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PETIJUMA AKTUALITATE

PieaugoSais pieprasijjums pec veseligas partikas veicina partikas
uznémumiem virzit un razot tadus produktus, kas nodroSina ne tikai uztura
funkcijas, bet arT labvéligi ietekmé veselibu. Viens no tiem ir graudaugi un to
produkti. Graudaugi satur proteinu, taukus un oglhidratus, kas nepiecieSami
cilveku uzturam. Tie piegadda mineralvielas un vitaminus, kas ir butiski
veselibas saglabasanai.

Viens no izplatitakajiem graudu parstrades produktiem, ko biezi lietojam
uzturd, ir makaroni. Makaroni ir partikas produkts, kurus tradicionali razo no
speciala maluma cieto kvieSu miltiem un @idens, nedaudz pievienojot sali.
Sobrid veikalos iesp&jams iegadaties ari makaronus bez sals piedevas,
pilngraudu  makaronus, makaronus ar B vitaminu un dazadu
mineralvielu — kalcija, dzelzs, folijskabes — piedevu. Eiropa un Amerika
parsvara razo tradicionalos makaronus no cieto kvie$u miltiem, savukart Azijas
valstis iecienttaki ir makaroni no pupinu, risu un griku miltiem vai kartupelu
cietes. Makaroni médz bt dazadas formas un krasas, pieméram, zalu, zilu,
dzeltenu, sarkanu — makaronu razo$ana tiek izmantotas dabiskas krasvielas. ST
partikas produkta nenoliedzama prieksrociba — tas nav dargs, ir viegli un atri
pagatavojams (Twombly, Manthey, 2005).

Eiropa makaronu raZoSanai parsvara izmanto cieto kvieSu mannu, bet
makaroni, kas biitu raZoti no Latvijas izejvielam, Tpasi dazadu graudaugu miltu
maisijumiem, piem&ram, rudzu, kailgraudu miezu un citiem, nav nopé&rkami.
Tapéc ir nepiecieSams veikt pétijumus par Latvija audz&tu kvieSu, rudzu,
tritikales un kailgraudu miezu graudaugu skirpu izmantoSanas iesp&jam
makaronu raZzo$ana.

Apkopojot literatiira sastopamos teorétiskos un eksperimentalos datus, ir
izvirzita promocijas darba hipotéze: kvalitativus makaronus ar paaugstinatu
biologisko vertibu var iegit, dalu kvieSu miltus aizstgjot ar pilngraudu kviesu,
rudzu, tritikales vai kailgraudu miezu miltiem.

Promocijas darba hipotze ir aizstavama ar tézém:

1) Latvija konvencionala un biologiska lauksaimnieciba audz&to rudzu,
kvieSu, kailgraudu miezu un tritikales graudu fizikali-kimiskie raditaji
batiski atSkiras un tie ir pieméroti makaronu razo$anai;

2) gatavojot makaronu miklu, dalu kvieSu miltus aizstajot ar pilngraudu
tritikales, rudzu, kailgraudu miezu vai kvieSu miltiem, tas fizikalie
parametri un reologiskas Tpasibas bitiski mainas;

3) makaronu ekstriizijas temperatira butiski ietekm& graudu cietes
kltsterizaciju;

4) dalu kvieSu miltus aizstajot ar pilngraudu kvieSu, rudzu, tritikales vai
kailgraudu miezu miltiem var iegit makaronus ar paaugstinatu
biologisko vértibu un labu kvalitati.



Promocijas darba mérkis ir izpétit Latvija audzetu kvieSu, rudzu, tritikales
un kailgraudu miezu graudu piemérotibu makaronu razo$anai.

Darba mérka sasnieg8anai ir izvirziti $adi uzdevumi:

1) noteikt Latvija audzetu dazadu skirnu kviesu, rudzu, tritikales un
kailgraudu miezu graudu fizikali-kimiskos raditajus;

2) integréti noveértét analiz€to graudaugu kvalitates parametrus un
izveleties piemerotakos makaronu gatavoSanai;

3) izstradat gatavoSanas tehnologiskos parametrus makaronu ieguvei no
dazadu graudaugu miltu maisTjumiem;

4) analiz&t iegiito makaronu miklu reologiskas Ipasibas;

5) izverteét makaronu ekstriizijai piemérotakas temperatiiras, pamatojoties
uz miklas Tpasibu izmainam ekstriizijas procesa;

6) izvertet iegiito makaronu fizikali-kimiskos raditajus un sensoras
Tpasibas.

