
10 days of feeding, but further the content did not increase significantly, 
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whereas the changes of glutathione content in experimental diet group chicken 
liver was regular. The content of glutathione of experimental diet group of 
chickens increased on average for 25% slower. This difference could be due to 
changes of enzyme glutathione peroxidase activity during the experiment. 
Glutathione peroxidase (GSH-Px) is an enzyme, containing four units of 
selenocystein and its antioxidative activity is generally related to the amount of 
trace element selenium. The effect of dietary supplementation with and without 
selenium source on glutathione peroxidase activity is shown in Figure 23. The 
higher level of glutathione peroxidase in one-day-old chickens liver samples is 
associated with Se content in eggs as well as with formation of antioxidative 
defence system in thechicken embryo. It is reported in literature that GSH-Px 
activity increases through the time of chicken embryo development and 
achieves the maximum at hatching process (Surai, 2002; Gaal et al., 1995; 
Wilson et al., 1992). The activity of glutathione peroxidase increased rapidly in 
the experimental diet group fed feed additives enriched with Se compared to 
the control: on day 10 by 5.3%, but on day 30 by 11%. The obtained results 
allow to conclude that the activity of glutathione peroxidase in the liver is 
connected with Se uptake. These results coincide with results of studies on 
chicken (Haug et al., 2008; Wang, et al., 2008) and on rats  
(Reeves et al., 2007). Besides, the obtained results allow explaining the above 
results, the glutathione level of experimental chicken liver is lower than in the 
control group, because glutathione is used as a substrate for the enzyme 
activity.
Malondialdehyde (MDA) is defined as a final product of lipid peroxidation 
(Bieri et al., 1960) and, therefore, the accumulation of this compound in the 
liver is used as a marker for evaluation of oxidative processes.
The results of the study (Fig.24.) show that the content of malondialdehyde in 
the control diet group after 10 days has increased, which can be explained with 
activation of oxidative processes at the beginning of the experiment. However, 
the content of malondialdehyde in the experimental diet group at this time 
decreases by 24% compared with the control group. Since the content of Se at 
this time was 14.75% higher and the activity of glutathione peroxidase was 
5.3% higher in the experimental group than in the control group at this time, we 
can conclude that selenium as a component of antioxidative defence system 
prevents the oxidative processes, and therefore the accumulation of 
malondialdehyde in the liver decreases. MDA accumulation in chicken liver of 
the experimental diet group was for 16.6 and 17.2% less compared with the 
control groupalso after 20 and 30 days of feeding
The results of research show that content of Vitamins E and A is higher in 
experimental diet group: the content of vitamin A was 8.13% higher, but the 
content of vitamin E – 7.48% higher compared with control diet group. We can 
conclude that increased selenium content in feed and hence the higher content 
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in chicken liver promotes the maintenance of antioxidative components, 
including vitamins A and E, and reduce the oxidation. 
In all, the results of research have shown that the germinated wheat grain 
additive fortified with selenium gives a positive effect on the chicken 
antioxidative system components. This is demonstrated by increasing of 
activity of glutathione peroxidase, reduction of malondiadehyde accumulation 
and higher content of vitamin A and E in the experimental diet group of 
chicken compared with the control group. 

