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ANOTACIJA

Promocijas darbs “Kailgraudu miezi ierauga fermentacija” izstradats laika posma no
2020. gada februara lidz 2023. gada decembrim Latvijas Biozinatpu un tehnologiju
universitates (LBTU) Partikas institiita (iepriek$ Partikas tehnologijas fakultate) laboratorijas.
Paraugi analizeti arT Agroresursu un ekonomikas institiita (AREI) Stendes p&tniecibas centra,
LBTU Viedo tehnologiju nodala (VTN) un Partikas un fermentacijas centra Igaunija (TFTAK),
Budapestas Tehnologiju un Ekonomikas universitates Lietiskas Biotehnologijas un partikas
zinatnes departamenta. Statistiska datu apstrade veikta sadarbiba ar Inzenierzinatnu un
informacijas tehnologiju fakultates Datoru sistému un datu zinatnes institaitu.

Promocijas darba hipotéze: kailgraudu miezi ir alternativa izejviela ierauga fermentacija
un maizes gatavosana.

Pétijuma objekti: kailgraudu miezu spontanais ieraugs, ar tirkultiram fermentets ieraugs
un kailgraudu miezu ierauga maize.

Promocijas darba hipotezi pierada ar $adam tézem.

1. Fermentacijas optimalo tehnologisko parametru ietekmé notiek ieraugam raksturiga
mikrobiotas sukcesija.

2. Kailgraudu miezu spontana ierauga mikrobiologiskie un fizikalie raditaji atbilst aktiva
ierauga raksturojos$iem raditajiem un ar tirkultiram ferment€tam ieraugam var iegiit
paaugstinatu proteolitisko aktivitati.

3. Kailgraudu miezu ierauga fermentacija samazinas gluténa saturs attieciba pret ta saturu
miltos.

4. Ne-cietes polisaharidu saturs maize ietekmé tas fizikalas 1pasibas.

Promocijas darba merkis: pétit kailgraudu mieZu ierauga fermentaciju un vertét tas
ietekmi uz gluténa un ne-cietes polisaharidu saturu un miezu maizes fizikalajam 1pasibam.
Meérku sasniegSanai izvirzitie uzdevumi.

1. Noteikt optimalos tehnologiskos parametrus kailgraudu mieZzu spontana ierauga
fermentacijai un pienskabes bakteriju un mikroskopisko sénu taksonomisko sastavu
lerauga.

2. Izzinat mikrobiotas sukcesiju kailgraudu miezu spontana ierauga fermentacija.

3. Vertet kailgraudu miezu spontana un ar tirkultiram fermentéta ierauga kvalitates
raditajus un reologiskas pasibas.

4. Izpetit ar kailgraudu miezu ieraugu gatavotas kailgraudu miezu un pilngraudu kviesu

maizes fizikalas 1pasibas.
. Noteikt gluténa saturu kailgraudu miezu ierauga un kailgraudu miezu maize.
6. Noteikt ne-cietes polisaharidu saturu kailgraudu miezu un pilngraudu kvieSu maize un
analizet to ietekmi uz maizes fizikalajam 1paSibam.

9]

Promocijas darbs apkopots 3 nodalas.

1. nodala raksturoti ieraugu veidi un aprakstiti galvenie ierauga ietekméjosie faktori.
Atspogulota spontana ierauga mikrobiota. Dots kailgraudu miezu ka alternativas izejvielas
raksturojums. Aprakstita ierauga un miklas struktiiras veidoSands. Sniegts parskats par
kailgraudu mieZu miltu kimiska sastava un fizikalo IpaSibu izmainam ierauga fermentacijas
laika.

2. nodala sniegts petijuma izmantoto materialu un metozu izklasts.

3. nodala apkopoti pétijuma iegiitie rezultati.

e Raksturota mainigo faktoru ietekme kailgraudu miezu ierauga fermentacijas trijos
posmos un optimalo tehnologisko parametru noteiksana. Identificéta mikrobiota un
analizeta tas sukcesija fermentacijas tris posmos.



e Apkopoti kailgraudu miezu ierauga mikrobiologiskie (pienskabes bakteriju, raugu
kolonijas veidojoso vienibu skaits), fizikalie (pH, kompleksa viskozitate, zudumu
un uzkrajuma moduli) un kimiskie (skabums, proteolitiska aktivitate) raditaji;
analizéta struktiiras veidoSanas un izmainas ierauga un miklas fermentacija.

e Noteikts gluténa saturs kailgraudu miezu miltos, ierauga un analiz&tas ta izmainas
kailgraudu miezu maizg.

e Analizeéts [-glikanu, fruktanu, mannanu saturs ar kailgraudu miezu ieraugu
gatavota maiz€ un to ietekme uz maizes fizikalajam IpaSibam.

Promocijas darbs uzrakstits latviesu valoda, darba apjoms 100 Ipp., 16 tabulas, 23 attéli,
173 literaturas avoti un 4 pielikumi.

Petijums veikts ar LBTU programmas “Zinatniskas kapacitates stiprinasana Latvijas
Lauksaimniecibas universitate” projekta Nr. 3.2.-10 / 125 “Biotehnologiskie risinajumi miezu
ierauga izstradé ar samazinatu gluténa saturu” lidzfinanséjumu. Pe&tljuma izmantots
programmas “Fundamentalo pétijumu veik$ana LLU” projekts Nr. 2020-LLU-141 “Biologiski
aktivo savienojumu izp&te miezu pilngraudu maizg” atbalsts.

Promocijas darba izstrade finanséta no “LLU pareja uz jauno doktorantiiras finanséSanas
modeli” projekta Nr. 8.2.2.0 /20 /1 /001™.
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ANNOTATION

The doctoral thesis "Hull-less barley in sourdough fermentation™ was developed from
February 2020 to December 2023 in the Latvia University of Life Sciences and Technologies
(LBTU) Food Institute (former Faculty of Food Technology) laboratories. The analyses of
samples were conducted at the Institute of Agricultural Resources and Economics (AREI) of
Stende Research Centre, Division of Smart Technologies (LBTU), Center of Food and
Fermentation Technologies (TFTAK) in Estonia, Budapest University of Technology and
Economics, Department of Applied Biotechnology and Food Science. Statistical data
processing was conducted in collaboration with the Institute of Computer Systems and Data
Science of the Faculty of Engineering and Information Technologies.

The hypothesis of doctoral thesis: hull-less barley is an alternative raw material for
sourdough fermentation and breadmaking.

Research objects: hull-less barley spontaneous sourdough, with starter cultures
fermented sourdough, as well as hull-less barley sourdough bread.

The following theses have proved the hypothesis.

1. Under the influence of optimal technological fermentation parameters, the succession
of typical sourdough microbiota occurs.

2. The microbiological and physical indicators of the spontaneous sourdough of hull-
less barley resemble the characteristic indicators of active sourdough, and sourdough
fermented with starter cultures can possess enhanced proteolytic activity.

3. The gluten content in hull-less barley sourdough fermentation decreases relative to
its content in flour.

4. The content of non-starch polysaccharides affects the physical properties of bread.

The aim of doctoral thesis: to study the fermentation of hull-less barley sourdough and
evaluate its effect on the content of gluten and non-starch polysaccharides and the physical
properties of barley bread.

The tasks set to achieve the goals.

1. To determine the optimal technological parameters for the spontaneous fermentation
of hull-less barley and the taxonomic composition of lactic acid bacteria and
microscopic fungi.

2. To specify the microbiota succession in the spontaneous sourdough fermentation of
hull-less barley.

3. To evaluate the quality indicators and rheological properties of hull-less barley
sourdough fermented spontaneously and with starter cultures.

4. To study the physical properties of hull-less barley and wholegrain wheat bread
prepared with hull-less barley sourdough.

5. To determine the gluten content in hull-less barley sourdough and hull-less barley
bread.

6. To analyze the content of non-starch polysaccharides in hull-less barley and
wholegrain wheat bread and to explain their effect on the physical properties of the
bread.

The thesis is summarized in three chapters.

Chapter 1 characterizes the types of sourdough and describes the main influencing factors
of sourdough. Reflected spontaneous sourdough microbiota. Characteristics of hull-less barley
as an alternative raw material are given. The information regarding the structure of sourdough
and dough is provided. An insight into changes in flour's chemical composition and physical
properties during sourdough fermentation is provided.



Chapter 2 outlines the materials and methods used in the study.
Chapter 3 summarizes the results of the study.

e The influence of variable factors in the three steps of fermentation of hull-less
barley was characterized, and the optimal technological parameters were
determined. Identified microbiota and analyzed its succession in the three steps of
fermentation.

e Microbiological (number of lactic acid bacteria, yeasts colony-forming units)
physical (pH, complex viscosity, loss and storage moduli) and chemical (titratable
acidity, proteolytic activity) indicators of hull-less barley sourdough summarized;
structure formation and changes in sourdough and dough fermentation were
analyzed.

e The content of gluten in hull-less barley flour and sourdough was determined, and
its changes in bread prepared with hull-less barley sourdough were analyzed.

e The content of B-glucans, fructans, and mannans in bread prepared with hull-less
barley sourdough was analyzed, and their influence on the physical properties of
the bread was elucidated.

A PhD thesis is written in Latvian, it consists of 100 pages, 16 tables, 23 images and 173
bibliographic sources and 4 appendices.

The study was financed by the grants: “Strengthening Research Capacity at Latvia
University of Life Sciences and Technologies” project “The biotechnological solutions for
barley sourdough” (Contract No 3.2.-10 /125); Latvia University of Life Sciences and
Technologies program project “Biologically active compound content in the developed barley
bread” (Contract No 2020-LLU-141);

“Transition to the new doctoral funding model at the Latvia University of Life Sciences
and Technologies” (Contract No 8.2.2.0/ 20/1/001).
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ZINATNISKA DARBA APROBACIJA /
APPROBATION OF THE RESEARCH WORK

Petijjuma rezultati publicéti 5 zinatniskajos izdevumos, kas indekséti SCOPUS un
Web of Science datu bazes / Research results are published in 5 scientific journals indexed in
SCOPUS and Web of Science databases.

1. Murniece R., Reidzane S., Radenkovs V., Galoburda R., Klava D. (2023) The impact
of Fermented Scald on Rye and Hull-less Barley Dough and Bread Structure
Formation. Foods 2023, 12(24), 4475, DOI:10.3390/foods12244475

2. Reidzane, S., Gramatina, 1., Galoburda, R., Komasilovs, V., Zacepins, A., Klava D.
(2023) Composition of Polysaccharides in Hull-Less Barley Sourdough Bread and
Their Impact on Physical Properties of Bread. Foods 2023, 12(1), 155,
DOI:10.3390/foods12010155

3. Reidzane, S., Kruma, Z., Kazantseva, J., Traksmaa, A., Klava, D. (2021)
Determination of Technological Parameters and Characterization of Microbiota of the
Spontaneous Sourdough Fermentation of Hull-Less Barley. Foods 2021, 10(10), 2253,
DOI:10.3390/foods10102253



4.

Klava, D., Poisa, 1., Reidzane, S., Kince, T., Kazantseva, J., Traksmaa, A. (2021) The
influence of germinated hull-less barley sourdough fermentation conditions on the
microbiota development. Rural Sustainability Research, ISSN 2256 — 0939, Nr.
46(341) (2021), p. 105 — 115, DOI:10.2478/plua-2021-0022

. Majore, K., Sterna, V., Bleidere, M., Reidzane, S., Ciprovica, 1. (2021) In vitro study

on fermentation characteristics of different hulless barley cultivar flakes. Proceedings
of the Latvian Academy of Sciences. Section B, Vol 75 (2021), No 6 (735), p.
438 — 443, DOI:10.2478/prolas-2021-0065

Par pétijuma rezultatiem zinots 8 starptautiskajas konferences, Austrija, Igaunija,
Italija, Latvija un Niderland€ / Results have been presented at the 8th international conferences
in Latvia, Estonia, Austria, at simposium in Italy and the Netherlands.

1.

Murniece, R., Reidzane, S., Galoburda, R., Radenkovs, V., Klava, D. (2023) The
impact of fermented rye and barley scald on structure formation, microstructure
changes and physical properties of wholegrain dough and bread ISFRS 2023,
Wageningen, June 11 — 15 (stenda referats / poster presentation)

. Reidzane, S., Gramatina, I., Galoburda, R., Komasilovs, V., Zacepins, A., Klava D.

(2023) Hull-Less Barley Sourdough Bread: Composition of Polysaccharides and
Technological Characteristics. 16th Baltic Conference on Food Science and
Technology “Traditional meets non-traditional in future food”, Jelgava, May 11 — 12
(mutiska prezentacija / oral presentation).

. Reidzane, S., Klava, D. (2022) The proteolytic activity of hull-less barley dough in the

two stage of fermentation and their impact on the texture properties of barley bread.
8th International Symposium on Sourdough Bolzano, Italy, June 14 — 17 (stenda
referats / poster presentation).

. Reidzane, S., Klava, D. (2022) Protease activity in the spontaneous hull-less barley

sourdough and in the sourdough with starter culture. 20th ICC Conference 2022,
BOKU University Vienna, Austria, July 5 — 7 (stenda referats / poster presentation).

. Reidzane, S., Galoburda, R., Lacis, G., Klava, D. (2021) Rheological properties of

hull-less barley spontaneous sourdough during the fermentation. Conference
Biosystems Engineering 2021, Tartu, Estonia, May 9 — 10, online platform (stenda
referats / poster presentation).

. Reidzane, S., Kazantseva, J., Traksmaa, A., Klava, D. (2021) Characterization of

Microbiota of the Spontaneous Sourdough three step Fermentation of Hull-less barley.
7th Whole Grain Summit 2021, Austria, Vienna, October 25 — 27, online platform
(stenda referats / poster presentation)

. Reidzane, S., Kruma, Z., Klava, D. (2021) Determination of technological parameters

of the spontaneous sourdough fermentation of hull-less barley. 16th ICC Cereal and
Bread Congress, March 29 — 3, online platform (stenda referats / poster presentation).
Majore, K., Sterna, V., Bleidere, M., Reidzane, S., Ciprovica, 1. (2020) In vitro study
on fermentation characteristics of different hulless barley cultivar flakes. 3rd
International Conference “Nutrition and Health” Riga, Jelgava, Latvia, December
9 — 11, online platform (mutiska prezentacija / oral presentation).

Promocijas darba rezultati prezentéti LBTU PTF seminara “Maizes diena” 17.08.2023.
un Latvijas Maiznieku biedribas organizéta seminara 18.10.2023. / The results of the thesis
presented at the industry seminars organized by the Faculty of Food Technology “Bread day”
and Latvia Baker's Association.
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IEVADS / INTRODUCTION

Ierauga fermentacija tiek izmantota maizes gatavosana. lerauga fermentaciju veic miltu
spontana mikrobiota un enzimi, ka ar1 fermentacijas uzsakSanai var pievienot tirkulturas.
Spontana ierauga fermentacija vienlaiciga vairaku tehnologisko parametru mijiedarbiba
ietekmé& mikrobiotas attistibu un ieraugu raksturojoSos raditajus. Fermentacijas stabilitates un
ierauga funkcionalo 1pasibu nodroSinasanai tiek izv€letas pienskabes bakteriju un rauga
tirkulturas. Petnieku pastiprinatu interesi izraisijusi ierauga ietekme uz miltos esosSo uzturvielu
kvantitativam un kvalitativam parveértibam un to pozitiva ietekme uz maizes kvalitati un cilvéka
veselibu (Arora et al., 2021; Gobbetti et al., 2019; Rizzello et al., 2019). Ierauga fermentacija
tradicionali tiek izmantoti rudzu un kvieSu milti, tacu p&tnieku interesi izraistjusi kailgraudu
miezi ka alternativa izejviela (Mariotti et al., 2014). Latvija selekcionétiem kailgraudu mieziem
raksturigs augsts olbaltumvielu, skiedrvielu, tostarp ne-cietes polisaharidu, 1pasi B-glikanu, ka
arl vitaminu, mineralvielu un fenolu saturs. Kailgraudu miezi (Hordeum vulgare L.) to
augstvertiga sastava dél ir atziti ka biologiski pilnveértiga izejviela funkcionalo produktu
izstradei (Sterna et al., 2015) un vértéjama ka piemérota izejviela ierauga fermentacijai un
maizes ar augstu uzturvertibu gatavosanai. Kailgraudu miezu spontanais ieraugs vert€jams ka
mikroorganismu avots miklas fermentacijai un alternativs ieraugs maizes gatavosanai. lerauga
fermentacija miltu enzimi un mikroorganismu producéti enzimi veicina ne-cietes polisaharidu
hidrolizi, kas uzlabo maizes fizikalas 1pasSibas. Ierauga fermentacija biitu risinajums maizes,
kura struktiiru neveido lipeklis un kura ir augsts Skiedrvielu saturs, fizikalo pasibu uzlaboSanai.
Pienskabes bakteriju proteolitiskie enzimi veic olbaltumvielu saskelSanu, paaugstinot maizes
biologisko veértibu. Tadgjadi ierauga fermentacija butu piemé&rota kailgraudu miezu maizes
gatavoSana.

Promocijas darba hipoteéze: kailgraudu miezi ir alternativa izejviela ierauga fermentacija
un maizes gatavosana.

P&tijuma objekti: kailgraudu miezu spontanais ieraugs, ar tirkultiram fermentgts ieraugs
un kailgraudu miezu ierauga maize.

Promocijas darba hipotézi pierada ar s$adam tezem.

1. Fermentacija optimalo tehnologisko parametru ietekmé notiek ieraugam raksturiga
mikrobiotas sukcesija.

2. Kailgraudu miezu spontana ierauga mikrobiologiskie un fizikalie raditaji atbilst aktiva
ierauga raksturojoSiem raditajiem; ar tirkultiram ferment€tam ieraugam var iegit
paaugstinatu proteolitisko aktivitati.

3. Kailgraudu miezu ierauga fermentacija samazinas gluténa saturs attieciba pret ta saturu
miltos.

4. Ne-cietes polisaharidu saturs maize ietekmé tas fizikalas 1pasibas.

Promocijas darba merkis: pétit kailgraudu miezu ierauga fermentaciju un vertet tas

ietekmi uz gluténa un ne-cietes polisaharidu saturu un miezu maizes fizikalajam 1pasibam.

Merku sasniegSanai izvirzitie uzdevumi.

1. Noteikt optimalos tehnologiskos parametrus kailgraudu miezu spontana ierauga
fermentacijai un pienskabes bakteriju un mikroskopisko sénu taksonomisko sastavu
ierauga.

2. Izzinat mikrobiotas sukcesiju kailgraudu miezu spontana ierauga fermentacija.

3. Vertet kailgraudu miezu spontana un ar tirkultiram fermentéta ierauga kvalitates
raditajus un reologiskas Tpasibas.

4. Izpetit ar kailgraudu miezu ieraugu gatavotas kailgraudu miezu un pilngraudu kviesu
maizes fizikalas 1pasibas.

5. Noteikt gluténa saturu kailgraudu miezu ierauga un kailgraudu miezu maize.
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6.

Analizet ne-cietes polisaharidu saturu kailgraudu miezu un pilngraudu kviesu maize
un analiz€t to ietekmi uz maizes fizikalajam pasibam.

P&tijuma novitate: pirmo reizi Latvija veikta kailgraudu miezu ierauga fermentacijas

izpéte.

1.

Izzinata mikrobiota kailgraudu miezu spontana ierauga fermentacija.

2. Izstradati kailgraudu miezu spontana ierauga fermentacijas optimalie tehnologiskie

3.
4.

parametri un aprakstita pienskabes baktériju tirkultiru izmantoSana ierauga
fermentacija.

Sniegta kailgraudu miezu miklas struktiiras veidoSanas analize.

Noteikta fermentacijas ietekme uz gluténa, B-glikanu, fruktanu un mannanu satura
izmainam kailgraudu miezu ierauga un maizg.

Pétijuma tautsaimnieciska nozime.

1.

2.

Pétijums piedava optimalos tehnologiskos parametrus kailgraudu miezu spontana
ierauga fermentacijai.

Kailgraudu miezu ieraugu var izmantot maizes gatavosanai ka alternativu
tradicionalajiem ieraugiem.

. Petfjuma rezultati sniedz informaciju par gluténa un ne-cietes polisaharidu saturu ar

kailgraudu miezu ieraugu gatavota maiz€ un pamato maizes augsto uzturvertibu.
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projekta Nr. 3.2.-10/125 “Biotehnologiskie risinajumi mieZu ierauga izstradé ar

samazinatu gluténa saturu” lidzfinans€jumu. P&tijuma izmantots programmas “Fundamentalo
petijumu veikSana LLU” Nr. 2020-LLU-141 “Biologiski aktivo savienojumu izp&te miezu
pilngraudu maize” atbalsts.

Promocijas darba izstrade notika ar “LLU pareja uz jauno doktorantiiras finanséSanas
modeli” projekta Nr. 8.2.2.0/20/1/001 Iidzfinansgjumu.
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1. LITERATURAS APSKATS / REVIEW OF LITERATURE

lerauga fermentacija tiek atzita ka biotehnologiska metode, ko izmanto maizes
gatavoSana. Zinatniskie p&tijumi atklaj ierauga pozitivo ietekmi uz maizes aromatu un garsu un
uz maizes kvalitates izmainam uzglabasanas laika. Jaunakie p&tijumi par ieraugu akcente ta
fermentacijas ietekmi uz maizes uzturvértibu un funkcionalajam ipasibam, piemeram,
glikemiska indeksa samazinasanu, mineralvielu biopieejamibas palielinasanu un olbaltumvielu
hidrolizi alergiskuma samazinasanai, ka ari biologiski aktivu vielu sintézi.

1.1. Ierauga raksturojums un veidi / Sourdough characteristics and types

Tradicionala izpratn€ ieraugs ir kvieSu vai rudzu miltu un tdens maisijums, kas
ferment€ts spontani ar pienskabes bakterijam un raugiem (Arora et al., 2021; Gobbetti, 1998;
Van Kerrebroeck et al., 2017), kuru metabolisma produkti nosaka ierauga pH samazinasanos
un CO; veidosanos. Miklas fermentacija ar ieraugu ietekmé& maizes skabumu, aromatu, garsu,
strukturu, uzglabasanas laiku un uzturvielu kvantitativo un kvalitativo sastavu.

leraugu raksturo mikrobiologiskie, fizikalie un kimiskie raditaji (1.1.att.). No
mikrobiologiska viedokla ieraugs ir aktivu mikroorganismu sist€éma, kurai ir mainiga pieejamo
oglhidratu un citu uzturvielu koncentracija, un kas raksturojas ar zemu pH, ierobezotu skabekla
pieejamibu un paaugstinatu pienskabes baktériju skaitu >10® KVV g ! un raugu <10’ KVV g !
skaitu proporcija 10:1 Iidz 100:1 (De Vuyst et al., 2017, 2021; Gobbetti, 1998). lerauga
mikroorganismu metabolisma rezultata notieck pH samazinasanas, garSas un aromata
veidoSanas un CO; izdaliSana, kas izmaina ieraugu raksturojoSos raditajus (1.1. att.). Pienskabes
bakterijas nodro§ina garSas un aromata veidoSanos maiz€. Rauga svarigaka nozime ir maizes
apjoma palielinasana, ko nodrosina spirta riigSana izdalitais CO,. leraugu raksturo pienskabes
bakteriju un raugu sastavs un 1pasibas.

Ieraugu raksturojosie

Mikrobiologiskie / |, radrtaji/ Kimiskie / Chemical
Microbiological Characteristics of
' sourdough ¥
Pienskabes baktériju KVV g~ / ¥ Skabums (titrimetriska metode) /
Lactic acid bacteria CFU g! Fizikalie / Physical Titratable acidity
Raugi KVV g1/ p;-l Pienskabes — etikskabes
Yeasts CFU g™ proporcija /

. _ . Lactic acid-acetic acid ratio
Miltu — Gdens proporcija /

Flour — Water ratio

1.1. att. Ieraugu raksturojosie raditaji / Fig. 1.1. The parameters of sourdough

Viens no galvenajiem pienskabes baktériju metabolisma produktiem ir organiskas skabes.
Ieraugu raksturo pH 3.5 —4.5. Svarigs fizikalais raditajs ir miltu un @idens proporcija, kas nosaka
ierauga viskozitati. Bieza (ar1 saukts ka ciets) ierauga miklas iznakums (miltu un tidens masa
%100 /miltu masa) ir 150 — 160, bet Skidra — ar 200 un augstaks (Gobbetti & Ginzle, 2013).
Vidgjs iznakums norada uz mikstu ieraugu. DaZzadiem miltiem var biit atSkiriga tdens
absorbcijas sp€ja, tapeéc ar vienadu miltu un tidens proporciju var iegiit maisijumus ar dazadam
reologiskam ipasibam. Fermentacijas procesa enzimatiskas ietekmes rezultata tiek vajinatas
starpmolekularas saites, tadéjadi samazinot ierauga komplekso viskozitati un izmainot viskozas
un elastigas pasibas. Sadas parvértibas ietekmé miklas un maizes struktiiras veido$anos.
Skabums izsaka skabju daudzumu, kas veidojies fermentacijas procesa. Biezie ieraugi

18



raksturojas ar augstaku etikskabes, bet Skidrie — ar augstaku pienskabes saturu (De Vuyst et al.,
2017; Gobbetti & Ginzle, 2013).

Ieraugus var iedalit péc izejvielas veida — kviesSu, rudzu un alternativie ieraugi (miezu,
1isu, sorgo u.c.). Biokimiskie procesi ierauga fermentacija var sakties spontani, péc tirkulttiru
pievienoSanas vai péc uzraudzeta ierauga dalas pievienoSanas (Kunkulberga & Seglins, 2010).
Arl pétnieks De Vuyst et al. (2021) ieraugus klasificé atkariba no mikroorganismu

pievienoSanas veida (1.2. att.).

Milti / Flour Atymnoians
1 15 reizes /
Backslopping
Udens / Water ——| {0-=15times
Milti / Flour Odens / Water
Fermenticija / e =
Fermentation - Atjaunojama dala / \
Spontanais / Miltu - . ) . Renewable part -
Spontaneous fidens Mikrobiologiski —_—
MASTUNS | ey stabils feraugs / Atjaunoana /
Flour water Microbially stable / Backslopping

mittre sourdough

20-30°C,6 -24h

4 g Fermenticija /
0 -30°C Fermeniation
6-24h
leranga
MNobriedis maize /
ieraugs /
Mature Sourdough
sourdough bread
Tirkultiiras /
Starier culiures
Fermentdcija /
l Fermeniation
Ar firkultirAim Miltu — fidens MNobriedis Maize ar
ferment@ts / — maistjums /| 2 ieraugs / ieraugu /
Fermented with Flour water AMatars Bread with
mixture ' I0-37°C sourdough read wi
starter cullures
34— 501 sourdough
Tirkultiiras /
Starter cullures F feiia / -
crmenticija Milti / Flowr | Udens / Water
l Fermeniation IR _
i # Atjauncjama dala /
Kombinétais / Miltu - Gdens / AN\ \_  Fenewabicpar:
. maisijums / B
Combined Flowr water ' 20 =30°C o
mixtire 6-24h Atjaunofana /
Backslopping lerauga
20-30°C, 624k maize /
Fermenticija / Sa:rda;g&
Fermentation rle:a
Maize ar
- ieraugu /
Nobriedis Bread
ieraugs / { with
Mature ' courdouch
sourdough sourdoug

1.2. att. Ierauga veidi / Fig. 1.2. Types of sourdough
(De Vuyst et al., 2021; Gobbetti & Génzle, 2013)
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Katram veidam ir atSkiriga mikrobiota un fizikali — kimiskie raditaji. Atkariba no
mikroorganismu pievienoSanas izskir tris ierauga veidus — spontanais, ar tirkultiram (literatiira
minéti attiecigi ka 1. un 2. veids), un kombinétais veids. lerauga atjaunosanai un miklas
fermentacijas uzsak3anai izmanto aktivu ieraugu®.

Spontanais ieraugs

Spontana (Type I, anglu val.) ierauga fermentacija izmanto miltu dabisko mikrobiotu.
Spontanai fermentacijai ir nozimiga apkartgjas vides un izejvielu mikrobiotas ietekme. Ar
spontano metodi gatavots ieraugs balstas uz periodisku atjaunosanas procesu, kura atjaunojama
ierauga dala (mates ieraugs), tiek papildinata ar jaunu miltu un tidens porciju (De Vuyst et al.,
2017; Gobbetti & Génzle, 2013). Lai iegiitu spontano ieraugu, nepiecieSami vismaz tris
fermentacijas posmi, tacu stabilas un nobriedusas mikrobiotas (nobriedis ieraugs) iegiiSanai
literatiira minétas 10 — 15 atjaunoSanas reizes (Brandt & Génzle, 2006; De Vuyst et al., 2017).
Atjaunos$anas procesa ar atjaunojamas dalas palidzibu mikroorganismi tiek parnesti jauna miltu
un tdens porcija, tad€jadi nodroSinot fermentacijas uzsakSanu. Atjaunosanas posma dazadi
mikroorganismi adapt€jas vidé atkariba no pieejamam baribas vielam un to augSanu
ietekméjosiem faktoriem. Spontana ierauga mikrobiotas daudzveidibu nodroSina §adi faktori:

e atjaunoSanas posmos pievienotais baribas vielu saturs, ko nosaka miltu maluma
pakape un kimiskais sastavs, un miltu dabiska mikrobiota;

e tehnologiskie parametri;

e vairaku posmu fermentacija.

Spontano ieraugu, galvenokart, lieto ceptuv@s, kurds izmanto tradicionalo maizes
gatavoSanas tehnologiju. Spontana ierauga gatavo$ana pieméro isu lidz vidéju fermentacijas
laiku (6 — 24 h) 20 — 30 °C temperatiira, ar zemu iznakumu. Spontanais ieraugs ir piemérots, lai
panaktu miklas apjoma palielinasanu bez papildus irdinataju pievienoSanas (Gobbetti &
Ginzle, 2013). Irdinasanas kapacitate (apjoma palielinaSana) ir svariga spontana ierauga
ipaSiba. Ta balstas uz rauga izdalito CO2, un nozimiga loma ir ar1 heterofermentativam
pienskabes bakterijam. Latvija tradicionalas rudzu maizes gatavoSana izmanto spontano
ieraugu (Klava et al., 2023). Zinatniskaja literattira ir aprakstiti vairaki spontana kvieSu ierauga
gatavoSanas panémieni, no kuriem pazistamakie ir fran¢u metode un amerikanu sisteéma.
Spontana rudzu ierauga gatavoSana ir tradicionala Ziemelu un Austrumu Eiropas dala (Klava
et al., 2023). Literattira sniegti vairaki rudzu un kvieSu ierauga spontanas fermentacijas piemeri
(Brandt & Giénzle, 2006; Spicher & Stephan, 1993), kuros izmantotas dazadas tehnologisko
parametru kombinacijas vairakos posmos: 68 — 96 h fermentacija 3 — 4 posmos, 23 — 35 °C
temperattira ar dazadu miklas iznakumu (160 — 400). Pétnieks E. Kozlinskis izmantojis rudzu
ieraugu fermentacijas tris fazu sist€ému (Kozlinskis et al., 2010). Ar tris fazu sist€émas palidzibu
tiek iegtita skabju daudzveidiba (Anfrischsauer, Grundsauer, Vollsauer, vacu val.) (De Vuyst
et al., 2017). Vairaku posmu fermentacijas sist€tma ierauga pH pazeminaSanas nenotiek strauji.
Ar katra fazg atSkirigu tehnologisko parametru palidzibu tiek nodro$inata labvéliga vide ari
raugu un heterofermentativo pienskabes bakteériju augSanai. Lidzas pienskabes bakterijam,
saglabajot raugu pietiekamu parstavniecibu, tiek nodroSinata miklas apjoma palielinaSanas.
Spontanais ieraugs ir uzskatams par dazadu mikroorganismu maisijumu (Gobbetti & Ginzle,
2013).

Ar tirkultiram fermentéts ieraugs

lerauga fermentaciju var sakt, miltu un Gdens maisjumam pievienojot speciali
selekcionétu pienskabes bakteriju tirkultiiru vai to maistjumu (Lactobacillus amylovorus,
Levilactobacillus brevis, Limosilactobacillus fermentum, Lactiplantibacillus plantarum,

SUnderstanding Sourdough: building a common ground: Federation of European Manufacturers and Suppliers of
Ingredients to the Bakery, Confectionery and Patisseries Industries Position Paper, 02 /22 [ tieSsaiste] [skatits
05.02.2024.]. Pieejams: https://www.fedima.org /resources/informed-customers-consumers/138-understanding-
sourdough-building-a-common-ground
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Limosilactobacillus reuteri, Furfurilactobacillus rosiae), kuru metabolisma rezultata strauji
pazeminas miltu un tdens maisijuma pH un veidojas aromats (De Vuyst et al., 2021). Ar
tirkultiram ferment€tam ieraugam raksturiga kontroléta 24 — 50 h fermentacija temperatiira
>30 °C. Sada ierauga skabums var biit 30 — 150 ml NaOH. Ar tirkultiram fermentéts ieraugs,
galvenokart, tiek izmantots komerciala ierauga iegtSanai, un to lieto ka izejvielu aromata
veidosanai vai tehnologisko funkciju nodrosinasanai (pH pazeminasana mikla, uzglabasanas
laika pagarinaSana). Atkariba no pievienoto pienskabes bakteriju 1pasSibam ar tirkultiram
ferment€ts ieraugs var but ar funkcionalam ipasibam, pieméram, ka maizes struktiiras
uzlabotajs ar paaugstinatu antifungalo un proteolitisko aktivitati. Ar tirkultiram fermentéts
ieraugs var saturét raugu Saccharomyces cerevisiae, kas tiek pievienots razoSanas procesa
beigas (De Vuyst et al., 2017). Atkariba no ierauga razoSanas procesa un galaprodukta tas var
bt Skidra vai bieza, sausa (liofilizétie, kaltetie), vai saldéta veida. Sausa veida ierauga razosana
tieck izmantotas pienskabes baktériju tirkultiiras, kas ir izturigas S$ados apstaklos
(Levilactobacillus brevis, Lactiplantibacillus plantarum un Pediococcus pentosaceus) (De
Vuyst & Neysens, 2005). Ar tirkultiiram ferment€ts ieraugs razoSanas procesa beigas var saturét
vai arT nesaturét aktivus mikroorganismus.

Kombingéta ierauga veids

Kombingta ierauga fermentacija tiek sakta ar pienskabes bakteriju un rauga tirkultiru
pievienosanu, veicot turpmaku atjaunosanu ar jaunu miltu un @idens porciju, ka spontana ierauga
gadijuma. Sada fermentacija raksturiga mikrobiotas sukcesija tris posmos lidz dominé
pievienotas pienskabes bakterijas. Tomer var rasties konkurence starp dabiskas mikrobiotas
mikroorganismiem un pievienotajam tirkultdram. Sadu situaciju var veicinat konkrétajiem
mikroorganismiem nepiem&roti apstakli vai nav notikusi pielagosanas dotajai baribas videi un
mikrobiotai (Siragusa et al., 2009). Tapéc iesakama kombinéta ierauga fermentacijas sakSana
laboratorija, lai parbauditu tirkultiras augSanu ierauga. Tirkultiiras var but sanemtas no
mikroorganismu kolekcijam vai izmantots komercialais ieraugs. Neseni petijumi liecina par no
teraugiem izdalitu mikroorganismu izmantoSanu kombingéta ierauga fermentacija (Génzle et al.,
2023).

1.2. Ierauga fermentaciju ietekméjoSie faktori /
Factors influencing the sourdough fermentation

Fermentacijas procesa ierauga mikroorganismu vairo$anos ietekmé tehnologiska procesa
parametri (1.3. att.). Nozimigakie ietekm&josie tehnologiskie parametri ierauga ir temperatira,
laiks un miltu un @idens proporcija. Mikroorganismu vairo$anos nosaka tehnologiskie parametri.
Noteiktu parametru izmantoSana noved pie konkrétu mikroorganismu atlases ierauga, kas
vislabak piemeéroti Siem apstakliem. lerauga fermentacijas procesa temperatiirai ir galvena
nozime mikrobiotas attistiba un metabolitu producesanas dinamika. Temperatiirai ir savstarpg€ja
saistiba ar fermentacijas laiku. Augstaka temperatiira (>30 °C) polisaharidu sadaliSanas par
maltozi un glikozi notiek intensivak ka ari pastiprinas pienskabes veidoSanas, veicinot pH
pazeminasanos (De Vuyst et al., 2017). Sads temperatiiras rezims piemérots homofermentativas
pienskabes bakterijas Lactiplantibacillus plantarum augSanai un Lactobacillus delbrueckii, kas
piemérota fermentacijai paaugstinatas temperatiiras (45 — 55 °C), veidojot pienskabi un strauji
pazeminot pH. Tomer ilgstoSa paaugstinata fermentacijas temperatiira var kavet rauga darbibu.
Zemaka temperatiira (<30 °C) veicina rauga augSanu, etanola veidosanos, CO; izdaliSanu.
Zemas temperatiiras gatavotos ieraugos dominé heterofermentativas pienskabes bakterijas,
piem&ram Fructilactobacillus sanfranciscensis, Levilactobacillus brevis (Van Kerrebroeck et
al., 2017), kas producé pienskabi, etikskabi un etanolu. Zemas temperatiiras (<30 °C) ir
piemérotas asociaciju veidoSanai starp raugiem un pienskabes baktérijam. Bessmeltseva et al.
(2014) norada uz temperatiras ietekmi uz rauga sugu daudzveidibu spontanos ieraugos, kuros
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30 °C fermentacijas temperatiira identific€ti Saccharomyces cerevisiae un Candida krusei
(tagad Issatchenkia orientalis), bet 20 °C Kazachstania unispora.

Ierauga mikrobiotu ietekméjogie faktori /
Factors influencing microbiota of sourdough

Tehnologiskie faktori / | | Citi faktori /
Technological factors Other parameters

Miltu un Gdens proporcija ierauga / Miltu kimiskais sastavs /
Flour and water ratio Chemical composition of flour
Atjauncjamas dalas daudzums / Miltu dalinu izmérs /
Amount of renewable part Flour particle size
Fermenticijas temperatira / Miltu dabiska mikrobiota /
Temperature of fermentation Natural microbiota of flour
Fermentacijas laiks / Apkirtéjas vides mikrobiota /
Time of fermentation Microbiota of environment
Atjaunosanas posmu skaits / Skabekla piegjamiba /
Backslopping times Oxygen availability

1.3. att. Ierauga mikrobiotu ietekméjoSie faktori /
Fig. 1.3. Factors influencing microbiota of sourdough

Fermentacijas laiks ietekm& mikroorganismu daudzveidibu, metabolitu veidoSanas
intensitati un pH, ka arT baribas pieejamibu mikroorganismiem. Pagarinoties fermentacijas
laikam, baribas pieejamiba mikroorganismiem klist ierobeZota, vienlaicigi pazeminoties pH.
Sadi apstakli pieméroti pienskabes baktérijam, kuras izturigas pret zemu pH un ierobezotu
baribas pieejamibu, ka piemé&ram, Limosilactobacillus fermentum un Lactiplantibacillus
plantarum (De Vuyst et al., 2017). Vrancken et al. (2011) petijums parada fermentacijas laika
un temperatiiras biitisku ietekmi mikrobiotas attistiba. Limosilactobacillus fermentum augSana
konstateta 24 h fermentacija 30 °C un 37 °C, tau 48 h 30 °C — konstatéta Limosilactobacillus
fermentum un Lactiplantibacillus plantarum kombinacija, savukart, 24 h fermentacija 23 °C
atrasta Leuconostoc citreum un Pediococcus pentosaceus. Pec 48 h fermentacijas uzradita
butiski zemaka maltozes koncentracija un saharozes glikozes trilkums ierauga neka péc 24 h.
Fermentacijas laiks, kas ilgaks par 24 h, palielina pienskabes baktériju un samazina raugu KVV
skaitu ierauga. Ar tirkultiram ferment€tos ieraugos ilga fermentacijas laika pienskabes
bakteriju metabolisma raditais zemais pH kaveé raugu vairo$anos un tap€c maizes gatavoSanai
to pievieno papildus.

Miltu un Gidens proporcija ir nozimigs ierauga fermentaciju ietekméjoss faktors un nosaka
ierauga reologiskas ipasibas. Mazaks pievienota idens daudzums biezajos ieraugos nodrosina
mikrobiotu ar pietieckamu oglhidratu saturu fermentacijai. Biezajos ieraugos pH pazeminaSanas
ir Ieénaka neka Skidrajos, kurus raksturo lielaks idens daudzums. Ar1 skabju sastavs ir atSkirigs.
Biezajos ieraugos biezak dominé heterofermentativas pienskabes baktérijas, kuru metabolisma
galaprodukts lidzas pienskabei ir etikskabe. Augsts pievienota tdens daudzums veicina
pienskabes baktériju vairoSanos (Minervini et al., 2014). Miltu un tidens proporcija ietekmé art
pienskabes bakteriju daudzveidibu ierauga (D1 Cagno et al., 2014). Zems pH veicina skabai
videi piem&rotu baktériju augSanu, bet augstam pH ir piem&rojusas Enterococcus, Lactococcus,
Leuconostoc un Pediococcus, Weissella gints pienskabes bakterijas.
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lerauga fermentaciju ietekmé art citi faktori ka miltu kimiskais sastavs, miltu dalinu
izmérs un miltu dabiska mikrobiota (1.3. att.). Pilngraudu miltu ierauga fermentacijas pirmajos
posmos noveérojama lielaka mikroorganismu daudzveidiba (Rizzello et al., 2019). Skabekla
klatbutne ierauga fermentacijas laika ietekm& mikroorganismu metabolisma norisi. Skabeklis
noklist ieraugd ar miltiem atjaunoS$anas un miciSanas procesa. Atjaunotaja ierauga un mikla
pieejamais skabeklis tiek patéréts enzimatiskas un mikrobialas aktivitate€s. Liela virsmas
laukuma gadijuma fermentacija var veidoties ierauga virsmas mikrobiota, kurai pieejami aerobi
apstakli. Dazas raugu sugas, piem&ram, Pichia kudravzevii (tagad Issatchenkia orientalis), ir
pieme@rotas augSanai tikai aerobos apstaklos. Skabekla izmanto$ana var izraisit pareju no
etanola uz etikskabes izdaliSanu. MiciSanas laika sakotngji raugs izmanto pieejamo skabekli,
pec tam produc€ metabolitus anaerobos apstaklos. Pieejamo skabekli var izmantot arT miltos
esosie enzimi, pieméram, lipoksidaze (Minervini et al., 2014). Neliela aeracija var sekmét dazu
pienskabes baktériju celmu, piemeéram Lactobacillus amylovorus DCE 471 attistibu (Leroy et
al., 2007). Skabeklis ietekm& mikroorganismu vairoSanos un metabolismu atkariba no konkréta
celma 1pasibam.

