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PETIJUMA AKTUALITATE

Graudaugu produkti veido uztura pamatu, jo ar oglhidratiem un olbaltumvielam,
ko tie satur, cilvéks uzpem gandriz divas tre$dalas diena nepiecieSsamo kaloriju,
turklat tie ir svarigs B grupas vitaminu, mineralvielu un Skiedrvielu avots.

Celiakija ir gremoSanas trakta autoimiina saslim$ana, ko izraisa gluténa
nepanesiba (Zandonadi etal., 2009). Ta ir viena no visbiezak sastopamajam
slimibam, kas turpinas visas dzives laika, ta skar apméram 0,5-1,0% no visiem
iedzivotajiem pasaulé (Catassi, Fasano, 2008; Ludvigsson et al., 2014). Eiropa ar
celiakiju sirgst viens no 130-550 iedzivotajiem, bet ASV — viens no
133 iedzivotajiem (McLoughlin et al., 2003; Gujral et al., 2012). Péc LR Veselibas
ministrijas datiem 2013. gada Latvija oficiali registréts 1200 bérnu un
5000 pieauguso, kam konstatéta celiakija, bet faktiskais skaits vartu bt lielaks, jo
ar1 pasaulg ir noverotas lidzigas tendences.

Celiakiju izraisa graudu olbaltumvielas ar lielu prolamina patsvaru. Prolaminam
raksturigs augsts aminoskabju prolina un glutamina / glutaminskabes saturs. Sis abas
aminoskabes ir cieSi saistitas, tapec dazkart tas nav iesp&jams izdalit atseviski
(Ramakrishan et al., 2004). Prolaminu veidojoSo aminoskabju sastavs, daudzums un
seciba nosaka graudaugu piemérotibu cilvékiem ar celiakiju (Guilbert et al., 2002;
Pietzak, Fasano, 2005). Prolamins kvieSos ir gliadins, miezos — hordeins, rudzos —
sekalins, auzas — avenins, risos — orizins un kukuriiza — zeins (Belitz et al., 2009b).

Komisijas regula Nr. 41/2009 par tadu partikas produktu sastavu un markéesanu,
kas pieméroti cilvékiem, kuri nepanes lipekli, noteic, ka bezgluténa produkti ir Tpasas
digtas partikas produkti, kas raZoti, sagatavoti un/ vai apstradati, lai biitu piemé&roti
cilvekiem, kuri nepanes lipekli. Savukart lipeklis (gluténs) tiek definéts ka kviesu,
rudzu, miezu, auzu vai to krustoto skirnu olbaltumviela un tas atvasinajumi, ko dazi
cilveki nepanes un kas neskist ident un 0,5 M NaCl skiduma.

Cilvekiem ar celiakiju, lai dzivotu pilnvertigu dzivi, vienigais risinajums ir visas
dzives laika ieverot bezgluténa dictu. Celiakijas slimniekiem ieverojot stingru di&tu,
t.i. lietojot uztura produktus, kas nesatur gluténu, iesp&jama tievas zarnas sieninu
atjaunoSanas. Latvijas tirgli Visbiezak sastopamie bezgluténa graudaugu parstrades
produkti ir milti (risu, kukuriizas, griku, sojas u.c.), sausas brokastis, makaroni,
galetes, maize, cepumi un konditorejas izstradajumi. Tac¢u Latvijas tirgd gandriz
nemaz nav misu valsti razotu bezgluténa produktu, lielaka dala no tiem ir importéti
no arzemém. Bezgluténa produktu cenas ir salidzinosi augstas, ir nepietiekams to
klasts un gatavo maizes izstradajumu garSas pasSibas un izskats, ko var ietekmét
izmantotas izejvielas, ne vienmér atbilst patérétaju vélmém. Lidz ar to viet€jiem
razotajiem paveras plasas iesp€jas izstradat jaunus partikas produktus un piedavat tos
tirgl. Bezgluténa diéta atlauto graudaugu olbaltumvielam (griku, risu, kukuriizas,
amaranta u.c.) nepiemit tadas paSas tehnologiskas ipasibas ka kvieSu glut€nam.
Gluténa aizvietoSana bezgluténa produktos ir sarezgits partikas tehnologu uzdevums.
Pieaugot pieprasijumam péc bezgluténa produktiem, pedejos divdesmit gadus, aktivi
tiek veikti petijumi par bezgluténa produktu izstradi, iesp&jam uzlabot to kvalitati un
paaugstinat to uzturvertibu.



Promocijas darba hipotéze: inovativus un drosus bezgluténa produktus var
iegiit, izveloties noteiktus graudaugus un pseidograudaugus un to kombinacijas.

Promocijas darba hipotézi pierada ar $adam aizstavamam tézém:

1.
2.
3.
4.,
5

6.
7.

Latvijas tirgli doming labas kvalitates bezglutena milti un miltu parstrades
produkti.

Bezgluténa miltu un maizes mark@uma noradita uzturveértibas informacija
atbilst likumdoSanas prasibam.

Atseviskas Latvija audz€tas un selekciontas auzu Skirnes ir piemérotas
bezgluténa diétai.

Bezgluténa milti ir bagati ar biologiski aktiviem savienojumiem.

Latvijas tirdzniecibas tiklos pieejamajos bezgluténa miltos gluténa saturs ir
maksimali pielaujamas robezas.

Bezgluténa maizes kvalitati uzlabo sojas, amaranta, kvinojas un zirgu milti.
Bezgluténa mafinu kvalitati ietekmé gatavo$ana izmantotais Skidruma veids.

Promocijas darba objekts: bezgluténa milti un to izstradajumi.

Promocijas darba meérkis ir izpétit Latvija pieejamo bezgluténa graudaugu un
pseidograudaugu miltu kvalitati, un noteikt to piemérotibu inovativu un drosu
produktu ieguvei cilvékiem ar celiakiju.

Lai sasniegtu mérki, izvirziti §adi uzdevumi:

1.

2.

Ea

noskaidrot patérétaju attiecksmi pret Latvijas tirgl pieejamo bezgluténa miltu
izstradajumu kvalitati;

izvertet uzturvertibas informaciju, kas noradita bezgluténa miltu izstradajumu
mark&juma,;

izvertét Latvija audzéto auzu Skirpu un selekcijas liniju piemérotibu
bezgluténa diétai;

analiz€t bezgluténa miltu kvalitati nosakot, fizikalos un kimiskos raditajus;
izstradat jaunus bezgluténa miltu parstrades produktus, izmantojot
augstvertigas izejvielas.

Promocijas darba novitate un zinatniskais nozimigums.

Pirmo reizi analizéti Latvijas tirgl pieejamie bezgluténa milti, miltu maistjumi
un maize, un to mark&uma noradita uzturvértibas informacija.

Pirmo reizi pétita Latvija audzeto auzu skirnu un selekcijas liniju piemérotiba
bezgluténa dietai.

Veikti petijumi par gluténa saturu Latvija pieejamajos griku, risu, kukurtizas,
sojas, amaranta, kvinojas, zirnu un turku zirgu miltos.

Rasti risindgjumi bezgluténa maizes (LR patents Nr.14224) un mafinu
gatavoSanai.

Promocijas darba tautsaimnieciska nozime — analiz&tas auzu olbaltumvielas no
bezgluténa ditas aspekta un rasti risinajumi inovativu un drosu bezgluténa produktu
razo$anai cilveékiem ar celiakiju.



ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati apkopoti un publicéti monografijas nodalas un

apaksnodalas, recenzg€jamos zinatniskos izdevumos, no kuriem divi indekseti

starptautiski cit§jamas datu bazes — SCOPUS un EBSCO, ka arT sapemts viens
LR patents Nr. 14224,

Monografijas nodalas un apakSnodalas (2)

1.

OzolaL., Zagorskal. (2012) Olbaltumvielu visparigs raksturojums.
In: Biologiski  aktivas  vielas partikas produktos. Red.. E. Straumite,
R. Galoburda, Z. Krima, I. Ciproviga, J. Zagorska. Latvijas Lauksaimniecibas
universitate. Partikas tehnologijas fakultate. Jelgava: SIA Jelgavas tipografija,
123.-125. Ipp.

Ozola L. (2012) Graudaugi. In: Biologiski aktivas vielas partikas produktos.
Red.: E. Straumite, R. Galoburda, Z. Kriima, 1. Ciprovica, J. Zagorska. Latvijas
Lauksaimniecibas universitate. Partikas tehnologijas fakultate. Jelgava:
SIA Jelgavas tipografija, 137.—142. Ipp.

Zinatniskie raksti (10)

1.

Vilmane L., Zute S., Straumite E., Galoburda R. (2015) Protein, amino acid and
gluten content in oat (Avena sativa L.) grown in Latvia. In: Proceedings of
Latvian Academy of Sciences, Section B. (iesniegts publicéSanai / submitted for
publication).

Vilmane L., Straumite E. (2015) Analysis of protein and dietary fiber content in
gluten-free flour. In: EPISTEME Czasopismo Naukowo - Kulturalne (pienemts
publicgsanai / accepted for publication).

Vilmane L., Straumite E. (2014) Characteristic of gluten-free products: Latvian
consumer survey. International Science Index, Vol. 8, issue 6, p. 1790-1794.
Vilmane L., Straumite E. (2014) The use of soy flour in yellow maize—amaranth
gluten-free bread production. In: Proceedings of the Latvia University of
Agriculture, 2013, Vol 31, issue 1, p. 1-11. [Electronic resource].

Ozola L., Straumite E., Galoburda R., Sabovics M. (2013) Analysis of volatile
compounds in gluten-free flour. In: Proceedings of FaBE 2013 International
Conference of Food Biosystems Engineering, Greece, Skiatos Island, p. 248-258.
Ozola L., Straumite E. (2012) Consumers™ attitude towards availability and
quality of gluten-free products in the Latvian market. In: Proceeding of
conference Research for Rural Development 2012, Latvia, Jelgava, p. 149-154.
(SCOPUS, EBSCO).

Ozola L., Straumite E., Galoburda R., Klava D. (2012) Application of extruded
maize flour in gluten-free bread formulations. World Academy of Science,
Engineering and Technology, Vol. 64, p. 883-888.

Ozola L., Straumite E., Galoburda R. (2012) Quality of gluten-free muffins.
Chemical Technology, Vol 61, issue 3, p. 27-31.
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9. Ozola L., Straumite E., Klava D. (2011) Extruded maize flour effect on the
quality of gluten-free bread. In: Conference Proceedings of 6™ Baltic Conference
on Food Science and Technology “Imnovations for food science and
production” — FOODBALT 2011. Latvia, Jelgava, p. 131-136. (SCOPUS)

10.0Ozola L., Straumite E., Rakcejeva T. (2010) Gluten-free flour in biscuit
production. In: Proceedings of International Conference of Food Innovation
“FoodInnova 2010, p.1-4. [Electronic resource] — 1 CD.

LR patents (1)

1. Rakéejeva T., Straumite E., Dripe E., Ozola L. (2011) Bezgluténa maizes
gatavoSanas panémiens, LR patents Nr.14224. Patenti un Precu zimes: Latvijas
Republikas Patentu Valdes Oficialais V&stnesis, Nr.1., 34. Ipp.

Par rezultatiem zinots 17 starptautiskas zinatniskas konferencés un kongresos
Austrija, Francija, Griekija, Latvija, Lietuva, Polija, Spanija un Vacija, no kuram
Cetras izstades — starptautiska Euroscience Open Forum (ESOF), Dublina un
starptautiskajas  partikas izstades ,»Riga Food 20107, »Riga Food 20117,
»Riga Food 20147, un Maizes razotaju konference 2012.

1. Vilmane L., Straumite E., Lazdins M. (2015) Analysis of protein and dietary
fiber content in gluten-free flour. 4™ International Conference for PhD Students,

21-22 March, 2015, Krakow, Poland. (stenda referats / poster presentation).

2. Vilmane L., Straumite E., Lazdin§ M. (2015) Olbaltumvielu un gluténa saturs
miltos. Latvijas Universitates 73. konference, Partikas kimijas sekcija,
2015. gada 18. februaris, Riga, Latvija. (mutiskais referats / oral presentation).

3. Vilmane L. (2014) Auzu nozime uztura, to piemérotiba cilvékiem ar
hroniskam zarnu slimibam. 19. Starptautiska izstade ,,Riga Food 2014, 2014.
gada 5-7. septembris, Riga, Latvija. (stenda referats / poster presentation).

4. Ozola L. Straumite E., Lazdins M. (2014) Determination of gluten in flour.
9" Baltic Conference on Food Science and Technology ,,Food for consumer
well-being” FOODBALT-2014, 8-9 May, 2014, Jelgava, Latvia. (mutiskais
referats / oral presentation).

5. Ozola L., Straumite E. (2013) Effect of soy flour on yellow maize-amaranth
bread quality. 3" International symposium on gluten-free cereal products and
beverages, 12-14 June, 2013, Vienna, Austria. (stenda referats/ poster
presentation).

6. Straumite E., Ozola L. (2013) Influence of soy flour on yellow maize-amaranth
dough rheological properties. 3™ International symposium on gluten-free cereal
products and beverages, 12-14 June, 2013, Vienna, Austria. (stenda
referats / poster presentation).

7. Ozola L., Straumite E., Galoburda R., Sabovics M. (2013) Analysis of volatile
compounds in gluten-free flour. International Conference on Food and Biosystem
Engineering 2013, ,,FaBE2013”, 30 May-2 June, 2013, Skiathos Island, Greece.
(mutiskais referats / oral presentation).



8. Ozola L., Straumite E. (2012) Quality of gluten-free muffins. Euroscience Open
Forum ,ESOF 20127, 11-15 July, 2012, Dublin, Ireland. (mutiskais
referats / oral presentation).

9. Ozola L. (2012) Bezgluténa milti, un to izmanto$anas iesp&jas. Maizes razotdaju
konference 2012, 2012. gada 1. junijs, Jelgava, Latvija. (mutiskais referats / oral
presentation).

10.0zola L., Straumite E. (2012) Consumers™ attitude towards availability and
quality of gluten-free products in the Latvian market. Annual 18" International
Scientific Conference “Research for Rural Development 2012”, 16-18 May,
2012, Jelgava, Latvia. (mutiskais referats / oral presentation).

11.Ozola L., Straumite E., Galoburda R. (2012) Quality of gluten-free muffins. 7"
Baltic Conference on Food Science and Technology, ,Innovative and Healthy
Food for Consumers” FOODBALT-2012, 17-18 May, 2012, Kaunas, Lithuania.
(mutiskais referats / oral presentation).

12.0Ozola L., Straumite E., Galoburda R., Klava D. (2012) Application of extruded
maize flour in gluten-free bread formulations. WASET 2012: World Academy of
Science, Engineering and Technology, 25-26 April, 2012, Paris, France.
(mutiskais referats / oral presentation).

13.0zola L., Sabovics M., Skudra 1., Dabina-Bicka 1., Kozlinskis E.,
Kunkulberga D., Straumite E., Kerés G., Dimin$ F., Klava D., Kantike 1. (2011)
Jaunakie pétijumi par graudiem un to parstrades produktiem. 16. Starptautiska
izstade ,,Riga Food 20117, 2011. gada 9. septembris, Riga, Latvija. (mutiskais
referats / oral presentation).

14.0Ozola L., Straumite E., Klava D. (2011) Extruded maize flour effect on the
quality of gluten-free bread. 6™ Baltic Conference on Food Science and
Technology ,, Innovations for food science and production” — FOODBALT 2011,
5-6 May, 2011, Jelgava, Latvia. (stenda referats / poster presentation).

15.Ozola L., Straumite E., Klava D. (2011) Extruded corn flour effect on the
microstructure and texture of gluten-free bread C&E Spring Meeting Texture,
Flavour and Taste, 11-13 April, 2011, Freising-Weihnstephan, Germany. (stenda
referats / poster presentation).

16.0zola L., Sabovics M., Skudra I., Dabina-Bicka 1., Gedrovica L., Ozolina V.,
Kozlinskis E., Kunkulberga D., Straumite E., Ker¢s G. (2010) Graudi un to
parstrades produkti inovativu produktu izstrade. 15. Starptautiska izstade ,, Riga
Food 20107, 2010. gada 10. septembris, Riga, Latvija. (mutiskais referats / oral
presentation).

17.0zola L., Straumite E., Rakcejeva T. (2010) Gluten-free flour in biscuit
production. International Conference on Food Innovation — Foodlnnova 2010,
25-29 October 2010, Valencia, Spain. (stenda referats / poster presentation).

Piezime: Promocijas darba autores Lailas Vilmanes pirmslaulibu uzvards ir Ozola
(mainits 2014. gada).



MATERIALI UN METODES

Pétijuma laiks un vieta

Petijumi veikti laika posma no 2011. lidz 2015. gadam:

e Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultates
Partikas tehnologijas katedras laboratorijas (struktiira, krasas intensitate,
mitruma saturs, olbaltumvielu saturs, kopgjie fenoli un antiradikala aktivitate,
receptliru izstrade un aprobacija);

e Latvijas Universitates Biologijas  fakultates = Mikrobiologijas  un
biotehnologijas katedras laboratorija (gluténa saturs);

e Valsts Stendes graudaugu selekcijas institiita (cietes un $kiedrvielu saturs);

e Lictuvas Veselibas zinatpu universitaté, Dzivnieku zinatnes institlita
(aminoskabju saturs).

Pétijuma izmantotie materiali

Pétljuma izmantoti Latvijas tirgi pieejami (griku, 1Tsu, kukuriizas, sojas,
amaranta, kvinojas, zirpu un turku zirpu), miltu maisijumi un maize, kas iegadati
lielveikalos, aptiekas un specializétajos veikalos. Par kontroles paraugiem izraudziti
kviesu un rudzu milti un kviesu un rudzu maize.

Bezgluténa maizes un mafinu gatavoSana izmantotas papildizejvielas: rafingta
augu ella, sausais raugs, cukurs, zeltainais cukura sirups, svaigas vistas olas, abolu
etikis, sals, sviests, cepamais pulveris, vanilas cukurs, piens, sausais piens, dzeramais
fidens, gluténa aizvietotajs.

Petijuma analiz€tas Valsts Stendes graudaugu selekcijas institita 2013. gada
audz@tas un ievaktas auzu $kirnes un selekcijas Iinijas (1. tabula).

1. tabula/ Table 1
Pétijuma ieklautie auzu paraugi / Oat samples included in the research

Skirne vai selekcijas Izcelsmes valsts /

Itnija / Variety or breeding - Genotips / Genotype
e Country of origin

‘Stendes Liva’ Latvija / Latvia pleksnains / husked
‘Vendela’ Zviedrija / Sweden pleksnains / husked
‘Laima’ Latvija / Latvia pleksnains / husked
‘Stendes Darta’ Latvija / Latvia pleksnains / husked
‘Arta’ Latvija / Latvia pleksnains / husked
‘Lizete’ Latvija / Latvia pleksnains / husked
‘Kirovec’ Krievija / Russia pleksnains / husked
‘Iwory’ Vacija / Germany pleksnains / husked
‘Stendes Emilija’ Latvija / Latvia kailgraudu / hull-less
33793 Latvija / Latvia kailgraudu / hull-less
30616 Latvija / Latvia kailgraudu / hull-less




Pétfjuma struktiira

Pé&tijums veikts piecos posmos (1. attéls), kuros analizéts patérétaju viedoklis par
bezgluténa produktiem, to kvalitati, pirkSanas paradumiem, tirgi pieejamo
bezgluténa miltu, miltu maisijumu un maizes sortimentu un uzturveértibu, raksturotas
Latvija audz€to auzu olbaltumvielas no bezgluténa diétas viedokla, analiz&ti
bezgluténa miltu fizikali kimiskie raditaji, ka ari izstradati jauni produkti un izverteta
to kvalitate

| posms — Patérétaju aptauja

Cilveku ar celiakiju viedokla un atticksmes noskaidroSanai par tirg pieejamajiem
bezgluténa produktiem, ieradumiem un motivaciju tos iegadaties, izmantota socialo
pétijumu metode — aptauja. Izveidota aptauja ietver 16 jautajumus.

Pateretaju aptauja istenota divas reizes laika no 2010. gada decembra Iidz
2011. gada julijam (PA2010) (Ozola, Straumite, 2012) un atkartota no 2013. gada
septembra lidz 2014. gada janvarim (PA2013).

Il posms — Bezgluténa produktu uzturvértibas informacijas analize

Analizéta Latvijas tirgli pieejamo bezgluténa miltu, miltu maisijumu un maizes
energétiska vertiba un uzturveértiba, kas noradita produkta mark&uma. Lielveikalos,
aptiekas un specializétajos veikalos iegadati 25 bezgluténa miltu, tris miltu
maisijumu paraugi un 16 maizes paraugi.

111 posms — Auzu olbaltumvielu raksturojums no bezgluténa diétas viedokla

PEtTjuma analizétas Latvija izplatitakas plekspaino un kailgraudu auzu Skirnes un
selekcijas linijas (1. tabula), lai izvértétu to piemérotibu bezgluténa ditai. Auzu
paraugiem noteikts olbaltumvielu, aminoskabju un gluténa saturs.

IV posms — Bezgluténa miltu analize

Peétijuma ceturtaja posma analizéti bezgluténa miltu fizikali kimiskie raditaji:
mitrums, krasa, Skiedrvielu, cietes, olbaltumvielu, gluténa un kopgjo fenolu saturs un
antiradikala aktivitate. Bezgluténa miltu fizikali raditaji salidzinati ar kvie$u un rudzu
miltiem raksturigajiem.

V posms — Jaunu produktu izstrade un analize

Kukuriuzas—amaranta maize — izmantoti kukuriizas milti (paraugs KUM13),
amaranta milti (paraugs AMML17), 45%, 50% un 60% no receptiira paredzeta
kukuriizas miltu daudzuma aizstati ar sojas miltiem (paraugs SM16).

Kukuriuzas—turku zirpu maize — izmantoti kukuriizas milti (paraugs KUM13),
kvinojas milti (paraugs KNM20) un turku zirpu milti (paraugs TZM24), ka art 10%
un 15% gluténa aizvietotajs.

Bezgluténa mafini — izmantoti kukuriizas milti (paraugs KUM13), piens vai
sausais piens, vai tidens.

legiitajiem produktiem analizeti kvalitati raksturojosie parametri, gluténa saturs
un apréekinata uzturvertiba.
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| Posms / STAGE

PATERETAJU APTAUJA / CONSUMERS SURVEY
PA2010 (n=131), PA2013 (n=125)

/II Posms / STAGE \

BEZGLUTENA PRODUKTU UZTURVERTIBAS
INFORMACIJAS ANALIZE / ANALYSIS OF NUTRITIONAL
INFORMATION OF GLUTEN-FREE PRODUCTS

Bezgluténa produkti / Gluten-free products:
o milti / flour (n=25);
e miltu maisijumi / flour blends (n=3);
e maize/ bread (n=16).
Uzturvielu un energétiskas vértibas analize no produktu mark&uma /
\ Analysis of nutrients and energy value as presented on the product’s label j

/ 111 Posms / STAGE
AUZU OLBALTUMVIELU RAKSTUROJUMS NO BEZGLUTENA
DIETAS VIEDOKLA / CHARACTERISATION OF OAT PROTEIN
FROM THE PERSPECTIVE OF THE GLUTEN-FREE DIET
Latvija audzétas pleksnainas auzas (n=8) un kailgraudu auzas (n=3) /
Husked (n=8) and hull-less(n=3) oats grown in Latvia

Analizétie parametri / Analysed parameters:
e olbaltumvielas / proteins, %; « aminoskabes / amino acids, g kg™.

\ e gluteéna saturs / gluten content, mg kg*; /

/ 1V Posms / STAGE
BEZGLUTENA MILTU ANALIZE / ANALYSIS OF GLUTEN-FREE FLOUR

Bezgluténa milti / Gluten-free flour (n=25)
Analizétie parametri / Analysed parameters:

e mitrums / moisture, %; o olbaltumvielas / proteins, %;
e krasa / colour, L*a*b*; e gluténa saturs / gluten content, mg kg;
e ciete / starch, %; ¢ KFS/TPC, mg GAE 100 g*;

\ e Skiedrvielas / fibre, g 100 g™ ; e ArA/ARA, mg TE 100 g™

J
V Posms / STAGE \

JAUNU PRODUKTU IZSTRADE UN ANALIZE /
DEVEL OPMET AND ANALYSIS OF NEW PRODUCTS
~N

Bezgluténa maize / Gluten-free bread Bezgluténa mafini / Gluten-free muffins
Analizétie parametri / Analysed parameters:
e mitrums / moisture, %; e Nocepums, nozuvums/ weight loss, dry off, %;
e krasa / colour, L*a*b*, e gluténa saturs / gluten content, mg kg™;
e cietiba / hardness, N; e aprekinata uzturvértiba / calculated nutritional
\ e augstums / height, mm; value.

1. att. Pétijuma struktura / Fig. 1. Structure of the research
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Pétijumos izmantoto metoZu raksturojums

Promocijas darba noteiktie raditaji un izmantotds analizu metodes apkopotas

2. tabula.
2. tabula / Table 2
AnaliZu metoZu un standartu apkopojums /
Summary of the analytic methods and standards
Nr./ Nosakamie raditaji / Standartmetodes un metodes /
No Determined indicators Standard methods and methods
1. Mitrums? / Moisture, % LVS EN ISO 712:2010 A

CIE L*a*b* krasu sistéma /

- .C
2 Krasa™/ Colour CIE L*a*b* colour system
51 . . a
3. | Skiedrviclu saturs™/ LVS EN SO 5983-1:2005
Fibre content, %

4, Cietes saturs® / Starch content, % LVS EN ISO 1052:2001
5 Olbaltumvielu saturs® / Kjeldala metode / Kjeldahl method,

' Protein content, % ISO 5983-1:2005
6 Gluténa saturs” / R5 ELISA RIDASCREEN Gliadin

' Gluten content, mg kg™ metode / Method AOAC-RI 120601

. . a . . 1 | WatersAccQ-Tag metode / method

7. Aminoskabes */ Amino acids, g kg Cohen, Michaud, 1993
8 Kopgjo fenolu saturs® / Total Singleton et al., 1999;

' phenolic content, mg GAE 100 g™ Dabina-Bicka et al., 2011
10 Antiradikala aktivitate® / Yu et al., 2003;

" | Antiradical activity, mg TE 100 g* | Dabina-Bicka, 2013

. c AACC Method no 74-09.01 ar
11 Cietiba” / Hardness, N struktiiras analizatoru TA.TX Plus
a i 0

12 Nocepums® / Weight loss, % Rakéejeva, 2006

Nozuvums'® / Dry off, %

& atkartojumu skaits (n=3) / number of repetitions (n=3);
b_ atkartojumu skaits (n=5) / number of repetitions (n=5);

¢ — atkartojumu skaits (n=10) / number of repetitions (n=10);

Gluténa satura noteikSana

Gluténa saturs miltos un produktos noteikts ar R5 ELISA RIDASCREEN Gliadin
komplektu (R-Biopgarm AG, Vacija), ta ir akceptéta ka Codex Alimentarius metode
(Tips 1) un pienemta ka AOAC-OMA 2010.01 metode.

RIDASCREEN Gliadin ir sendvia tipa enzimu iminanalize, kuru izmanto
kvantitativai kvieSu (gliadina), rudzu (sekalina), miezu (hordeina) prolaminu
identificeSanai izejvielas, pieméram, miltos (griku, risu, kukuriizas, auzu, u.c.),
gar$vielas un gatavos produktos (maiz€, makaronos, dz€rienos u.c.). Metodes jutiba
ir 1,5 mg kg™ gliadina jeb 3 mg kg™ gluténa, bet kvantifice$anas limits 2,5 mg kg™
gliadina jeb 5,0 mgkg™® gluténa. Gluténa noteikianas procesu var iedalit &etros
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posmos: parauga sagatavoSana, ekstrakcija, analizg, rezultatu nolasiSana (2. att€ls) un
gliadina (formula 1) un gluténa aprékinasana (formula 2).

90

80 A

70
60

50
40 /
30

20 /

10

0 T T T T
1 1.2 14 1.6 1.8 2 2.2
Absorbcija / Absorbance, OD

2. att. Gliadina satura standartu Kkalibrésanas Iikne /
Fig. 2. Gliadin standard calibration curve

Gliadina saturs /
Gliadin content, pg kg

GL = 1.246 Abs® + 35.251 Abs? —48.226 Q)
Ge = SLxs00 @)
1000

kur: GL — gliadina saturs / gliadin content, ug kg™;
Abs — absorbcija / absorbance, OD;
GC — gluténa saturs / gluten content, mg kg™;
500 vai 2000 — at$kaidfjuma faktors / dilution factor;
1000 un 2 — parrekina koeficenti / conversion coefficients.

Datu matematiska apstrade

Datu matematiska apstrade veikta ar matematiskas statistikas metodem. Atteli un
tabulas izveidotas un aprékini veikti MS Excel 2007 programma, principiala
komponentu analize (PCA) veikta, izmantojot MultiBase2015 statistikas programmu,
hierarhijas klasteru analize veikta, izmantojot SPSS 17.0 statistikas programmu.
Visiem iegiitajiem rezultatiem aprékinati $adi raditaji: vid&jais aritmétiskais un
standartnovirze.

Rezultatu interpretacijai pienemts, ka p=0,05 ar 95% ticamibu. Grafikos un
tabulas visas vertibas, kas atzZimgtas ar vienu un to pasu burtu, nav butiski atSkirigas
sava starpa, ja p>0,05. Ja nepiecieSams, datu apstrade ar divfaktoru dispersijas analizi
(ANOVA) izverteta divu dazadu faktoru mijiedarbibas ietekme.

Izvertgjot dazadu pazimju savstarp&jo kopsakaribu, izmanto korelacijas analizi. Ja
korelacijas koeficienta vértiba ir 0,5<[r|<0,8, starp pe€tamajam pazim&m pastav videji
cieSa lineara sakariba. Ja [r[>0,8, starp p&tamajam pazimeém ir cieSa lineara sakariba
(Arhipova, Balina, 2003).
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PETIJUMA REZULTATI UN DISKUSIJA

1. Paterétaju aptaujas rezultatu analize

Lai izzinatu un izvertétu paterétaju viedokli un attieksmi pret bezgluténa
produktiem Latvijas tirgd un iepirkSanas ieradumiem, 2010. (PA2010) un
2013. (PA2013) gada veikta patérétaju aptauja. PA2010 iegutie dati liecina, ka
70,2% respondentu bezgluténa digtu ievero ilgak par vienu gadu, 7,6% no vigiem —
jau no dzimSanas. Ka rada PA2013 rezultati, 9,3% no respondentiem bezgluténa
di€tu ievero jau no dzimsanas, 73,3% — ilgak par vienu gadu — 2-18 gadus, bet 17,4%
— lidz vienam gadam. Lielaka dala aptaujato bezgluténa di€tu ievéro tris lidz Cetrus
gadus, tadg] labi parzina tirgus situaciju un produktus.

Cilveki ar celiakiju Latvija iegadajas galvenokart bezgluténa miltus (20,1%),
makaronus (18,9%) un saldumus (15,5%) lielveikalos, specializétajos veikalos,
aptiekas un interneta veikalos. Salidzinot aptauju rezultatus, 2013. gada (PA2013)
bezgluténa produktu iegadei ménesi respondenti t&ré vairak lidzeklu:
24,0% respondentu téré 93-114 EUR, savukart 18,7% — 115-135 EUR ménesi.
PA2013 rezultati liecina, ka patérétaji ir apmierinati ar miltu (60,0%), miltu
maistjumu (49,3%) un makaronu (49,3%) kvalitati, ko raksturo galvenokart ka labu,
bet neapmierinati ar maizes (25,3%), konditorejas izstradajumu (37,3%) un saldumu
(46,7%) kvalitati, ko verteé ka viduvgju. P&c respondentu domam, majas gatavots
€diens ir garSigaks un daudzveidigaks neka veikalos pieejamais. Savukart makaronus
un saldumus vini iegadajas, jo tos ir sarezgitak un darbietilpigak gatavot majas.
Neliela dala respondentu (0,3%) tirdzniecibas tiklos neiegadajas neko, jo censas
samazinat uztura graudaugu produktus, bet palielinat svaigu darzenu, auglu, galas un
zZivju patérinu. Lidz ar to tas dal€ji apstiprina izvirzito t€zi, ka Latvijas tirgd dominé
labas kvalitates bezgluténa milti un miltu parstrades produkti.

Kvalitativu bezgluténa produktu piedavajuma paplasinasanas tirdzniecibas vietas
un sabiedriskas &dinaSanas uzp€mumos, sabiedribas izglitoSana par celiakiju un
detalizétaks produktu mark&ums varétu uzlabot cilvéku ar celiakiju dzives kvalitati
un veselibu. Respondenti noradija, ka nepiecieSams paplaSinat piedavato bezgluténa
produktu klastu un sortimentu — 28,0% veletos I&takus produktus, savukart
52,0% — Latvija razotus produktus.

2. Bezglutena miltu un maizes markejuma noraditas uzturvértibas
informacijas izvertéjums

Bezgluténa milti un miltu maisijumi

Bezgluténa produktu razoSana ir daudz problému, bet tikai nesen nedalita
uzmaniba pieversta izstradato produktu uzturvertibai, jo pieaug bazas par bezgluténa
dieta ieklauto produktu uzturvielu nesabalansétibu. leprieks veiktie pétijumi
(Thompson et al., 2005; Saturni et al., 2010; Sequra, Rosell, 2011) ir pieradijusi, ka
bezgluténa di€tai raksturigs nesabalanséts oglhidratu, olbaltumvielu un tauku saturs,
nepietiekams Skiedrvielu, vitaminu un mineralvielu daudzums.
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Petfjuma analizéti 25 bezgluténa miltu paraugi, bet tikai 68% gadijumu to
mark&uma noradita informacija par uzturvertibu. Uzturvertibas pazinojums nav
griku miltu paraugiem GM1 un GM2, sojas paraugam SM16, amaranta — paraugiem
AMM17 un AMMI18, kvinojas paraugiem KNM20 un KNM22, ka arT uz turku zirpu
— paraugam TZM25. Konstatéts, ka paraugus uz kuriem nav uzturvértibas
pazinojuma piedava dazadi razotaji. Latvijas tirgli patlaban pieejamo miltu un miltu
maisijumu mark@uma noradita uzturvertibas informacija apkopota 3. attéla.
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3. att. Bezgluténa miltu un miltu maisijumu markeéjuma noradita uzturveértibas
informacija / Fig. 3. Nutritional information presented on gluten-free flour and
flour blend label
GM — griku milti / buckwheat flour, RIM — risu milti / rice flour, KUM — kukurtizas milti / maize flour,
SM — sojas milti / soya flour, KNM — kvinojas milti / quinoa flour, ZM - zimu milti / pea flour,
TZM - turku zirpu milti / gram flour, KVM — kvie$u milti / wheat flour, RUM — rudzu milti / rye flour,

MM — miltu maisijumi / flour blends

Analizétajos bezgluténa miltu paraugos olbaltumvielu saturs ir robezas no
5,9 (kukuriizas miltu parauga KUMI1) lidz 37,3 g 100 g” (sojas miltu parauga
SM15), oglhidratu saturs — no 3,1 (sojas miltu parauga SM15) lidz 79,9 g 100 g*
(rffsu miltu parauga RIMS), tauki — no 0,9 (risu miltu parauga RIM10) lidz
20,6 g 100 g™ (sojas miltu parauga SM15). Augstakais olbaltumvielu un tauku un
mazaks oglhidratu saturs ir sojas miltos (SM15), kas ieprieks termiski apstradati, lai
uzlabotu to kvalitati un tos iesp&ams izmantot ka olu aizstaj&jus. Augsts
olbaltumvielu saturs ir zirpu miltos (20,9-21,6 g 100 g), oglhidratu — kukuriizas
miltos (77,5-78,0 g 100 g™), tauku — kvinojas miltos (2,6-6,0 g 100 g*). Savukart
bezgluténa miltu energétiska vértiba ir robezas no 335 lidz 392 kcal 100 g jeb no
1403 Iidz 1662 kJ 100 g™

Bezgluténa miltus un miltu maisjjumus pé&c mark&uma noraditas uzturvertibas
informacijas var iedalit Cetros klasteros. Pirmais klasteris ietver griku un kvinojas
miltus ar augstu tauku un vid&ju olbaltumvielu saturu, otrais — risu, kukurtizas miltus
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un miltu maisjjumus ar augstu oglhidratu un zemu olbaltumvielu saturu. TreSo
Klasteri veido sojas milti ar augstu olbaltumvielu un tauku saturu, savukart ceturto —
zirgu milti ar augstu olbaltumvielu saturu. Pamatojoties uz LR Veselibas ministrijas
un biedribas ,Dzive bez gluténa” uztura ieteikumiem, cilvékiem ar celiakiju
piem@rotakie atbilstigi $a pétijuma rezultatiem péc markéjuma noraditas
uzturvertibas informacijas ir zirgu, sojas, griku un kvinojas milti.

ES regula Nr. 1169/2011 (25.10.2011.) par partikas produktu informacijas
sniegSanu paterétajiem paredz, ka obligataja pazinojuma par uzturvertibu janorada
energgtiska vertiba, tauku, piesatinato taukskabju, oglhidratu, cukura, olbaltumvielu
un sals saturs, skiedrvielu Tpatsvara noradiSana ir brivpratiga. P&tijuma secinats, ka
41% analizeto bezgluténa miltu paraugu razotdji izvelgjusies Skiedrvielu saturu
neuzradit.

4. attela apkopota informacija par bezgluténa miltu un miltu maistjumu
mark&juma noraditas un parrékinatas energétiskas vertibas (kcal) atkirtbam
procentos. Par butisku kltidas robezu uzskata 5%, kas statistiski tiek paradita ka
pirma nozimiga.
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4. att. Markeéjuma noraditas un aprekinatas energétiskas vertibas atSkiribas, %/
Fig. 4. Difference between energy value presented on the label and recalculated, %

GM - griku milti / buckwheat flour, RIM — risu milti / rice flour, KUM — kukuriizas milti / maize flour,
SM — sojas milti / soya flour, KNM — kvinojas milti / quinoa flour, ZM — zirpu milti / pea flour,
TZM - turku zirpu milti / gram flour, KVM — kvie$u milti / wheat flour, RUM — rudzu milti / rye flour,
MM — miltu maisijumi / flour blends

P&tfjuma rezultati parada, ka miltu maisijumiem energétiska vertiba ir noradita
precizi, ta butiski neat8kiras no aprékinatas (p>0,05).

Cetri razotaji tirgi piedava vairak neka vienu produktu: ,Doves Farm Food”
bezgluténa miltu un miltu maisjumu paraugus GM5, RIM8, MM1,
»BIG 0Z” — GM6, RIM9, ,Natco Foods”- KUM14, TZM24 un ,,Dr. Schéir” — MM2,
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MM3. Katra uzpémuma piedavatajiem produktiem raksturiga vienada tendence
mark&juma noraditaja un parrékinataja energétiskas veértibas salidzinajuma. ,,Doves
Farm Food”, ,,BIG OZ” un ,Natco Foods” parrékinatas vertibas ir augstakas neka
mark&juma noradita, bet ,,Dr. Schdr” abas vertibas sakrit.

35% bezgluténa miltu paraugu energgtiska veértiba noradita neprecizi, lidz ar to
var secinat, ka pateretaji dalgji tiek maldinati — uzturvielas uzraditas pareizi, bet
energetiska vertiba — nepareizi. Bitiskas atSkiribas iesp&jams skaidrot ar to, ka
apréekinos izmantoti neprecizi vai kltidaini parrékina koeficienti.

Bezgluténa maize

Latvijas tirgl pieejama tris razotaju — ,,Dr. Schdr”, ,,Schnitzer” un ,,Bezgluten” —
bezgluténa maize. Pétijuma vertéti 16 bezgluténa maizes paraugi, kas apziméti ar
bezgluténa simbolu — parsvitrotu varpu un satur veselibas un uzturvertibas norades.

Salidzinajuma ar bezgluténa miltu paraugiem (41,0%), tikai 18,8% bezgluténa
maizes paraugu markéjuma nav noradits $kiedrvielu saturs un novérota tendence, ka
visi paraugi ir no viena razotaja — ,,Bezgluten” (Polija). ES regula Nr. 1169/2011
paredz, ka obligataja pazinojuma par uzturvertibu janorada ne tikai uzturvielu
daudzums un energétiska vertiba, bet art sals daudzums. 12,5% gadijumu §1 prasiba
netiek izpildita, lai gan sastava sals ir uzradita. Ar1 So likumdosanas normu parkapj
maizes razotajs ,,Bezgluten” (Polija). Lidz ar to var secinat, ka uzturvielu pareiza
paradisana uz iepakojuma ir atkariga no razotaja.

Izmantojot hierarhijas klasteru analizi, bezgluténa maizes paraugus péc tauku,
oglhidratu, skiedrvielu, olbaltumvielu un sals satura, kas noradits maizes markejuma,
iesp&jams sagrupét tris klasteros (5. attls).