5. The application of fortified grain to bread production 

It is known that germinated oat flour could be use for increasing nutritional 
value of wheat bread (Kaukovirta-Norja et al., 2004). That is why within the 
framework of this research the germinated hull-less oats enriched with Se were 
used for wheat bread production with the aim to increase the content of Se in 
the bread. The germinated hull-less ground oats as 10% and 20% additives with 
Se content 0.448.mg kg-1 (Se additive I) and 1.082 mg kg-1 (Se additive II) were 
used (Se concentration in solution 1 mg l-1 and 5 mg l-1).
The obtained results show evidence that germinated hull-less ground oat 
additives enriched with selenium did not influence the external appearance of 
wheat bread compared with the control sample. During baking, part of Se is lost 
because during baking process the volatile Se containing compounds are 
formed (Mo et al., 2006). As a result, 33% to 43% of selenium that was present 
in the raw materials, remains in wheat bread, produced with hull-less ground 
oat additives enriched with selenium. In control samples, this figure is slightly 
higher 41% - 51%, that could be explained by both a low selenium content in 
raw materials and the fact that the germinated grain could be less inorganic 
forms of selenium. It is possible to increase the content of selenium in wheat 
bread by adding fortified grain. The obtained results (Fig.25) show that the 
content of Se increases from 0.006 mg kg-1 to 0.087 mg kg-1; thereby, it 
increases from three times to 10 times compared with the control. It depends on 
the amount of ground oat additives in the wheat bread and Se content in hull-
less oats. As a result, a final product is obtained where the content of Se reaches 
but not exceeds Se level in bread produced abroad (Eurola, 1990; Murphy, 
Cashman, 2001). The results of the study demonstrate that increasing ground 
oat additives at concentrations from 10% to 20%, increase the added force to 
press it due to the increase of its density, but these differences are insignificant. 
Also, Se concentration of oat additive does not change significantly the wheat 
bread hardness and elasticity (p> 0.05), compared with the control sample.
The analyzed physical and chemical characteristics of bread are presented in 
Table 2. The obtained results show that moisture content, titratable acidity and 
pH in wheat bread with ground oat additives enriched with Se vary depending 
on the amount of oat flour in bread, but the influence of Se concentration in the 
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additive is insignificant (p> 0.05). Experimental results suggest that changes in 
water activity of wheat bread with ground oat additives are not significant  
(p >  0.05). 
The conclusion can be drawn that 10% and 20% ground oat additives fortified 
with selenium during germination (Se content 0.448.mg kg-1 and 1082 mg kg-1)
can be used in wheat bread preparation to increase the content of Se in bread 
without significant changes of quality indicators. 

Conclusions

1. Selenium content in wheat, hull-less barley, hull-less oat and rye grain 
grown in Latvia is within the range from 0.015 to 0.035 mg kg-1, but in 
cereal products it is less than 0.014 mg kg-1.

2. It is possible to increase the grain germination enriching with sodium 
selenate for 7% more than using sodium selenite. The investigated wheat, 
hull-less barley and oats reached the maximum germination in sodium 
selenate solution of different concentrations. 

3. The percentage of uptaken selenium amount depends on the grain type and 
Se concentration in solution. Hull-less oats and hull-less barley uptake Se 
most of all, 42.45 and 34.3%, respectively. The optimum Se content in 
barley and hull-less oats to reach the maximum grain germination is 1 mg 
kg-1, but in hull-less barley – 3 mg kg-1, then the selenium concentration 
should be from 5 to 10 mg l-1, and for hull-less oats and barley – from 1 to 
5 mg l-1.

4. Different selenium concentration in solutions influence the content of 
thiamine, riboflavin, pantothenic acid, ascorbic acid and tocopherols in 
wheat, hull-less barley and hull-less oat grain. Thiamine content decreases 
at the Se concentration of 50 mg l-1. Increasing Se concentration, all the 
amount of thiamine in grain is used up during the germination process. 
Changes of riboflavin and pantothenic acid content in grain are similar and 
their content depends on Se concentrations in solution. Formation of 
ascorbic acid in germinated grain was facilitated by all Se concentrations 
experimentally applied. Changes of the content of tocopherols in grain are 
little, but significant. 

5. Selenium concentration influences the amount of amino acids in grain and 
produces significant differences in valine, methionine, leucine, tyrosine 
and phenylalanine content. 

6. Thiamine, riboflavin, pantothenic acid, ascorbic acid and tocopherol 
content in grain, depending on Se concentration in solution and grain 
germination, are possible to predict by the developed 2-stage non-linear 
correlation equations. 

7. Wheat grain additive fortified with Se in chicken feed causes positive 
changes in its anti-oxidative system. In chicken liver of experimental 
group, malondialdehyde is 24% less, A and E vitamin content is 7% 
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higher, but glutathione content is 25% less. That is associated with changes 
of the enzyme glutathione peroxidase activity. 

8. Hull-less oats fortified with selenium can be used to increase the Se 
content in wheat bread without changes of quality indicators. 

9. The hypothesis of the doctoral thesis is correct because using Se containing 
solutions Se content in grain increases and the content of vitamin group B, 
C and E vitamins as well as protein and essential amino acids changes.    
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