Fermentaciju ietekm&joSo parametru vienlaiciga mijiedarbiba bitiski ietekmé ierauga
raksturojosSos raditajus un mikrobiotas attistibu. Palielinoties atjaunoSanas posmu skaitam,
apstakli, kurus veido ietekmgjoSie faktori, klist arvien piemérotaki, ka rezultata
mikroorganismu daudzveidiba samazinas. Mainoties ietekmé&joSiem faktoriem, var notikt
mikrobiotas izmainas. Tap&c nozimigi zinat izejvielas kimisko sastavu. Kviesu un rudzu milti
ierauga fermentacija tiek izmantoti tradicionali, tomer tiek pétita alternativu izejvielu, ka
piemé&ram, miezu un kailgraudu miezu miltu izmantosana (Cakir et al., 2020; Rizzello et al.,
2014).

1.3. Kailgraudu miezi — alternativa izejviela ierauga fermentacija /
Hull-less barley flour — alternative material for sourdough fermentation

Miezi (Hordeum vulgare L.) ir plasi izplatiti pasaule (1.4.att.), pateicoties to
daudzveidibai, spg&jai pielagoties klimatiskajiem apstakliem (Newman & Newman, 2006).
Okeanija / Oceania Okeanija / Oceania

Afrika /
Africa

Amerika /
Americas

Eiropa / e Azija/
= s imericas !
4 113 a %
\/, Europe Asia
A B

1.4. att. MieZu (A) un kailgraudu miezu (B) izplatiba pasaulé péc izcelsmes /
Fig. 1.4. Total barley (A) and hull-less barley (B) production share by world region
(Meints et al., 2021)

Miezi ir ceturta visplasak audz€ta graudaugu kultiira pasaule, un ka lielakie miezu
audzetaja pasaulé (1.4.A att.) tiek minéta Eiropa — 61.9%, tad Azija — 15% un Amerika — 13.7%
(Meints et al., 2021). Kailgraudu miezu izplatiba Eiropa ir salidzino$i neliela. Kailgraudu miezu
izplatiba pasaules regionos (1.4.B att.) atSkiras no miezu kopgjas izplatibas (2021), veidojot
64.9% Azijas, 13.2% Afrikas, 12.7% Amerikas un 8.9% Eiropas regiona (Meints et al., 2021).
Azijas regiona ka lielakie kailgraudu mieZu audzetdji tiek minéti Kina, Japana, Nepala un
Indija. AtSkiribas starp regioniem saistamas ar to pielietojumu. Kailgraudu miezi Azijas un
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Afrikas regiona partikai tiek izmantoti biezak neka Eiropas regiona, kur mieZi, galvenokart, tiek
izmantoti dzivnieku baribai un alus razosana (Badea & Wijekoon, 2021).

Miezi tiek izcelti ka augstvertiga partikas izejviela ar unikalu un sabalansétu uzturvielu
sastavu (Baik & Ullrich, 2008; Sterna et al., 2015). Miezu kimiskais sastavs literatiiras avotos
minéts plasa diapazona: olbaltumvielu saturs varié 8 — 15%, tacu petijumi liecina ar1 par augstu
olbaltumvielu saturu Iidz pat 25%. Miezu galvena sastavdala ir ciete 47 — 68% ar atSkirigu
amilozes un amilopektina sastavu, mono un disaharidi <1% (glikoze, fruktoze, maltoze,
saharoze), tauki 2 — 3%, mineralvielas (1.5 — 2.5%). Miezus raksturo augsts Skiedrvielu saturs
(11 — 34%). Ipasi jamin B-glikani (4 — 9%) un arabinoksilani, kas netiek sagremoti un absorbéti
cilvéku tievajas zarnas. Arabinoksilanu saturs tiek min&ts 3.1 — 11.4% lidzigi ka kvieSos, bet
zemaks neka rudzos un augstaks neka auzas (Torbica et al., 2022). MieZzu kimiskais sastavs
nosaka to pielietojumu (iesala un alus razoSana, dzivnieku bariba, partika) (Badea & Wijekoon,
2021). Miezi ir genétiski daudzveidigs graudaugs (Bleidere et al., 2020). Izskir plek$nainos un
kailgraudu miezus. Kailgraudu miezu skirnes ir piemé&rotas ka izejviela partikas produktu
razo$ana, piemé&ram, veseli graudi (grubas), putraimi, parslas un milti. Kailgraudu miezus
izmanto maizes, cepumu, makaronu, tortilju, putru, brokastu parslu, ka arT specifisku
ferment€tu (tempeh, miso, shoyu, anglu val.) produktu razoSana.

1.1. tabula / Table 1.1
Kailgraudu mieZu miltu kimiskais sastavs /
Chemical composition of hull-less barley flour

Raditajs / Parameter Saturs /Content Avots / Source

Olbaltumvielas / Protein 1442 -18.19g 100 g™ (Majore et al., 2021)

12.5 - 14.6% (Dabina, 2013)
15% (Lukinac & Juki¢, 2022)

11 — 14% sausna / dw (Lietal, 2001)

Ciete / Starch 49.15 - 64.06 g 100 g (Majore et al., 2021)
62.60 — 63.90% (Dabina, 2013)
56.58 — 64.73% sausna / dw (Lietal., 2001)

Skiedrvielas / Dietary fibre 19.2-20.8 g 100 ! (Sterna et al., 2015)

Tauki / Fat 2.01-235g100g™" (Sterna et al., 2015)
4.69 — 6.81% sausna / dw (Lietal., 2001)

Latvija kailgraudu miezi (Hordeum vulgare ssp. nudum L.) ir netradicionals graudaugs,
kam raksturigs augstaks vertigo uzturvielu sastavs, salidzinot ar plékSpainajiem mieZiem
(Beinarovica et al., 2012). Kailgraudu miezu parstradi atvieglo §o miezu uzbtuive — ziedpleksne
nav saaugusi ar grauda apvalkiem un tiek atdalita kulSanas laika lidzigi ka rudzu un kviesu
graudiem. Kailgraudu miezu selekcija tiek veikta daudzviet pasaule. Latvija AREI ir
selekciongtas augstvértigas kailgraudu miezu 8kirnes 'Irbe’ un 'Kornelija’®,°. P&ttjumi par
dazadu valstu (Latvija, Norvégija, Polija, Kanada) kailgraudu miezu $kirnu kimisko sastavu
veikti arT Latvija, AREI. Kailgraudu mieZu kimiskais sastavs var atSkirties plasa diapazona
(1.1. tabula).

Kailgraudu mieZu olbaltumvielu raksturojums
Kailgraudu miezu Skirném raksturigs augsts olbaltumvielu saturs (1.2. tabula) (Auzins et
al., 2021; Bleidere et al., 2020; Sterna et al., 2015; Sturite et al., 2019). P&tniece 1. Dabina

Latvija audzetam (2009. — 2011. gadam) kailgraudu miezu Skirném noteikusi 12.5 — 14.6%

4Par Skirni Kornelija’[tieSsaiste] [skatits 05.02.2024.]. Pieejams: https://kornelija.lv/

SKailgraudu miezu Skirne Kornelija’- augstvértiga pilngraudu izejvielas nisas un funkciondlo produktu izstradei
[tieSsaiste] [skatits 05.02.2024.]. Pieejams: https://www.arei.lv/lv/projekti/2018/kailgraudu-miezu-skirne-
kornelija-augstvertiga-pilngraudu-izejviela-nisas-un
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olbaltumvielu (Dabina, 2013). Latvija selekcionétu kailgraudu miezu olbaltumvielas satur
neaizstajamas aminoskabes — augstu leicina, izoleicina, valina un histidina saturu, un
neaizstdjamo aminoskabju summa varié 33 — 39 g kg~!. Kailgraudu miezu olbaltumvielam
raksturigs zems lizina saturs. Lizina saturs konstatéts zem rekomend€jamas devas

3.13-4.06 g kg™!. Noverota olbaltumvielu satura un lizina vdja pozitiva korelacija r=0.34
(p<0.05) (Sterna et al., 2015).

[ Graudu olbaltumvielas / Grain protein } [ S§k1diba / Selubility ] [ Funkeionalitfite /| Functionality }
l — | Udeni / Water |
i . . \l . .
 Albumini / Albumins | Veido dkidro fazi mikla /
T ¢ N Form liguid phase of dough
| Nav gluténs / | 4 l ‘ | Sals skidumos / Salt ‘ :
Non-gluten golution ) Neveido lipekli / |
| Globulini / Globulins Do not form gluten network
- l Etilspirta / Ethanol

Veido cieto fazi mikla.
Miklas stiepjamiba, plastiskums
un elastiba, stipriba /
Solid phase of dough.
Plasticity, elasticity of dough

Prolamini / Prolamins
Gliadins / Gliadin Kviesi/ Wheat

Hordeins / Hordein| MieZi/ Barley

Sekalins / Secalin Rudzi/ Rye
Avenins / Avenin Auzas/ Oat Veido lipekli /
Gluténs [ Gluten i . Form gluten network
l Sarmu Skidumos /
Alkali solutions
Glutelini / Glutelins ]

Glutenins / Glutenin | Kviefi/ Wheat

Hordenins / Hordenin  MieZi [ Barley

Sekalinins / Secalinin Rudzi / Rye

1.5. att. Graudu olbaltumvielu $kidiba (péc Osborna) un funkcionalitate /
Fig. 1.5. Grain protein solubility (according to Osborn) and functionality

Graudu olbaltumvielam var but atSkiriga biologiska vértiba — sagremojamiba un
individuala ietekme uz imiinsistému (Loveday, 2019; Poutanen et al., 2022). Viens no graudu
olbaltumvielu raksturo$anas veidiem ir péc to Skidibas (p&c Osborna) — albumini, globulini,
prolamini un glutelni (1.5. att.) (Loveday, 2019). Albumini $kist tdeni un tiem ir neliela
molekulmasa, viegli sagremojami. Globulini §kist sals Skidumos. Prolamini $kist etilspirta, bet
glutelini sarmu §kidumos (Schalk et al., 2017). Prolamini un glutelini tiek saukti ar1 par graudu
rezerves olbaltumvielu (storage protein, anglu val.). Prolaminu frakcija mieZos tiek saukta par
hordeinu. Atkariba no graudauga veida olbaltumvielu frakciju proporcijas atskiras.
Olbaltumvielu prolamina un glutelina frakcija (1.2. tabula) gan mieZos, gan kvieSos ir lidziga
un veido attiecigi 35 — 45% un 40% (Day, 2013; Loveday, 2019). Xhaferaj et al. (2023) p&tijuma
35 miezu Skirnu vidéja parauga albumina un globulina frakcija kopa veidoja 25% no
olbaltumvielam. Udeni un sals §kidumos neskistosas olbaltumvielas (prolamina un glutelina
maisijums) sauc par gluténu. Gluténs var izraisit alergisku reakciju génétiski predisponétiem
cilvekiem. Ar1 hordeins un hordenins pieder pie gluténa olbaltumvielam. Tacu augstaka reakcija
novérota pret gliadina un glutelina olbaltumvielam. Prolaminu alergiskums ir atkarigs no
aminoskabju sekvences un molekularam pasibam un tas veido augsts aminoskabju glutamina
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(26 — 53%) un prolina (10 — 29%) saturs (Scherf et al., 2018). Augsta antivielu reakcija noveérota
pret a-gliadina 33 vienibu peptidiem (Haraszi et al., 2011). Tos raksturo ka peptidazes
rezistentus (Zamakhchari et al., 2011). Sie peptidi satur atkartotas aminoskabju sekvences, kas
veido gluténu.
1.2. tabula / Table 1.2
Olbaltumvielu frakcijas (%) mieZos, kvieSos un rudzos /
Fractions (%) of barley, wheat and rye proteins

Graudaugi / Albumi.ni / Globuli.ni / Prolami.ni / Gluteli.ni /
Cereal | Albumins, | Globulins, | Prolamins, | Glutelins, |  Avots/Source
% % % %

- 3-5 10-20 35-45 35-45 Loveday, 2019
Miezi/ Barley 10 - 15 ETorbicayet al., 2)021)
Kviesi / Wheat 6-10 5-8 35-40 40 (Loveday, 2019)
Rudzi / Rye 30 -35 10-15 30 - 35 20—25 | (Torbica et al., 2021)

Gluteéna izraisita autoimiina saslimsana tiek saukta par celiakiju, kas sastopama aptuveni
1% pasaules iedzivotaju (Serena et al., 2020). Sastopama ar1 ne-celiakijas gluténa sensitivitate
(nepanesiba), ko raksturo dazadi gremosSanas trakta traucgjumi un kas rodas p&c gluténa
saturoSu produktu lietoSanas, ka arT kvieSu alergija ar parmérigu jutibu pret kviesu proteiniem.
Ne-celiakijas un kviesu alergijas gadijuma miezu un rudzu gluténs var tikt lietots, atkariba no
individualas reakcijas un lietota daudzuma. Produkti, kuru gluténa saturs ir mazaks par
20 mg kg, tiek saukti par bezgluténa, 20 — 100 mg kg™' — ar samazinatu gluténa saturu (EU,
2009). Olbaltumvielu frakcijam ir arT tehnologiska nozime (1.5. att.). KvieSu gliadins un
glutenins nosaka miklas plastiskumu, stiepjamibu un elastibu un, piesaistot ideni, veido lipekli.
Tacu miezos esosais hordeins neveido lipekli. Hordetna augstais saturs negativi ietekmé iesala
razoSanu, jo ierobezo oglhidratu pieejamibu (Otero et al., 2021).

Cietes raksturojums

Kailgraudu miezu cietes saturs var biit diapazona 55 — 65% sausnas (1.1. tabula). Cietes
graudi noveroti mazi sferiski (<6 um) un lieli 1écveida (12 — 19 um). Mazie un lielie graudi
cieté var but dazadas proporcijas — no 1.08 1idz 0.08 (Li et al., 2001) (1.6. att.).

m—2() LM

1.6. att. Kailgraudu mieZu cietes graudu attéls, A — 0% amilozes ciete, B — zema (1 — 5%)
amilozes satura ciete, C— vidéja (20 — 30%) amilozes satura ciete, D — augsta amilozes
satura ciete (Palielinajums x 450) / Fig. 1.6. Starch granules of hull-less barley, A — 0%
amylose starch, B —low (1 — 5%) amylose starch, C —normal amylose (20 — 30%) starch,

D — high amylose starch (Magnification x 450) ( Li et al., 2001)

Miezu ciete tiek raksturota ka 1€ni sagremojama (Punia, 2020). Ciete sastav no
polimériem — amilozes un amilopektina, kas lielakai dalai miezu Skirpu ir proporcija 1:3 un to
nosaka skirnes genétiskie faktori (Mezaka, 2018). P&tniece M. Bleidere atzinusi, ka kailgraudu
miezu genotipi raksturojas ar lielaku cietes satura un taja esoSas amilozes satura mainibu
graudos (Bleidere, 2010). Cieti atkariba no amilozes satura iedala: 0% amilozes un 1 — 5%
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amilozes, kura veido vaskveida endospermu (waxy, anglu val.), 20 — 30% amilozes (saukta par
normalu cieti) un augsta amilozes satura (izturiga) ciete 30 — 45% (high amylose, anglu val.)
(Li et al., 2001). Li et al.(2001) pétijuma konstatéta mazo cietes graudu pozitiva korelacija ar
amilozes saturu, bet graudu diametra negativa korelacija ar amilozes saturu. Augstakam
amilozes saturam ir lielaks potencials veidot rezistento cieti, kas padara to nepieejamaku
mikroorganismiem (Torbica et al.,, 2022). Hidrolize veicina cietes pieejamibu
mikroorganismiem. Cietes graudi atrodas olbaltumvielu struktira, kas apgriitina cietes
saSkelSanu. Fermentacijas procesa olbaltumvielu un cietes cieSa struktiira samazina cietes
pieejamibu mikroorganismiem un apgritina hidrolizi.

Skiedrvielu raksturojums, ne cietes polisaharidu sastavs

Kailgraudu miezu uzturveértiba tiek saistita ar augstu Skiedrvielu saturu (1.3. tabula).
Kailgraudu miezi vért§jami ka ne-cietes polisaharidu avots. Ne-cietes polisaharidi klasific€jami
ka skistosas Skiedrvielas, tacu to sastava var biit arl nesSkistoSas komponentes. Ne-cietes
polisaharidi sastopami kliju un endosperma, ka ar7 aleirona slana $tnu sieninas (Ispiryan et al.,
2021; Verhertbruggen et al., 2019a; Wang et al., 2021a).

1.3. tabula / Table 1.3
Kailgraudu mieZu miltu $kiedrvielu sastavs /
Dietary fibre composition of hull-less barley flour

Raditajs / Parameter Saturs / Content Avots / Source
Rezistenta ciete / 0.39 - 10.65 (Majore et al., 2021)
Resistant starch, g 100 g™
Skiedrvielas / Dietary fibre, g 100 g! 17.4-26.3 (Auzips et al., 2021)
Skistosas skiedrvielas / 18.1-32.0 (Majore et al., 2021)

Soluble dietary fibre, g 100 g™!
Neskistosas skiedrvielas / 0.7-42 (Majore et al., 2021)
Insoluble dietary fibre, g 100 g™!
B-glikani / f-glucans, g 100 g! 3.65-7.67 (Auzips et al., 2021; H. Li et
al., 2001; Majore et al., 2021)
Arabinoksilani,% sausnas / 4.0-44 (Djurle et al., 2016; Mir et al.,
Arabinoxylans, % dw 35-40 2019)
Fruktani, % sausnas / Fructans, % dw 1.7-24 (Djurle et al., 2016)
09—-42 (Ispiryan et al, 2020;
Nemeth et al., 2014)

Kailgraudu miezu Skirnes izcelas ar augstu -glikanu saturu 5 — 7%. B-glikani veidojas
no D-glikozes monomera, kas saistiti ar -1,3 un pB-1,4 glikozidu saitém. Arabinoksilanu saturs
kailgraudu miezu $kirn€s konstatéts 3.5 — 4.0% (Mir et al., 2019). B-glikani un arabinoksilani
atrodami grauda aleirona slana un endosperma Stinu sieninas, proti visa grauda (1.7. att.). Tadel
neliela grauda apstrade lauj saglabat nozimigu Skiedrvielu saturu. Pretgji kvieSu grauda Stinu
sieninas ir maz B-glikanu un tie sastopami, galvenokart, klijas (Wang et al., 2021b). KvieSu
grauda endosperma Siinu sieninu galvena komponente ir arabinoksilani, tau to saturs nav
augsts 0.5 — 1.0% (Comino et al., 2013). B-glikani kailgraudu miezu endosperma §tinu sieninas
var biit saistiti ar olbaltumvielam, veidojot lielmolekularus savienojumus 10’ Da (g mol™"). B-
glikani un arabinoksilani veido viskozu Skidumu, kas var kalpot ka barjera enzimiem cietes un
olbaltumvielu saSkelSanai (Baik & Ullrich, 2008). Miklas, kuru struktiiru veido lipeklis,
Skiedrvielas trauce miklas struktiiras veidosanos, ka rezultata maizei ir samazinats tilpums, ta
ir blivaka, kepigaka (Zhou et al., 2021). Tacu miklas, kuras neveidojas lipeklis, piemeram,
rudzu miklas arabinoksilaniem ir butiska loma struktiiras veidoSana, pateicoties tdens
uzsiikSanas un viskozu $kidumu veidoSanas 1pasibam.
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B-glikani / B-glucans Arabinoksilani / Arabinoxylans

Grauda argjie Endosperms / Grauda argjie Endosperms /
apvalki / Outer Endosperm apvalki / Outer Endosperm
kernel layers kernel layers

S—

Miezi / Barley | Kviesi/ Wheat

Rudzi/ Rye

— > — — —_—
100 jm . Sl R0

1.7. att. B-glikanu (zils krasojums) un arabinoksilanu (zal§ krasojums) izvietojums miezZu
un kvieSu grauda ar€jos apvalkos un endosperma / Fig. 1.7. Microscopy of outer kernel
layers and endosperm in barley and wheat grain — [-glucans (in blue) and arabinoxylans

(in green) (Dornez et al., 2011; Maina et al., 2021)

Augu fruktani (inulins) ir lineari vai sazaroti poliméri, kas sastav no fruktozes
monomériem, kas savienoti ar B-2,1 un B-2,6 fruktozidiskam saitém. Sie polisaharidi tiek
klasificeti ka Skiedrvielas, kas atrodamas graudu Stnu sieninas (Verspreet et al., 2015).
Fruktaniem var but arT mikrobiala izcelsme. Augu fruktanu saturs dazados graudos svarstas no
3.6 — 6.6%, kvieSos 0.7 — 2.9% un miezos 0.9 — 4.2% (Ispiryan et al., 2020; Nemeth et al.,
2014). Fruktanu saturs mieZos ir otrs zemakais péc auzam. Pe€dgjo gadu desmitos zinatnieki ir
pieversusi uzmanibu fruktanu pétiSanai graudos to dazado ipasSibu dél. Augu fruktaniem ir
divgjada ietekme uz cilvéka veselibu (Ispiryan et al., 2022; Muir et al., 2019; Varney et al.,
2017). Cilvekiem ar funkcionaliem zarnu trakta trauc€jumiem, pieméram, kairinatas zarnas
sindromu fermentgjamie oligo-, disaharidi un polioli (FODMAPs, saisinajums anglu val.) var
izraisit védera sapes vai diskomforta sajiitu. Savukart, veselibai labveéliga ietekme ir saistita ar
prebiotisko efektu un fruktanu bakterialo parveidi 1idz 1sas kédes taukskabém (Loponen &
Génzle, 2018). Mikrobialajiem  fruktaniem, pienskabes baktériju izdalitajiem
eksopolisaharidiem, piemit viskozu vielu veidojoSas IpaSibas, kas varétu ietekmét maizes
fizikalas 1pasSibas. Mannani ir klasificgjami ka Skiedrviela. Par to saturu kailgraudu mieZos ir
ierobezota informacija. Mannani ir nozimiga dala (4 — 7%) no $iinu sieninu polisaharidiem
(Verhertbruggen et al., 2019b). Tie ir Gdent Skistosas Skiedrvielas ar augstu viskozitati un
neizteiktam garSas 1pasibam un tiek izmantoti partikas ripnieciba ka stabilizetajs, strukttiras
uzlabotajs, tidens absorbétajs (Singh et al., 2018).

Ne-cietes polisaharidi, tiek saukti par bioaktiviem savienojumiem, jo tiem piemit
prebiotiskas 1pasibas, kas uzlabo cilvéka veselibu (Belitz et al., 2009; Torbica et al., 2022;
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Verma et al., 2021). Ne-cietes polisaharidu viskozitates ipasibas ietekmé ierauga un miklas
reologiskas pasibas.

Cukuru sastavs
Kopgjais cukuru saturs kailgraudu miezos tiek minéts <1%. Ta sastavu veido glikoze,
fruktoze, maltoze un saharoze (1.4. tabula). Cukuri fermentacijas sakuma nodrosina pienskabes
bakterijas un raugus ar baribas vielam [idz notiek cietes saskelSana miltu enzimu amilolizes
rezultata.
1.4. tabula / Table 1.4
Kailgraudu mieZu miltu cukuru sastavs /
The composition of sugars of hull-less barley flour

Raditajs / Parameter Saturs / Content Avots / Source
Kopégjie cukuri / Total sugars, g 100 g™! 0.95-1.00 (Auzins et al., 2021)
Glikoze / Glucose, g 100 g™! 0.30 (Dancite et al., 2021)
Fruktoze / Fructose, g 100 g™ <0.20
Saharoze / Sucrose, g 100 g™ 0.74 - 0.95
Maltoze / Maltose, g 100 g™ <0.20

Mineralvielas, vitamini un fenolu savienojumi
Mineralvielas visvairak atrodamas miezu grauda aleirona slani, grauda apvalkos un digl.
Kailgraudu miezos atrodamai K, Mg, Ca, Na (1.5. tabula).
1.5. tabula / Table 1.5
Kailgraudu mieZu miltu, mineralvielu un fenolu savienojumu sastavs/
Content of mineral and phenolic compounds in hull-less barley flour

Raditajs / Parameter Saturs / Content Avots / Source
Antioksidantu aktivitate / 493.15+5.21 (Sterna et al., 2022)
Antioxidant activity, mmol TE! 100 g™!

Kopgjie fenoli, Total phenols, GAE* mg 100 g™ 273.14£7.93

Kopgjie flavonoidi / 290.25+7.17

Total flavonoids, QE* mg 100 g™!

Kopgjie tanini / Total tannins, mg TA* 100 g™! 1.25+0.03

K, mg kg™ 3723 —4128 | (Sterna et al., 2015)
Mg, mg kg™ 1123 - 1210

Ca, mg kg™! 309 — 353

Na, mg kg™! 18.1 -20.9

Vitamins E / Vitamin E, mg 100 g™! 0.6-0.8 (Auzins et al., 2021)
Vitamins B, / Vitamin B;, mg 100 g™! 0.34 (Petrovska-Avramenko et al.,
Vitamins B, / Vitamin B>, mg 100 g! 0.23 2017)

Vitamins Bs (niacins) / Vitamin B; (niacin), 3.95

mg 100 g

ltroloksa ekvivalents / trolox equivalent; *galluskabes ekvivalents / gallic acid equivalent; *kvercetina ekvivalents
/ quercetin equivalent; *taninskabes ekvivalents / tannin acid equivalent.

Viena no svarigakajam mineralvielam lopbariba un partika ir fosfors. Tacu tas,
galvenokart, ir fitinskabes forma un tadel nav izmantojams. lerauga fermentacija veicina fitazes
aktivitati, kas uzlabo mineralvielu biopieejamibu (Kumar et al., 2010).

Miezi ir B, B2, B3 un E vitaminu avots, no kuriem augstakais saturs ir B3 vitamTnam un
to saturs vari€ atkariba no Skirnes (Badea & Wijekoon, 2021). Kailgraudu miezu graudu sastava
ir fenoli, fitosteroli, flavonoli (proantocianidini), ka ari antocianini, kas koncentrgjas,
galvenokart, grauda argjos apvalkos un ietekmé grauda krasu. Mieziem raksturigs augstaks
fenolu savienojumu saturs (0.2 — 0.4%) neka citiem graudaugiem (Baik & Ullrich, 2008).
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Kailgraudu miezi kimiska sastava un grauda apstrades dé] vairak pieméroti partikas
razoSana. Miezu biologiska un kimiska sastava daudzveidiba nelauj visparinat miezus.
Analizgjot uzturvielu sastavu ar galveno komponentu statistisko analizi (PCA, anglu val.),
Torbica et al. (2021a) konstat&jusi, ka miezu uzturvielu sastavam raksturiga lidziba ar rudzu
uzturvielu sastavu. Miezu milti vert§jami ka piemérota izejviela maizes gatavosana, ka ari
ierauga gatavosana.

Miezu miltus maizes gatavoSana izmanto, galvenokart, kvieSu maizes bagatinasanai ar
Skiedrvielam, tacu miezu, ar kailgraudu miezu milti tiek pétiti ka alternativa izejviela ierauga
fermentacijai (Cakir et al., 2020; Harth et al., 2016; Mariotti et al., 2014; Perri et al., 2021).
Kailgraudu miezu pieme&rotibu funkcionalu produktu izstradei atzimé&jusi pétnieki Latvija un
citas valstis (Auzins$ et al., 2021; Dancite et al., 2021; Martinez-Subira et al., 2020; Meints et
al., 2021; Nakov et al., 2022; Sterna et al., 2015, 2022). Oglhidrati kalpo ka baribas vide
mikroorganismiem. Oglhidratu, vitaminu, mineralvielu, Skiedrvielu pieejamiba pozitivi
ietekme ierauga mikrobiotu (De Angelis et al., 2019). Savukart, graudu mikrobiota ir nozimigs
mikroorganismu avots ierauga fermentacija. Kailgraudu miezu mikrobiotas pétijumi un tas
sukcesija ierauga fermentacija dotu plasaku informaciju par specifiku fermentacija un izejvielas
ietekmi uz mikroorganismu vairo$anos.

1.4. Ierauga mikrobiotas sukcesija un daudzveidiba spontana fermentacija /
Succession and diversity of sourdough microbiota in spontaneous fermentation

Ierauga fermentacija var tikt sakta spontani, izmantojot graudu raksturigo mikrobiotu, no
kuras regularas atjaunoSanas gaita vairojas pienskabes bakterijas un raugi, kuriem ir nozime
maizes sensoro un funkcionalo ipasibu nodrosinasana. Graudu raksturigo mikrobiotu veido
mikroskopiskas s€nes (micé€lijseénes un raugveida sénes), ka ar1 Bacillaceae un
Enterococcaceae, Lactobacillus bakterijas, kas, galvenokart, koncentrgjas grauda apvalkos
(Corsetti et al., 2007; Minervini et al., 2015). Graudu raksturigd mikrobiota atkariga no
klimatiskiem un agrokimiskajiem apstakliem, ka arT no insektu un mikroskopisko sénu
invazijas (De Angelis et al., 2019).

Ierauga mikrobiotas sukcesija spontana fermentacija

Spontana ierauga fermentacijas procesa notiek dinamiska bakteriju kopienas attistiba
(Oshiro et al., 2020, 2021). Spontana ierauga fermentacijas sakuma dominé graudu raksturiga
mikrobiota. Graudu mikrobiotas bakterijas ietver Gram-negativas aerobas (Pseudomonas) un
fakultativi anaerobas (Enterobacteriaceae), ka ar1 Gram-pozitivas pienskabes bakterijas (De
Vuyst & Neysens, 2005). Pienskabes baktérijas (PB) neveido sporas. PB forma var biit gan
lodveida (koki), gan nijinveida. Miltu un Gidens maisijums péc 24 h fermentacijas ir uzskatams
par neattistitu ieraugu, un taja domin€ nevélamas Bacillaceae un Enterobacteriaceae dzimtas
bakterijas (1.8. att.). Pirmaja un otraja fermentacijas posma nevélamas bakterijas tiek nomaktas
un vairojas Lactococcus, Leuconostoc, Weissella gints pienskabes bakterijas. Nevélamo
mikroorganismu nomaksanu ietekmé $adi faktori: miltu enzimu aktivitate, raugu producétais
etilspirts, pienskabes bakteriju aktivitate. 3. — 5. posma tiek novérota Pediococcus un
Latilactobacillus ginSu attistiba. 5. — 7. posma novérojama Lactiplantibacillus plantarum,
Limosilactobacillus fermentum, Levilactobacillus brevis vairoSanas. Lai gan ierauga doming
Lactobacillus gints un no §is gints 2020. gada atdalito radniecigo baktériju gintis (Zheng et al.,
2020), atrodamas ar1 blakus pastavosas Weissella, Pediococcus, Leuconostoc, Lactococcus,
Enterococcus un Streptococcus gintis (Gobbetti & Génzle, 2013). Weissella, Pediococcus un
Leuconostoc spp. piemérojusas attistibai augu izcelsmes izejvielas. Saglabajoties augstam pH,
1. — 2. posmam raksturigas pienskabes baktérijas saglabajas 2. — 5. posma (Bessmeltseva et al.,
2014; Oshiro et al., 2021). Atklata pienskabes bakteriju un raugu asociaciju veidosanas, kas
raksturiga konkréta regiona ierauga. Tacu pétijumi liecina, ka pienskabes baktériju sukcesija
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ierauga ir atkariga no to Ipasibam un pielagosanas sp&jas noteiktiem ieraugu ietekmé&joSiem
faktoriem (1.3. att.) un pieejamas baribas vides, ka ar1 no citu mikroorganismu metabolisma.
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1.8. att. Baktériju sukcesija spontana ierauga fermentacija / Fig. 1.8. Succession of
bacteria in spontaneous sourdough fermentation (Oshiro et al., 2021)

Sékotnéjé miltu mikrobiota satur daudzveidigu mikroskopisko sénu sastavu, kas mainas
atkariba no pieejamas baribas vides un apstakliem fermentacijas laika. Raugi pieder pie
mikroskopiskajam séném un ir vienSiinas orgamsml kuru morfologiska pazime ir
pumpurosanas. Raksturigakais raugu parstavis ir Saccharomyces cerevisiae. Kopa ar
pienskabes baktérijam raugiem ir noteico$a loma spontana ierauga fermentacija. Graudu
mikrobiota sastopamas arT raugveida mikroskopiskas sénes, kuras atkariba no apstakliem gan
pumpurojas, gan veido micgliju, ka pieméram Wickerhamomyce, Debaryomyces, Candida, ka
arT mic€lijsénes, piemeram, Alternaria, Penicillum, Aspergillus (De Vuyst & Neysens, 2005).
Micélijséném var biit augu izcelsme (augu s€klas, savvalas augi, augu atliekas) vai ar1 tas
attistijusas uzglabasanas laika. Aspergillus un Fusarium raksturiga mikotoksinu izdaliSana, kam
ir negativa (toksiska) ietekme cilvéka veselibai (EL Houssni et al., 2023). Attistoties ierauga
mikrobiotai spontana fermentacija, micélijsénu proporcija samazinas un palielinas raugu un
raugveida sénu klatbiitne. Fermentaciju ar pienskabes baktérijam var uzskatit par efektivu
veidu, lai ierobeZotu patogénus, kas atrodami miltos. Bartkiene et al. (2020) pétjjumi liecina,
ka pienskabes bakterijam ir antifungalas 1pasibas, kas kavé micelijsénu vairoSanos. ASV
Partikas un zalu parvalde (FDA) pienskabes baktérijas atzinusi par drosam partikas produktu
razoSana (FDA, 2018). Vairaki pienskabes bakteriju celmi atbilst Eiropas Partikas nekaitiguma
iestades (EFSA) Kvalificétai drosibas prezumpcijai (QPS).

Spontana ierauga mikrobiotas daudzveidiba

Jaunakie dati liecina, ka vérojams ierauga petjjumu skaita pieaugums no 33 (1990 — 1995)
lidz 582 (2014 — 2019) (Arora et al., 2021). Arora et al. apskats atklaj augstu pienskabes
bakteriju sugu (82 sugas) daudzveidibu pétitajos (1990 — 2019) spontanos ieraugos. Visbiezak
sastopamas pienskabes bakteriju sugas spontanos ieraugos konstatetas Fructilactobacillus
sanfranciscensis (47%), Lactiplantibacillus plantarum (43%) un Levilactobacillus brevis,
Pediococcus pentosaceus, Limosilactobacillus fermentum (<20%) (Arora et al., 2021; De Vuyst
et al, 2021). KvieSu ieraugos domin&ja Fructilactobacillus sanfranciscensis,
Lactiplantibacillus  plantarum, bet rudzu ieraugos Lactiplantibacillus plantarum,
Levilactobacillus brevis. Leuconostoc, Pediococcus un Weisella ginSu bakt€rijas sastopamas
15 — 18% no pétitajiem ieraugiem. Lactiplantibacillus plantarum bieza sastopamiba tiek saistita
ar §1s sugas pielagosanos dazadu oglhidratu (glikoze, fruktoze, maltoze, saharoze) fermentacijai
un apstakliem, sp€ju strauji samazinat vides pH, ka ar7 sp€ju sintezet bakteriocinu (Minervini
etal., 2010, 2014; Thuany et al., 2023). Pienskabes bakteriju sugu daudzveidiba viena spontana
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ierauga konstateta augstaka ka raugu daudzveidiba, biezak atrasta viena vai divas raugu sugas
(Van Kerrebroeck et al., 2017). Saccharomyces cerevisiae sastopama 68% no 394 pétitajiem
(1999-2017) ieraugiem, retak (<20%) sastopami Kazachstania humilis, Wickerhamomyces
anomalus, Toluraspora delbrueckii (tagad Debaryomyces delbrueckii) un Pichia spp., Candida
spp.

Baltijas regiona veikti p&tijumi par rudzu ierauga spontanas mikrobiotas attistibu. Rudzu
ieraugos pétnieki ka domingjosas konstatejusi Lactiplantibacillus plantarum, Levilactobacillus
brevis, Latilactobacillus curvatus (Bessmeltseva et al., 2014) un Lactiplantibacillus plantarum,
Lacticaseibacillus casei, Latilactobacillus curvatus, Pediococcus pentosaceus, Pediococcus
acidilactici (Bartkiene et al., 2020). Bessmeltseva et al. (2014) spontana rudzu ierauga
identific€jusi sekojosus raugus: Kazachstania humilis, Candida glabrata, Candida krusei
(tagad Issatchenkia orientalis), Saccharomyces cerevisiae. llgstoSu atjaunoSanu rezultata
mikroorganismu daudzveidiba samazinas 1i1dz dazam konkrétajos apstaklos dzivotsp&jigakam
sugam, kuras veido nobriedusu ieraugu. Tapéc informacija par mikroorganismu daudzveidibu
sakuma posmos butu noderiga. Pétnieks E. Kozlinskis et al. (2010) identificgjis
Lactiplantibacillus plantarum, Latilactobacillus curvatus rudzu spontana ierauga tris-fazu
fermentacija, ka art Lactobacillus delbrueckii fermentacijas pedeja faze.

Maizes gatavosana, galvenokart, tiek izmantoti kvieSu un rudzu ieraugi, tomer tiek pétita
miezu un kailgraudu miezu izmantoSana (Cakir et al., 2021; Rizzello et al., 2014). Aktivos
miezu ieraugos sastopama raksturiga ierauga mikrobiota. Ka rada zinatnieku p&tijumi spontana
mieZu ierauga sastava konstatetas Lactiplantibacillus plantarum, Weissella confusa (Harth et
al., 2016) un Saccharomices cerevisiae, Candida humilis, Pichia anomala (tagad
Wickerhamomyces anomalus) raugi. Turcijas zinatnieku pétijumos par kailgraudu miezu
spontana ierauga mikrobiotas attistibu péc fermentacijas 4 posmiem ik péc 24 h 28 °C
temperatiira bija identificetas dazadas pienskabes bakteriju sugas: Pediococcus spp.,
Latilactobacillus  curvatus, Levilactobacillus brevis, Lactiplantibacillus  plantarum,
Limosilactobacillus  fermentum, Companilactobacillus  musae, Companilactobacillus
paralimentarius, Leuconostoc mesenteroides, Limosilactobacillus equigenerosi (Cakir et al.,
2020). Vrije¢ universitates (Belgija) pétnieki spontana miezu ierauga péc 10 posmu
fermentacijas 17 — 22 °C temperatira identificéjusi Leuconostoc mesenteroides, Weissella
confusa, Weissella cibaria, Limosilactobacillus fermentum, Pediococcus pentosaceus (Harth et
al., 2016).

Analitisko metozu attistiba un zinatniska pieredze ieraugu pétiSana veidojusi jaunu
skatfjumu ierauga raksturojumam, izcelot mikrobiotas analizéSanas nozimibu (Thuany et al.,
2023). Tiek pétits no spontaniem ieraugiem izdalitu pienskabes baktériju celmu metabolisms
un Tpasibas, kas bitu noderiga stabilu mikroorganismu konsorciju veidosana. So informaciju
varetu izmantot ierauga fermentacijas izpratnes paplaSinasanai un vadiSanai. Spontana ierauga
mikrobiologiska stabilitate nozimigi ietekmé maizes gatavosanas tehnologisko procesu un
gatava izstradajuma kvalitati. lerauga stabilitate atkariga no mikroorganisma celma ipasibam,
mikroorganismu mijiedarbosanas un tehnologiskiem parametriem. Lai nodro$inatu ierauga
al. (2010) noradijis uz defin€tu pienskabes bakteriju un raugu asociaciju izmantoSanas
aktualitati ierauga fermentacija. Nesenie pétijumi liecina par jaunu mikroorganismu konsorciju
veidoSanu, kas balstita uz vairaku pienskabes bakteriju un raugu sugu saskanigu ekosist€ému un
veidota no domin&jo$am un blakus pastavosam pienskabes baktérijam un raugiem (Calabrese
et al., 2022). Vairaku dazadu sugu pienskabes bakteriju un vairaku rauga sugu kombinéSana
jaunu ieraugu veidoSana, kuriem piemé&rojama ar atkartota atjaunoSana, ir aktuals virziens
ieraugu 1zpete.

Petijumi par spontana ierauga mikrobiotu biitu nepiecieSami, lai izzinatu, kadas
pienskabes bakterijas un raugi piemeérojas kailgraudu mieZzu baribas videi spontana fermentacija
un ka notiek to sukcesija. So informaciju varétu izmantot tirkultiiru izvélé kailgraudu miezu
fermentacija. Kailgraudu mieZu specifiskais sastavs — augstais olbaltumvielu un ne-cietes
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polisaharidu saturs un to 1paSibas varétu ietekmét hidrolizes procesus fermentacija, baribas
vielu pieejamibu mikroorganismiem un to vairoSanos. Tas varétu ieviest korekcijas ierauga
fermentacijas tehnologisko parametru izvéle.

Pienskabes bakteriju funkcionalo 1pasibu izmantoS$ana ierauga fermentacija, ir viens no
celiem, lai ieglitu noteiktas gatava produkta ipasibas. Hidrolize ietekme ari baribas vielu
pieejamibu mikroorganismiem. Vielu hidrolizé tiek izmantotas mikroorganismu IpaSibas
(eksopolisaharidu sintéze, antimikrobialas ipasibas, enzimu producésana), kas var ietekmét
maizes uzturvertibu un fizikalas 1pasibas.

1.5. Olbaltumvielu proteolize ierauga fermentacija /
Proteolysis of proteins in sourdough fermentation

Ierauga fermentacija uzbrieduso olbaltumvielu proteolize notiek pienskabes baktériju
producétu un miltos sastopamo enzimu aktivitates rezultata (1.9. att.) (Génzle, 2014; Scherf et
al., 2018). Proteolitiskos enzimus (proteazes) iedala proteinazes un peptidazes (Ginzle et al.,
2008; Graga et al., 2021). Proteazes klasificé eksoproteazeés un endoproteazes. Sakotngji
eksoproteazes hidroliz€ peptidsaites polipeptidu kézu galos, veidojot oligopeptidus, bet
endoproteazes Skel peptidsaites olbaltumvielu k&zu centralaja dala. Peptidazes hidrolize
specifiskas peptidsaites vai saskel peptidus 1idz aminoskabém (Fu et al., 2021; Kerpes et al.,
2016; Scherf et al., 2018).
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olbaltumvielas / ° i:\""‘v Pienskabes baktérija /
{ e T ~ ~ .
Cereal proteins (¢ ﬂ\\_ Lactic acid bacteria
l , Arpusiiinu
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1.9. att. Peptidu hidrolize un aminoskabju producéSana ierauga fermentacija /
Fig. 1.9. Hydrolysis of peptides and producing of amino acids in sourdough fermentation
(Salminen, S., & Wright, 2004)

Enzimi, kas saskel olbaltumvielas, atrodami paSos gluténu saturoSos graudaugos
(Triticum spp., Secale cereale, Hordeum vulgare L.). lerauga fermentacija primari proteolize
notiek graudu proteazu ietekme. Primari miltu un tidens maisijuma pH samazinaSanas rezultata
aktivizgjas miltu endogenas proteazes un saske] olbaltumvielas vidéja un maza izméra peptidos,
sekundara hidrolize ietver peptidu saskelSanu ar pienskabes bakteriju izdalitam proteinazém un
sekojosi aminoskabes uztur bakteriju augsanu (1.9. att.) (Génzle et al., 2008; Reale et al., 2021).

33



Zinatnieki nove€rojusi prolaminu noardiSanos diedz&tos graudos (Kerpes et al., 2016; Scherf et
al., 2018). Miezu hordeina proteolizei digSanas procesa ir biologiska nozime, jo ta nodrosina
graudu ar nepiecieSamo slapekli digsta attistibai. DiedzéSanas procesa endopeptidazu ietekmé
hordeins saskelas 1idz peptidiem, bet eksoproteinazes tos saskel 1idz aminoskab&ém (Fox et al.,
2002). Proteolitiska aktivitate atkariga no diedz€Sanas apstakliem, un gluténs samazinas,
palielinoties mitrumam un diedz&Sanas laikam un temperatiirai (Kerpes et al., 2016).

Olbaltumvielu proteolize notiek ar pienskabes bakteriju producétu proteolitisko enzimu
palidzibu. Pienskabes bakterijas darbojas ka enzimu avots. Pienskabes bakteriju enzimu
aktivitate ir atkariga no baktérijas celma genétiskam Ipatnibam un fiziologijas. lerauga
fermentacija nov@rota pienskabes bakteriju Lactiplantibacillus plantarum, Pediococcus
pentosaceus, Lactobacillus helveticus, Lactobacillus sanfranciscensis, Enterococcus Spp.
proteolitiska aktivitate (Gerez et al., 2012; Scherf et al., 2018). Pienskabes bakteérijam raksturiga
specifiska proteolitiska sist€ma, kas atkariga no pienskabes baktériju genoma (Liu et al., 2010).
Proteolitiska sist€éma ietver proteinazes, peptidazes un specifisku transporta proteinu (Salminen,
S., & Wright, 2004) (1.9. att.). Proteinazes tiek sintez€tas pienskabes bakt€rijas Stina un
izvietojas uz $iinas virsmas. Proteinazes hidroliz€ polipeptidus Iidz oligopeptidiem, kuri ar
transporta proteina palidzibu tiek transportéti Siinas iekSpuse. Pienskabes bakteriju Siinas esosas
peptidazes Skel oligopeptidus lidz aminoskabém. Lim et al. (2019) novéroja dazadu
proteolitisko aktivitati atkariba no pienskabes bakteriju celma un pH, konstatgjot augstako
proteolitisko aktivitati 15.76 U mg™! Lactiplantibacillus plantarum RG14 pie pH 5, un
vienlaicigi aminoskabju glicina, valina un glutamina producésanu. Lidzigu pH ietekmi noveéroja
Loponen et al. (2004), konstat&jot specifisko proteinazu aktivitati pie pH 4.3. P&tfjumi liecina,
ka fermentacijas laiks ietekmé proteolitisko aktivitati, noverota tas paaugstinasanas laika
intervala no 6 h Iidz 24 h pienskabes bakt€riju vairoSanas eksponencialaja faz&é (Reale et al.,
2021). Lactiplantibacillus plantarum CRL775 un Pediococcus pentosaceus CRL792 celmi
paaugstina peptidazu aktivitati kvie$u miklas 0 — 24 h fermentacija (30 °C). Sada fermentacija
gliadina saturs péc 4 h samazinajas par 30%, pazeminoties pH 1idz 4.3, bet p&c 24 h samazinajas
par 70%, sasniedzot pH 3.8 (Gerez et al., 2012). Proteolitiskas aktivitates paaugstinasanai
pétijumos piemerota konkrétu celmu pienskabes baktériju un mikroskopisko sénu Aspergillus
oryzae, Aspergillus niger 1zdalito peptidazu kombinéSana (Bradauskiene et al., 2021; D1 Cagno
et al., 2010).

lerauga fermentacija proteolizes rezultata radusos peptidu un aminoskabju sastavs
atkarigs no izmantotas izejvielas un mikroorganismiem, ka ar1 fermentacijas temperatiiras, laika
un pH. Ferment€tos produktos mainigas proteolizes rezultata var rasties peptidu virknes ar
atskirigu biologisko aktivitati. Viens no pétitajiem peptidiem lunasins tiek asociéts ar pretvéza
aktivitati (Rizzello et al., 2012). Tomér pétnieki atzist, ka ir nepiecieSami papildus petijumi, lai
apstiprinatu $adu ietekmi uz cilvéka veselibu. L1dz ar dazadu peptidu veidoSanos ir apgriitinata
to identificéSana un gluténa satura noteikSana. Graudi tiek vertéti ka ilgtsp&jigs augu
olbaltumvielu avots, tomér janem véra graudu olbaltumvielu alergiskais risks (Poutanen et al.,
2022). Lai samazinatu graudu olbaltumvielu alergiskumu, tiek izmantotas biotehnologiskas
metodes (diedzeSana, fermentacija, enzimatiska hidrolize) (Bradauskiene et al., 2021; Génzle
et al., 2008; Graga et al., 2021; Scherf et al., 2018). Dzilaki pétijumi par gluténa samazinaSanas
iesp&jam miezu graudos veikti iesala un alus razoSanas nozaré (Kerpes et al., 2016). Ierauga
fermentacija apskatita ka viena no metodém gluténa samazinaSanai. Tomér zinatnieku vidi
novérota neviennozimiga attieksme pret pilnigu gluténa satura samazinasanu maizg (<20 mg
kg™1), jo fermentacijas parametrus ierobeZo maizes gatavosanas tehnologiskie parametri.

1.6. Ne-cietes polisaharidu hidrolize ierauga fermentacija /
Hydrolysis of non-starch polysaccharides in sourdough fermentation

lerauga fermentacija notiek cietes un ne-cietes polisaharidu hidrolize. Ne-cietes
polisaharidiem ir nozime izstradajuma struktiiras veidoSana, jo tie veido viskozas vielas tidens
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Skidumos atkariba no to struktiiras un fizikalajam 1pasibam. lerauga fermentacija ne-cietes
polisaharidu SkelSana ir nozime gan miltu enzimiem, gan pienskabes baktériju un raugu
producétajiem enzimiem.

B-glikanu hidrolize

B-glikaniem piemit holesterinu regul€josa un prebiotiska funkcija. KvieSu miklas
bagatinaSana ar miezu miltiem negativi ietekm@ maizes struktiiru un samazina maizes tilpumu,
jo B-glikani trauce lipekla struktiiras veidoSanos (Zhou et al., 2021). Dati literatiira norada, ka
B-glikanu saskelSana noverota dazados parstrades procesos (Maina et al., 2021) — diedzeSana,
fermentacija, miciSana, cepsana (Djurle et al., 2018). lerauga fermentacija [-glikanu
glikozidisko saiSu SkelSana ir nozime miezu endogénai B-glikanazei; B-1,3; 1,4-glikanazei
(1.10. att.), tacu to var veikt ar1 bakterialas (Bacillus) un mikroskopisko sénu, pieméram,
Aspergillus, Penicillium, Alternaria, Saccharomyces izcelsmes enzimi. Endoglikanaze Skelot
glikozidisko saiti, veido oligosaharidus un glikozi (Chen et al., 1993). Endoglikanazes aktivitate
novérota pH 4.5 — 5.5. Glikanazém ir galvena loma $iinu sieninu noardisana diguSos graudos
un tas ir sastopamas visas grauda dalas. DigSanas laika tas aktivitate noveérota augstaka ka
nedigusos graudos (Ballance et al., 1976). B-glikanu enzimatisku saSkelSanu var kavét,
izmantojot miltus ar lielaku dalinu izm@ru, jo tiek kavéta tidens uzstik§anas un skidiba. Petijumu
dati norada, ka véra nemama B-glikanu samazinaSanas v€rojama vienigi ilgstosa ierauga
fermentacija (20 h), kas veido 10 — 30% samazinajumu (Maina et al., 2021). Skiedrvielas,
tostarp B-glikani, var kalpot ka alternativs energijas avots pienskabes baktérijam. Kailgraudu
mieZzu pievienoSana piena fermentacija ar Lactobacillus delbrueckii ssp. bulgaricus un
Streptococcus thermophilus paaugstina pienskabes bakteriju KVV skaitu (Dancite et al., 2021).
Citu zinatnieku pétijums atklaj B-glikanu saturoSu miezu miltu pozitivu ietekmi uz
Limosilactobacillus fermentum un Lactiplantibacillus plantarum vairoSanos (Arena et al.,

2014)
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1.10. att. B-glikanu glikozidisko saiSu Skel§ana enzimu ietekme /
Fig. 1.10. Enzymatic hydrolysis of glycoside bounds within B-glucans (Goudar et al., 2020)

Fruktanu hidrolize

Petijumi atklaj, ka ierauga fermentacija fruktani (augu inulins) var tikt saSkelti
mikroorganismu producétu enzimu ietekmé (Maina et al., 2021). Augsta fruktanu degradacija
noverota Saccharomyces cerevisiae invertazes aktivitates ietekme. Verspreet et al. (2015)
atzimé 80% fruktanu satura samazinasanos miciSanas un fermentacijas ietekmé&. Fruktanu
degradacija var notikt arT pienskabes baktériju producetu enzimu fruktozidazes ietekme.

Viena no pienskabes bakteriju 1pasibam ir eksopolisaharidu produc€sana, kas var
ietekmét ierauga un miklas tehnologiskas TpasSibas un kuriem ir prebiotiskas ipasibas. leraugu
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fermentacija pienskabes bakterijas spej sintez€t glikana un fruktana veida eksopolisaharidus,
izmantojot saharozi. Sie poliméri darbojas ka hidrokoloidi, un to ietekme mikla un maizé
pamatojas uz tidens saistiSanas sp&ju un savstarp&ju iedarbibu ar citiem miklas komponentiem,
ka ciete un olbaltumvielas, un tas ietekm& maizes struktiru (Torbica et al., 2022).
Eksopolisaharidi pétijumos minéti ka miklas reologiju un maizes mikstuma struktiiru
uzlabojosi, tie samazina maizes cietibu un pagarina uzglabasanas laiku, kavgjot saciet€Sanu
(Galle et al.,, 2011). Inulins kalpo ka prebiotikis pienskabes bakterijam. To pieejamiba
pienskabes baktérijam var paaugstinat fruktanu izdalisanu (Semjonovs & Zikmanis, 2008).

Pienskabes baktériju un raugu producéti enzimi ierauga fermentacija var Skelt
olbaltumvielas, un ne-cietes polisaharidus, ka ar1 var veicinat mikroorganismu vairo$anos.
Tomer kailgraudu miezu kimiska sastava specifika (augsts olbaltumvielu saturs, ne-cietes
polisaharidu augstais saturs un viskozas ipaSibas) var ieviest korekcijas mikroorganismu
baribas vielu pieejamiba un enzimu producésana, ka ar1 fermentacijas procesa.

1.7. Ierauga fermentacijas ietekme miklas struktiiras veidosana /
The influence of sourdough fermentation on dough structure formation

Ieraugs ir mainiga polidispersa sistéma, kuru raksturo nepartraukti mainigas reologiskas
ipasibas. Miltu un iidens sajaukSanas rezultata notiek nozimigi fizikali — kimiskie un
biokimiskie procesi. Mikrobiologiskie procesi uzreiz péc miltu un Gidens sajauk$anas nav
intensivi, jo notiek mikroorganismu adaptéSanas (lag faze). Pievienota iidens ietekmé notiek
hidrolizes procesi, cietes graudu un olbaltumvielu uzbrieSana, skiSana un vielu savstarp€jas
sasaistes veidoSanas, kuru vajina neskistosas Skiedrvielas (Zhou et al., 2021). Mehaniska
iedarbiba, samaisot miltus un wdeni, veicina dalinu salipSanu un miklai [idziga maisijuma
izveidoSanos.

Miltu un idens maistjums ierauga lidzigi ka mikla sastav no tris fazeém (1.11. att.): cietas,
Skidras un gazveida fazes vienlaikus (Ayspman, 2005). Cieto maisijuma fazi veido cietes graudi,
apvalka dalinas, neskistoSas Skiedrvielas un uzbrieduSas tGideni neSkistosas olbaltumvielas.
Miltu ciete veido lielako dalu maistijuma. Cietes graudi un apvalka dalinas atSkiriba no
olbaltumvielam piedod maisijumam tikai plastiskas 1pasibas. Cietes graudu izméri un cietes
sastavs ietekmé ierauga reologiskas pasibas. Maziem cietes graudiem (<10 um) ir augstaks
blivums, augstaka tidens saistiSanas sp€ja un uz tiem ir lielaka amilolitisko enzimu ietekme, bet
tiem ir mazaka Skidiba un uzbrieSanas spgja.
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1.11. att. Ierauga un miklas struktiras shematisks attelojums /
Fig. 1.11. Schematic representation of sourdough and dough structure
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Miklas Skidro fazi (saukta ari dough liquor, anglu val.) veido tdeni SkistoSas miltu
dalinas, tadas ka tdeni SkistoSas olbaltumvielas (albumini), tideni SkistoSie polisaharidi
(dekstrini, fruktani, cukuri), sali u.c. Saja faze atrodami arT $kistosie ne-cietes polisaharidi, loti
spécigi uzbriestosie un viskozie arabinoksilani, B-glikani, fruktani, mannani. Skidrajai fazei ir
nozime gazes poru stabilizéSana mikla, veidojot stabiliz€josas virsmas (Janssen et al., 2021).
Miklas, kuru struktiira neveidojas lipeklis, piem&ram, rudzu, gazes poru stiprinasanai veidojas
olbaltumvielas saturoSa saskarsmes pléve, kuru stiprina arabinoksilanu klatbiitne, bet 3-glikani
auzu lipidus saturoSaja Skidraja fazeé neietekmgja stabiliz€joSo virsmu (Janssen et al., 2020).
Lipidu klatbiitne samazina $kidras fazes elastibu. Siinu sieninu noardiSanas atrums un
uzbriesana ietekmé miklas reologiskas pasibas. Skidra faze atrodas briva viskoza $kidruma
veida, kura peptiz€jusas olbaltumvielas (Salt et al., 2006). Cietas dalinas ir izklied&tas Skidraja
fazé un tas palielina miklas stingribu. Kopa ar cieto un Skidro fazi mikla ir gazveida faze.
Gazveida faze veidojas Gidens un miltu maisiSanas laika. Dala atrodas gazes emulsijas veida
Skidraja faze, bet dala — iesléegumu veida uzbriedusajas olbaltumvielas cietaja faze.

Fazu proporcija nosaka ierauga konsistenci un reologiskas ipasibas un fermentacijas
procesa mainas. Palielinas gazveida un $kidra faze (Pauly et al., 2014). Tas ietekme ierauga un
miklas reologiskas ipasibas, kas nosaka maizes fizikalas ipasibas. Palielinoties $kidras un
gazveida fazes dalai, mikla klust pliistoSa. Augstaka Skidraja faze izSkiduSo vielu viskozitate
paaugstina ierauga un miklas viskozitati.

Ierauga un miklas reologiskas ipasibas

Viena no miklas reologisko pasibu izp&tes metodém ir balstita uz empirisko pieeju (ar
Mixolab un Farinografu), tacu tam nepiecieSama IpaSi miezu miltiem izstradata metode.
Torbica et al. (2021) p&tijuma analizétas miezu un rudzu reologiskas ipasibas ar Mixolab ierici.
Miezu tidens absorbcija (70%) tiek atzim&ta ka augstaka starp rudzu (55%), tritikales, auzu un
sorgo. Tas skaidrots ar augsto B-glikanu un Skiedrvielu saturu. Miezu miltiem ir nepiecieSams
1saks miklas apstrades laiks (4 s), jo merijumi ar Mixolab uzrada zemu miezu miklas stabilitati.
Kaut art péc uzturvielu kvantitativa sastava miezi tiek raksturoti ka lidzvertigi rudziem, tacu
reologiskas pasibas atskiras (Torbica et al., 2021).

Reologiskas ipasibas var raksturot ar fundamentalas dinamiskas reologijas metodeém, kas
izskaidro miklas fizikalas ipaSibas dazados tehnologiskos posmos (Weipert, 1990). Ierauga un
miklas reologiskas Tpasibas raksturo kompleksas viskozitates (1), uzkrajuma (G') un zudumu
(G") modulu raditaji. G' raksturo elastigas, bet G" viskozas 1pasibas. Mikla tiek raksturota ka
viskoelastigs materials. Viskoelastigi materiali apvieno cietas un Skidras vielas TpaSibas. Pie
mazam deformacijam miklas viskozitate var biit augsta, turpreti liela deformacija var izraisit
miklas struktiiras izjuk$anu un Iidz ar to viskozitates samazinasanos. Tehnologiskaja procesa
miklas struktiiru ietekmé dazada iedarbiba, ka ar1 var notikt mijiedarbiba starp miklas struktiiras
komponentiem, kas izmaina struktiiru. MaisiSanas un apstrades laika deformacija ir lielaka,
neka fermentacijas vai cepSanas procesa. Dinamiska reologija apraksta materiala fizikalas
pasSibas plasa bides sprieguma un bides atruma diapazona. Ta raksturo parbaudama materiala
plismas 1paSibas. lerauga fermentacija kompleksa viskozitate un elastiba samazinas, jo
starpmolekularas saites vajinas un palielinas pliistamiba. Tas skaidrojams ar hidrolitiskiem
procesiem ierauga, cietes un olbaltumvielu depolimerizaciju. Pienskabes bakteriju izdaliti
eksopolisaharidi var paaugstinat miezu ierauga viskozitati, kas skaidrojams ar lielmolekularo
savienojumu tidens saistiSanas 1pasibam (Galle et al., 2011; Perri et al., 2021).

Miklas elastigas un viskozas ipasibas atkarigas no vielu 1paSibam, to savstarpg&jas
ietekmes un izmainam tehnologisko procesu ietekmé. Beck et al. (2011) pétijusi enzima
transglutaminazes ietekmi uz miklas reologiskam ipasibam, konstatgjot, ka transglutaminazes
pievienoSana uzlabo neferment@tas rudzu miklas elastigas 1pasibas. Punia et al. (2019) pétijums
atklaj vielu savstarpgjo ietekmi uz maisijuma reologiskam ipasibam, noradot ka miezu
rezistenta ciete ietekmé kvieSu cietes klisterizéSanas Tpasibas. Dinamiskas reologijas metode
tiek izmantota arT ierauga pétijumos. Ar tirkultiram ferment€ts kvieSu ieraugs vajina miklas
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struktiiru (Yildirim-Mavis et al., 2019). Yildrim-Mavis et al. (2019) atklaja, ka ierauga
fermentacija iesp&jama transformacija no viskoelastiga cieta uz viskoelastigu skidru ieraugu.
Dinamiskas reologijas metode sniedz nozimigu informaciju par ierauga un miklas IpaSibam un
izmainam tehnologisko procesu ietekmé. Plasaku skaidrojumu sniedz reologijas izpétes
papildinasana ar mikroskopisko (SEM), spektroskopiskam (Raman, FTIR, fluorescences),
elektroforézes metodém (Zhou et al., 2021).

Olbaltumvielu un ne-cietes polisaharidu nozime mieZzu miklas struktiiras
veidoSana

Mikla, kura struktiru neveido lipeklis, noteicosa loma ir olbaltumvielu, cietes un
Skiedrvielu 1paSibam. lerauga fermentacija, mainoties struktiru veidojoSo vielu sastavam un
savstarpgjai saistibai mainas miklas struktiiru raksturojosie raditaji, kas nosaka maizes fizikalas
pasibas.

Miezu un rudzu mikla struktiira veidojas atskirigi no kvie$u miltu miklas. Udeni un sals
Skiduma neskistosas olbaltumvielas gliadins un glutenins veido elastigu miklu, ko sauc par
lipekli. Kviesu gliadins un glutenins ir unikali, jo veido viskoelastigu poliméru strukttiru un ir
noteicoSie kvieSu maizes struktiiras veido$ana, pateicoties to elastiguma 1pasibam. Rudzu un
miezu olbaltumvielu sastdvs un TpaSibas atSkiras no kvieSos parstavétajam. Miezu
olbaltumvielam raksturiga augsta prolaminu (hordeins) frakcija. Torbica et al. (2021) saskata
miezu hordeina un hordenina frakciju satura [idzibu ar kviesu gliadina un glutenina saturu, kas
mikla potenciali varétu veidot lipekli. Tomér lipekli veido tikai kvieSu olbaltumvielas un citu
graudaugu miltos tas neveidojas (1.12. att.). Olbaltumvielu 1pasibam un saturam ir nozime
fermentacija. Balcerek et al. (2016) atzist, ka augsts olbaltumvielu saturs miezos samazina
oglhidratu pieejamibu, kas ietekm& fermentaciju. Tome&r aminoskabes un peptidi ir
nepiecieSami pienskabes bakteriju un raugu metabolismam. Olbaltumvielas sastava esoSais
hordeins ir izvietojies un saistits apkart cietes graudiem (Borén et al., 2004; Bose et al., 2021;
Brennan et al., 1996; Fox et al., 2002) endosperma un var biit saistits ar citam olbaltumvielam,
ka pieméram p-amilaze, dekstrinaze, endoproteinaze.
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1.12. att. KvieSu (A) un rudzu (B) miklas struktiira /
Fig. 1.12. Structure of wheat (A) and rye (B) dough
(Gil-Humanes et al., 2014; Murniece et al., 2023)

Olbaltumvielu 1pasibam un to saistibai ar cieti un Skiedrvielam ir galvena nozime miklas
struktiiras veidoSana. Neskistosas Skiedrvielas apgriitina cietes un olbaltumvielu struktiiras
veidoSanos. Kailgraudu miezu miltos augstais -glikanu saturs un ta 1pasibas ietekm& miklas
viskoelastibu. Miezu B-glikanu Skidiba ir augstaka (38 — 69%) neka rudzu arabinoksilanu,
veidojot augsti viskozus Skidumus, potenciali stabiliz€jot miklas strukttiru un paléninot oglekla
difuziju no miklas, tadgjadi palielinot miklas elastibu (Zhou et al., 2021). Tomér -glikani un

38



arabinoksilani to viskozitates dél var veidot barjeru hidrolitiskiem enzimiem un kavét cietes un
olbaltumvielu saskelSanu (Baik & Ullrich, 2008). Savukart, neskisto$as Skiedrvielas apgriitina
miklas struktiiras veidoSanos. lerauga fermentacijas laika miltu un mikroorganismu hidrolitisko
enzimu ietekmé tiek saskeltas un vajinatas starpmolekularas saites. Tadgjadi enzimatiskai
hidrolizei ir pozitiva loma Skiedrvielu §kidinaSana, uzlabojot miklas fizikalas 1pasibas (Pejcz et
al., 2015, 2017). Tadgjadi var secinat, ka fermentacijai varétu bit struktiiru uzlabojosa loma
kailgraudu miezu maizes gatavosana un ierauga fermentacija butu piemérota kailgraudu miezu
miltu ar augstu olbaltumvielu un $kiedrvielu saturu izmantoSana.

Literaturas apskata kopsavilkums / Summary of literature review

Maizes gatavoSana izmanto ieraugu (spontano, fermentétu ar tirkultiram un kombingto),
kura galvena loma ir pienskabes baktériju un raugu, ka arl miltu enzimatiskai aktivitatei.
Ierauga fermentacija, galvenokart, izmanto kvieSu un rudzu miltus, tacu ka alternativa izejviela
tiek izskatiti arT kailgraudu miezi, kuri raksturojami ka biologiski vértiga izejviela ar augstu
olbaltumvielu un Skiedrvielu, 1pasi B-glikanu, ka arT fenolu savienojumu, mineralvielu saturu.
Zinatniskaja literatiira doti kvie$u un rudzu ierauga fermentacijas tehnologiskie parametri, tacu
par kailgraudu miezu fermentaciju nepiecieSami papildus pétijumi. Kailgraudu miezu kimiska
sastava specifika nemama véra fermentacijas tehnologisko parametru izvéle. Kailgraudu miezu
mikrobiota ir daudzveidiga. Piemé&rotu tehnologisko parametru izvéle spontanas fermentacijas
pirmajos posmos noverstu nevélamas mikrobiotas vairo$anos un veicinatu pienskabes bakteriju
vairoSanos un sukcesiju. Spontano fermentaciju ietekm& vairaku faktoru vienlaiciga
mijiedarbiba. Kailgraudu miezu mikrobiotas petijumi un tas sukcesija ierauga fermentacija dotu
plasaku informaciju par izejvielas ietekmi uz mikroorganismu vairoSanos. Fermentacijas
uzsakSanai var izmantot pienskabes bakteriju tirkultiiras, piem&ram, Lactiplantibacillus
plantarum un Pediococcus pentosaceus. lerauga fermentacija pienskabes bakteriju un raugu
producéti enzimi veicina olbaltumvielu un ne-cietes polisaharidu hidrolizi, kas uzlabotu baribas
vielu pieejamibu Siem mikroorganismiem. Kailgraudu mieZu olbaltumvielam noveérota augsta
olbaltumvielas hordeina frakcija, kas ietekmé tehnologisko procesu un maizes biologisko
vertibu.

Maizes gatavoSana kailgraudu miezu miltus izmanto, galvenokart, kvieSu miltu
bagatinaSanai ar Skiedrvielam. KvieSu mikla pievienojamais daudzums ir ierobezots, augsta
miezu Skiedrvielu, 1pasi B-glikanu satura dél, jo tie trauce lipekla veidoSanos mikla. Ierauga un
miklas fermentacija biitu risinajums kailgraudu miezu maizes gatavoSana lidzigi rudzu maizes,
kura strukttiru neveido lipeklis, gatavoSanai. Olbaltumvielu, cietes un ne-cietes polisaharidu
fizikali-kimiskas un mikrobiologiskas parvértibas ierauga un miklas fermentacija varétu
uzlabot maizes fizikalas 1pasibas un uzturvertibu. Tapec augstveértigas izejvielas izmantoSana
fermentacija varétu but risinajums biologiski vertigas maizes gatavosana. Petijuma merkis ir
izzinat kailgraudu miezu ierauga fermentaciju un verteét tas ietekmi uz gluténa un ne-cietes
polisaharidu saturu un miezu maizes fizikalajam ipasibam.

In breadmaking, sourdough is used (spontaneously, fermented with starter cultures, and
combined), the central role of which is occupied by the enzymatic activity of lactic acid bacteria
and yeast, as well as the enzyme activity of flour. Wheat and rye flour are mainly used in
sourdough fermentation. However, hull-less barley is also considered an alternative raw
material due to its promising nutrient-rich composition and high protein and fiber content,
specifically p-glucans, phenolic compounds and minerals. The technological parameters of
wheat and rye sourdough fermentation are given in the scientific literature, but additional
studies are needed specifying the fermentation of hull-less barley. The specificity of the
chemical composition of hull-less barley is considered in the selection of technological
parameters of fermentation. The microbiota of hull-less barley is diverse. Selecting suitable
technological parameters in the first steps of spontaneous fermentation would prevent the
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proliferation of undesirable microbiota and promote the development and succession of lactic
acid bacteria. The simultaneous interaction of several factors influences spontaneous
fermentation. Studies of the microbiota of hull-less barley and its succession in fermentation
would provide more insights regarding the influence of the raw material on the development of
microorganisms. Starter cultures of lactic acid bacteria, such as Lactiplantibacillus plantarum
and Pediococcus pentosaceus, can be employed to initiate fermentation. In sourdough
fermentation, enzymes produced by lactic acid bacteria and yeast promote the hydrolysis of
proteins and non-starch polysaccharides, improving nutrient availability. A high hordein
fraction of the protein was observed for hull-less barley proteins, which affects the
technological process and the biological value of the bread.

In breadmaking, hull-less barley flour is mainly used to enrich wheat flour with dietary
fiber. The amount that can be added to wheat dough is limited due to the high content of barley
fibers, especially [-glucans, as they interfere with the formation of gluten in the dough.
Sourdough and dough fermentation would be a solution for developing hull-less barley bread,
similar to rye bread, in which gluten does not represent the structure. Physicochemical and
microbiological modifications of proteins, starch and non-starch polysaccharides in sourdough
and dough fermentation could improve bread's physical properties and nutritional value.
Therefore, using high-quality raw materials in fermentation could be a solution for making
biologically-rich bread. The research aims to ascertain the fermentation of hull-less barley

sourdough and evaluate its effect on the content of gluten and non-starch polysaccharides and
the physical properties of barley bread.
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2. MATERIALI UN METODES / MATERIALS AND METHODS

2.1. Petijuma norises laiks un vieta / Time and location of the research

Petijums veikts laika no 2020. gada februara lidz 2023. gada decembrim.
Latvijas Biozinatnu un tehnologiju universitaté (LBTU) noteikti ierauga tehnologiskie
parametri, veikts maizes kontrolcepiens, paraugu sagatavosana, un sekojosu analizu veiksana.
e Partikas institita (iepriek§ Partikas tehnologijas fakultate) Mikrobiologijas
zinatniskaja laboratorija noteikti mikrobiologiskie raditaji (pienskabes bakteriju un
raugu KVV skaits), ierauga skabums un pH, ka ar1 veikta mikrostruktiiras izpé€te.
Zinatniskaja laboratorija noteikta proteazu aktivitate ierauga, ierauga reologiskas
1pasibas un maizes mikstuma fizikalas 1paSibas. Maizes ceptuvé veikts kailgraudu
miezu maizes un pilngraudu kvieSu maizes kontrolcepiens, noteikta maizes porainiba
un tilpums.
e Jegiito rezultatu statistiska analize veikta sadarbiba ar LBTU Datoru sistému un datu
zinatnes instittitu.
e Biotehnologiju zinatniskas laboratorijas Viedo tehnologiju nodala (VTN) veikta
mikrostrukttiras izpéte.
e Agroresursu un ekonomikas institita (AREI) Stendes pétjjumu centra Graudu
tehnologijas un kimijas laboratorija noteikts 3-glikanu un cietes saturs.
Partikas un fermentacijas tehnologiju centra (TFTAK, Igaunija) analizéts fruktanu un
mannanu saturs, veikta pienskabes baktériju un mikroskopisko sénu identifikacija.
Budapestas Tehnologiju un Ekonomikas universitaté LietiSkas biotehnologijas un
partikas zinatnes departamenta (Ungarija) noteikts gluténa saturs kailgraudu miezu miltu,
ierauga un maizes paraugos.

2.2. Petijuma izmantoto materialu raksturojums /
Characterization of materials

o Kailgraudu miezu graudi
Petijuma izmantoti no AREI Stendes pétjjumu centra sanemtie kailgraudu miezu
'Kornelija' (Hordeum vulgare L. subsp. Distichum (L.) Korn., var. nudum) (2020. gada raza)
graudi. Kailgraudu mieZu miltu iegiiSanai graudi samalti laboratorijas dzirnavas (Hawos
Kornmuhlen GmbH, Vacija) pirmaja malSanas limeni. Lai noteiktu kailgraudu miezu miltu
dalinu izméru, milti izsijati laboratorijas sijataja AS200 (Retsch GmbH, Vacija). Miltu dalinu
1zmérs konstatéts 160 — 710 mm, no tiem 50% bija uz sieta 450 mm, 28% bija uz sieta 315 mm
un 10% bija lielaki ka 710 mm.
e Citas izejvielas
Miezu iesals (mitrums 9%, diastatiskais speks 250 WK) no SIA Latmalt (Stalgene,
Latvija), sals (Artemsil, Ukraina), cukurs (Nordzucker Polska S.A., Polija) un dzeramais tidens.
Pilngraudu kvieSu milti pilngraudu kvieSus maizes gatavoSanai razoti AS ”Rigas
dzirnavnieks”. Razotaja informacija par pilngraudu kvieSu miltu sastavu: olbaltumvielas
11.9 g 100 g~!; oglhidrati 61.8 g 100 g~'; cukuri 1 g 100 g~'; tauki 1.4 g 100 g~'.
e Tirkulturas
Ierauga ar tirkultiiram fermentacijai no Latvijas Mikroorganismu kultiiru kolekcijas (LU
Biologijas fakultate) iegadatas pienskabes baktérijas Lactiplantibacillus plantarum DSMZ
20205 un Pediococcus pentosaceus LMKK 773. Katra tirkultira sanemta uz MRS agara
barotnes Petri platé iepakojuma ar skabekla absorbentu, un Iidz lietoSanai glabatas 4 + 1 °C
temperatiira. Fermentacijai izmantots komercialais raugs Saccharomyces cerevisiae
(Jastbolaget AB, Zviedrija). Uzglabasana 4 + 1 °C.
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2.3. Petijuma struktira / Structure of the research

Petijums veikts seSos etapos, kas atteloti 2.1. tabula.

2.1. tabula / Table 2.1

Pétijuma etapu raksturojums / Description of the research stages

Pétijjuma etaps /
Stage of research

Raksturojums / Description

I etaps / Stage [

Kailgraudu miezu kimiska sastava analize /
Analysis of chemical composition of hull-less barley

II etaps / Stage 11

Kailgraudu miezu ierauga gatavosana / Preparation of the hull-less barley
sourdough

e Spontana ierauga optimalo tehnologisko parametru noteikSana un
mikroorganismu identifikacija / Determination of the optimal
technological parameters of spontaneous sourdough and identification of
microorganisms

lerauga ar tirkulturam fermentacija / Fermentation of the sourdough with
starter cultures

I etaps / Stage 111

Kailgraudu miezu ierauga raksturojums un fermentacijas ietekmes
izverteéSana uz miklas struktiiras veidosanos / Characterisation of hull-less
barley sourdough and evaluation of the effect of fermentation on the dough
structure formation

IV etaps / Stage IV

Kailgraudu miezu maizes un pilngraudu kvie$u maizes kontrolcepiens un
fizikalo Tpasibu noteikSana / Preparation of hull-less barley bread and
wholegrain wheat bread and determination of the physical parameters

V etaps / Stage V

Gluténa satura izmainu novert€jums kailgraudu miezu ierauga un kailgraudu
miezu maize / Evaluation of the changes in gluten concentration in hull-less
barley sourdough and bread

Vl etaps / Stage VI

Cietes un ne-cietes polisaharidu satura ietekmes uz maizes fizikalajam
Ipasibam izverteSana / Evaluation of the influence of starch and non-starch
polysaccharide content on the physical properties of bread

Petijuma izmantotie paraugu saisindjumi noraditi 2.2. tabula.

2.2. tabula/ Table 2.2

Paraugu saisinajumu skaidrojums / Explanation of the sample abbreviations

P_arz_i}lga Parauga nosaukuma atSifréjums /
apZimejums / Explanation of the sample
Abbreviation P P
Milti / Flour
KM / HBF Kailgraudu miezu milti / Hull-less barley flour
KM.1/ HBF1 KM pirmais paraugs mikroskopisko sénu identifikacija / KM sample I in the
identification of fungi
KM.2 / HBF.2 KM otrais paraugs mikroskopisko sénu identifikacija / KM sample 2 in the
identification of fungi
PK/ WWF Pilngraudu kvieSu milti / Wholegrain wheat flour
leraugs / Sourdough
KMI-S / HBS-S Kailgraudu mieZu spontanais ieraugs fermentgts, ievérojot optimalos
tehnologiskos parametrus / Hull-less barley spontaneous sourdough
fermented at optimal technological parameters
KMI1 / HBS1 Ferment&ts KM un Gidens maisijums p&c 1. posma / Fermented flour and
water mixture after st step
KMI1.1/HBSI.1 KMII pirmais paraugs mikroskopisko sénu identifikacija / KMI1 sample I in
the identification of fungi
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2.2. tabulas turpinajums /
Continuation of Table 2.2

Parauga
apziméjums /
Abbreviation

Parauga nosaukuma atSifréjums /
Explanation of the sample

KMI1.2 /HBS1.2

KMII otrais paraugs mikroskopisko sénu identifikacija / KMII sample 2 in
the identification of fungi

KMI2 / HBS?

Fermentéts KM un tidens maisijums péc 2. posma / Fermented HBF and
water mixture after 2nd step

KMI2.1 /HBS2.1

KMI2 pirmais paraugs mikroskopisko sénu identifikacija / KMI2 sample 1 in
the identification of fungi

KMI2.2 /HBS2.2 KMI2 otrais paraugs mikroskopisko sénu identifikacija / KMI2 sample 2 in
the identification of fungi
KMI3 / HBS3 Kailgraudu miezu spontanais ieraugs pec 3. posma / Hull-less barley

spontaneous sourdough after 3rd step

KMI3.1/HBS3.1

KMI3 pirmais paraugs mikroskopisko sénu identifikacija / KMI3 sample 1 in
the identification of fungi

KMI3.2 /HBS3.2

KMI3 otrais paraugs mikroskopisko sénu identifikacija / KMI3 sample 2 in
the identification of fungi

KMI-T / HBS-T

Ar tirkultiram ferment@ts kailgraudu miezu ieraugs / Hull-less barley
sourdough fermented with starter cultures

KMI-TO / HBS-T0

KM un tidens maistjums atjaunots ar KMI-T dalu /
The mixture of hull-less barley flour and water backslopping with renewable
part of HBS-T

KMI-S0 / HBS-S0

KM un tidens maistjums atjaunots ar KMI-S dalu /
The mixture of hull-less barley flour and water backslopping with renewable
part of HBS-S

Mikla / Dough

NFKM / NFBD Kailgraudu miezu mikla uzreiz p&c miciSanas / Hull-less barley dough after
kneading

FKM / FBD Kailgraudu miezu mikla p&c 4 h fermentacijas / Fermented hull-less barley
dough fermented for 4 h

Maize / Bread

KMM-S / HBB-S

Kailgraudu miezu maize ar kailgraudu miezu spontano ieraugu /
Hull-less barley bread prepared with hull-less barley spontaneous sourdough

KMM-T / HBB-T

Kailgraudu miezu maize ar tikrkulttiram fermentétu ieraugu / Hull-less
barley bread prepared with hull-less barley sourdough with starter cultures

KMM-R / HBB-Y

Kailgraudu miezu maize ar raugu / Hull-less barley bread with yeast

PKM-S / WWB-S

Pilngraudu kvieSu maize ar kailgraudu miezu spontano ieraugu / Wholegrain
wheat bread prepared with hull-less barley spontaneous sourdough

PKM-T/ WWB-T

Pilngraudu kviesu maize ar tirkultiiram ferment&tu ieraugu / Wholegrain wheat
bread with hull-less barley sourdough with starter cultures

PKM-R / WWB-Y

Pilngraudu kvieSu maize ar raugu / Wholegrain wheat bread with yeast

2.4. Kailgraudu mieZu miltu kimiska sastava analize /
Analysis of hull-less barley flour chemical composition

Kailgraudu mieZzu miltiem veikta kimiska sastava analize saskana ar 2.3. tabula dotajam
metodem. Skiedrvielas noteiktas enzimatiski-gravimetriski atbilstosi standartam AOAC 985.29
ar Foss Analytical Fibertec E 1023 System analitisko sisttmu (Foss, Danija). Paraugu
inkubgsanai izmantots Megazyme Skiedrvielu noteikSanas komplekts (Megazyme total dietary
fiber assay kit, Megazyme Ltd, Irija). Parauga iesvars nemts 1.000 = 0.005 g. Divi paraugi tika
analizéti divos atkartojumos (n=4). Fruktanu un mannanu saturs tika analizets sadarbiba ar
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TFTAK Igaunija. Fruktanu noteikSanai izmantots Megazyme komplekts K-FRUC (Megazyme
Ltd, Irija), nolasot mérfjumus 410 nm (UV-VIS spectrophotometer, Thermo electron corp,
Lielbritanija). B-glikani noteikti atbilstosi ICC 168 AREI Stendes pétijumu centra. Lai cietes,
Skiedrvielu, B-glikanu, fruktanu un mannanu rezultati biitu salidzinami, tie izteikti % sausnas.

2.3. tabula / Table 2.3

Kailgraudu mieZu miltu kimiska sastava analizeSanas metodes /
Analysis methods of chemical composition of the hull-less barley flour

Raditajs / Parameter

Metode vai avots / Standard or source

Mitrums / Moisture, %

AACC 44-15A

Olbaltumvielas / Protein, g 100 g™

(Majore et al., 2021)

Ciete / Starch, g 100 g'!

LVS EN ISO 10520:2001

Skiedrvielas / Total dietary fibre, g 100 g”'

AOAC 985.29; (Reidzane et al., 2023)

Rezistenta ciete / Resistant starch, g 100 g!

(Majore et al., 2021)

B-glikani, % sausnas / f-glucans, % dw

ICC 168

Fruktani, % sausnas / Fructans, % dw

al., 2023)

AOAC 999.03; AACC 32-32.01 (Reidzane et

Mannani, % sausnas / Mannans, % dw

ASH / HPLC method (Frangois, 2007;
Reidzane et al., 2023)

2.5. Kailgraudu mieZu ierauga fermentacija /
Hull-less barley sourdough fermentation

2.5.1. Spontana ierauga optimalo tehnologisko parametru noteik§ana tris posmu
fermentacija / Determination of the optimal technological parameters of spontaneous

sourdough three step fermentation

Optimalo tehnologisko parametru noteikSanas seciba paradita 2.2. attéla.