Darba novitate — ir noteikti tehnologiskie parametri makaronu gatavosanai
receptlira, izmantojot pilngraudu rudzu, kailgraudu miezu, tritikales un kviesu
miltus. Pirmoreiz ir veikti p&tijumi par Latvija audz&to dazadu Skirnu kviesu,
rudzu, tritikales un kailgraudu miezu graudu piemérotibu makaronu razo$anai.

Darba zinatniskais nozimigums — izanaliz&ti Latvija konvencionala un
biologiska lauksaimnieciba audzéto kvieSu, rudzu, tritikales un kailgraudu
miezu graudu fizikali-kTmiskie raditaji, balstoties uz miklu fizikalo parametru
izmainam ekstriizijas laika, ir izstradati makaroni, kur dalu kviesu miltus aizstaj
ar pilngraudu kvie$u, rudzu, tritikales un kailgraudu miezu miltiem. Izanaliz&ti
ieglito makaronu fizikali-kimiskie raditaji un sensoras ipasibas. Pieradits, ka
pilngraudu kviesu, ka arT netradicionalo graudaugu pilngraudu miltus var
izmantot makaronu razosana.

Darba tautsaimnieciskd nozime — rasts risinagjums Latvija audzg&to
graudaugu pielietojumam makaronu razoSana, palielinot, Tpasi, tritikales un
kailgraudu miezu izmantoSanu partikas riipnieciba, ta nodroSinot vietgjo
lauksaimniecibas resursu ilgtsp&ju Latvijas tautsaimniecibas attistibai.
Makaroniem ar pilngraudu kvieSu, rudzu, tritikales un kailgraudu miezu
miltiem ir ne tikai augstaka biologiska vértiba, bet ari labas sensoras ipasibas,
salidzinot ar tradicionaliem cieto kvie$u pilngraudu makaroniem.



ZINATNISKA DARBA APROBACIJA

Petijumu rezultati apkopoti un publicéti 10 recenz€jamos zinatniskajos
rakstu krajumos anglu un latviesu valoda, 4 publikacijas ir indeksétas datubaze
SCOPUS, Web of Science un EBSCO.

Publikacijas recenzéjamos izdevumos — 10:

1. Kalnina S., Kince T. (2016) Investigation of nutritional value and sensory
properties of whole-grain pasta. Proceedings of Annual 57th International
Scientific Conference “Materials science and applied chemistry 2016 .
Riga, RTU. ISBN 978-9934-10-861-7. p. 88—92.

2. Kalnina S., Kince T., Kunkulberga D. (2016) Pilngraudu makaronu
ekstriizijas temperatiiras noteik$ana. Zindatniska seminara Razas svétki
,, Vecauce 2016”: Lauksaimniecibas zinatne nozares attistibai rakstu
krajums. Jelgava, LLU. ISBN 978-9984-48-240-8. 32.—35. Ipp.

3. Kalnina S., Rakcejeva T. (2015) Investigation of physicochemical, sensory
characteristics, cooking and texture properties of whole grain pasta.
Chemine Technologija, 1:66, p. 40-44.

4. Kalnina S., Rakcejeva T. (2015) Kopgjo skiedrvielu, B; un B, vitamina
satura izp&te pilngraudu makaronos. Zinatniska seminara Razas svetki
“Vecauce — 2015”. Lauksaimniecibas zinatne reorganizacijas laika rakstu
krajums. Jelgava, LLU. ISBN 978-9984-48-202-6. 37.—40. lpp.