? : i i3 G %

BGM3 3 —
W—}
BGMI1 11 —

BGMIZ 12 —

BGME 5

BGEMI1 1 —

BGMa A

BGM2 2 —

BGEME 4 —

BGEMI 5 —

BGME &

BGM1E 13 —
BGM14 14]—
BGMI5 15

BGM10 10

BGMIG 16

5. att. Bezglutena maizes (BGM) iedalijums klasteros péc uzturvertibas
informacijas markéjuma / Fig. 5. Division of gluten-free bread (BGM) in clusters
based on nutritional information
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Pirmo klasteri veido bezgluténa maizes paraugi BGM3, BGMS, BGM7, BGM11
un BGM12, kam raksturigs augsts Skiedrvielu (5,3-7,9 g 100 g™*) un zems oglhidratu
(27,8-31,4 g 100 g™) saturs. Treiaja klasteri ietilpst paraugi BGM10, BGM14,
BGM15 un BGM16 ar lielu oglhidratu (47,5-59,1 g 100 g™) un mazu olbaltumvielu
(0,94-3,4 g 100 g% saturu. Savukart otro klasteri veido bezgluténa maizes paraugi
(BGM1, BGM2, BGM4, BGM6, BGMS8, BGM9, BGM13), kam oglhidratu,
Skiedrvielu un olbaltumvielu saturs ir vid€js — starp pirmo un treso klasteri.

Mark&juma noradita un parrékinata energétiska vertiba sakrit 81,3% gadijjumu —
daudz biezak neka bezgluténa miltiem. Lidz ar to var secinat, ka maizes razotaji ir
atbildigaki un tik biezi nemaldina patérétajus. 12,5% gadijumu parrékinata
energgtiska vertiba salidzinajuma ar markéjuma sniegto ir mazaka. Bitiska atSkiriba
starp noradito un parrékinato energétisko veértibu kilokalorijas ir tikai paraugam
BGM5 (24,2%), ta energétiskas vertibas aprékinos pielauta nozimiga kluda, kas
maldina paterétajus.

3. Auzu olbaltumvielu raksturojums no bezgluténa diétas viedokla

Pedgjos gados zinatnieku vidi arvien vairak paradas diskusijas par auzu
piemérotibu bezgluténa dictai (Dickey, 2008; Lester, 2008; Heap, van Heel, 2009;
Pulido et al., 2009; Londono etal., 2013). Auzas ir labs S$kisto$o Skiedrvielu,
neaizstdjamo aminoskabju, nepiesatinato taukskabju, vitaminu un mineralvielu avots
(Jones, 2003). Auzu augstas uzturveértibas dé] to ieklausanai bezgluténa diéta butu
pozitiva nozime.

Olbaltumvielu saturs auzu paraugos ir robezas no 11,05+0,21% (plék$naino auzu
Skirne ‘Stendes Darta’) lidz 17,05+0,17% (kailgraudu auzu skirne ‘Stendes Emilija’).
Olbaltumvielu saturu Latvija audzgtas auzas butiski ietekmé (p<0,05) genotips —
piederiba pleksnainajam vai kailgaraudu auzam. Konstatéts, ka kailagraudu auzas
olbaltumvielu saturs ir par 1,2-1,6 reizes lielaks neka plék$nainajas auzas. Tas
nozime, ka produktu razoSanai, lai iegiitu augstaku olbaltumvielu saturu ieteicams
izveleties kailgraudu auzas.

Augstakais kopg&jais aminoskabju saturs ir kailgraudu auzu selekcijas Itnija 30616
(parauga All) — 152,33 ¢ kg, bet zemakais — plekspaino auzu Skirnes ‘Iwory’
parauga A8 — 92,66 g kg™ (3. tabula). Biitiska at3kiriba (p<0,05) kopé&ja aminoskabju
satura konstatéta starp pléks$npaino auzu paraugiem, kuros aminoskabes ir robezas no
92,66 g kg’ parauga A8 (3kirne ‘Iwory) lidz 122,52 g kg™ parauga A5 (3kirne
‘Arta’). Visi auzu paraugi satur vairak aizvietojamo neka neaizvietojamo
aminoskabju, un to saturs auzas ir robezas no 32,16 g kg™ parauga A5 (pleksnaino
auzu $kirne ‘Arta’) lidz 48,52 g kg™ parauga A9 (kailgraudu auzu $kirne ‘Stendes
Emilija’). Aizvietojamo un neaizvietojamo aminoskabju saturu (p<0,05) bitiski
ietekmé auzu genotips — pleksnainas vai kailgraudu auzas. Aminoskabju sastavu
auzas petijusi vairaki zinatnieki un noteikusi atSkiribas starp aminoskabju sastavu
pleksnainajas un kailgraudu auzas (Givens et al., 2004; Baker, 2007, Biel et al., 2009;
Biel et al., 2014). Kopgjais neaizvietojamo aminoskabju sastavs kailgraudu auzas ir
par 12% lielaks neka pléksnainajas auzas (Biel et al., 2014). To apliecina arT autores
petijuma iegutie rezultati: kailgraudu auzu parauga All (selekcijas Itnija 30616)
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neaizvietojamo aminoskabju saturs ir par 21,9% (parauga AS5) lidz 44,9%
(parauga A8) lielaks neka pleksnaino auzu paraugos. Givens et al. (2004) turklat zino
par butisku atskiribu (p<0,001) starp pleksnaino un kailgraudu auzu aminoskabju sastavu.
Auzu paraugi satur daudz aizvietojamo aminoskabju, tadas ka glutaminskabe
(24,45-47,30 g kg™, asparaginskabe (6,45-12,20 g kg™), glicins (5,85-11,25 g kg™),
neaizvietojamas aminoskabes: leicins (7,55-10,66 g kg™), valins (5,05-7,52 g kg™)
un izoleicins (3,73-5,65 g kg™) (3. tabula). Iegitie dati ir lidzigi literatiras avotos
mingtajiem (Givens et al., 2004; Georgieva, Zorovski, 2013; Biel et al., 2014).

3. tabula/ Table 3
Aminoskabju sastavs auzas / Composition of amino acids in oats

Paraugs/ Neaizvietojamas aminoskabes / Essential amino acids, g kg™ Kopa /
Sample | Thr* Val Met lle Leu Phe His Lys Total
Al 2959 | 5.05° | 3.24% | 472° | 8.08° | 4.15% | 2.75° | 3.65° | 34.59°
A2 3.95° | 6.15° | 2.52° | 4.44° | 6.96° | 4.12% | 2.15% | 4.92° | 35.21°
A3 3.92° | 511° | 253" | 3.22° | 7.55° | 4.06° | 2.15% | 3.62° | 32.16°
Ad 3.80° | 5.63° | 2.43° | 428" | 8.43° | 5.36° | 2.45° | 3.55° | 35.93°
A5 371° | 6.83° | 1.95° | 5.25% | 9.35° | 6.05° | 2.08% | 4.62° | 39.84°
A6 434° | 6.14° | 1.95° | 450° | 9.37° | 5.69° | 3.90° | 3.71° | 39.59°
A7 3.35° | 6.04° | 1.84° | 3.73° | 8.23° | 5.65° | 1.75% | 4.95° | 3554°
A8 3.25° | 5.65° | 3.03% | 3.83° | 7.95° | 3.35% | 3.09° | 4.23" | 34.38°
A9 5.15° | 7.48% | 2.42° | 565° | 10.66% | 7.25° | 4.32% | 5.60° | 4852°
Al0 484° | 7222 | 277° | 5.15% | 10.31% | 6.37° | 458° | 4.81° | 46.04°
All 5058 | 7.52° | 3.23% | 427" | 9.84° | 7.08° | 3.25° | 6.23° | 46.47°
Paraugs/ Aizvietojamas aminoskibes / Non-essential amino acids, g kg™ Kopa /
Sample Asp Ser Glu Pro Gly Ala Tyr Arg Total
Al 9.05° | 5.30° | 30.60° | 4.96° | 7.00° | 5.41° | 3.33° | 6.20° | 71.85°
A2 7.75% | 5.00° | 24.45° | 5.45% | 6.05% | 5.95® | 2.55° | 5.82 63.02¢
A3 9.75° | 4.60° | 27.35% | 4.40° | 6.80° | 4.62° | 2.53° | 5.75 65.80°
Ad 850% | 5.95% | 32.95° | 5529 | 7.25° | 5.03® | 2.93* | 5647 | 73.77°
A5 10.85° | 6.65° | 33.85" | 6.65% | 8.10° | 6.35% | 2.43° | 7.80° | 82.68°
A6 8.90% | 5.64° | 25.46° | 7.75° | 6.03% | 5.68° | 3.51° | 9.99° | 72.94¢
A7 8.307 | 4.80" | 31.15° | 5.92¢ | 6.407 | 5.04%®° | 2.05° | 5.95" | 69.61°
A8 6.45° | 4.70° | 24.60° | 4.65° | 5.85° | 3.63% | 3.65° | 4.75° | 58.28°
A9 10.97° | 6.80° | 31.55° | 8.38° | 6.99% | 6.74° | 4.97° | 11.94° | 88.34°
Al0 11.14° | 6.40° | 31.01° | 9.31% | 6.77® | 6.50° | 4.42° | 10.85° | 86.40°
All 12.20* | 7.85° | 47.30% | 7.43° | 11.25% | 6.65% | 3.85® | 9.33° | 105.86%

*Thr — treonins / threonine, Val — valins / valine, Met — metionins / methionine, lle— izoleicins / isoleucine,
Leu — leicins / leucine, Phe — fenilalanins / phenylalanine, His — histidins / histidine, Lys —lizins / lysine,
Asp — asparaginskabe / aspartic acid, Ser — serins / serine, Glu — glutaminskabe /glutamic acid,
Pro — prolins / proline, Gly — glicins / glycine, Ala — alanins / alanine, Tyr — tirozins / tyrosine,
Arg — arginins / arginine

Kviesu prolaminu raksturo augsts glutamina / glutaminskabes ($is aminoskabes ir
ciesi saistitas ktmiskaja nozimée, tapec dazkart tas nav iesp&jams izdalit atseviski) un
prolina saturs un mazs leicina un alanina saturs. Aminoskabju sekvences ar augstu
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prolina un glutamina / glutaminskabes (Glx) saturu izraisa celiakiju. Sadas
aminoskabju sekvences ir kvieSu gliadina, rudzu sekalina, mieZu hordeina un daudz
mazaka daudzuma auzu avenina (Sollid, 2000; Guilbertetal., 2002;
Ramakrishan et al., 2004; Wieser, 2004). Aminoskabju sastavam ir butiska nozime
graudauga piemérotiba bezgluténa dictai. Prolina (Pro) saturs analiz€tajos Latvija
audz&to auzu paraugos ir robezas no 4,40 (plekspaino auzu Skirnes ‘Laima’ — A3)
lidz 9,31 g kg™ (kailgraudu auzu selekcijas linijas 30616 — A11), un tas ir apméram
divas reizes mazaks neka Guilbertetal. (2002) noteiktais prolina saturs kviesu
gliadina — 14-17 g kg™. Savukart saskapa ar Wieser (2004) secindgjumiem kviesu
gliadins satur 37 g kg™ glutamina / glutaminskabes, 17 g kg™ prolina, 7 g kg™ leicina
un 3 g kg™® alanina. Analizétajos Latvija audzéto auzu paraugos ir augstaks leicina
(7,55-10,66 g kg™*) un alanina (3,63-6,74 g kg™) saturs salidzinajuma ar kvie$u
gliadinu. Kailgraudu auzu s$kirnes un selekcijas linijas satur vairak alanina un leicina
neka pleksnaino auzu skirnes.

Gluténa saturs auzas ir robezas no 103,83+0,56 mg kg™ (pleksnainas auzu skirnes
‘Laima’ parauga A3) lidz 469,37+2,76 mg kg™ (kailgraudu auzu Skirnes ‘Stendes
Emilija’ parauga A9) (6. attels). Kailgraudu auzu Skirnes satur 2,5-4,5 reizes
augstaku gluténa saturu salidzinajuma ar plék$naino auzu Skirném. Lidz ar to var
secinat, ka gluténa saturu auzas bitiski (p<0,05) ietekm& genotips (pleksnainas vai
kailgraudu) un Skirne.
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Gluténa saturs /
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pleksnpainas auzas / husked oats M kailgraudu auzas / hull-less oats
==  _ piclaujamais gluténa saturs / permitted amount of gluten
6. att. Gluténa saturs Latvija audzetas auzas /
Fig. 6. Gluten content of oat grown in Latvia
Al — ‘Stendes Liva’, A2— ‘Vendela’, A3 — ‘Laima’, A4 — ‘Stendes Darta’, A5 — ‘Arta’, A6 — ‘Lizete’,
AT — ‘Kirovec’, A8 — ‘Iwory’, A9 — ‘Stendes Emilija’, A10 — 33793, A11 — 30616
81,8% analizéto auzu paraugu glut€na saturs bitiski (p<0,05) parsniedz atlauto
gluténa normu 100 mg kg™, lidz ar to 8ie auzu paraugi nav pieméroti bezgluténa
dietai. Hernando et al. (2008) pé&tijjuma analiz&ts gluténa saturs 109 dazados auzu
parstrades produktos (auzu parslas, auzu miltos, auzu klijas, auzu brokastu
parslas u.c.), un iegitie rezultati parada, ka 25% auzu paraugu glut€na saturs ir
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<3mgkg?, 4% — no 3 lidz 20mgkg?, 12% — no 20 lidz 200 mgkg® un
59% — > 200 mg kg™*. Mingta pétijuma rezultati pierada, ka tikai nelielu dalu no auzu
parstrades produktiem var ieklaut bezgluténa di&ta (Hernando et al., 2008).

Auzu paraugos ar augstaku gluténa saturu konstatéts augstaks prolina
(4,96-9,31 g kg?) un glutaminskabes (24,45-47,30 g kg?) saturs salidzindjuma ar
paréjiem 18,2% auzu paraugu (Pro 4,40-4,65gkg”, Glu 24,60-27,35gkg™)
(3. tabula), kuros gluténa saturs batiski neatSkiras (p>0,05) no pielaujamas normas.
PlekSpaino auzu Skirnés ‘Laima’ un ‘Iwory’ gluténa saturs ir attiecigi
103,83+0,56 mg kg™ un 107,36+0,61 mg kg™. Autores p&tijuma rezultati liecina, ka
Latvija audz&tas plekSpaino auzu Skirnes ‘Laima’ un ‘Iwory’ satur gluténu tuvu
maksimalajai atlautajai normai (100 mg kgl). Lidz ar to cilveki ar gluténa
nepanesibu, nemot véra celiakijas pakapi, sava &dienkarte var ieklaut produktus, kas
gatavoti no plek$paino auzu Skirn€m ‘Laima’ un ‘Iwory’. Savukart selekcionariem,
perspektiva stradajot ar §im $kirném, iesp&jams tas pielagot cilveékiem ar celiakiju.
Tas sniedz iespgju cilvékiem, kam ikdiena nepiecie$ami produkti ar zemu gluténa
saturu, ka ari razotdjiem izmantot Latvija izaudz&étus graudus. Ta ka neviena no
analizétajiem auzu paraugiem gluténa saturs nebija mazaks par 100 mg kg™, tad tas
netika izmantotas turpmakajiem pé&tijumiem jaunu produktu izstradg.

4. Bezgluténa miltu analize

Patérétaju aptauja respondenti izteica viedokli, ka nepiecieSams papildinat un
dazadot bezgluténa miltu izstradajumu klastu, jo tirga pieejamie ir vienveidigi un nav
pietiekams to klasts. Veikalos nopérkamo bezgluténa miltu izstradajumu sastava
ietilpst vienas un tas paSas vai lidzigas izejvielas. Labas kvalitates izstradajumus var
pagatavot tikai no labam izejvielam, tapec tas nepiecieSams ieprieks izvertet.

Bezgluténa miltu mitrums ir svarigs kvalitati raksturojoss raditajs, kas tiesi
saistits ar miltu uzglabasanas laika notiekoSajiem procesiem. Analiz€tajos bezgluténa
miltos mitrums svarstas no 7,23+0,03% sojas miltu parauga SM6 lidz 13,45+0,08%
griku miltu parauga GM6. Biitiska mitruma atSkiriba vérojama starp sojas miltiem un
citiem miltu paraugiem. Zems mitruma saturs konstatéts sojas miltu (7,23+0,03% un
9,7240,04%) un turku zirpu miltu (10,09+0,01% un 10,63+0,12%) paraugiem.
Petijuma iegttie rezultati sakrit ar citu zinatnieku atzinam, ka pakSaugu mitruma
saturs ir robezas no 7,9% lidz 10,8% (Guo et al., 2010). Starp analiz&to risu miltu
paraugu mitruma saturu nepastav biitiskas atskiribas (p>0,05), un tas ir robezas no
12,56+0,05% Iidz 12,83+0,07%. Sie rezultati ir lielaki neka citu zinatnieku veiktajos
pétijumos iegiitie — 9,09-10,5% (Ibianoglu et al., 2006; Torbica et at., 2010). Starp
pargjiem analizEtajiem bezgluténa miltu veidiem pastav bitiska atSkiriba (p<0,05)
mitruma satura viena graudaugu veida robezas. Mitruma atSkiribas iesp€jams
izskaidrot ar to, ka paraugi iegadati dazadas tirdzniecibas vietas un tiem ir bijusi
atsSkirigi uzglabasanas apstakli.

IzvEloties partikas produktu, patérétaji vispirms noveérté ta krasu, kas ir viena no
svarigakajam TpaSibam un ko biezi saista ar kvalitati. Produkta krasa ir atkariga no
izejvielu krasas un dazadam reakcijam (Fernandez-Vazquez et al., 2013).
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Graudauga veids un miltu paraugs bitiski ietekmé (p<0,05) L*, a* un b*
komponensu vertibu. Bezgluténa miltu krasu komponentes L* vértiba, kas raksturo
paraugu gaiSas un tumsas krasas nianses, ir no 67,87+0,88 (paraugs SM15) lidz
94,58+0,43 (paraugs RIM10). Nepastav biatiskas atSkiribas (p>0,05) krasu
komponentes L* vertiba starp analizétajiem diviem amaranta paraugiem (80,79+0,48
un 80,11+0,32) un trijiem zirpu miltu paraugiem (89,94+0,46-91,63+0.40).
Divdimensiju attéls raksturo krasu izkliedi un rada prieksstatu par produkta krasu.
7.attela redzams bezgluténa miltu krasu komponensu a* un b* vértibu
atspogulojums divdimensiju koordinatu sist€éma.
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7. att. Bezgluténa miltu krasas komponensu a* un b* divdimensiju
koordinatu sistema / Fig. 7. Two-dimensional model of gluten-free flour
colour components a* and b*

— GM — griku milti / buckwheat flour, ® — RIM — risu milti / rice flour, A — KUM — kukurtizas milti /
maize flour, + — SM — sojas milti / soya flour, ® — AMM - amaranta milti / amaranth flour,
® - KNM - kvinojas milti / quinoa flour, %k — ZM — zirpu milti / pea flour, %k — TZM — turku zirgu milti /
gram flour, ¢ — KVVM — kvie$u milti / wheat flour, ¢ — RUM — rudzu milti / rye flour

Pamatojoties uz paraugu izkliedi koordinatu sistéma, analizétajiem bezgluténa
miltiem raksturigas piecas krasas, ko apstiprina arT veikta hierarhijas klasteru analize:
1. izteikti dzeltena (kukuriizas miltu paraugiem KUM12, KUM13 un KUM14);
2. gaiSi dzeltena (kukurizas miltu paraugam KUMI11, visiem sojas, zirpu un
turku zirgu miltu paraugiem);
3. balta ar pelécigu nokrasu (visiem risu un kvinojas miltu paraugiem, ka ari
griku miltu paraugiem GM2, GMS5 un GMb6);
krémkrasa (visiem amaranta miltu paraugiem);
gaiSi briina (kvinojas miltu paraugiem KNM21 un KNM22 un griku miltu
paraugiem GM2 un GM4).

ok
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Biologiski aktivie savienojumi

Skiedrvielu saturs ir batiski atkirigs (p<0,05) analizétajos bezgluteéna miltu
paraugos (8. attels). Vismazakais Skiedrvielu saturs konstatéts kvieSu (405. tipa),
griku, risu un kukuriizas miltu paraugos — no 0,14+0,01 g 100 g™t (KVM26),
0,34+0,01 g 100 g* (KUM13) lidz 1,89+0,01 g 100 g™* (RIMS).
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8. att. Skiedrvielu saturs bezglutena miltos / Fig. 8. Fibre content in gluten-free flour
GM - griku milti / buckwheat flour, RIM — risu milti / rice flour, KUM — kukuriizas milti / maize flour,
SM — sojas milti / soya flour, AMM — amaranta milti / amaranth flour, KNM — kvinojas milti / quinoa
flour, ZM — zirgu milti / pea flour, TZM — turku zirgu milti / gram flour, KVM — kvie$u milti / wheat
flour, RUM — rudzu milti / rye flour

Saskana ar EK regulu Nr. 1924/2006 par uzturvértibas un veseliguma noradém uz
partikas produktiem par Skiedrvielu avotu (vismaz 3 g Skiedrvielu 100 g produkta)
var uzskatit amaranta miltus (4,26 un 4,059100g™), turku zirpu miltus
(3,56 g 100 g%, kvinojas miltu paraugu KNM21 (3,52 g 100 g*) un rudzu miltus
(5,15 g 100 g). Daudz $kiedrvielu (vismaz 6 g Skiedrvielu 100 g produkta) ir sojas
miltos (7,04 un 825g100g") wun kvinojas miltu paraugdi KNM22
(8,79+0,01 g 100 g*). Lai iegiitu jaunus bezgluténa produktus, kuros bitu pietickams
Skiedrvielu saturs, ieteicami pseidograudaugi, tadi ka amarants un kvinoja, un
paksSaugi: soja un zirni.

Bezgluténa miltu izstradajumu kvalitati un struktiru nosaka tajos esosa ciete, jo
to olbaltumvielam nepiemit tadas cepamipaSibas ka kvieSu miltiem. Cietes saturu
miltu paraugos butiski (p<0,05) ietekmé graudauga veids (9. attéls). Mazakais cietes
saturs konstatéts sojas miltos (6,46+0,08% parauga SM15), bet augstakais —
kukurtizas miltos (79,12+0,32% parauga KUML13). Augsts cietes saturs
salidzinajuma ar citiem analiz€tajiem paraugiem ir risu (no 69,03+£0,51 Iidz
74,1440,20%) un kukurtizas (no 71,27+0,13 lidz 79,12+0,32%) miltos, un tas batiski
neatskiras (p>0,05) no cietes satura kvieSu miltos (74,24+0,10%). Autores pétjjuma
iegltie rezultati sakrit ar literatiiras avotos minétajiem datiem — cietes saturs risos ir
75,4-90,0%, kukuriizas miltos — 70,0-75,0% un kviesu miltos — 66,9-75,4% (Arendt,
Zannini, 2013). Sojas miltos cietes saturs ir 10 reizes mazaks neka citos pétitajos
miltu paraugos, un tas sakrit ar Banaszkiewicz (2011) pétijuma konstatéto cietes
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saturu soja — 4,66—7,00%. P&c cietes satura analiz&tajos paraugos, tie visi ir piemé&roti
jaunu produktu izstradei pieméroti visi analiz&tie paraugi.

Olbaltumvielu saturs analiz&jamajos miltu paraugos ir plasa diapazona, un to
butiski ietekm& (p<0,05) graudauga veids (10. attéls). Augstakais olbaltumvielu
saturs konstatéts sojas miltu paraugos — 36,01+0,09% (SM15) un 33,19+0,03%
(SM16), bet zemakais — kukurfizas un risu miltos — 5,814+0,01% (KUM14) lidz
8,51+0,01% (RIM7). Saskana ar EK regulu Nr. 1924/2006 par uzturvértibas un
veseliguma noradém uz partikas produktiem par olbaltumvielu avotiem (vismaz 12 g
olbaltumvielu 100 g produkta) var uzskatit pakSaugu un pseidograudaugu miltus.
Salidzinot ar olbaltumvielu saturu kvie$u miltos ir par 65% augstaks sojas, par 17% —
amaranta, par 3,5% — kvinojas un par 43% - zirpu miltos, tas skaidrojams ar
graudaugu biologiskajam un botaniskajam atskiribam.
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10. att. Olbaltumvielu saturs bezgluténa miltos /
Fig. 10. Protein content of gluten-free flour

GM - griku milti / buckwheat flour, RIM — risu milti / rice flour, KUM — kukuriizas milti / maize flour,
SM — sojas milti / soya flour, AMM — amaranta milti / amaranth flour, KNM — kvinojas milti / quinoa
flour, ZM — zirgu milti / pea flour, TZM — turku zirgu milti / gram flour, KVM — kvie$u milti / wheat
flour, RUM — rudzu milti / rye flour

24



Bezgluténa miltos kopé&jais fenolu saturs (KFS) svarstas no
31,22 mg GAE 100 g* risu miltu parauga RIM10 lidz 952,06 mg GAE 100 g™
griku miltu paraugda GMS, un to biatiski (p<0,05) ietekm&é miltu veids.
Vollmannova et al. (2013) pétjjuma par Skirnes ietekmi uz kopgjo fenolu un rutina
saturu un antioksidativo aktivitati atklats, ka starp griku, amaranta un kvinojas
dazadam Skirn€@m pastav bitiska kopgja fenola satura un antiradikalas aktivitates
atskiriba. Tas apstiprina autores pétijuma ieglitos rezultatus, ka dazadu miltu veidu
kopgjais fenolu saturs un antiradikala aktivitate atSkiras. Salidzinot bezgluténa miltu
kopg&jo fenolu saturu un antiradikalo aktivitati (ArA), konstatéts, ka starp tiem
pastav cieSa pozitiva korelacija (r=0,92) — jo lielaks kopgjais fenolu saturs, jo
augstaka antiradikala aktivitate (11. attels). Sie rezultati liecina, ka miltu kop&jais
fenolu saturs ir tiesi saistits ar miltu antiradikalo aktivitati un nodrosina to.
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11. att. Korelacija starp KFS un ArA bezgluténa miltos /
Fig. 11. Correlation of TPC and ARA of gluten-free flour

Lai raksturotu sakaribu starp skiedrvielu, cietes, olbaltumvielu un kopgjo fenolu
saturu bezgluténa miltu paraugos, veikta principialo komponentu analize (12. attels).
Izvertgjot principialo komponentu analizes datus, var secinat, ka abi faktori izskaidro
65,4% (PC1) un 25,7% (PC2) varian$u no datu kopas. Paraugiem, kas atrodas blakus
piemit lidzigas 1paSibas. PC1 varian$u modelis parada Skiedrvielu un kopgjo fenolu
satura sakaribu, bet PC2 attelo cietes un olbaltumvielu satura saistibu. Analizgjot
iegilitos datus, var secinat, ka starp Skiedrvielu, olbaltumvielu, cietes un kopgjo fenolu
saturu miltos savstarp€ja saistiba nepastav, raditaji Cits citu neietekme.

Principialo komponentu analize miltu paraugus sagrup€jusi ta, lai blakus atrastos
paraugi ar vislidzigakajam ipasibam. Pirmas komponentes (PC1) labaja jeb pozitivaja
pusé ir paraugi ar augstu olbaltumvielu (no 12,71% kvinojas miltu parauga KNM21
lidz 21,52% turku zirpu miltu parauga TZM25) un vid&ju cietes (no 52,12% turku
zirpu miltu parauga TZM25 1idz 59,29% amaranta miltu parauga AMM17) saturu.
Savukart kreisaja jeb negativaja PC1 pus€é atrodas paraugi ar augstu cietes (no
61,82% kvinojas miltu parauga KNM19 lidz 79,12% kukuriizas miltu parauga
KUM13) un zemu olbaltumvielu (no 5,81% kukuriizas miltu parauga KUM14 Iidz
12,05% kvinojas miltu paraugd KNM19) saturu. Otras komponentes (PC2) pozitivaja
pus€ ir paraugi ar vid&ju vai zemu Skiedrvielu saturu un zemu kopg€jo fenolu saturu,
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savukart negativaja PC2 pus€ ir paraugi ar zemu Skiedrvielu un augstu kopgjo fenolu
saturu.

Risu milti / Amaranta milti /

Rice flour RIM10 0'906\1.\[18 Amaranth flour
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12. att. Biologiski aktive savienojumu sadalijums bezgluténa miltos /
Fig. 12. Distribution of biologically active compounds in gluten-free flour
GM — griku milti / buckwheat flour, RIM — risu milti / rice flour, KUM — kukuriizas milti / maize flour,
SM — sojas milti / soya flour, AMM — amaranta milti / amaranth flour, KNM — kvinojas milti / quinoa
flour, ZM — zirgu milti / pea flour, TZM — turku zirgu milti / gram flour

Analizéto paraugu vida paSi izcelas sojas milti, kurus raksturojosie parametri
batiski (p<0,05) atSkiras no citiem bezgluténa miltu paraugiem. Jaunu produktu
izstradei pieméroti ir pseidograudaugi (amarants, kvinoja un griki) un pakSaugi (soja
un turku zirni), kam ir augsts Skiedrvielu, fenolu un olbaltumvielu saturs, un vidgjs
cietes saturs.

Gluténa saturs miltos nosaka to piemérotibu bezgluténa diétai. Sa pétijuma
méerkis bija parliecinaties, vai cilveks, kuram konstateta celiakija, iegadajoties veikala
miltus, kas tiek uzskatiti par bezgluténa (17si, griki, kukuriiza u.c.), var bat dross, ka
miltos gluténa saturs ir minimalaja jeb atlautaja daudzuma. Atbilstosi EK regulai
Nr. 41/2009 par tadu produktu sastavu un markésanu, kas pieméroti cilvékiem, kuri
nepanes lipekli, tiek uzskatits, ka produkts nesatur gluténu, ja gluténa saturs ir lidz
20 mg kg. Ja kopgjais gluténa saturs produkta neparsniedz 100 mg kg™, tiek atzits,
ka produktam ir loti zems gluténa saturs.’

Latvijas tirgli pieejamos bezgluténa miltus péc gluténa satura var iedalit trijas
grupas (4. tabula):

1. grupa — milti, kas tiek uzskatiti par bezgluténa, bet netiek $adi marketi

bezgluténa (risi, griki, kukuriiza);
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2. grupa — milti, kam uz mark&uma noradita informacija, ka produkts nesatur
gluténu, tadu netiek lictots atbilsto§s mark&ums (parsvitrota varpa) un
sertificéSanas numurs;

3. grupa — milti, kas marketi atbilstoSi (parsvitrota varpa un sertificESanas
numurs).

4. tabula / Table 4
Gluténa saturs analizétajos bezgluténa miltos /
Gluten content of analysed gluten-free flour

1. grupa/group 1 2. grupa/ group 2 3. grupa/group 3
= Gluténa Gluténa
Paraugs / %llutena saturs / Paraugs/ | saturs/Gluten | Paraugs/ | saturs/Gluten
uten content,
Sample mg kg™ Sample conten_tl, Sample conten_tl,
mg kg mg kg
GM1 144.40+0.04 ® | GM3 42.40+0.03 ® | GM6 24.64+0.02 O
GM2 214.4940.02 ® | RIM7 17.25+0.02 @ | RIM8 15.22+0.05 @
GM4 53.57£0.06 © | AMM17 34.24+0.03 ® | RIM9 24.18+0.02 ©
GM5 69.18+0.04 © | AMM18 24.62+0.13 0 | RIM10 23.34+0.17 ©
KUM11 67.1910.09 © | KNM20 21.24+0.18 0 | KUM13 18.86+0.02 @
KUM12 32.38+£0.04 ® | TZM24 35.3140.03 ® | KNM19 14.95+0.08 @
KUM14 79.52+0.07 © x X X X
SM15 36.18+0.01 ® x X X X
SM16 30.02+0.04 © x X X X
KNM21 54.83+0.06 © x X X X
KNM22 79.16+£0.06 © X X X X
ZM23 254,5140.16 ® X X X X
TZM25 217.7240.13 ® X X X X

@ gluténa saturs / gluten content, < 20 mgkg?; O gluténa saturs / gluten content, 21-30 mg kg™
® gluténa saturs / gluten content, 31-50 mg kg™; © gluténa saturs / gluten content, 51-100 mg kg™;
® gluténa saturs / gluten content, >101 mg kg™

Gluténa saturs pétitajos bezgluténa miltu paraugos ir robezas no
14,95+0,08 mg kg™ (kvinojas miltu parauga KNM19) lidz 254,5140,16 mg kg™
(zirpu miltu paraugd ZM23). Pétfjuma rezultati liecina, ka cilvéks ar celiakiju,
iegadajoties miltus no pirmas grupas (n=14), kas péc butibas pieder bezgluténa
miltiem, bet nav attiecigu mark@&ti, nevar but pilnigi dross, ka gluténa saturs ir
normativaja reguléjuma paredz€tajas robezas. Pirmaja grupa 28,5% miltu paraugu
gluténa saturs parsniedz atlauto robezu 100 mg kg™, tadel tos nevar uzskatit par
bezgluténa un tie var bt bistami cilvékiem ar celiakiju. Paaugstinato gluténa saturu
miltos varétu skaidrot ar to, ka mal$anas procesa tie kontamingjusies ar ieprieksgjiem
produktiem, pieméram, kvieSiem, rudziem, tritikali. Griku miltu paraugi GM4
un GMS5 ietilpst pirmaja grupa, un gluténa saturs tajos ir 53,57 mg kg™ un
69,18 mg kg™, proti, loti zems. Savukart paraugos GMI un GM2 gluténa saturs
attiecigi ir 144,40 mg kg™ un 214,49 mg kg™, kas parsniedz atlauto robezu. Izvéloties
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miltus no pirmas grupas, janem V&ra razotajs un jarékinas ar iesp&amo risku, kas
jaizverte katram celiakijas pacientam individuali atkariba no slimibas pakapes. 42,8%
pirmas miltu grupas paraugu gluténa saturs ir robezas no 51 lidz 100 mg kg™,
respektivi, Joti zems.

Otras miltu grupas paraugos gluténa saturs ir no 17,25 mg kg™ (1fsu miltu parauga
RIM?7) lidz 42,40 mg kg™ (griku miltu parauga GM3), tatad atlautajas robezas, tapec
tos cilveéki ar celiakiju var lietot uztura. P&tijuma iegttie rezultati apliecina, ka
razotaji ir atbildigi un, ja mark&uma noradits, ka produkti ir bezgluténa, pateretajs
var §Tm noradém ticet.

Tresas grupas (produkti apziméti ar attiecigo simbolu) paraugiem gluténa saturs ir
no 14,95+0,08 mg kg™ (KNM19) lidz 24,64+0,02 mg kg™ (RIM9). Tas nozimg, ka
§os miltus razo atseviskas razotnés, kuras tiek nodroSinats, ka produkti netiks
kontamingti ar gluténu un biis pieméroti cilvékiem ar celiakiju. Pirmas grupas miltu
paraugos konstatétais gluténa saturs, lauj secinat, ka patérétajs nevar palauties uz
informaciju, ka graudaugs péc butibas ir bezgluténa. Lidz ar to var secinat, ka
celiakijas slimniekam pilnigi dro$a ir tikai ta partika, kas razota speciali paredz&tas
telpas un attiecigi sertificgta. Jaunu produktu izstradei gluténa satura dél ieteicamaki
ir paraugi, kas ietilpst otraja un tre$aja grupa.

5. Jaunu produktu izstrade un analize

Tirgl piedavato bezgluténa maizi biezi vien raksturo zema kvalitate, neizteikta
porainiba un krasa, nepatikama p&cgar$a, ta satur maz uzturvielu un atri saciete.
Pamatojoties uz iepriek§ uzkrato pieredzi un citu zinatnieku petfjumu rezultatiem,
stradats pie jaunu, kvalitativu un uzturvielam bagatu bezgluténa produktu izveides.

Bezglutena maize

Par pamatu jaunu receptiiru izveide izmantota kukuriizas maize ar ekstrudétajiem
miltiem, kas izstradata promocijas darba autores iepriek$€jos pétijumos
(Ozola et al., 2011; Ozola et al., 2012). Lai dazadotu maizes klastu, pilnveidotu tas
kvalitati un paaugstinatu uzturvertibu, no miltu maisijjuma, kas maizes gatavosana
izmantots iepriek§gjos pétijumos, izslégti risu un ekstrudétie kukuriizas milti, tie
aizvietoti ar amaranta un kvinojas miltiem. Izstrades procesd ieghiti divi miltu
maisTjumi, kas pieméroti bezgluténa maizes gatavosanai.

Pirmaja miltu maisTjuma risu un ekstrudétie kukuriizas milti aizstati ar amaranta
miltiem (53% no kopgja kukurtizas miltu daudzuma), kas batiski neietekmé
bezgluténa maizes kvalitati salidzinajuma ar kukurfizas maizi ar ekstrud&tajiem
miltiem. Sadi iegiita receptiira kukuriizas-amaranta maizei (SODY1) (5. tabula).

P&c zinatniskas literatliras analizes var secinat, ka, lai uzlabotu bezgluténa
produktu kvalitati, izmantojami dazadi pap€mieni, viens no tiem ir olbaltumvielu vai
izdalito olbaltumvielu, pieméram, olu, piena vai sojas pupinu olbaltumvielu
pievienoSana (Gallagher et al., 2003; Marco, Rosell, 2008; Crockett et al., 2011).
Izmantojot sojas miltus, poras maizes mikstuma klist vienmeérigakas, palielinas
maizes apjoms, uzlabojas struktiira, ka arT iesp&jams pagarinat izstradajuma deriguma
terminu (Sim, Tam, 2001; Curic et al., 2007).
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5. tabula / Table 5
Bezgluténa maizes receptiras uz 1 kg miltu / Gluten-free bread recipes using 1 kg of flour

Paraugs / Sample

Sastavdalas / Ingredients, g
SODY1 | S4DY1 | S4DY2 | S5DY1 | S5DY2 | S6DY1 | S6DY2 | GODY2 | G1DY2 | G2DY?2
Kukuriizas milti / Maize flour 650 358 358 325 325 260 260 500 450 425
Amaranta milti / Amaranth flour 350 350 350 350 350 350 350 - - —
Sojas milti / Soy flour - 292 292 325 325 390 390 - - -
Kvinojas milti / Quinoa flour - - - - - - - 200 200 200
Turku zirpu milti / Gram flour — — — — — — — 300 250 225
Glute_na aizvietotajs / Gluten 3 B B a 3 B 3 B 100 150
substitute
Sausais raugs / Dry yeast 16 16 16 16 16 16 16 16 16 16
Cukurs / Sugar 80 80 80 80 80 80 80 - — —
Cukura strups / Sugar syrup — - - — — — — 125 125 125
Sals / Salt 16 16 16 16 16 16 16 15 15 15
Ella / Qil 128 128 128 128 128 128 128 100 100 100
Abolu etikis /Apple vinegar 20 20 20 20 20 20 20 25 25 25
Olas / Eggs 320 - - - - - - 275 275 275
Udens / Water 960 960 1520 960 1520 960 1520 1520 1520 1520
Kopa / Total | 2541 2221 2781 2221 2781 2221 2781 3076 3076 3076
Miklas iznakums / Dough yield 196 196 252 196 252 196 252 252 252 252

SODY1 — maize bez sojas miltiem / bread without soy flour, DY196; S4DY1 — maize ar 45% sojas miltu / bread with 45% of soy flour, DY196;
S4ADY2 — maize ar 45% sojas miltu / bread with 45% of soy flour, DY252; S5DY1 — maize ar 50% sojas miltu / bread with 50% of soy flour, DY196;
S5DY2 — maize ar 50% sojas miltu / bread with 50% of soy flour, DY252; S6DY1 — maize ar 60% sojas miltu / bread with 60% of soy flour, DY196;
S6DY2 — maize ar 60% sojas miltu / bread with 60% of soy flour, DY252; GODY2 — maize bez gluténa aizvietotdja / bread without gluten substitute, DY252;
G1DY2 — maize ar 10% gluténa aizvietotaja / bread with 10% of gluten substitute, DY252; G2DY2 — maize ar 15% gluténa aizvietotaja / bread with 15% of

gluten substitute, DY252




Lai wuzlabotu maizes kvalitati un izvértétu sojas miltu ietekmi uz
kukurtizas-amaranta maizes kvalitati, katram maizes paraugam pievienoti sojas milti
no 5 lidz 75% no kopgja kukuriizas miltu daudzuma. P&tjjuma rezultati parada, ka
optimalais sojas miltu daudzums ir 45-60% no kukuriizas miltiem.

Otraja miltu maisTjuma ieprieks izstradataja kukurlizas maizes ar ekstrudétajiem
miltiem receptiira ietilpstosie, risu un ekstrudétie kukurtizas milti aizstati ar kvinojas
(40% no kopgja kukuriizas miltu daudzuma) un turku zigu miltiem (60% no kopgja
kukuriizas miltu daudzuma), ieglitot receptiru kukuriizas-turku zirpu maizei
(GODY1) (5. tabula). Viens no risinajumiem, ka uzlabot bezgluténa maizes kvalitati,
ir veidot miltu maisjjumus, pievienojot tiem kukuriizas vai kartupelu cieti
(Abdel-Aal, 2009; Onyango et al., 2011). Ta labak saista Gideni, padara mikstaku
maizes mikstumu un pieSkir maizei vienmérigu porainibu. Lai maizei pieskirtu
gluténam raksturigas ipasibas, izmanto ari ksantana un guara svekus (Anton,
Artfield, 2008; Peressini et al., 2011). Lai aplukotu bezgluténa maizes gatavoSanu
no patérétaju skatu punkta, $aja procesa izmantots Latvijas tirgli pieecjamais gluténa
aizvietotdjs, kas péc butibas ir miltu maisijums ar guara svekiem. Eksperimenta
pirmaja posma katram maizes paraugam pievienots gluténa aizvietotajs no 5 Iidz
50% no kopg€ja miltu daudzuma. P&tjjuma rezultati parada, ka optimalais gluténa
aizvietotaja daudzums ir 10-15% no kopgja miltu daudzuma (5. tabula).

Krasa ir svariga ipasiba partikas produktiem, tas ir cieSi saistita ar produkta
strukt@iru un aromatu, ka arT ar pateretaju izveli (Esteller, Lannes, 2008). 6. tabula
apkopotas bezgluténa maizes mikstuma krasas izmainas kukurizas-amaranta maizes
paraugos atkariba no pievienota sojas miltu daudzuma, bet kukuriizas-turku zirpu
maizes paraugos — no gluténa aizvietotaja daudzuma. Rezultati parada, ka sojas milti
un gluténa aizvietotajs butiski (p<0,05) ietekmé maizes mikstuma krasas
komponentes.

6. tabula / Table 6
Bezgluténa maizes mikstuma krasas raksturojums /
Characterisation of the colour of gluten-free bread crumb

Paraugi / Krasas komponente / Colour value 3

Samples L* ax b*
SODY1 63.0420.70° -3.0840.40° 34.44+0.66° -
S4DY1 61.68+0.64° -2.34+0.46™ 31.25£0.43° 3.54
S5DY1 61.16+0.76° -2.07+0.50° 30.89+0.55™ 4.14
S6DY1 61.26+0.76° -2.05+0.43° 30.99+0.49™ 4.01
S4DY?2 62.68+0.55° -3.07+0.57" 30.12+0.69™ 4.33
S5DY?2 62.62+0.61° -2.78+0.45° 31.56+0.64° 2.92
S6DY2 62.29+0.72° -2.60+0.60™ 29.59+0.55° 4.93
GODY?2 69.27+0.26° -4.72+0.59% 35.98+0.35° -
G1DY?2 68.30+0.39° -4.78+0.69° 31.11+057° 4.97
G2DY2 70.74+0.40° -4.51+0.51% 30.84+0.22° 5.35
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Kukurtizas-amaranta maizes paraugiem ar sojas miltiem mikstuma krasa ir gaisi
dzeltena (L*=61,16-62,68; a*= -2,05- -3,07; b*=29,59-31,56). Maizes paraugi ar
sojas miltiem, salidzinot ar paraugu SODY1, ir gaiSak dzelteni, samazinas krasu
komponentes L* vértiba (no 63,64+0,70 uz 61,16+£0,76) un b* vertiba
(no 34,24+0,66 lidz 29,59+0,50). Receptiira palielinot pievienoto sojas miltu
daudzumu, proporcionali samazinas izmantotie kukuriizas milti, Iidz ar to maizes
mikstums vairs nav tik dzeltens.

Paraugiem S5DY 1 un S5DY2 maizes mikstuma krasu atSkiriba salidzinajuma ar
paraugu SODY1 ir acim saredzama (2<AE<3,5). Savukart pargjiem kukuriizas-
amaranta maizes paraugiem ar sojas miltiem, salidzinot ar paraugu SODY 1, krasas
atSkiriba ir izteikta un ar acim saskatama, jo 3,5<AE<5.

Bitiska (p<0,05) atSkirtba vérojama kukurfizas-amaranta un kukuriizas-turku
zirpu maizes mikstuma krasas komponentes b* vértiba. Kukuriizas-turku zirpu
maizes paraugiem ta ir 1,5-2 reizes lielaka, un tas skaidrojams ar kukurtizas un turku
zirpu miltu raksturigo dzelteno krasu un receptiirai pievienotajam olam. Kukurtizas-
turku zirpu maizes paraugu mikstumam ir izteikti dzeltena krasas (L*=68,30-70,74;
a*=-4,51- -4,78; b*=30,84-35,98), ko nodrosina kukuriizas un turku zirpu miltu
raksturiga dzeltena krasa. Pievienojot gluténa aizvietotaju (L*=85,68; a*=-1,10;
b*=11,93), maizes paraugiem palielinas krasas komponentes L* vértiba un
samazinas krasas komponentes b* vértiba. Krasas atSkiriba starp kukuriizas-turku
zimpu maizes paraugu GODY2 un paraugiem G1DY2 (AE=4,97) un G2DY?2
(AE=5,35) ir izteikta un ar acim saskatama (3,5<AE<5) (6. tabula).

Maizes kvalitati raksturo struktiira, elastiba, porainiba, garozas un mikstuma
krasa. Kukuriizas-amaranta maizes mikstuma cietiba ir no 2,41+0,60 N paraugam
S6DY?2 lidz 10,94+0,63 N paraugam S5DY 1, savukart kukuriizas-turku zirgu maizei
—no 6,47+0,82 N paraugam G2DY1 lidz 13,15+0,62 N paraugam GODY?2. Maizes
gatavo$ana izmantotie milti un pievienotais sojas miltu, gluténa aizvietotaja un tidens
daudzums biitiski (p<0,05) ietekmé maizes mikstuma ciettbu. Autores pétijuma
rezultati parada, ka bezgluténa maizes paraugi ar sojas miltiem un miklas iznakumu
252 ir 2,5-4,5 reizes mikstaki par paraugiem ar miklas iznakumu 196.

Ieprieks veikta pétijuma (Vilmane, Straumite, 2014) par sojas miltu ietekmi uz
bezgluténa miklas reologiskajam ipasibam rezultati liecina, ka paraugiem ar miklas
iznakumu 196 (miklas paraugam ir bieza konsistence) piemit izteikti lielaka stingriba
un elastiba neka paraugiem ar miklas iznakumu 252 (miklas paraugam ir s$kidra
konsistence). Sa pétijuma rezultati parada, ka, pievienojot sojas miltus,
kukurtizas-amaranta maizes mikstums klast mikstaks, ja miklas iznakums ir 252.
Elastiga un stingra bezgluténa mikla ka maizes paraugiem ar miklas iznakumu 196,
cepsanas laika veido blivu maizes mikstumu. No ta izriet, ka lai bezgluténa maizei
izveidotos labs apjoms un mikstums, miklas konsistencei jabiat $kidrai un plastosali,
tade] tai nepieciesams pievienot lielaku Gidens daudzumu. Sadu atzinpu pétfjuma
rezultata ieguvusi arl Tru zinatnieki, kas secinajusi, ka bezgluténa miklai jabut
skidrakai neka kvieSu miklai (Hager et al., 2012).
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Savukart kukuriizas-turku zirpu maiz€ noveérojama atSkiriga tendence.
Kukuriizas-turku zirgu maizes paraugs GODY2 ir 1,5-2,0 reizes cietaks neka paraugi
G1DY2 un G2DY1 un 3,0-4,5 reizes cietaks par kukurlizas-amaranta maizes
paraugiem ar miklas iznakumu 252, kas ir tads pats ka paraugam GODY2. Bitiska
maizes cietibas atSkiriba kukurfizas-turku zirmu un kukurfizas-amaranta maizes
paraugiem ar miklas iznakumu 252, skaidrojama ar maizes gatavoSana izmantoto
miltu Tpasibam. Kukuriizas-zirpu maizes mikstuma kvalitate uzlabojas, pievienojot
gluténa aizvietotaju, maizes mikstums kliist mikstaks. Maizes cietiba ir ciesi saistita
ar maizes apjomu un poru izméru, daudzumu un izvietojumu maizes mikstuma, ko
cepSanas laika nodroSina riagSanas procesa radusies CO,gaze. Lai gan
kukurtizas-turku zirpu maizes mikstuma cietiba lidzinas kukuriizas-amaranta maizes
paraugiem ar miklas iznakumu 196 raksturigajai, abu maizes paraugu apjoms butiski
(13. attels a—c, h—j) atskiras. Visiem kukurtizas-amaranta maizes paraugiem ar miklas
iznakumu 196 (13. att. a—c) salidzinot ar kukurfizas-amaranta maizes paraugiem ar
miklas iznakumu 252 (13. att. d—g) un kukurfizas-turku zirpu maizes paraugiem
(13. att. h—j), ir mazs maizes apjoms, blivs maizes mikstums ar mazam un
neregularas formas poram un nevienm&rigu porainibu.

Kukurtizas-amaranta maizes paraugam SODY1 ir pietiekams apjoms un
vienmeriga porainiba, poras ir vienada izméra, ar planam sienam un cie$i blakus cita
citai, tadg] sasaistas viena tikla (13. att. g). Kukuriizas-amaranta maizes paraugiem ar
miklas iznakumu 252 maizes apjoms ir lidzigs ka paraugam SODY1, lielam,
neregularas formas poram (13. att. d—f), kas nodro$ina maizes apjomu un mikstu
maizes mikstumu. Savstarp&ji salidzinot kukuriizas-amaranta maizes paraugus ar
miklas iznakumu 252, paraugiem S4DY?2 un S6DY2 (3.24. att. d un f) maizes apjoms
ir lidzigs, bet parauga S5DY2 (13. att. €) apjoms ir mazaks neka abiem pargjiem
kukuriizas-amaranta maizes paraugiem ar DY252.

Kukuriizas-turku zirnpu maizes paraugiem (13. att. h—j) ir pietiekams maizes
apjoms ar vienmé&rigu porainibu, kas bitiski neatskiras (p>0,05) no kukuriizas-
amaranta maizes parauga SODY1 attiecigajiem parametriem (13. att. g). Salidzinot
Visu maizes paraugu apjomu, secinams, ka lielakais maizes apjoms ir kukuriizas-
turku zirpu maizes paraugam GI1DY2. Palielinoties pievienotajam gluténa
aizvietotaja daudzumam parauga G2DY?2, samazinas maizes apjoms salidzinajuma ar
paraugu G1DY?2.

Svarigi ir ne tikai izstradat jaunus produktus, bet arT noteikt glut€na saturu tajos.
Izstradatajos bezgluténa maizes paraugos gluténa saturs ir no 68,54+0,42 mg kg™
kukuriizas-turku  zirpu maizes paraugd GIDY2 lidz 84,26+0,51 mg kg™
kukurlizas-amaranta maizes parauga S6DY2. Lai gan izstradajumu gatavoSanai
izmantoti milti ar mazu gluténa saturu (18,86 mg kg™ kukuriizas miltos KUM13 —
35,31 mg kg™ turku zirpu miltu parauga TZM24), maizé tas ir paaugstinats, bet
neparsniedz 100 mg kg™. Iegiitie rezultati skaidrojami ar to, ka eksperimenti veikti
telpa, kur strada ar kvieSu un rudzu miltiem un iesp&jama kontaminacija ar gluténu.
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13. att. Bezgluténa maizes mikstums /
Fig. 13. Crumb of gluten-free bread

a—S4DY1,b-S5DY1c—S6DY1d-S4DY2, e—S5DY?2,
f-S6DY2, g—-S0DY1; h—GODY2,i—-G1DY2, j—G2DY2

Bezglutena mafini

Konditorejas izstradajumi ir neatpemama ikdienas un svétku &dienkartes
sastavdala. Mafini ir viens no konditorijas izstradajumu veidiem, kuru pagatavosanai
izmanto miltus, pienu, cepamo pulveri, olas un citas izejvielas produktiem, kas
pilnveido un bagatina produkta gar$u (7. tabula).

P&tijuma mérkis ir analiz€t dazadu Skidrumu ietekmi uz bezgluténa mafinu
kvalitati. Piena aizstaSana ar sauso pienu (piena un tdens maisTjumu) vai tdeni,
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neietekmgjot bezgluténa mafinu kvalitati, ir svarigs uzdevums. Tas veicinas
razoSanas Procesu, jo sausa piena lietoSana un uzglabasana ir vienkar$aka neka
pienam. Turklat, ja piena vieta mafiniem pievienos tdeni, tie blis pieméroti ari
celiakijas slimniekiem, kam ir laktozes nepanesiba.

7. tabula / Table 7
Bezglutena mafinu receptiira uz 1 kg miltu /
Gluten-free muffins formulation using 1 kg of flour

L . Paraugi / Samples

I1zejvielas / Ingredients, g MP* MPU MU
Kukuriizas milti / Maize flour 1000 1000 1000
Cukurs / Sugar 580 580 580
Sviests / Butter 435 435 435
Olas / Eggs 580 580 580
Cepamais pulveris / Baking powder 14 14 14
Vanilas cukurs / Vanilla sugar 10 10 10
Piens / Milk 725 - -
Sausais piens / Dry milk - 66 -
Udens / Water - 725 725
Kopa / Total 3344 3410 3344

*MP — mafins ar pienu / muffins with milk, MPU — mafins ar piena—idens maistjumu / muffins with a mix
of milk and water, MU — mafins ar adeni / muffins with water

Rezultati liecina, ka, mafinu gatavo$ana izmantota S§kidruma veidam nav butiska
(p>0,05) ietekme uz bezgluténa mafinu augstumu un cietibu. Vislielakais augstums
konstatéts mafinam ar pienu (MP) — 31,83 mm, bet vismazakais — 28,70 mm —
mafinam ar adeni (MU). Iegatie rezultati liecina, ka mafini ar pienu ir par 1,88%
mikstaki neka mafini ar piena-tidens maistjjumu (MPU) un par 5,17% — neka mafini
ar tideni (MU). Produkta cietiba ir ciesi saistita ar mikstuma poru struktiru. Mafinam
ar pienu mikstuma ir lielas poras (14. att€ls a), tadel tas ir mikstaks neka citi paraugi,
bet mafiniem ar piena-tdens maisijumu vai Gdeni poras ir homoggnas, cie$as un
vienmérigi izvietotas pa visu mafina mikstumu (14. att. b—c). Starp mafinu ar pienu
un mafinu ar piena-tidens maisijumu cietibu nav bitiskas atkiribas (p>0,05), un tas
liecina, ka raZzo$ana pienu var aizstat ar sausa piena pulveri.

14. att. Bezgluténa mafinu mikstums / Fig. 14. Crumb of gluten-free muffins
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Mafinu gatavoSana izmantotais Skidrums batiski (p<0,05) ietekmé visu mafinu
veidu garozas krasas komponentes L* un b* Tums$aka garozas krasa
(L*=40,74+1,18) ir mafinam ar pienu (MP), bet gaisaka (L*=50,88+1,48) — mafinam
ar Odeni (MU). Krasas komponente b* raksturo dzeltenas krasas spektru, kas
mafiniem ar piena-tdens maisijumu (MPU) un tdeni (MU), salidzinot ar mafinu ar
pienu (MP), palielinas, jo garozas krasa kliist dzeltenaka. Paraugu garozas krasas
atSkiriba skaidrojama ar to, ka, izmantojot pienu mafinu gatavoSana, tiek pievienots
papildu cukurs — laktoze, kas piedalas Mailarda reakcija un cukuru karamelizacijas
procesa, tadgjadi nodroSinot mafinu garozas brtno krasu (Cross, 2004). Nav butiskas
atskiribas (p>0,05) starp visu mafinu veidu mikstuma krasas komponensu L*, a* un
b* vertibam. Lidz ar to var secinat, ka, izmantotais §kidruma veids ietekme (p<0,05)
mafina garozas krasu, bet mikstuma krasu neietekmé (p>0,05).

Mafinu garozas krasas atskiribas ir cilvéka acim novérojamas (AE>5) — no
izteikti brinas lidz gai$i briinai vai maigi dzeltenai krasai (8. tabula). Lielaka krasu
atskirtba ir AE=14,64, kas konstatéta starp mafinu ar pienu (MP), kam garoza ir
tumsi brina, un mafinu ar piena-tidens maisjjumu (MPU), kuram ta ir gai$i dzeltena.
Krasas atskiriba AE=0,98 nav acim redzama starp mafina ar pienu (MP) un mafina ar
piena-tidens maistjumu (MPU) mikstumiem. Krasas atskiriba AE=1,67 starp mafinu
mikstumu paraugiem MP un MU redzama tikai apmacitam specialistam. Visu mafinu
mikstuma krasa ir lidziga, tadeé] var secinat, ka pievienotais Skidruma veids
neietekm& mikstuma krasu.

8. tabula / Table 8
Mafinu garozas un mikstuma absoliitas krasas diference (AE) /
Colour differences (4E) between muffin crust and crumb

Paraugs / Garoza/ Crust Mikstums / Crumb
Sample MP MPU MU MP MPU MP
MP 0 X X 0 X X
MPU 6.66 0 X 0.98 0 X
MU 14.64 8.02 0 1.67 0.95

Zemakais gluténa saturs (47,2840,42 mg kg™') konstatéts parauga, kura
gatavos$anai izmantots Gdens (MU), bet augstakais — mafinam ar pienu (MP) —
53,19+0,51 mg kg™. Bezgluténa mafinos salidzindgjuma ar izstradatajiem bezgluténa
maizes paraugiem ir zemaks glut€na saturs, tadel, ka mafini netika cepti laboratorija,
kur iespg&jama kontamin&Sanas ar gluténu.

Jauno produktu uzturvertibas analize

Petfjuma izstradato produktu uzturveértiba aprékinata, balstoties uz izejvielu
piegadataju vai razotaja noradito uzturvertibas informaciju (9. tabula).

Latvijas tirgl pieejama bezgluténa maize satur:

e taukus2,3-7,39 100 g™;

e oglhidratus 28,2-52,0 g 100 g*;
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skiedrvielas 3,0-7,4 g 100 g7;

olbaltumvielas 0,9-8,9 g 100 g™*;

sali 0,8-1,3 9 100 g*;

energétisko vertibu 207-282 kcal, 845-1236 kJ.

9. tabula / Table 9
Jauno produktu teoréetiski apréekinata uzturvertiba /
New product theoretically calculated nutritional value

Uzturvielas 100 g produkta / Nutrients per 100 g product Energétiska
Paraugs/ | Tauki Oglhidrati / Skiedr- Olbaltum- Sals / vertiba /
Sample | /Fats, | Carbohyrates, vielas/ vielas / Salt Energy value,
g g Fibres, g Proteins, g 9 kcal/kJ
So0DY1 8.3 29.4 4.2 6.3 0.7 2211927
S4DY1 10.6 25.0 44 9.7 0.8 240/ 1005
S4DY?2 9.0 21.2 5.6 8.2 0.7 204 /853
S5DY1 10.9 24.0 4.2 10.2 0.8 241/1010
S5DY?2 9.2 20.4 5.8 8.7 0.7 205/ 857
S6DY1 115 22.1 45 11.3 0.8 24471019
S6DY2 9.7 18.8 6.2 9.6 0.7 207 / 865
GODY?2 6.7 30.6 4.5 7.6 0.7 2217931
G1DY?2 6.6 30.7 5.3 7.3 0.7 246 /927
G2DY?2 7.1 33.2 6.4 7.6 0.8 2371997
MP 15.7 49.7 1.5 6.0 0.0 365 /1532
MPU 14.6 48.7 1.5 5.9 0.0 351/1472
MU 14.9 48.5 1.5 5.1 0.0 349 /1466

Pétijuma izstradatajos maizes paraugos tauku saturs ir robezas no 7,1 g 100 g™
(parauga G2DY?2) lidz 11,5 g 100 g™* (parauga S6DY1), un tas ir augstaks neka tirgi
pieejamajiem produktiem. Sis apstaklis skaidrojams ar to, ka sojas miltos ir augsts
tauku saturs (18,2 g 100 g™), tade] produkta tauku saturs pieaug lidz ar tam
pievienoto sojas daudzumu.

Nepastav biitiska atSkiriba starp tirgli pieejamo un autores izstradato maizes
paraugu Skiedrvielu saturu (no 4,2 g 100 g* parauga SODY1 Iidz 6,4 g 100 g*
parauga G1DY2). Izstradatie bezgluténa maizes paraugi satur zemaku oglhidratu
(n0 18,8 g 100 g* parauga S6DY2 lidz 33,2g100 g™ parauga G2DY2) un sals
(n00,71idz0,89100g") daudzumu salidzindjuma ar tirgi pieejamajiem
produktiem. Kukurtizas-turku zirpu maizes miltu maisfjuma ietilpstoSajiem
bezgluténa miltiem ir augsts cietes saturs, un, viena no galvenajam gluténa
aizvietotaja sastavdalam ir kukuriizas ciete, 11dz ar to kukuriizas-turku zirnu maizei ir
augstaks cietes saturs neka kukurtizas-amaranta maizei.

Olbaltumvielu saturs izstradataja bezgluténa maizé ir robezas no 6,3 g 100 g™
parauga SODY1 lidz 11,3 g 100 g™ parauga S6DY1, un tas ir apméram divas reizes
augstaks neka tirgli pieejamaja bezgluténa maizé. Kukurtizas-amaranta maize satur
vairak olbaltumvielu, jo receptira izmantoti sojas milti, kas ir labs olbaltumvielu
avots.
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Ja viena &dienreize piecaugusais apedis divas izstradatas maizes $k€les (ar kopgjo
svaru 60 g), tad vins ieglis 6,2 lidz 7,2% no ieteicamas energgtiskas vértibas devas.
Lai gan izstradataja bezgluténa maizg ir vairak tauku ar $o maizi uznemtais energijas
daudzums procentos no ieteicamas devas bitiski neatSkiras no tirgii pieejamas
bezgluténa maizes kaloritates.

Bezgluténa mafinus raksturo augsts tauku un oglhidratu saturs — tapat ka visus
miltu konditorejas izstradajumus — un loti zems Skiedrvielu saturs.

SECINAJUMI

1. Bezgluténa izstradajumu pat€rétaji ir apmierinati ar miltu (60,0%), miltu
maistjumu (49,3%) un makaronu (49,3%) kvalitati, bet nav apmierinati ar maizes
(25,3%), konditorejas izstradajumu (37,3%) un saldumu (46,7%) kvalitati.

2. Bezgluténa miltus un miltu maistjumus p&c mark&juma noraditas uzturvertibas
informacijas var iedalit Getros klasteros. Pirmaja ietilpst griku un kvinojas milti ar
augstu tauku un vid&ju olbaltumvielu saturu, otraja — risu, kukuriizas milti un
miltu maisfjumi ar augstu oglhidratu un zemu olbaltumvielu saturu, tresaja —
sojas milti ar augstu olbaltumvielu un tauku saturu, savukart ceturtaja — zirgu
milti ar augstu olbaltumvielu saturu.

3. Aprekinot bezgluténa produktu energétisko vertibu, tiek izmantoti neprecizi vai
kladaini koeficienti, tadeé] 35% bezgluténa miltu paraugu un 6% bezgluténa
maizes paraugu konstatéta butiska atSkiriba (p<0,05) starp noradito un
parrékinato energétisko veértibu. 100% analiz8tajiem miltu maisTjumiem
energétiska vertiba noradita precizi.

4. Bezgluténa maizi raksturo augsts oglhidratu saturs (28,2-52,0 g 100 g™*) un zems
olbaltumvielu (0,9-8,9 g 100 g™) saturs.

5. Latvija audzétajas auzas gluténa saturs ir no 103,83 mgkg” pleksnaino auzu
$kirng ‘Laima’ lidz 469,37 mg kg™ kailgraudu auzu $kirné ‘Stendes Emilija’. Ta
ka gluténa saturs ir augstiks par 100 mg kg™ Latvija audzétas plek$naino un
kailgraudu auzu skirnes un selekcijas Iinijas nav piem&rotas bezgluténa digtai.

6. Bezglutena miltu fizikalos un kimiskos raditajus bitiski ietekmeé (p<0,05)
graudaugu veids un maluma pakape.

7. Gluténu nesatur (lidz 20 mg kg™*) 16% no analizétajiem bezgluténa miltiem, bet
68% — mazs gluténa saturs (Iidz 100 mg kg™).

8. Bezgluténa maizes mikstuma cietibu, porainibu un krasu biitiski ietekme (p<0,05)
pievienotais sojas miltu un gluténa aizvietotdja daudzums. Mafinu kvalitati
butiski neietekmé (p>0,05) pievienota Skidruma veids, tadél var izmantot gan
tideni, gan pienu.

9. Izstradata bezgluténa maize satur vairak olbaltumvielu (6,3-11,3 g 100 g™*), tauku
(7,1-1159 100 g*), bet mazak oglhidratu (18,8-33,29100¢™) un sals
(0,7-0,8 g 100 g™, salidzinot ar tirgii pieejamo maizi.
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10. Petfjuma iegltie dati apstiprina izvirzito hipot€zi — inovativus un droSus
bezgluténa produktus var iegiit, izveloties noteiktus graudaugus un
pseidograudaugus un to kombinacijas.

PRIEKSLIKUMI

1. Paterétajiem, bezglutena di€tai izveloties griku, risu, kukurfizas, kvinojas,
amaranta, zirpu u.c. miltus, kas nav atbilsto§i marketi, jarékinas ar iesp&jamo
risku, ka gluténa saturs var bt lielaks par atlauto normu — 100 mg kgt

2. Latvija audzétas pleksnaino auzu skirnes ‘Laima’ un ‘Iwory’ satur gluténu tuvu
maksimali pielaujamajai normai (100 mg kg'). Lidz ar to cilveki ar gluténa
nepanesibu, nemot véra celiakijas pakapi, &dienkarté var ieklaut auzu produktus,
kas gatavoti no pleks$naino auzu Skirném ‘Laima’ un ‘Iwory’.

3. Jaunu bezgluténa produktu izstradé ieteicams izmantot pseidograudaugu
(amaranta, kvinojas) un pakSaugu (sojas, zirnpu) miltus, jo tie ir bagati ar
Skiedrvielam, cieti, olbaltumvielam un fenoliem.

4. Latvijas selekcionariem perspektiva nepiecieSams stradat ar pleks$paino auzu
Skirném ‘Laima’ un ‘Iwory’, lai tas pielagotu cilvékiem ar celiakiju.
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TOPICALITY OF THE RESEARCH

Grain products are the basis of nutrition, as the carbohydrates and proteins they
contain, provide for almost two thirds of the calories necessary for a human body per
day, moreover, those are an important source of vitamin B and fibre.

Coeliac disease is an autoimmune disorder of the alimentary tract caused by
intolerance of gluten (Zandonadi et al., 2009). It is one of the most common illnesses
that lasts the entire life and affects about 0.5-1.0% of all the world’s population
(Catassi, Fasano, 2008; Ludvigsson etal., 2014). In Europe, 1 person per
130-550 people is affected by coeliac disease, in the USA — 1 person per 133 people
(McLoughlin et al., 2003; Gujral et al., 2012). According to data of the Ministry of
Health of the Republic of Latvia, in 2013, there were 1200 officially registered
children suffering from coeliac disease, however, the actual number might be larger,
as similar tendencies have been observed in the world.

Coeliac disease is caused by grain protein with a large proportion of prolamine.
Prolamine is characterised by high level of proline and glutamine / glutamic acid of
amino acids. The composition, amount and sequence of amino acids defines
suitability of grain products for people with coeliac disease (Guilbert et al., 2002;
Pietzak, Fasano, 2005). Prolamine in wheat is gliadin, in barley — hordein, in
rye — secalin, in oats — avenin and in maize — zein (Belitz et al., 2009b).

The EU Commission Regulation No. 41/2009 on labelling of foodstuffs suitable
for people intolerant to gluten stipulates that gluten-free products are foodstuffs of a
special diet produced, cooked and / or processed to be suitable to people intolerant to
gluten. Gluten, in its turn, is defined as a protein of wheat, rye, barley, oats or the
crossed-strain protein and its derivatives to which some people are intolerant to and
that does not dissolve in water and 0.5 M NaCl solution.

People suffering from coeliac disease have to observe gluten-free diet to live a
fully effective life. Patients of comprehensive life, who observe a strict diet, i.e., use
gluten-free foodstuffs, may experience restoration and recovery of walls of small
intestine. Nowadays it is not a problem anymore, as stores and pharmacies offer
different gluten-free foodstuffs. The common gluten-free products available in the
Latvian market are: flour (rice, maize, buckwheat, soy etc.), breakfast cereals, pastas,
galettes, biscuits, bread etc. However, there is almost no gluten-free foodstuffs which
are produced in Latvia, majority of those mentioned above are imported from abroad.
Prices of gluten-free products are comparatively high and taste and looks of the
ready-made bread products, which can be impacted by the used ingredients, not
always comply with consumers’ desires. Therefore, local producers have wide
opportunities to develop new foodstuffs and offer those in the market.

The grain proteins allowed in a gluten-free diet do not possess the same
technological characteristics as the wheat gluten. Replacement of gluten in gluten-
free products is the most complicated task for food technologists. With the demand
for gluten-free products increasing in the last twenty years, studies are conducted on
development of gluten-free products, opportunities to improve their quality and
increase their nutritional value.
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Hypothesis of the Doctoral thesis: innovative and safe gluten-free products can
be obtained selecting specific grain and pseudograin and their combinations.

Hypothesis of the Doctoral thesis is proved by the following theses to be
defended:

1. High quality gluten-free flour and flour products dominate in the Latvian
market.

2. Nutritional information provided in the labelling of gluten-free flour and
bread complies with the requirements of laws.

3. Gluten-free flour is rich in biologically active compounds.

4. The content of gluten in the gluten-free flour available in the Latvian stores
complies with the maximum permitted limits.

5. Certain varieties of oats grown and selected in Latvia are suitable for the
gluten-free diet.

6. The quality of gluten-free bread is improved by flour of soy, amaranth, quinoa
and peas.

7. The quality of gluten-free muffins is impacted by the type of liquid used
during cooking.

Object of the Doctoral thesis is: gluten-free flour and products.

Aim of the Doctoral thesis is to study the quality of gluten-free grain and
pseudograin flour available in Latvia and determine their suitability for development
of innovative and safe foodstuffs for people suffering from coeliac disease.

The following tasks have been set to reach the aim of the thesis:

1. to find out the consumers’ attitude towards the quality of gluten-free flour
products available on the Latvian market;

2. to evaluate the nutritional information presented on the packaging of gluten-
free flour products;

3. to evaluate the suitability of oat varieties and breeding lines grown in Latvia
to gluten-free diet;

4. to analyse the quality of gluten-free flour by determining its physical and
chemical indicators;

5. to develop new gluten-free flour products, using highly valuable raw
materials.

Novelty and scientific significance of the Doctoral thesis.

e Gluten-free flour, flour mixtures and bread available in the Latvian market
and information on nutritional value provided in the labelling has been analysed
for the first time.

e Suitability of Latvian-grown oats varieties and breeding lines for gluten-free
diet has been studied for the first time.

e Studies were conducted on contents of gluten in buckwheat, rice, maize, soy,
amaranth, quinoa, peas and gram flour available in Latvia.

e Solutions have been reached for baking gluten-free bread (Patent of the
Republic of Latvia No. 14224) and muffins.

40



The economic significance of the Doctoral thesis is the analysis of oat proteins
from the point of view of gluten-free diet and solutions have been reached for
production of innovative and safe gluten-free foodstuffs for people with coeliac
disease.

APPROBATION OF THE RESEARCH

Results of the study have been summarised and published in chapters and
sub-chapters of the monograph, scientific publications, two of which have been
indexed in the databases internationally cited— SCOPUS and EBSCO, as well as one
patent No. 14224 of the Republic of Latvia has been received.

Results of the study have been reported in 17 international scientific
conferences and congresses in Latvia, Poland, Spain, Germany, France, Lithuania,
Greece and Austria, four out of which were exhibitions — the international
Euroscience Open Forum (ESOF), in Dublin and international food industry
exhibitions ,,Riga Food 2010, Riga Food 2011, Riga Food 2014”, and Conference of
bread bakers 2012.

Note: The maiden name of the author of the Doctoral thesis Laila Vilmane is Ozola
(changed in 2014).

MATERIALS AND METHODS
Time and place of the study

Experiments have been carried out durning the period from 2011 to 2015 at:

o the Faculty of Food Technology at the Latvia University of Agriculture, the
Laboratory of Department of Food Technology (texture, intensity of colour,
contents of moisture and protein, total phenols and antiradical activity,
development and approbation of formulations);

o the laboratory of the Microbiology and Biotechnology Department of the
Faculty of Biology of the University of Latvia (contents of gluten);

o at the State Stende Cereal Breeding Institute (contents of starch and fibre);

e at the Lithuanian University of Health Sciences, Institute of Animal Science
(amino acids).

Materials used in the study

The gluten-free flour (buckwheat, rice, maize, soy, amaranth, quinoa, peas and
gram), flour mixtures and bread purchased in supermarkets, pharmacies and
specialised stores. Wheat and rye flour and wheat and rye bread were used as control
samples.

Additional ingredients used in baking gluten-free bread and muffins: refined
vegetable oil, dry yeast, sugar, golden syrup, fresh chicken eggs, apple cider vinegar,
salt, butter, baking powder, vanilla sugar, milk, dry milk, drinking water, gluten
substitute.
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The strains of oats and selection lines grown and harvested in 2013 in the State
Stende Cereal Breeding Institute (Table 1).

Structure of the research

The study was conducted in five stages (Figure 1), during which consumers’
opinion on gluten-free products, their quality, buying habits, offer and nutritional
value of gluten-free flour, flour blends and bread available in the market were
analysed, oat proteins grown in Latvia were characterised from the point of view of
gluten-free diet, physical and chemical indices of gluten-free flour were analysed, as
well as new products were developed and their quality assessed.

Stage | — Consumer survey

In order to clarify the opinion and attitude of people with coeliac disease towards
gluten-free products available in the market, consumers’ habits and motivation to
purchase those, the method of social research — survey — was applied. The survey
included 16 questions.

The survey was performed twice: from December 2010 to July 2011 (PA2010)
(Ozola, Straumite, 2012) and repeated from September 2013 to January 2014
(PA2013).

Stage Il — Analysis of nutritional information of gluten-free products

Energy value and nutritional value provided in the labelling of gluten-free flour,
flour blends and bread available in the Latvian market was analysed. 25 gluten-free
flour, three flour blends and 16 samples of bread were purchased in supermarkets,
pharmacies and specialised stores.

Stage Ill — Characterisation of oat proteins from the perspective of
gluten-free diet

The study analyses the most commonly spread varieties and breeding lines of
husked and hull-less oats (Table 1) to assess their suitability for gluten-free diet.
Contents of proteins, amino acids and gluten were determined in the samples of oats.

Stage 1V — Analysis of gluten-free flour

In the fourth stage of the study, physically and chemical indices of gluten-free
flour were analysed: moisture content, colour, content of fibre, starch, proteins,
gluten and total phenols and antiradical activity. Physically and chemical indices of
gluten-free flour were compared with wheat and rye flour.

Stage V — Development and analysis of new products

Maize-amaranth bread — maize flour (sample KUM13), amaranth flour (sample
AMML17) were used, 45%, 50% and 60% of the amount of maize flour provided in
the recipe were replaced with soya flour (sample SM16).

Maize-gram bread — maize flour (sample KUMZ13), quinoa flour (sample
KNM20) and gram flour (sample TZM24), as well as 10% and 15% of gluten
substitute was used.
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Gluten-free muffins — maize flour (sample KUM13), milk or dry milk, or water
was used.

Parameters characterising quality of the obtained products were analysed along
with contents of gluten and nutritional value was calculated.

Description of methods applied to the research

Determined indicators in the Doctoral thesis and applied methods of analyses
have been summarised in Table 2.

Determination of gluten contents

Contents of gluten in flour were determined using R5 ELISA RIDASCREEN
Gliadin kit (R-Biopgarm AG, Germany) accepted as Codex Alimentarius method
(Type 1) and approved as AOAC-OMA 2010.01 method.

RIDASCREEN Gliadin is a sandwich-type enzyme immunoassay applied to
identify prolamines in wheat (gliadin), rye (secalin), barley (hordein) ingredients
quantitatively, for example, in flour (buckwheat, rice, maize, oat etc.), species and
ready-made products (bread, pasta, beverages etc.). Sensitivity of the method is
1.5mgkg? of gliadin or 3mg kg™ of gluten and the limit of quantification is
2.5 mg kg™ of gliadin or 5.0 mg kg™ of gluten. Process of detection of gluten can be
divided in four stages: preparation of samples, extraction, analyses, reading results
(Figure 2) and calculation of gliadin (Formula 1) and gluten (Formula 2).

The mathematical processing of data

Mathematical processing of data was performed applying methods of
mathematical statistics. Images and tables in the Doctoral theses were created and
calculations made in MS Excel 2007, the principal component analysis (PCA) was
conducted using MultiBase 2015 statistics software and hierarchical clusters’
analyses was performed using SPSS 17.0 statistics software. The following indices
were calculated for all obtained results: the average and standard deviation.

For interpretation of results it was assumed that p=0.05 with credibility of 95%.
All values labelled with one and the same letter in graphs and tables do not differ
significantly, if p>0.05. If necessary, first, the impact of interaction between two
different factors is evaluated in data processing applying two-factor scheme of
dispersion analysis (ANOVA).

Assessing interconnection of different feature, correlation analysis was applied. If
the value of correlation value is 0.5<|r|<0.8, the linear correlation between the
features under research is average close. If |r|>0.8, the linear correlation of features
under research is close (Arhipova, Balina, 2003).

RESULTS AND DISCUSSION

1. Analysis of results of consumers’ survey

To study and analyse consumers’ opinion and attitude towards gluten-free
product quality and availability in the Latvian market as well as purchasing habits,
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consumers’ survey was conducted in 2010 (PA2010) and 2013 (PA2013). In PA2010
70.2% of respondents have been following gluten-free diet for more than 1 year, out
of those 7.6% have been following it all their life. According to results of PA2013,
9.3% of respondents have been following gluten-free diet all their life, 73.3% have
been following the diet for more than 1 year: 2 to 18 years, and 17.4% — up to 1 year.
Majority of respondents have been following the gluten-free diet for three to four
years, therefore they are well aware of the situation and products available in the
market.

People with coeliac disease mainly buy gluten-free flour (20.1%), pasta (18.9%)
and sweets (15.5%) in supermarkets and specialised shops, pharmacies and online
shops. Comparing results of both surveys, in 2013 the respondents spent more on
gluten-free products — 24.0% of respondents spend EUR 93-114 per month,
18.7% of respondents spend EUR 115-135 per month. Results of the PA2013 show
that consumers are satisfied with the quality of flour (60.0%), flour blends
(49.3%) and pasta (49.3%) that is mainly characterised as good, however, they are
not satisfied with the quality of bread (25.3%), confectionery (37.3%) and sweets
(46.7%) that is characterised as average. In the respondents’ opinion, home-cooked
food is tastier and more varied than that available at stores. However, respondents
buy pasta and sweets as it is more complicated and time-consuming to prepare those
at home. Small part of respondents (0.3%) do not buy anything at supermarket
chains, as they are trying to reduce grain products in their diet, they are trying to
increase amount of fresh vegetables, fruits, meat and fish consumed. Therefore this
partly confirms the thesis that consumers are satisfied with the quality of the gluten-
free flour and processed flour products available in the Latvian market.

Increase in offer of qualitative gluten-free products in stores and catering
companies, education of society on coeliac disease and detailed labelling of products
might improve the life quality and health of people suffering from coeliac disease.
Respondents indicated that it is necessary to expand the offered assortment of gluten-
free products. 28.0% of respondents would like cheaper products, 52.0% of
respondents would like to buy products produced in Latvia.

2. Evaluation of nutritional information as found on the labels of
gluten-free flour and bread

Gluten-free flour and flour blends

There are a lot of problems in producing gluten-free products, but only recently
undivided attention has been turned to the nutritional value of the developed
products, as there is a growing doubt in regard to the balance of
nutritional components of the gluten-free diet. The previously done research
(Thompson et al., 2005; Saturni et al., 2010; Sequra, Rosell, 2011) has shown that a
non-balanced intake of carbohydrates, protein and fats, as well as a lack of fibre,
vitamins and mineral substances are characteristic of the gluten-free diet.

This study analyses 25 samples of gluten-free flour, but the labelling of only 68%
of the samples feature nutritional information. There was no nutritional information
for buckwheat samples GM1 and GM2, soya samples SM16, amaranth samples
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AMML17 and AMM18, quinoa samples KNM20 and KNM22, as well as the gram
flour sample TZM25. It has been established that the samples without nutritional
labelling are offerred by various producers. The nutritional information found on the
labels of gluten-free flour and flour blends currently available in Latvia is
summarised in Figure 3.

The protein content of the analysed gluten-free samples varies from 5.9 (maize
flour sample KUM11) to 37.3 g 100 g™ of the product (soya flour samples SM15),
the carbohydrate content varies from 3.1 (soya flour samples SM15) to 79.9 g 100 g*
(rice flour sample RIMS8), the fat content from 0.9 (rice flour sample RIM10) to
20.6 g 100 g* (soya flour sample SM15). There is more protein and less fats and
carbohydrates in soya flour (SM15) that has previously been heat treated in order to
improve its quality and which can be used as a substitute for eggs. The biggest
protein content is in gram flour (20.9-21.6 g 100 g™), and the biggest carbohydrate
content in maize flour (77.5-78.0 g 100 g™), biggest fat content in quinoa flour
(2.6-6.0 g 100 g™). The energy value is from 335 to 392 kcal 100 g™ and 1403 to
1662 kJ 100 g™

By using the hierarchy cluster analysis, gluten-free flour and flour blends can be
divided into four clusters. The first cluster includes buckwheat and quinoa flour with
a high content of fats and an average content of protein; the second includes rice and
maize flour and flour blends, with a high content of carbohydrates and a low level of
protein; the third includes soya flour with a high content of fats and proteins, and the
fourth includes gram flour with a high protein content. According to the food
guidelines of the Ministry of Health of the Republic of Latvia and the association
»Dzive bez gluténa” (Life without Gluten), taking into account the results of this
study, gram, soya, buckwheat and quinoa flours are the most suitable for people with
coealiac disease, in terms of nutrition.

The EU Regulation No. 1169/2011 on providing food product information to
consumers states that the mandatory nutritional information label must feature the
energy level, the content of fats, saturated fatty acids, carbohydrates, sugar, protein
and salt; indicating the fibre content is optional. That is why 41% of the producers
have chosen not to feature the fibre content in the labelling of their product.

Figure 4 summarises information about the differences of the energy value (kcal)
as featured on the labels of gluten-free flour and flour blends and recalculated. 5% is
considered a significant error margin, which statistically is featured as the first one of
importance.

The results of the research show that the energy value of flour blends has been
indicated precisely: there is no significat difference between the calculated and
indicated values (p>0.05).

Four of the glutent-free flour producers have more than one product on the
market, ,,Doves Farm Food” gluten-free flour and flour blend samples GM5, RIM8,
MMI1, ,BIG 0Z” — GM6, RIM9), ,Natco Foods” — KUM14, TZM?24) and
,Dr. Schiar’— MM2, MM3). The products of each of these producers have similar
tendencies in regard to the energy value differences featured on the label and
recalculated. ,,Doves Farm Food”, ,,BIG OZ” and ,Natco Foods” have higher
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recalculated values than values in the label, but for ,,Dr. Schir” both indicators
match.

35% of the analysed gluten-free samples feature an incorrect indication of their
energy value, so it can be said that consumers are partly mislead: the nutrients are
featured correctly, but the energy value is indicated incorrectly. The significant
differences can be explained by the fact that the calculations feature imprecise or
erraneous recalculation coefficients.

Gluten-free bread

The Latvian market offers the gluten-free bread of three producers: ,,.Dr. Schér”,
»Schnitzer” and ,,Bezgluten”. The study analyses 16 samples of gluten-free bread,
marked with the gluten-free symbol, a crossed-over ear of cereal, and featuring
nutritional information.

Compared to the gluten-free flour samples (41.0%), only 18.8% of the labelling
of gluten-free flour does not feature an indication of fibre content. Also the tendency
that all samples are of a single producer, ,,Bezgluten” has been established. The
EU Regulation No. 1169/2011 stipulates that the mandatory nutritional information
label must indicate not only the content of nutrients and energy value, but also the
salt content. This requirement is not fulfilled in 12.5% of the cases, even though salt
is mentioned as an ingredient. This norm, too, is violated by the producer
»~Bezgluten”. Thus it can be concluded that featuring correct nutritional information
on the packaging depends on the producer.

By using the hierarchy cluster analysis, gluten-free bread samples can be divided
into three clusters according to the content of fats, carbohydrates, fibre, proteins and
salt that is shown on their label (Figure 5).

The first cluster features the gluten-free bread samples BGM3, BGM5, BGM?7,
BGM11 and BGM12, to which a high level of fibre (5.3-7.9 g 100 g™") and a low
level of carbohydrate (27.8-31.4 g 100 g™) content is characteristic. The third cluster
features the samples BGM10, BGM14, BGM15 and BGM16 with a high content of
carbohydrates  (47.5-59.19100g%) and a low content of proteins
(0.94-3.4 g 100 g™1). The second cluster, in turn, is comprised of gluten-free bread
samples (BGM1, BGM2, BGM4, BGM6, BGM8, BGM9, BGM13), the
carbohydrate, fibre and protein content of which is indicated as such that is between
the first and third cluster.

The energy value indicated on the label and recalculated matches in 81.3% of the
cases, which is more, compared to gluten-free flour. Thus it can be concluded that the
producers of bread are more responsible and do not mislead their consumers so often.
In 12.5% of the cases the recalculated energy value is lower than that indicated on
the label. A significant difference between the indicated and recalculated energy
content in kilocalories was established for sample BGM5 (24.2%), thus making a
significant error which misleads the consumer.
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3. Characterisation of oat protein from the perspective of
the gluten-free diet

Lately there is more and more talk among scientists about the suitability of oats to
the gluten-free diet (Dickey, 2008; Lester,2008; Heap, van Heel, 2009;
Pulido et al., 2009; Londono et al., 2013). Oats are a good source of soluble fiber,
essential amino acids, fatty acids, vitamins and mineral substances (Jones, 2003).
Due to their high nutritional value, making oats a part of gluten-free diet would be a
positive thing.

The protein content in oat samples varies from 11.05+£0.21% (husked oat variety
‘Stendes Darta’) to 17.05+0.17% (hull-less oat variety ‘Stendes Emilija’). The
protein content of Latvian-grown oats is significantly (p<0.05) affected by their
genotype: husked or hull-less oats. The hull-less oats have been found to contain
1.2-6 times more protein than husked oats.

The highest total content of amino acids is found in the hull-less oat breeding line
30616 (sample A11) — 152.33 g kg, but the lowest — in the sample of the husked oat
variety ‘Iwory’ (A8) — 92.66 g kg™ (Table 3). A significant difference (p<0.05) in the
total content of amino acids was established among samples of husked oats, in which
the content of amino acids varied from 92.66 g kg™ in sample A8 (variety ‘Iwory) to
12252 g kg™t in sample A5 (variety ‘Arta’). All oat samples contain more
non-essential than essential amino acids, the content of which varies 32.16 g kg in
sample A5 (husked oat variety ‘Arta’) to 48.52 g kg™ in sample A9 (hull-less oat
variety ‘Stendes Emilija’). The composition of amino acids in oats has been studied
by various scientists who have determined differences between the content of amino
acids in husked and hull-less oats (Givens et al., 2004; Baker, 2007, Biel et al., 2009;
Biel et al., 2014). The total content of essential amino acids in hull-less oats is 12%
higher than that in husked oats (Biel et al., 2014). This is also certified by the results
of the research: the samples of hull-less oats All (breeding line 30616) feature
21.9% (sample A5) to 44.9% (sample A8) more essential amino acids than the
husked oat samples. Givens et al. (2004) also informed about a significant difference
(p<0.001) in the composistion of the amino acids of husked and hull-less oats.

Oat samples contain a lot of non-essential amino acids, such as glutamic acid
(24.45-47.30 g kg'™), aspartic acid (6.45-12.20 g kg™) and glycine (5.85-11.25 g kg™)
and essential amino acids, such as leucine (7.55-10.66 g kg™), valine
(5.05-7.52 g kg™) and isoleucine (3.73-5.65 g kg™) (Table 3). The obtained data
is similar to that mentioned in the bibliography (Georgieva, Zorovski, 2013;
Biel et al., 2014).

Wheat prolamine is characterized by high contents of glutamine / glutamic acid
(both amino acids are closely connected chemically) and proline and by low contents
of leucine and alanine. Amino acid peptide sequences especially rich in proline and
glutamine / glutamic acid produce autoimune enteropathy. Those peptides are found
in wheat gliadin, rye secalins, barley hordeins, and, in much lower amount, oat
avenins (Sollid, 2000; Guilbert et al., 2002; Ramakrishan et al., 2004; Wieser, 2004).
The proline (Pro) content in the analysed Latvian-grown oat samples varies from
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4.40 (husked oat variety ‘Laima’ — A3) to 9.31 g kg™ (hull-less oat breeding line
30616 — Al1), which is approximately twice as little as the proline content
established by Guilbertetal. (2002) in wheat gliadine 14-17 gkg™. In turn,
according to Wieser (2004), wheat gluten contains 37 g kg™ of glutamine / glutamic
acid, 17 g kg™ of proline, 7 g kg™ of leucine and 3 g kg™ alanine. The content of
leucine (7.55-10.66 g kg*) and alanine (3.63-6.74 gkg™) in Latvian-grown oat
samples is higher, compared to wheat gliadin. Hull-less oat varieties and breeding
lines have a higher content of alanine and leucine, compared to husked oat varieties.

The gluten content in oats varies from 103.83+0.56 mg kg™ (husked oat variety
‘Laima’ sample A3) to 469.37+2.76 mg kg™ (hull-less oat variety ‘Stendes Emilija’
sample A) (Figure 6). Hull-less oat varieties have a 2.5-4.5 times higher gluten
content, compared to husked oat varieties. Thus it can also be concluded that the
gluten content in oats is significantly affected (p<0.05) by genotype (husked or
hull-less) and the variety.

In 81.8% of the analysed oat samples the gluten content significantly (p<0.05)
exceeds the permitted gluten level, which is 100 mg kg™, thus rendering these oat
samples non-suitable to a gluten-free diet. Hernando et al. (2008) analysed the gluten
content in 109 various oat samples (oat flakes, oat flour, oat bran, oat cereal, etc.) and
the obtained results showed that in 25% of the oat samples the gluten content
is<3mgkg™, in 4% it varies from 3 to 20 mg kg™, in 12% it varies from 20 to
200 mg kg™ and in 59% of the analysed samples the gluten content exceeded
200 mg kg™. The results of the research prove that only a small part of oat products
can be included in the gluten-free diet (Hernando et al., 2008).

In oat samples with a higher content of gluten also a higher content of proline
(4.96-9.31 g kg?) and glutamic acid (24.45-47.30 g kg™) has been found, compared
to the other 18.2% of oat samples (Pro 4.40-4.65 g kg™, Glu 24.60-27.35 g kg™)
(Table 4), for which the gluten content does not deviate significantly (p>0.05) from
the permitted level. In the husked oat varies ‘Laima’ and ‘Iwory’ the gluten content is
103.83+0.56 mg kg and 107.36+0.61 mg kg™, respectively. The results of the
research show that the Latvian-grown oat varieties ‘Laima’ and ‘Iwory’ contained
close to the permitted amount of gluten (100 mgkg™). Thus separate gluten
intolerant people, depending on the degree of their coealiac disease, may choose to
include oat products made from the husked oat varieties ‘Laima’ and ‘Iwory’ in their
diet. Breeders, in turn, might adapt these varieties to people with coealiac disease, if
they work with these varieties. This would allow people that need low-gluten
products in their daily lives, as well as producers, to use Latvian-grown grains.
Because none of the analysed oat samples contained less than 100 mg kg™ of gluten,
they were not used in the following research and development of new products.

4. Analysis of gluten-free flour

The respondents of the consumer survey expressed the opinion that the selection
of gluten-free products needs to be added to and diversified, because the products
available on the market have a monotonous taste and the selection and diversity of
these products is insufficient. The ingredients of the gluten-free products available in
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commercial shops are the same or very similar. Quality ingredients are a key element
to a high-quality product, so they need to be evaluated.

The moisture of gluten-free flour is an important indicator of quality, directly
connected to the processes that take place while the flour is being stored. In the
analysed gluten-free flour types the moisture content varies from 7.23+0.03% in soya
flour, sample SM6, to 13.45+0.08% in the buckwheat flour sample GM®6. There is a
significant difference in the moisture content of soya flour and other samples of
flour. A low level of moisture has been found in soya flour (7.23+0.03% and
9.72+0.04%) and gram flour (10.09+0.01% and 10.63+0.12%) samples. There is no
significant variation between moisture content in the rice flour samples (p>0.05), and
it is in the range from 12.56+0.05% to 12.83+0.07%, which is more than results of
research done by other scientists show — 9.09-10.5% (Ibianoglu et al., 2006;
Torbica et at., 2010). There are significant differences (p<0.05) between the moisture
level of the other analysed gluten-free flour samples, even in the same kind of cereal.
The moisture differences can be explained so that the samples were purchased in
different commercial spaces and they have had different storage conditions.

The first thing consumers evaluate when choosing a food product is its colour,
one of the most important characteristics, which is often also connected with the
notion of quality. A produc’ts colour depends on the colour of its ingredients and
various reactions that take place during the production (Fernandez-Vazquez et al., 2013).

The type of cereal and flour sample significantly affect (p<0.05) the value L*, a*
and b* of the colour component. Value L* of the gluten-free colour component,
charaterising the light and dark colour nuances of the samples, varies from
67.87+0.88 (sample SM15) to 94.58+0.43 (sample RIM10). There are no significant
differences (p>0.05) in the value of the colour component L* between the two
analysed samples of amaranth flour (80.79+0.48 and 80.11+0.32) and the three
samples of gram flour (89.94+0.46-91.63+0.40). The two-dimensional picture
characterises the dispersion of colour and gives an idea of the product’s colour.
Figure 7 represents values a* and b* of the gluten-free flour colour component in a
two-dimensional coordinate system.

Based on the dispersion of samples in the coordinate system, the analysed gluten-
free flour has five colours, which is further confirmed by the hierarchy cluster
analysis:

1. pronouncedly yellow (maize flour samples KUM12, KUM13 and KUM14);

2. light yellow (maize flour sample KUML11, all samples of soya, pea and gram

flour);

3. slightly greyish white (all samples of rice and quinoa, as well as the
buckwheat samples GM2, GM5 and GM6);
cream (all samples of amaranth flour);

5. light brown (samples of quinoa flour, KNM21 and KNM22, as well as
buckwheat flour samples GM2 and GM4).

Ea
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Biologically active compounds

The fibre content in the analysed flour samples varies greatly (p<0.05)
(Figure 8). The lowest fibre content has been found in wheat (type 405), buckwheat,
rice and maize flour: from 0.14+0.01 g 100 g™* (KVVM26), 0.34+0.01 g 100 g™ (maize
flour sample KUM13) to 1.89+0.01 g 100 g™ (rice flour sample RIM8).

In accordance with the EU Regulation No. 1924/2006 regarding indications of the
nutritional value and healthiness on food products, the products which can be called
sources of fibre (a minimum of 3 g of fibre in 100 g of product) are samples of
amaranth flour (4.26 and 4.05 g 100 g*), gram flour sample TZM25 (3.56 g 100 g™%),
quinoa flour sample KNM21 (3.52 g 100 g™) and rye flour (5.15 g 100 g%). There is
a lot of fibre (a minimum of 6 g fibre per 100 g of the product) in soya flour
(7.04 and 8.25 g 100 g™*) and quinoa flour sample KNM22 (8.79+0.01 g 100 g%). To
obtain new gluten-free products that have sufficient fibre content, pseudocereals,
such as amaranth, quinoa and legumes, such as soya and peas, are recommended.

The quality and texture of gluten-free flour products is determined by the starch
present in them, because their protein does not have the same baking properties as
wheat flour does. The starch content in the flour samples is significantly affected
(p<0.05) by the type of cereal (Figure 9). The lowest starch content was found in
soya flour 6.46+0.08% (sample SM15), but the highest — in maize flour 79.12+0.32%
(sample KUM13). Compared to other analysed products, rice (from 69.03+0.51 to
74.14+0.20%) and maize flour (from 71.27+0.13 to 79.12+0.32%) have a high starch
content, which does not differ significantly (p>0.05) from the starch content in wheat
flour (74.24+0.10%). In soya flour the starch content is 10 times less than in other
studied flour samples, which matches the starch content in soya, 4.66—7.00%,
established by Banaszkiewicz (2011). Characterising the ingredients by the starch
content in them, all analysed products can be used for developing new products.

The protein content in the analysed flour samples varies very greatly and it is
significantly (p<0.05) affected by the type of cereal (Figure 10). The highest protein
content has been found in soya flour samples, 36.01+0.09% (SM15) and
33.1940.03% (SM16). The lowest protein content is in maize and rice flour,
5.81+0.01% (maize flour sample KUM14) to 8.51+0.01% (rice flour sample RIM7).
In accordance with the EU Regulation No. 1924/2006 regarding nutrition and health
claims made on foods, the products which can claimed sources of protein
(a minimum of 12 g of protein in 100 g of product) are pseudocereals and legumes
flour sample. The protein content of wheat flour is surpassed by soya (65%),
amaranth (17%), quinoa (3.5%) and gram flour (43%), which can be explained by the
biological and botanical differences of the cereals.

The total content of phenols (TCP) in gluten-free flour varies from
31.22 mg GAE 100 g in the rice flour sample RIM10 to 952.06 mg GAE 100 g in
the buckwheat sample GM5, and is significantly (p<0.05) affected by the type of
flour. In her research about the effect that variety has on the total antioxidative
activity and activity of phenols between various varieties of buckwheat, amaranth
and quinoa, Vollmannova et al. (2013) found out that there are significant differences
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in the total antiradical activity and the total content of phenols between varieties of
one of the same cereal. This also proves the results obtained in this research, that the
total content of phenols and antiradical activity varies between various kinds of
gluten-free flour. Comparing the total content of phenol and antiradical activity
(ARA) in gluten-free flour, it was found out that there is a close positive correlation
(r=0.92) between the two: the higher the total content of phenols, the higher the
antiradical activity (Figure 11). These results confirm that the total content of phenols
in flour is closely related to the antiradical activity of flour.

In order to characterise the correlation between the content of fibre, starch,
protein and total content of phenols in gluten-free flour samples, the principal
components analysis has been performed (Figure 12).

Evaluating the data of the principal component analysis, it can be concluded that
both factors explain 65.4% (PC1) and 25.7% (PC2) of the variants found within the
data. Samples that are located next to each other have similar characteristics. The
PC1 component model shows the correlation of fibre and the total content of phenols,
but PC2 represents the correlation between starch and protein content. On the right or
positive side of component one (PC1) there are samples with a high content of
protein (from 12.71% in the quinoa flour sample KNM21 to 21.52% in the gram
flour sample TZM25) and an average content of starch (from 52.12% in the gram
flour sample TZM25 to 59.29% in the amaranth flour sample AMML17), whereas the
left or negative side of PC1 features samples with a high content of starch (61.82% in
the quinoa flour sample KNM19 to 79.12% in the maize flour sample KUM13) and a
low protein content (from 5.81% in the maize flour sample KUM14 to 12.05% in the
quinoa flour sample KNMZ19). The positive side of the second component (PC2)
features samples with an average or high content of fibre and low content of total
phenols, whereas the neative side of PC2 features samples with a low content of fibre
and a high content of total phenols.

Soya flour stands out from the rest, which can be explained with the fact that the
indicated parameters in the samples significantly (p<0.05) differ from the other
analysed gluten-free flour samples. Pseudocereals (amaranth, quinoa and buckwheat)
and legumes (soya and gram) are suitable for the development of new products, as
they have a high content of fibre, total phenols and protein, and an average content of
starch.

The gluten content in the flour determines its suitability to a gluten-free diet. The
aim of this study was to find out if a person with coeliac disease who buys flour,
considered to be gluten-free (rice, buckwheat, maize, etc.), at the shop, can be sure
that the gluten content in the flour is at the minimum/ permitted level. According to
the EC Regulation No. 41/2009 concerning the composition and labelling of
foodstuffs suitable for people intorolent to gluten, a product can be considered
gluten-free, if its gluten content is up 20 mg kg™. If the total level of gluten in the
product does not exceed 100 mg kg™, the product can be considered vey low gluten.

The gluten-free flour available on the Latvian market can be divied into three
groups, according to their gluten content (Table 4):
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1st group: flour considered to be gluten-free, but not marked as such (buckwheat,
rice, maize);

2nd group: flour the labelling of which indicates it as gluten-free, but is not
marked accordingly (the crossed grain symbol) and no certification number has been
provided;

3rd group: flour that is marked accordingly (the crossed grain symbol and a
certification number).

The gluten content in the studied gluten-free samples varies from
14.95+0.08 mg kg™ (quinoa flour sample KNM19) to 254.51+0.16 mg kg™ (gram
flour sample ZM23). In the first group, 28.5% of the flour samples exceed the
permitted limit of 100 mg kg™, and it cannot be considered gluten-free, and they are
not safe for people with coeliac disease. The increased gluten content in the flour
might be explained by the fact that during grinding they have been contaminated with
other cereals, such as wheat, rye or triticale. When choosing flour from the first
group, attention must be paid to the producer and the possible risks must be evaluated
by each coealiac patient her-/himself, depending on the severity of their disease. In
42.8% of the first group samples the gluten content varies from 51 to 100 mg kg™,
i.e., they have very low gluten content.

In the second group of flour the gluten content varies from 17.25 mg kg™ (rice
flour sample RIM7) to 42.40 mg kg™ (buckwheat flour sample GM3), and this is
within the permitted limit, so people with coeliac disease may surely use it. The
results of the study confirm that producers respect their responsibilities: if the
labelling indicated the product is gluten-free, the consumer can believe these
markings.

In the third group there is flour with a gluten content varying from
14.95+0.08 mg kg™ (KNM19) to 24.64+0.02 mg kg™ (RIM9). This means these kind
of flour are produced separately from other production lines, which ensures that the
products not be contaminated with gluten, and the consumer may be sure of the
product. Thus it can be concluded that it is possible to produce food completely safe
to patients of coeliac disease, if it is produced in specially designed premises and the
producer has undergone the necessary certification. Evaluating by gluten content,
samples from the second and third group are recommended for the development of
new products.

5. Development and analysis of new products

The gluten-free bread available on the market is often characterised by low
quality, non-pronounced porosity and colour, an unpleasant aftertaste, it also has low
nutritional value, and hardens easily. Taking into account the previously accumulated
experience and studies performed by other scientist, work has been done for the
development of new, high-quality gluten-free products, rich in nutrients.

Gluten-free bread
The basis for the development of new recipes is the maize bread, made with
extruded flour, developed during previous reserach by the author (Ozola et al., 2011;
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Ozola et al., 2012). In order to diversify the selection of bread, improve its quality
and enhance its nutritional value, rice and extruded maize flour has been taken out of
the flour blend used for making bread during previous research, and substitued with
aramanth and quinoa flour. Two flour blends have been obtained in the development
process, both suitable for baking gluten-free bread:

In the first flour blend, rice and extruded maize flour has been substitued with
aramanth flour (53% of the total amount of maize flour), which did not significantly
affect the quality of the gluten-free bread, compared to maize bread with extruded
flour. The recipe for the maize-amaranth bread is shown in Table 5.

After an analysis of the scientific literature, it can be concluded that several
methods can be used to improve the quality of gluten-free products. One of such
methods is adding protein or isolated protein (Gallagher et al., 2003;
Marco, Rosell, 2008; Crockett et al., 2011). By using soya flour, the porosity of the
bread becomes more homogenous, the volume of the bread increases and its texture
improves, and the shelf-life can be extended (Sim, Tam, 2001; Curic et al., 2007).

In order to improve the quality of the bread and assess the impact of soya flour on
the maize-amaranth bread, soya flour in the amount of 5 to 75% from the total
volume of maize flour was added to each sample. The results of the research showed
that the optimum added amount of soya flour is 45-60% of the maize flour.

In the second flour blend, made using the previously developed maize bread with
extruded flour recipe, the rice and extruded maize flour was substituted with quinoa
(40% of the total amount of maize flour) and gram flour (60% of the total maize
flour), as a result of which a recipe for a maize-gram flour bread was obtained
(Table 5). One of the solutions that can be used in order to improve the quality of
gluten-free bread, is to create flour blends by adding corn- or potato starch to them
(Abdel-Aal, 2009; Onyango et al., 2011); the extra starch binds water better, makes
the crumb of the bread softer and adds an even porosity to the bread. Also, to
ensure the functions usually filled by gluten, xanthan and guar gum is
used (Anton, Artfield, 2008; Peressini et al., 2011). To evaluate making gluten-free
bread from the perspective of consumers, a gluten substitute available on the Latvian
market has been used in preparing the bread. In essence, it is a flour blend with guar
gum. Each bread sample has been added 5 to 50% of gluten substitute for the total
amount of flour. The results of the research show that the optimum amount of gluten
substitute is 10-15% of the total volume of flour (Table 5).

Colour is an important characteristic of food products, and it is closely related to
the texture and aroma of the product, as well as with consumer choice
(Esteller, Lannes, 2008). Table 6 summarises the variation in the maize-amaranth
bread samples due to changes in the amount of added soya flour, but in the maize-
gram bread samples — due to changes in the amount of added gluten substitute. The
results show that soya flour and gluten substitute have a significant effect (p<0.05)
on the colour components of the bread crumb.

The colour of the crumb for the maize-amaranth samples with soya flour is light
yellow (L*=61.16-62.68; a*= -2.05- -3.07; b*=29.59-31.56). Compared to sample
SODY1, the bread samples with soya flour are a lighter yellow, the value of the
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colour L* decreases (from 63.64+0.70 to 61.16+0.76) and the value of b* decreases
as well (from 34.24+0.66 to 29.59+0.50). By increasing the proportion of soya flour
in the recipe, the amount of maize flour used proportionally decreases, so the bread
crumb is not as yellow anymore.

For samples S5DY1 and S5DY2 the difference in colour of the bread crumb,
compared to sample SODY1 is obvious (2<AE<3.5). In turn, the rest of the maize-
amaranth bread samples with soya flour, when compared with sample SODY1, show
a distinct colour difference which can be seen, because 3.5<AE<5.

There is a significant difference (p<0.05) in the value of bread crumb colour
component b* in the maize-amaranth and maize-gram breads. In the maize-gram
samples it is 1.5-2 times as high, which can be explained by the characteristically
yellow colour of maize and gram flour as well as eggs added to the recipe. The bread
crumb of the maize-gram is distinctly yellow in colour (L*=68.30-70.74;
a*= -4.51- -4.78; b*=30.84-35.98), which is ensured by the typically yellow colour
of maize and gram flour. By adding the gluten substitute (L*=85.68, a*= -1.10,
b*=11.93) to the bread samples, the value of component L* in the bread samples
increases, and the value of component b* decreases. The difference of colour
between the maize-gram bread sample GODY2 and samples G1DY2 (AE=4.97) and
G2DY2 (AE=5.35) is distinct and obvious (3.5<AE<5) (Table 6).

The quality of bread is characterised by texture, elasticity, porosity and colour of
the crumb and crust of the bread. The hardness of the maize-amaranth bread crumb
varies from 2.41+0.60 N in sample S6DY?2 to 10.94+0.63 N in sample S5DY1,
whereas for the maize-gram bread it varies from 6.47+0.82 N (G2DY1) to
13.15+0.62 N in sample GODY2. The flour used in the preparation of the bread, as
well as the added amount of soya flour, gluten substitute and water significantly
affects (p<0.05) the hardness of bread crumb. The research results prove that
gluten-free bread samples made with soya flour and dough vyield 252 are
2.5-4.5 times softer than samples with dough yield 196.

The results of a previous study regarding the effect of soya flour to the reological
characteristics of gluten-free dough show that the bread sample with dough yield 196
(the dough sample has a thick consistency) is markedly firmer and more elastic than
the dough sample with dough yield 252 (the dough sample has a thin consistency).
The results of this research show that adding soya flour to a maize-amaranth blend,
the bread crumb becomes softer, if the dough yield is 252. An elastic and firm
gluten-free bread, just like bread samples with dough yield 196 have, accounts for a
dense crumb, which indicates that in order for gluten-free bread to have sufficient
volume and good characteristics of the crumb, the dough must be of thin or runny
consistency, so more water needs to be added to it. Also Irish scientists, who
concluded that gluten-free dough must be thinner than wheat dough, have arrived at
the same conclusion (Hager et al., 2012).

The maize-gram bread, however, presents other tendencies. The maize-gram
bread sample GODY?2 is 1.5-2.0 times harder than samples G1DY?2 and G2DY1, and
3.0-4.5 times harder than the maize-amaranth bread samples with dough yield 252,
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which is the same for GODY2. The significant difference in hardness of maize-gram
and maize-amaranth breads with dough vyield 252 can be explained by the
characteristics of the flour used for baking. The quality of the maize-gram flour is
improved by adding the gluten substitute and the crumb of the bread becomes more
firm. The hardness of the bread is closely related to the volume of the bread and the
size, volume and set of pores in the crumb, all ensured in the baking process by the
CO, gas, formed during the fermentation process. Regardless of the fact that the
hardness of the maize-gram bread crumb is similar to that found in the
maize-amaranth samples with the dough yield 196, the volume of both breads
(Figure 13 a—c, h—j) significantly differs. All maize-amaranth bread samples with the
dough yield 196 (Fig. 13 a—c), compared to the maize-amaranth bread samples with
dough yield 252 (Fig. 13 d—g) and the maize-gram bread samples (Fig. 13 h—j) have a
small volume of bread, a firm crumb of the bread with small and irregularly sized
pores, and an uneven porosity. The maize-amaranth bread sample SODY1 has
sufficient volume and even porosity. The pores are of equal size, with thin walls and
next to each other, so they are arranged in a network (Fig. 13 g). The volume of the
maize-amaranth bread with dough yield 252 is similar to sample SODY1, with big,
irregular pores (Fig. 13 d-f), which ensure a soft crumb. Comparing the
maize-amaranth bread samples with dough vyield 252 with S4DY2 and S6DY?2
(Fig. 13 d and f), the volume of the bread is similar, but the volume of S5DY2
(Fig. 13 e) is smaller than that of both other maize-amaranth bread samples with
dough yield 252.

The maize-gram bread samples (Fig. 13 h—j) have a sufficient voume of bread
with an even porosity, which has no significant difference from the maize-amaranth
bread sample SODY1 (Fig. 13 g). Comparing the volume of all bread samples, the
largest volume is that of the maize-gram bread sample G1DY2. As the amount of
gluten substitute increases in sample G2DY2, the volume of the bread, compared
with that of sample G1DY2, decreases.

It is important not only to develop new gluten-free products, but also to assess
their gluten content. The gluten content of the developed bread samples varies from
68.54+0.42 mg kg™ in the maize-gram bread sample G1DY2 to 84.26+0.51 mg kg™
in the maize-amaranth bread sample S6DY2. Even though flour with a low gluten
content has been used in making the products (18.86 mg kg™ in the maize flour
KUMZ13 and 35.31 mg kg™ in the gram flour sample TZM24), the gluten content in
the bread has increased, but still does not exceed 100 mg kg™. The results can be
explained by the fact that experiments were done in the premises where wheat and
rye flour is handled, and there might occur contamination with gluten.

Gluten-free muffins

Confectionery is an integral part of both everyday and celebration menu. Muffins
are one of the confectionery products, the formulation of which includes flour, milk,
baking powder, eggs and additional ingredients that give muffins their flavour and
improves its taste (Table 7).
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The aim of the study is to analyse the impact of various liquids on the quality of
muffins. Substituting milk with dry milk (a mixture of milk and water) or with water
without affecting the quality of gluten-free muffins is an important task. It will
facilitate the production process, because using and storing dry milk powder is
simpler than that of milk. Moreover, if water is used instead of milk, also coeliac
patients with lactose intolerance would be able to consume them.

The results show that the kind of liquid used for preparing the muffins has no
significant effect (p>0.05) on the height and volume of gluten-free muffins. The
tallest height, 31.83 mm, was fixed on a muffin with milk (MP), but the lowest,
28.70 mm, on a muffin with water (MU). According to the results, muffins with milk
are 1.88% softer than muffins made with a mix of milk and water (MPU) and
5.17% softer than muffins made with water (MU). The firmness of the muffin is
closely connected with the porous structure of the crumb. Muffins with milk have
large pores in their crumb (Figure 14 a), so it is softer than other samples, whereas
the pores of muffins made with a mixture of milk and water or just water are
homogenous, tight and evenly spread throughout the crumb of the muffin
(Figure 14 b—c). There is no significant difference (p>0.05) in the hardness of
muffins with milk and those made with the milk-water mixture, which shows that
milk can be substituted with a dry milk powder in the production process.

The liquid used in the making of muffins significantly (p<0.05) affects the colour
components L* and b* in the crust of all kinds of muffins. The darkest colour of the
crumb (L*=40.74+1.18) is that of the muffin with milk (MP), whereas the lightest
(L*=50.88+1.48) is that of the muffin with water (MU). The colour component
b* characterises the spectre of yellow colour, which is increased for the muffin with a
mix of water and milk (MPU) and muffin with water (MU) compared to the muffin
with milk (MP), so also their yellow colour is more intense. The differences in the
colour of the crust of the samples can be explained by the fact that by adding milk,
also extra sugar, lactose, is added, which takes part in the Maillard reaction and the
sugar caramellisation process, thus ensuring the brown colour of the muffin crust
(Cross, 2004). There is no signficant difference (p>0.05) between the muffin crumb
colour component L*, a* and b* values amongst all three kinds of muffins. Thus it
can be concluded that the type of liquid used (p<0.05) affects the colour of muffin
crust, but does not affect the colour of the muffin crumb (p>0.05).

The differences in the colour of the muffin crust can be seen with the naked eye
(AE>5), the colours range from a distinctly brown to light brown or very light yellow
(Table 8). The biggest difference in colour is AE=14.64, which has been established
between the muffin with milk (MP), the crust of which is dark brown, and the muffin
with a mix of milk and water (MPU), which is light yellow. The colour differnce
AE=0.98 of the crumbs of muffin with milk (MP) and muffin with a mix of milk and
water (MPU) is not visible to the human eye. The colour difference
AE=1.67 between the crumbs of samples MP and MU is only visible to a trained
specialist. The colour of the crumb is very similar for all three kinds of muffins, so it
can be concluded that the added type of liquid does not affect the colour of the
crumb.
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The lowest gluten content (47.28+0.42 mg kg™) has been found in the sample
made with water (MU), and the highest in the muffin with milk (MP),
53.19+0.51 mg kg™. Compared to the developed gluten-free bread samples, the
gluten-free muffins have a lower gluten content, which can be explained by the fact
that the muffins were not baked in a laboratory where gluten contamination is
possible.

Analysis of the nutritional value of the new products

The nutritional value of the products developed as part of this study has been
calculated using the nutritional information provided by the supplier of ingredients or
producer (Table 9).

The gluten-free bread available on the Latvian market contains:

e fats2.3-7.39100g™;
carbohydrates 28.2-52.0 g 100 g™;
fibre 3.0-7.4 g 100 g*;
proteins 0.9-8.9 g 100 g*;
salt 0.8-1.3g 100 g;
energy value 207282 kcal, 845-1236 kJ.

The fat content of the bread samples developed as part of the study varies from
7.19100g" (sample G2DY2) to 11.5g100 g™ (sample S6DY1), which is higher
than that of the bread available commercially, which can be explained with the high
fat content of soya flour.

There is no significant difference between the fibre content of the developed
bread samples (no 4.2 g 100 g™ in sample SODY1 to 6.4 g 100 g* in sample G1DY2)
and the bread available commercially. The developed gluten-free bread samples have
a lower content of carbohydrates (from 18.8g100g™ in sample S6DY2 to
33.29100g* in sample G2DY2) and salt (0.7-0.8 g 100 g™), compared to the
products available on the market. The gluten-free flour which is part of the
maize-gram flour blend has a high starch content, and one of the main components of
the gluten substitute is cornstarch, so the starch content of the maize-gram bread is
higher than that of the maize-amaranth bread.

The protein content of the developed gluten-free bread varies between
6.39100g™ in sample SODY1 and 11.3g100g™ in sample S6DY1, which is
approximately twice as high as that of the gluten-free bread available commercially.
The maize-amaranth bread contains more protein, because its recipe contains soya
flour, which is an excellent source of protein.

If an adult has two slices of bread (weighing a total of 60 g) per meal, they will
have received 6.2—7.2% of the daily energy value. Even though the developed gluten-
free bread contains more fat, the energy volume percentage an adult receives with
this bread has no significant difference from that of the gluten-free bread already
available commercially.

A high fat and protein content and very low fibre content are typical
characteristics of gluten-free muffins, just like other confectionary products.
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CONCLUSIONS

. Consumers of gluten-free products are satisfied with the quality of flour (60.0%),
flour blends (49.3%) and pasta (49.3%), but they are not satisfied with the quality
of bread (25.3%), confectionery (37.3%) and sweets (46.7%).

. Gluten-free flour and flour blends can be divided into four clusters, based on the
nutritional information on their labels: the first cluster includes buckwheat and
quinoa flour with a high fat content and an average protein content; the second
includes rice and maize flour and flour blends with a high content of
carbohydrates and a low protein content; the third includes soya flour with a high
content of proteins and fats, and the fourth includes gram flour with a high
protein content.

. Incorrect or erraneous coefficients are being 35% of gluten-free flour products
and 6% of gluten-free bread products show a significant discrepancy (p<0.05)
between the energy value indicated on the label and the recalculated value. In the
analysed flour blends, the energy value has been indicated correctly in 100% of
the cases.

. Gluten-free bread is characterised by high carbohydrate content
(28.2-52.0 g 100 g™*) and low protein (0.9-8.9 g 100 g™*) content.

. The gluten content in Latvian-grown oats varies from 103.83 mg kg™ in the
husked oat variety ‘Laima’ to 469.37 mg kg™ in the hull-less oat variety ‘Stendes
Emilija’. The gluten content exceeds 100 mg kg™, so Latvian-grown husked and
hull-less oat varieties and breeding lines are not suitable for a gluten-free diet.

. The physical and chemical indicators of gluten-free flour differ significantly
(p<0.05) between various types of cereals and their level of grind.

. 16% of the analysed gluten-free flour does not contain (up to 20 mg kg™) gluten,
but 68% have very low gluten content (up to 100 mg kg™).

. The hardness, porosity and colour of gluten-free bread is significantly (p<0.05)
affected by the added amount of soya flour and gluten substitute. The quality of
muffins does not change significantly (p>0.05) by the added type of liquid: both
water and milk can be used.

. The developed gluten-free bread has a higher content of protein
(6.3-11.39 100 g% and fats (7.1-11.5g100g™"), but a lower content of
carbohydrates (18.8-33.2 g 100 g*) and salt (0.7-0.8 g 100 g*), compared with
the bread available on the market.

10. The data obtained in the research confirm the proposed hypothesis: innovative

and safe gluten-free products can be obtained by choosing particular cereals and
pseudocereals and their combinations.
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PROPOSALS

. When consumers choose buckwheat-, rice-, amaranth-, quinoa-, gram and other
flours that are not marked accordingly for their gluten-free diet, they must take
into account the possible risk that the gluten content may be higher than the
permitted limit, 100 mg kg™.

. The Latvian-grown oat varieties ‘Laima’ and ‘Iwory’ have a gluten content that is
close to the permitted norm (100 mg kg™). Due to that, separate people with a
gluten intolerance, depending on the severity of their coeliac disease, can choose
to include oat products made from the husked oat varieties ‘Laima’ and ‘Iwory’
in their menu.

. It is recommended to use pseudocereal (amaranth, quinoa) and legume (soya,
peas) flour in the development of new products, because they are rich in fibre,
starch, protein and total phenols.

. Latvian breeders should work with the husked oat varieties ‘Laima’ and ‘Iwory’
in the future, to adapt them to the diet of people with coeliac disease.
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PATEICIBAS

Promocijas darba autore izsaka vislielako pateicibu promocijas darba
zinatniskajai vaditajai vadoSajai petniecei Evitai Straumitei, kas ieinteresgja mani
zinatniskaja darbiba un aizrava ar ideju par bezgluténa produktu izpéti. Paldies par
ticibu, atbalstu, neatlaidibu, uzmundrinajumu, palidzibu un veltito laiku cela uz
doktora gradu partikas zinatne.

Liels paldies Latvijas Lauksaimniecibas universitates Partikas tehnologijas
fakultates dekanei profesorei Ingai Ciprovicai, Partikas tehnologijas katedras
vaditajai, profesorei Dainai Karklina, profesorei Rutai Galoburdai un asociétajai
profesorei Tatjanai Rakdejevai, vadoSajam petniecem Zandai Kriimai un Irisai
Miirniecei, Lolitai Tomsonei un Martipam Sabovicam par sniegtajiem padomiem,
ierosinajumiem, atbalstu un palidzibu promocijas darba izstradg.

Paldies Latvijas Universitates Biologijas fakultates lektoram Marim Lazdinam
par atsaucibu, padomiem un iesp&ju realizet ieceri par glut€na noteikSanu produktos.

Izsaku pateicibu saviem kolégiem Valsts Stendes graudaugu selekcijas institata,
Ipasi Sanitai Zutei un Lindai Brunavai, par iesp&ju padzilinati petit auzas un gluténa
saturu tajas.

Paldies manai gimenei, draugiem un kolégiem Rigas Turisma un radosas
industrijas tehnikuma par ticibu, pacietibu, sapratni un moralo atbalstu.
Vissirsnigakais paldies manam viram Val@rijam par sapratni, moralu atbalstu,
izturibu un aizrautibu, ar kuru lavas tikt pietuvinats zinatnei. Paldies maniem
vecakiem, kas ieaudzinaja mani neatlaidibu, gara speku un atbildibas izjitu.
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Laila Vilmane
Latvijas Lauksaimniecibas universitate
Partikas tehnologijas fakultate
Latvia University of Agriculture
Faculty of Food Technology
lailaozola@inbox.lv
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