Spontdna ierauga optimalo tehnologisko parametru noteik¥ana ar Box-Behnken metodi fermentacijas tris posmos /
Determination of optimal technological parameters of spontaneous sourdough with Box-Behnken method in three steps

‘ 1. posms / Ist step ‘

‘ 2. posms / 2nd step ‘

‘ 3. posms / 3rd step

1. posma eksperimenta planoSana /
Experimental design of 1st step

#

2. posma eksperimenta planoSana /
Experimental design of 2nd step

# 3. posma eksperimenta planosana /

Experimental design of 3rd step

15 paraugu fermentacija /
Fermentation of 15 samples

Rezultatu ievadisana Design — Expert
12 programma/ Data input into the
program

Ietekmgjoso faktoru un rezultatu
savstarp&jo sakaribu analize un
optimalo tehnologisko parametru
noteik8ana / Analysis of variables and
their correlation, determination of
optimal technological parameters

L 2

1. posma dalas atjaunoSana ar jaunu
tdens un miltu porciju un fermentacija/
Renewable part backslopping with new

portion of water and flour

2. posma dalas atjauno§ana ar jaunu
idens un miltu porciju un fermentacija/
Renewable part backslopping with new

portion of water and flour

Rezultatu ievadiSana Design — Expert 12
programma / Data input into the
program

Rezultatu ievadi§ana Design — Expert 12
programma / Data input into the
program

Ietekm&joSo faktoru un rezultatu
savstarpgjo sakaribu analize un optimalo
tehnologisko parametru noteik3ana /
Analysis of variables and their
correlation, determination of optimal

Ietekmg&joso faktoru un rezultatu
savstarpgjo sakaribu analize un optimalo
tehnologisko parametru noteik¥ana/
Analysis of variables and their
correlation, determination of optimal
technological parameters

Fermentacijas 2. posma atjaunojamas

dalas iegtifana / Obtaining the renewable

part for 2nd step fermentation

technological .parameters

Fermentacijas 3. posma atjaunojamas
dalas iegtisana / Obtaining the renewable
part for 3rd step fermentation

Iegati optimalie tehnologiskie
parametri tris posmos/ Optimal
technological parameters in three steps

2.1. att. Spontana ierauga optimalo tehnologisko parametru noteik$anas seciba /
Fig. 2.1. Schematic representation of the optimal technological parameters of spontaneous

sourdough determination
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lerauga fermentacijai raksturiga vairaku faktoru vienlaiciga mijiedarbiba. Ierauga
fermentacijas optimalo tehnologisko parametru noteikSanai tika izmantota Box-Behnken
metode ar trTs mainigajiem faktoriem (Abedfar & Sadeghi, 2019; Katina et al., 2006). P&tijuma
IT etapa tika veikta kailgraudu miezu spontana ierauga fermentacija laboratorijas apstaklos
(Reidzane et al., 2021). Kailgraudu miezu ierauga fermentacijai izmantota tris posmu metode,
kuras pirmaja posma fermentéts miltu un tdens maisijums, bet otraja un treSaja posma
atjaunojamajai dalai pievienota jauna tdens un miltu porcija. Lai noteiktu optimalos
tehnologiskos parametrus spontana ierauga fermentacija veikta mainigo faktoru — pievienota
tdens daudzuma (iidens, X1); fermentacijas temperatiiras (temperatiira, X2); fermentacijas laika
(laiks, X3) vienlaicigas ietekmes uz ierauga raksturojosiem raditajiem modeléSana. ModeléSana
iegiitas atbildes — pH; pienskabes bakteriju (PB) un raugu KVV g!. Modelésana paredz 15
paraugu analizéSanu saskana ar Box-Behnken metodes struktiiru (2.4. tabula) un eksperimenta
planu (2.5. tabula). Katram kailgraudu miezu spontana ierauga fermentacijas posmam tika
izveidots unikals eksperimenta plans. Eksperimentu plana izveidei ietekmgjoSo (mainigo)
faktoru minimalas un maksimalas vertibas noteiktas saskana ar zinatniskaja literattra dotajiem
dazadu spontano ieraugu fermentacija izmantotiem tehnologiskiem parametriem (Spicher &
Stephan, 1993), ievérojot metodes prasibu par vienadu intervalu starp parametru [imeniem.

2.4. tabula / Table 2.4
Box-Behnken metodes struktira / Structure of Box-Behnken method

P;Z:lpglz %:; / X X2 X3
1 -1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 -1 -1
10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0

Kailgraudu miezu miltiem raksturiga augsta (70%) tidens absorbcija (Torbica et al., 2022)
augsta B-glikanu satura dél, tapeéc piemerots pievienota iidens daudzums no 100 lidz 200 ml.
Pamatojoties uz zinatniskas literatiiras avotiem, fermentacijas laiks 1. posma tiek piemérots 24
h (Cakir et al., 2020; Harth et al., 2016). Savukart, 2. posma piem&rojams 1saks fermentacijas
laiks (Spicher & Stephan, 1993). 3. posma izvélets 1saks fermentacijas laiks, lai saglabatu raugu
aktivitati. Eksperimentu uzsaksSanai sajaukti 100 g kailgraudu mieZu milti un dzeramais tidens
atbilsto$i attieciga posma eksperimentu planam (2.5. tabula). Nakamajam posmam
nepiecieSamas atjaunojamas dalas iegiiSanai ieraugs gatavots saskana ar ieprieksgja posma
iegiitajiem optimalajiem parametriem. 2. un 3. fermentacijas posma ierauga gatavosanai 100 g
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atjaunojamas dalas pievienoti 100 g miltu un tidens, ka noradits attieciga posma eksperimentu
plana (2.5. tabula) atbilstoSi modela struktiirai (2.4. tabula). Atjaunojamas dalas daudzums un
jauna miltu porcija tika pievienota attieciba 1:1 atbilstoSi zinatniskaja literatiira dotajiem
spontano ieraugu fermentacijas pirmo posmu piemériem (Cakir et al., 2020; Spicher & Stephan,
1993). Uzreiz péc fermentacijas katram paraugam veikti pH (n=3), pienskabes bakteriju KVV
g! (n=4) un raugu KVV g! (n=4) mérfjumi (2.7. tabula) atbilsto§i 2.5.3. nodala dotajam
aprakstam un aprékinats vidgjais aritméetiskais raditajs. PB un raugu vid€jie merijjumi izteikti
ka decimallogaritms.

2.5. tabula / Table 2.5
Box-Behnken eksperimenta plans / Box-Behnken experimental design

~ Mainigo faktoru Iimeni / Levels of parameters

Mainigie faktori / Me/rv. Simbols / 1. posms / 2. posms / 3. posms /

Variable factors Units Symbol Step 1 Step 2 Step 3

-1 0 1 -1 0 1 -1] 0 1

Udens / Water ml Xi 100 | 150 | 200 | 100 | 150 | 200 | 100 | 150 | 200
Temperatira °C X, 26 | 28 | 30 | 29 | 32| 35 |26 |29 | 32
Temperature
Laiks / h X; 2024 | 28 | 8 | 16| 24 | 8 | 14| 20
Time

Vidgjie merijjumi ievaditi Design-Expert 12 (DE) programma (Statease Inc., Minneapolis,
ASV). Ar programmas Design-Expert 12 palidzibu tika noteikti fermentacijas posmu optimalie
parametri saskana ar katra posma defin€tajiem kriterijiem (2.6. tabula).

2.6. tabula / Table 2.6
Izvirzitie kritériji spontana ierauga optimalo tehnologisko parametru noteikSanai /
Criteria for the determination of optimal technological parameters for spontaneous

sourdough
Posms / Step Kriteriji / Criteria Pamatojums / Explanation
1.posms / Ist step | Maksimalais raugu skaits Raugu vairosanas, pienskabes
(logio KVVg 1)/ bakteriju adaptacija / Yeasts growth,
Yeast maximum (log;o CFU g™') adaptation of lactic acid bacteria
2.posms / 2nd Maksimalais pienskabes bakteriju un | Pienskabes bakteriju vairosanas, pH
step raugu skaits (logio KVVg™)/ pazeminas$ana, raugu saglabasana /
Lactic acid bacteria and yeast Lactic acid bacteria growth, decrease
maximum (login CFU g') of pH, preservation of yeasts
3.posms / 3rd step | Maksimalais pienskabes baktériju un | Pienskabes baktériju vairo$anas, pH
raugu skaits (logio KVVg™") / Lactic | pazeminaSana, raugu saglabasana /
acid bacteria maximum and yeast Lactic acid bacteria growth, decrease
(logiwCFU g”') of pH, preservation of yeasts

Datu analizéSanai un modeléSanai veikta dispersijas analize (ANOVA), izvért€jot modeli
(linearais, divfaktoru vai kvadratiskais), kas vizualizéts faktoru vienlaicigas ietekmes un atbilzu
3D attelos (response surface, anglu val.). Tris faktoru regresijas kvadratiska modela nelinearas
sakaribas izsaka $ads vienadojums (2.1.),

Y = Bo+ BiXs + BaXy + BaXz + BuXa Xy + BsXo X3 + BeX1 X3 + BrXT + BeX5 + BoX5,  (2.1)

kur
Y — atbilde (pH, PB, raugi);
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[ — regresijas koeficients;
Xi; X2; X3 — mainigie faktori.
Lineara modela sakaribas izsaka lineara funkcija (2.2.),
Y = Bo+ B1Xy + BaXs + B3X3, (2.2)
kur
Y — atbilde (pH, PB, raugi);
B — regresijas koeficients;
X1, X2, X3 — mainigie faktori.

Divfaktoru modela sakaribas izsaka funkcija (2.3.),
Y = Bo+ BiX1 + BoXy + B3X3 + BaX1 Xy + BsXo X3 + BeX1X3, (2.3.)
kur
Y — atbilde (pH, PB, raugi);
B — regresijas koeficients;
Xi; X2; X3 — mainigie faktori.

2.5.2. Kailgraudu mieZu ierauga ar tirkultiiram fermentacija /
Fermentation of hull-less barley sourdough with starter cultures

Pediococcus pentosaceus P773 celms ir piemérots graudu, tostarp miezu fermentacijai
(Semjonovs & Zikmanis, 2008). Ieteikta anaeroba fermentacija. Lactiplantibacillus plantarum
DSMZ 20205 kultivéjama uz MRS agara. Lai aktivizétu pienskabes bakterijas, tas inokulétas
ar sterilu cilpinu uz atseviskas Petri plates ar MRS agara barotni un inkubé&tas 37 = 1 °C
anaerobos apstak|os, izmantojot skabekla absorbentu (Gas Pak EZ, Vacija) termostata 24 h. S
procediira veikta divas reizes. Uzauguso koloniju nonemsana un skaitiSana veikta katrai
tirkultiirai atseviSki. P&c inkubacijas uzaugusas kolonijas tika nonemtas ar Spateli vai lapstinu
no Petri plates un ievietotas 20 ml fiziologiska skiduma. Pienskabes bakteriju skaits suspensija
tika noteikts ar Gorjajeva kameru. Ar sterilu cilpinu tirkultiiru suspensija tika uznesta uz
Gorjajeva kameras sektoriem un fikseta ar segstiklina palidzibu. Pienskabes baktériju Stinas ar
mikroskopa palidzibu skaititas 5 lielos kvadratos. Sinu skaits 1 ml aprekinats pec formulas
(2.4.),

1000
T shn’

2.4)

kur

x — §tnu skaits 1 ml suspensijas;

a — vidgjais aritmétiskais $tinu skaits 5 lielos kvadratos;
1000 — parreékina koeficients;

S — kameras laukums mm?;

h — kameras dzilums, mm (0.1 mm);

n — kvadratu skaits.

Pienskabes bakteriju suspensija gatavota ta, lai KVV skaits 1 ml sasniegtu 10® — 10°.
Maisijuma gatavosanai nemti 10 ml suspensijas ar Lactiplantibacillus plantarum DSMZ 20205
un 5 ml ar Pediococcus pentosaceus LMKK 773. Papildus sagatavota komerciala rauga
Saccharomyces cerevisiae suspensija, 1 g rauga izskidinot 10 ml fiziologiska skiduma. Ierauga
ar tirkultiram (KMI-T) gatavoSanai piemérota tris posmu fermentacija (De Vuyst et al., 2017;
Siragusa et al., 2009). 15 ml (10 ml suspensijas ar Lactiplantibacillus plantarum DSMZ 20205
un 5 ml ar Pediococcus pentosaceus LMKK 773) kultivéto pienskabes bakteriju suspensijas
pievieno 50 g miltu un 40 ml Gidens maisijumam, un maisjjumu ferment€ 30 + 1 °C temperattra
24 h (2.2. att.). P&c 24 h ferment&tajam 100 g maisijumam pievieno 1 ml rauga Stinu suspensijas
un 100 g kailgraudu miezu miltu un 130 g Gidens un fermenté 14 h. Péc fermentacijas 100 g
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ferment€ta maisijuma pievieno 100 g miltu un 130 g idens. Ped¢ja fermentacija veikta atbilstosi
optimalajiem parametriem (2.5.1.nodala) 12 h 28.5 £ 1 °C temperatira. Fermentacija veikta,
apsedzot trauku ar vaku.

15 ml Lactiplantibacillus MaisTjuma sagatavoSana / 50 g KM/ HBF
plantarum DSMZ 20205, " Preparation of mixture 40 g Gdens/ water
Pediococcus pentosaceus V

LMKK 773
suspensija / suspension Fermentacija / Fermentation

30°C,24h

"

1 ml Saccharomyces cerevisiae | Ferment&ta maisijuma atjauno$ana / 100 g KM / HBF,
suspensija / suspension Backslopping of fermented mixture 130 g Gidens/ water

v

Fermentacija / Fermentation
30°C,14h

"

Fermentéta maisTjuma atjaunosana / 100 g KM / HBF,
Backslopping of fermented mixture 130 g tdens / water

L

Fermentacija / Fermentation
28.5°C,12h

/

Ar tirkultiiram fermentéts ieraugs /
Sourdough fermented with starter cultures

2.2. att. Kailgraudu mieZu ierauga ar tirkultiram fermentacijas shema /
Fig. 2.2. The scheme of hull-less barley sourdough with starter cultures fermentation

2.7. tabula/ Table 2.7
Pétijuma II etapa izmantotas analitiskas metodes /
Analytical methods of the research Stage 11

Parauga (Pn-15) nosakamais raditajs fermentacijas 1. — 3. .
osma / Parameter of the sample (Py=15) in the three step of Standarts vai avots /
P P?e (Tn=is P Standard or source
fermentation
pH AACC 02-52.01:1992
Pienskabes baktérijas, KVV g!/ ISO 15214:1998
Lactic acid bacteria, CFU g’
Raugi, KVV g / Yeasts, CFU g’ ISO 21527-1:2008

2.5.3. Mikrobiologisko raditaju noteik§anas metodes /
Methods of microbiological analysis

Mikroorganismu KVV g noteiktas atbilstosi standartiem ISO 15214:1998 un ISO
21527-1:2008. Barotnes mikroorganismu inkub&Sanai sagatavotas atbilstosi ISO 11133-1:20009.
Analiz€jamo paraugu, sakotngjas suspensijas un decimalskidumu sagatavosana notiek saskana
ar [SO 6887-1:2017. Sterila fiziologiska skiduma izskidina 10 g ierauga un suspendé BagMixer
400W iekarta (Interscience, Francija). Pienskabes baktériju inkub&sana veikta, lietojot MRS
agara (Biolife, Italija) barotni, inkubgjot Petri plates 48 h 37 + 1 °C. Raugu inkubé&Sanai
izmantots iesala ekstrakta agars (Biolife, Italija). Petri plates inkub&tas 48 h 25 = 1 °C
temperattira. Mikroorganismi inkubéti termostata Memmert IPP200 (Memmert GmbH, Vacija).
Mikroorganismu koloniju skaita noteikSanai izmantots automatiskais koloniju skaititajs
aColyte (Topac Inc.,USA). Rezultatu aprékins veikts atbilstosi ISO 7218. Mikroorganismu
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kopgjais skaits izteikts ka kolonijas veidojoSo vienibu skaita decimallogaritms viena grama
parauga (logio KVV g™!).

2.5.4. Paraugu sagatavoSana / Sample preparation

Paraugi kaltéti liofilizacijas iekartas FT33 (Armfield Ltd, UK) vakuuma kamera —40 °C
un 6.4 Pa spiediena 72 h. Liofiliz&étie paraugi samalti Foss Knifetec 1095 Mill laboratorijas
dzirnavas (FOSS Analytical AB, Zviedrija).

2.5.5. Mikroorganismu identifikacija / Identification of microorganisms

Kailgraudu miezu spontana ierauga (KMI-S) tris posmu fermentacija, piemérojot
optimalos tehnologiskos parametrus (2.5.1. nodala), péc katra (1. — 3.) posma panemts paraugs
(KMI1, KMI2, KMI3) identifikacijai (2.7.tabula). Mikroorganismu identific€ti, izmantojot
rRNS génu un ITS sekvencéSanu ka aprakstits Reidzane et al. (2021). Paraugi sagatavoti ka
dots 2.5.4. nodala.

2.6. Kailgraudu mieZu ierauga un miklas analizéSana /
Analysis of hull-less barley sourdough and dough

P&tijuma III etapa tika gatavots kailgraudu miezu spontanais ieraugs (KMI-S) atbilstosi
Il etapa iegiitajiem optimalajiem tehnologiskajiem parametriem (2.5.1.nodala) un ar
tirkulttiram fermentéts ieraugs (KMI-T) ka aprakstits 2.5.2. nodala. Uzreiz p&c ierauga
fermentacijas veikta ierauga kvalitates raditaju noteikSana saskana ar 2.8. tabula aprakstitajam
metodém. Pienskabes baktériju, raugu logio KVV g! noteikts saskana ar 2.5.3. nodalas
aprakstu, un pH — ka dots 2.7. tabula.

2.8. tabula / Table 2.8
Pétijuma III etapa izmantotas analitiskas metodes /
Analytical methods of research Stage 111

Ierauga kvalitates raditajs / Standarts / Standard
Sourdough quality parameter
Skabums / Titratable acidity, ml NaOH AACC 02-31.01
Proteazu aktivitate / Protease activity, U ml™! S-AZCAS (Megazyme, Ltd,
Irija)
Kompleksa viskozitate / Complex viscosity, n, Pa s (Murniece et al., 2023)
Uzkrajuma modulis / Storage modulus, G', Pa
Zudumu modulis / Loss modulus, G", Pa

2.6.1. Proteazu aktivitates noteikSana ierauga /
Determination of protease activity of sourdough

Proteazu aktivitates noteikSana veikta balstoties uz proteazu noteikSanas metodi (S-
AZCAS, Megazyme, Ltd, Irija) ar azokazeinu (Azo-casein, Sigma Aldrich) (Loponen et al.,
2004), kad 1 ml ierauga bija pievienoti 49 ml Tris-HC] (100 mM) buferSkiduma un samaisits
ar magnétisko maisitaju 15 min. Skidums centrifugéts 3000 apgr. min~' 10 min. Rezultats
izteikts spektrofotometra (Jenwei 6300 Baroworld Scientific Ltd, Lielbritanija) nolasitas
vienibas U ml™! pie 440 nm.
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2.6.2. Kailgraudu mieZu ierauga reologisko ipasibu noteikSana /
Determination of rheological properties of sourdough and dough

Ierauga reologisko IpaSibu noteikSana veikta, izmantojot MCR 302 dinamisko bides
reometru (Anton Paar, Austrija), kas aprikots ar 25 mm paralélam plaksném PP25, iestatot
attalumu starp tam (1 mm). lerauga paraugu novieto uz reometra pamata plaksnes un mérijjumu
veic 30.0 £ 0.1 °C temperatiira, ko nodro$ina Peltjé elements. Mérjjumu frekvence no 100 Iidz
0.1 rad s!. Tika fikséts 21 mérfjuma punkts. Uzkrajuma un zudumu moduli un kompleksa
viskozitate tika aprékinata, izmantojot RheoCompass 1.25 (Anton Paar, Austrija) programmu.
Ieraugu paraugi analizeti divos atkartojumos.

2.6.3. Kailgraudu mieZu ierauga un miklas mikrostruktiiras analizes metodes /
Microstructure evaluation of hull-less barley sourdough and dough

P&c katra (1. — 3.) kailgraudu miezu spontana ierauga fermentacijas posma (2.4.1. nodala)
paraugs (HBS1, HBS2, HBS3) apskatits mikroskopa Leica DM 3000 LED (Leica
Microsystems Ltd., Germany) palielinajuma 10 x 10. Parauga dala panemta ar inokulacijas
cilpinu, novietota uz priekSmetstiklina un nosegta ar segstiklinu. Atteli fikseti ar kameru Leica
DFC290 HD (Leica Microsystems Ltd., Germany) un analizéti LAS Core Version 4.3
programma. Paraugu poru mikroskopiska izpéte veikta digitalaja mikroskopa Hirox RH-2000
ar objektivu MXB 2016Z (Hirox, Japan). Vizualie attéli uznemti ar iPhone 7 Plus telefona
kameru (12 MP).

Miklas mikrostruktiiras izpétei paraugi (NFKM un FKM) tika sagatavoti ka aprakstits
2.5.4. nodala, liofilizétos paraugus nesamalot. Kailgraudu miezu miklas mikrostruktiira tika
analizéta LBTU VTN, izmantojot Mira3 skeng&joso elektronmikroskopu Tescan (Tescan Orsay
Holding, a.s., Cehija), kas aprikots ar sekundaro (Secondary Electron — SE) un atpakalizklied&to
(Back-scattered Electron — BSE) elektronu detektoriem. Paraugu fiks€Sanai lietots divpusgjs
oglekla disks. Elektrovaditsp€jas uzlaboSanai paraugi parklati ar zelta-paladija 15 nm biezu
slani, izmantojot Leica EM ACE600 plazmas apputinasanas iekartu (Leica Microsystems, Vine,
Austrija). Lai veiktu detaliz€tus meérjjumus tika lietots 1000x palielingjums un 5 kV
paatrinajuma spriegums.

2.7. Maizes gatavosana un fizikalo 1pasibu noteikSana /
Bread preparation and determination of the physical properties

2.7.1. Maizes gatavoSanas tehnologiskie parametri un receptiira /
Technological parameters and recipe of the bread preparation

Kailgraudu miezu maize un pilngraudu kvieSu maize gatavota ar spontano kailgraudu
mieZzu ieraugu (KMI-S) un ar tirkultiram fermentetu ieraugu (KMI-T) saskana ar 2.9. tabula
doto recepttiru. Maizes gatavoSanai sagatavots kailgraudu miezu spontanais ieraugs, izmantojot
optimalos tehnologiskos parametrus (2.5.1.nodala) un ar tirkultiram fermentéts ieraugs
(2.5.2. nodala). Maizes gatavosanas tehnologiskie parametri doti 2.10. tabula. Kailgraudu
mieZzu maizes un pilngraudu kvieSu maizes gatavoSanai izvélets atSkirigs miklas miciSanas
laiks, jo to strukttira veidojas atskirigi. Kailgraudu mieZu maizei piemérojams 1saks miciSanas
laiks neka pilngraudu kvieSu maizei (Torbica et al., 2021), tapéc ta micita lidz ta kluva
viendabiga. P&c samiciSanas mikla sadalita 400 g gabalos un veidota ar rokam, tad ievietota
formas un ievietota raudz€Sanas kamera (Sveba Dahlen AB, Fristadt, Sweden) 30+ 2 °C
temperatiira 4 h. CepSana veikta krasni 190 °C temperatiira 25 min ar tvaika padevi 3 s. Maize
atdzeseta 11dz 23 + 3 °C 18 h maizes ceptuve uz galda. Pec atdzes€Sanas maizes kimisko analizu
veikSanai sagatavoti paraugi ka aprakstits 2.5.4. nodala.
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2.9. tabula / Table 2.9
Maizes receptiira, % no miltu masas / Recipe of bread, % of flour weight

.. Kailgraudu mieZu maize / Pilngraudu kvieSu maize /
;:e%ldeil:n/t Hull-less barley bread Wholegrain wheat bread
8 KMM-S | KMM-T KMM-R | PKM-S PKM-T PKM-R

KM / HBF 88.0 88.0 100.0 - - -
PK /| WWF - - - 88.0 88.0 100.0
KMI-S / HBS-S 37.0 - — 37.0 - -
KMI-T / HBS-T - 37.0 - - 37.0 —
Miezu iesals /
Barley malt 3.0 3.0 3.0 3.0 3.0 3.0
Sals / Salt 1.5 1.5 1.5 1.5 1.5 1.5
Cukurs / Sugar 1.5 1.5 1.5 1.5 1.5 1.5
Presétais raugs / Yeast — - 3.0 — - 3.0
Udens / Water 70.0 70.0 70.0 67.0 67.0 67.0

2.10. tabula / Table 2.10

Maizes gatavoSanas tehnologiskie parametri /
Technological parameters of bread preparation

Kailgraudu mieZu maize / | Pilngraudu kvie§u maize /
Tehnologiskais parametrs / Hull-less barley bread Wholegrain wheat bread
Technological parameter KMM-S, PKM-S,

KMM-T KMM-R PKM-T PKM-R
Miklas miciSanas lalks / 7 7 15 15
Dough mixing time, min
Miklas daliSanas laiks / 5 5 5 5
Dough dividing time, min

ar rokam, ar rokam,
Miklas veidoSana / ar slapqo ar slapqo ar rokam / ar rokam /
Dough formation metodi / metodi / with hands with hands

with wet with wet

hands hands

Miklas fermentéSanas laiks / 4 4 4 4
Dough fermentation time, h
Cepsanas laiks / Baking time, 25 75 75 75
min
AtdzeseSana /
Cooling, h 18 18 18 18

2.7.2. Maizes fizikali-kimisko raditaju noteikSanas metodes /
Methods for the determination of physico-chemical parameters of bread

Kailgraudu mieZu maizes un pilngraudu kvieSu maizes fizikalas 1pasibas noteiktas
saskana ar 2.11. tabula dotajam metodém. Ipatngjais tilpums izteikts ka maizes tilpuma un
masas attieciba (cm> g™'). Maizes porainiba analizéta ar Zuravlova ierici (Biomer Ltd, Krievija)
atbilstoSi Cizeikiene et al. (2020) aprakstitai metodei. Maizes mikstuma cietiba noteikta,

izmatojot TA.HD. plus

strukturas

analizatoru (Stable Microsystems,

Lielbritanija).

AnalizéSanai nemtas divas mehaniski nogrieztas maizes Skéles (katra 7 mm). Parauga
saspieSanai izmantota aluminija cilindra diametrs bija 25 mm. Maizes Skéles tika spiestas ar
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iespieSanas atrumu 1.7 mm s un iespieSanas dzilumu 6 mm. Mérijuma uzsaksanas speks —
0.049 N. Katrs paraugs analiz€ts desmit reizes. Datu analizi veic Texture Exponent 32
programma nosakot pozitivo spéku, kas raksturo maizes mikstuma cietibu, un negativo spéku,
kas raksturo maizes mikstuma lipigumu.

2.11. tabula / Table 2.11
Maizes fizikali-kimisko raditaju noteikSanas metodes IV etapa /
Methods for the determination of physico-chemical parameters of bread in the Stage IV

17\:;/ Nosakamais raditajs / Parameter M;;zt(;;;a;rszz;;nd;;:; /
1. | Tilpums / Volume, cm? AACC 10-05.01
2. | Ipatn@jais tilpums / Specific volume, cm® g! (Reidzane et al., 2023)
3. | Porainiba / Porosity, % (Cizeikiene et al., 2020)
4. | Cietiba / Firmness, N AACC 74-09
5. | Lipigums / Stickiness, N AACC 74-09

2.8. Gluténa satura noteikSana pétijuma V etapa /
Determination of gluten content in the stage V of the research

Gluténa satura noteikSana veikta kailgraudu miezu miltu, liofiliz€tos ierauga un
kailgraudu miezu maizes paraugos (paraugi sagatavoti ka 2.5.4. nodala). AnalizéSanai tika
izmantots AgraQuant Gluten G12 (ELISA G12) (COKALO0200, Romer Labs Division Holding
Gmbh, Getzersdorf, Austria) tests. Ta pamata ir antivielu-antigéna kompleksa veidosanas. Tests
veikts atbilstosi pievienotai instrukcijai, korig€jot atbilstosi testa materialam. Testa veikSanai
tika nemts 0.1 g parauga. Vispirms veic ekstrakta sagatavosSana, tad testeSanu. Lai piemérotu
koncentraciju, kas atbilstu kalibracijas intervalam, kailgraudu miezu miltu un liofiliz&to ieraugu
un maizes paraugu ekstrakti tika atSkaiditi (atbilstoSi raZotaja rekomendacijam) 10 000 kartigi,
ka aprakstijusi Xhaferaj et al. (2023). AtSkaidijumu veikSanai izmantotas daZadu krasu paletes
un markétas mikro mégenes. 96 laucinu plates (ar bedritém) mazgasana veikta iericé EIx50
(BioTek Instruments Ltd, Lielbritanija). Absorbcijas vertibas noteiktas ar 96 laucinu plates
lasttaju pie 450 nm (iMarkTM Microplate Absorbance Reader, Bio-Rad, ASV). Gluténa
koncentracija aprékinata atbilstosi testu razotaja ieteikumiem ar Bio-Rad Microplate Manager
6 programmu (Bio-Rad, ASV). Programma iegiita testa kalibréSanas likne (3. pielikums) atbilst
testu sertifikatos dotajai. Rezultati izteikti ppm (mg kg™'). TestéSana veikta diviem paraugiem
un katrs paraugs analiz€ts tris atkartojumos (n=6). Veikts iegtito rezultatu parrékins atbilstosi
parauga mitrumam (AACC 44-15A).

2.9. Cietes un ne-cietes polisaharidu noteikSana /
Determination of starch and non-starch polysaccharides

Lai novertétu cietes un ne cietes polisaharidu satura ietekmi uz maizes fizikalajam
IpasSibam, tika veikta pilngraudu kvieSu miltu un kailgraudu miezu maizes un pilngraudu kviesu
maizes analiz€Sana. Paraugu analizéSanas metodes apkopotas 2.3. tabula. Paraugu sagatavoSana
analizém veikta ka dots 2.5.4. nodala.

2.10. Statistiskas datu apstrades metodes / Statistical methods

Kailgraudu miezu spontana ierauga optimalo tehnologisko parametru modelé$ana un
dispersijas analize (ANOVA) veikta Design-Expert 12 programma (Statease Inc., Minneapolis,

52



ASV). Datu apstradei tika izmantota MS Excel (Versija 16.81) programma. legiitajiem
rezultatiem tika aprékinats vid€jais aritmétiskais un standartnovirze. Biitiskuma parbaudei
(p<0.05) starp paraugiem izmantots Tukey tests, izmantojot RStudio (R Core Team, 2020).
Savstarpgjo sakaribu noteikSanai starp paraugu kimiskajiem un fizikalajiem raditajiem tika
izmantota galveno komponentu analize. P&tijuma VI etapa iegiito datu analiz€Sana un
vizualizéSana tika veikta, izmantojot atvérta pirmkoda programmatiiru Phyton 3.8 un tas
biblioteku NumPy (Harris et al., 2020), Pandas (Reback et al., 2022), Statsmodels (Seabold &
Perktold, 2010) un Scikit-lern (Pedregosa et al., 2011).
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3. REZULTATI UN DISKUSIJA / RESULTS AND DISCUSSION

3.1. Kailgraudu mieZu miltu kimiskais sastavs /
Chemical composition of hull-less barley flour

Pétijuma sakuma noteikts kailgraudu miezu 'Kornelija’ miltu mitruma, olbaltumvielu,
cietes un Skiedrvielu saturs.
3.1. tabula / Table 3.1
Kailgraudu mieZu 'Kornelija' miltu kimiskais sastavs /
Chemical composition of hull-less barley Kornelija’ flour

Raditajs / Parameter Saturs / Content
Mitrums / Moisture, % 12.05+0.42
Olbaltumvielas / Protein, g 100 g! 17.79 £ 0.26
Ciete / Starch, g 100 g! 51.88 + 0.22
Skiedrvielas / Total dietary fibre, g 100 g'! 18.30+0.22
Rezistenta ciete / Resistant starch, g 100 g’! 0.88 +0.30

Kailgraudu mieZu miltos noteikts augsts olbaltumvielu saturs 17.76 + 0.22 g 100 g!
(3.1. tabula). Kailgraudu miezu Skirne 'Kornelija’ potenciali sp&j nodrosinat augtaku proteina
saturu neka citas kailgraudu miezu Skirnes, ierindojot to starp augsta olbaltumvielu (>15%)
satura Skirném (Auzin$ et al., 2021). Kailgraudu miezu pétijuma Skirnes 'Kornelija’ miltos
konstat&ts otrs augstakais olbaltumvielu saturs 18.19 g 100 g~! Iidzas $kirnei 'Pihl’ (Norvégija)
(Majore et al., 2021). Kailgraudu miezu skirnes 'Kornelija’ miltu augsto olbaltumvielu saturu
konstatgjusi ar1 citi petnieki un noteikusi no 7 dazadam valstim sanemtu 35 miezu skirnu starpa
'Kornelija' miltos biitiski augstaku olbaltumvielu saturu 18.3 g 100 g! atkiriba no citiem
mieZu miltu paraugiem (Xhaferaj et al., 2023). Kailgraudu mieZu augstais olbaltumvielu saturs
un to augsta hordeina frakcija potenciali var dot augstu gluténa saturu. P&tnieki noteikusi
bitiskas kailgraudu mieZu 'Kornelija’ kimiska sastava atskiribas atkariba no audzesanas vietas
un no razas gada (Auzins et al., 2021; Dabina, 2013). Augstakais proteina saturs konstatéts
20.84% Ziemelkurzemes, bet zemakais 12.9% Vidzemes regiona (2018-2020)°. P&tijuma
izmantotie graudi sanemti no Vidzemes regiona (Stende). Cietes saturs kailgraudu miezu miltos
noteikts 51.88 +0.22 g 100 ¢!, un tas nav vértejams ka Joti augsts. Majore et al. (2021) p&tijums
parada, ka cietes saturs dazadas izcelsmes kailgraudu mieZu Skirnés varié 49.15 — 64.06 g 100
g~!. 'Kornelija’ §kirnes miltos noteikts 0.88 + 0.30 g 100 g~! rezistentas cietes, kas nav augsts
starp dazadam $kirném un neliecina par augstu amilozes saturu cieté. Skirnes 'Kornelija’' miltu
analizé3anas rezultati parada augstu Skiedrvielu saturu 18.30 +0.22 g 100 g, kas ir raksturigs
kailgraudu miezu Skirném. "Kornelija'miltos Majore et al. konstat&jusi 7 reizes vairak S$kistosas
Skiedrvielas neka neskistosas, tostarp B-glikanus 5.6 + 0.22 g 100 g~ (Majore et al., 2021).

3.1. nodalas kopsavilkums / Summary of Chapter 3.1
Kailgraudu miezu 'Kornelija" miltu kimiskais sastavs liecina, ka tie veértgjami ka

biologiski pilnveértiga izejviela ierauga un maizes gatavoSanai. Augstais olbaltumvielu un -
glikanu saturs varétu ietekmet ierauga un miklas fermentacijas procesu.

Kailgraudu miezu Kornelija’kimiskais sastavs atseviskas audzesanas vietas [tieSsaiste] [skatits 05.02.2024.].
Pieejams: https://kornelija.lv/petijumi /
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The chemical composition of hull-less barley 'Kornelija’ indicates that the flour
considered a biologically complete raw material for sourdough fermentation and bread making.
The high content of proteins and p-glucans could affect the sourdough and dough fermentation.

3.2. Kailgraudu mieZu ierauga fermentacijas raksturojums /
Characterization of hull-less barley sourdough fermentation

Lai raksturotu kailgraudu miezu ierauga fermentaciju un noteiktu tehnologiskos
parametrus ierauga fermentacija, pétits spontanais ieraugs tris fermentacijas posmos un ar
tirkultiram ferment€ts ieraugs.

3.2.1. Mainigo faktoru ietekme kailgraudu mieZu ierauga fermentacija /
Effect of variable factors on the fermentation of hull-less barley sourdough

Optimalo tehnologisko parametru noskaidroSanai kailgraudu miezu spontana ierauga
(spontana ierauga) fermentacija tika model&ta vienlaiciga mainigo faktoru ietekme uz pH, PB
un raugu skaitu (atbildes). ModeleSana veikta pirmajos trijos spontana ierauga fermentacijas
posmos (2.1. att.), katra posma veicot atSkirigu eksperimentu saskana ar eksperimentu planu un
metodes struktiiru, ka 2.4. un 2.5. tabula. Spontana ierauga fermentacija pievienota tidens
daudzuma, temperatiiras un laika ietekme uz pH, pienskabes baktériju un raugu KVV g!
apkopota 3.2., 3.6., 3.10. tabulas un attelota 3.2. — 3.9. att. Katra spontana ierauga fermentacijas
posma vienlaiciga mainigo faktoru ietekme uz atbildeém analiz€ta Design-Expert 12 (DE)
programma, veicot dispersijas analizi (ANOVA). Katra eksperimenta dispersijas analizes
rezultati doti 3.3., 3.7. un 3.11. tabula, kura paraditas modelu dispersijas analizes p-vértibas un
determinacijas koeficients R%. Lai iegiitu optimalos tehnologiskos parametrus DE programma,
katra spontana ierauga fermentacijas posma noteikti krit€riji (2.6. tabula). Optimalo
tehnologisko parametru modelésana veikta spontana ierauga, kas nodroSinatu irdinasanas
funkciju, iegtisanai. Kriteriju izv€le balstijas uz pienskabes baktériju un raugu vairoSanas
veicinasanu.

Mainigo faktoru ietekmes modeleéSana spontana ierauga 1. posma fermentacija

Pirma posma fermentacijas beigas iegiito 15 paraugu vizuala apskate liecinaja par
mainigo faktoru atkirigu ietekmi paraugos (3.1. att.). Vizualais veértg§jums eksperimenta plana
netika ieklauts, tacu tas noradija uz mainigo faktoru nozimigo ietekmi 1. posma.

3.1. att. 1. posma eksperimenta paraugu atteli /
Fig. 3.1. Visual images of samples in the Ist step of experiment
P1 —P15 — 1. posma eksperimenta paraugi péc fermentacijas saskana ar 2.3. tabulu /
Pl — P15 —Samples after 1st step fermentation according to Table 2.3
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Pirma posma 15 paraugu mainigo faktoru [imeni un iegiitie mérijumu rezultati (atbildes),
kas izteikti ka videjas merfjumu vertibas, paraditi 3.2. tabula. Paraugam (P7) ar mazako (100
ml) pievienota tidens daudzumu un paraugam (P11) ar vid€ju tidens daudzumu (150 ml), bet
zemako temperatiru (26 °C), noverota tumsaka krasa un nepatikams aromats, savukart,
paraugiem (P8, P4) ar lielako fidens daudzumu un augstako temperatiru (P12, P4) novérota
izteikti gaiSa krasa un ass aromats, salidzinajuma ar pargjiem paraugiem. Tomér lielakam
pievienota tidens daudzumam 1. posma nebija izSkiroSa nozime, jo parauga P6 (3.1. att.)
pievienotais tidens nedeva tadu efektu, ka parauga P8. Izteikti nepatikams aromats un tumsa
krasa noveérota paraugiem P9, P11, kurus ferment€ja zemakaja temperatiira. Nepatikamo
aromatu un tumso krasu varétu skaidrot ar miltu raksturigas nevélamas mikrobiotas doming&Sanu
un labvéligiem parametriem tas attistibai, nelaujot vairoties pienskabes baktérijam un raugiem.
Saja posma iesp&jama miltu nevélamas mikrobiotas, pieméram, Bacillus gints sugu ietekme,
izdalot sarmainus galaproduktus. NeatbilstoSu parametru izvéle 1. posma varétu kavét aktiva
ierauga raditaju sasniegSanu vai varétu but kritiska turpmako posmu fermentacija, ar
atjaunojamo dalu parnesot nevélamus mikroorganismus, pieméram, nevélamas mikroskopiskas
s€nes un sporas veidojosas bakterijas. Rezultata nov€rota nozimiga tris mainigo faktoru
vienlaiciga ietekme mikrobiotas sukcesija. Udens un miltu maisijums 1. posma beigas visos
paraugos uzradija neattistita ierauga pazimes: nepietickams PB un raugu KVV g! skaits
(3.2. tabula), ieraugiem neraksturigs blakus aromats.

3.2. tabula/ Table 3.2
Eksperimenta plans un atbildes 1. posma /
Experimental design and responses of the 1st step

1. posms / Ist step
MV‘:‘I lrltltiz%;llee ?:11222/ Atbildes' / Responses’
Paraugs / i} Xi Xa _ ).(3 PB/LAB Raugi / Yeasts
Sample U”‘}:t';/ T;;p‘;‘;‘:t‘;z / LT*::":Z "1 PH | logwKVVg'/ | logiKVVg'/
ml ’ poc ’ h ’ logiyCFU g’ logiwCFU g’
Pl 100 26 24 5.84 5.50 5.89
P2 200 26 24 5.72 5.29 5.34
P3 100 30 24 5.86 5.27 5.74
P4 200 30 24 4.62 5.02 5.04
P5 100 28 20 5.82 4.93 5.80
P6 200 28 20 5.72 5.58 5.86
P7 100 28 28 5.83 5.48 4.70
P8 200 28 28 4.68 4.69 5.33
P9 150 26 20 5.77 6.50 5.58
P10 150 30 20 5.72 5.48 5.95
P11 150 26 28 5.50 545 5.45
P12 150 30 28 5.03 5.39 5.39
P13 150 28 24 5.70 4.97 5.41
P14 150 28 24 5.75 4.86 5.54
P15 150 28 24 5.70 5.01 5.42

!Atbildes izteiktas ka logio KVV g! vidgjais aritmétiskais PB un raugu (n=4) mérjjumiem; vid€jais aritmétiskais
pH mérfjumiem (n=3); izceltas augstakas un zemakas vertibas / Responses expressed as logg CFU g~ !arithmetic
mean for LAB and yeasts (n=4), arithmetic mean for pH (n=3), the highest and the lowest values are highlighted
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Eksperimenta iegitas pH, PB un raugu atbildes tika ievaditas Design-Expert 12
programma un veikta eksperimenta atbilzu modelu dispersijas analize (3.3. tabula).

3.3. tabula / Table 3.3
1. posma modelu dispersijas analize / Analysis of variance of the Ist step models

Atbildes / Modelis / Model p-vértiba / p-value R?
Responses
pH Kvadratiskais / Quadratic 0.0007 0.9826
PB/LAB Kvadratiskais / Quadratic 0.0119 0.9441
Raugi / Yeasts Linearais / Linear 0.0143 0.6028

Pirma posma eksperimenta atbilzu modelus izskaidro vienadojumi. Mainigo faktoru
vienlaicigu ietekmi uz pH atbildém izskaidro 3.1. vienadojums un ietekmi uz pienskabes
bakteriju atbildém — 3.2. vienadojums. Mainigo faktoru vienlaicigu ietekmi uz raugu atbildeém
skaidrosanai piem&rots linearais modelis, kuru apraksta 3.3. vienadojums.

pH =5.72 —0.33X,—0.20X,— 0.25X5—0.28X, X, — 0.26X,X5—0.11X, X5~ 0.10X2 -

~0.11X2-0.11X2 (3.1)

PB =4.95 —0.08X, — 0.20X,—0.19X5—0.01X; X, — 0.36X,X5 + 0.24X, X5 —
~0.11X? + 0.43X2 + 0.33X2 (3.2)
Raugi="5.37-0.11X, + 0.03X,—0.38X; (3.3)

Mainigo faktoru vienlaicigas ietekmes p-vertibas dotas 3.4. tabula. pH modela dispersijas
analize uzradija pievienota Gidens (Xi), temperatiras (X2) un laika (X3) butisku (p<0.05)
ietekmi, ka arT tidens un temperattras (X;X2) un tidens un laika (X;X3) ietekmi uz pH.

3.4. tabula / Table 3.4
Mainigo faktoru ietekmes uz pH, PB un raugiem p-vértibas 1. posma /
p-values of variable factors effect on pH, LAB and yeasts in the Ist step

lpY X1 X2 X3 XiXz | XiX3 | X2X3 Xi? X2? X32
pH 0.0002 | 0.0017 | 0.0006 | 0.0018 | 0.0023 | 0.0720 | 0.0850 | 0.0699 | 0.0746

E% 0.2708 | 0.0225 | 0.0283 | 0.9117 | 0.0085 | 0.0380 | 0.2888 | 0.0048 | 0.0141
Raugi /| 5661 | 0.7994 | 0.0025 | - - _ _ _ _
Yeasts

1.p.Y — l.posma atbildes / responses of 1st step; X —udens; X, — temperatira; X3 — laiks; rezultati — pH, PB logio
KVV ¢! raugu logio KVV g! fermentacijas 1. posma; izceltas vertibas uzrada biitisku (p<0.05) ietekmi / X; —
water; X — temperature; X3 — time; results of the Ist step fermentation: pH, LAB log;y CFU g/, yeasts logio CFU
g !; highlighted values show a significant (p<0.05) effect.

Palielinoties tidens daudzumam un paaugstinoties temperattrai, pH vertibas samazinajas
straujak neka, ferment€jot ar mazaku pievienota tidens daudzumu (100 ml) un zemaka
temperattra (26 °C) (3.2.A att.). 1. posma zemakais pH noveérots, ja pievienots maksimalais
tdens daudzums — 200 ml un fermentacija notikusi maksimalaja temperatiira — 30 °C (3.2.A
att.) un maksimalaja fermentacijas laika 28 h. Savukart, augstakais pH noveérots, pievienojot
mazaku tidens daudzumu (100 ml) 20 h fermentacija (3.2.B att.).
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3.2. att. Mainigo faktoru vienlaiciga ietekme uz ierauga pH 1. posma fermentacija /
Fig. 3.2. The The effect of variable factors on pH of sourdough in the Ist step of
fermentation

A-—udens un temperatiiras ictekme uz pH / effect of water and temperature on pH; B — tidens un laika
ietekme uz pH / effect of water and time on pH

PB kvadratiskais modelis parada laika un temperatiiras (3.3.A att.) un laika un pievienota
tdens (3.3.B att.) biitisku (p<0.05) ietekmi. Augsts PB skaits novérots — 28 h un 26 °C, ka art
20 h un 26 °C fermentacija. Sadi rezultati liecina, ka 1. posma fermentacijas laika vairojas
augstakam temperatiram piemérojusas PB un zemakam temperatiiram piem&rojusas PB vai ar1
ir piemeérojusas visam eksperimenta temperatiiras diapazonam 26 — 30 °C un nav izteikta vienas
sugas doming€$ana. Pirma posma fermentacija vertgjama ka PB adaptacijas posms konkr&tajai
baribas videi, tapec, piedavajot piemérotakos apstaklus, varétu saisinat adaptacijas laiku un
novérst nevélamu spontano procesu saks$anos. Maksimalais PB logio KVV g! skaits sasniegts
28 h fermentacija ar pievienota tidens daudzumu 100 ml, ka art 20 h fermentacija ar 200 ml

tdens (3.3.B att.).

PB, log; KVV g1/
LAB, log,,CFU g~!
PB, log,, KVV g~!
LAB, log;yCFU g1

24 28
Laiks/ * 20 26 # Temperatira / Laiks / 20 100 - Udens/
Time, h Temperature, °C Time, h Water, ml

A B

3.3. att. Mainigo faktoru ietekme uz PB logio KVV g! 1. posma fermentacija /
Fig. 3.3. The effect of variable factors on LAB logio CFU g”'in the Ist step of fermentation

A — laika un temperatiiras ietekme uz pienskabes bakteriju logio KVV g™! / effect of time and temperature
on LAB log9o CFU g™ ; B — laika un tidens daudzuma ietekme uz pienskabes baktériju logio KVV g' / the effect
of time and water amount on LAB log;y CFU g™/

Mainigo faktoru vienlaicigu ietekmi uz raugiem skaidro Design-Expert 12 programma

iegitais linearais modelis. Laika (X3) ietekmi att€lo butiska (p<0.05) lineara sakariba.
Programma iegiiti temperatiiras un @idens vienlaicigas ietekmes sakaribas 20, 24 un 28 h
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fermentacija (3.4.A — C att.). 28 h fermentacija un 26 °C temperatiira, pievienojot 100 ml Gidens,
ir uzradits zemakais raugu KVV g ! raditajs (3.4.C att.). PB un raugu atbildes parada nozimigo
tidens daudzuma ietekmi uz So mikroorganismu vairosanos. Ilgstosa ierauga fermentacija raugu
vairo$anas samazinas, tacu tas atkarigs no parstavétas rauga sugas un vides pH. Zinatnieki
norada, ka ar1 bieza ieraugu atjaunosana var kavét raugu vairosanos (De Vuyst et al., 2017).
Linearas sakaribas parada, ka raugi 1. posma piemérojusies plasam temperatiiras un pievienota
tidens daudzuma variacijam. Aktivaka raugu vairoSanas vérojama ierauga ar mazaku pievienota
tdens daudzumu. Ja miltos pieejamie cukuri tiek pateréti, tad vairs nevar notikt strauja raugu
vairo$anas baribas vielu trikuma d€]. Raugu vairoSanos nozimigi ietekmé& baribas vielu

pieejamiba.

o

Raugi. log; KVV g!

Yeasts, log;,CFU g™!
Raugi, log,, KVV g1/
Yeasts, log;,CFU g™

R 200
7 S 160
= 140

dra / 200" g / ira/ & 120 1, /
Temperattra |/ 26 100 Udens / Temperatira / 26 00 Udens !

Temperature, °C Water, ml Temperature, °C Water, ml

B

Raugi, log,, KVV g1/
Yeasts, log,;,CFU g™

200

160

140
Temperatiira / 26 100 20 Udens/
Temperature, °C c Water, ml

3.4. att. Temperatiiras un iidens daudzuma ietekme uz raugu logio KVV g! 1. posma
atkariba no ierauga fermentacijas laika / Fig. 3.4. The effect of temperature and water
amount on yeasts logl0 CFU glin the 1st step fermentation of sourdough (A —20 h, B — 24
h, C-28 h)

Ierauga 1. posma fermentacija pH Iéna pazeminasanas skaidrojama ar zemo pienskabes
bakteriju metabolismu. 1. posma eksperimenta atbildes parada, ka rauga maksimalais KVV
skaits sasniegts 30 °C. Sada temperatiira ir labvéliga CO, izdaliSanai, bet lai raugu $unas
vairotos vislabveéligaka temperatiira ir 20 — 27 °C (De Vuyst et al., 2017; Kunkulberga &
Seglins, 2010). Kailgraudu miezu augstais B-glikanu saturs varétu kavéet cietes saskelSanos,
veidojot viskozu skidumu. Augstaka temperatiira veicina vielu hidrolizi, un raugu vairoSanas
norit intensivak vieglak pieejamo baribas vielu deél. Augstaka temperatiira aktivak norisinas
kimiskie procesi, kas veicina cietes hidrolizi. Optimalo tehnologisko parametru noteiksanai
1. posma kriterijs tika noteikts maksimalais raugu KVV un pienskabes bakteriju KVV skaits
tika noteikts ka otras nozimibas krit€rijs (iestatijums programma). Rauga metabolisma
izdalitajam etanolam var&tu biit nozime nevélamo mikroorganismu nomaksana, tacu vienlaikus
nepiecieSami labveligi apstakli, lai vairotos PB. No iegiitajam sakaribam DE programma péc
definétiem kriterijiem (2.6. tabula) tika iegiiti optimalie tehnologiskie parametri. Kailgraudu
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mieZu ierauga 1. posma fermentacija iegiiti $adi optimalie tehnologiskie parametri: pievienota
tdens daudzums — 113 ml, temperatira — 30 °C, fermentacijas laiks — 24 h. Optimalie parametri
izmantoti atjaunojamas dalas iegiiSanai 2. posma fermentacijai. legiitas eksperimentalas
vertibas atspogulo 2. posma fermentacijai paredzetas atjaunojamas dalas raksturojosos raditajus
(3.5. tabula).

3.5. tabula / Table 3.5
Optimalie tehnologiskie parametri un rezultati 1. posma /
Optimal technological parameters and results in the 1st step

Optimalie tehnologiskie parametri 1. posma /

Mainigie faktori / Variable factors Optimal technological parameters for the
1st step
Udens / Water, ml 113
Temperatiira / Temperature, °C 30
Laiks / Time, h 24
1. posma rezultati / Results of the Ist step
Ieraugu raksturojosie raditaji/ u PB/LAB Ralllgl [ Yeasts
Parameters of sourdough P logiKVVg - 1/
Zog 10CFU g
Modeletas vertibas / Modelled values 5.7 53 5.5
Eksperimentalas vertibas / Experimental values 54+0.04 5.8+ 0.50 6.7 +0.47

Zinatniskaja literatiira plasaki petijjumi atrodami par rudzu spontana ierauga 1. posma
fermentaciju. Pirma posma fermentacijas laiks var biit 18, 24 un 48 stundas atSkiriga
temperatiiras reZima (Spicher & Stephan, 1993), ja miltu un @idens proporcija 1:1. Nemot véra
tris mainigo faktoru vienlaicigu ietekmi, autores pétijuma iegiits fermentacijas laiks — 24 h.
Tiek atzits, ka So posmu raksturo dabiskas daudzveidigas miltu mikrobiotas attistiba un zems
pienskabes bakteriju metabolisms (Huys et al., 2013). Zinatnieku grupas Cakir et al. (2020)
pétijuma kailgraudu mieZu miltu un Gidens maisijuma (proporcija 1:1) 28 °C temperatiira 24 h
fermentacija pH bija samazinajies Iidz 4.59. Harth et al. (2016) petijuma mieZu miltu un tidens
(proporcija 1:1) 24 h fermentacija 17 — 22 °C temperatura straujas pH izmainas netika noverotas
un konstatéts zems (10°) PB KVV skaits. Lidzigi secinajumi tika iegiiti $aja pétijuma par PB
vairoSanos zema (26 °C) temperatiira.

Mainigo faktoru ietekmes modeléSana spontana ierauga 2. posma fermentacija
Otra posma fermentacijas beigas krasas vizualas atSkiribas starp paraugiem netika
noverotas, kas liecina par nevélamas mikrobiotas samazinasanos un par vajaku mainigo faktoru
ietekmi. Pirma posma fermentacija iegiita atjaunojama dala, kurai tika pievienota jauna tidens
un miltu porcija, veicingjusi v€lamas mikrobiotas attistibu 2. posma. lerauga 2. posma
fermentacijas pH, PB un raugu atbildes dotas 3.6. tabula. Augstakais pH novérots parauga P5
8 h fermentacija ar pievienota idens daudzumu 100 ml. Zemakais pH konstatets parauga P4 ar
maksimalo tdens daudzumu 200 ml, 32 °C temperatira un maksimalaja 24 h fermentacijas
laika. Augstaks PB logio KVV g! skaits paraugos P1 (5.98) un P9 (5.96) sasniegts ar
atskirigiem parametriem, turklat Sajos paraugos novérots augstakais raugu logio KVV g
Mainigo faktoru ietekmi pH atbildém atspogulo kvadratiskais modelis, kuru izsaka
3.4. vienadojums. PB atbildem DE programma iegiits divfaktoru modelis (3.5.), tacu raugu
atbildém — linearais modelis (3.6.).
pH =4.47 —0.27X; —0.02X, —0.32X; —0.03X,X,+ 0.25X, X5 + 0.10X; X5 +
+0.11X% +0.10X2 + 0.32X% (3.4)
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PB =5.45+0.10X, + 0.13X,—0.08X; + 0.04X, X, + 0.19X, X5 + 0.08X,X;  (3.5.

Raugi =5.00 —0.32X, —0.20X, —0.78X,

(3.6.)

3.6. tabula / Table 3.6

Eksperimenta plans un atbildes 2. posma /
Experimental design and responses of the 2nd step

2. posms / 2nd step
Mainigie faktori / Variable factors Atbildes' / Responses’
Xi X X3 PB/LAB Raugi / Yeasts
Sonvte | .| e el o | g vy g1 |ty g
ml oC h logiy CFU g~ logiwCFU g
Pl 100 29 16 5.02 5.98 6.26
P2 200 29 16 4.44 5.48 4.27
P3 100 35 16 4.97 5.79 4.57
P4 200 35 16 4.29 5.55 4.35
P5 100 32 5.71 5.78 6.11
P6 200 32 4.76 4.60 5.62
P7 100 32 24 4.55 5.58 4.53
P8 200 32 24 4.61 5.93 4.71
P9 150 29 5.28 5.96 6.35
P10 150 35 5.11 5.39 6.21
P11 150 29 24 4.48 5.49 4.34
P12 150 35 24 4.70 5.84 4.50
P13 150 32 16 4.43 5.32 441
P14 150 32 16 4.42 5.29 4.30
P15 150 32 16 4.57 5.46 4.40

!Atbildes izteiktas ka logio KVV g™! vidgjais aritmétiskais PB un raugu (n=4) mérijjumiem; vid&jais aritmétiskais
pH mérijumiem (n=3); izceltas augstakas un zemakas vertibas / Responses expressed as logio CFU g”'arithmetic
mean for LAB and yeasts, arithmetic mean for pH (n=3), the highest and lowest values are highlighted

Mainigo faktoru vienlaicigas ietekmes modelu dispersijas analize pH, PB un raugu
atbildem veikta DE programma un atspogulota 3.7. tabula.

3.7. tabula / Table 3.7
2. posma modelu dispersijas analize / Analysis of variance of the 2nd step models

Atbildes / Modelis / Model p-vértiba / p-value R?
Responses
pH Kvadratiskais / Quadratic 0.0009 0.9812
PB/LAB Divfaktoru / Two factors 0.0445 0.7376
Raugi / Yeasts Linearais / Linear 0.0141 0.6039

Mainigo faktoru vienlaicigas ietekmes p-vertibas dotas 3.8. tabula. pH atbildes biitiski
ietekm@ja pievienota tidens daudzums (Xi), laiks (X3), Gdens un laika (X; X3) vienlaiciga
ietekme. Udens un laika faktori (X; X3) biitiski ietekm&ja PB skaitu, bet raugu skaitu biitiski
ietekmgja laika faktors (X3).
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3.8. tabula / Table 3.8

Mainigo faktoru ietekmes uz pH, PB un raugiem p-vértibas 2. posma /
p-values of the variable factors on pH, LAB and yeasts of the 2nd step

2p.Y X1 X2 X3 XiXz | XiXs | X2X3 Xi? X2? X32
pH 0.0004 | 0.5801 | 0.0002 | 0.6013 | 0.0025 | 0.0818 | 0.0636 | 0.0953 | 0.0010
EE; 0.6672 | 0.2348 | 0.3794 | 0.6056 | 0.0131 | 0.0902 — - -
Raugi 7 o 1610 | 03647 | 0.0035 | - - - - _ -
Yeasts

2.p.Y-2.posma atbildes / responses of 2nd step; X —udens; X, — temperatiira; X3 — laiks; rezultati — pH, PB logio

KVV g!, raugu log;o KVV g! fermentacijas 1.posma; izceltas veértibas uzrada biitisku (p<0.05) ietekmi / X; —
water; X>— temperature; X; — time; results of 1st step fermentation: pH, LAB log;0 CFU g™, yeasts log;y CFU g™,

highlighted values show a significant (p<0.05) effect

pH atbildem 3.5. attéla dota Gidens un laika biitiska (p<0.05) savstarp&ja ietekme, no
kuras var secinat, ka ilgaka laika un ar lielako pievienota fidens daudzumu pH uzrada zemakas

vertibas.

8 100

160
140

180

200

120 Udens / Water, ml

3.5. att. Laika un tidens ietekme uz ierauga pH 2. posma /

Fig. 3.5. The effect of time and water on pH of sourdough in the 2nd step

Otra posma fermentacija divfaktoru modelis norada uz bitisku (p<0.05) laika un Gdens
ietekmi uz PB Iidzigi ka 1. posma. PB maksimalais rezultats 2. posma novérots 8§ — 16 h laika
perioda un arT maksimalaja 24 h fermentacija ar 200 ml tidens (3.6. att.).

PB. log,, KVV g1/
LAB, log;,CFU g™

L
o " Odens /
Time. h & 100 Water, ml

Raugy, log,, KVV g~/
Yeasts, log;oCFU g1

140 1 /
120 Udens /

Time. h 24 100 Water, ml

3.6. att. Laika un @idens ietekme uz PB (A) un raugu (B) logio KVV g! 2. posma
fermentacija / Fig. 3.6. The effect of time and water on LAB (A) and
yeasts (B) logio CFU g'in the 2nd step of fermentation
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PB sakotngji nepiecieSams pielagosanas periods (lag faze), kura baktériju vairoSanas vél
nenotiek (Bertrand, 2019). Lag fazes laika notiek ar1 Stnu rehidratacija. Lag fazes ilgums
atkarigs no pH, temperatiras un baribas vides, ka arT no bakt€rijas Stinas gatavibas vairo$anas
procesam, kas intensivi notiek eksponencialaja faze. Jo augstaks ievadito Stinu skaits, jo lag
faze ir 1saka. Zemakais PB skaits 1sakaja laika ar maksimalo pievienoto fidens daudzumu (3.6.A
att.) skaidrojams ar PB adaptacijas periodu. Otra posma fermentacija novérota laika faktora
butiska (p<0.05) ietekme ari uz raugu vairoSanos. Linearais modelis paradija, ka raugu
maksimalais rezultats sasniedzams ar mazako tidens daudzumu (100 ml) 1sakaja fermentacijas
laika (8 h) (3.6.B att.). Lidzigi tidens faktors ietekméja raugu rezultatu 1. posma eksperimenta.

Otra posma fermentacija straujakai pH pazeminasanai un raugu saglabaSanai izvirzits
kritérijs maksimalais PB un raugu skaits. Otra posma eksperimenta atbildes ievaditas DE
lietotn€ un atziméti kritériji (maksimalais PB un raugu skaits). 2. posma fermentacija iegiiti
optimalie tehnologiskie parametri: pievienota tidens daudzums — 137 ml, temperatira — 31 °C,
laiks — 14 h. Iegttie optimalie parametri parbauditi eksperimentali, iegiistot augstaku PB un
raugu logio KVV g skaitu, un tie raksturo atjaunojamo dalu, kas paredz&ta 3. posma
fermentacijai (3.9. tabula). Spontanaja fermentacija ir nozimiga apkartgjas vides mikrobiotas
ietekme, tapec eksperimentali iegiitie rezultati var atskirties no modeletajiem.

3.9. tabula / Table 3.9
Optimalie tehnologiskie parametri un rezultati 2. posma /
Optimal technological parameters and results in the 2nd step

Optimalie tehnologiskie parametri /

Mainigie faktori / Variable factors Optimal technological parameters

Udens / Water, ml 137
Temperatiira / Temperature, °C 31
Laiks / Time, h 14

2. posma rezultati / Results of the 2nd step

e PB/LAB Raugi / Yeasts
leraugu raksturojosie radita;ji/ o -
Parameters of sourdough p loginKVV g B 1/
log 10CFU g
Modelétas vertibas / Modelled values 4.7 5.6 53
Eksperimentalas vertibas / Experimental values 4.6 £0.05 6.0+£0.44 6.8 +0.04

Mainigo faktoru ietekmes modeleéSana spontana ierauga 3. posma fermentacija

Tresa posma atbildes paraditas 3.10. tabula. Zemakais pH konstatéts parauga P8, kuram
pievienots lielakais fidens daudzums (200 ml) un kur§ fermentéts ilgakaja laika (20 h).
Augstakie PB un raugu rezultati noveroti vidéjo mainigo faktoru vid€jo (150 ml, 29 °C, 14 h)
fermentacija paraugos P15 un P13. Vienada temperatiira un fermentacijas laika vajaka PB
vairo$anas noverota parauga ar mazaku pievienoto tdeni (P7), kas parada tidens nozimi PB
augSanai. Tre$a posma atbilzu modelus izsaka 3.7. —3.9. vienadojumi.

pH =4.12-0.07X, —0.02X,—0.04X; (3.7)

PB =7.21+0.05X; —0.01X,—0.13X5 + 0.01X; X,+ 0.05X,X;5 + 0.01X, X5 —
~0.15X% - 0.14X2 - 0.10X% (3.8))

Raugi =7.24 —0.07X; —0.36X,-0.03X;3 + 0.45X, X, —0.26X,X; —0.07X, X5 —
~0.17X% -0.43X2 —1.05X% (3.9,
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3.10. tabula / Table 3.10

Eksperimenta plans un atbildes 3. posma /
Experimental design and responses of the 3rd step

3. posms / 3rd step
Mainigie faktori / o 1
Variable factors Atbildes’ / Responses
Xi Xz X3 PB/LAB Raugi / Yeasts
Paraugs / — - -
Sample Udens/ | Temperatira / La.lks / pH logKVV g '/ |logiKVVg'/
Water, Temperature, Time, loew CFU ! I ,1
o 810 g 0giwCFU g
ml C h
P1 100 26 14 4.27 6.98 7.05
P2 200 26 14 4.13 7.03 6.45
P3 100 32 14 4.24 6.83 5.92
P4 200 32 14 4.06 6.88 7.13
P5 100 29 4.22 7.14 6.17
P6 200 29 4.09 7.20 6.11
P7 100 29 20 4.01 6.64 6.43
P8 200 29 20 3.87 6.90 5.35
P9 150 26 4.15 7.01 6.22
P10 150 32 4.08 7.08 5.15
P11 150 26 20 4.17 6.85 6.50
P12 150 32 20 4.15 6.97 5.16
P13 150 29 14 4.25 7.13 7.92
P14 150 29 14 4.13 7.23 7.15
P15 150 29 14 4.04 7.28 6.65

!Atbildes izteiktas ka logio KVV g! vidgjais aritmétiskais PB un raugu (n=4) mérijumiem; vidgjais aritmétiskais
pH mérfjumiem (n=3); izceltas augstakas un zemakas vertibas / Responses expressed as log;g CFU g”'arithmetic
mean for LAB and yeasts, arithmetic mean for pH (n=3), the highest and lowest values are highlighted

Tresa posma eksperimenta modeli neuzradija biitisku mainigo faktoru ietekmi uz pH, PB
un raugu atbildém (3.11. tabula). Tas norada uz pienskabes bakteriju un raugu stabilu attistibu
3. posma, un eksperimentu plana mainigo faktoru limeni to bitiski neietekmgja.

3.11. tabula / Table 3.11
3. posma modelu dispersijas analize / Analysis of variance of the 3rd step models

RZZ:;;?;S / Modelis / Model p-vértiba / p-value R?
pH Linears / Linear 0.1163 0.4026
PB/LAB Kvadratisks / Quadratic 0.1908 0.8029
Raugi / Yeasts | Kvadratisks / Quadratic 0.2109 0.7925

Tresa posma fermentacija mainigo faktoru vienlaicigu ietekmi uz pH apraksta linears
modelis pret&ji 1. un 2. posma noveérotajam kvadratiskajam modelim. Lineara modela sakaribas
parada butisku pievienota tidens ietekmi. 3. posma vienlaicigi palielinoties pievienota tidens
daudzumam un paaugstinoties temperatiirai, pH pazeminas (3.7. att.).
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3.12.tabula / Table 3.12

Mainigo faktoru vienlaicigas ietekmes uz pH, PB un raugiem p-vértibas 3. posma /
p-values of the variable factors on pH, LAB and yeasts of the 3rd step

3pY X1 X2 X3 XiXz | XiXs | X2X3 Xi? X2? X32
pH 0.0441 | 0.4796 | 0.2170 — — - - - -
EEB{ 0.3008 | 0.7747 | 0.0323 | 1.0000 | 0.4724 | 0.8536 | 0.0821 | 0.0946 | 0.2037

I}j:alfis/ 0.7649 | 0.1490 | 0.9053 | 0.1876 | 0.4292 | 0.8290 | 0.6004 | 0.2224 | 0.0191

3.p.Y — 3. posma rezultati / results of 3rd step; X; — tdens; X, — temperatiira; X3 — laiks; rezultati — pH, PB logio
KVV gl raugu logio KVV g! fermentacijas 1. posma; izceltas vertibas uzrada biitisku (p<0.05) ietekmi / X; —
water; X>— temperature; X; — time; results of 1st step fermentation: pH, LAB log,;0 CFU g™, yeasts log;y CFU g™,
highlighted values show a significant (p<0.05) effect

40 )
120 Udens /

Water, ml

Temperatira /
Temperature, °C

27
26

100

3.7.att. Temperatiiras un tidens ietekme uz pH 3. posma fermentacija /
Fig.3.7. The effect of temperature and water on pH in 3rd step of the fermentation

Lidzigam sakaribam vajadzetu atspoguloties PB atbildes, jo PB aktivitate saistama ar pH
pazeminaSanos, tacu mainigie faktori atskirigi ietekmé PB atbildes, kuru maksimalas vertibas
novérojamas faktoru (X1, X2) vidgjos Itmenos (3.8. att.).
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3.8. att. Temperatiiras un iidens ietekme uz PB (A) un raugu (B) atbildém 3. posma
fermentacija / Fig. 3.8. The effect of temperature and water on LAB (A) and yeasts (B)
responses in 3rd step of fermentation

Pret&ji 1. posma PB un raugu maksimalas vertibas novérotas zemakaja un augstakaja
temperatiiras un iidens Itmeni. Mazaks pievienota tidens daudzums varétu veicinat baribas vielu
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pieejamibu raugiem. Tacu zemakas temperatiiras, veidojoties B-glikanu viskozajai Skidrajai
fazei un uzbriestot cietei, baribas vielu pieejamiba varétu ar1 samazinaties.

DE programma 3. posma fermentacija iegiti $adi optimalie tehnologiskie parametri:
pievienota Gdens daudzums — 153 ml, temperatiira — 28.5 °C, laiks — 12 h (3.13. tabula).
Optimalie temperatiras un laika parametri sakrit ar literatiira aprakstitajiem miezu, ka art kviesu
un rudzu ieraugu fermentacijas apstakliem pirmaja posma, kas paredz 24 h fermentaciju
1. posma (Brandt & Ginzle, 2006; De Vuyst et al., 2017). Petijumos aprakstitaja kailgraudu
miezu spontana ierauga fermentacija visos posmos tiek piemerots laiks 24 h (Cakir et al., 2020;
Harth et al., 2016; Mariotti et al., 2014). Autores pétijuma piedavati atSkirigi parametri katra
posma, atkariba no vienlaicigas mainigo faktoru ietekmes. Vairaku pétnieku aprakstitas
metodes miezu ierauga fermentacija paredz 30 °C temperatiiru. Saja pétijuma iegiita augstaka
optimala fermentacijas temperatiira 31 °C 2. posma. Noteikta katra posma atskiriga miltu un
tidens proporcija, un augstaks pievienota tidens daudzums 2. un 3. posma neka spontanajiem
ieraugiem raksturigi. Kailgraudu miezu miltu augsta fidens absorbcija (70%) un SkistoSo
Skiedrvielu, 1pasi B-glikanu 1pasiba veidot viskozus Skidumus nozimigi ietekmé fermentaciju
(Torbica et al., 2021).

3.13. tabula / Table 3.13
Optimalie tehnologiskie parametri un rezultati 3. posma /
Optimal technological parameters and results in the 3rd step

Optimalie tehnologiskie parametri /

Mainigie faktori / Variable factors Optimal technological parameters

Udens / Water, ml 150

Temperatiira / Temperature, °C 28.5
Laiks / Time, h 12
3.posma rezultati / Results of the 3rd step
leraugu raksturojosie raditaji/ PB/LAB Raugi / Yeasts
Parameters of sourdough pH loginKVV gil]/
log 10CFU g
Modelétas vertibas / Modelled values 4.1 7.2 6.8
Eksperimentalas vertibas / Experimental values 3.8+0.05 82+0.14 7.3+£0.68

Ka rada pétijuma eksperimentali iegiitie dati (3.12. tabula), optimalos apstaklos spontanas
fermentacijas tris posmos ir attistijusies aktivu ieraugu raksturojosa mikrobiota: pienskabes
bakt&rijas —no 3.0 logio KVV g! pirmaja posma Iidz 8.2 logio KVV g! tre3aja posma un raugi
—1n04.9logio KVV g! pirmaja posma Iidz 7.3 logio KVV g ! tre§aja posma. pH pazemina$anas
no 5.4 lidz 3.8 norada uz pienskabes bakteriju metabolisma aktivizésanos.

Iegiitas sakaribas izmantojamas kailgraudu miezu spontana ierauga tehnologiska procesa
vadiSanai un parametru korigé€Sanai atkariba no nepieciesama pH, PB un raugu KVV skaita.
Kopuma iegiitic modelésanas rezultati parada Iidzigus tehnologiskos parametrus, kadi noveéroti
tradicionalo spontano ieraugu fermentacija. Kailgraudu miezu ierauga fermentacija
nepiecieSams augstaks pievienota fidens daudzums (150 ml) neka raksturigs tradicionalo
spontano ieraugu fermentacija.

3.2.2. Mikrobiotas sukcesija kailgraudu mieZu ierauga fermentacijas trijos posmos /
Succession of microbiota in hull-less barley sourdough three step fermentation

Piemérojot optimalos parametrus ierauga fermentacija, kailgraudu miezu miltu

daudzveidigo mikrobiotu iesp&jams virzit velamo mikroorganismu augSanai. Lai pétitu
mikroorganismu sukcesiju un daudzveidibu kailgraudu miezu spontana ierauga fermentacija un
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noteiktu pienskabes bakteriju un raugu sastavu ierauga, kas ferment€ts izmantojot optimalos
tehnologiskos parametrus, veikta baktériju un mikroskopisko sénu identifikacija. Analizeti
kailgraudu miezu miltu un ierauga paraugi 1. posma, 2. posma un 3. posma fermentacijas
beigas.

Kailgraudu miezu miltu mikroorganismu daudzveidiba (richness, anglu val.), ka ar1
mikrobiotas attistiba katra fermentacijas posma paradita 3.9. att€la. Augstaka bakt€riju sugu
daudzveidiba identificeta KM (92) un ierauga 1. posma KMI1 parauga (82), tacu 2. un 3. posma
KMI2 un KMI3 to daudzveidiba samazinas (3.9.A att.) un dominé pienskabes bakterijas
(3.11. att.). Tas sakrit ar citu petnieku secinato par pienskabes bakteriju sukcesiju fermentacijas
laika. saglabajoties noteiktam konkuretsp&jigdm sugam. Kailgraudu miezu spontanaja ierauga
ar1 citi pé€tnieki konstat€jusi plasu sugu daudzveidibu (Cakir et al., 2020). Augstakais
mikroskopisko sénu parstavju skaits noteikts KM divos paraugos (KM.1 un KM.2), bet mazaka
daudzveidiba konstatéta 1. posma fermentacija (3.9.B att.). Kailgraudu miezu miltu mikrobiotas
daudzveidibu ietekmé& ar1 kailgraudu miezu specifiska uzbtive. Miltu razoSanas procesa
ziedpleksne, kas vért§jama ka mikroorganismu vide, tiek atdalita, kas var€tu ietekmét
mikroorganismu sastavu, palielinat citu bakteriju un mikroskopisko sénu klatbiitni un
daudzveidibu, kas ir novérojama KM paraugos.
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3.9. att. Bakteériju (A) un mikroskopisko sénu (B) identificeto sugu skaits kailgraudu
mieZu miltos un kailgraudu mieZu spontana ierauga fermentacijas tris posmos /
Fig.3.9. Bacteria (A) and fungi (B) richness in hull-less barley flour and in hull-less barley
spontaneous sourdough three steps fermentation
KM - kailgraudu miezu milti; KMI1 — fermentéts KM un Gidens maisijums p&c 1. posma; KMI2 — fermentéts KM
un tidens maistjums p&c 2. posma, KMI3 — kailgraudu miezu spontanais ieraugs péc 3. posma / HBF — hull-less
barley flour; HBS1 —fermented flour and water mixture after 1st step; HBS2 — fermented HBF and water mixture

after 2nd step;, HBS3 — hull-less barley spontaneous sourdough after 3rd step

KMI1.1, KMI1.2 / HBSI1.1, HBS1.2 —KMII pirmais un otrais paraugs mikroskopisko sénu identifikacija / KMI1
sample I and 2 in the identification of fungi; KMI2.1, KMI2.2 / HBS2.1, HBS2.2 —KMI2 pirmais un otrais paraugs
mikroskopisko sénu identifikacija / KMI2 sample I and 2 in the identification of fungi; KMI3.1, KMI3.2 / HBS3.1,
HBS3.2 — KMI3 pirmais un otrais paraugs mikroskopisko sénu identifikacija / KMI3 sample 1 and 2 in the
identification of fungi

Taksonomiskais sastavs parada pienskabes bakteriju gintis un sugas (3.10. att.) kailgraudu
miezu miltos un ierauga fermentacijas tris posmos. Kailgraudu miezu miltu parauga
identificétas biezak parstavétas baktériju gintis un sugas Pantoea agglomerans,
Curtobacterium flaccumfaciens un Pseudomonas spp. (3.10. att., 1. pielikums). Starp biezak
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parstavétajam baktérijam kailgraudu miezu miltos nav konstattas pienskabes baktérijas.
Pantoea agglomerans tiek aprakstita ka sporas neveidojoSa aeroba gram-negativa
Enterobacteriaceae dzimtas bakterija, kurai ir augu valsts izcelsme, un var biit infekciju
izraisitaja, ta¢u cilvékiem ar normalu imunitati nav bistama (Admire et al., 2022). Sadu
bakteriju nokliisana uz graudiem no apkartgjas vides varétu notikt graudu uzglabasanas laika.
Kailgraudu neatbilsto$a uzglabasana pirms malSanas var veicinat nevélamu mikroorganismu
noklisanu miltos.

Pantoea agglomerans
Curtobacterium flaccumfaciens
Pseudomonas unclassified
Stenotrophomonas maltophilia

1.0
L |

0.8 1 Paenibacillus chinensis
unclassified unclassified
Pediococcus pentosaceus
Enterococcus unclassified
Kosakonia hermannii
Weissella unclassified
Pantoea unclassified
Lactococcus lactis
Lactobacillus delbrueckii
Enterobacter hormaechei
Enterococcus faecium
Weissella cibaria
Lactiplantibacillus unclassified

Proporcija / Proportion

3.10. att. Biezak parstavéto baktériju gintis un sugas kailgraudu mieZu miltos un
kailgraudu mieZu spontana ierauga fermentacijas tris posmos /
Fig. 3.10. The most represented bacteria genus and species in hull-less barley flour and in
spontaneous sourdough three steps fermentation

KM - kailgraudu miezu milti; KMI1 — fermentéts KM un Gidens maisijums p&c 1. posma; KMI2 — fermentéts KM

un tdens maisijums péc 2. posma, KMI3 —kailgraudu miezu spontanais ieraugs péc 3. posma

HBF — hull-less barley flour; HBS1 — fermented flour and water mixture after 1st step; HBS2 — fermented HBF

and water mixture after 2nd step; HBS3 — hull-less barley spontaneous sourdough after 3rd step

Ar retaku parstavniecibu kailgraudu miezu miltos identific€tas Lactococcus lactis,
Lactobacillus delbrueckii, ka ar1 neatpazitas pienskabes bakterijas. Lactobacillus delbrueckii
identific€ta visos analiz€tajos paraugos (3.14. tabula). Lactobacillus spp. uzradija visaugstako
daudzveidibu starp retak parstavétajam pienskabes bakterijam. Retak parstavetas pienskabes
bakterijas labveligos apstaklos potenciali varétu aktivizeét augSanu. Pirma posma fermentacija
domin&ja Pantoea agglomerans un Enterococcus spp., kuru proporcija 2. un 3. posma bija
samazinajusies. leraugi ar domingjoSu graudu raksturigo mikrobiotu un ieraugiem
neraksturigajam pienskabes bakt€rijam uzskatami par neattistitiem (Oshiro et al., 2021). Pirma
posma ierauga identifikacijas rezultati apstiprina 1. posma eksperimenta iegiitos rezultatus,
kuros nav novérota PB, raugu aktivitate un strauja pH pazeminasanas. Savukart, fermentacijas
2. un 3. posma domingja pienskabes baktérijas Pediococcus pentosaceus, ka ar1 parstavétas
Pantoea agglomerans, Weissella cibaria, Lactococcus lactis. Ka liecina literatiiras dati,
2.posma fermentacija raksturiga Weissella, Lactococcus un Leuconostoc gints sugu
dominéSana, tacu §1 pétijjuma 2. posma domin€ja Pediococcus pentosaceus. Zinatniskaja
literatiira atrodams, ka pienskabes bakteriju gintis Pediococcus un Weissella ir atzitas ka retak
parstavetas rudzu un kvieSu ieraugos (De Vuyst et al., 2017), tomér miezu ieraugos Pediococcus
pentosaceus sastopama ka domingjosa (Cakir et al., 2020). Starp retak parstavétajam PB 1. un
2. posma konstatetas Lactobacillus helveticus, bet tikai 2. posma Lactobacillus amylolyticus,
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kas sastopamas ferment€tos produktos. Nenobriedusas mikrobiotas gadijuma ar jaunu miltu
porciju ienestie mikroorganismi labveligos apstaklos var vairoties un radit konkurenci
domingjoSiem mikroorganismiem.

3.14. tabula / Table 3.14
Retak parstavetas pienskabes bakterijas kailgraudu mieZu miltos un spontana ierauga
fermentacijas tris posmos / Less represented bacteria in the hull-less barley flour and
three steps fermentation of sourdough

Pienskabes bakterija / KM/ KMI1/ KMI2/ KMI3/
Lactic acid bacteria HBF HBS1 HBS2 HBS3
Lactobacillus delbrueckii + + + +
Lactococcus lactis + + + +
Lactobacillus helveticus - + + _
Lactobacillus amylolyticus - - + —
Lactiplantibacillus spp. - + + +
Weisella spp. - + + +

Lidzas Lactobacillus spp. ieraugos atrodamas Enterococcus, Lactococcus un
Streptococcus bakteriju gintis (Gobbetti & Génzle, 2013; Oshiro et al., 2021; Weckx et al.,
2010) spontanas fermentacijas pirmajos posmos (Corsetti et al., 2007). Sis blakus pastavosas
(subdominant, anglu val.) pienskabes baktériju sugas adaptejusas augSanai augu izcelsmes
materialos. Sakotngji §is nobrieduSam spontanam ieraugam neraksturigas pienskabes bakterijas
var biit nozimigas, lai strauji pazeminatu skabumu tidens miltu maistjuma, tad€jadi aktivizgjot
miltos esoSos enzimus (De Vuyst et al., 2017). Tas uzskatitas par nozimigakam skabas vides
veidoSana neka ieraugu raksturigds pienskabes bakterijas, radot labve€ligu vidi ierauga
raksturigdm pienskabes baktérijam. Zinatnieki norada, ka 2. — 5. fermentacijas posmos
konstateto Weissella, Leuconostoc, Lactococcus un Pediococcus spp. domin€Sana var biit
sasniegta no 3. lidz 5. posmam. Autores pétijuma Pediococcus pentosaceus domingSana
sasniegta fermentacijas 2. posma KMI2 parauga. Pétnieku grupa Calabrese et al. (2022)
Lactobacillus spp. Fakultativi anaeroba, homofermentativa Pediococcus pentosaceus
petijumos minéta ka specifiskas peptidazes producgjosa suga (Gerez et al., 2012; Scherf et al.,
2018) un ar antimikrobialu un probiotisku aktivitati (Jiang et al., 2021; Porto et al., 2017), kas
vert€jama ka nozimiga nevélamas mikrobiotas nomakSana. Citi pé&tnieki noteikusi no
kailgraudu miezu ierauga izolétu Lactiplantibacillus plantarum un Pediococcus pentosaceus
antimikrobialu (Penicillium funiculosum, Fusarium poae) un fitazes aktivitati (Adnan et al.,
2021; Bartkiene et al., 2020).

No optimalo parametru model&Sanas rezultatiem (3.9., 3.13. tabula) var secinat, ka 2. un
3. posma Pediococcus pentosaceus augSanai pieméroti spontana ierauga fermentacijas
parametri, attiecigi 14 un 12 h fermentacija 31.0 °C un 28.5 °C temperatiira. Nelabvéeliga
mikrobiotas dominéSana samazinajas spontana ierauga 2. un 3. posma fermentacija, par ko
liecina biezak parstaveto bakteriju identifikacija (3.10. att.) un pienskabes bakt€riju vairosanas,
parbaudot eksperimentali optimalos tehnologiskos parametrus (3.13.tab.). KMI3 parauga
lerauga raksturigas pienskabes bakt€rijas netika atrastas. leraugam raksturigas pienskabes
bakteriju sugas Lactiplantibacillus plantarum, Limosilactobacillus fermentum, kailgraudu
miezu ieraugos zinatnieki konstat&jusi 5. 1idz 7. fermentacijas posma (Cakir et al., 2020; Harth
et al., 2016)

Starp biezak parstavétajam mikroskopisko sénu sugam kailgraudu miezu miltos
atrodamas Alternaria metachromatica, Cladosporium delicatulum, Mycosphaerella tassiana,
Sarocladium bactrocephalum un Vishniacozyma victoriae (3.11. att., 2. pielikums). Lidzigi
rezultati aprakstiti Katsi et al. (2021) p&tijuma par kvieSu ieraugu. Pirma posma fermentacijas
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laika konstatéta Phialemoniopsis curvata, Sarocladium bactrocephalum un Saccharomyces
spp. A1l citu pétnieku darbi liecina par miltu mikrobiotas daudzveidibu, ko veido Fusarium,
Alternaria, Penicillium ginSu mikroskopiskas sénes (De Angelis et al., 2019; Minervini et al.,
2015).

Alternaria metachromatica
Alternaria spp.
Cladosporium delicatulum
Mpycosphaerella tassiana
Phialemoniopsis curvata
Saccharomyces spp.
Sarocladium bactrocephalum
neklasificets/ unclassified
Vishniacozyma victoriae
Alternaria rosae
Vishniacozyma spp.
Sarocladium spp.
Penicillium spp.
Vishniacozyma heimaeyensis
Aspergillus conicus
Debaryomyces hansenii
Cladosporium spp.
Rhodotorula spp.

Proporcija / Proportion

1°n 1

3.11. att. Biezak parstaveto mikroskopisko sénu gintis un sugas kailgraudu miezZu miltos
un kailgraudu mieZu spontanaja ierauga fermentacijas tris posmos / Fig. 3.11. The most
represented genus and species of fungi in hull-less barley flour and spontaneous
sourdough in three steps fermentation
KMI1.1, KMI1.2 / HBS1.1, HBS1.2 —KMII pirmais un otrais paraugs mikroskopisko sénu identifikacija / KMI1
sample 1 and 2 in the identification of fungi;, KMI2.1, KMI2.2 / HBS2.1, HBS2.2 —KMI2 pirmais un otrais paraugs
mikroskopisko sénu identifikacija / KMI2 sample 1 and 2 in the identification of fungi; KMI3.1, KMI3.2 / HBS3.1,

HBS3.2 — KMI3 pirmais un otrais paraugs mikroskopisko sénu identifikacija / KMI3 sample 1 and 2 in the
identification of fungi

Savukart, mikroskopisko sénu izmainas fermentacijas 2. posma paradija Sarocladium
bactrocephalum, Alternaria spp., Saccharomyces spp. dominéSanu, bet 3. posma ka biezak
parstavetas identificétas Alternaria, Cladosporium gintis (3.11. att.). Starp identificétajam
mikroskopiskajam séném konstatétas vairakas raugveida s€nes (2.pielikums), piemeram,
Rhodotorula spp., Visniacozyma heimaeyensis, Candida spp. Debaryomyces hansenii tiek
izmantota ferment&tos piena produktos, bet Visniacozyma heimaeyensis vinogu fermentacija,
veidojot izstradajumu aromatu.

3.2. Nodalas kopsavilkums / Summary of Chapter 3.2

Nodala apskatita optimalo tehnologisko parametru noteikSana spontana ierauga
fermentacija ar Box-Behnken metodi, datu statistisko analizi veicot Design-Expert 12
programma. Mainigie faktori butiski ietekmé&ja pH, pienskabes bakteriju un raugu atbildes 1. un
2.posma fermentacija, bet 3. posma to ietekme nebija biitiska, noradot uz mikrobiotas
stabilizéSanos. Modelesana iegiitas likumsakaribas izmantojamas spontana kailgraudu miezu
ierauga fermentacijas tehnologiska procesa izstradei, lai sasniegtu nepiecieSamo spontana
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ierauga kvalitati. Spontana procesa raksturojums sniedz likumsakaribas, kas izmantojamas
kailgraudu miezu ierauga fermentacijas korigésanai.

Kailgraudu miezu spontana ierauga fermentacijas laika novérota daudzveidiga
mikrobiota. Kailgraudu miezu spontana ierauga tris posmu fermentacijas pétijums ir
apstiprinajis pienskabes bakteriju sugas Pediococcus pentosaceus domin€Sanu 2. un 3. posma,
un Weissella cibaria, Lactococcus lactis retaku parstavniecibu, un rauga Saccharomyces
cerevisiae klatbutni. 3. posma palielinajas pienskabes baktériju un raugu KVV skaits, tadgjadi
sasniedzot aktiva spontana ierauga raditajus un nodrosinot atbilstosas kvalitates ieraugu maizes
gatavoSanai. Sads ieraugs ir uzskatams par Pediococcus pentosaceus avotu ierauga
fermentacijas saksanai un jaunu mikroorganismu konsorciju veidoSanai ierauga fermentacija.

Talaki kailgraudu miezu spontana ierauga fermentacijas pétijumi vairakas generacijas
dotu informaciju par fermentacijas faktoru ietekmi uz pienskabes bakteriju sastavu nobriedusos
ieraugos. Mikrobiotas sukcesija atkariga no ta, kadi apstakli piemeroti fermentacijai un kada
miltu mikrobiota pievienota ar jaunu miltu porciju. lerauga fermentacijas procesa janem véra
spontanas mikrobiotas ietekme, kas varétu konkurét, ja veidotos pieméroti apstakli. Tapec
pienskabes bakteriju un raugu taksonomiskais sastavs vert§jams ka nozimigs ierauga
raksturotajs, jo mikroorganismu metabolisms un funkcionalas ipaSibas ietekmé ierauga
fermentacijas procesu un ta rezultatu. Butu lietderigi pétit Pediococcus pentosaceus sugas
stabilitati nobriedusos kailgraudu miezu spontanos ieraugos, ar mérki izmantot §is sugas
antimikrobialas Tpasibas, ka arT peptidazes producésanas potencialu.

The chapter examines the determination of the optimal technological parameters in
spontaneous sourdough fermentation following the Box-Behnken method, with the statistical
analysis of the data conducted using the Design-Expert 12 software. As a result, the effect of
added water, fermentation temperature and time on yeast pH and microbiological parameters
characterizing lactic acid bacteria and yeast logio CFU g* hull-less barley sourdough in three
steps of spontaneous fermentation are shown. The obtained patterns can be utilized to develop
the technological process of spontaneous hull-less barley sourdough fermentation to achieve
the desired quality and to adjust fermentation process parameters for hull-less barley
sourdough.

A diverse microbiota is formed during fermentation in the spontaneous hull-less barley
sourdough. A study of the three-steps fermentation of hull-less barley spontaneous sourdough
has confirmed the dominance of the lactic acid bacteria species Pediococcus pentosaceus in
steps 2 and 3, and the presence of Weissella cibaria, a rarer representation of Lactococcus
lactis, and the yeast Saccharomyces cerevisiae. In the 3rd stage, the number of lactic acid
bacteria and yeast CFU increased, thus reaching the values that correspond to the state of
active spontaneous sourdough and ensuring appropriate quality leaven for breadmaking. Such
sourdough can be considered a source of Pediococcus pentosaceus for the initiation of
sourdough fermentation and the formation of new consortia of microorganisms in sourdough
fermentation.

Further studies of spontaneous sourdough fermentation of hull-less barley in several
generations would provide information on the influence of fermentation factors on the diversity
of lactic acid bacteria in mature sourdough. Microbiota succession depends on the conditions
selected for fermentation and flour microbiota, which is added with a new portion of flour. In
the sourdough fermentation process, the influence of the spontaneous microbiota, which could
compete if suitable conditions were created, should be considered. Therefore, the taxonomic
composition of lactic acid bacteria and yeasts can be evaluated as an essential characteristic
of sourdough since the metabolism and functional properties of microorganisms affect the
fermentation process of sourdough and its result. It would be necessary to study the stability of
Pediococcus pentosaceus species in spontaneous fermentations of mature hull-less barley,
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aiming to exploit the antimicrobial properties of this species and the peptidase production
potential.

3.3. Kailgraudu mieZu spontana un ar tirkultiram fermentéta ierauga izvértejums /
Evaluation of hull-less barley spontaneous and fermented with starter cultures sourdough

3.3.1. Kailgraudu mieZu ierauga kvalitates raditaju raksturojums /
Characterization of quality parameters of hull-less barley sourdough

RaksturojoSo raditaju analiz€Sanai un maizes gatavoSanai tika veikta spontana ierauga
(KMI-S) fermentacija saskana ar 3.2.1. nodala definétajiem optimalajiem tehnologiskajiem
parametriem un tika sagatavots ar tirkultiram fermentets ieraugs (KMI-T). KMI-T ierauga
fermentacijas gaitai izmantoti 3.2.1. nodala noteiktie spontana ierauga fermentacijas optimalie
tehnologiskie parametri. Kailgraudu miezu ieraugu raksturojosie raditaji apkopoti 3.15. tabula.

3.15. tabula / Table 3.15
Kailgraudu mieZu ierauga kimiskie un mikrobiologiskie raditaji /
Chemical and microbiological characteristics of hull-less barley sourdough

PB Raugi Proteazu
- _1 0 4 -
Paraugs / Skabums / loginKVVg logi KVVg! / aktivitate /
Sample pH TTA, / Yeasts Protease
ml NaOH 10g! | LAB logi log » CFU ¢! activity
CFU g™ 8 10 8 U ml™!
KMI-S / 3.822+0.02 | 14.05%+028 | 8432+£022 | 6.52°+0.12 | 0.0152+0.001
HBS-S
KMI-T / 3.67°+£0.02 | 1325°+0.14 | 9.62°+027 | 6532+£025 | 0.148°+0.057
HBS-T

KMI-S — kailgraudu miezu spontanais ieraugs fermentéts, ievérojot optimalos tehnologiskos parametrus; KMI-T
— ar tirkulttiram fermentéts kailgraudu miezu ieraugs / HBS-S — hull-less barley spontaneous sourdough fermented
at optimal technological parameters;, HBS-T — hull-less barley sourdough fermented with starter cultures
Kolonnas ietvaros ar vienu un to paSu burtu apzimétas vertibas norada, ka nepastav butiskas atskiribas starp
raditajiem p>0.05 / Values marked with the same letter within the column indicate that there is no significant
difference between the values (p>0.05)

lerauga KMI-T veidoSana papildus izmantota zinatniskas literatiras informacija par
pienskabes bakteriju asociacijam spontanajos ieraugos (Calabrese et al., 2022).
Lactiplantibacillus plantarum uzrada stabilitati un konstatéta ka biezak parstavéta suga
ieraugos gan laboratorijas, gan ceptuvju ieraugos. Tapéc izvéleta ka domingjosa PB suga, bet
Pediococcus pentosaceus — ka blakus pastavosa. Tika izvelets raugs Saccharomyces cerevisiae,
jo pétijumos konstatéta asociacija ar Stm PB. Pediococcus pentosaceus identific€ta spontana
ierauga 3.posma ka domingjoSa, tapéc uzskatams, ka piemérota kailgraudu miezu
fermentacijai. Peétfjuma KMI-T fermentacijai izmantota Pediococcus pentosaceus LMKK 773,
kuras izcelsme ir miezu produkts (Semjonovs & Zikmanis, 2008). Pediococcus pentosaceus
LMKK 773 raksturota ka fruktanu saturoSu eksopolisaharidu kompleksus sintezg€joSs celms,
kas piemérots graudu substratam, un spgj in sifu sintez€t fruktanus fermentacijas gaita. P&tnieki
Semjonova un Zikmana (2008) pétijums atklaj, ka Pediococcus pentosaceus LMKK 773 aktiva
augSana novérota piena un burkanu substrata, tacu pietieko$a aug$ana (>107) sasniegta ari
mieZu substrata fermentacija 7.9 logio KVV ml™'. Lactiplantibacillus plantarum zinatniskaja
literatura raksturota ka homofermentativa, kas ka baribas vidi var izmantot miltu oglhidratus
un piemérojas straujam pH samazinajumam. Sis abas sugas atzimétas ka piemérotas maltozes
izmatoSanai un tam ir nepiecieSamais génu potencials proteazu, peptidazu un pediocina
producéSanai (Zheng et al., 2015). Lactiplantibacillus plantarum piemit antimikrobialas
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1pasibas, kas palidzétu nomakt graudu raksturigo nev€lamo mikrobiotu. Lactiplantibacillus
plantarum petijumos konstateta ka viena no biezak sastopamajam spontanajos ieraugos (Arora
et al., 2021) ar augstu pielagosanas sp&ju vides apstakliem (pH, temperatiira u.c.) (Bartkiene et
al., 2020). Ta ka kailgraudu miezi satur augstu olbaltumvielu saturu un potenciali arT gluténa
saturu, tad izv€letas tirkulttras, lai paaugstinatu proteolitisko aktivitati kailgraudu miezu
ierauga un fermentacijas ietekme hidrolizétu peptidu saites un samazinatu gluténa saturu maize.
Pétijuma izmantotas Lactiplantibacillus plantarum DSMZ 20205 un Pediococcus pentosaceus
LMKK 773 raksturotas ka peptidazes producgjosas sugas (Lim et al., 2019). Proteolitiskas
aktivitates paaugstinaSana nepiecieSama ari, lai veicinatu cietes-olbaltumvielu strukttras
sairSanu un cietes saskelSanas veicinaSanu fermentacija.

Ieraugu analizéSanas rezultati parada zemu ierauga KMI-T pH. Tas liecina par
Pediococcus pentosaceus P773 un Lactiplantibacillus plantarum DSMZ 20205 metabolisma
aktivitati un pienskabes izdaliSanu. Ar1 petniece E. Bartkiene et al. (2020) konstat&jusi, ka
Pediococcus pentosaceus 2 h pie pH 2.5 uzrada aktivu augSanu, tacu Lactiplantibacillus
plantarum KVV skaits samazinas. Paraugd KMI-S un KMI-T konstatéts augsts 8.43 logio KVV
g 'un 9.62 logio KVV g !, abos paraugos sasniedzot aktiva ierauga PB raditajus.

Augstaka proteazu aktivitate 0.148 U ml~! konstat&ta ar tirkultiiram gatavota ierauga. Ta
ir zemaka par citu pétnieku noteikto proteolitisko aktivitati 0.43 — 1.19 U ml~! (pH 4.3) rudzu
ierauga fermentacija ar Lactiplantibacillus plantarum, Levilactobacillus brevis un
Saccharomyces cerevisiae (noteikSanas metode ka substrats izmantots azokazeins), konstat€jot
ar1 specifisko peptidazu aktivitati (Loponen et al., 2004). Loponen et al. (2004) norada, ka
proteolitiska aktivitate ir reguléjama ar fermentacijas apstakliem — augstaka aktivitate noverota,
japH<S.5.

Ar tirkultiram fermentetajam ieraugam KMI-T un spontanam ieraugam KMI-S novérota
atSkiriga krasa un aromats. Ar tirkultiram fermentéts ieraugs 24 h p&c mikroorganismu
pievienoSanas at$kiras ar gaiSaku krasu un patikamu pienskabes aromatu (3.12. att.).

— o
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3.12. att. Ierauga KMI-T (A) un KMI-S (B) attels /
Fig. 3.12. Image of sourdough HBS-T (A) and HBS-S (B)

Spontana ierauga KMI-S fermentacija péc 1. posma uz virsmas noverots purpura krasas
slanis (3.13. att.).

3.13. att. Kailgraudu mieZu spontana ierauga virsmas slana krasojums péc 1. posma
fermentacijas / Fig. 3.13. Surface coloration of hull-less barley spontaneous sourdough
after 1st step of fermentation

Zinatniskaja literatira minéts, ka mieZos atrodami augstas molekulmasas kompleksi
antocianu un polifenolu savienojumi, kas veidojas spirta rtigSanas laika, ka violetas nokrasas

pigments zema pH vidé (Shewry & Ullrich, 2014). Literaturas dati apstiprina augsto antocianu
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saturu un antioksidantu aktivitati kailgraudu miezos (Baik & Ullrich, 2008; Brennan et al.,
1996; Sterna et al., 2015). Tomér par $0 savienojumu nav pieejama pietickama informacija,
tapec nolemts virsgjo kartu nonemt pirms ierauga atjaunoSanas. 2. un 3. fermentacijas posma
sads virsmas krasojums netika noverots.

3.3.2. Kailgraudu mieZu ierauga reologiskas ipasibas un fermentacijas ietekme uz
miklas struktiiras veidoSanos / The rheological properties of hull-less barley sourdough
and effect of fermentation on dough structure formation

Kailgraudu mieZu spontana ierauga struktiiras veido$anas fermentacijas ietekme

Kailgraudu mieZzu spontanais ieraugs vizuali atSkiras no kvieSu un rudzu ierauga.
Mikrostruktiiras izmainu izpéte veikta uzreiz péc idens un miltu samaisiSanas un pec 1., 2. un
3. posma fermentacijas (3.14. att.).

Spontana ierauga atteli / Natural images of_pontaneous sourdough

-“ - y ".‘ ‘i -~ . i
¥ ¢ 3 i " J ‘-« = ~ >
s .- .
'~ R s"“r'
. l“rﬁ . " ; "
- ;

A0

Spontana ieraug

C3

3.14. att. Mikrostruktiiras atteli kailgraudu mieZu ierauga fermentacijas tris posmos /

Fig. 3.14. Microstructure of spontaneous sourdough in three steps of fermentation
A0, B0, CO — uzreiz péc miltu un Gidens samaisisanas / after flour and water mixing; A1, B1, C1 —pé&c 1. posma /
after Ist step (24 h); A2, B2, C2 —péc 2. posma / after 2nd step (14 h); A3, B3, C3— péc 3. posma / after 3rd step
(12 h)

Uzreiz péc tdens un miltu samaisiSanas novérota vienmériga miklas struktira, kura
redzama cietas fazes dominéSana, miltu dalinas salipuSas un uzbriedusas (3.14. att., A0, BO).
Gazveida faze Saja stadija novérota minimala (3.14. att., C0). Péc fermentacijas 1. posma (24 h)
mikla palielinajusies gazveida faze, veidojot poras. Tas norada uz mikrobiologisko procesu
sakSanos, miltos esos$as dabiskds mikrobiotas aktivizéSanos, izdalot metabolisma gala
produktus, tostarp CO.. Ferment&Sanas 2. posma beigas vizuali noverotas izteikti iegarenas
poras, kuras tresa posma beigas kluvuSas vél intensivakas. Poru iegarena forma noveérota
ierauga dabiskaja attela (3.14. att., A3, C3). un digitala mikroskopa uznemtaja attela (3.14. att.,
C0 — C3). Kailgraudu miezu spontana ierauga un miklas poru forma atskiras no rudzu un kviesu
spontana ierauga, kuram raksturiga ovali-apala forma. 3.posma noverots aktivaks
mikroorganismu metabolisms, par ko liecinaja CO; izdaliS8anas un struktiiras izmainas no blivas
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uz irdenaku un plastiskaku. Tadgjadi tris ierauga fermentacijas posmos bija novérojama ierauga
struktiiras mainiga daba.

Fermentacijas ietekme uz ierauga reologiskajam ipasibam

Ierauga fermentacija ietekmé miklas reologiskas paSibas, kas savukart nosaka maizes
fizikalas 1pasibas, tapéc veikta ierauga reologisko Tpasibu izpéte. Kailgraudu miezu ierauga
(KMI-S; KMI-T) struktiiras izmainas fermentacija nosaka ierauga reologiskas TpaSibas.
Dinamiska reologija lauj izskaidrot plustamibas ipasibas un strukturalas izmainas, kas notiek
fermentacijas procesa. Ta izskaidro fizikalo pasibu izmainas dinamiskos apstaklos. Ierauga
fermentacija notiek vienlaiciga vairaku faktoru mijiedarbiba un vielu parvertibas, kas izmaina
to fizikalas 1paSibas. Kailgraudu miezu ierauga kompleksas viskozitates, uzkrajuma (G') un
zudumu modulu (G") raditaju izmainas paraditas 3.16. tabula un 3.15. attéla. Kailgraudu miezu
ierauga paraugu kompleksa viskozitate ir atkariga no piemérotas frekvences. Fermentacijas
ietekmé verojama kompleksas viskozitates samazinasanas tendence paraugos KMI-S un
KMI- T pie 10 un 100 rad s !, bet pie 1 rad s”! kompleksa viskozitate nav biitiski at§kiriga. Nav
noverotas butiskas reologisko Tpasibu atskiribas starp paraugiem KMI-S un KMI-T. Enzimu un
mikroorganismu ietekmes un hidrolizes rezultata parveidojas sakotn€ja miltu un tidens
maisTjuma struktiira un samazinas elastigas un viskozas 1pasibas (3.16. att.).

3.16. tabula / Table 3.16
Kompleksas viskozitates un zudumu koeficienta izmainas kailgraudu mieZu ierauga
fermentacija / Changes in complex viscosity and loss factor of hull-less barley sourdough

fermentation
1rads’! 10 rad s* 100 rad s!
Zudumu Zudumu
Paraugs / koeficients . Zudumu
koeficients .
Sample n, Pas / n, Pas / Loss n, Pas koeficients /
Loss factor Loss factor
factor
KMI-S0 / b a a a a a
HBS-S0 5399+54 0.28+0.01 731£36 0.3240.01 109+ 14 0.39 £0.02
KMI-TO / ab a a a a a
HBS-T0 56341207 0.27£0.01 725+36 0.31£0.01 110£17 0.37£0.01
KMI-S/ c b b b b ab
HBS-S 4935450 0.23£0.01 642+15 0.26£0.01 8719 0.34£0.02
E[zg_; / 5713£49* 0.2240.01° 697459 0.26+0.01° 100£12 0.33+0.01°

1 — kompleksa viskozitate / complex viscosity.

KMI-SO0 — kailgraudu miezu miltu un Gidens maisijums atjaunots ar KMI-S atjaunojamo dalu; KMI-S — kailgraudu
miezu spontanais ieraugs fermentéts, ievérojot optimalos tehnologiskos parametrus; KMI-TO — kailgraudu miezu
miltu un Gidens maisijums atjaunots ar KMI-T atjaunojamo dalu; KMI-T — ar tirkultiram fermentéts kailgraudu
miezu ieraugs. /| HBS-S0 — the mixture of hull-less barley flour and water backslopped with renewable part of
HBS-S; HBS-S — hull-less barley spontaneous sourdough fermented at optimal technological parameters; HBS-
T0 — the mixture of hull-less barley flour and water backslopped with renewable part of HBS-T; HBS-T — hull-less
barley sourdough fermented with starter cultures

Kolonnas ietvaros ar vienu un to pasu burtu apzimétas vertibas norada, ka nepastav bitiskas atskiribas starp
raditajiem p>0.05 / Values marked with the same letter within the column indicate that there is no significant
difference between the values (p>0.05)

KMI-S un KMI-T paraugos novérots G™>G", kas norada uz elastigds komponentes
parsvaru par viskozo 11dzigi citu zinatnieku petijjumiem (Abedfar et al., 2020; Galle et al., 2011).
Zudumu koeficienta samazinaSanas norada uz ierauga struktiiras degradaciju, kas noveérota
KMI-S un KMI-T parauga.
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3.15. att. Uzkrajuma (G’, Pa) un zudumu (G", Pa) modulu izmainas fermentacijas
ietekmé / Fig. 3.15. Effect of fermentation on storage (G’, Pa) and loss (G”, Pa) moduli
A — kailgraudu mieZu spontana ierauga pirms (KMI-S0) un péc (KMI-S) fermentacijas / A —in the hull-less barley
sourdough before (HBS-S0) and after (HBS-S) fermentation, B — ar tirkultiram fermentéta kailgraudu miezu

ierauga pirms (KMI-TO0) un péc (KMI-T) fermentacijas / B — in the sourdough fermented with starter cultures
before (HBS-T0) and after (HBS-T) fermentation

Kailgraudu mieZu miklas mikrostruktiiras izpéte

Lai novertétu kailgraudu miezu ierauga fermentacijas ietekmi uz kailgraudu miezu miklas
struktiiras izmainam, veikta mikrostruktiiras izp&te. Miklas mikrostruktiiras izp&te dod
padzilinatu ieskatu miklas struktiiras veidoSanas mehanisma. Kailgraudu miezu miklas NFKM
parauga 3.16. attela redzamas mazu cietes graudu iegarenas virknes un kopa sagrupgjusies kaili
cietes graudi.
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‘ E 4 > >
SEM HV: 7.0 kV WD: 14.12 mm | SEM HV: 7.0 kV WD: 13.63 mm MIRA3 TESCAN

SEM MAG: 1.00 kx Det: SE + BSE 50 pm SEM MAG: 2.50 kx Det: SE + BSE 20 pm
MIRA3 XMU Date(m/dly): 04/11/23 Performance in nanospace MIRA3 XMU Date(m/dly): 04/11/23 Performance in nanospace

3.16. att. Kailgraudu mieZu miklas struktiira péc samiciSanas /
Fig. 3.16. Structure of hull-less barley dough after kneading
Palielinajums / magnification 1.0 kx (50 pm), 2.5 kx (20 pm)

Tikko samicita mikla cietes graudi novietoti blivi viens pie otra. Iegarenie virkn&jumi
varétu biit viens no iemesliem iegarenajam poram (3.14. att., A2). Zinatnieku pétijumi par
dazadu Skirpu kailgraudu miezu cietes graudu izmériem un formu liecina, ka lielako dalu cietes
veido lieli ovali (12 — 16 um), mazaki neregularas formas (<10 pm) graudi un arT lielas zvana
veida cietes graudu kopas (Li et al., 2001), kas varétu veidot iegarenas gazes poras (3.14. att.,
C3). Endosperma stinu sienas esosie B-glikani var bit saistiti ar olbaltumvielam ar kovalentam
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saitem, veidojot lielas molekulas (Baik & Ullrich, 2008). Zvana veida cietes grauds (Cg)
saskatams 3.16. attéla, kadi konstatéti citu kailgraudu miezu Skirnu cietei. Nav novérota lipekla
veidoSanas, proti, struktiira, kas aptvertu cietes graudus. Tas liecina par miezu hordeina un
hordentna 1pasibam, kas atskiras no kviesu gliadina un glutenina Ipasibam.

P&c miklas fermentéSanas (4 h) parauga FKM novéroti gan dal€ji mikla integréti, gan
kaili lieli un mazi cietes graudi. Skidra faze novérota izteiktaka, neka mikla uzreiz péc
samiciSanas (3.17. att.). Gazveida faze redzama ieklauta stabiliz€josa virsma. Tomeér iegarenas
poras varétu but saistamas arl ar poru nestabilitati, kad neveidojas pietickama poras
stabiliz€josa virsma.
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3.17. att. Kailgraudu mieZzu miklas struktiira péc 4 h fermentacijas /
Fig. 3.17. Structure of hull-less barley dough after 4 h fermentation
Palielinajums / Magnification 1.0 kx (50 um), 2.5 kx (20 um); Cg — cietes graudi / starch granules; Gf — gazveida
faze / gaseous phase; S — $kidra faze / liquid phase

Atskirigi rudzu mikla noverota vienmeériga struktiira, kas redzama ka vienmeérigas Stnas,
un ka izteikta stabiliz&josa §kidra faze, kura ieklauti cietes graudi (Murniece et al., 2023). Sada
struktira noradija uz aktivu cietes un olbaltumvielu hidrolizi, un S$kistoSo Skiedrvielu
arabinoksilanu klatbutni. Xie et al. (2023) p&tijuma noverota miezu cietes graudu noardiSana
fermentacijas Lactiplantibacillus plantarum un Saccharomyces cerevisiae ietekmé. Tacu
3.17. att€la nav redzami sagrauzti cietes graudi. Murniece et al. (2023) p@tijums norada, ka
kailgraudu miezu miklas fermentacija ar rudzu ieraugu, novérots miklas kompleksas
viskozitates un reologisko modulu samazinajums. Tacu kailgraudu miezu miklas viskozitate
konstatgta biitiski augstaka, salidzinot ar rudzu miklas viskozitati, kas uzskatams, ka iemesls
augstai kailgraudu miezu maizes mikstuma cietibai. Zudumu koeficients noradija uz merenu
struktiiras degradéSanos. Kailgraudu miezu SkistoSie ne-cietes polisaharidi, ka B-glikani,
fruktani un mannani tdens Skiduma veido viskozus Skidumus, kas veido $kidro fazi. Tacu
kailgraudu miezu mikla noverota nepietickama un nevienmeériga struktiiru veidojosa skidra faze
pretstata tam, kada novérota rudzu mikla (Murniece et al., 2023), lai veidotu struktiiru.
Kailgraudu miezu milti, galvenokart tiek izmantoti kvieSu miltu dal&jai aizstasanai (11dz 20%),
lai bagatinatu ar Skiedrvielam miklu, kura struktiiras veidoSanos nodrosina lipeklis. Noveérojumi
liecina, ka kailgraudu miezu mikla cietes pakapeniskas uzbrieSanas un B-glikanu augstas
viskozitates dé] neveidojas pietiekama $kidra faze. Rudzu plaucgjums pazistams ka struktiiras
veidotajs rudzu mikla (Ask et al., 1991) un izmantots ar1 ka struktiiras uzlabotajs kviesu mikla
(Li et al., 2022; Wojcik et al., 2021), kas veido vienmérigaku miklas struktiiru un atvieglo
miklas apstradi. Sada mikla cietes graudi vienmerigi tiek parklati ar plaucgjuma masu ka
struktiiru veidojoSo komponenti. PEtjjumi ar miezu plauc€juma pievienosanu kailgraudu miezu
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mikla nedeva kailgraudu miezu maizes mikstuma struktiiras uzlabojosu rezultatu (Murniece et
al., 2023). Kailgraudu miezu plaucgjuma kompleksa viskozitate palielinajas péc fermentacijas,
salidzinot ar rudzu plaucgjumu, kas liecinaja par cietes uzbrieSanu. Tomér potenciali
izmantojams ferment€ts rudzu plaucgjums, kura pievienoSana rudzu mikla deva pozitivu
rezultatu, samazinot rudzu maizes mikstuma cietibu. Ar1 kailgraudu miezu augstais
olbaltumvielu saturs var€tu ietekm@t oglhidratu pieejamibu. B-glikanu kompleksa veidoSanas
ar cieti un olbaltumvielam, un enzimu atrasanas olbaltumvielu struktira var kaveét cietes
saskelSanos un var€tu biit par iemeslu maizes mikstuma cietibai. Kailgraudu miezu miklas
struktiru veidojoSo Skidro fazi varétu palielinat, paaugstinot miklas enzimatisko aktivitati un
veicinot cietes saskelSanu.

3.3. Nodalas kopsavilkums / Summary of Chapter 3.3

Kailgraudu miezu spontano un ar tirkultiram ferment€tu ieraugu raksturo aktiva ierauga
mikrobiologiskie un fizikali-kimiskie raditaji. lerauga ar tirkultiram novérota augstaka
proteolitiska aktivitate neka ierauga spontanaja ierauga. Kailgraudu miezu spontana ierauga
vizuala un mikrostruktiras izpete parada izmainas kailgraudu miezu spontana ierauga struktira
— atSkirigu cietas un gazveida fazes proporciju tris ierauga fermentacijas posmos. Noverota
gazveida fazes palielinasanas, kas veidojas ka iegarenas poras. Fermentacijas laika kailgraudu
miezu ieraugu kompleksa viskozitate samazinas, novérots G™G", kas norada uz ierauga
elastigo ipaSibu parsvaru par viskozajam. Kompleksas viskozitates un zuduma koeficienta
samazinasanas norada uz struktiiras sairSanu kailgraudu miezu ierauga fermentacija. Tas liecina
par aktivu hidrolizes norisi. Kailgraudu miezu miklas, kas gatavota ar kailgraudu miezu
ieraugu, mikrostruktiras izp€te apstiprindja struktiiras izmainas — gazveida un Skidras fazes
palielinasanos pec 4 h miklas fermentacijas.

Spontaneous and fermented with starter cultures, sourdough was prepared to evaluate
the quality indicators of hull-less barley sourdough. Sourdough fermentation with starter
cultures was initiated with the addition of starter cultures. Hull-less barley spontaneously
fermented sourdough, and that fermented with starter cultures are characterized by
microbiological and physicochemical indicators characteristic of active sourdough. A higher
proteolytic activity was observed in sourdough fermented with starter cultures than
spontaneously. The visual and microstructural analysis of the spontaneous sourdough of hull-
less barley shows changes in the spontaneous sourdough structure of hull-less barley — a
different ratio of solid to gaseous phases in the three steps of fermentation. An increase in the
gaseous phase, which forms as elongated pores, was observed. During fermentation, the
complex viscosity of hull-less barley sourdough decreases, observed by G'>G" pattern,
indicating the prevalence of sourdough's elastic character over viscous. The decrease of
complex viscosity and loss coefficient indicates the disintegration of the structure during the
fermentation of hull-less barley sourdough. This observation indicates an active hydrolysis
process.

3.4. Glutena satura izmainas kailgraudu mieZu ierauga fermentacija /
Changes in gluten content in fermentation of hull-less barley sourdough

Gluténa satura noteikSanai analizéti kailgraudu miezu milti, ieraugs un kailgraudu miezu
maize ar ELISA G12 (dati 4. pielikuma). Kailgraudu miezu miltos noteikts 90.6 10* mg kg™
sausnas. At citu petnieku rezultati liecina par kailgraudu miezu augsto gluténa saturu, test€Sana
izmantojot ELISA testus (Lexhaller et al., 2017; Tanner et al., 2013; Xhaferaj et al., 2023).
Xhaferaj et al. (2023) pétijuma, izmantojot ELISA G12 testu, dazadu Skirnu miezu paraugos
konstatéts gluténa saturs 7.3 — 94.0 g 100 g'. Starp 35 mieZu paraugiem kailgraudu miezu
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'Kornelija’ miltos konstatéts augstakais gluténa saturs 15.9 g 100 g! (159 10* mg kg!), kamér
pargjos paraugos 4.4 — 9.3 g 100 g, testgjot ar hromatografijas metodi. Kerpes et al. (2016)
noteicis 32 10° mg kg~! gluténa miezu graudos, kas paredzéti iesala gatavosanai. Tomer citi
pétnieki konstat&jusi zemaku gluténa saturu 164.1 mg kg~! mieZos (Sterna et al., 2022).

Analizgjot ierauga paraugus, netika noverota strauja gluténa satura samazinasanas
fermentacijas laika ietekme. Ka p&tijumos minéts, pienskabes bakteriju lag faze (12 h) un vélaja
lag fazé noveérota augstaka enzimu aktivitate (Gerez et al., 2012; Reale et al., 2021). Ar
tirkultiram fermentéta kailgraudu miezu ierauga (KMI-T) testéSanas rezultatos tas ir
apstiprinajies, jo vislielakais gluténa satura samazinajums — 29% konstatets péc 24 h, bet
vismazakais — 13% p&c 6 h fermentacijas. KMI-T (12 h fermentacija) parauga konstatéts lielaks
gluténa satura samazinajums (16%) neka KMI-S parauga (8%) attieciba pret ta saturu miltos.

Kailgraudu miezu maizes parauga KMM-S noteikts viszemakais gluténa saturs 64.57 10*
mg kg~!. Fermentacijas ietekmé gluténa saturs samazinajies attieciba pret saturu miltos. KMI-
S parauga tas samazinajies par 29%, bet KMI-T parauga par 22%. KMI-T konstatéts mazaks
gluténa samazinajums neka KMI-S pretgji ierauga noverotai tendencei. To varétu skaidrot ar to,
ka, miklas fermentacija ir nozimiga miltu raksturigas mikrobiotas ietekme, kurai ir peptidu saiSu
SkelSanas potencials, kamer mikla ar KMI-T ieraugu pienskabes bakterijam 4 h fermentacija ir
nepietickama peptidazu producéSanas maksimalas aktivitates sasniegSanai Maizes augstais
kailgraudu miezu gluténa saturs ievérojams, rekomendgjot produktus cilvékiem ar gluténa
nepanesibu. Tomér kailgraudu mieZzu olbaltumvielas uztura lietojamas atkariba no individualas
gluténa nepanesibas (reakcijas uz hordeinu), un tas nav saistams ar kvieSu alergiju.

Gluténa monitoréSanas metodes balstas, galvenokart, uz principu, vai ta saturs ir mazaks
par 20 mg kg~!. Tas apgriitina noteik§anu produktos ar augstu gluténa saturu. Gluténa satura
noteik$anas problematiku izcel Prolaminu analizes darba grupa (WGPAT)’, kas public&jusi
petnieku secinato (Scherf et al., 2021) par gluténa noteikSanu miezu, rudzu un fermentetajos
produktos. Xhaferaj et al. (2023) norada, ka, izmantojot AgraQuant Gluten G12 un
RIDASCREEN Gliadin R5 testu, paraugi uzrada par 60 — 90% augstaku rezultatu, neka
analizgjot ar hromatografijas metodi. Tanner et al. (2013) arT norada uz problematiku, analizgjot
gluténa saturu ar ELISA testu ali, kura gluténa saturs samazinats parstrades laika, hidrolizgjot
ar prolilendopeptidazém vai nogulsngjot ar taniniem. Tiek uzsverts precizas test€Sanas
svarigums, lai raZotajs un patérétajs iegiitu precizu informaciju par gluténa saturu produkta.
ELISA testu razotajs norada, ka metodes piemérotas arT mieZu un rudzu test€Sanai, tomer tas
izstradatas kvieSu gluténa noteikSanai. Preciza gluténa kvantitativa noteikSana fermentétajos
produktos, tostarp ierauga maiz€, ar ELISA metodém, kuru pamata ir antivielas, ir apgriitinoSa
atbilstoSu atsauces materialu dél mieziem un rudziem (Alves et al., 2019; Bugyi et al., 2022;
Schalk et al., 2017). Xhaferaj et al. (2023) norada uz atsauces materiala nepiecieSamibu speciali
mieZu gluténa testeéSanai, tapec petnieku grupa izveidojusi vid€jo paraugu no 7 miezu skirném,
ieklaujot arT Latvija selekcionéto kailgraudu mieZu Skirni 'Kornelija'. Ka liecina pétijumi, ar
dazadam metodém noteikta gluténa saturs nozimigi atSkiras (Lexhaller et al., 2017). Par
precizakam tiek wuzskatitas hromatografijas metodes. Ferment€tos produktos mainigas
proteolizes rezultata var rasties dazadas peptidu virknes (Panda & Garber, 2019), kas apgriitina
test€Sanu ar1 ar hromatografijas metodi. Nav pétijumu par peptidiem, kas rodas fermentacijas
laika, un par peptidu biologisko aktivitati, kas saistita ar toksiskumu vai tiesi pret&ju iedarbibu.
Trikst arT klinisko pétijumu par biologiski aktivo peptidu ietekmi. Ka arT individu alergiskuma
slieksnis var atSkirties.

Specifications of PWG-Gliadin: Working Group of Prolamin analysis and Toxicity [tieSsaiste] [skatits
20.02.2024.]. Pieejams: https://www.wgpat.com/pwggliadin.html
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3.4. nodalas kopsavilkums / Summary of Chapter 3.4

Fermentacijas rezultata kailgraudu miezu ierauga un maiz€ samazinajas gluténa saturs
salidzinot ar saturu kailgraudu miezu miltos. P&c 24 h fermentacijas spontanaja ierauga noteikts
par 29% zemaks gluténa saturu neka miltos. Zemaks gluténa saturs noteikts kailgraudu miezu
ierauga ar tirkultiram parauga neka spontana ierauga parauga. Tas apstiprina ierauga ar
tirkultiiram augstaku proteolitisko aktivitati. Ta¢u kailgraudu miezu maizes parauga ar spontano
ieraugu gluténa saturs konstatéts zemaks neka maize ar tirkultiram ferment&tu ieraugu, kas
liecina par spontanas fermentacijas nozimi peptidu saiSu SkelSana. Fermentacijas ar kailgraudu
miezu ieraugu ietekmé gluténa saturs maiz€ ir samazingjies (8 — 16%), bet maiz€ ar rauga
fermentaciju samazinajums nav novérots. Lai paaugstinatu olbaltumvielu saskelSanu ierauga
un miklas fermentacija izmantojamas speciali selekcionétas peptidazes producgjosas
pienskabes bakteriju tirkultiiras. Miezu produktu test€Sana ir apgritinosa atbilstoSa atsauces
materiala dél, tapec gluténa satura analiz€Sanai kailgraudu miezu miltos, ka ar1 ierauga un maize
ieteicams izmantot hromatografijas metodes, kas dotu precizaku rezultatu.

As a result of fermentation, the gluten content in hull-less barley sourdough and bread
decreases compared with the initial content observed in hull-less barley flour. The fermentation
time reduced the gluten content after 24 h of fermentation, and this amount was 29% lower in
the spontaneous yeast than in the flour. A lower gluten content was determined in the hull-less
barley sourdough fermented with starter cultures than in spontaneous sourdough. This
observation confirms the higher proteolytic activity of sourdough with starter cultures than
spontaneous sourdough. However, in the hull-less barley bread prepared with spontaneous
sourdough, the gluten content was lower than in the bread fermented with starter cultures,
indicating the importance of spontaneous fermentation in the cleavage of peptide bonds. As a
consequence of hull-less barley dough fermentation with sourdough, the gluten content in bread
was decreased within the range from 8% to 16%, while no decrease was observed in bread with
yeast fermentation. To increase the breakdown of proteins, specially selected peptidase-
producing starter cultures of lactic acid bacteria are used in sourdough and dough
fermentation. Testing barley products is challenging due to the limitations in appropriate
reference material. For the analysis of gluten content in hull-less barley grain, flour,
sourdough, and bread, it is recommended to use chromatographic methods, which would give
a more accurate result.

3.5. Cietes un ne-cietes polisaharidu ietekme uz maizes fizikalajam ipasibam /
Impact of starch and non-starch polysaccharides on the physical properties of bread

Ierauga un miklas fermentacija notiek mikroorganismu metabolisma raditas biokimiskas
un fizikali — kimiskas parvertibas, kas ietekm& miltu cepamipaSibas un uzturvielu
funkcionalitati un nosaka maizes fizikalas TpaSibas. Tap&c pétits cietes un ne-cietes polisaharidu
saturs kailgraudu miezu miltos, ka ar1 kailgraudu miezu un pilngraudu kvieSu maize un to
savstarpgja ietekme.

Cietes un ne-cietes polisaharidu saturs kailgraudu mieZzu un pilngraudu kvieSu
maizeé

Cietes saturs pilngraudu kvieSu miltos 61.68 + 0.14% sausnas (3.18. att.) butiski atSkiras
no cietes satura kailgraudu miezu miltos 58.27 + 0.11% sausnas. Nozimigas cietes parvertibas
notiek ieraugu un miklas fermentacijas laika enzimu a un f-amilazes ietekme. legttie rezultati
parada, ka cietes saturs samazinas attieciba pret tas saturu miltos. Cietes saturs KMM-S un
KMI-T parauga bitiski neatSkiras, tas noteikts 50.08 + 0.11% sausnas un 48.26 + 0.06%
sausnas. P&tnieku atzinumi liecina, ka ar ieraugu ferment€tai maizei ir zemaks glikémiskais
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indekss, jo fermentgjamie cukuri un dala cietes tiek izmantoti fermentacijas procesa
(Demirkesen-Bicak et al., 2021; Poutanen et al., 2009; Scazzina et al., 2009).
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3.18. att. Cietes (A) un Skiedrvielu (B) saturs, % sausnas /
Fig. 3.18. Starch (A) and dietary fibre (B) content, % dw

KM - kailgraudu miezu milti; PK — pilngraudu kviesu milti; kailgraudu miezu maize: KMM-S — ar kailgraudu
miezu spontano ieraugu; KMM-T — ar tirkultiram fermenttu ieraugu; pilngraudu kviesu maize: PKM-S — ar
kailgraudu miezu spontano ieraugu; PKM-T — ar tirkultiram ferment&tu kailgraudu miezu ieraugu; PKM-R — ar
raugu; atskirigie burti kolonnu apakspusé parada biitiski (p<0.05) atskirigas vertibas / HBF — hull-less barley flour /
WWF — wholegrain wheat flour, hull-less barley bread: HBB-S — prepared with hull-less barley spontaneous
sourdough, HBB-T —prepared with starter cultures sourdough, wholegrain wheat bread: WWB-S — prepared with
hull-less barley spontaneous sourdough;, WWB-T — prepared with sourdough with starter cultures;, WWB-Y —
wholegrain wheat bread with yeast; different letter within the column indicates that there is significant difference
between the values (p<0.05)

KM tika noteikts augsts Skiedrvielu saturs 20.55 + 0.25% sausnas, bet pilngraudu kviesu
miltos konstatéts butiski mazaks Skiedrvielu saturs 15.67 = 0.73% (3.18. att.). Kailgraudu
miezu maizeé KMI-S konstatéts 16.64 = 0.18 un maizé€ KMI-T 15.61 + 0.68, kas ir butiski mazak
neka kailgraudu miezu miltos. Pilngraudu kvieSu maize satur 16.64 — 17.78% sausnas, un
Skiedrvielu samazinajums attieciba pret saturu pilngraudu kvieSu miltos nav noverots.
Skiedrvielas mikla tiek ieklautas lipekla struktira un varétu biit griitak sadkelamas miklas
fermentacija. Nenozimigi augstaks Skiedrvielu saturs var€tu noradit uz rezistentas cietes
veidoSanos maizes cepSanas / atdzes€Sanas procesa (Djurle et al., 2018).

B-glikanu saturs kailgraudu miezu miltos noteikts 5.57 + 0.05% sausnas (3.19. att.).
Pilngraudu kvieSu maizg, kas gatavota ar raugu, B-glikanu saturs konstatéts 0.56 + 0.01%
sausnas — 2 reizes mazaks neka pilngraudu kvieSu maizes paraugos ar mieZu ieraugu. Miezu
ierauga pievienoSana divas reizes palielinaja B-glikana saturu pilngraudu kvieSu maiz€s
PKM- S un PKM-T attiecigi Iidz 1.14 + 0.01% un 1.24 £+ 0.01% sausnas. Nenozimigs -glikanu
samazinajums novérots kailgraudu mieZzu maiz€s attieciba pret kailgraudu miezu miltiem.
Kailgraudu miezu maize KMM-S satur 4.89 + 0.05% sausnas un KMM-T 4.83 + 0.07% sausnas
B-glikanu. Maizes gatavosSanas tehnologijai ir nozimiga ietekme uz p-glikana saturu produkta.
Sie rezultati sakrit ar citu zinatnieku pétijumiem, ka ierauga un miklas fermentacijas laika
B-glikanu saturs samazinas (Djurle et al., 2018; Pejcz et al., 2015). B-glikanu degradacija notiek
B-glikanazes d€l, kas atrodama gan kvieSu, gan mieZu miltos (Maina et al., 2021). Pilngraudu
kvieSu miltos mannanu saturs noteikts 7.29 + 0.20% sausnas. Savukart, mieZu miltos mannanu
saturs konstatéts 6.29 + 0.41% sausnas. Kailgraudu mieZu ierauga maizes parauga KMM-S
mannanu saturs samazingjas lidz 5.24 + 0.61% sausnas. Pilngraudu kvieSu maizes parauga
PKM-R mannanu saturs konstatéts viszemakais 5.01 + 0.24% sausnas. Fruktanu saturs
kailgraudu mieZu miltos biitiski neatSkiras no ta satura pilngraudu kvieSu miltos attiecigi
1.44 £ 0.07% un 1.47 + 0.22% sausnas (3.19. att.).
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KMM-S un KMM-T noteikts zemakais fruktanu saturs — 0.15 £ 0.04 un 0.21 + 0.01%
sausnas. Fruktanu satura izmainas ietekme& fermentacijas laika Saccharomyces cerevisiae
izdalttais enzims invertaze (Loponen & Ginzle, 2018; Struyf et al., 2017). Augstakais fruktanu
samazinajums 89.6% novérots kailgraudu miezu maizé KMM-S, ka ar1 pilngraudu kviesu
maiz€ ar raugu — 81.6%. lerauga un miklas fermentacija izmantotas Pediococcus pentosaceus
potenciali var paterét un ari izdalit fruktanu saturosus eksopolisaharidus. Tacu §1 pétijuma
rezultati nelauj secinat par pienskabes baktériju sintez€tu eksopolisaharidu klatbitni.

61 a

28] =
I I I
=2
=

B-glucans, % dw
w
1
Mannani, % sausnas /
Mannans, % dw

B-glikani, % sausnas /

—_
|
=N
[=}

Fruktani, % sausnas /
Fructans, % dw

3.19. att. p-glikanu (A), mannanu (B), fruktanu (C) saturs, % sausnas /
Fig. 3.19. p-glucans (A), mannans (B), fructans (C) content, % dw

KM - kailgraudu miezu milti; PK — pilngraudu kviesu milti; kailgraudu miezu maize: KMM-S — ar kailgraudu
miezu spontano ieraugu; KMM-T — ar tirkultiram fermenttu ieraugu; pilngraudu kviesu maize: PKM-S — ar
kailgraudu miezu spontano ieraugu; PKM-T — ar tirkultiram ferment&tu kailgraudu miezu ieraugu; PKM-R — ar
raugu; atSkirigie burti kolonnu apak$puse parada butiski (p<0.05) atSkirigas vertibas / HBF — hull-less barley flour,
WWF — wholegrain wheat flour; hull-less barley bread: HBB-S — prepared with hull-less barley spontaneous
sourdough, HBB-T —prepared with starter cultures sourdough, wholegrain wheat bread: WWB-S — prepared with
hull-less barley spontaneous sourdough;, WWB-T — prepared with sourdough with starter cultures;, WWB-Y —
wholegrain wheat bread with yeast; different letter within the column indicates that there is significant difference
between the values (p<0.05).

Cietes un ne-cietes polisaharidu saturs maizé KMM-S un KMM-T biitiski neatskiras,
neuzradot tirkultiiru atskirigu ietekmi. No uzturvertibas viedokla kailgraudu mieZu maize un
pilngraudu kvieSu maize vertgjama ka Skiedrvielu avots. Atbilstos$i Eiropas Partikas un
nekaitiguma iestades (EFSA, 2016) rekomendacijam partikas produkts saucams par Skiedrvielu
avotu, ja produkts satur vismaz 3 g 100 g~!, bet ja produkts satur vismaz 6 g 100 g~! skiedrvielu,
tas vertejams ka augsta Skiedrvielu satura avots. Nemot véra kailgraudu miezu maizes mitrumu
(45 — 48%) (Murniece et al., 2023), secinams, ka ta atbilst produktam ar augstu skiedrvielu
saturu. EFSA norada, ka 3 g uznemtu B-glikanu (uz 30 g oglhidratu), samazina holesterina
Iimeni asinis. Kailgraudu miezu maize veért€§jama ka nozimigs B-glikanu avots normala
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holesterina lIimena uzturéSanai. Kailgraudu mieZzu maiz€ noveérots zems fruktanu saturs, kas,
lidzas gluténam, tiek vertets ka kairinatajs cilvekiem ar zarnu trakta traucgjumiem.

Kailgraudu mieZu un pilngraudu kvieSu maizes fizikalo 1pasibu raksturojums

Fermentacijas rezultata mainas miltu polisaharidu sastavs, ka ar1 to paSibas, un tas
ietekmé maizes fizikalas ipasibas. Analizétas maizes mikstuma cietiba, lipigums, tilpums,
Ipatngjais tilpums un porainiba ir att€loti 3.20. attela. Pilngraudu kvieSu maizes parauga
PKM- R konstatéta viszemaka mikstuma cietiba 7.2 = 0.09 N, tacu ta butiski neatSkiras no
pilngraudu kvieSu maizes PKM-S un PKM-T mikstuma cietibas. Kailgraudu miezu maize
KMM-S un KMM-T izcelas ar augstu mikstuma cietibu 12.1 = 1.1 N un 10.0 £ 1.5 N, un ta
konstateta butiski augstaka neka rudzu maizes mikstuma cietiba 4.29 + 1.13 N (Murniece et al.,
2023). Visaugstakais tilpums 752.0 = 1.9 cm® noteikts pilngraudu kvie$u maizei PKM-R.
Paraugs PKM-R izcelas ar visaugstako porainibu (71%), kas liecina par intensivu raugu
aktivitati un CO» izdaliSanos fermentacijas laika.
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3.20. att. Kailgraudu mieZu un pilngraudu kvieSu maizes fizikalie raditaji /
Fig. 3.20. Physical characteristics of hull-less barley and wholegrain wheat bread

A — cietiba / hardness, N; B — lipigums / stickiness, N; C — tilpums, volume, cm?; D — porainiba / porosity, % E —
Ipatngjais tilpums / specific volume, cm?® g!;

kailgraudu miezu maize: KMM-R — gatavota ar raugu; KMM-S — ar kailgraudu miezu spontano ieraugu; KMM-
T — ar tirkultiiram ferment&tu ieraugu; pilngraudu kviesu maize: PKM-S — ar kailgraudu miezu spontano ieraugu;
PKM-T —ar tirkulttiram ferment&tu kailgraudu miezu ieraugu; PKM-R — gatavota ar raugu; atskirigie burti kolonnu
apakspusg parada butiski (p<0.05) atskirigas vertibas / hull-less barley bread: HBB-Y —prepared with yeast; HBB-
S — prepared with hull-less barley spontaneous sourdough; HBB-T — prepared with starter cultures sourdough;
HBB-Y — prepared with yeast; wholegrain wheat bread: WWB-S — prepared with hull-less barley spontaneous
sourdough;, WWB-T — prepared with sourdough with starter cultures;, WWB-Y — wholegrain wheat bread with
veast; different letter within the column indicates that there is significant difference between the values (p<0.05)

Kailgraudu miezu maize ir mazak poraina, ar neregularam poram un blivu mikstumu
(3.21. att.) pretgji pilngraudu kvieSu maizei (3.22. att.). Ari citi p&tnieki noradijusi uz miezu
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maizes kompakto mikstuma struktiiru un iegarenam neregularas formas poram (Cakir et al.,
2021; Robles-Ramirez et al., 2020). Murniece et al. (2023) parada, ka kailgraudu miezu maizes
porainiba un tilpums ir butiski zemaki neka rudzu maizei. Miezu maize KMM-R uzskatita par
nepienemamu, jo konstatéta butiski augstaka mikstuma cietiba 18.5 £ 1.1 N neka KMM-S un
KMM-T, ka ar1 blivas struktiiras dél nebija iesp&jams noteikt porainibu, miklas fermentacijas
laika apjoms nepalielinajas, nebija rauga metabolisma pazimju, ka ari noverota izteikta
specifiska garsa.

A B . C

3.21. att. Kailgraudu mieZu maizes mikstuma attels /

Fig. 3.21. Hull-less barley bread crumb image
A — ar kailgraudu miezu spontano ieraugu (KMM-S) / with hull-less barley spontaneous sourdough (HBB-S); B —
ar tirkultGiram ferment&tu ieraugu (KMM-T) / with sourdough with starter cultures (HBB-T),; C — ar raugu (KMM-
R) / with yeast (HBB-Y)

PKM-R uzrada visaugstakos fizikalos raditajus — ipatn&jo tilpumu, porainibu un zemako
mikstuma cietibu. Tacu to raksturoja viszemakie ne-cietes polisaharidu 3-glikanu, mannanu un
fruktanu raditaji, salidzinot ar pilngraudu kvieSu maizém, kas gatavotas ar kailgraudu miezu
ieraugu. MieZu ieraugu pievienoSana samazindja tilpumu un porainibu, bet nesamazinaja
mikstuma cietibu, tacu bitiski palielinaja B-glikanu saturu. Ne-cietes polisaharidi tiek saukti
par biologiski aktiviem savienojamiem, kas pozitivi ietekmé cilvéka veselibu. Ne-cietes
polisaharidi darbojas ka prebiotikas. Miezu maiz€m KMM-S un KMM-T novéroti lidzigi
fizikalo 1pasibu raditaji.

m — 5

3.22. att. Pilngraudu kvieSu maizes mikstuma attels /

Fig. 3.22. Wholegrain wheat bread crumb image
A — ar kailgraudu miezu spontano ieraugu (PKM-S) / with hull-less barley spontaneous sourdough (WWB-S); B —
ar tirkulttiram ferment&tu ieraugu (PKM-T) / with sourdough with starter cultures (WWB-T), C — ar raugu (PKM-
R) / with yeast (WWB-Y)

Lai noteiktu sakaribas starp kailgraudu miezu un pilngraudu kvieSu maizi un to kimiskiem
un fizikaliem raditajiem tika veikta rezultatu galveno komponentu analize (3.23. att.). Galveno
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komponentu analize paradija, ka miezu maizi (KMM-S; KMM-T) raksturo augstaks -glikanu
saturs, bet zemaks tilpums un porainiba, un izteikta cietiba. Pilngraudu kvieSu maizes (PKM-
S; PKM-T) raksturo augstaks cietes, mannanu, fruktanu saturs un augstaks tilpums, izteiktaka
porainiba un zemaka cietiba. Pilngraudu kvieSu maizei ar raugu raksturo izteikts Skiedrvielu
saturs. Kailgraudu miezu maizes fizikalas 1pasibas nosaka [B-glikanu saturs. Savstarpgja
kimisko un fizikalo raditaju sakariba norada uz to, ka kailgraudu miezu maiz€ fermentacijas
laika notikusi nozimiga ne-cietes polisaharidu satura samazinasanas. Ne-cietes polisaharidu
sastavs un 1paSibas uzskatamas par vienu no iemesliem struktiiru veidojosas Skidras fazes
nepietickamibai, kas tika konstatéts mikrostruktiiras izpeté 3.3.2. nodala. Secinams, ka
kailgraudu miezu (-glikani neveicina Skidras fazes veidoSanos.
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3.23. att. Kailgraudu mieZu, pilngraudu kvieSu maizes un to kimisko un fizikalo raditaju
savstarpéjo sakaribu attélojums galveno komponentu analizes plakneés /
Fig. 3.23. Relationship between physical and chemical parameters of hull-less barley and
wholegrain wheat bread
hull-less barley bread: HBB-S — prepared with hull-less barley spontaneous sourdough; HBB-T — prepared with
starter cultures sourdough,; wholegrain wheat bread: WWB-S — prepared with hull-less barley spontaneous

sourdough, WWB-T — prepared with sourdough with starter cultures; WWB-Y — wholegrain wheat bread with
yeast; different letter within the column indicates that there is significant difference between the values (p<0.05)

3.5. nodalas kopsavilkums / Summary of Chapter 3.5

Maizes gatavoSanas procesa notiek miltu uzturvielu kvantitativas un kvalitativas
parvertibas dazadu mehanisku procesu, hidrolizes ietekmé, un tas maina maizes uzturvertibu
un fizikalas 1pasibas. legtie rezultati parada, ka kailgraudu miezu maiz€s cietes un ne-cietes
polisaharidu saturs ir biitiski mazaks neka kailgraudu miezu miltos. Vislielakais fruktanu
samazinajums noteikts kailgraudu miezu maize ar spontano ieraugu. Kailgraudu miezu maizes
noteikts zemakais fruktanu saturs, bet augstakais [B-glikanu saturs. Cietes un ne-cietes
polisaharidu saturs kailgraudu miezu maiz€ ar spontano ieraugu un ar tirkultiiru fermentaciju
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bitiski neatskiras, neuzradot tirkultiiru atSkirigu ietekmi. Kailgraudu miezu maizge, kas gatavota
ar tirkultoram ferment€tu ieraugu, konstat€ta mazaka cietiba neka maize ar spontano ieraugu.
Galveno komponentu analize paradija, ka kailgraudu miezu maizi raksturo augstaks B-glikanu
saturs, bet lielaka cietiba un mazaks tilpums, zema porainiba, kamér pilngraudu kvieSu maizi
raksturo lielaks tilpums, izteiktaka porainiba un augstaks cietes, fruktanu un mannanu saturs.
Rezultati liecina, ka kailgraudu miezu maizes fizikalas 1pasibas nosaka -glikanu saturs. Ta ka
ierauga fermentacija samazina [-glikanu saturu, tad secinams, ka ta uzlabo maizes fizikalas
ipasibas. Kailgraudu miezu ieraugs izmantojams gan kailgraudu miezu maizes, gan pilngraudu
kvieSu maizes gatavoSanai. Kailgraudu miezu maize satur augstu Skiedrvielu
(15.61 — 16.64% sausnas), 1pasi P-glikanu (4.83 — 4.89% sausnas), ka ar1 fruktdnus un
mannanus, kas liecina par kailgraudu miezu maizes augsto biologisko vértibu.

In breadmaking, quantitative and qualitative modifications of flour components occur
under various mechanical processes and hydrolysis, leading to changes in bread's nutritional
value and physical properties. The results show that the content of starch and non-starch
polysaccharides in hull-less barley bread is significantly lower than in hull-less barley flour.
The most substantial reduction in fructans content was determined in hull-less barley bread
made with spontaneous hull-less barley sourdough. Hull-less barley bread represents the
lowest fructans content, though the highest content of f-glucans. The content of starch and non-
starch polysaccharides in hull-less barley bread with spontaneous sourdough and that with
starter cultures did not differ significantly, indicating no any noticeable effect of starter
cultures. However, the structure of barley bread prepared with spontaneously fermented
sourdough was found to be harder than that of bread made with sourdough fermented with
starter cultures. Principal component analysis revealed that a higher content of g-glucans
characterizes hull-less barley bread but with a firmer crumb structure, smaller specific volume
and low porosity. In contrast, wholegrain wheat bread is characterized by higher volume, more
pronounced porosity and higher content of starch, fructans and mannans but low S-glucans
content. It can be revealed that the content of f-glucans determines the physical properties of
hull-less barley bread. Since sourdough fermentation reduces the content of f-glucans, it can
be concluded that it enhances the physical properties of bread. Hull-less barley bread includes
high fiber (15.61 — 16.64% on a dry weight basis), specifically p-glucans (4.83 — 4.89% dry
matter), as well as fructans and mannans content, which demonstrates the high biological value
of hull-less barley bread.
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SECINAJUMI / CONCLUSIONS

. Kailgraudu miezu spontana ierauga fermentacijas optimalie tehnologiskie parametri tris
posmos noteikti §adi: 1. posma — pievienotd tidens daudzums 113 ml 100 g~' miltu,
fermentacijas temperatiira 30 °C un laiks 24 h; 2. posma — 137 ml udens, fermentacijas
temperattira 31 °C un laiks 14 h; 3. posma — 150 ml @idens, fermentacijas temperatiira 28.5
°C un laiks 12 h. Kailgraudu miezu spontana ierauga tris fermentacijas posmos sasniegti
aktivu ieraugu raksturojoSie mikrobiologiskie un fizikali kimiskie raditaji: pienskabes
bakterijas — 8.2 logio KVV g!; raugi 7.3 logio KVV g~! un pH 3.8.

. Fermentacijas tris posmos novérota kailgraudu miezu spontana ierauga mikrobiotas
sukcesija. Fermentacijas 2. un 3. posma konstatéta Pediococcus pentosaceus domin€Sana un
identific€ta rauga Saccharomyces cerevisiae parstavnieciba.

. Ar pienskabes baktériju tirkultiram Lactiplantibacillus plantarum DSMZ 20205 un
Pediococcus pentosaceus P773 un komercialo rauga kultiru Saccharomyces cerevisiae
iegiistams aktivs kailgraudu miezu ieraugs ar augstaku proteolitisko aktivitati ka spontanais
ieraugs.

. Kailgraudu miezu ierauga un miklas mikrostruktiiras un reologisko ipasibu izp&te apstiprina
strukturalas izmainas fermentacijas rezultata. Mikrostruktiiras rezultati paradija, ka strukttira
veidojas 11dzigi ka rudzu ierauga un mikla.

. Kailgraudu miezu maizg ar spontano ieraugu glut€na saturs samazinajas par 29%, bet maize
ar tirkultiiram ferment€tu ieraugu par 22% attieciba pret ta saturu miltos. Maizg€ ar spontano
ieraugu zemaks gluténa saturs liecina par bitisku proteolizes nozimi spontana fermentacija.
. Augstais B-glikanu saturs ietekmé&ja maizes fizikalas pasibas. Kailgraudu miezu maizi
raksturo, augsta cietiba, samazinats tilpums un porainiba.

. lerauga fermentacija uzlabo kailgraudu miezu maizes fizikalas 1pasibas: samazina mikstuma
cietibu, uzlabo porainibu un tilpumu.

. Kailgraudu miezu maize, kas gatavota ar kailgraudu miezu ieraugu, uzskatdama par
Skiedrvielu un ne-cietes polisaharidu, 1pasi B-glikanu avotu.

. legiitie rezultati apstiprina pétijuma izvirzito hipotezi, ka kailgraudu miezi ir alternativa
izejviela ierauga un maizes gatavosana.

. The optimal technological parameters of the spontaneous sourdough fermentation of hull-
less barley in three steps are as follows: in the Ist step — the amount of added water is 113
ml per 100 g~ flour, the fermentation temperature is 30 °C and the time is 24 h; in the 2nd
step — 137 ml, fermentation temperature 31 °C and time 14 h, in the 3rd step — the amount
of added water is 150 ml, fermentation temperature 28.5 °C and time 12 h. The
microbiological and physicochemical indicator characteristics of active yeast were achieved
in the spontaneous sourdough of hull-less barley in three steps of fermentation: lactic acid
bacteria — 8.2 logio CFU g”!; yeasts 7.3 logio CFU g! and pH 3.8.

. Spontaneous succession of sourdough microbiota of hull-less barley was observed in three
steps of fermentation. In the 2nd and 3rd stages of fermentation, the prevalence of
Pediococcus pentosaceus was found, and the dominance of the yeast Saccharomyces
cerevisiae was identified.

. With the starter cultures of lactic acid bacteria Lactiplantibacillus plantarum DSMZ 20205
and Pediococcus pentosaceus P773 and the commercial yeast culture Saccharomyces
cerevisiae, an active hull-less barley sourdough characterized by higher proteolytic activity
than spontaneous sourdough.

. The study of the microstructure and rheological properties of hull-less barley sourdough and
dough confirmed structural changes due to fermentation. The microstructure results showed
that the structure formed similarly to rye sourdough and dough.

. The gluten content in hull-less barley bread with spontaneous sourdough and bread with
sourdough fermented by starter cultures decreased by 29% and 22% relative to its flour
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7.

8.

9.

content, respectively. The lower gluten content in bread with spontaneous sourdough
indicated the pivotal role of proteolysis in spontaneous fermentation.

The high content of p-glucans affected the physical properties of bread. Hull-less barley
bread is characterized by high crumb hardness, smaller specific volume and porosity.
Sourdough fermentation improved the physical properties of hull-less barley bread: it
reduced pulp hardness and improved porosity and volume.

Hull-less barley bread prepared with hull-less barley sourdough was considered a source of
fiber and non-starch polysaccharides, especially [-glucans.

The results obtained proved the hypothesis defined in PhD thesis: hull-less barley is an
alternative raw material for sourdough and breadmaking.

REKOMENDACIJAS / RECOMMENDATIONS

1. Kailgraudu miezi izmantojami spontana ierauga fermentacija. Kailgraudu miezu

spontanais ieraugs pec tresa fermentacijas posma uzskatams par pienskabes bakterijas
Pediococcus pentosaceus avotu un izmantojams ierauga, pieméram, rudzu un kvieSu
fermentacijas uzsakSanai.

2. Lai ierauga fermentacijas process butu kontrolgjams un prognoz€jams, ka art izslégtu

nevélamas mikrobiotas attistibu, fermentacijas uzsakSanai iesakama pienskabes bakteriju
(Lactiplantibacillus plantarum un Pediococcus pentosaceus un rauga Saccharomyces
cerevisiae) tirkultiiru izmanto$ana.

. Maizes gatavoSanai no kailgraudu miezu miltiem piem&rota spontana un ar tirkultiiram
ferment€ta ierauga izmantoSana miklas fermentacija. No kailgraudu miezu miltiem
gatavotas mikla ieteicams ieraugu pievienot lielaka daudzuma, pieméram, 37% no miltu
masas un palielinat idens daudzumu — 70%.

Hull-less barley can be used in spontaneous sourdough fermentation. After the third
fermentation steps, the spontaneous sourdough of hull-less barley is considered the source
of the lactic acid bacteria Pediococcus pentosaceus. It can be used to initiate the
fermentation of rye and wheat sourdough.

For the sourdough fermentation process to be controllable and predictable and to exclude
the development of undesirable microbiota, the use of lactic acid bacteria pure cultures
(Lactiplantibacillus plantarum and Pediococcus pentosaceus and yeast Saccharomyces
cerevisiae) is recommended to initiate the fermentation.

In breadmaking, spontaneous and fermented sourdough with starter cultures is suitable for
the fermentation of hull-less barley dough. Adding higher sourdough and water amounts
is recommended for the preparation of hull-less barley dough, corresponding to 37% and
70% of the flour weight, respectively.

88



10.

11.

12.

13.

14.

LITERATURAS SARAKSTS / BIBLIOGRAPHY

Abedfar, A., Hosseininezhad, M., & Rafe, A. (2020). Effect of microbial
exopolysaccharide on wheat bran sourdough: Rheological, thermal and microstructural
characteristics. International Journal of Biological Macromolecules, 154, 371-379.
https://doi.org/10.1016/j.ijbiomac.2020.03.149

Abedfar, A., & Sadeghi, A. (2019). Response surface methodology for investigating the
effects of sourdough fermentation conditions on Iranian cup bread properties. Heliyon, 5,
02608. https://doi.org/10.1016/j.heliyon.2019.¢02608

Admire, K., Jornlid, C., & Blackwood, R. A. (2022). Claws and effect: A case of Pantoea
agglomerans endocarditis following a cat scratch and literature review. [HJ
Cardiovascular Case Reports (CVCR), 6(4), 163-164.
https://doi.org/10.1016/j.ihjccr.2022.11.003

Adnan, M., Siddiqui, A. J., Hamadou, W. S., Ashraf, S. A., Hassan, M. 1., Snoussi, M.,
Badraoui, R., Jamal, A., Bardakci, F., Awadelkareem, A. M., Sachidanandan, M., & Patel,
M. (2021). Functional and structural characterization of Pediococcus pentosaceus-
derived biosurfactant and its biomedical potential against bacterial adhesion, quorum
sensing, and biofilm formation. Antibiotics, 10(11), 1371.
https://doi.org/10.3390/antibiotics 10111371

Alves, T. O., D’Almeida, C. T. S., Scherf, K. A., & Ferreira, M. S. L. (2019). Modern
approaches in the identification and quantification of immunogenic peptides in cereals by
LC-MS/MS. Frontiers in Plant Science, 10, 1470.
https://doi.org/10.3389/1pls.2019.01470

Arena, M. P., Caggianiello, G., Fiocco, D., Russo, P., Torelli, M., Spano, G., & Capozzi,
V. (2014). Barley B-glucans-containing food enhances probiotic performances of
beneficial bacteria. International Journal of Molecular Sciences, 15(2), 3025-3039.
https://doi.org/10.3390/ijms 15023025

Arora, K., Ameur, H., Polo, A., Di Cagno, R., Rizzello, C. G., & Gobbetti, M. (2021).
Thirty years of knowledge on sourdough fermentation: A systematic review. Trends in
Food Science and Technology, 108(July 2020), 71-83.
https://doi.org/10.1016/j.tifs.2020.12.008

Ask, L., Nair, B., & Asp, N. G. (1991). Effect of scalding procedures on the degradation
of starch in rye products. Journal of Cereal Science, 13(1), 15-26.
https://doi.org/10.1016/S0733-5210(09)80024-6

Auzins, A., Leimane, 1., Bleidere, M., Sterna, V., & Krievina, A. (2021). Opportunities
for commercialization of high-protein barley: case of new variety 'Kornelija’ Rural
Sustainability Research, 46(341), 75-89. https://doi.org/10.2478/plua-2021-0019

Badea, A., & Wijekoon, C. (2021). Benefits of barley grain in animal and human diets. In
Cereal Grains - Volume 1. https://doi.org/10.5772/intechopen.97053

Baik, B. K., & Ullrich, S. E. (2008). Barley for food: Characteristics, improvement, and
renewed interest. Journal of Cereal Science, 48, 233-242.
https://doi.org/10.1016/j.jcs.2008.02.002

Balcerek, M., Pielech-Przybylska, K., Dziekonska-Kubczak, U., Patelski, P., & Strak, E.
(2016). Fermentation results and chemical composition of agricultural distillates obtained
from rye and barley grains and the corresponding malts as a source of amylolytic enzymes
and starch. Molecules, 21, 1320. https://doi.org/10.3390/molecules21101320

Ballance, G. M., Meredith, W. O. S., & Laberge, D. E. (1976). Distribution and
development of endo-B-glucanase activities in barley tissues during germination.
Canadian Journal of Plant Science, 56(3), 459-466. https://doi.org/10.4141/cjps76-076
Bartkiene, E., Lele, V., Ruzauskas, M., Domig, K. J., Starkute, V., Zavistanaviciute, P.,
Bartkevics, V., Pugajeva, 1., Klupsaite, D., Juodeikiene, G., Mickiene, R., & Rocha, J. M.
(2020). Lactic acid bacteria isolation from spontaneous sourdough and their

89



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

characterization including antimicrobial and antifungal properties evaluation.
Microorganisms, 8(1). https://doi.org/10.3390/microorganisms8010064

Beck, M., Jekle, M., Selmair, P. L., Koehler, P., & Becker, T. (2011). Rheological
properties and baking performance of rye dough as affected by transglutaminase. Journal
of Cereal Science, 54(1), 29-36. https://doi.org/10.1016/j.jcs.2011.01.012

Beinarovica, 1., Bleidere, M., Piliksere, D., Aija, V., Gaike, M., & Legzdina, L. (2012).
Vasaras kailgraudu miezu Skirnes 'Irbe’ izveidoSana. Zindatniski Praktiskd Konference
Lidzsvarota Lauksaimnieciba.

Belitz, H.-D., Grosch, W., & Schieberle, P. (2009). Food chemistry. Berlin: Springer-
Verlag. https://doi.org/10.1201/b18894-16

Bertrand, R. L. (2019). Lag phase is a dynamic, organized, adaptive, and evolvable period
that prepares bacteria for cell division. Journal of Bacteriology, 201(7), €¢00697-18.
https://doi.org/10.1128/JB.00697-18

Bessmeltseva, M., Viiard, E., Simm, J., Paalme, T., & Sarand, 1. (2014). Evolution of
bacterial consortia in spontaneously started rye sourdoughs during two months of daily
propagation. PLoS ONE, 9(4), 10—11. https://doi.org/10.1371/journal.pone.0095449
Bleidere, M. (2010). Graudu kvalitates izvertéejums lopbaribas miezu selekcijai Latvija:
promocijas darba kopsavilkums Dr.agr. zinatn. grada iegiisanai. LLU.

Bleidere, M., Grunte, 1., & Legzdina, L. (2020). Performance and stability of agronomic
and grain quality traits of Latvian spring barley varieties. Proceedings of the Latvian
Academy of Sciences, Section B: Natural, Exact, and Applied Sciences, 74(4), 270-279.
https://doi.org/10.2478/prolas-2020-0042

Borén, M., Larsson, H., Falk, A., & Jansson, C. (2004). The barley starch granule
proteome - internalized granule polypeptides of the mature endosperm. Plant Science,
166(3), 617-626. https://doi.org/10.1016/j.plantsci.2003.10.028

Bose, U., Juhész, A., Yu, R., Bahmani, M., Byrne, K., Blundell, M., Broadbent, J. A.,
Howitt, C. A., & Colgrave, M. L. (2021). Proteome and nutritional shifts observed in
hordein double-mutant barley lines. Frontiers in Plant Science, [2(September).
https://doi.org/10.3389/1pls.2021.718504

Bradauskiene, V., Vaiciulyte-Funk, L., Shah, B. R., Cernauskas, D., & Tita, M. A. (2021).
Recent advances in biotechnological methods for wheat gluten immunotoxicity
abolishment - A review. Polish Journal of Food and Nutrition Sciences, 71(1), 5-20.
https://doi.org/10.31883/pjfns/132853

Brandt, M. J., & Ginzle, M. G. (2006). Handbuch Sauerteig. In Angewandte Chemie
International Edition, 6(11), 951-952.

Brennan, C. S., Harris, N., Smith, D., & Shewry, P. R. (1996). Structural differences in
the mature endosperms of good and poor malting barley cultivars. Journal of Cereal
Science, 24(2), 171-177. https://doi.org/https://doi.org/10.1006/jcrs.1996.0050

Bugyi, Z., Muskovics, G., Schall, E., Torok, K., Hajas, L., Scherf, K., Xhaferaj, M.,
Koehler, P., Schoenlechner, R., D’ Amico, S., Poms, R., & Tomdskozi, S. (2022). Classics
in a new perspective: gluten as a special food safety and analytical challenge.
Elelmiszervizsgalati Kozlemenyek, 68(4), 4190-4198. https://doi.org/10.52091/EVIK-
2022/4-4-ENG

Cakir, E., Arici, M., & Durak, M. Z. (2021). Effect of starter culture sourdough prepared
with Lactobacilli and Saccharomyces cerevisiae on the quality of hull-less barley-wheat
bread. LWT, 152, 112230. https://doi.org/10.1016/j.1wt.2021.112230

Cakar, E., Arici, M., & Durak, M. Z. (2020). Biodiversity and techno-functional properties
of lactic acid bacteria in fermented hull-less barley sourdough. Journal of Bioscience and
Bioengineering, 130(5), 450-456. https://doi.org/10.1016/j.jbiosc.2020.05.002
Calabrese, F. M., Ameur, H., Nikoloudaki, O., Celano, G., Vacca, M., Junior, W. Jfl.,
Manzari, C., Verte, F., Di Cagno, R., Pesole, G., De Angelis, M., & Gobbetti, M. (2022).
Metabolic framework of spontaneous and synthetic sourdough metacommunities to

90



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

reveal microbial players responsible for resilience and performance. Microbiome,
10(148). https://doi.org/10.1186/s40168-022-01301-3

Chen, L., Fincher, G. B., & Hgj, P. B. (1993). Evolution of polysaccharide hydrolase
substrate specificity: Catalytic amino acids are conserved in barley 1,3-1,4- and 1,3-f3-
glucanases.  Journal of  Biological = Chemistry, 268(18), 13318-13326.
https://doi.org/10.1016/s0021-9258(19)38654-5

Cizeikiene, D., Jagelaviciute, J., Stankevicius, M., & Maruska, A. (2020). Thermophilic
lactic acid bacteria affect the characteristics of sourdough and whole-grain wheat bread.
Food Bioscience, 38(October), 100791. https://doi.org/10.1016/j.b10.2020.100791
Comino, P., Shelat, K., Collins, H., Lahnstein, J., & Gidley, M. J. (2013). Separation and
purification of soluble polymers and cell wall fractions from wheat, rye and hull less
barley endosperm flours for structure-nutrition studies. Journal of Agricultural and Food
Chemistry, 61(49), 12111-12122. https://doi.org/10.1021/;t403558u

Corsetti, A., Settanni, L., Valmorri, S., Mastrangelo, M., & Suzzi, G. (2007).
Identification of subdominant sourdough lactic acid bacteria and their evolution during
laboratory-scale fermentations. Food  Microbiology, 24(6), 592-600.
https://doi.org/10.1016/j.fm.2007.01.002

Dabina, 1. (2013). Antioksidantu dinamika iesala un alus razosana: promocijas darbs
inZenierzinatnu zindtniska grada iegiiSanai partikas zinatnes nozaré. Latvijas
Lauksaimniecibas universitate.

Dancite, D., Zagorska, J., Kince, T., & Sterna, V. (2021). Application of hull-less barley
variety 'Kornelija’ grains for yogurt development. Proceedings of the Latvian Academy
of Sciences, Section B: Natural, Exact, and Applied Sciences, 75(6), 432-437.
https://doi.org/10.2478/prolas-2021-0064

Day, L. (2013). Proteins from land plants — Potential resources for human nutrition and
food security. Trends in Food Science & Technology, 32(1), 25-42.
https://doi.org/10.1016/J. TIFS.2013.05.005

De Angelis, M., Minervini, F., Siragusa, S., Rizzello, C. G., & Gobbetti, M. (2019).
Wholemeal wheat flours drive the microbiome and functional features of wheat
sourdoughs. International Journal of Food Microbiology, 302(May), 35-46.
https://doi.org/10.1016/j.ijfoodmicro.2018.08.009

De Vuyst, L., Comasio, A., & Kerrebroeck, S. Van. (2021). Sourdough production:
fermentation strategies, microbial ecology, and use of non-flour ingredients. Critical
Reviews in Food Science and Nutrition, 0(0), 1-33.
https://doi.org/10.1080/10408398.2021.1976100

De Vuyst, L., & Neysens, P. (2005). The sourdough microflora: Biodiversity and
metabolic interactions. Trends in Food Science and Technology, 16(1-3), 43-56.
https://doi.org/10.1016/j.tifs.2004.02.012

De Vuyst, L., Van Kerrebroeck, S., & Leroy, F. (2017). Microbial ecology and process
technology of sourdough fermentation. Advances in Applied Microbiology, 100, 49—-160.
https://doi.org/10.1016/bs.aambs.2017.02.003

Demirkesen-Bicak, H., Arici, M., Yaman, M., Karasu, S., & Sagdic, O. (2021). Effect of
different fermentation condition on estimated glycemic index, in vitro starch digestibility,
and textural and sensory properties of sourdough bread. Foods, 10(3).
https://doi.org/10.3390/foods10030514

Di Cagno, R., Barbato, M., Di Camillo, C., Rizzello, C. G., De Angelis, M., Giuliani, G.,
De Vincenzi, M., Gobbetti, M., & Cucchiara, S. (2010). Gluten-free sourdough wheat
baked goods appear safe for young celiac patients: a pilot study. Journal of Pediatric
Gastroenterology and Nutrition, 51(6), 777-783.
https://doi.org/10.1097/mpg.0b013e318122ba4

Di Cagno, R., Pontonio, E., Buchin, S., De Angelis, M., Lattanzi, A., Valerio, F., Gobbetti,
M., & Calasso, M. (2014). Diversity of the lactic acid bacterium and yeast microbiota in

91



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

the switch from firm- to liquid-sourdough fermentation. Applied and Environmental
Microbiology, 80(10), 3161-3172. https://doi.org/10.1128/AEM.00309-14

Djurle, S., Andersson, A. A. M., & Andersson, R. (2016). Milling and extrusion of six
barley varieties, effects on dietary fibre and starch content and composition. Journal of
Cereal Science, 72, 146—152. https://doi.org/10.1016/}.jcs.2016.09.017

Djurle, S., Andersson, A. A. M., & Andersson, R. (2018). Effects of baking on dietary
fibre, with emphasis on B-glucan and resistant starch, in barley breads. Journal of Cereal
Science, 79, 449—-455. https://doi.org/10.1016/j.jcs.2017.10.017

Dornez, E., Holopainen, U., Cuyvers, S., Poutanen, K., Delcour, J. A., Courtin, C. M., &
Nordlund, E. (2011). Study of grain cell wall structures by microscopic analysis with four
different staining techniques. Journal of Cereal Science, 54(3), 363-373.
https://doi.org/10.1016/j.jcs.2011.07.003

EFSA. (2016). Scientific opinion on dietary reference values for carbohydrates and
dietary fibre. EFSA Journal, 8(3), 1-77. https://doi.org/10.2903/j.efsa.2010.1462

EL Houssni, 1., Khedid, K., Zahidi, A., & Hassikou, R. (2023). The inhibitory effects of
lactic acid bacteria isolated from sourdough on the mycotoxigenic fungi growth and
mycotoxins from wheat bread. In Biocatalysis and Agricultural Biotechnology (Vol. 50).
Elsevier Ltd. https://doi.org/10.1016/j.bcab.2023.102702

EU. (2009). Commission Regulation (EC) No 41/2009 of 20 January 2009 concerning
the composition and labelling of foodstuffs suitable for people intolerant to gluten (p. L
16/3). Official Journal of the European Union.

FDA. (2018). Microorganisms&Microbial-Derived Ingredients Used in Food. Code of
Federal Regulations (p. Title 21, 21CFR, 172-173). US Food and Dug Administration.
Fox, G. P., Onley Watson, K., & Osman, A. (2002). Multiple linear regression calibrations
for barley and malt protein based on the spectra of hordein. Journal of the Institute of
Brewing, 108(2), 155-159.

Frangois, J. M. (2007). A simple method for quantitative determination of polysaccharides
in fungal cell walls. Nature Protocols, 1(6), 2995-3000.
https://doi.org/10.1038/nprot.2006.457

Fu, W., Liu, C., Meng, X., Tao, S., & Xue, W. (2021). Co-culture fermentation of
Pediococcus acidilactici XZ31 and yeast for enhanced degradation of wheat allergens.
International Journal of Food Microbiology, 347, 109190.
https://doi.org/10.1016/j.ijfoodmicro.2021.109190

Galle, S., Schwab, C., Arendt, E. K., & Génzle, M. G. (2011). Structural and rheological
characterisation of heteropolysaccharides produced by lactic acid bacteria in wheat and
sorghum sourdough. Food Microbiology, 28(3), 547-553.
https://doi.org/10.1016/j.fm.2010.11.006

Génzle, M. G. (2014). Enzymatic and bacterial conversions during sourdough
fermentation. Food Microbiology, 37, 2—10. https://doi.org/10.1016/j.fm.2013.04.007
Génzle, M. G., Loponen, J., & Gobbetti, M. (2008). Proteolysis in sourdough
fermentations: mechanisms and potential for improved bread quality. Trends in Food
Science and Technology, 19(10), 513-521. https://doi.org/10.1016/.tifs.2008.04.002
Ginzle, M. G., Qiao, N., & Bechtner, J. (2023). The quest for the perfect loaf of
sourdough bread continues: Novel developments for selection of sourdough starter
cultures.  International  Journal of Food  Microbiology, 407, 110421.
https://doi.org/10.1016/j.;jfoodmicro.2023.110421

Gerez, C. L., Dallagnol, A., Rollan, G., & Font de Valdez, G. (2012). A combination of
two lactic acid bacteria improves the hydrolysis of gliadin during wheat dough
fermentation. Food Microbiology, 32(2), 427-430.
https://doi.org/10.1016/5.fm.2012.06.007

Gil-Humanes, J., Piston, F., Altamirano-Fortoul, R., Real, A., Comino, 1., Sousa, C.,
Rosell, C. M., & Barro, F. (2014). Reduced-gliadin wheat bread: An alternative to the

92



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

gluten-free diet for consumers suffering gluten-related pathologies. PLoS ONE, 9(3),
€90898. https://doi.org/10.1371/journal.pone.0090898

Gobbetti, M. (1998). The sourdough microflora: Interactions of lactic acid bacteria and
yeasts.  Trends in  Food  Science &  Technology, 9(7), 267-274.
https://doi.org/https://doi.org/10.1016/S0924-2244(98)00053-3

Gobbetti, M., De Angelis, M., Di Cagno, R., Calasso, M., Archetti, G., & Rizzello, C. G.
(2019). Novel insights on the functional/nutritional features of the sourdough
fermentation. International Journal of Food Microbiology, 302, 103-113.
https://doi.org/10.1016/j.ijfoodmicro.2018.05.018

Gobbetti, M., & Génzle, M. (2013). Handbook on sourdough biotechnology. In Handbook
on Sourdough Biotechnology. Springer US. https://doi.org/10.1007/978-1-4614-5425-0
Goudar, G., Sharma, P., Janghu, S., & Longvah, T. (2020). Effect of processing on barley
B-glucan content, its molecular weight and extractability. International Journal of
Biological Macromolecules, 162, 1204-1216.
https://doi.org/10.1016/j.1jbiomac.2020.06.208

Graga, C., Lima, A., Raymundo, A., & Sousa, I. (2021). Sourdough fermentation as a tool
to improve the nutritional and health-promoting properties of its derived-products.
Fermentation, 7(4), 246. https://doi.org/10.3390/fermentation7040246

Haraszi, R., Chassaigne, H., Maquet, A., & Ulberth, F. (2011). Analytical methods for
detection of gluten in food-method developments in support of food labeling legislation.
Journal of AOAC International, 94(4), 1006-1025.
https://doi.org/10.1093/jaoac/94.4.1006

Harris, C. R., Millman, K. J., van der Walt, S. J., Gommers, R., Virtanen, P., Cournapeau,
D., Wieser, E., Taylor, J., Berg, S., Smith, N. J., Kern, R., Picus, M., Hoyer, S., van
Kerkwijk, M. H., Brett, M., Haldane, A., del Rio, J. F., Wiebe, M., Peterson, P., ...
Oliphant, T. E. (2020). Array programming with NumPy. Nature, 585(7825), 357-362.
https://doi.org/10.1038/s41586-020-2649-2

Harth, H., Van Kerrebroeck, S., & De Vuyst, L. (2016). Community dynamics and
metabolite target analysis of spontaneous, backslopped barley sourdough fermentations
under laboratory and bakery conditions. International Journal of Food Microbiology,
228, 22-32. https://doi.org/10.1016/j.ijjfoodmicro.2016.04.011

Huys, G., Daniel, H. M., & De Vuyst, L. (2013). Taxonomy and biodiversity of sourdough
yeasts and lactic acid bacteria. In M. Gobbetti & M. Ganzle (Eds.), Handbook on
Sourdough Biotechnology (p. 298). Springer, New York.

Ispiryan, L., Kuktaite, R., Zannini, E., & Arendt, E. K. (2021). Fundamental study on
changes in the FODMAP profile of cereals, pseudo-cereals, and pulses during the malting
process. Food Chemistry, 343, 128549. https://doi.org/10.1016/j.foodchem.2020.128549
Ispiryan, L., Zannini, E., & Arendt, E. K. (2020). Characterization of the FODMAP-
profile in cereal-product ingredients. Journal of Cereal Science, 92, 102916.

Ispiryan, L., Zannini, E., & Arendt, E. K. (2022). FODMAP modulation as a dietary
therapy for IBS: Scientific and market perspective. Comprehensive Reviews in Food
Science and Food Safety, 21(2), 1491-1516. https://doi.org/10.1111/1541-4337.12903
Janssen, F., Wouters, A. G. B., Chatzigiannakis, E., Delcour, J. A., & Vermant, J. (2021).
Thin film drainage dynamics of wheat and rye dough liquors and oat batter liquor. Food
Hydrocolloids, 116, 106624. https://doi.org/10.1016/j.foodhyd.2021.106624

Janssen, F., Wouters, A. G. B., Meeus, Y., Moldenaers, P., Vermant, J., & Delcour, J. A.
(2020). The role of non-starch polysaccharides in determining the air-water interfacial
properties of wheat, rye, and oat dough liquor constituents. Food Hydrocolloids,
105(January), 105771. https://doi.org/10.1016/j.foodhyd.2020.105771

Jiang, S., Cai, L., Lv, L., & Li, L. (2021). Pediococcus pentosaceus, a future additive or
probiotic candidate. Microbial Cell Factories, 20(1), 20:45.
https://doi.org/10.1186/s12934-021-01537-y

93



76.

71.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

91.

92.

Katina, K., Heinio, R. L., Autio, K., & Poutanen, K. (2006). Optimization of sourdough
process for improved sensory profile and texture of wheat bread. LWT - Food Science and
Technology, 39(10), 1189—1202. https://doi.org/10.1016/j.1wt.2005.08.001

Katsi, P., Kosma, I. S., Michailidou, S., Argiriou, A., Badeka, A. V, & Kontominas, M. G.
(2021). Characterization of artisanal spontaneous sourdough wheat. Foods, 10, 635.
Kerpes, R., Knorr, V., Procopio, S., Koehler, P., & Becker, T. (2016). Gluten-specific
peptidase activity of barley as affected by germination and its impact on gluten
degradation. Journal of Cereal Science, 68, 93-99.
https://doi.org/10.1016/j.jcs.2016.01.004

Klava, D., Kunkulberga, D., Duka, G., & Murniece, R. (2023). Traditional latvian
Sourdough rye bread. In M. Garcia-Vaguero, K. Pastor, G. E. Orhun, A. McElhatton, &
J. M. F. Rocha (Eds.), Traditional European Breads: An Illustrative Compendium of
Ancestral Knowledge and Cultural Heritage. Switzerland: Springer Nature AG.
https://doi.org/10.1007/978-3-031-23352-4

Kozlinskis, E., Skudra, L., Rakcejeva, T., & Kunkulberga, D. (2010). Changes in the
chemical and microbiological properties of spontaneous rye sourdough during
fermentation. LLU Raksti, 25(320), 67-77.

Kumar, V., Sinha, A. K., Makkar, H. P. S., & Becker, K. (2010). Dietary roles of phytate
and phytase in human nutrition: A review. Food Chemistry, 120(4), 945-959.
https://doi.org/10.1016/j.foodchem.2009.11.052

Kunkulberga, D., & Seglins, V. (2010). Maizes razosanas tehnologija. Riga: RTU
Izdevnieciba.

Leroy, F., De Winter, T., Remedios, M., Moreno, F., & De Vuyst, L. (2007). The
bacteriocin producer Lactobacillus amylovorus DCE 471 is a competitive starter culture
for type Il sourdough fermentations. Journal of the Science of Food and Agriculture,
87(9), 1726—1736. https://doi.org/https://doi.org/10.1002/jsfa.2903

Lexhaller, B., Tompos, C., & Scherf, K. A. (2017). Fundamental study on reactivities of
gluten protein types from wheat, rye and barley with five sandwich ELISA test kits. Food
Chemistry, 237, 320-330. https://doi.org/10.1016/j.foodchem.2017.05.121

Li, H. F, Dai, F. J., Zhang, L. L., & Li, Z. J. (2022). Characterization of scalded dough
and its impact on the growth of mixed yeasts originating from Jiaozi. Food Bioscience,
49(January), 101920. https://doi.org/10.1016/j.fbi0.2022.101920

Li, H., Vasanthan, T., Rossnagel, B., & Hoover, R. (2001). Starch from hull-less barley:
I. Granule morphology, composition and amylopectin structure. Food Chemistry, 74(4),
395-405. https://doi.org/10.1016/S0308-8146(01)00246-1

Lim, Y. H., Foo, H. L., Loh, T. C., Mohamad, R., & Abdullah, N. (2019). Comparative
studies of versatile extracellular proteolytic activities of lactic acid bacteria and their
potential for extracellular amino acid productions as feed supplements. Journal of Animal
Science and Biotechnology, 10(1), 1-13. https://doi.org/10.1186/s40104-019-0323-z
Liu, M., Bayjanov, J. R., Renckens, B., Nauta, A., & Siezen, R. J. (2010). The proteolytic
system of lactic acid bacteria revisited: A genomic comparison. BMC Genomics, 11(1),
36. https://doi.org/10.1186/1471-2164-11-36

Loponen, J., & Génzle, M. G. (2018). Use of sourdough in low FODMAP baking. Foods,
7(96). https://doi.org/10.3390/f00ds7070096

Loponen, J., Mikola, M., Katina, K., Sontag-Strohm, T., & Salovaara, H. (2004).
Degradation of HMW glutenins during wheat sourdough fermentations. Cereal
Chemistry, 81(1), 87-93. https://doi.org/10.1094/CCHEM.2004.81.1.87

Loveday, S. M. (2019). Food proteins: technological, nutritional, and sustainability
attributes of traditional and emerging proteins. Annual Review of Food Science and
Technology, 10, 311-339. https://doi.org/10.1146/annurev-food-032818-121128
Lukinac, J., & Juki¢, M. (2022). Barley in the production of cereal-based products. Plants,
11, 3519. https://doi.org/10.3390/plants11243519

94



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Maina, N. H., Rieder, A., De Bondt, Y., Mikelda-Salmi, N., Sahlstrom, S., Mattila, O.,
Lamothe, L. M., Nystrom, L., Courtin, C. M., Katina, K., & Poutanen, K. (2021). Process-
induced changes in the quantity and characteristics of grain dietary fiber. Foods, 10, 2566.
https://doi.org/10.3390/foods10112566

Majore, K., Sterna, V., Bleidere, M., Reidzane, S., & Ciprovica, 1. (2021). In-vitro study
on fermentation characteristics of different hulless barley cultivar flakes. Proceedings of
the Latvian Academy of Sciences. Section B. Natural, Exact, and Applied Sciences., 75(6),
438-443. https://doi.org/10.2478/prolas-2021-0065

Marchesi, J. R., & Ravel, J. (2015). The vocabulary of microbiome research: a proposal.
Microbiome, 3(31). https://doi.org/10.1186/s40168-015-0094-5

Mariotti, M., Garofalo, C., Aquilanti, L., Osimani, A., Fongaro, L., Tavoletti, S., Hager,
A. S., & Clementi, F. (2014). Barley flour exploitation in sourdough bread-making: A
technological, nutritional and sensory evaluation. LWT - Food Science and Technology,
59, 973-980. https://doi.org/10.1016/j.1wt.2014.06.052

Martinez-Subira, M., Romero, M. P., Puig, E., Macia, A., Romagosa, 1., & Moralejo, M.
(2020). Purple, high B-glucan, hulless barley as valuable ingredient for functional food.
LWT, 131, 109582. https://doi.org/10.1016/j.1wt.2020.109582

Meints, B., Vallejos, C., & Hayes, P. (2021). Multi-use naked barley: A new frontier.
Journal of Cereal Science, 102, 103370. https://doi.org/10.1016/j.jcs.2021.103370
Mezaka, 1. (2018). Videi draudziga un biologiska lauksaimnieciba vasaras mieZiem
(Hordeum vulgare L.) nozimigu pazimju genétiska kartésana: promocijas darbs doktora
grada iegiisani biologijas nozaré. Latvijas Universitate.

Minervini, F., De Angelis, M., Di Cagno, R., & Gobbetti, M. (2014). Ecological
parameters influencing microbial diversity and stability of traditional sourdough.
International Journal of Food Microbiology, 171, 136-146.
https://doi.org/10.1016/j.ijfoodmicro.2013.11.021

Minervini, F., De Angelis, M., Di Cagno, R., Pinto, D., Siragusa, S., Rizzello, C. G., &
Gobbetti, M. (2010). Robustness of Lactobacillus plantarum starters during daily
propagation of wheat flour sourdough type 1. Food Microbiology, 27(7), 897-908.
https://doi.org/10.1016/j.fm.2010.05.021

Minervini, F., Lattanzi, A., De Angelis, M., Celano, G., & Gobbetti, M. (2015). House
microbiotas as sources of lactic acid bacteria and yeasts in traditional Italian sourdoughs.
Food Microbiology, 52, 66—76. https://doi.org/10.1016/j.fm.2015.06.009

Mir, S. A., Manickavasagan, A., & Shah, M. A. (Eds.). (2019). Whole grains. Processing,
product development and nutrition aspects. CRC Press: Boca Raton, FL, USA, 2019.
Muir, J. G., Varney, J. E., Ajamian, M., & Gibson, P. R. (2019). Gluten-free and low-
FODMAP sourdoughs for patients with coeliac disease and irritable bowel syndrome: A
clinical perspective. International Journal of Food Microbiology, 290(July), 237-246.
https://doi.org/10.1016/j.ijfoodmicro.2018.10.016

Murniece, R., Reidzane, S., Galoburda, R., Radenkovs, V., & Klava, D. (2023). The
impact of fermented scald on rye and hull-less barley dough and bread structure
formation. Foods, 12, 4475. https://doi.org/10.3390/foods 12244475

Nakov, G., Jukié¢, M., Simi¢, G., Sumanovac, F., Komlenié, D. K., & Lukinac, J. (2022).
Effect of the addition of hulless barley flour on the quality of short-dough cookies. Foods,
11, 2428. https://doi.org/10.3390/foods11162428

Nemeth, C., Andersson, A. A. M., Andersson, R., Mangelsen, E., Sun, C., & Aman, P.
(2014). Relationship of grain fructan content to degree of polymerisation in different
barleys. Food and Nutrition Sciences, 5, 581-589.
https://doi.org/10.4236/fns.2014.56068

Newman, C. W., & Newman, R. K. (2006). A brief history of barley foods. Cereal Foods
World, 51(1), 4-7. https://doi.org/10.1094/ctw-51-0004

Oshiro, M., Tanaka, M., Zendo, T., & Nakayama, J. (2020). Impact of pH on succession

95



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

of sourdough lactic acid bacteria communities and their fermentation properties.
Bioscience of  Microbiota, Food and  Health, 39(3), 152—159.
https://doi.org/10.12938/bmfh.2019-038

Oshiro, M., Zendo, T., & Nakayama, J. (2021). Diversity and dynamics of sourdough
lactic acid bacteriota created by a slow food fermentation system. Journal of Bioscience
and Bioengineering, 131(4), 333-340. https://doi.org/10.1016/j.jbiosc.2020.11.007
Otero, E. A., Miralles, D. J., Peton, A., Conti, V. A., Giménez, F. J., & Benech-Armold, R.
L. (2021). On-field assessment of the environmental modulation of malting quality in
barley crops. Field Crops Research, 271, 108252.
https://doi.org/10.1016/j.fcr.2021.108252

Panda, R., & Garber, E. A. E. (2019). Detection and quantitation of gluten in fermented-
hydrolyzed foods by antibody-based methods: Challenges, progress, and a potential path
forward. Frontiers in Nutrition, 6(97). https://doi.org/10.3389/tnut.2019.00097

Pauly, A., Pareyt, B., Fierens, E., & Delcour, J. A. (2014). Fermentation affects the
composition and foaming properties of the aqueous phase of dough from soft wheat flour.
Food Hydrocolloids, 37, 221-228. https://doi.org/10.1016/j.foodhyd.2013.11.008
Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V., Thirion, B., Grisel, O., Blondel,
M., Prettenhofer, P., Weiss, R., Dubourg, V., Vanderplas, J., Passos, A., Cournapeau, D.,
Brucher, M., Perrot, M., & Duchesnay, E. (2011). Scikit-learn: Machine learning in
Python. Journal of Machine Learning Research, 12, 2825-2830.

Pejcz, E., Czaja, A., Wojciechowicz-Budzisz, A., Gil, Z., & Spychaj, R. (2017). The
potential of naked barley sourdough to improve the quality and dietary fibre content of
barley enriched wheat bread. Journal of Cereal Science, 77, 97-101.
https://doi.org/10.1016/j.jcs.2017.08.007

Pejcz, E., Gil, Z., Wojciechowicz-Budzisz, A., Pottorak, M., & Romanowska, A. (2015).
Effect of technological process on the nutritional quality of naked barley enriched rye
bread. Journal of Cereal Science, 65, 215-219. https://doi.org/10.1016/j.jcs.2015.07.015
Perri, G., Rizzello, C. G., Ampollini, M., Celano, G., Coda, R., Gobbetti, M., De Angelis,
M., & Calasso, M. (2021). Bioprocessing of barley and lentil grains to obtain in situ
synthesis of exopolysaccharides and composite wheat bread with improved texture and
health properties. Foods, 10, 1489. https://doi.org/10.3390/foods10071489
Petrovska-Avramenko, N., Karklina, D., & Gedrovica, 1. (2017). Water soluble vitamins
B1, B2 and B3 in triticale and hull-less barley grains. Food Science and Technology in a
Changing World, 207-209. https://doi.org/10.22616/foodbalt.2017.039

Porto, M. C. W., Kuniyoshi, T. M., Azevedo, P. O. S., Vitolo, M., & Oliveira, R. P. S.
(2017). Pediococcus spp.: An important genus of lactic acid bacteria and pediocin
producers. Biotechnology Advances, 335, 361-374.
https://doi.org/10.1016/j.biotechadv.2017.03.004

Poutanen, K., Flander, L., & Katina, K. (2009). Sourdough and cereal fermentation in a
nutritional perspective. Food Microbiology, 26, 693-699.
https://doi.org/10.1016/j.fm.2009.07.011

Poutanen, K. S., Kérlund, A. O., Goémez-Gallego, C., Johansson, D. P., Scheers, N. M.,
Marklinder, I. M., Eriksen, A. K., Silventoinen, P. C., Nordlund, E., Sozer, N., Hanhineva,
K. J., Kolehmainen, M., & Landberg, R. (2022). Grains - a major source of sustainable
protein for health. Nutrition Reviews, 80(6), 1648-1663.
https://doi.org/10.1093/nutrit/nuab084

Punia, S. (2020). Barley starch: Structure, properties and in vitro digestibility - A review.
In International Journal of Biological Macromolecules (Vol. 155, pp. 868—875). Elsevier
B.V. https://doi.org/10.1016/j.ijbiomac.2019.11.219

Punia, S., Siroha, A. K., Sandhu, K. S., & Kaur, M. (2019). Rheological behavior of wheat
starch and barley resistant starch (type IV) blends and their starch noodles making
potential. International Journal of Biological Macromolecules, 130, 595-604.

96



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

https://doi.org/10.1016/j.ijbiomac.2019.03.009

R Core Team. (2020). A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, 3. http://www.r-project.org

Reale, A., Di Stasio, L., Di Renzo, T., De Caro, S., Ferranti, P., Picariello, G., Addeo, F.,
& Mamone, G. (2021). Bacteria do it better! Proteomics suggests the molecular basis for
improved digestibility of sourdough products. Food Chemistry, 359, 129955.
https://doi.org/10.1016/j.foodchem.2021.129955

Reback, J., jbrockmendel, McKinney, W., Bossche, J. Van den, Roeschke, M.,
Augspurger, T., Hawkins, S., Cloud, P., gfyoung, Hoefler, P., Sinhrks, Klein, A., Petersen,
T., Tratner, J., She, C., Ayd, W., Shadrach, R., Naveh, S., Garcia, M., ... Li, T. (2022).
pandas-dev/pandas: Pandas 1.4.4. Zenodo. https://doi.org/10.528 1/ZENODO.7037953
Reidzane, S., Gramatina, 1., Galoburda, R., Komasilovs, V., Zacepins, A., Bljahhina, A.,
Kince, T., Traksmaa, A., & Klava, D. (2023). Composition of polysaccharides in hull-less
barley sourdough bread and their impact on physical properties of bread. Foods, 12, 155.
https://doi.org/10.3390/foods12010155

Reidzane, S., Kruma, Z., Kazantseva, J., Traksmaa, A., & Klava, D. (2021).
Determination of technological parameters and characterization of microbiota of the
spontaneous sourdough fermentation of hull-less barley. Foods, 10, 2253.
https://doi.org/10.3390/foods10102253

Rizzello, C. G., Calasso, M., Campanella, D., De Angelis, M., & Gobbetti, M. (2014).
Use of sourdough fermentation and mixture of wheat, chickpea, lentil and bean flours for
enhancing the nutritional, texture and sensory characteristics of white bread. International
Journal of Food Microbiology, 180, 78-87.
https://doi.org/10.1016/j.ijfoodmicro.2014.04.005

Rizzello, C. G., Nionelli, L., Coda, R., & Gobbetti, M. (2012). Synthesis of the cancer
preventive peptide lunasin by lactic acid bacteria during sourdough fermentation.
Nutrition and Cancer, 64(1), 111-120. https://doi.org/10.1080/01635581.2012.630159
Rizzello, C. G., Portincasa, P., Montemurro, M., di Palo, D. M., Lorusso, M. P., de
Angelis, M., Bonfrate, L., Genot, B., & Gobbetti, M. (2019). Sourdough fermented breads
are more digestible than those started with baker’s yeast alone: An in vivo challenge
dissecting distinct ~ gastrointestinal responses. Nutrients, 11, 2954.
https://doi.org/10.3390/nu11122954

Robles-Ramirez, M. del C., Ortega-Robles, E., Monterrubio-Ldopez, R., Mora-Escobedo,
R., & Beltran-Orozco, M. del C. (2020). Barley bread with improved sensory and
antioxidant properties. International Journal of Gastronomy and Food Science, 22,
100279. https://doi.org/10.1016/5.1jgfs.2020.100279

Salminen, S., & Wright, A. (Eds). (2004). Lactic Acid Bacteria: microbiological and
functional  aspects  (Third  Edit). New  York: Marcel Dekker, Inc.
https://doi.org/10.1201/9780824752033

Salt, L. J., Wilde, P. J., Georget, D., Wellner, N., Skeggs, P. K., & Mills, E. N. C. (2006).
Composition and surface properties of dough liquor. Journal of Cereal Science, 43, 284—
292. https://doi.org/10.1016/j.jcs.2005.12.013

Scazzina, F., Del Rio, D., Pellegrini, N., & Brighenti, F. (2009). Sourdough bread: Starch
digestibility and postprandial glycemic response. Journal of Cereal Science, 49,419-421.
https://doi.org/10.1016/j.jcs.2008.12.008

Schalk, K., Lexhaller, B., Koehler, P., & Scherf, K. A. (2017). Isolation and
characterization of gluten protein types from wheat, rye, barley and oats for use as
reference materials. PLoS ONE, 12(2), e0172819.
https://doi.org/10.1371/journal.pone.0172819

Scherf, K. A., Catassi, C., Chirdo, F. G., Ciclitira, P. J., Feighery, C. F., Gianfrani, C.,
Koning, F., Lundin, K. E. A., Masci, S., Schuppan, D., Smulders, M. J. M., Tranquet, O.,
Troncone, R., & Koehler, P. (2021). Statement of the Prolamin Working Group on the

97



138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

determination of gluten in fermented foods containing partially hydrolyzed gluten.
Frontiers in Nutrition, 7, 626712. https://doi.org/10.3389/fhut.2020.626712

Scherf, K. A., Wieser, H., & Koehler, P. (2018). Novel approaches for enzymatic gluten
degradation to create high-quality gluten-free products. Food Research International,
110, 62-72. https://doi.org/10.1016/j.foodres.2016.11.021

Seabold, S., & Perktold, J. (2010). Statsmodels: econometric and statistical modeling with
Python. Proceedings of the 9th Python in Science Conference, 92-96.
https://doi.org/10.25080/majora-92bf1922-011

Semjonovs, P., & Zikmanis, P. (2008). Evaluation of novel lactose-positive and
exopolysaccharide-producing strain of Pediococcus pentosaceus for fermented foods.
European Food Research and Technology, 227, 851-856.
https://doi.org/10.1007/s00217-007-0796-4

Serena, G., D’Avino, P., & Fasano, A. (2020). Celiac disease and non-celiac wheat
sensitivity: state of art of non-dietary therapies. Frontiers in Nutrition, 7(152).
https://doi.org/10.3389/thut.2020.00152

Shewry, P., & Ullrich, S. E. (2014). Barley: Chemistry and Technology. AACC
International.

Singh, S., Singh, G., & Arya, S. K. (2018). Mannans: An overview of properties and
application in food products. International Journal of Biological Macromolecules, 119,
79-95. https://doi.org/10.1016/j.ijbiomac.2018.07.130

Siragusa, S., Di Cagno, R., Ercolini, D., Minervini, F., Gobbetti, M., & De Angelis, M.
(2009). Taxonomic structure and monitoring of the dominant population of lactic acid
bacteria during wheat flour sourdough type I propagation using Lactobacillus
sanfranciscensis starters. Applied and Environmental Microbiology, 75(4), 1099—1109.
https://doi.org/10.1128/AEM.01524-08

Spicher, G., & Stephan, H. (1993). Handbuch Sauerteig: Biology, Biochemie,
Technologie. Hamburg: BBV Wirtschaftsinformationen GmbH.

Sterna, V., Seglina, D., Krasnova, 1., Kince, T., Jansone, Z., & Bleidere, M. (2022).
Sprouted hulless barley grains and their application possibilities for the functional sweet
snacks development. Proceedings of the Latvian Academy of Sciences. Section B.
Natural, Exact, and Applied Sciences., 76(1), 116—123. https://doi.org/10.2478/prolas-
2022-0018

Sterna, V., Zute, S., & Jakobsone, 1. (2015). Grain composition and functional ingredients
of barley varieties created in Latvia. Proceedings of the Latvian Academy of Sciences,
Section B:  Natural, Exact, and Applied Sciences, 69(4), 158-162.
https://doi.org/10.1515/prolas-2015-0023

Struyf, N., Laurent, J., Lefevere, B., Verspreet, J., Verstrepen, K. J., & Courtin, C. M.
(2017). Establishing the relative importance of damaged starch and fructan as sources of
fermentable sugars in wheat flour and whole meal bread dough fermentations. Food
Chemistry, 218, 89-98. https://doi.org/10.1016/j.foodchem.2016.09.004

Sturite, 1., Kronberga, A., Strazdina, V., Kokare, A., Aassveen, M., Bergjord Olsen, A. K.,
Sterna, V., & Straumite, E. (2019). Adaptability of hull-less barley varieties to different
cropping systems and climatic conditions. Acta Agriculturae Scandinavica Section B:
Soil and Plant Science, 69(1), 1-11. https://doi.org/10.1080/09064710.2018.1481995
Tanner, G. J., Colgrave, M. L., Blundell, M. J., Goswami, H. P., & Howitt, C. A. (2013).
Measuring hordein (gluten) in beer - a comparison of ELISA and mass spectrometry.
PLoS ONE, 8(2), e56452. https://doi.org/10.1371/journal.pone.0056452

Thuany, T., Lima, M., Oliveira, B. De, Dea, J. De, Pirozi, R., & Martin, P. (2023). How
to deliver sourdough with appropriate characteristics for the bakery industry ? The answer
may be provided by microbiota. Food  Bioscience, 56, 103072.
https://doi.org/10.1016/j.tb10.2023.103072

Torbica, A., Belovi¢, M., Popovi¢, L., Cakarevié, J., Jovi¢i¢, M., & Pavlievié, J. (2021).

98



153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Comparative study of nutritional and technological quality aspects of minor cereals.
Journal of  Food Science and Technology, 58(1), 311-322.
https://doi.org/10.1007/s13197-020-04544-w

Torbica, A., Radosavljevi¢, M., Belovi¢, M., Djuki¢, N., & Markovi¢, S. (2022).
Overview of nature, frequency and technological role of dietary fibre from cereals and
pseudocereals from grain to bread. Carbohydrate Polymers, 290, 119470.
https://doi.org/10.1016/j.carbpol.2022.119470

Van Kerrebroeck, S., Maes, D., & De Vuyst, L. (2017). Sourdoughs as a function of their
species diversity and process conditions, a meta-analysis. Trends in Food Science and
Technology, 68, 152—159. https://doi.org/10.1016/j.tifs.2017.08.016

Varney, J., Barrett, J., Scarlata, K., Catsos, P., Gibson, P. R., & Muir, J. G. (2017).
FODMAPs: food composition, defining cutoff values and international application.
Journal of  Gastroenterology —and  Hepatology  (Australia), 32, 53-61.
https://doi.org/10.1111/jgh.13698

Verhertbruggen, Y., Falourd, X., Sterner, M., Guillon, F., Girousse, C., Foucat, L., Le Gall,
S., Chateigner-Boutin, A. L., & Saulnier, L. (2019a). Challenging the putative structure
of mannan in wheat (Triticum aestivum) endosperm. Carbohydrate Polymers, 224(July).
https://doi.org/10.1016/j.carbpol.2019.115063

Verhertbruggen, Y., Falourd, X., Sterner, M., Guillon, F., Girousse, C., Foucat, L., Le Gall,
S., Chateigner-Boutin, A. L., & Saulnier, L. (2019b). Challenging the putative structure
of mannan in wheat (Triticum aestivum) endosperm. Carbohydrate Polymers,
224(115063). https://doi.org/10.1016/j.carbpol.2019.115063

Verma, D. K., Patel, A. R., Thakur, M., Singh, S., Tripathy, S., Srivastav, P. P., Chavez-
Gonzalez, M. L., Gupta, A. K., & Aguilar, C. N. (2021). A review of the composition and
toxicology of fructans, and their applications in foods and health. Journal of Food
Composition and Analysis, 99, 103884. https://doi.org/10.1016/j.jfca.2021.103884
Verspreet, J., Dornez, E., van den Ende, W., Delcour, J. A., & Courtin, C. M. (2015).
Cereal grain fructans: Structure, variability and potential health effects. Trends in Food
Science and Technology, 43(1), 32—42. https://doi.org/10.1016/].tifs.2015.01.006
Vrancken, G., Rimaux, T., Weckx, S., Leroy, F., & De Vuyst, L. (2011). Influence of
temperature and backslopping time on the microbiota of a type I propagated laboratory
wheat sourdough fermentation. Applied and Environmental Microbiology, 77(8), 2716—
2726. https://doi.org/10.1128/AEM.02470-10

Wang, Y. X., Li, L. Y., Zhang, T., Wang, J. Q., Huang, X. J., Hu, J. L., Yin, J. Y., & Nie,
S. P. (2021a). Fractionation, physicochemical and structural characterization of
polysaccharides from barley water-soluble fiber. Food Hydrocolloids, 113(December
2020). https://doi.org/10.1016/j.foodhyd.2020.106539

Wang, Y. X., Li, L. Y., Zhang, T., Wang, J. Q., Huang, X. J., Hu, J. L., Yin, J. Y., & Nie,
S. P. (2021b). Fractionation, physicochemical and structural characterization of
polysaccharides from barley water-soluble fiber. Food Hydrocolloids, 113, 106539.
https://doi.org/10.1016/j.foodhyd.2020.106539

Weckx, S., Van der Meulen, R., Maes, D., Scheirlinck, I., Huys, G., Vandamme, P., & De
Vuyst, L. (2010). Lactic acid bacteria community dynamics and metabolite production of
rye sourdough fermentations share characteristics of wheat and spelt sourdough
fermentations. Food Microbiology, 27(8), 1000-1008.
https://doi.org/10.1016/;.fm.2010.06.005

Weipert, D. (1990). The benefits of basic rheometry in studying dough rheology. Cereal
Chemistry, 67(4), 311-317.

Wojcik, M., Rozylo, R., Lysiak, G., Kulig, R., & Cacak-Pietrzak, G. (2021). Textural and
sensory properties of wheat bread fortified with nettle (Urtica dioica L.) produced by the
scalded flour method. Journal of Food Processing and Preservation, 45(10), e15851.
https://doi.org/10.1111/jfpp.15851

99



166.

167.

168.

169.

170.

171.

172.

173.

Xhaferaj, M., Muskovics, G., Schall, E., Bugyi, Z., Tomoskozi, S., & Scherf, K. A.
(2023). Development of a barley reference material for gluten analysis. Food Chemistry,
424, 136414. https://doi.org/10.1016/j.foodchem.2023.136414

Xie, X., zheng, M., Bai, Y., Zhang, Z., Zhang, M., Chen, Z., Hu, X., & Li, J. (2023). Effect
of Lactiplantibacillus plantarum and Saccharomyces cerevisiae fermentation on the
multi-scale structure and physicochemical properties of highland barley starch. Food
Bioscience, 52(November 2022), 102419. https://doi.org/10.1016/j.fb10.2023.102419
Yildirim-Mavis, C., Yilmaz, M. T., Dertli, E., Arici, M., & Ozmen, D. (2019). Non-linear
rheological (LAOS) behavior of sourdough-based dough. Food Hydrocolloids, 96, 481—
492. https://doi.org/10.1016/j.foodhyd.2019.05.055

Zamakhchari, M., Wei, G., Dewhirst, F., Lee, J., Schuppan, D., Oppenheim, F. G., &
Helmerhorst, E. J. (2011). Identification of rothia bacteria as gluten-degrading natural
colonizers of the wupper gastro-intestinal tract. PLoS ONE, 6(9), 24455.
https://doi.org/10.1371/journal.pone.0024455

Zheng, J., Ruan, L., Sun, M., & Génzle, M. (2015). A genomic view of lactobacilli and
pediococci demonstrates that phylogeny matches ecology and physiology. Applied and
Environmental Microbiology, 81(20), 7233-7243. https://doi.org/10.1128/AEM.02116-
15

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M. A. P., Harris, H. M. B., Mattarelli, P.,
O’toole, P. W., Pot, B., Vandamme, P., Walter, J., Watanabe, K., Wuyts, S., Felis, G. E.,
Ginzle, M. G., & Lebeer, S. (2020). A taxonomic note on the genus Lactobacillus:
Description of 23 novel genera, emended description of the genus Lactobacillus
beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. International
Journal of Systematic and  Evolutionary  Microbiology, 70, 2782-2858.
https://doi.org/10.1099/ijsem.0.004107

Zhou, Y., Dhital, S., Zhao, C., Ye, F., Chen, J., & Zhao, G. (2021). Dietary fiber-gluten
protein interaction in wheat flour dough: Analysis, consequences and proposed
mechanisms. Food Hydrocolloids, 111(2), 106203.
https://doi.org/10.1016/j.foodhyd.2020.106203

Ayspman, JI. (2005). Texnonoeus xnebonexkapnozo npoussoocmea. Cankrt-IlerepOypr:
uznarenscTBo «lIpodeccusy.

100



PIELIKUMI / APPENDICES

101



1. pielikums / Appendix 1
Biezak parstavéto bakteriju gintis un sugas kailgraudu miezu miltos un tris kailgraudu miezu spontana ierauga
fermentacijas posmos / The most represented bacteria genus and species in hull-less barley flour and in
spontaneous sourdough three step fermentation

Baktérija / Bacteria KM/HEBF | KMIL/HBSI | KMIZ/HES2? |KMI3HES3
Curtobacterium flaceumfaciens 0.012102 0.000018 0.3 0.000018
Enterabacter hormaechei 0.002121

Enterococous faecium 0T 3 0105459 0076303
Enterococcus unclassiffed 0.250723 0005632 0.003679
Lactococcus lactis 0.000173 0.002209 0.015556 0.005894
Lactobacillus delbrueckii 0N 0.0006:14 0.0 053
Lactobacillus unclassified 001G (LMD B

Fantoea agglomerans 0112708 0.673509 0.154828 0.061407
Fantoea unclassified 0.000365 0.003962 0.001667 0.000411
Pedivcocous penlosacens 0.MHM61 0028540 0.647165 0.824584
Paenihacillus chinensis 0002421 0002331 0345 0.HHES
Fseudomonas unclassified 0007550 0000175 00057 0000107
Stenotrophomonas maltophilia 00257 (LHHHI3 0L HHH3 6
Weissella cibaria 0041513 0011949
Wetssella unclassified 0.004851 0.06571 0.002661
unclassified unclassified 0001575 0000123 000287 0003019

[T L)

norada, ka dotie mikroorganismi nav identificéti / indicates that the microorganisms have not
been identified
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2. pielikums / Appendix 2
Biezak parstavéto mikroskopisko sénu ginsu un sugu sekvencésanas nolasijumi kailgraudu miezu miltos un kailgraudu miezu spontanaja ierauga fermentacijas tris posmos /
Proportion of most represented genus and species of fungi in hull-less barley flour and spontaneous sourdough in three steps fermentation

Mikroskopiskis sénes / Fungi ([KMLU/HBF. ] |KMY/HEBF.2|KMILVHES] | KMILYHESL A KMI2/HBS2Z 1| KMI2 Y HES2Z AKMIZV/HES3 {KMI3. 2/ HES3.2
Alternaria melachromaiica 0.155141 0.176869 0. 118407

Alternaria unclassified 0.053582 0298507 0.271934 0.046287 0.267684
Alternaria rosae 0.013421 0.013514

Aspergilius conicus GL.013780

Cladosporium delfcatulum 0055007 0. 113889 0187 0. 149066

Clados porium unclassified 0177454
Debarvomyees hansenii 0.020671

Mycosphaerella lassiana 0.055871 0.171216 0.2451591 (L. HHI253
Phialemoniopsis curvala 000221 0000111 0.332459 0.027348 0.003172

Penicilltum unclassified .26 0001655

Rhadorarula unclassified 0.07954

Saccharomyees unclassified 0364065 0. 008041 01125868 004666 00334584
Sarocladium bacirocephalum 0.2798a65 0.1246%6 0166872 0.212607 G.021917 0175910 0096908
Sarocladium unclassified 0038919

nekdasificéts’ unclassified 0006329 0.052451 0.043231 09979461 0.011886 0.335652 0013353 0.099598
Fishnlacozyma heimaeyensis 0061356

Fishnigeozyma victoriae 0097260 0097129 0000107 0.078232 0,016733 0058376 0.063582
Fishnigcozyma unclassified 0065215 0038778 0. 008041

I3 L)

norada, ka dotie mikroorganismi nav identificeti / indicates that the microorganisms have not been identified
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3. pielikums / Appendix 3
Kalibracijas Iiknes gluténa noteikSana / Standard curve
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Using Standasd Data Set kom Curront Expenmont
Quadatic Fi: Y-A+BX+CX"

20/50/80% X =2.278 / 26,986 / 68,606 Y = 0,780 / 1.320 / 1,859

A0.725(+(0133) B
2 RMS#0,280, <2+0,880

0,024(+/-0,005), € -0.000(+/-0,000)
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4. pielikums / Appendix 4

Gluténa saturs kailgraudu miezu miltu, ierauga un maizes paraugos / Gluten content in hull-
less barley flour, sourdough and bread

3 / Gluténa saturs / Gluténa saturs /
Nr. / Paraues / Sample alcll,svila Gluten content Gluten content
No & P Y 10*mg kg™ 10*mg kg™
4]
sausnas / dw sausnas / dw
1. KM / HBF 89.41 81.03 90.63 = 6.59%
2. KMI-S / HBS-S 98.17 80.19 8241 + 5 Ooab
3. KMI-T / HBS-T 98.52 74.51 75 63 + 11.78bc
4. KMM-S / HBB-S 98.08 63.33 64.57 + 4.62°
5. KMM-T / HBB-T 98.59 69.50 70 491448bc
6. KMM-R / HBB-Y 91.39 83.71 91.60 = 6.04%
7. KMI-T(6h) / HBS-T(6h) 98.66 77.41 784749 41d
8. KMI-T(14h) / HBS-T(14h) 98.91 71.93 727343 17de
9. KMI-T(24h) / HBS-T(24h) 98.84 63.74 64.05 + 7 55C

KM - kailgraudu miezu milti; KMI-S — kailgraudu mieZu spontanais ieraugs; KMI-T — ar tirkultiram fermentgts
kailgraudu miezu ieraugs; kailgraudu miezu maize: KMM-S — ar kailgraudu miezu spontano ieraugu; KMM-T —
ar tirkulttiram ferment&tu ieraugu; KMM-R — gatavota ar raugu / HBF — hull-less barley flour ; HBS-S — hull-less
barley spontaneous sourdough;, HBS-T — hull-less barley sourdough fermented with starter cultures; hull-less
barley bread: HBB-S — prepared with hull-less barley spontaneous sourdough; HBB-T — prepared with starter
cultures sourdough, HBB-Y — prepared with yeast

Paraugiem Nr.1 — 6 ar vienu un to pasu burtu (a — ¢) un paraugiem 7 — 9 (d — e) apzimé&tas vértibas norada, ka
nepastav biitiskas atSkiribas starp raditajiem p>0.05 / Values marked with the same letter within the column for
samples 1 — 6 and samples 7 - 9 indicate that there is no significant difference between the values (p>0.05)
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