5. Kalnina S., Rakcejeva T., Kunkulberga D., Galoburda R. (2015)
Rheological properties of whole wheat and whole triticale flour blends for
pasta production. Agronomy Research, Vol. 4, p. 948-955. (in SCOPUS,
Web of Science)

6. Kalnina S., Rakcejeva T. (2015) Rheological properties of whole grain
wheat, rye and hull-less barley flour blends for pasta production.
Proceedings of Annual 21th International Scientific Conference Research
for Rural Development 2075”. ISSN 1691-4031. 1, p. 150-157.
(http:/imvww2.Ilu.lv/research_conf/Proceedings/21st_volumel.pdf) (in
SCOPUS)

7. Kalnina S., Rakcejeva T. (2014) Investigation of total protein content and
amino acid composition of whole grain flour blend for pasta production.
Proceedings of Annual 20th International Scientific Conference Research
for Rural Development 2014”. ISSN 1691-4043. 1, p. 155-161. (in
SCOPUS)

8. Kalnina S., Rakcejeva T., Gramatina 1., Kunkulberga D. (2014)
Investigation of total dietary fiber, B, and B, vitamin content of flour blend
for pasta production. Proceedings of 9th Baltic Conference on Food Science
and Technology “Food for Consumer Well-Being”. ISSN 2255-9817.
p. 133—-137. (in Web of Science)



9.

Kalnina S., Rakcejeva T., Kunkulberga D., Linina A. (2013) Investigation
in physically-chemical parameters of in Latvia harvested conventional and
organic triticale grains. World Academy of Science, Engineering and
Technology; International Journal of Biological, Biomolecular,
Agricultural, Food and Biotechnological Engineering. PiSSN 2010-376x.
81, p. 942-946.

10.Kalnina S., Rakcejeva T., Kunkulberga D. (2013) Investigation of

physically-chemical parameters of conventional and organic hull-less barley
harvested in Latvia. Proceedings of Annual 19th International Scientific
Conference “Research for Rural Development 2013”. ISSN 1691-4031. 1,
p-120-124 (in SCOPUS)

Par pétijuma rezultatiem =zinots 11 seminaros un starptautiskas

zinatniskas konferences Latvija, Italija, Igaunija un Lietuva.

1.

Kalnina S., Kince T., Kunkulberga D. Stenda referats. Pilngraudu makaronu
ekstriizijas temperatiiru noteikSana. Zinatniskais semindrs ‘“Razas sveétki
“Vecauce — 2016” ", Vecauce, Latvija, 3. novembris, 2016.

Kalnina S., Kince T. Poster presentation. Investigation of nutritional value
and sensory evaluation of whole pasta T. 57th International Scientific
Conference "Materials Science and Applied Chemistry" 2016, Riga, Latvia,
October 21-22, 2016.

Kalnina S., Rakcéejeva T. Stenda referats. Kopgjo Skiedrvielu, B; un B,
vitamina satura izpéte pilngraudu  makaronos. Razas  svetki
“Vecauce — 2015: Lauksaimniecibas zinatne reorganizacijas laika.
Vecauce, Latvija, 5. novembris, 2015.

Kalnina S., Rakcejeva T., Kunkulberga D., Galoburda R. Poster
presentation. Rheological properties of whole wheat and whole triticale
flour blends for pasta production. 6th International conference on
Biosystems Engineering 2015. Tartu, Estonia, May 7-8, 2015.

Kalnina S., Rakcejeva T. Oral presentation. Rheological properties of whole
grain wheat, rye and hull-less barley flour blends for pasta production.
Research for Rural Development 2015. Jelgava, Latvia, May 1315, 2015.
Kalnina S., Rakcejeva T. Poster presentation. Investigation of colour,
cooking properties and texture of whole-grain pasta. 10th Baltic Conference
on Food Science and Technology 2015. Kaunas, Lithuania,
May 21-22, 2015.

Kalnina S., Rakéejeva T. Stenda referats. Latvija selekciongtu rudzu un
kvieSu graudu fizikali-kimisko raditagju izvertgjums. 5. PTF Studentu
zindatniska konference 2015. Jelgava, Latvija, Maijs 6, 2015.

Kalnina S., Rakcejeva T. Oral presentation. Investigation of total protein
content and amino acid composition of whole grain flour blend for pasta
production. Research for Rural Development 2014. Jelgava, Latvia,
May 21-23, 2014.



9.

Kalnina S., Rakcejeva T., Gramatina 1., Kunkulberga D. Oral presentation.
Investigation of total dietary fiber, B; and B, vitamin content of flour blend
for pasta production. Foodbalt 2014. Jelgava, Latvia, May 8-9, 2014.

10.Kalnina S. Oral presentation. Comparison of chemical composition and
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technological properties of in Latvia harvested triticale and hull-less barley
grains. Research for Rural Development 2013. Jelgava, Latvia,
May 15-17, 2013.

.Kalnina S., Rakcejeva T., Kunkulberga D., Linina A. Oral presentation.

Investigation in physically-chemical parameters and technological
properties of in Latvia harvested conventional and organic triticale grains.
ICAFS 2013: International Conference on Agrotechnology and Food
Sciences, Rome, Italy September 26—27, 2013.

Daliba izstades — 2

. Kalnina S. Referats. Pilngraudu milti makaronu razoSanai. Seminars
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“Graudaugi un pakSaugi inovativu produktu razoSana” Starptautiskas
izstades ,,RIGA FOOD 2016 ietvaros, Riga, Latvija, 2016. gada 8.
septembris.

Kalnina S., Rakcejeva T., Gramatina 1., Kunkulberga D. Referats. Content
of total dietary fiber and B group Vitamins in whole flour blend for pasta
production. Izstade ,RIGA FOOD 2014” Riga, Latvia, September
4-7,2014.

Promocijas darba izstrade lidzfinanséta no:

Valsts Pétijumu programmas ,,Vietgjo resursu (zemes dzilu, meza, partikas
un transporta) ilgtsp&jiga izmanto$ana — jauni produkti un tehnologijas
(NatRes)” (2010.-2013.) projekta Nr. 3. ,,Vietjo lauksaimniecibas resursu
ilgtsp€jiga izmantoSana paaugstinatas uzturvertibas partikas produktu
izstradei (PARTIKA)” / National research programme Local resources
(agrarian depth, forest, food and transport) sustainable use — new products
and technologies (NatRes) (2010-2013) project No. 3 “Local resources
sustainable use for food with elevated nutritive value development
(FOOD)”.

Valsts Pe&tfjumu Programmas ,Lauksaimniecibas resursi ilgtsp&jigai
kvalitativas un veseligas partikas razoSanai Latvija (AgroBioRes)”
(2014.-2017.) projekta Nr. 4 ,,Vietgjo lauksaimniecibas resursu ilgtsp&jiga
izmantoSana kvalitativu un veseligu partikas produktu izstradei
(PARTIKA)” / National research programme "Agricultural Resources for
Sustainable Production of Qualitative and Healthy Foods in Latvia"
(AgroBioRes) (2014 2017), project No. 4 "Sustainable use of local
agricultural resources for qualitative and healthy food product
development" (FOOD).



MATERIALI UN METODES

Pétijumu laiks un vieta
Eksperimenti veikti no 2012. gada lidz 2015. gadam.
Latvijas Lauksaimniecibas universitate

o

LF, Seklzinibu analizu laboratorija (lipekla saturs, lipekla indekss, 1000
graudu masa);

PTF, Partikas kvalitates laboratorija (Skiedrvielas, proteins, tauki,
miltu dalinu izmérs un miklas reologiskas ipasibas);

PTF, Ceptuve (makaronu receptiiras izstrade, miklas miciSana,
makaronu ekstriizija, makaronu kalt€Sana; makaronu pagatavosanas
laika, masas zudumu, fidens uzsiikSanas sp€jas noteiksana);

PTF, Zinatniska laboratorija (Gidens aktivitate, tdens dzidriba,
makaronu krasa, strukttira, skabums un pH);

PTF, Mikrobiologijas laboratorija (cietes struktiras izmainas
ekstriizijas laika);

PTF, Sensora novértésanas laboratorija (makaronu sensora
novertésana).

AS |, Jelgavas dzirnavas” (pilngraudu miltu ieguve, mitruma, tilpummasas,
kriSanas skaitla, proteina, cietes, beta glikanu noteikSana graudos; cietes
klisterizacijas temperatiira, pelnvielas).

Latvijas Universitates Biologijas institita laboratorijas (By, B, vitaminu un
aminoskabju analizes).

Pétijuma objekts ir Latvija audzeti kviesu, tritikales, rudzu un kailgraudu
miezu graudi.

Materiali

o Komercialie 405. tipa milti (Latvija) (produkta uzturvértiba 100 g produkta:
oglhidrati 68,9 g; proteins 10,3 g; taukvielas 1,1 g; energétiska vertiba 334
kecal / 1387 kJ).

e LLU, LF macibu un pétjumu saimnieciba “Pé&terlauki” 2012. gada
konvencionala lauksaimnieciba audz&ta kvieSu graudu skirne Zentos'.

e LLU, Agroresursu un Ekonomikas institiita selekcionétie 2012. gada razas:

(o]

o
o

(0]

konvencionala lauksaimnieciba audzeti $kirnes 'Kaupo' un biologiska
lauksaimnieciba audzgti ITnijas 9918 rudzu graudi;

biologiska lauksaimnieciba audzeta kviesu skirnes 'Fredis’ graudi;
konvencionala un biologiska lauksaimnieciba audzeti §kirnes 'Dinaro’
un Itniju 9403-97, 9405-23 un 9402-3 tritikales graudi;

konvencionala un biologiska lauksaimnieciba audzgti Skirnes Irbe’ un
Imiju PR4651, PR3808.21 un PR5099 kailgraudu miezu graudi.

e Dzeramais tdens makaronu miklas pagatavosanai (atbilstoSi LR Ministru
kabineta 2003. gada noteikumiem Nr. 235 ,Dzerama #idens obligatas
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nekaitiguma prasibas”).

e Komercialais partikas sals (Ukraina) (NaCl 97 g 100 g'l).

e Komercialie kvieSu pilngraudu spageti  (produkta uzturvertiba
100 g produkta: oglhidrati 68 g; proteins 12 g; Skiedrvielas 6 g; taukvielas
1 g; energétiska vertiba 337 kecal / 1431 kJ) — kontroles paraugs.

Pétijuma struktiira

Promocijas darba veikto pétfjumu vispargja shéma paradita 1. attela.
Eksperimentos izmantoti Latvija biologiska un konvencionala lauksaimnieciba
audzgti kviesu, rudzu, tritikales un kailgraudu miezu graudi.

Veikts vispusigs graudu fizikalo parametru un kimiska sastava izvertgjums
ar merki péc kvalitates parametriem izveleties piemerotakos graudus makaronu
gatavos$anai. [zanalizgjot graudu kvalitates parametrus talakiem eksperimentiem
izveleti: konvencionalie Skirnes 'Zentos' kvieSu graudi, konvencionalie skirnes
'Kaupo' rudzu graudi, konvencionalie Iinijas 9405-23 tritikales graudi un
biologiskie linijas PR 3808.21 kailgraudu miezu graudi.

No izveletiem graudiem iegiiti pilngraudu milti. Balstoties uz kvieSu miklu
reologisko ipasibu izmainam ir veidoti miltu maisijumi, kur dalu 405. tipa
kvieSu miltus aizstaj ar pilngraudu rudzu (10-50%), kailgraudu miezu (10—
50%), tritikales (10-100%) vai kviesu (10-100%) miltiem. Balstoties uz
ieglitajiem rezultatiem ir izveidoti Cetri miltu maistjumi: 50% kvieSu milti 405.
tips 50% pilngraudu kviesu milti; 80% kvieSu milti 405. tips 20% pilngraudu
kailgraudu miezu milti; 70% kvieSu milti 405. tips 30% pilngraudu tritikales
milti; 80% kvieSu milti 405. tips 20% pilngraudu rudzu milti.

Veikta makaronu ekstriizijas temperatiiru noteik$ana, pamatojoties uz cietes
graudu izmainam ekstrizijas procesa. Makaronu gatavosanas tehnologiska
shéma atspogulota 2. attéla. P&c ekstrizijas gatavie makaroni ir kaltéti 11dz
10£2% mitruma saturam.

Veikts vispusigs ieglito makaronu fizikalo parametru, kimisko raditaju un
sensoro 1pasibu izvertejums, salidzinot eksperimentos izstradatos makaronus ar
tirgl pieejamiem kviesu pilngraudu makaroniem un makaroniem, kas iegtiti no
405. tipa kvieSu miltiem.
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! Graudi !
e e N Y .
Konvencionalie Biologiskie
kvieSi 'Zentos’ kviesi 'