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PETIJUMA AKTUALITATE

Graudaugu produktiem ir liela nozime paterétaju ikdienas uztura. Kviesi,
kukuriiza un risi ir Iideri visa pasaulé (Bushuk, 2001). Plasak sak izmantot ari tadus
graudaugus, ka tritikali, kailgraudu miezus, jo zinams, ka tritikale ir bagatigs
Skiedrvielu un olbaltumvielu avots, miezi — Skiedrvielu, it 1pasi f-glikana avots. Risu
miltus dazadu produktu raZoSanai izmanto Kina, Japana, Indija, Taizemé, bet
kukuriizas miltus vairak — ASV. Latvija, maizes razo$anai minimali tiek izmantota
tritikale, miezi, risi, kukuriiza. Tapéc nepiecieSams meklét risinajumus Latvija
izaudzeto tritikales un kailgraudu miezu izmanto$anai, palielinot dazadu graudaugu
izmantoSanu miltu izstradajumu razoSana, tadejadi dazadojot sortimentu un
palielinot izstradajumu uzturveértibu. Maizé ir aptuveni 45-55% oglhidratu, 6-10%
olbaltumvielu un 1-2% tauku, lai gan to saturs ir atkarigs no izmantojama grauda
veida. Uztura vértigaka ir maize no rupja maluma miltiem, jo ta ir ne tikai energijas
avots, bet arT bagatigi satur Skiedrvielas, mineralvielas un B grupas vitaminus, tapéc
arT pateérétaji daudz plasak uztura sak izmantot pilngraudu miltu izstradajumus
(Poutanen, 1999; Poutanen and Liukkonen, 2000; Mdlkki and Virtanen, 2001,
Calvel et al., 2001).

Tritikale, kailgraudu miezi, risi un kukuriiza pieder pie graudu kultiram, kas nav
maizes labiba, kopigs Siem graudaugiem ir tas, ka to olbaltumvielas neveido lipekli.
Lidz ar to Sie graudaugi veido blivu, smagu, lipigu un griti apstradajamu miklu,
kurai p&c maizes izcepSanas ir mazs apjoms, sauss un drupans mikstums
(Calvel et al., 2001). Tapéc, lai $os graudaugus varétu izmantot maizes raZzo$ana, ir
nepiecieSams pétit miltu reologiskas ipasibas, un izvertét, ka tas uzlabot. Miltu
reologisko ipasibu izpé&te, parasti tiek vertéta miltu Gdens absorbcijas sp&ja, miklas
veidoSanas laiks un miklas stabilitate, izmantojot dazada veida iekartas
(Catterall and Cauvain, 2007; Dapcevié-Hadnadev et al., 2011).

Patérétajiem novertéjot maizes kvalitati, svarigs ir tas ar&jais izskats, apjoms,
krasa, garS§a un smarza. Attistoties analitisko p&tijumu iesp&jam, p&dejos gados
konstat&ts, ka maizes izstradajumos ir aptuveni 500 aromatu veidojo$ie savienojumi
(spirti, aldehidi, ketoni, esteri, pirazini, piroli u.c.). Maizes aromata komponenti
veidojas miltu parstrades laika, lai gan 90% no visam maizes aromatvielam rodas
tie$i temperatiiras iedarbibas ietekmé cepSanas procesa laika (Hansen and
Schieberle, 2005). Gaisto$o vielu noteikSanai izmanto dazada veida iekartas un
metodes, tacu viena no plasak pielietojamam ir cietas fazes mikroekstrakcijas
metode tandéma ar gazu hromotografu un masas spektrometru (Ruiz et al., 2003;
Poinot et al., 2008; Vernocchi et al., 2008; Jensen et al., 2011).

Miltu kvalitativie raditaji un gaistoSo vielu kvalitativais un kvantitativais sastavs
var mainities tehnologiskajos procesos, tapéc nepiecie$ams izvertét miklas izmainas
micisana, raudzeésana un cep$ana. Pasaulé, zinatniska literatara apraksta kvalitates
un gaistoSo vielu sastava petfjumus attieciba uz kviesu un rudzu maizi, bet nav sadu
pétijumu par tritikali un tritikales maizi. Tap&c ir nepiecieSams veikt pétfjumus par
tritikales izmantojamibu maizes razo$ana, ka arT izpétit tas kvalitativo 1pasibu un
gaisto$o vielu profila izmainas maizes gatavos$anas tehnologiskaja procesa.



Promocijas darba hipotéze: izmantojot tritikales miltus maizes gatavosana, var
iegtt labas kvalitates un aromatisku produktu.

Promocijas darba hipot&zi pierada ar aizstavamam tézém:

1.

2.

miltu veids un miltu attiecibas tritikales miltu maisfjuma ietekmé ta
reologiskas Ipasibas un kimisko sastavu;

miltu gaistoSo vielu kvalitativo un kvantitativo sastavu veido spirti,
karbonskabes, aldehidi, terpéni un alkani;

kviesu miklas un maizes gaistoSo vielu kvalitativais un kvantitativais sastavs
mainas tehnologiska procesa;

tritikales miltu maistjuma miklas gatavosana biitiska loma ir temperattirai un
laikam;

tritikales maisTjuma maizes gatavoSanas tehnologiska procesa parametru
modifikacija ietekme gaistoso vielu kvalitativo un kvantitativo sastavu;
ieraugs butiski ietekmg tritikales maisTjuma maizes kvalitati un gaisto$o vielu
kvalitativo un kvantitativo sastavu.

Promocijas darba objekts: tritikales miltu maisijums un no ta gatavota maize.

Promocijas darba meérkis: pétit tritikdles miltu izmanto$anas iesp&jas un
gaistoSo vielu kvalitativa un kvantitativa sastava izmainas maizes gatavosana.

Promocijas darba mérka sasniegSanai izvirziti $adi uzdevumi:

1

2.

izvertét reologiskas Ipasibas, fizikali-kimiskos raditajus un gaistoSo vielu
sastavu tritikales, rudzu, kailgraudu miezu, risu un kukuriizas miltiem;
noteikt optimalo miltu attiecibu tritikales miltu maisTjuma péc reologisko
1pasibu izpétes;

analizét gaistoSo vielu kvalitativo un kvantitativo sastavu kvieSu maizes
gatavoSana;

izvertet, ka tehnologiska procesa parametri ietekmg tritikales miltu maistjuma
miklas un maizes kvalitati;

analizét gaistoSo vielu kvalitativa un kvantitativa sastava izmainas tritikales
miltu maisTjuma maizes gatavosana;

analiz€t ieraugu ietekmi uz gaistosSo vielu kvalitativo un kvantitativo sastavu
tritikales miltu maisijuma maizes ar ieraugu gatavosana.

Promocijas darba novitate un zinatniskais nozimigums.

1.

2.

3.

Izstradats miltu maistjums, kura sastava ir pilngraudu tritikale, kailgraudu
mieZi un rudzi, risi un kukuriiza.

Izpétitas tritikales miltu maistjumu miklas un maizes Ipasibu izmainas
gatavoSanas tehnologiskaja procesa.

Izpetitas aromatu veidojoSo vielu kvalitativas un kvantitativas izmainas
tritikales miltu maisTjuma maizes gatavoSanas tehnologiskaja procesa.

Promocijas darba tautsaimnieciska nozime — rasti risinajumi Latvija izaudzg&to
tritikales un kailgraudu miezu izmanto$anai jaunu Skiedrvielam bagatu produktu
razoSana.
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MATERIALI UN METODES

Pétijuma laiks un vieta

Eksperimenti veikti laika posma no 2010. lidz 2014. gadam.
Petfjumi veikti:

Latvijas Lauksaimniecibas universitates, Partikas tehnologijas fakultates,

Partikas tehnologijas katedras:

v" Iepakojuma materialu Tpasibu izp&tes laboratorija (cietiba, krasa, gaisto$o
savienojumu sastavs);

v' Prof. P. Delles partikas produktu laboratorija (miltu reologiskas pasibas,
Skiedrvielu, olbaltumvielu saturs);

v Maizes tehnologijas laboratorija (mitrums, pH, skabums, kontrolcepieni);

Partikas dro$ibas, dzivnieku veselibas un vides zinatniska institita ,,BIOR”

laboratorijas (mikotoksini miltos — T2 toksins, deoksinivalenols,

zearalenons).

Péetijuma izmantotie materiali

Petfjumos izmantoti tritikales (Skirne ‘Inarta’), rudzu (Skirne ‘Kaupo’) un
kailgraudu miezu (Skirne ‘Irbe’) graudi, kas selekciongti Valsts Priekulu laukaugu
selekcijas institiitd. Risu un kukurlizas milti iegadati Lietuva SIA ,Ustukiu
Malunas”, bet kvieSu milti (405. tips) iegadati AS ,,Dobeles dzirnavnieks.” Maizes
gatavoSana izmantotas izejvielas: 405. tipa kvieSu milti, tritikales miltu maisijums,
dzeramais adens, sausais raugs, sals, cukurs, 2-pakapju ieraugs, Sapore Fidelio
ieraugs.

P&tfjuma izmantoto miltu maisjjumu raksturojums dots 1. tabula.

1. tabula / Table 1

Miltu attiecibas 100 gramos miltu maisijuma /
Flour ratio in 100 grams of flour blend

Miltu maisijumi / Flour blends
A B C D

Miltu veidi / Types of flour

Pilngraudu tritikales milti /
Whole grain triticale flour

90.00 80.00 70.00 60.00

Pilngraudu rudzu milti /

- 3.75 7.50 11.25 15.00
Whole grain rye flour
Pilngraudu kailgraudu miezu milti /
Whole grain hull-less barley flour 3.75 7.50 11.25 15.00
Risu milti / Rice flour 1.25 2.50 3.75 5.00
Kukuriizas milti / Maize flour 1.25 2.50 3.75 5.00

Tritikales un citu miltu attiecibas /
Ratio of triticale to other flour, %

90:10 80:20 70:30 60 : 40

Tritikales, rudzu un kailgraudu miezu graudi malti, izmantojot ,,Hawos” graudu
malsanas dzirnavas (Hawos Kornmiihlen GmbH, Vacija), iegiistot pilngraudu

miltus.



Péetljuma struktiira

Pétjuma izmantotajiem miltiem un miltu maisijjumiem noteikts - kopgjo
Skiedrvielu, olbaltumvielu saturs, reologiskas Ipasibas un gaistoso vielu kvalitativais
un kvantitativais sastavs (1. att.).

' ) A
+ Kopejaisskiedrvielu saturs/ + Kopejais Skiedrvielu saturs /
Total dietary fibre; Total dietary fibre;
» Obaltumvielu satuts / Proteins; » Obaltumvielusaturs / Proteins;
+ Mikotoksinu saturs/ Mycofoxins; + Mikotoksinu saturs/ Mycofoxins;
* Reologiskdisipasibas / * Reologiskisipasibas /
Rheological properties:; Rheological properties;
+ Gaistosas vielas / ReolobiskasToatibas/ + Gaistosdsvielas /
Volatile compounds. " Reologiskasipasibas —_ Volatile compounds.
" Rheological properties. v
Miltu maisTjumi / Miltu maistjums / /\
Milti/ Flour Flour blends \ Flourblend
(60:40) ‘

= /
1. att. Miltu un miltu maistijumu izpétes vispariga shéma /

Fig. 1. General research scheme of flour and flour blends

Miltu maisTjuma (60:40) miklas miciSanas, raudz€Sanas un cepSanas izpétes
shéma un veiktas analizes paraditas 2. attéla. MiciSanai izvEl&ti Cetri miciSanas laiki
(6, 8, 10 un 15 min) un trTs miklas temperatiiras (20£2, 25+2 un 32£2 °C). P&c
miklas samiciSanas novertetas tas sensoras Ipasibas (konsistence, staipigums un
lipigums) un veiktas analizes atbilstosi 2. attéla dotajai sh€mai. Sensoro novertésanu
veica ekspertu grupa — pieci apmaciti vertetaji.

P&c sensoras novértéSanas raudzeSanai izveleti tris paraugi, kuriem miciSanas
laiks ir 6 min, miklas temperatira 32+2 °C, 8 un 10 min, miklas temperatiira
25+2 °C. Raudz€sanai izvéleti tris raudzeéSanas laiki (10, 20 un 30 min) un tris
raudzeSanas temperatiiras (302, 35+2 un 40+2 °C).

10 min, miklas temperatiira 2542 °C un raudz&Sanas temperatiira 35+2 °C. CepSanai
izveleti tris cepSanas laiki (30, 45 un 60 min) un tris cepSanas temperatiiras (160+10,
200410 un 240£10 °C).
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1T

Miltu maistjums / Sausais raugs / Cukurs / Sals / Udens /
Flour blend (60:40) Dried veast Sugar Salt Water

[ | | |
1l I | I 1

Miklas miciSana / Dough mixing I Miklas miciSana / Dough mixing Miklas miciSana / Dough mixing
1=6; 8; 10; 15 min — —'\ 1=6 min, t=32+2 °C =8, 10 min, t=2542 °C
t=20+2; 25+2; 3212 °C -7 1=8; 10 min, t=25+2 °C

il I |

®  Sensoras fpasibas / | Raudzesana / Fermentation Raudzesana / Fermentation
Sensory properties 1=10; 20; 30 min 1=30 min; t=35+2 °C
t=30+2; 3542; 40+2 °C

Cep3ana / Baking
v * v 1=30; 45; 60 min
t=160+10; 200+10; 240+10 °C

T
L=

|
3

e Miklas tilpums /
Dough volume, cm®

Temperattira / Temperature, °C;
pH;

Skabums / Acidity, © P
Mitrums / Moisture, % J‘

Gaistosas vielas / Volatile compounds

A 4

e  (Cietiba / Hardness, N;
e  Krasa/ Colour. L*a*b*

| - P&c sensoras novertesanas raudzesanai izveleti tiTs paraugi, kuriem miciSanas laiks ir 6 min, miklas temperattira 32+2 °C, 8 un 10 min, miklas temperatiira 25+2 °C /

After sensory evaluation, for fermentation process there were selected three samples with mixing time 6 min, dough temperature 322 °C, 8 and 10 min, dough temperature 2542 °C.
Il — Cepsanas procesam izvel&ti divi paraugi, kuriem miciSanas laiks 8 un 10 min, miklas temperatiira 2542 °C. Raudz&Sanas temperatiira 3542 °C /

For baking process there were selected two smaples with mixing time 8 and 10 min, dough teperature 25#2 ° C, fermentation temperature 3542 ° C.

2. att. Pétijuma struktiira tritikales miltu maisijuma maizes gatavoSanai /
Fig. 2. Research structure of the triticale flour blend for bread making



4

Sausais raugs / Cukurs / _ _
Dried yeast Sugar Sals / Salt Udens / Water
y ¥ leraugi (2-pakapju
- un Sapore Fidelio) /
Kvie$u milti / Miltu maisfjums / < Sourdough (two stage
Wheat flour Flour blend (60:40) sourdough and Sapore
Fidelio)
\ 4
e Sensoras Tpasibas / Miklas micisana / Dough mixing
Sensory properties < =8 min
t=2512 °C;
l e  Temperatiira / Temperature, °C;
e Miklas tilpums / Raudzgsana / Fermentation e PH; o
3 < =10; 20: 30 min e  Skabums / Acidity, °
Dough volume, cm < =107 20 > ) .
t=3542 °C e Mitrums / Moisture, %
e Gaisto$as vielas / Volatile compounds
e  Cietiba / Hardness N; P Cepsana / Baking ”
e Krasa/ Colour, < t=200+10 °C _
L*a*b*

"t =25 min — KvieSu maize / Wheat bread; t = 45 min — Tritikales maize / Triticale bread

3. att. Pétijjuma struktiira kvieSu miltu un tritikales miltu maisijuma ar ieraugu maizes gatavoSanai /
Fig. 3. Research structure of the wheat flour and triticale flour blend with sourdough for bread making



Kvalitates parametru noteiksanas metodes

Promocijas darba kvalitates, fizikali-kimisko raditaju, gaistoSo vielu sastava
noteik§anas metodes apkopotas 2. tabula.
2. tabula / Table 2
Pétijuma paraugu analizém izmantotie standarti un analizu metodes /
Standards and analytical methods for analysis of the research samples

Nr. / Nosakamie raditaji / Standarti un metodes /
No. Determined indicators Standards and methods

1 Kopégjas digtiskas skiedrvielas® / AOAC 994.13 (Upsalas metode /

' Total dietary fibre, g 100 g™ Uppsala method)
_ b CIE L* a* b* sistema / in the

2. Krasa” / Colour system of CIE L* a* b*

3. Mitrums” / Moisture, % LVS EN 1SO 712:2010 A

4, pH® LVS ISO 1132:2001

5. Skabums® / Acidity, ° AACC Method no. 02-31.01

Kjeldala metode / Kjeldahl
6. Olbaltumvielas® / Proteins, g 100 g* | method, AACC Method no.
46-20; LVS EN 1SO 5983-1:2005

7. Mikotoksini® / Mycotoxins NDC-T-012-057-2007

8. KriSanas skaitlis® / Falling Number, s | LVS 274:2000

Reologiskas ipaSibas ar Brabender | ICC-Standard no. 115/1;
9. farinografu® / Rheological properties | AACC Method no. 54-21;
with Brabender faninograph ISO 5530-1.

c . — — v . a
10. Reologls'kas 1pasTba_s ar Mlxolab / ICC 173
Rheological properties in Mixolab

11. | Cietiba” / Hardness, N AACC Method no. 74-09.01

Gaisto$o vielu noteikS§ana miciSanas

— —a Hromatografijas metode /
un raudz&$anas procesa’ /

12. Detection of volatile compounds in Chromatographic method
i X (Sabovics et al., 2013)
mixing and fermentation process
Sensords Ipaﬁibasa / Raksturojqé:?t_s metodes /
13. Characteristic methods

Sensory properties

(Sabovics et al., 2013)

& _ atkartojumu skaits (n=5) / the number of repetitions (n=5)
b_ atkartojumu skaits (n=10) / the number of repetitions (n=10)

Paraugu apzZimé&jumi pétijuma
Petito paraugu datu interpretacijai paraugi ir Sifréti. Paraugu $ifrs satur burtus un
ciparus, kuri raksturo noteiktu procesu un parametru raditajus.
Piem@ram:
e MB8-T25 — samicitas miklas paraugs, kur M8 ir miciSanas laiks 8 min, bet
T25 — miklas temperatiira 25 °C;
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e MB8-R10-T35 — raudzétas miklas paraugs, kur M8 — mikla micita 8 min,
R10 — raudzéta 10 min, T35 —raudz&sanas temperatiira 35 °C. Raudz&sana, miklas
temperatiira ir ta pati, kada ir attiecigajam miklas paraugam; M8-C45-T200 —
maizes paraugs, kas micits 8 min (M8), C45 — cepts 45 min, T200 — temperatiira
krasni. Maizes paraugam sagatavotas miklas temperatiira attiecigi ir 25 °C,
raudz&Sanas laiks 30 min, raudzgSanas temperatiira 35 °C.

Paraugu apzimésanai lietotie burti KV, TSK un SF raksturo:

e KV —kvie$u mikla un maize;

e TSK — mikla un maize ar 2-pakapju ieraugu,

e SF — mikla un maize ar Sapore Fidelio ieraugu.

Rezultatu matematiska apstrade

Iegtito datu apstrade veikta ar matematiskas statistikas metodém. Darba attéli un
tabulas izveidotas un apréekini veikti MS Excel programma un principala komponentu
analize (PCA) veikta, izmantojot MultiBase2014 statistikas programmu. Izvirzitas
hipotézes parbauditas ar p-veértibu (kuras faktori novertéti ka batiski, ja
p-vertiba < 0ggs) un Fisera kriteriju. Rezultatu interpretacijai pienemts, ka a = 0,05 ar
95% ticamibu, ja nav noradits citadi. P& nepiecieSamibas datu apstradé ar divfaktoru
dispersijas analizi (ANOVA) izvérté divu dazadu faktoru mijiedarbibas ietekmi.

Visiem iegiitajiem rezultatiem aprékinati $adi radtaji: vidgjais aritmétiskais un
standartnovirze.

PETIJUMA REZULTATI UN DISKUSIJA
1. Miltu un miltu maisijumu kvalitates raditaju izpéete

Reologisko ipasibu izpéte

Reologisko 1pasibu izpétei izmantoti kviesu, pilngraudu tritikales, pilngraudu
kailgraudu miezu, pilngraudu rudzu, kukuriizas, risu milti un ¢etru miltu maisijumi,
kuros tritikales un par&jo miltu maisijuma attiecibas ir 90 (tritikale):10 (par&jo miltu
maisijums); 80:20; 70:30 un 60:40. Lai iegutu viendabigu kvieSu miklas konsistenci,
kvieSu miltiem nepiecieSamas 2,40+0,07 min, tritikales miltiem 5,95+0,08 min, bet
tritikales miltu maisjumam ar attiecibu 60:40 miklas iemiciSanai japatéré
4,7440,07 min. Tritikales miltu maisijuma miklas veidoSanas laiku batiski ietekmé
(p=0,02) tritikales un citu miltu proporcijas maisfjuma. Samazinot tritikales miltu
daudzumu maisfjuma, miklas veidosanas laiks samazinas, rezultata razoSanas
apstaklos biis nepiecieSams 1saks laiks miklas samiciSanai.

Labas kvalitates miklas stabilitatei jabat robezas no 4 Iidz 12 min (Koppel and
Ingver, 2010; Moreira et al., 2011). KvieSu miklas veidosanas laika lipeklis veido
elastigas konsistences miklu, tapéc kvieSu miltiem konstatéts ilgakais miklas
stabilitates laiks, kas farinografa ir 9,24+0,04, bet Mixolab — 10,21+0,07 min.
Tritikales miltu miklas stabilitates laiks ir no 3,66+0,12 (farinografs) Iidz 3,89+0,09
(Mixolab) min, kas parada tritikales miltu nesp&ju nodro§inat labas kvalitates miklu.
Turpreti, tritikales miltu maistjums (60:40) lauj izveidot labas kvalitates miklu, jo
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miklas stabilitate ir virs 7 min. Tritikales miltu maisTjuma miklas stabilitati biitiski
uzlabo (p=0,03) citu miltu daudzuma palielinasana miltu maisijuma.

Salidzinot tritikales miltu un tritikales miltu maisijumu miklas noturibu micisanas
laika, var secinat, ka to bitiski ietekmé (p=0,02) pievienotais citu miltu daudzums —
palielinoties citu miltu proporcijai, palielinas miklas noturibas laiks (4. att.).
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Laiks / Time, min

O T T T T 1
Tritikales milti /Miltu maisTjums Miltu maisijums Miltu maisijums Miltu maisTjums
Triticale flour / Flour blend, A / Flour blend, B / Flour blend, C / Flour blend, D

4. att. Tritikales miltu un tritikales miltu maisijumu miklas noturibas laiks mici$ana /
Fig. 4. Dough time to breakdown of triticale and triticale flour blends in the mixing

Miklas noturibas laiks miciSanas laika tritikales miltu maisijumam D (60:40)
palielingjas par 2,72 min (A — 9,53 min, D — 12,25 min), nodrosinot labakas miklas
Tpasibas — mikla ir noturigaka salidzinagjuma ar pargjiem pétitajiem miltu
maisTjumiem. Lidz ar to var secinat, ka tritikales miltu maisfjuma palielinoties citu
miltu daudzumam, palielinas miklas stabilitate un noturiba miciSanas laika, bet
samazinas miklas veidoSanas laiks. Miklas veidoSanas laika samazinaSanas ir
pozitivs aspekts maizes razotajiem, jo nepiecieSams Tsaks laiks miklas samiciSanai.

Rudzu maizes gatavosanai par optimalu kriSanas skaitli miltiem uzskata
160-180s, kviesu — 220 1Iidz 260 s (Henry and Kettlewell, 1996;
Hruskova et al., 2004). P&tijuma kvie$Su miltiem noteiktais kriSanas skaitlis ir
230,50+1,41 s, kas saskana ar literatiras datiem ir optimals. Zems kriSanas skaitlis
konstatéts tritikales miltiem — 67,50+0,71 s, kas liecina par lielu a-amilazes aktivitati
miltos. Lidz ar to var prognozet, ka maizes mikstums bis jéls, lipigs, it ka neizcepies.
Tritikales miltiem pievienojot kailgraudu miezu, rudzu, risu un kukuriizas miltus,
visiem analiz€tajiem miltu maisijjumu paraugiem kriSanas skaitlis palielinajas
(A—75,00£1,41 s lidz D-183,50+2,12 s). KriSanas skaitlis butiski palielinas
(p=0,015), samazinoties tritikales miltu daudzumam maisijuma.

Izvertgjot iegiitos reologisko ipasibu raditajus un kriSanas skaitli, turpmakajiem
pétfjumiem izmantots tritikales miltu maisijums (D), kura 60% ir pilngraudu
tritikales milti un 40% pargjo miltu (pilngraudu kailgraudu miezu, pilngraudu rudzu,
kukuriizas un risu) maisjjums.
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Olbaltumvielu, Skiedrvielu un mikotoksinu izpéte

Vertgjot olbaltumvielu saturu (5. att.), augstakais to saturs noteikts kailgraudu
miezu miltos — 11,79+0,2%., 405. tipa kvieSu miltos — 10,3+0,3% un tritikales —
9,78+0,1%.

Kvie$u / Wheat

Tritikales / Triticale B

Kailgraudu miezu / Hull-less barley FH
Rudzu/Rye [TH

Risu/ Rice ﬁ_IH

Kukurtizas / Maize
Miltu maistjums / Flour blend, D %

6 7 8 9 10 11 12 13
Olbaltumvielu saturs / Protein content, %

Miltu veids / Flour type

5. att. Olbaltumvielu saturs miltu paraugos /
Fig. 5. Protein content in the flour sample

Vismazakais olbaltumvielu saturs konstatéts rudzu miltos (6,46+0,1%). Tritikales
miltu maisjjuma olbaltumvielu saturs ir 8,75+0,1%, kas ir vidgjs raditajs starp
pétitajiem paraugiem. P&c olbaltumvielu satura tritikales miltu maistjums ir lidzigs
kvieSu miltiem, bet vertgjot skiedrvielu saturu (6. att.) miltu maisijuma, tas ir 5 reizes
lielaks neka 405. tipa kvieSu miltos. Visvairak Skiedrvielu konstatéts kailgraudu
miezu miltos — 17,71 g 100 g* — un tritikales miltos — 14,31 g 100 g™. Vismazak
Skiedrvielu konstatéts risu miltos — 5,98 g 100 g™

Kviesu / Wheat [Z20 ‘ ‘
Triktikales / Triticale B
Kailgraudu miezu / Hull-less barley H
Rudzu / Rye b
Risu/ Rice
Kukurtizas / Maize
Miltu maisijums / Flour blend |

0 5 10 15 20
Skiedrvielu saturs / Fiber content, g 100g-t

6. att. Skiedrvielu saturs miltu paraugos /
Fig. 6. Dietary fiber content in the flour samples

Rudzu miltos konstatéts 11,47 g 100 g™ 8kiedrvielu, p&c ka var uzskatit, ka tie ir
bagati ar skiedrvielam. Miltu maisijuma (attieciba 60:40) konstatéts, ka skiedrvielas
ir 13,69 g 100 g*, kas lauj secinat, ka izveidotais maisijums ir ar augstu skiedrvielu
saturu, jo partikas produktu, kura skiedrvielu saturs ir robezas no 10 lidz 20 g 100 g%,
uzskata par bagatu ar Skiedrvielam (Buttriss and Stokes, 2008).

Ta ka tritikales miltu maisijuma pamata ir dazadi pilngraudu milti, tad tika
noteikts deoksinivalenola, zearalenona un T-2 mikotoksinu saturs miltos. Paraugos
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deoksinivalenola, zearalenona un T-2 mikotoksina saturs neparsniedz EK regulas
Nr. 1881/2006, ar ko nosaka piesarnotaju maksimali pielaujamo koncentraciju
partikas produktos, noteikto Iimeni.

Gaistoso vielu kvalitativa un kvantitativa sastava izpéete

Miltiem un tritikales miltu maisTjumam, noteikts gaisto$o vielu kvalitativais un
kvantitativais sastavs, kur no identificétajam gaistoSajam vielam 13 ir spirti, tris
esteri, Cetri aldehidi, seSas karbonskabes, pieci terpéni, viens heterociklisks organisks
savienojums, viens terpéna spirts, viens cikloalkans, viens amins, viens aromatiskais
amins, viens alkéns, viens laktams un viena aminoskabe. Rudzu, risu un kukuriizas
miltos lielakie smailu laukumi identific€ti heksanalam, kas tiek raksturots ka svaigi
plautas zales jeb zaluma aromats. Mazakie heksanala smailu laukumi identificeti
tritikales, kailgraudu miezu miltos un tritikales miltu maisijuma. Otrs nozimigakais
savienojums péc smailes laukuma, kas identificéts tritikales miltu maisTjuma,
pilngraudu tritikales un rudzu miltos, ir heksan-1-ols, kur§ miltu aromatu papildina ar
zalas zales smarzu. Miltu maisfjuma heksan-1-ols identificéts ar lielako smailes
laukumu. Pilngraudu tritikales miltos konstatétas 28 gaisto$as vielas, pilngraudu
rudzu miltos — 24, pilngraudu kailgraudu miezu miltos — 17, risu miltos — 22,
kukuriizas miltos — 27 un miltu maisfjuma — 31 gaistosa viela.

2. Kvalitates un gaistoSo vielu izpéte kvieSu maizes gatavo$anas
tehnologiskaja procesa

Gadsimtiem ilgi kvieSu maize ir pieprasita visa pasaulé, un popularitate ir iegtta,
pateicoties tas sensorajam un struktiiras ipasSibam (Patel et al., 2005). Miklas
miciSanas, raudzéSanas un cepsanas laika notiek fizikali-kimisko parametru izmainas
un gaisto$o vielu veidoSanas maizes mikstuma un garoza, ka rezultata mainas maizes
Ipasibas (Cauvain, 2003; Ktenioudaki et al., 2010).

KvieSu miklas un maizes fizikali-kimisko raditaju izmainas

Micisana svariga loma ir miklas temperatirai, jo ta ietekmé ne tikai miklas
nobrieSanas atrumu un raudzeésanu, bet arT miklas apstrades Ipasibas un izstradajumu
kvalitati. Zinatniskaja literattira aprakstiti petijumi, kas pierada, ka optimalai kviesu
miklas temperatiirai ir jablit robezas no 24 lidz 28 °C (Cauvain, 2003). Lielakais
mitruma saturs (46,55%) ir kvieSu miklai, kas raudzéta 30 min, 35 °C temperatiira.
Samicttas miklas mitruma saturs ir 45,08+0,02%. Mitrums 30 min raudzéta mikla
palielinas par 1,47%, salidzinot tikko samicTtu miklu. Miklas mitruma palielinasanas
var€tu biit saistita ar to, ka mikla piesaista papildus mitrumu no gaisa, jo raudzesanas
kamera raudzéSanas laika tiek uzturéts 85+5% gaisa relativais mitrums.

Tikko samicitas kviesu miklas pH ir 5,994+0,004, bet skabums — 1,07+0,07°, péc
30 min raudzésanas miklas pH samazinajas lidz 5,591%+0,010, bet skabums
palielinajas lidz 2,06+0,03°. Sis izmainas mikla saistitas ar raudzéSanas procesu, kad
mikla uzkrajas rig8anas produkti — dazadas skabes, kas rada skabu vidi. Maizes
raugs Saccharomyces cerevisiae mikla izdala fermentus, kuri ir atbildigi par
oglhidratu $kel$anu Iidz etikskabei, pienskabei un citam vielam (Sluimer, 2005).
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Kviesu miklas apjoms pirms raudzéSanas ir 201+l cm®, kas péc 30 min
raudzgSanas paliclinajas par 249+2 cm’. Mazakais miklas apjoms (271+1 cm?)
konstatets miklai, kas raudzéta 10 min. P&c 20 min raudz€Sanas miklas apjoms ir
405+2 cm®, kas ir 2 reizes lielaks neka tikko samicitai miklai.

Kvie§u maizes mikstuma krasu komponentes L* vértiba, kas raksturo parauga
gai§as vai tumsas krasas nianses, ir 78,2040,19 mikstumam, bet garoza ir par 24%
tumsaka. Krasu komponente b" maizes mikstumam ir 41,60+0,05, bet garozai
36,23+0,55. Rezultata maizes mikstuma un garozas krasu var raksturot no gaisi
dzeltenigas lidz gaiSi brinai. KvieSu maizes mikstuma cietiba ir 1,96+0,09 N.

GaistoSo vielu izmainas

Miklas miciSana gaistoSo vielu veidoSanos var ietekmét izejvielu sastavs un
daudzums, miklas temperatira un miciSanas laiks. GaistoSo vielu identificESana
veikta 8 min miklas miciSanas laika, kur identificétas 9 gaisto$as vielas.

Izvertejot gaistoso vielu sastavu samicita kvieSu mikla, vislielakais smailes
laukums konstatéts spirtam — pent-4-én-2-ols, kam piemit auglu smarza. Vismazakais
smailes laukums konstatéts karbonskabei — 2-metilpropanskabe, kas veido asu,
sviesta vai siera aromatu. Otrs lielakais smailu laukums Kkonstatéts
3-metilbutan-1-olam, kas veidojas no rauga riigsanas procesa, pieskirot miklai iesala,
viskija vai arT deguma smarzu. Identificétas gaistosas vielas ar kop€jo smailu
laukumu summu (42,0340,32) x 10° veido samicitas kviesu miklas smarzas buketi,
kura domin€ auglu, vina, sviesta, viskija, icsala un zalas zales aromats. Etikskabe un
2-metilpropanskabe kvieSu miklai attiecTgi dod skabeno un aso aromatu.

Analizgjot gaistoSo savienojumu sastavu kviesu mikla péc 10, 20 un 30 min
raudz€Sanas, taja identificéti astoni spirti, divi aldehidi, divi ketoni, viens terpéns,
viens esters un viena karbonskabe. P&c 10 min raudzéSanas mikla identific€tas
11 gaistosas vielas, p&c 20 min raudz&Sanas — 12, bet pec 30 min — 15 gaistosas
vielas. Vielu veidoSanas saistita ar mikla esoso izejvielu kimiskajam reakcijam un
rigSanas procesu. Kviesu miklu raudzgjot 35 °C temperatiira, identificéto gaistoSo
savienojumu smailu laukumi raudzeSanas laika palielinas, bet etikskabes laukums
samazinds (pé¢ 10 min — (1,92+0,11) x 10°, péc 30 min — (1,51+0,08) x 10°).
Etikskabes samazinajumu var skaidrot ar to, ka kviesu miklas raudzgsanas laika spirti
un skabes var parveidoties esteros. Etilacetats, kas identificéts p&c 20 un 30 min
raudz@€Sanas, ir esters, kas kimisku reakciju rezultata veidojas no spirta un etikskabes
(Herraiz and Ough, 1993). Etilacetata smailes laukums kvieSu mikla, kas raudzéta
30 min, palielinajas 2,6 reizes, salidzinot ar miklu, kas raudz&ta 20 min. P&c 30 min
raudzgsanas kvieSu mikla identific€tas tris gaistoSas vielas (oktan-1-ols, kariofilens
un acetofenons), kuras nav identificétas miklas paraugos, kas raudzeti 10 un 20 min.
Galvenas komponentu analizes rezultati gaisto$am vielam dazadu laiku raudzgtos
miklas paraugos paraditi 7. attéla.
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7. att. GaistoSo vielu sadalijums raudzétos kvieSu miklas paraugos /
Fig. 7. Distribution of volatile compounds in the fermented wheat dough samples

Galvenas komponentu analizes PC1 varian$u datu kopa parada raudzésanas laika
ietekmi, bet PC2 att€lo gaisto$o vielu izkliedi raudz&tas miklas paraugos (7. att.).
Rauga metabolisma rezultata veidojas 3-metilbutan-1-ols, kas raudzétai miklai
pieskir iesala smarzu. Visi identificEtie gaistoSie savienojumi kviesu miklai dod
noteiktu aromatu, kas sastav no atseviskiem komponentiem, ta, piemeram,
2-metilpropan-1-ols veido viskija smarzu, pent-4-gn-2-0ls — auglu, pentan-1-ols —
saldu, 3-hidroksibutan-2-ons — sviesta vai jogurta, heksan-1-ols — svaigas zales
smarzu, bet 2-metilpropanskabe veido izteiktaku saldu, sviesta smarzu (Schieberle,
1996; Zhou et al., 1999; Kulp et al., 2003).

GaistoSo vielu sadalfjums kvieSu maizes mikstuma un garoza apkopots 3. tabula.
No identificétajam gaisto$ajam vielam maizes mikstuma un garoza vairak dominé
spirti, aldehidi un skabes. KvieSu maizes mikstuma un garoza identific€tas
25 gaistosas  vielas.  GaistoSo  vielu (pent-4-én-2-ols,  3-metilbutan-1-ols,
2-metilpropanskabe, kapronskabe, etanols, 2-metilpropan-1-ols, pentan-1-ols,
heksan-1-0ls, okt-1-&n-3-ols, feniletanols un benzaldehids) smailu laukumi maizes
garoza ir mazaki neka mikstuma. CepSanas laika etilacetata smailes laukums
samazinajas 3,4 reizes, salidzinot ar raudz&to miklu, kas skaidrojams ar vielas augsto
gaistamibu (Kulp and Lorenz, 2003; Bianchi et al., 2008).
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3. tabula / Table 3

Gaistosie savienojumi (SLVx10°) kvie$u maizes mikstuma un garoza /
Volatile compounds (PAUx10° in the wheat bread crumb and crust

Gaistosais savienojums /

Maizes dala / Part of bread

Volatile compounds Smarza / Odour mikstums / garoza/
P crumb crust
Pent-4-&n-2-ols / 4-penten-2-ol | auglu / fruit 104.1243.77 | 96.62+1.34

2-metilbutanals / mandelu, iesala /
2-methyl-butanal almond, malty 1.7240.22 1.7540.05
3-metilbutanals / viskija, iesala / whiskey,
3-methyl-butanal malty 2:3340.02 4472014
. _ salda, auglu, ananasa /
Etilacetats / Ethylacetate sweet, fruit*, pineapple 0.97+0.01 1.47+0.10
Oktans / Octane alkana / alkane 6.97+0.31 7.09£0.23
gﬁgiﬁ;“;aﬁulta?]'jl’ iesala / malty 11501039 | 4.8740.17
Etikskabe / Acetic acid skaba, asa / acid, pungent 3.11+0.09 3.1440.04
Propanskabe / Propanoic acid ;isn'gzm‘s'* asa / rancid, 1724005 | 2.2840.10
g:m::ﬁgr_‘;ﬁiggﬁbiz g cid salda, sviesta / sweet, butter 0.89+0.02 0.52+0.03
Heksanskabe / Hexanoic acid salda / sweet 2.47+0.11 0.28+0.02
Etanols / Ethanol etanola / ethanol® 3.88+0.15 2.69£0.15
__ } aug]u, plastmasas, alkohola /
Propan-1-ols / 1-propanol fruity, plastic, alcohol 7.74+0.07 10.44+0.34
2-metilpropan-1-ols / Iimes, alkohola, iesala /
2-methyl-1-propanol glue, alcohol, malty? 1.8210.23 0.97+0.02
Pentan-1-ols / 1-pentanol auglu / fruity 0.72+0.07 0.5740.01
Heksan-1-ols / 1-hexanol zalas zales / green grass 4.46+0.10 2.66+0.14
Okt-1-en-3-ols / 1-octen-3-ol sénu / mushroom 2.1140.13 1.81+0.08
zfcno':]e;f”o's I Phenylethyl medus, ziedu / honey, flower | 9.17+0.87 | 5.69+0.07
Benzaldehids / Benzaldehyde g;‘;‘:neé‘ll karameles /almond, | g o509 | 9374012
Butan-2-ons / 2-butanone :ﬁfﬁ)’ bet asa / sweet, but 4.1240.20 5.92+0.39
glﬁ;‘érfol;s;bzut;‘;t 2-ons/ sviesta, kiéma/ butter, cream | 353£020 | 1.81+0.01
2-metilfurans / 2-methylfuran Sokolades / chocolate 2.72+£0.07 11.24+0.69
e } sviesta, svaigu pupinu /
2-pentilfurans / 2-pentylfuran butter, green bean 2.19+0.13 9.81+0.09
Furfurols / Furfural mandelu, maizes  almond, 557024 | 12.89+0.44
Maltols / Maltol karameles / caramel 3.5940.09 6.97+0.18
Pirols / Pyrrole hloroforma / chloroform 8.73+0.65 15.21+0.41
Smailu laukumu summa / The sum of peak area | 205.85+9.04 | 220.5445.64
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GaistoSo vielu (2-metilbutanals, 3-metilbutanals, etilacetats, oktans, etikskabe,
propanskabe, propan-1-ols, butan-2-ons, 3-hidroksibutan-2-ons, 2-metilfurans,
2-pentilfurans, furfurols, maltols un pirols) smailu laukumi maizes garoza ir lielaki
neka mikstuma, kas iesp&jams, liecina, ka dazas no S§im vielam veidojas cepSanas
laika,  notickot  cukuru  karamelizacijai, Streckera  degradacijai  —
karbonilsavienojumiem noardoties par aldehidiem, k& arT nefermentativai
briiné$anai — Maijara reakcijai veidojot furanus (2-metilfurans, 2-pentilfurans),
maltolu, furfurolu, pirazinus un pirolu (Frasse et al., 1993; Martinez-Anaya, 1996;
Daigle et al., 1999; Hansen and Schieberle, 2005; Pozo-Bayon et al., 2006). Kopuma
kvie$u maizes mikstuma identificéto gaistoSo vielu kop&jo smailu laukumu summa ir
mazaka neka garoza.

3. Kvalitates un gaistoSo vielu izpéte tritikales miltu maisijuma maizes
gatavoSanas tehnologiskaja procesa

Eiropa un Latvija veikti dazi petfjumi par tritikales maizi un tas gatavoSanas
tehnologiju (Pefia and Amaya, 1992; Salmon et al.,, 2004; Sabovics and
Straumite, 2012). Tacu nepiecieSams veikt pétijumus — ka uzlabot tritikales miltu
cepamipaSibas un izpétit ka tas izmainas tritikales maizes gatavo$anas tehnologiskaja
procesa.

Tritikales miltu maisijuma miklas Sensoro ipasibu izmainas miciSana

Péc tritikales miltu maisfjuma miklas sensoro paSibu izveértéjuma secinats, ka
labas miklas Tpasibas ir paraugiem, kas miciti 6 min (miklas temperatiira 32 °C) un
10 min (miklas temperatiira 25 °C). Tomér vislabakas sensoras ipasibas, ir miklai,
kas micita 8 min (miklas temperatara 25 °C). Paraugi, kuru miklas temperatiira ir
20 °C un miciSanas laiks 6, 8 un 10 min, bija cieti, blivi un griti veidojami. Paraugi,
kas miciti 15 min, bija kepigi un miciSanas beigas mikla lipa pie micitaja malam, kas
nozimé, ka 15 min miciSana ir par ilgu. Tritikales miltu maisTjuma miklas, kas
micttas 8 un 10 min, miklas temperatira 32 °C, bija loti kepigas, tatad miklas
temperatiira bija par augstu un miciSanas laiks par ilgu. Tadgé] izvéloties ilgaku
tritikales miltu maistjuma miklas miciSanas laiku, jaizvélas zemaka miklas
temperatira.

Izvertgjot iegltos datus, turpmakiem miklas raudz€Sanas petijumiem izveleti
paraugi, kuru miciSanas laiks ir 6 min (miklas temperatira 32 °C), 8 min (miklas
temperatiira 25 °C) un 10 min (miklas temperattra 25 °C).

Fizikali-kKimisko raditaju izmainas

Tritikales miltu maisijuma miklas pH, skabums, mitrums un Gidens aktivitate
apkopota 4. tabula.

Izvértéjot miklas pH, skabumu un mitrumu tritikales miltu maisTjuma miklas
miciSand, var secinat, ka miciSanas laikam ir butiska (p<0,05) ietekme uz
pH (p=0,01), skabuma (p=0,03) un mitruma (p=0,01) izmainam.
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4, tabula/ Table 4

Tritikales miltu maisijuma miklas pH, skabums, mitrums un iidens aktivitate /
pH, acidity, moisture and water activity of the triticale flour blend dough

Paraugs / Skabums / Mitrums / Udens aktivitate /
Sample pH Acidity, ° Moisture, % Water activity
M6-T32* 5.652+0.013 1.90+0.02 46.38+0.01 0.955+0.001
M8-T25 5.724+0.023 1.79+0.04 46.05+0.02 0.955+0.001
M10-T25 5.679+0.019 1.85+0.03 46.00+0.03 0.955+0.001

Samicitas miklas fizikali-kimisko raditaju izmaipas ietekm& arT miklas
temperatiira, jo, ka redzams 4. tabula, M6-T32 paraugam ir augstaks skabums un
lielaks mitrums, bet M8-T25 — skabums ir zemaks un pH ir augstaks salidzinajuma ar
abiem pargjiem paraugiem. M8-T25 mitrums ir lidzigs ar M10-T25 paraugu
(46,00+0,03%), bet zemaks par M6-T32 paraugu (46,38+0,01%). Udens aktivitate
Visos samicitos miklas paraugos ir vienada (0,955+0,001).

Palielinot miklas raudz€$anas laiku un temperatiru, tieck nodroSinati labveligi
apstakli rauga darbibai, ka rezultata mikla veidojas CO, gaze, kas palielina miklas
tilpumu. Tritikales miltu maisijuma miklas tilpuma izmainas raudz&S$anas laika
paraditas 8. attéla.

340

310

280

250

Miklas tilpums /
Dough volume, cm?

220

190 T T ,
0 10 20 30

Raudzesanas laiks / Fermentation time, min
—+— M6-R30-T30  —# - M6-R30-T35  ——d— M6-R30-T40
—>— M8-R30-T30 ==X==M8-R30-T35 - @ — MB8-R30-T40
seeedeees M10-R30-T30 = --= MI10-R30-T35 —— = M10-R30-T40
8. att. Tritikales miltu maisijuma miklas tilpuma izmainas raudzesanas laika /
Fig. 8. Changes of triticale flour blend dough volume in the fermentation time
Péc iegiitajiem rezultatiem redzams, ka visvairak miklas tilpums palielinajas
miklas paraugiem M6-R30-T40 un M10-R30-T40 (8. att.). Paraugam M6-R30-T40
miklas tilpums palielinajas par 128+2 cm?, raudz&Sanas beigas sasniedzot 33043 cm®
(8. att.). Vismazakais tilpuma palielindjums konstatéts miklas paraugiem, kas
raudz&ti 30 °C temperatiird. Tritikales miltu maistjuma miklas paraugiem
raudz&Sanas laikam un temperatirai ir butiska ietekme (p<0,05) uz miklas tilpuma
izmainam raudzeSanas laika. Izvert€jot iegiitos datus, var secinat, ka piemérotaka
raudzgSanas temperatiira tritikales miltu maistjuma miklai ir 35 un 40 °C. Ja
raudz€s$anai izmanto 30 °C temperatiiru, tad japagarina miklas raudz&sanas laiks vai
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jaizmanto mikla, kuras temperatiira ir augstaka par 25 °C. Ja salidzina iegiitos datus
ar kviesu miklu, tad raudzétas kvieSu miklas apjoms ir vidgji par 120 lidz 144 cm®
liclaks ka raudzétas tritikales miltu maisijumu miklas paraugiem.

Izvertgjot mitruma, skabuma un pH izmaipas tritikales miltu maisijuma miklai
raudz€$anas laika, var secinat, ka miklas raudz&Sanas temperatiira un laiks butiski
ietekmé mitruma (p=0,03), skabuma (p=0,02) un pH (p=0,03) izmainas. Visiem
pétitajiem paraugiem raudzgSanas laika miklas mitrums palielingjas, kas ir robezas no
45,98+0,05% lidz 47,42+0,04%, ar1 miklas skabums palielinajas, kas ir robezas no
1,7840,05° lidz 4,05+0,05°, bet pH samazinajas no 5,745+0,083 lidz 4,961+0,091.
Salidzinot tritikales miltu maisijuma miklas skabumu ar kvieSu miklas, tritikales
miltu maisijuma miklu paraugiem skabums ir no 1,12° lidz 1,99° lielaks, kas saistits
ar to, ka izmantojamie tritikales, rudzu un miezu milti miltu maisfjuma ir pilngraudu
milti, kuri satur lielaku skabju daudzumu.

Tritikales miltu maisTfjuma maizes cepSanas laika, mazakie mitruma zudumi,
salidzinajuma ar raudz&tu miklu pirms cepSanas, konstateti paraugiem M8-C45-T160
(2,32%) un M10-C45-T160 (2,46%), bet liclakie mitruma zudumi ir paraugiem
M8-C45-T240 un M10-C45-T240, kuri cepti 45 min 240 °C temperatiira. Attiecigi
Siem paraugiem mitrums samazinajas par 5,04% un 4,91%.

Maizes paraugu mikstuma un garozas krasas veértibas dazadas temperatiiras un
dazados cepSanas laikos apkopotas 5. tabula. Maizes mikstuma un garozas krasu
izmainas biitiski ietekme (p=0,03) cepsanas laiks un temperatiira.

5. tabula / Table 5

Tritikales miltu maisijjuma maizes mikstuma un garozas krasu izmainas /
Colour changes in the crumb and crust of triticale flour blend

Parauga Mikstums / Crumb Garoza / Crust
numurs /
Sample L* a* b* L* a* b*
number
1 57.40£0.66 | 0.76+0.14 21.12+0.75 51.70+1.20 5.41+0.12 26.51+0.12
2 52.91+0.79 | 0.64+0.10 22.90+0.29 40.90+1.03 4.96+0.12 22.89+0.75
3 52.84+0.57 | 0.61+0.13 22.81+0.55 40.54+0.70 4.41+0.13 22.7240.42
4 52.81+0.79 | 0.61+0.11 22.85+0.93 36.90+0.91 4.36+0.11 21.21+0.89
5 50.33£0.86 | 0.51+0.11 24.47+0.93 27.79+1.12 3.14+0.16 8.14+0.80
6 57.1240.87 | 0.76+0.12 21.75+0.79 51.13+1.01 5.3440.15 26.38+0.78
7 52.83£0.92 | 0.64+0.13 23.08+0.54 40.69+0.98 4.96+0.17 22.71+0.75
8 52.81+0.22 | 0.60+0.17 22.98+0.54 40.12+0.38 4.27+0.19 22.56+0.66
9 52.78+0.61 | 0.61+0.14 22.97+0.92 34.86+0.97 4.13+0.17 20.76+0.94
10 49.94+0.80 | 0.50+0.18 24.92+0.66 27.22+0.72 2.91+0.16 7.9440.31

*1 — M8-C45-TL60; 2 — M8-C60-T160; 3 — M8-C45-T200; 4 — M8-C30-T240; 5 — M8-C45-T240; 6 — M10-C45-T160;
7 — M10-C60-T160; 8 — M10-C45-T200; 9 — M10-C30-T240; 10 — M10-C45-T240

Cepsanas laiks un temperatira batiski neietekmé (p=0,06) tritikales miltu
maisTjuma maizes mikstuma tumsas/gaisas krasas nianses, bet bitiski ietekmé
(p=0,02) garozas krasu. Starp maizes mikstuma un garozas krasu pastav atskiribas un
krasa kliist tumsaka, palielinoties cepSanas temperatiirai un laikam. Sada sakariba
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vérojama, jo paaugstinata temperatiira straujak notiek karamelizacija un Maijara
reakcija (Martins et al., 2000).

Maizes paraugiem cepSanas diena péc atdzes€Sanas analiz€ta maizes mikstuma
cietiba un lipigums. Vismikstakais (7,35+£0,95 un 7,7940,82 N) maizes mikstums
konstatéts tritikales miltu maisfjuma paraugiem, kas cepti 45 min 160 °C
temperatiira, bet viscietakais maizes mikstums ir paraugiem, kas cepti 45 min 240 °C
temperatiira. Ja salidzina M8-C45-T160 un M8-C45-T240 paraugus, tad paraugam,
kas cepts 240 °C temperatara, mikstums ir par 12,01 N cietaks. Izvertgjot tritikales
miltu maisTjuma maizes mikstuma lipigumu p&c izcepSanas, secinats, ka lipigaks
mikstums ir paraugiem M8-C45-T160 un M10-C45-T160, attiecigi uzradot negativa
speka vértibu -0,82+0,06 un -0,79+0,06 N. Korelacijas analize parada, ka tritikales
miltu maisfjuma maizes mikstumam (r=-0,983) un lipigumam (r=-0,981) ir cieSa
negativa korelacija ar maizes mitruma saturu.

Gaistoso vielu izmainas

Tritikales miltu maisTjuma mikla galvenokart identificeti spirti, kas miklai pieskir
auglu, svaigas zales, viskija, iesala un vina aromatu. Lielakie spirta pent-4-gn-2-ola
smailes laukumi identific&ti paraugos, kuru miklas temperatiira ir 32 °C.

‘M6-T32
0.618 D-limonéns / D-limonene
o S
2-metilpropanskabe /
M10-T25 - /" 2-methyl-propanoic acid
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M6-T25 . '3
° 2 el B
™ Q S ® Karvons / Carvone
X f MS8-T32
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= 4-penten-2-
8 0.213 0.204 F-penten ol
- -1-én-3-ols / I-octen-3-o0l ~~--.
s MS8-T20- 9 ot cn 2ol L oceen:3-0 s “ ------ Heksan-1-ols / 1-hexanol
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e S -0.47 i i \ 3-metilbutan-1-ols /
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1-penten-3-ol 2 2-metilpropan-1-ols /
Etikskabe / Acetic acid 2-methyl-1-propanol
M10-T32

PC1 (86.1%)

9. att. GaistoSo vielu sadalijjums samicita tritikales miltu maisijuma mikla /
Fig. 9. Distribution of volatile compounds in the mixed triticale flour blend dough

Izvert€jot miciSana iegitos rezultatus, var secinat, ka kopuma identificétas
13 gaistosas vielas, no kuram astoni ir spirti, divas karbonskabes, divi terpéni un
viens aldehids. Visos paraugos konstatétas gaistosas vielas — pent-4-&n-1-ols,
D-limonéns, 3-metilbutan-1-ols, heksan-1-ols, okt-1-&n-3-ols, heptanols, etikskabe,
2-metilpropanskabe un karvons. Galvenas komponentu analizes PCIl variansu
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modelis parada paraugu miciSanas temperatiiras un laika ietekmi, bet PC2 att€lo
gaisto§o vielu izkliedi miklas paraugos (9. att.). Palielinoties tritikales miltu
maisTjuma miklas miciSanas laikam un miklas temperatirai, palielinas arT gaistoSo
vielu savienojumu kvalitativais un kvantitativais sastavs, jo pa$i tas ir raksturigs
spirtiem.

RaudzeSanas laika miklas paraugos konstatétas 16 gaistosas vielas (10. att.).
Visos raudzetajos tritikales miltu maisijuma paraugos vislielakie gaistoso vielu
smailu laukumi konstatéti pieciem spirtiem — pent-4-én-2-olam, heksan-1-olam,
4-aminopentan-1-olam, 3-metilbutan-1-olam un 2-metilpropan-1-olam un ketonam —
3-hidroksibutan-2-onam. Sis gaisto§as vielas intensivi veidojas spirta riigand un
raudz&tiem miklas paraugiem piedod auglu, vina, viskija, iesala, deguma, zalas zales
un raudz&tu produktu aromatu.
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Wy ot 0 A e
- i Q Karvons / Carvone
8 ° 29 7b
) 4 a °
e @ 5,0
~ 018 ) 0.271 "
[$) O 4p 8 6a@ -~ Heksan-1-ols / 1-hexanol
& 10 3 -
o 5a 5!:!0 P 2-metilpropan-1-ols /
2 ] ‘ 2-methyl-1-propanol
3b =
1 2a 3 (*} = (E)-non-3-gn-1-ols / (£)-3-nonen-1-ol
a a 5
Q ) Qo ~ Etikskabe / Acetic acid
"5 1b 2b b
% ° o k .. 4-aminopentan-1-ols /
3-hidroksibutan-2-ons / 4-amino-1-pentanol
Raudzéti / Fermented, 30 min 3-hydroxy-2-b e Pent-4-&n-2-ols / 4-penten-2-ol
PC1(79.5%)
1 - M6-R10-T30; 7 — M10-R10-T30; 4a— M8-R20-T30; 1b — M6-R30-T30; 7b — M10-R30-T30;
2 — M6-R10-T35; 8 — M10-R10-T35; 5a — M8-R20-T35; 2b — M6-R30-T35; 8b — M10-R30-T35;
3 - M6-R10-T40; 9 — M10-R10-T40; 6a — M8-R20-T40; 3b — M6-R30-T40; 9b — M10-R30-T40
4 — M8-R10-T30; la - M6-R20-T30; 7a— M10-R20-T30; 4b — M8-R30-T30;
5 - M8-R10-T35; 2a— M6-R20-T35; 8a— M10-R20-T35; 5b — M8-R30-T35;
6 — M8-R10-T40; 3a— M6-R20-T40; 9a — M10-R20-T40; 6b — M8-R30-T40;

10. att. GaistoSo vielu sadalijums raudzeta tritikales miltu maistjuma mikla /
Fig. 10. Distribution of volatile compounds in the fermented triticale flour blend
dough

Spirtu  ((2)-pent-2-en-1-ola,  (E)-non-3-én-1-ola,  feniletanola), skabju
(2-metilpropanskabes, 2-aminopropanskabes) un terpéna D-limonéna smailu laukumi
Visos paraugos ir mazaki par 1 x 10° kas, salidzinot ar citam gaisto§ajam vielam, ir
neliels daudzums.
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Palielinoties raudz&S$anas temperatiirai un laikam, D-limonéna smailes laukums
samazinas. Konstatéts, ka karvona smailes laukums palielinas, bet D-limonéna
smailes laukums samazinas, palielinoties raudzg$anas laikam un temperatirai.
Salidzinot micitas un raudz€tas miklas paraugos identificéto gaistoSo vielu
smailu laukumu summas, raudzetai miklai tas ir 16 reizes (M8-R30-T30) Iidz
50 reizes (M6-R30-T40) liclakas neka micita mikla.

Maizes paraugu mikstuma un garoza kopa identificétas 26 gaistosas vielas
(11. att.). Galvenas komponentu analizes PC1 variansu modelis parada paraugos
cep$anas laika un temperattiras ietekmi, bet PC2 attélo gaisto$o vielu izkliedi maizes
mikstuma un garozas paraugos. Gan miklas cepSanas laikam, gan temperatiirai ir
butiska ietekme (p<0,05) uz gaistoso vielu smailu laukumiem.

Feniletanols / Toluéns / Toluene

Phenylethyl alcohol

3-metilbutan-2-ons /

2-metilpropanskabe / 3-methyl-2-butanone

2-methylpropanoic acid ; Heksanals /
Q 0381 - Hovanal
3-metilbutanskabe / \. i 19 o L + Heptanals / Heptanal
34 u y
3-methylbutanoic (l(lt{ Etikskabe /_ " Heksanskabe /
Acetic acid @ " 7" Hexanoic acid
3-metilbutan-1-ols /. { [e)
3-methyl-1-butanol " Furfurols / Furfural g 20> Ialtols/ Maliol
£ Y 5-metil-2-furfurols /
g Heksan-1-ols / ® i-l;l?;f)}ksxlb;fn’—lons'/ e Semethyl-2+furfural
< I-hexanol R 5 R
~ [ ) 2-pentilfurans /
5 -0.24 2-pentylfuran
£ [ ! _ 2-metilpropanals / :
2-metilpropan-l-ols /o 3@ § 5 \ Zmethylpropanal - 1'g “._ Metilpirazins /
2-methyl-1-propanol A\ o Py Methylpirazine
\ \ |\ [~
A\ 16/ i \
_ 10 14\‘!( /‘ } % 2-furanmetanols /
Pent-4-gn-2-ols / [2ARIORS 2-furanmethanol
4-penten-2-ol ;QOJ‘CW"UW ° )
408GD A2 i . ' 3-metilbutanals /
& é‘ Tridecéns / Tridecene \ >-Methyl-butanal
2%* \ i o Ciklobutanols /
0.39 3-metilheksan-2-ols / Cyclobutanol
= 3-methyl-2-hexanol
PC1 (55.9%)

*Maizes mikstums /
Bread crumb
3 - M10-C45-T160;
7 — M8-C45-T200;
11 — M10-C45-T200;
15 — M10-C30-T240;
19 — M10-C45-T240;

1 - M8-C45-T160;
5 — M8-C60-T160;
9 — M10-C60-T160;
13 — M8-C30-T240;
17 — M8-C45-T240;

**Maizes garoza /

2 — M8-C45-T160;
6- M8-C60-T160;
10 - M10-C60-T160;
14 — M8-C30-T240;
18 — M8-C45-T240;

Bread crust
4 — M10-C45-T160;
8 — M8-C45-T200;
12 — M10-C45-T200;
16 — M10-C30-T240;
20 — M10-C45-T240;

11. att. GaistoSo vielu sadalijums tritikales miltu maisijuma maizes paraugu

mikstuma un garoza /
Fig. 11. Distribution of volatile compounds in the crumb and crust of the triticale
flour blend bread samples

Vislielakais gaisto$o vielu spektrs ir paraugu garoza, kas miciti 8 un 10 min, cepti
45 min 240 °C temperatiira. Sajos paraugos vairak ir tadas vielas ki metilpirazins,
2-pentilfurans, heksanskabe, maltols, 5-metil-2-furfurols, furfurols, 2-furanmetanols,
3-hidroksibutan-2-ons, etikskabe un heptanals (11. att.), kas zemakas temperatiiras
ceptu paraugu garoza ir mazak.
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Visos maizes paraugos, kas cepti 3 dazados laikos un temperatiiras, identificetas
13 kopigas gaistosas vielas, kas identificétas gan maizes mikstuma, gan garoza, no
kuram septini ir spirti, divi aldehidi, divas skabes, viens terpéns un viens ketons. NO
visos paraugos identificétajam gaistoSajam vielam tritikales miltu maisijuma maizes
paraugos vislielakie smailu laukumi noteikti tris spirtiem — pent-4-&n-2-olam,
3-metilbutan-1-olam, heksan-1-olam, kuru smailu laukumi mikstuma ir lielaki neka
garoza. Bet ir noverota tendence, ka, palielinot cepSanas temperattiru, gan mikstuma,
gan garoza $o spirtu smailu laukumi samazinas, kas saistits ar spirtu gaistamibu.

4. Kvalitates un gaistoSo vielu izpéte tritikales miltu maisijjuma maizes ar
ieraugu gatavoSanas tehnologiskaja procesa

lerauga izmantoSana maizes gatavoSana nodroSina labaku miklas struktiru un
lielaku apjomu, ka ari bagatina maizes garSu un smarzu (Clarke et al., 2004;
Park et al., 2006).

Miklas gatavoSanai izmantoti divu veidu ieraugi: viens ieraugs gatavots,
izmantojot tritikales, rudzu miltus un ierauga tirkulttiru (2-pakapju ieraugs), bet otrs —
ieraugs Sapore Fidelio, kas ir gatavs tiilitéjai izmanto$anai. P& miciSanas abiem
paraugiem, novertgjot miklas Tpasibas, var secinat, ka tas ir labas. Miklas konsistence
ir miksta, viegli formgjama, stiepjama, Iidzigi ka rudzu maizei, ka arT ta mazliet Iip
pie micitaja trauka malam un rokam.

Raudzésanas laika miklas mitrums miklai ar 2-pakapju ieraugu palielindjas par
1,01%, bet miklai un ar Sapore Fidelio ieraugu — par 0,42%. Izvértéjot maizes
mitruma izmainas, intensivaka mitruma iztvaikoSana cepSanas laika notikusi
paraugam ar 2-pakapju ieraugu, kur starp 30 min raudz&étu miklu un maizi mitruma
samazinajums ir 3,59%, bet maizei ar Sapore Fidelio ieraugu mitruma zudumi ir
mazaki — 2,41% (6. tab.). Paliclinoties mitruma saturam, palielinds ari @idens
aktivitate. Mikla un maizé Gdens aktivitate vidgji ir robezas no 0,955+0,001 lidz
0,972+0,002.

Lielaks miklas skabums tiek nodrosinats, izmantojot Sapore Fidelio ieraugu, tacu
jaizverte ta ietekme uz garsas ipasibam — ne vienmér palielinats skabums nodrosina
labas cepamipasibas, pozitivi ietekmgjot arT garsu.

Tikko samicitas tritikales miltu maisjjuma miklas ar 2-pakapju ieraugu apjoms ir
202+1 cm®, bet p€c 30 min raudz€Sanas tas palielinajas 2 reizes, sasniedzot
418+2 cm®. Miklai ar Sapore Fidelio ieraugu p&c 30 min raudzésanas apjoms
palielinajas 1,6 reizes. Tritikales miltu maistjuma miklas bez ierauga, apjoms péc
30 min raudze$anas bija 314£3 cm®, no ka var secinat, ka, izmantojot ieraugu,
iesp&jams miklas apjomu vienados raudzeésanas apstaklos palielinat par 13 1idz 25%.

Izvertgjot iegiitos datus, var secinat, ka 2-pakapju ierauga izmantos$ana uzlabo
rug8anu, Iidz ar to ari miklas un maizes apjomu, tacu ar Sapore Fidelio ieraugu
iesp&jams nodrosinat lielaku miklas un maizes skabumu.

Tritikdles miltu maisTjuma maizes ar ieraugu mikstuma un garozas krasu L"a b
sistéma var raksturot no gaisi briinas Iidz briinai. Izmantotajam ierauga veidam nav
bitiska ietekme (p=0,06) uz tritikales miltu maisTjuma maizes mikstuma un garozas
krasu.
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6. tabula / Table 6
Fizikali-kimisko raditaju izmainas tritikales miltu maisijuma miklas un maizes
ar ieraugu paraugos /
Changes of physical-chemical parameters in the triticale flour blend dough and
bread with sourdough samples

. Udens =
Tample | Woistire 06 | Akividte! P iy e
’ Water activity !

TKS-M8-T25 47.71+0.06 0.968+0.001 5.015+0.007 3.22+0.07
TKS-M8-R10-T35 47.98+0.04 0.968+0.002 4.984+0.006 3.81+0.09
TKS -M8-R20-T35 48.36+0.07 0.970+0.001 4.892+0.001 4.24+0.09
TKS -M8-R30-T35 48.72+0.07 0.972+0.002 4.765+0.006 4.59+0.07
TKS -M8-C45-T200 45.13+0.04 0.968+0.001 4.642+0.003 5.18+0.08
SF-M8-T25 46.16+0.05 0.955+0.001 4.963£0.011 4.01+0.05
SF-M8-R10-T35 46.27+0.06 0.955+0.001 4.774+0.009 4.63+0.09
SF-M8-R20-T35 46.43+0.03 0.957+0.002 4.693£0.005 5.03+0.02
SF-M8-R30-T35 46.58+0.05 0.960+0.001 4.481+0.003 5.67+£0.07
SF-M8-C45-T200 44.17+0.03 0.957+0.001 4.377+0.008 6.02+0.05

Analizgjot tritikales miltu maisfjuma maizes mikstuma cietibu un lipigumu,
secinats, ka izmantotajam ierauga veidam ir bitiska ietekme (p=0,02). Paraugam
TKS-M8-C45-T200 mikstuma cietiba ir 12,05+0,25 N, lipigums -0,96+0,04 N, bet
paraugam SF-M8-C45-T200 mikstuma cietiba ir 14,01+0,37 N, lipigums —
0,60+0,03 N. Apkopojot iegiitos rezultatus, var secinat, ka tritikales miltu maisijuma
maizei ar 2-pakapju ieraugu fizikalas ipasibas uzlabojas — maizes mikstums klast
mikstaks un nedaudz lipigs, jo maizes mikstumam ir lielaks mitruma saturs.

GaistoSo vielu izmainas

Maizes gatavoSana izmantojot dazadus ieraugus, iesp&jams nodrosinat izteiktaku
maizes garSu un aromatu. Maiz€ ar ieraugu ir vairak gaistoSo savienojumu, kas veido
maizes aromatu (Hansen and Hansen, 1996).

GaistoSo vielu savienojumu spektru ieraugos ietekme ta veids. Izvertgjot gaistoso
vielu kvalitativo un kvantitativo saturu, 2-pakapju ierauga identificétas 11 gaistosas
vielas, bet Sapore Fidelio ierauga — 9. Piecas gaisto$as vielas identificétas abos
ieraugu veidos — etilacetats, pent-4-&n-2-o0ls, 3-metilbutan-1-ols, izoamilacetats un
etikskabe.

Galveno komponentu analize gaisto$am vielam 2-pakapju un Sapore Fidelio
ieraugos un ar tiem sagatavota mikla paradita 12. attéla. Galveno komponentu
analizes modelis parada gaistoSo vielu izkliedi divu veidu ieraugos un mikla, kuras
gatavoSanai izmantoti ieraugi (12. att.). Sapore Fidelio ierauga, smarzas buketé ir
salds, ananasu (etilacetats), auglu (pent-4-&n-1-ols), bananu (izoamilacetats),
bumbieru (butilacetats), iesala (3-metilbutan-1-0ls), alkohola (dimetilkarbonats), ass,
skabens (etikskabe) un zaluma (heksanals) aromats. Savukart, 2-pakapju ierauga
smarzas buketé doming salds, ananasu, auglu, iesala, bananu, ass un skabens, svaigas
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zales, zaluma (pent-1-én-3-ols), anisa, abolu (etilheksanoats) un medus, ziedu
(feniletanols) aromats.

Q 2-metilpropanskabe /
! 2-methyl-propanoic acid Heksanals / Hexanal
F C ¢ 0.273 j
TKS-M8-T25 SF-M8-T25 .'
2-metilpropan-1-ols /____.--===""" ) Sapore Fidelio ieraugs / n-propilacetats /
2-methyl-1-propanol Sapore Fidelio sourdouglh n N-propylacetate
. Ciklobutanols / Cyclobutanol”” £ / 1-heksens/ I-hexene
§ 4 Dimetilkarbonats / f
S Pentanskibe / Pentanoic acid Dimethy! carbonate N
E -0.18 80,320
E Butilacetats / Butyl acetate-~" @--- Izoamilacetats / Isoamyl acetate
Etilacetits / Ethyl acetate L_N8
Siscenl Mgl * Etikskiibe / Acetic acid
4-metilpent-1-€ns / a  3-metilbutan-1-ols /

4—":’!’:‘7}‘:’—1’—]161'11‘@!8 7" 3-methyl-1-butanol
\
\

Pentan-1-ols / .f-]mlmnol—""—. “ ®----- Pent-4-n-2-ols / 4-penten-2-ol

@ ’ 0.32

2-pakaipju ieraugs / i3 " Feniletanols / Fenylethyl alcohol
Two stage sourdough Y

Y
v

1% “Etilheksanoits / Etliyl hexanoate

:\ " Pent-1-gn-3-ols / I-penten-3-o!

Heksanskabe / Hexanoic acid

PC1 (46.3%)

12. att. GaistoSo vielu sadalijjums ieraugos un samicitas tritikales miltu
maistjumu miklas paraugos /
Fig. 12. Distribution of volatile compounds in the sourdough and in the mixed
triticale flour blend dough samples

Tritikales miltu maistjuma mikla ar ieraugiem p&c 10, 20 un 30 min raudzgSanas
identificétas 14 gaistosas vielas. Gaisto$o vielu spektru raudzeta tritikales miltu
maisfjuma mikla neietekmé raudzeSanas laiks, bet ietekmé ierauga veids.
TKS-M8-R30-T35 raudzéta miklas parauga identificEtas tris gaistosas vielas
(pentan-1-ols, 3-metilbutanskabe un pentanskabe), kuras nav ar Sapore Fidelio
ieraugu raudzetas miklas paraugos. Vislielakie gaistoSo vielu smailu laukumi
raudzgtos tritikales miltu maisijuma miklas paraugos konstatéti Cetriem spirtiem —
pent-4-&n-2-olam, 3-metilbutan-1-olam, ciklobutanolam un 2-metilpropan-1-olam, ka
arT etilacetatam. Spirti intensivi veidojas spirta riig§ana un raudzStiem miklas
paraugiem pieskir auglu, iesala un alkohola aromatu, bet etilacetats veido saldenu,
ananasu aromatu.

Izvertgjot gaisto$o vielu smailu laukumu summas raudzgtajiem miklas paraugiem
un salidzinot smailu laukumu summas ar micitas miklas paraugiem TKS-M8-T25 un
SF-M8-T25, var secinat, ka micitai miklai tas ir 4 reizes (attieciba pret paraugiem,
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kas raudzeti 10 min) Iidz 10 reizes (attieciba pret paraugiem, kas raudz&ti 30 min)
mazakas neka raudzetai miklai (13. att.).

TKS-M8-T25 ==
g SF-M8-T25 =y
§ TKS-MB-RI0-T35 | R
=, SF-M8-R10-T35 NN
€ TKS-MB-R20-T35 |
*  SF-M8-R20-T35 | DS 2]
TKS-M8-R30-T35 | . T
SF-M8-R30-T35 | xxx‘al =
0 500 1000

Smailu laukumi (SLVx106) / Peak areas (PAU x10°)

13. att. GaistoSo vielu smailu laukumu summas micitos un raudzétos miklas
paraugos ar ieraugu /
Fig. 13. Peak areas sum of volatile compounds in the mixed and fermented dough
samples with sourdough

Parauga TKS-M8-T25 spirtu smailu laukumi palielinas, palielinoties raudzgsanas
temperatiirai un laikam, kur no visiem identificEtajiem spirtiem p&c 10 min
raudzesanas vislielakais smailu laukums ir spirtam pent-4-gn-2-ols, bet pec 30 min
raudzéSanas smailu laukums palielinajas 1,78 reizes. Paraugam SF-M8-T25,
raudz€jot no 10 Iidz 30 min, spirta pent-4-én-2-ols smailu laukums palielinajas
1,73 reizes. Miklas raudzé$anas laikam un izmantotajam ierauga veidam ir butiska
ietekme (p<0,05) uz gaisto$o vielu veidoSanos un smailu laukumu izmainam
raudzesanas laika. Vislabak maizes gatavosSanai izmantot ieraugu, kura sastava ir
dazadas pienskabes baktérijas un raugu kultiru asociacijas (Hansen and
Hansen, 1996; Damiani et al., 1996).

Tritikales miltu maisTjuma maizes ar dazadiem ieraugiem mikstuma un garoza
kopa identificétas 32 gaistosas vielas. Galveno komponentu analize gaistoSam vielam
maizes mikstuma un garoza ar 2-pakapju un Sapore Fidelio ieraugu attélota
14. attela. Galveno komponentu analizes PC1 varianSu modelis parada paraugos
ierauga veida ietekmi, bet PC2 galvenokart attélo gaistoSo vielu izkliedi maizes
mikstuma un garozas paraugos (14. att.). Izmantotajam ierauga veidam ir bitiska
ietekme (p<0,05) uz gaistoso vielu kvalitativo un kvantitativo saturu maizes
mikstuma un garoza. Izmantojot Sapore Fidelio ieraugu maizes gatavosanai, vairak
veidojas etikskabe, butanskabe un 3-metilbutanals, bet ar 2-pakapju ieraugu gan
maizes mikstuma, gan garoza identificéto gaisto$o vielu smailu laukumi ir lielaki. No
identificétajam gaisto$ajam vielam maizes mikstuma vairak doming spirti, ketoni un
skabes, bet garoza — aldehidi un furani.
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SF-M8- C45-T200 Etikskabe / Aceric acid

(mikstums / crumb) g SF-MS8- C45-T200
0.327
Butanskabe / Butanoic acid ° ® ® (garoza / crust)
3-metilbutanals / thyl-b /
L]
3-metilbutanskabe / 3-methylbutanoic acid >-metilfurans /  >-metilheksan-2-ols / 3-methyl-2-hexanol
. L 2-methylfuran 2-metilpropanskabe /
. 3-hidroksibutan-2-ons / 2-methylpropanoic acid
3-metilbutan-1-ols / 3-hydroxy-2-butanone

e
3-methyl-1-butanol 2-etilpirazins /

:\'? 2-metilpropan-1-ols / ;:":I]g::":z / ° 2-ethylpirazine
; 2-methyl-1-propanol 2-furanmetanols /
=] -0.20 Furilspirts /. . 0.209 2-furanmethanol
~ o o urilspirts
) ® Heksanals / Hexanal Furfuylalcohol g )
B Pentd-E s Pentan-1-ols / P 1-hekséns / /-hexene
Je‘:t ”:7:1;"_}(; s S I-pentanol 2-pentilfuriins / e !
Peniele 3-metilbutan-2-ons / 2-pentylfuran ) annl-z-furﬁuols/
Butan-2,3-dions / 3-methyl-2-butanone S-methyl-2-furfural
2,3-butanedione Heptanals / i s
® Heptanal ® Furfurols / Furfural
an-2- 24 e ®
Butan-2-ons / 2-butanone 4 PR Pirols / Pyrrole
Pentanskiibe / -0.30 Q. 2-metilpropanals /
Pentanoic acid - | .. 2-methyl-propanal

" Pentin-23-dions/ Ciklobutanols/  jeksanskabe/  Maltols/  TKS-M8- C45-T200
5 2,3-pentanedion Cy Hexanoic acid Maltol (garoza / crust)

TKS-M8- C45-T200
(mikstums / crumb)

PC1 (70.9%)

14. att. GaistoSo vielu sadalijjums tritikales miltu maisijuma maizes ar ieraugu
mikstuma un garoza /
Fig. 14. Distribution of volatile compounds in the triticale flour blend bread with
sourdough crumb and crust

Cepsanas laika pent-4-gn-2-ola samazinasanas skaidrojama ar mitruma un spirtu
iztvaikoSanu. Parauga SF-M8-C45-T200 pent-4-én-2-ola sadalijums starp mikstumu
un garozu attiecigi veido 55,88% un 44,12%. Maizes paraugam ar Sapore Fidelio
ieraugu pent-4-én-2-ola smailes laukums mikstuma un garoza ir 1,18 reizes mazaks
ka SF-M8-R30-R35 paraugam. Tadas pasas likumsakaribas v€rojamas arT pargjiem
identificétajiem spirtiem abos paraugos gan maizes mikstuma, gan garoza. [zvertgjot
gaistoSo vielu sastavu, var secinat, ka, izmantojot 2-pakapju ieraugu, tiek iegts
daudzveidigaks un lielaks gaistoSo vielu spektrs, ka rezultata maizei ir izteiktaks
aromats.

5. Kopsavilkums par gaistoSo savienojumu dinamiku maizes gatavoSanas
tehnologiskaja procesa

Izvertgjot tritikales miltu maistjuma gaistoSo vielu kvalitativo un kvantitativo
sastavu, divas vielas (okt-1-&n-3-ols un heptanols) identificétas tikai samicita mikla,
bet no konstatétajam 32 gaisto$am vielam divas vielas (heksanals un heksan-1-ols)
saglabajas visa maizes gatavoSanas tehnologiskaja procesa. Tikko samicita mikla,
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raudz&ta mikla un maiz€ veidojas no miltiem atskirigs vielu spektrs, kas nodrosina
izteikto maizes aromatu. Zinatnieki, ka Frasse et al. (1993), Martinez-Anaya (1996),
Hansen un Schieberle (2005), Pozo-Bayon et al. (2006) un citi konstat&jusi, ka
maizes aromats galvenokart veidojas miklas raudzE€Sanas un cepSanas laika.
Apkopojot ieglitos datus par gaistoSo savienojumu spektru kvieSu, tritikales miltu
maisfjuma un tritikales miltu maisijuma ar 2-pakapju ieraugu maizes gatavoSana
(skat. 15. att.) redzams, ka augstakais gaistoSo vielu spektrs pa savienojumu grupam
ir raudzeta tritikales miltu maisijuma mikla ar 2-pakapju ieraugu, kur ar lielako
kopgjo smailu laukumu summu doming spirti.

Vertgjot kviesu un tritikales miltu maisijuma konstat€to gaistoSo vielu spektru,
lielakais spirtu daudzums identific€ts tritikales miltu maisijuma miltos, bet aldehidu
grupa ar augstako smailu laukumu summu identificgta kviesu miltos. Ta ka tritikales
miltu maisTjums sastav no dazada veida miltiem, tad tajos identificéta arT vislielaka
citu savienojumu smailu laukumu summa, kura ietilpst tadas savienojumu grupas ka
alkani, terpéni un esteri.

Samictta kviesu un tritikales miltu maisijuma mikla un ta pasa veida raudzeta
mikla aldehidu grupa identificéta mazak salidzinajuma ar kvie$u un tritikales miltu
maistjuma miltiem. Miltu un miklas aromatu atskiribas skaidrojamas ar to, ka miklas
gatavosana izmanto tdeni, kas sastada 68% no miltu masas, un citas izejvielas, kas
spéj mainit gaistoSo vielu spektru mikla. Spirtu veidosanas galvenokart notiek miklas
raudz€Sanas laika, kur raudzeta tritikales miltu maisfjuma mikla identificéta liclaka
spirtu grupas savienojumu smailu laukumu summa. Spirtu atskirigo daudzumu un
spektru var ietekm@t arT izmantotais miltu veids, jo miltos esos§as brivas aminoskabes
var but slapekla avots rauga darbibai, ka rezultata veidojas dazadi spirti
(Hansen, 1995).

Izvertgjot visos maizes mikstuma un garozas paraugos spirtu, aldehidu un ketonu
gaistoSo vielu spektru, jasecina, ka vislielakie $o savienojumu grupu smailu laukumi
identificeti tritikales miltu maisTjuma maizes ar 2-pakapju ieraugu mikstuma un
garoza. Kviesu un tritikales miltu maisijuma maiz€ ar ieraugu un bez ierauga spirtu
savienojumu smailu laukumi samazinajas salidzinajuma ar raudz€tas miklas
paraugiem, bet aldehidu un ketonu grupu smailu laukumi palielinajas. Tas sakrit ar
ar citu zinatnieku p&tjumiem, ka p&c miklas raudz€sanas jauni gaistosi savienojumi
rodas maizes cepSanas laika, kuru veidoSanas vairak balstas uz Maijara reakciju,
veidojot dazadus spirtus, skabes, aldehidus, furanus, ketonus, pirazinus un pirolus
(Kirchhoff and Schieberle, 2001; Rehman et al., 2006). Stear (1990) norada, ka
vairakas gaisto$as vielas, ka aldehidi un ketoni, veidojas maizes garoza 100 Iidz
180 °C temperatiiras intervala.

Sesas gaistosas vielas (pent-4-eén-2-o0ls, 3-metilbutan-1-ols, 2-metilpropan-1-ols,
3-hidroksibutan-2-ons, 2-metilpropanskabe un etikskabe) identific€tas visa maizes
gatavosanas tehnologiskaja procesa.
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Fig. 15. Sum comparison of peak areas of the wheat and triticale flour blend,
dough and bread samples in the volatile compound groups

Tris spirtu smailu laukumu salidzinajums (pent-4-én-2-ols, 3-metilbutan-1-ols,
2-metilpropan-1-ols) starp kviesu un tritikales miltu maisijjuma paraugiem paradits
16. attéla. Ar vislielako smailes laukumu pent-4-&n-2-ols identificéts raudz&tos
miklas paraugos. Izvertgjot rezultatus, var secinat, ka ta vislielakais smailes laukums
ir raudzgta tritikales miltu maisfjuma mikla ar 2-pakapju ieraugu. Salidzinot samicitu
kvie$u un tritikales miltu maisjjuma miklu, lielakie spirtu smailu laukumi ir kvie$u
mikla, lai gan raudz@tajos paraugos intensivak Sie spirti veidojas tritikales miltu
maistjuma mikla bez un ar ieraugu. Termiskas apstrades laika spirtu daudzums
samazinajas. Vismazakie pent-4-gn-2-ols, 3-metilbutan-1-ols un 2-metilpropan-1-ols
smailu laukumi identificéti gan kvieSu, gan tritikales miltu maisfjuma maizes
garozas. Piem&ram, spirts 3-metilbutan-1-ols ir nozimigs maizes mikstuma un

garozas smarzas veidotajs, tas rodas rauga darbibas rezultata no aminoskabeém
(Hansen and Hansen, 1996).
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Fig. 16. Distribution of alcohol 4—penten—2-ol, 3-methyl-1-butanol and
2-methyl-1-propanol in the wheat and triticale flour blend samples

Salidzinot kvieSu un tritikales miltu maisijuma paraugos skabju
(2-metilpropanskabes un etikskabes) smailu laukumus (17. att.), redzams, ka procesa
no samicitas miklas lidz maizei to smailu laukumi palielinajas. Lielakais smailu
laukums tritikales miltu maisfjuma ar 2-pakapju ieraugu maizes garoza identificéts
2-metilpropanskabei, kas skaidrojams ar ierauga, kurs satur lielaku skabju daudzumu,
izmantosanu. Maizes mikstuma 2-metilpropanskabei lielakais smailes laukums
noteikts parauga, kas gatavots no tritikales miltu maisijuma bez ierauga. Ari Calvel et
al. (2001) konstat&jusi, ka lielaks 2-metilpropanskabes daudzums ir maizes
mikstuma, ja miklas gatavosanai izmantots tikai raugs, nevis ieraugs. Tas nozimé, ka,
izmantojot ieraugu, 2-metilpropanskabe vairak koncentréjas maizes garoza, bet,
izmantojot raugu, — maizes mikstuma.

Etikskabe vairak identificéta tritikales miltu maisTfjuma maizes paraugos, kuru
gatavosanai izmantos ieraugs. KvieSu paraugos noteikts lielaks etikskabes daudzums
neka tritikales miltu maisijuma paraugos bez ierauga, kaut gan kvieSu paraugos
etikskabes daudzums raudzeSanas laika samazinajas un lielakais tas smailes laukums
konstatéts péc 10 min raudzéSanas. Etikskabes samazinajumu var skaidrot ar to, ka
kvieSu miklas raudze$ana spirti un skabes var parveidoties esteros (Herraiz and
Ough, 1993). Abas skabes kvieSu un tritikales miltu maisijuma ar un bez ieraugu
paraugiem veido skabu, asu un saldu vai sviesta aromatu.
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maisijuma paraugos /
Fig. 17. Distribution of acetic acid and 2-methyl-propanoic acid in the wheat and
triticale flour blend samples

Analiz€jot ketona (3-hidroksibutan-2-ons) smailu laukumu lielumus (18. att.),
jasecina, ka tritikales miltu maisfjuma maizes mikstuma ar ieraugu un bez ierauga,
identificéti lielakie ketona smailu laukumi. Ketons 3-hidroksibutan-2-ons veidojas
miklas raudz&sana (Hansen and Schieberle, 2005). Starp raudz&tajiem paraugiem un
maizi 3-hidroksibutan-2-ona palielindjums skaidrojams ar to, ka cepSanas sakuma
maizes mikstuma vél turpinas riigSanas procesi lidz sasniegta temperatiira, kura
rugSana tiek partraukta, tapec Saja laika vel pastav iesp&ja ketona saturam pieaugt.
Samicita kvieSu mikla 3-hidroksibutan-2-ons identificéts, bet tritikales miltu
maisfjuma samicitas miklas paraugos ketons nav identificéts. Raudz&Sanas laika ta
pieaugums ir no 10 Iidz 11 reiz€ém. Ketons 3-hidroksibutan-2-ons kviesu un tritikales
miltu maisijuma ar ieraugu un bez ierauga paraugiem pieskir izteiktaku sviesta,
kréma aromatu.

Jasecina, ka gaistoSo vielu kvalitativais un kvantitativais saturs veidojas plasaks,
ja tritikales miltu maisjjuma miklas gatavoSana izmanto 2-pakapju ieraugu. Miklas
un maizes paraugos gaistoSo vielu spektrs ir atSkirigs, un katra maizes gatavoSanas
tehnologiskaja posma no jauna izveidojusas gaisto$as vielas atbild par produkta
aromatu.
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maisijuma paraugos /
Fig. 18. Peak areas of 3-hydroxy-2-butanone in the wheat and triticale flour blend
samples

Tomér tadas gaistosas vielas ka pent-4-én-2-ols, 3-metilbutan-1-ols,
2-metilpropan-1-ols, 3-hidroksibutan-2-ons, 2-metilpropanskabe un etikskabe veido
pamata aromatu kvieSu, tritikdles miltu maisijjuma miklai un maizei ar un bez
ierauga, jo tas identificétas visos maizes gatavosanas posmos. Lidz ar to var secinat,
ka miklas un maizes aromats galvenokart ir auglu, iesala, spirta, sviesta, kréma un
skabs.
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SECINAJUMI

Pétitajos miltos olbaltumvielu saturs ir no 6,46+0,01% (pilngraudu rudzos) lidz
11,79+0,04% (pilngraudu kailgraudu miezos), bet tritikales miltu maisijuma —
8,75+0,08%. Skiedrvielu saturs ir no 5,98+0,01% (risos) lidz 17,71+0,14%
(pilngraudu kailgraudu miezos), tritikales miltu maistjuma — 13,69+0,01%.
Miklas veidoS$anas laiku, stabilitati un miklas noturibu bitiski ietekmé (p=0,02)
graudauga veids, tritikales un citu miltu attiecibas maisijuma.

Par optimalo tritikales miltu maisTjuma sastavu atzits paraugs, kura 60% ir
pilngraudu tritikales milti un 40% par€jie milti - pilngraudu kailgraudu miezu,
pilngraudu rudzu, kukurizas un risu.

Pilngraudu tritikales, pilngraudu rudzu, pilngraudu kailgraudu miezu, risu,
kukuriizas miltos un tritikales miltu maisijuma identificétas gaistosas vielas
veido spirti, karbonskabes, aldehidi, terpéni un alkani.

Pent-4-en-2-ols, 3-metilbutan-1-ols, 2-metilpropan-1-ols, etikskabe,
3-hidroksibutan-2-ons un 2-metilpropanskabe ir galvenas vielas, kas
identificétas visa kvieSu maizes tehnologiska procesa, veidojot auglu, iesala,
spirta, sviesta, krama un skabu aromatu.

Tehnologiska procesa parametru modifikacijai ir batiska ietekme (p=0,02) uz
miklas un maizes fizikalajiem un kimiskajiem raditajiem.

Temperatira un laiks tritikales miltu maisljuma maizes gatavoSana bitiski
ietekmé (p=0,03) identific€to gaistoSo vielu kvalitativo un kvantitativo sastavu.
Tritikales maizei ar 2-pakapju ieraugu ir izteiktaks aromats, jo to veido
daudzveidigaks gaistoso vielu spektrs.

Pétijuma iegiitie dati apstiprina izvirzito hipotézi — tritikales milti ietekmé&
miklas reologiskas Tpasibas un gaistoSo vielu profilu tehnologiskaja procesa.

PRIEKSLIKUMI

Lai iegiitu kvalitativu tritikales miltu maisijuma maizi, tad tas gatavoSanai
jaizmanto 2-pakapju ieraugs 30% apmeéra no kopgja miltu daudzuma.

Optimalie tehnologiskie parametri tritikales miltu maisijuma maizes
gatavosanai ir:

e micisanas laiks — 8 min, miklas temperatiira — 25 °C;

e raudz&Sanas laiks — 30 min, raudz&Sanas temperatiira — 35 °C;

e  cepSanas laiks — 45 min, cepSanas temperatira — 200 °C.
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TOPICALITY OF THE RESEARCH

Cereal products play an important role in the everyday nutrition of consumers.
Wheat, corn and rice are among the leaders in the worldwide (Bushuk, 2001). More
and more widely used are becoming such crops as triticale and hull-less barley
because it is known that triticale is rich in fibre and protein, barley rich in fibre,
especially B-glucan. Rice flour is widely used for production in China, Japan, India
and Thailand but maize flour is more used in the USA. In Latvia for the production
of bread we very rarely use triticale, barley, rice, and maize. That is the reason why
we have to look for possible solutions how to use our own triticale and hull-less
barley by increasing the usage of various crops in the production of flour, thus
diversifying the assortment and increasing the nutritive value of food. Bread contains
approximately 45-55% of carbohydrates, 6-10% of protein and 1-2% of fats
although their contents depend on the particular grain used. In our diet the healthiest
bread is the one made of coarse ground flour as it is not only a source of energy but
as well rich in fibre, mineral compounds, and vitamin B group thus the consumers
are more inclined towards the products made from whole grain flour (Poutanen,
1999; Poutanen and Liukkonen, 2000; Mdlkki and Virtanen, 2001; Calvel et al.,
2001).

Triticale, hull-less barley, rice and maize belong to cultivated grains which is not
bread cereal. The common factor for these grains is that their protein does not form
gluten. Therefore these cereals make dense, heavy, sticky and difficult to handle
dough and loaf volume, after the baking, is small and the bread crumb is dry and
crumbly. (Calvel et al., 2001). In order to use these cereals in the production of bread
we have to study the rheological properties of the flour and find the ways of
improvement. In the study of the rheological properties of the flour we usually test
the flour’s absorption of water, the time required for the dough to develop and its
stability. It is all done by the help of different devices (Catterall and Cauvain, 2007;
Dapcevié-Hadnadev et al., 2011).

When consumers evaluate the quality of bread they pay attention to its
appearance, volume, color, taste, and aroma. In development of the possibilities of
analytical research, in the recent years it has been discovered that the products of
bread can have up to 500 aroma compounds (alcohols, aldehydes, ketons, esters,
pyrazines, pyrrole etc). The components of bread aroma are formed in the production
of flour, although 90% of the aroma is developed in direct influence of the heat
during the baking process (Hansen and Schieberle, 2005). In the determination of
volatile compounds there are used many different devices and methods but one of the
most popular methods is the solid phase micro-extraction (SPME) together with gas
chromatograph and mass spectrometer (Ruiz et al.,, 2003; Poinotetal., 2008;
Vernocchi et al., 2008; Jensen et al., 2011).

The flour quality parameters and the qualitative and quantitative composition of
volatile compounds can change during the technological processes therefore we have
to consider the changes in dough during the processes of mixing, fermenting and
finally baking. In the world the scientific literature discusses the researches of the
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wheat and rye bread quality and composition of volatile compounds but there are no
such researches on triticale and triticale bread. Therefore we have to make researches
on the usage of triticale in the production of bread as well as study the changes of
quality and the profiles of volatile compounds during the technological process of
bread making.

Hypothesis of the Research: the use of triticale flour in bread making provides
opportunity to obtain a good quality product with odorous aroma.

The hypothesis of the present doctoral thesis is supported by the following thesis:

1. type of flour and flour proportions in triticale flour blend affect the
rheological properties and chemical composition;

2. volatile compounds qualitative and quantitative composition in flour is
formed by alcohols, acids, aldehydes, terpenes and alkanes;

3. volatile compounds qualitative and quantitative composition changes in the
wheat dough and bread technological process;

4. temperature and time have significant effect on triticale flour blend dough
production;

5. the modification of technological parameters has significant effect on
quantitative and qualitative composition of volatile compounds in triticale
flour blend bread production;

6. sourdough strongly affects the quality of the bread and the qualitative and
quantitative composition of volatile compounds.

Object of the Research: triticale flour blend and bread made from the blend.

Aim of the Research: is to investigate the usage opportunities of triticale flour
and the changes in the qualitative and quantitative composition of volatile
compounds in bread production.

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

1. evaluate rheological properties, physical and chemical parameters and
composition of volatile compounds in triticale, hull-less barley, rice and
maize flour;

2. determine optimum proportions of different grain flour in triticale flour
blend considering its rheological properties;

3. analyze the qualitative and quantitave composition of volatile compounds
in wheat bread production;

4. evaluate the effect of technological parameters on quality of triticale flour
blend dough and bread;

5. analyze the qualitative and quantitave composition of volatile compounds
in bread production from triticale flour blend,;

6. analyze effect of sourdough on the qualitative and quantitave composition
of volatile compounds in triticale flour blend bread made by using
sourdough.
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The novelty and scientific significance of the work.
1.  Produced flour blend of whole grain triticale, hull-less barley and rye, rice
and maize.
2. Researched triticale flour blend dough and bread property changes in the
technological process of production.
3.  Researched aroma-forming compounds qualitative and quantitative
changes in technological process of triticale flour blend bread production.

The economic significance of the doctoral thesis — found solutions to triticale and
hull-less barley usage for new fibre rich produkts’ manufacturing in Latvia.

APPROBATION OF THE RESEARCH

The study results are summarised and published in eight reviewed scientific
issues in English, including three publications in the international citation database
SCOPUS. The obtained research results are included in one monographs charpters
and sub-charpters (list on pages 6-7).

The results of the research work have been presented in eleven international
conferences and congresses in Latvia, Greece, Italy, Russia, Lithuania, Serbia, Spain
and Germany, as well as three exhibitions — international Euroscience Open Forum
(ESOF) exhibition in Dublin and international food exhibition ,,Riga Food 2010,
20117 (list on pages 7-8).

MATERIALS AND METHODS

Time and place of the research
Experiments have been carried out during the period from 2010 to 2014.
Research have been carried out in:
e Faculty of Food Technology at the Latvia Uviversity of Agriculture,
Department of Food Technology:
v Quality Testing Laboratory of Packaging Materials (hardness, colour,
composition of volatile compounds);
v’ Laboratory of Food Products named after prof. P. Delle (reological
properties of flour, fibre and protein content);
v’ Laboratory of Bread Technology (moisture, pH, acidity, baking test,
bread mixing, fermentation and baking).
e Scientific Institute of Food Safety, Animal Heatlh and Environment
,,BIOR” (mycotoxins in flour — T2 toxin, deoxynivalenol, zearalenone).

The materials used in the research

The researched grain - triticale (variety ‘Inarta), rye (variety ‘Kaupo’), and hull-
less barley (variety ‘Irbe’) were bred in The State Priekuli Plant Breeding Institute.
Rice and maize flour was purchased in Lithuania - Limited Company ,,Ustukiu
Malunas” but the flour of wheat (type 405) was purchased from joint-stock company
,Dobeles dzirnavnieks.” The raw materials used in the production of bread: the flour
of wheat (type 405), the blend of triticale flour, drinking water, dry yeast, salt, sugar,
two stage sourdough, sourdough Sapore Fidelio.
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The descriptions of flour blends used in the research are shown in Table 1.
Triticale, rye and hull-less barley used for study were ground in a laboratory mill
"Hawos" (Hawos Kornmiihlen GmbH, Germany), obtaining whole grain flour.

Structure of the research

The common fibre, protein content, rheological properties and volatile qualitative
and quantitative composition were detected in the flour and flour blend during the
study (Figure 1).

The research scheme and performed analysis of flour blend (60:40) dough
mixing, fermentation and baking are shown in the Figure 2. There were selected four
different times (6, 8, 10 and 15 min) and three different dough temperatures (20+2,
25+2 and 32+2 °C) for the dough mixing. After dough mixing there were evaluated
its sensory properties (consistency, extensibility and stickiness) and carried out
analyses according to the scheme in Figure 2. Sensory evaluation was carried out by
the expert group — five trained assessors.

After sensory evaluation for fermentation there were selected three samples,
which were mixed 6 min, dough temperature 32+2 °C , 8 and 10 min, dough
temperature 25+2 °C. For the fermentation there were selected three fermentation
times (10, 20 and 30 min) and three fermentation temperatures (30+2, 35+2 and
4042 °C).

There were selected the following mixing conditions — 8 and 10 min, dough
temperature 2542 °C and the fermentation temperature 3522 °C for the experiments
that are related to baking. There were chosen three times (30, 45 and 60 min) and
three temperatures (160110, 200+10 and 240+10 °C) for the baking.

Determination methods of quality parameters
The methods for evaluation of quality, physical-chemical parameters and volatile
compounds composition in the doctoral thesis are summarized in Table 2.

The abbreviations of samples used in the research

For the data interpretation of the researched samples, the samples have been
codified. The code of samples consists of letters and numbers which characterize
particular indices of processes and parameters.

For example:

e MB8-T25 — sample of mixed dough, where M8 is the time of mixing
(8 minutes) and T25 the temperature of dough 25 °C

e M8-R10-T35 — sample of fermented dough, M8 dough mixed 8 minutes,
R10 fermented 10 minutes, T35 the temperature of fermentation 35 °C. In
fermentation the temperature of dough is the same as for the given sample of
dough;

e MB8-C45-T200 — sample of bread mixed 8 minutes (8M), C45 — baked
45 minutes, T200 — temperature in oven. The temperature of bread dough
sample is accordingly 25 °C, the time of fermentation 30 minutes, the
temperature of fermentation 35 °C.
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The letters KV, TSK and SF used in samples mean:
e KV —wheat dough and bread
e TSK - dough and bread with two stage sourdough
e SF —dough and bread with Sapore Fidelio sourdough

Data mathematical processing

The analysis of data is done in accordance with mathematical statistical methods.
The figures and tables are created in MS Excel software. The Principal component
analysis (PCA) done using MultiBase2014 statistics program. The hypotheses proved
with interpreted p-value (factors estimated as significant if p-value < ags) and the
criterion of Fisher. In the interpretation of results it is assumed that o = 0.05 with
credibility of 95%, if not stated otherwise. If required in the data processing the
two-factor variance analysis (ANOVA) is carried out to estimate the interaction of
two different factors.

All acquired results are calculated for arithmetical average and standard
deviations.

THE RESULTS AND DISCUSSION

1. The analysis of quality indices of flour and flour blend

For the analysis of the rheological properties the author has used wheat, whole
grain triticale, whole grain hull-less barley, whole grain rye, maize, rice flour and
four flour blends where the triticale ratio to other flour blends is 90 (triticale) : 10
(other blends); 80 : 20; 70 : 30; 60 : 40. In order to get homogenous wheat dough
consistency - wheat flour require 2.40+0.07 min, triticale flour 5.95+0.08 min but
triticale flour blend, with ratio 60 :40, for mixing of dough is required
4.7440.07 min. Triticale flour blend dough development time is significantly
(p=0.02) affected by triticale and other flour proportions in the blend. By decreasing
the amount of triticale in the blend the dough development time decreased as well,
thus in production it would take significantly less time to mix dough.

Good quality dough stability must be between 4 to 12 minutes (Koppel and
Ingver, 2010; Moreira et al., 2011). During the wheat dough development time
gluten creates dough of elastic consistency therefore wheat flour had the longest
dough stability time, which according to Farinograph is 9.244+0.04 but Mixolab —
10.21+0.07 minutes. Triticale flour dough stability time is from 3.66+0.12
(Farinograph) to 3.89+0.09 (Mixolab) minutes which indicates that triticale flour
cannot provide us with good quality dough. However, triticale flour blend (60 : 40)
provides us with a possibility of good quality dough because the dough stability is
above 7 minutes. The dough stability of triticale flour blend is significantly increased
(p=0.03) by the amount of other flour in a blend.

When comparing triticale flour and triticale flour blend dough time to breakdown
during the time of mixing, it is possible to conclude that it is significantly affected

42



(p=0.02) by the amount of added other flour in a blend — when the proportion of
other flour increases, dough time to breakdown increases as well (Figure 4).

Dough time to breakdown during the mixing of triticale flour blend D (60:40)
increased by 2.72 minutes (A — 9.53 min, D — 12.25 min) providing better dough
quality — the dough is more consistent in comparison to other dough blends
researched. Thus we can conclude that if we increase the proportions of other flour
in triticale blend — the stability and time to breakdown of dough increases but dough
development time decreases. The decreased dough development time is a good
aspect for the bread makers as it means less time for the mixing.

The optimum falling number for the production of rye bread is considered to be
160-180 s. wheat — 220-260 s (Henry and Kettlewell, 1996; Hruskova et al., 2004).
In the research the falling number of wheat is determined as 230.50+1.41 s which,
according to literature, is the most optimal number. Triticale blend has shown low
falling number — 67.5040.71 s which shows high activity of a-amylase in the flour.
Thus we can make a prognosis that the bread-crumb will be raw, sticky — like it has
not baked enough. By adding hull-less barley, wheat, rice and maize flour to the
triticale flour, all the samples of analyzed flour blends experienced the increase of
falling number (A-75.00+1.41 s to D-183.50+2.12 s). The falling number
significantly increased (0.015) when the amount of triticale flour decreased.

By analyzing the rheological indices and the falling number - in the further
research there is used the triticale flour blend (D) where 60% is whole grain triticale
flour and 40% other flour (whole grain hull-less barley, maize, wheat, rice) blend.

The study of protein, fibre and mycotoxins

When analyzing protein content (Figure 5) its highest value was found in hull-less
barley flour — 11.794+0.2%, type 405 wheat flour — 10.3+0.3% and triticale —
9.78+0.1%. The least protein content was found in the rye flour (6.46+0.1%). The
protein content in the triticale flour is 8.75+0.1% which is medium indicator among
the researched samples. The protein content of triticale flour blend is similar to wheat
flour but when analyzing the fibre content (Figure 6) in the flour blend — it is 5 times
higher than in type 405 wheat flour. The most fibre content was found in hull-less
barley flour — 17.71 g 100 g™ — and in triticale flour — 14.31 g 100 g. The least fibre
content was found in the rice flour —5.98 g 100 g™.

In the rye flour there was found 11.47 g 100 g™ fibre and thus we can conclude
that it is rich in fibre. In the flour bled (ratio 60 : 40) there were found 13.69 g 100 g™
fibre, from which we can conclude that the created blend has high fibre content
because the food products with fibre content from 10 to 20 g 100 g™ is considered to
be rich in fibre. (Buttriss and Stokes, 2008).

As the basis for triticale flour blend is various whole grain flours then the author
determined the content of deoxynivalenol, zearalenone and T-2 toxin in the flour. In
the samples the content of deoxynivalenol, zearalenone and T-2 toxin did not exceed
the limit set by regulation of the EC No 1881/2006 which sets maximum levels for
certain contaminants in foodstuffs.

The qualitative and quantitative analysis of volatile compounds composition

For flour and triticale flour blend has been determined the qualitative and
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quantitative content, where 13 from the identified volatile compounds are alcohols,
3 esters, 4 aldehydes, 6 carboxylic acids, 5 terpens, 4 alkanes, 1 cycloalkane,
1 amine, 1 aromatic amine, 1 heterocyclic organic compound, 1 alkene, 1 terpenic
alcohol, 1 lactame and 1 amino acid. In the rye, rice and maize flour the highest peak
areas have been identified for hexanal which is described as green grass smell or the
smell of greens. The least peak areas of hexanal have been identified for triticale,
hull-less barley and triticale flour blends. The second most abundant compound after
the peak area which has been identified in the flour of triticale blend, whole grain
triticale and rye flour is hexan-1-ol, which adds the smell of green grass. In the flour
blend hexan-1-ol has been identified with the highest peak area. In the flour of whole
grain triticale flour have been identified 28 volatile compounds, in whole grain rye
flour - 24, in whole grain hull-less barley flour — 17, in rice flour — 22, in maize
flour — 27, and in flour blend — 31 volatile compounds.

2. The analysis of quality and volatile compounds in the technological
processes of wheat bread production

For centuries wheat bread has been popular in the world and this popularity is
because of the sensory and structural properties (Patel et al., 2005). During the
mixing, fermenting and baking berad production process occurs changes of physical
and chemical parameters and in the crumb and crust of bread appear volatile
compounds, thus the qualities of the bread change (Cauvain, 2003, Ktenioudaki et
al., 2010).

The changes of physical and chemical parameters in wheat dough and bread

In the mixing an important role plays the temperature of dough because it
influences not only the development time and the fermentation but also the
processing qualities of the dough and the quality. In scientific literature it has been
discussed that the most optimal temperature for wheat dough is from 24 °C to 28 °C
(Cauvain, 2003). The highest moisture content (46.55%) is in wheat dough which is
fermented 30 minutes at 35 °C temperature. The moisture content of the mixed
dough is 45.08+0.02%. The moisture, in 30 minutes fermented dough, rises by
1.47%, in comparison to just mixed dough. The rise of moisture content could be
explained by the fact that it attracts moisture from air because in the fermentation
chamber relative moisture of air is set at 85+5%.

Just mixed wheat pH is 5.994+0.004 but acidity — 1.07+0.07° but after 30 minutes
of fermentation the pH level has decreased to 5.591+0.010 but the acidity has
increased to 2.06+0.03°. These changes in the dough could be explained by
fermentation when the dough accumulates in it the fermentation products — different
acids which form acidic medium. Baker’s yeast Saccharomyces cerevisiae produces
enzymes into the dough which are responsible for the cleavage of carbohydrates until
acetic acid, lactic acid etc. (Sluimer, 2005).

The volume of wheat dough before fermentation is 201+1 cm® which after
30 minutes of fermentation increased to 249+2 cm® The least volume of dough
(27141 cm®) was identified in dough fermented 10 minutes. After 20 minutes of
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fermentation the volume was 405+2 cm® which is two times as big as in just mixed
dough.

The color component L" of wheat bread crumb, which represents lightness of the
sample is 78.20+0.19 but the crust was by 24% darker. The color component b” of
wheat bread crumb was 41.60+0.05, but the crust 36.23+0.55. In the result the crumb
and the crust could be described as having color starting from light yellow to light
brown. The hardness of wheat bread crumb is 1.96+0.09 N.

The changes of volatile compounds

The development of volatile compounds in dough mixing can be affected by raw
materials, its quantity, the temperature of dough and the mixing time. The
identification of volatile compounds was carried out in 8 minutes mixing and there
were identified 9 volatile compounds.

By evaluating the composition of volatile compounds in mixed dough the highest
peak area was found for alcohol — 4-penten-2-ol which has the aroma of fruit. The
least peak area was found for carboxylic acid — 2-methylpropanoic acid which forms
a sharp, butter or cheese flavour. The second highest peak area was found for
3-methyl-1-butanol which is formed from sourdough in the process of fermentation
which gives the dough aroma of whiskey, malt or burning. The identified volatile
compounds with a total peak area (42.03+0.32) x 10° form a bouquet of mixed wheat
dough aroma where the dominant aromas are — fruit, wine, butter, whiskey, malt and
green grass. Acetic acid respectively adds the sour aroma.

By analyzing the content of volatile compounds in wheat dough after 10, 20 and
30 minutes fermentation there are identified 8 alcohols, 2 aldehydes, 2 ketones,
1 terpen, 1 ester and one carboxylic acid. After the 10 minutes of fermentation there
were identified 11 volatile compounds. After 20 minutes — 12, and after 30 minutes —
15 volatile compounds. The development of volatile compounds is connected with
the raw materials chemical reactions in the dough and the fermentation process. By
fermenting the wheat dough at 35 °C the peak areas of volatile compounds increase
but the area of acetic acid decreases (after 10 minutes (1.92+0.11) x 10° after 30 min
— (1.51+0.08) x 10°). The decrease of acetic acid could be explained by the fact that
during the wheat dough fermentation alcohols and acids could turn into esters.
Ethylacetate which was identified after 20 and 30 minutes of fermentation is ester —
the product of chemical reactions from alcohol and acetic acid (Herraiz and Ough,
1993). The peak area of ethylacetate in wheat dough, fermented 30 minutes,
increased 2.6 times — in comparison with dough fermented 20 minutes. After
30 minutes there were identified 3 volatile compounds (1-octanol, caryophyllene and
acetophenone), which were not identified in the samples, fermented 10 and
20 minutes. Principal components analysis of volatile compounds (in dough samples)
fermented for different times are shown in Figure 7.

The principal components analysis component PC1 data set shows the influence
of fermentation time but PC2 shows the dispersion of volatile compounds in dough
samples (Figure 7). In the result of sourdough metabolism is formed
3-methyl-1-butanol which adds the aroma of malt for the fermented dough. All the
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identified volatile compounds add to the wheat dough particular aroma consisting of
several components. For example, 2-methyl-1-propanol forms the aroma of whiskey,
4-penten-2-ol — fruity, 1-pentanol — sweet, 3-hydroxy-2-butanone — butter or yoghurt,
1-hexanol — green grass, but 2-methylpropanoic acid forms significantly sweet, butter
aroma (Schieberle, 1996; Zhou et al., 1999; Kulp et al., 2003).

The distribution of volatile compounds in the crumb and crust of bread is shown
in Table 3. From the identified volatile compounds in the crumb and crust of bread
the most abundant ones were alcohols, aldehydes and acids. In the crumb and crust of
wheat bread there were identified 25 volatile compounds. The peak areas of volatile
compounds (4-penten-2-ol, 3-methyl-1-butanol, 2-methylpropanoic acid, hexanoic
acid, ethanol, 2-methyl-1-propanol, 1-pentanol, 1-hexanol, 1-octen-3-ol, phenylethyl
alcohol and benzaldehyde) in the crust of bread are less than in the crumb of bread.
During the time of baking the peak areas of ethylacetate decreased 3.4 times (in
comparison with the fermented dough) which could be explained by the high level of
the volatility of the substance (Kulp and Lorenz, 2003; Bianchi et al., 2008).

The peak areas of volatile compounds (2-methyl-butanal, 3-methyl-butanal,
ethylacetate, octane, acetic acid, propanoic acid, 1-propanol, 2-butanone,
3-hydroxy-2-butanone, 2-methylfuran, 2-pentylfuran, furfural, maltol and pyrrole) in
the crust of bread are bigger than in the crumb of the bread which could, possibly, be
explained by the fact that some compounds appear during the baking process when
the caramelization of sugars takes place, Strecker degradation - carbon-compounds
turning into aldehydes. As well as non-fermentative browning - the Maillard reaction
can form furans (2-methylfuran, 2-pentylfuran), maltol, furfural, pirazine and pyrrole
(Frasse et al., 1993; Martinez-Anaya, 1996; Daigle et al., 1999; Hansen and
Schieberle, 2005; Pozo-Bayon et al., 2006). In total the peak areas identified in the
crumb of wheat bread are less than in the crust.

3. The analysis of quality and volatile compounds in the
technological processes of triticale flour blend bread production

There have been few scientific researches in the world and Latvia about the
triticale bread making and its technological processes (Peiia and Amaya, 1992;
Salmon et al., 2004; Sabovics and Straumite, 2012). But we have to carry out
additional researches on the increase of triticale flour baking qualities and see how
they change during the technological process of bread making.

The changes of sensory qualities in triticale flour dough blend during its mixing

After the evaluation of sensory qualities of triticale flour blend dough we can
conclude that good qualities are in those samples which were mixed for 6 minutes
(the temperature of dough 32 °C) and 10 minutes (the temperature of dough 25 °C).
But the best sensory qualities are in dough mixed 8 minutes (the temperature of
dough 25 °C). Samples, where the temperature of dough was 20 °C and the mixing
time 6, 8 and 10 minutes were hard, solid and difficult to work with. The samples
which were mixed 15 minutes were sticky and at the end of mixing stuck to the
mixer which means that the mixing time of 15 minutes is too long. Triticale flour
blend dough (mixed 8 and 10 minutes) - the temperature of dough 32 °C — was
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sticky, which means that the temperature of dough was too high and the mixing time
too long. Thus if you choose longer period of time for the mixing, you have to
choose lower temperature for the dough.

By analyzing the data, for the further research on dough fermentation there has
been chosen the samples with the mixing time of 6 minutes (the temperature of
dough 32 °C), 8 min (the temperature of dough 25 °C) un 10 min (the temperature of
dough 25 °C).

The changes of physical and chemical parameters

pH, acidity, moisture and the water activity in triticale flour blend dough is shown
in Table 4. By analyzing pH, acidity and moisture of triticale flour blend dough
(during the mixing time) we can conclude that the mixing time has an important
(p<0.05) influence on the changes of pH (p=0.01), acidity (p=0.03) and moisture
(p=0.01). The changes of physical and chemical parameters of the mixed dough are
also influenced by the temperature of dough because as we see in Table 4 sample
M6-T32 has higher level of acidity and moisture but M8-T25 —lower acidity and
higher pH — if we compare it to other two samples. M8-T25 moisture is similar to
M10-T25 sample (46.00+0.03%) but lower than M6-T32 sample (46.38+0.01%). The
water activity in all the samples of mixed dough was similar (0.955+0.001).

By increasing the time and the temperature of dough fermentation, there are
provided good conditions for the yeast development which is resulting in the
appearance of CO, gas in the dough thus increasing the dough volume. In
Figure 8 are shown the changes in the volume of triticale flour blend dough during
the fermentation. After the acquired results it can be seen that the capacity of dough
has increased the most in samples M6-R30-T40 and M10-R30-T40 (Figure 8). The
volume of dough in sample M6-R30-T40 increased by 128+2 cm® by the end of
fermentation reaching 330+3 cm® (Fig. 8). The least increase in dough volume was
observed in samples that were fermented at 30 °C. Triticale flour blend dough
samples fermentation time and the temperature has important influence (p<0.05) on
the changes of volume during the fermentation time. After analyzing the acquired
data it is possible to conclude that the best fermentation temperature for triticale flour
blend is between 35 and 40 °C. If the used temperature for fermentation is 30 °C then
fermentation time should be increased or one should use dough with the temperature
above 25°C. If we compare the acquired data with wheat dough then the volume of
fermented wheat dough is on average bigger by 120 to 144 cm® than in the triticale
flour blend dough samples.

After the analysis of moisture, acidity and pH in triticale flour blend dough during
the mixing time, it can be concluded that the mixing time and temperature of dough
has significant influence on moisture (p=0.03), acidity (p=0.02) and pH (p=0.03)
changes. All the examined samples during the fermentation time had an increase in
moisture from 45.98+0.05% to 47.42+0.04%, the acidity of dough also increased
from 1.78+0.05° to 4.05+0.05° but pH decreased from 5.745+0.083 to 4.961+0.091.
When comparing the acidity of triticale flour blend dough with wheat dough one can
see that acidity of triticale flour blend dough is from 1.12° to 1.99° higher than,
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which could be explained by the fact that wheat and barley flour used in triticale
flour blend dough are whole grain flour containing more acid.

In the triticale flour blend bread baking time the least loss of moisture in
comparison with the fermented dough before baking were found in samples
M8-C45-T160 (2.32%) and M10-C45-T160 (2.46%) but the highest loss of moisture
was found in samples M8-C45-T240 and M10-C45-T240 baked for 45 min at
temperature 240 °C. These samples experienced the loss of moisture by 5.04% and
4.91%.

The values of bread crumb and crust colors (at different temperatures) are shown
in Table 5. The color values of the crust and crumb of bread are significantly
influenced (p=0.03) by the time and temperature of baking. The time and temperature
of baking does not significantly influence (p=0.06) the lightness of the bread-crumb
but significantly influence (p=0.02) the color of crust. There is a difference in colors
of crust and crumb — the color becomes darker when the time and temperature of
baking is increased. This happens because at higher temperatures takes place
caramelization and Maillard reaction. (Martins et al., 2000).

The bread-crumb samples during the day of baking (after cooling) were analyzed
for stickiness and hardness. The softest (7.35+0.95 and 7.79+0.82 N) bread-crumb
was found in triticale flour blend samples baked at 160 °C for 45 minutes but the
hardest bread-crumb was found in triticale flour blend samples baked at 240 °C for
45 minutes. If we compare samples M8-C45-T160 and M8-C45-T240 then the
sample which was baked at 240 °C the crumb part is harder by 12.01 N. After
analyzing triticale flour blend crumb after baking for stickiness one can conclude that
the stickiest samples are M8-C45-T160 and M10-C45-T160 showing negative force
value -0.82+0.06 and -0.794+0.06 N. The analysis of correlation shows that triticale
flour blend bread-crumb (r=-0.983) and stickiness (r=-0.981) has close negative
correlation with the content of moisture in bread.

The changes of volatile compounds

In triticale flour blend dough were mostly identified alcohols, giving it the aroma
of fruit, fresh grass, whiskey, wine and malt. The highest peak areas of alcohol
4-penten-2-ol were identified in the samples baked at temperature of 32 °C.

After analyzing the results acquired in the mixing, it is possible to conclude that
there were identified 13 volatile compounds, 8 of which being alcohols, two
carbonxylic acids, two trepens and one aldehyde. All samples had volatile
compounds — 4-penten-2-ol, D-limonene, 3-methyl-1-butanol, 1-hexanol, heptanol,
1-octen-3-ol, acetic acid, 2-methylpropanoic acid and carvone. The principal
component analysis variation of PC1shows the influence of fermentation temperature
and time but PC2 represents the volatile compounds dispersion in different samples
of fermented dough (Figure 9). By increasing the mixing time and the temperature of
triticale flour blend, volatile compound’s quantitative and qualitative content
increases as well. Especially it is seen with alcohols.

In the process of fermentation there were identified 16 volatile compounds
(Figure 10). In all samples of fermented triticale flour blends the highest peak areas
were found for five alcohols (4-penten-2-ol, 1-hexanol, 4-amino-1-pentanol,
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3-methyl-1-butanol and 2-methyl-1-propanol) and one ketone —
3-hydroxhy-2-butanone. These volatile compounds are intensively formed during the
alcoholic fermentation. They add to the samples the aroma of fruit, wine, whiskey,
malt, burning, green grass and fermented products. The peak areas of alcohols
((2)-2-penten-1-ol, (E)-3-nonen-1-ol, phenylethylalcohol), acids (2-methylpropanoic
acid, 2-(aminooxy)-propanoic acid) and trepens D-limonene in all samples are less
than 1 x 10° and if compared to other volatile compounds it is small amount. If the
temperature and time of fermentation increases, the peak area of D-limonene
decreases. It was found out that the peak area of carvone increases but the peak area
of D-limonene decreases when the time and temperature of fermentation increases. If
we compare the mixed and fermented samples of dough and their sums of the peak
area, the fermented dough has 16 times (M8-R30-T30) up until 50 times
(M6-R30-T40) more than in the mixed dough.

In the crumb and crust of bred there were identified 26 volatile compounds
(Figure 11) The principal component analysis variation of PC1 shows the influence
of baking time and temperature but PC2 shows the dispersion of volatile compounds
in bread crumb and crust samples. Dough baking time and the temperature have
significant influence (p<0.05) on the peak areas of volatile compounds. The highest
spectrum of volatile compounds was found in the crust (mixing time 8 and
10 minutes) baked for 45 minutes at temperature of 240 °C. These samples have such
compounds as methylpirazine, 2-pentylfuran, hexanoic acid, maltol,
5-methyl-2-furfural, furfural, 2-furanmethanol, 3-hydroxy-2-butanone, acetic acid
and heptanal (Figure 11). The same compounds were found less in the samples baked
at lower temperature.

In all the bread samples baked at three different times and temperatures were
identified 13 common volatile compounds, which were identified in the bred-crumb
and bred-crust — 7 alcohols, two aldehydes, two acids, one terpene and one ketone.
From all the identified volatile compounds (in the samples of triticale flour blend) the
highest areas of peak were identified for three alcohols 4-penten-2-ol,
3-methyl-1-butanol, 1-hexanol the areas of peak being bigger in the crumb than in
the crust. But there is a tendency that by increasing the baking temperature the areas
of peak in the crumb and crust decrease — this could be connected with volatility of
alcohol.

4. The analysis of quality and volatile compounds in the technological
processes of triticale flour blend bread with sourdough

The use of sourdough in the production of bread provides better texture of dough
and bigger volume as well enriching the bread aroma and taste (Clarke et al., 2004;
Park et al., 2006).

In the research for the production of dough there are used two types of
sourdough: one sourdough is made using triticale, rye flour and sourdough starter
culture (two-stage sourdough), but the second — sourdough Sapore Fidelio which is
ready to use. After the mixing and analyzing both samples one can conclude that they
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have good quality. The consistency of dough is soft, easy to form, stretching — like in
the case of rye bread, as well it gets stuck little bit to the mixer and hands.

During the fermentation the moisture of dough with two-stage sourdough
increased by 1.01% but dough with Sapore Fidelio sourdough by 0.42%. After
analyzing the changes of moisture, the most intensive vaporization of moisture
during the fermentation has happened in the sample with two-stage sourdough, where
in between 30 minutes of fermented dough and bread the decrease of moisture is
3.59% but from bread with Sapore Fidelio sourdough the loss of moisture is less —
2.41% (Table 6). When the moisture content increases, the water activity increases
too. The water activity of dough and bread is on average from 0.955+0.001 to
0.972+0.002.

The higher acidity is provided using Sapore Fidelio, but we have to consider its
influence on the taste — not always the increased acidity provides good baking
qualities positively influencing the taste.

Volume of just mixed triticale flour blend dough with two-stage sourdough is
202+1 cm3 but after 30 minutes of fermentation it increased two times reaching
418+2 cm3. The dough with sourdough Sapore Fidelio increased its volume 1.6-fold
after 30 min fermentation. The triticale flour blend dough without sourdough volume,
after 30 minutes of fermentation, showed 31443 cm3, thus we can conclude, that by
using sourdough, we can increase dough volume by 13 to 25%, in the same
fermentation conditions.. By analyzing the acquired data one can conclude that the
usage of two-stage sourdough improves the fermentation, respectively increasing the
volume of dough and bread as well, but using sourdough Sapore Fidelio it is possible
to guarantee higher acidity.

The color of crust and crumb of triticale flour blend bread with sourdough, in
system of L*a*b*, could be described as light brown to brown. The used sourdough
has no significant influence (p=0.06) on the color of triticale flour blend bread crust
and crumb.

By analyzing the hardness and stickiness of triticale flour blend bread crumb it
was concluded that the used sourdough has significant effect (p=0.02). Hardness of
sample TKS-M8-C45-T200 is 12.05+0.25 N, stickiness — is 0.96+£0.04 N but
hardness of sample SF-M8-C45-T200 is 14.01+0.37 N stickiness -0.60+0.03 N. After
the analysis of the acquired data it is possible to conclude that physical qualities of
triticale flour blend with two-stage sourdough improved — the crumb of bread
became softer and a little bit sticky, because the crumb has bigger moisture content.

The changes of volatile compounds

By using different sourdough in the production of bread it is possible to guarantee
specific taste and aroma of bread. Bread with sourdough has more volatile
compounds that form bread aroma (Hansen and Hansen, 1996).

The spectrum of volatile compounds in sourdough is influenced by its type. By
analyzing the qualitative and quantitative contents in two-stage sourdough there were
identified 11 volatile compounds but in sourdough Sapore Fidelio — 9 compounds.
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Five volatile compounds were identified in both sourdough types — ethylacetate,
4-penten-2-ol, 3-methyl-1-butanol, isoamyl acetate and acetic acid.

The principal components analysis of volatile compounds with two-stage
sourdough and Sapore Fidelio and the made dough is shown in Figure 12. The model
of principal components analysis shows the dispersion of volatile compounds in two
types of sourdough and dough prepared using sourdough (Figure 12). In sourdough
Sapore Fidelio the bouquet of aroma is sweet, pineapple (ethylacetate), fruit
(4-pent-2-ol),  banana  (isoamyl acetate), pear (butylacetate), malt
(3-methyl-1-butanol), alcohol (dimethyl carbonate), sharp, acid-like (acetic acid) and
greens (hexanal). However in two-stage sourdough the dominant smells are — sweet,
pineapple, fruit, malt, banana, sharp and sour, green grass, greens (1-penten-3-ol),
anise, apple (ethyl hexanoate) and honey (phenylethyl alcohol).

Triticale flour blend with sourdough (after mixing time of 10, 20 and 30 minutes)
had 14 volatile compounds. The spectrum of volatile compounds in triticale flour
blend dough is not influenced by the time of fermentation but it is influenced by the
type of sourdough. The fermented dough sample TKS-M8-R30-T35 had three
volatile compounds (1-pentanol, 3-methylbutanoic acid and pentanoic acid) which
are not found in sourdough Sapore Fidelio fermented samples. The highest peak
areas of volatile compounds in triticale flour blend dough were found in four alcohols
— 4-penten-2-ol, 3-methyl-1-butanol, cyclobutanol and 2-methyl-1-propanol, as well
as ethylacetate. Alcohols are formed intensively during the alcoholic fermentation
and they add the smell of fruit, malt and alcohol to the fermented samples of dough
but ethylacetate forms sweet, pineapple aroma.

By analyzing volatile compounds and their sum of area peaks in fermented dough
samples and by comparing the peak areas with the mixed dough samples
TKS-M8-T25 and SF-M8-T25 we can conclude that the mixed dough samples are
4 times (compared to the samples mixed 10 minutes) to 10 times (compared to the
samples mixed 30 minutes) less than in fermented dough (Figure 13).

In sample TKS-M8-T25 the peak areas of alcohols increase together with the
increase of fermentation temperature and time, where from all identified alcohols
(after 10 minutes of fermentation) the highest peak area is for alcohol 4-penten-2-ol
but after the fermentation of 30 minutes the peak area increased by 1.78. In sample
SF-M8-T25 form 10 to 30 minutes fermentation the peak area of alcohol
4-penten-2-ol increased by 1.73. The time of fermentation and the used sourdough
has significant effect (p<0.05) on the development of volatile compounds and the
changes of the peak area during the fermentation. The best way is to use sourdough
with various lactic acid bacteria and the associations of yeast starter cultures (Hansen
and Hansen, 1996; Damiani et al., 1996).

Triticale flour blend bread with different sourdoughs in its crumb and crust
showed 32 volatile compounds. The principal component analysis of volatile
compounds in the crust and crumb of bread with two-stage sourdough and Sapore
Fidelio is shown in Figure 14. The principal components analysis variation of PC1
shows the influence of sourdough type, while PC2 represents the volatile compounds
in the crumb and crust of bread samples (Figure 14). The used sourdough has
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significant influence (p<0.05) on the volatile substance’s qualitative and quantitative
content in the crumb and crust of bread. When using sourdough Sapore Fidelio for
bread production the following compounds are to develop more acetic acid, butanoic
acid and 3-methylbutanal but with two-stage sourdough the crust and crumb of bread
show higher peak areas of volatile compounds. From the identified volatile
compounds in the crumb of bread the dominant ones are — alcohols, ketones, acids
but in the crust — aldehydes and furans.

During the baking the decrease of 4-penten-2-ol could be explained with the
vaporization of moisture and alcohol. In sample SF-M8-C45-T200 the 4-penten-2-ol
distribution between the crumb and the crust forms 55.88% and 44.12%,
respectively. In the bread sample with sourdough Sapore Fidelio the peak area of
4-penten-2-ol in the crumb and crust is 1.18 less than in sample SF-M8-R30-R35.
The same regularities could be also seen in other identified alcohols in the samples of
bread crust and crumb. After the analysis of the content of volatile compounds it is
possible to conclude that by using two stage sourdoughs we obtain more various and
wider spectrum of volatile compounds, thus the bread has more pronounced aroma.

5. Summary about the dynamics of volatile compounds in the
technological process of bread production

After the analysis of qualitative and quantitative contents of volatile compounds
in triticale flour blend two compounds (1-octen-3-ol and heptanol) were identified
only in the mixed dough but from 32 identified volatile compounds two compounds
(hexanal and 1-hexanol) remained in the whole bread making technological process.
In just mixed dough, fermented dough and bread creates different spectrum of
compounds (due to the different flour) which provides it with specific aroma.
Scientists like Frasse et al. (1993), Martinez-Anaya (1996), Hansen un Schieberle
(2005), Pozo-Bayon et al. (2006) and others have found out that the aroma of bread is
mainly formed during the fermenting and baking. After the analysis of the acquired
data on volatile compounds spectrum in wheat, triticale flour blend and triticale flour
blend with two-stage sourdough during the process of bread making (Figure 15) it
can be seen that the highest spectrum of volatile compounds in the compound groups
is in the fermented triticale flour blend dough with two-stage sourdough, where with
the highest peak area the dominant ones are alcohols.

During the analysis of the spectrum of volatile compounds in triticale flour blend,
the highest amount of alcohols was identified in triticale flour blend, but aldehydes
(with their highest sum of peak areas) were identified in wheat flour. As triticale
flour blend consists of different types of flour, therefore it also showed the highest
sum of peak areas with different compounds — having such compounds as alkanes,
terpenes and esters.

In the mixed wheat flour blend dough and in the same type of fermented dough —
the aldehyde group was identified less — if compared with triticale flour blend flour.
The differences of aroma in flour and dough could be explained by the fact that in the
making of dough the makers use water, which is 68% of the flour, and other raw
materials, which can change the spectrum of volatile compounds in the dough. The
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appearance of alcohols happens mainly during the fermentation process, where in
triticale flour blend dough we identified the highest sum of peak area of alcohols.
The difference in alcohol amount and spectrum could be affected by the type of flour
because the free amino acids (that are found in flour) could be the source of nitrogen
for the process of sourdough, resulting in different alcohols (Hansen, 1995).

After the analysis of all alcohols, aldehydes and ketones spectrum of volatile
compounds it can be concluded that the highest peak area’s compound groups were
identified in triticale flour blend bread with two-stage sourdough samples of
crumb/crust. The peak areas of alcohols decreased (in comparison with fermented
dough samples) but the peak areas of aldehydes and ketons increased both in wheat
and triticale flour blend bread with sourdough and without it. It coincides with the
researches of other scientists that after the fermentation new volatile compounds are
formed during the baking, where the formation is more based on the Maillard
reaction— forming different alcohols, acids, aldehydes, furanes, ketones, pyrazines
and pyrroles (Kirchhoff and Schieberle, 2001; Rehman et al., 2006). Stear (1990)
points out that various volatile compounds like aldehydes and ketones are formed in
the crust of bread at the temperature range between 100 to 180 °C.

Six volatile compounds (4-penten-2-ol, 3-methyl-1-butanol, 2-methyl-1-propanol,
3-hydroxy-2-butanone, 2-methylpropanoic acid and acetic acid) were identified in all
the technological processes of bread making.

The peak area of three alcohols (4-penten-2-ol, 3-methyl-1-butanol,
2-methyl-1-propanol) between wheat and triticale flour blend samples shown in
Figure 16. The highest peak area of 4-penten-2-ol was identified in the samples of
fermented dough. After the analysis it is possible to conclude that the highest peak
area is in fermented triticale flour blend dough with two-stage sourdough. When
comparing mixed wheat and triticale flour blend dough, the highest peak area of
alcohols is in wheat dough, although in fermented samples these alcohols were
formed more intensively in triticale flour blend dough with and without sourdough.
During the thermal processing the number of alcohols decreased. The least
4-penten-2-ol, 3-methyl-1-butanol and 2-methyl-1-propanol peak areas were
identified in the bread-crust of wheat and triticale flour blend. For example alcohol
3-methyl-1-butanol plays significant role in forming the aroma of crust and crumb —
it is formed from amino acids due to the activity of yeast (Hansen and Hansen,
1996).

When comparing the peak areas of acids (2-methylpropanoic acid and acetic acid)
in the samples of wheat and triticale flour blend (Figure 17) it can be seen that during
the process from the mixed dough until bread the peak areas increased. The highest
peak area in triticale flour blend bred-crust with two-stage sourdough was identified
for 2-methylpropanoic acid and it could be explained by the usage of sourdough with
higher level of acids. In the bread crumb the highest peak area of 2-methylpropanoic
acid was determined in the sample made of triticale flour blend without sourdough.
Calvel et al. (2001) also discovered that higher 2-methylpropanoic acids amount is in
the crumb of bread if in the process of dough making used the yeast, not sourdough.

53



It means that by using sourdough 2-methylpropanoic acid is more concentrated in the
crust of bread but by using yeast - in the crumb of bread.

Acetic acid was more identified in the samples of triticale flour blend bread,
where sourdough was used. Wheat samples had bigger amount of acetic acid than
triticale flour blend samples without sourdough, although the amount of acetic acid
decreased during the fermentation process and the highest peak area was identified
after 10 minutes of fermentation. The decrease of acetic acid could be explained by
the fact that in the fermentation of wheat dough alcohols and acids can turn into
esters (Herraiz and Ough, 1993). Both acids in wheat and triticale flour blend with
and without sourdough form sour, sharp and sweet or butter aroma.

During the analysis of ketone (3-hydroxy-2-butanone) peak area (Fig. 18) it can
be concluded that in triticale flour blend bread crumb with and without sourdough
were identified the highest peak areas of ketones. Ketone 3-hydroxy-2-butanone is
formed during the fermentation of dough (Hansen and Schieberle, 2005). The
increase of 3-hydroxy-2-butanone between the fermented samples and bread could be
explained by the fact that in the beginning of baking in the crumb of bread the
fermentation process still takes place until they reach the temperature where it stops,
thus in this time there is a possibility of ketone content to increase. In the mixed
wheat dough was identified 3-hydroxy-2-butanone but in mixed triticale flour blend
dough ketone was not identified. During the fermentation its amount increases up
until 10 to 11 times. For wheat and triticale flour blend with and without sourdough
samples ketone 3-hydroxy-2-butanone adds the specific aroma of butter and cream.

It can be concluded that if we use two-stage sourdough the qualitative and
quantitative content of volatile compounds becomes wider. The spectrum of volatile
compounds in the samples of dough and bread is different and in each stage of
technological process the newly formed volatile compounds are responsible for the
aroma. Although such volatile compounds as 4-penten-2-ol, 3-methyl-1-butanol,
2-methyl-1-propanol, 3-hydroxy-2-butanone, 2-methylpropanoic acid and acetic acid
form the base aroma for wheat, triticale flour blend dough and bread, because they
were identified in all analyzed samples and in all the stages of bread making. Thus it
is possible to conclude that the basic aroma in the dough and bread is fruity, malty,
alcohol, buttery, creamy and acid.
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CONCLUSIONS

Protein content in the studied flour is from 6.46+0.01% (in wholegrain rye) to
11.7940.04% (in wholegrain hull-less barley), but in triticale flour
blend — 8.75+0.08%. Fibre content is from 5.98+0.01% (in rice) to
17.7140.14% (in wholegrain hull-less barley), but in triticale flour blend —
13.69+0.01%.

Dough development time, stability and time to breakdown are significantly
(p=0.02) affected by cereal type, proportion of triticale and other flour in the
blend.

The optimum proportion of triticale flour blend is established in the sample,
which contains 60% wholegrain triticale flour and 40% other flour - wholegrain
hull-less barley, wholegrain rye, maize, and rice.

Volatile compounds identified in wholegrain triticale, wholegrain rye,
wholegrain hull-less barley, rice, maize flour and triticale flour blend are
formed by alcohols, carboxylic acids, aldehydes, terpenes and alkanes.

The major compounds identified in wheat bread technological process are
4-penten-2-ol,  3-methyl-1-butanol,  2-methyl-1-propanol, acetic  acid,
3-hydroxy-2-butanone and 2-methyl-propanoic acid, forming fruity, malty,
alcohol, butter, cream and acid aroma.

The modification of technological parameters has significant effect (p=0.02) on
physical and chemical parameters of dough and bread.

Temperature and time strongly (p=0.03) affect the qualitative and quantitative
composition of volatile compounds identified in triticale flour blend bread
production.

Triticale bread, made using two-stage sourdough, has more pronounced aroma,
because it is formed by more diverse spectra of volatile compounds.

The results obtained in the research confirm the hypothesis set for the thesis —
triticale flour affects dough rheological properties and volatile compound
profile in the technological process.

PROPOSALS

In order to obtain high quality triticale flour blend bread, there should be used
for the production two stage sourdough 30% of the total quantity of flour.
Optimal technological parameters of the triticale flour blend bread production
are:

e mixing time - 8 min, dough temperature — 25°C;

o fermentation time — 30min, fermentation temperature — 35 °C;

e baking time — 45 min, baking temperature — 200°C.
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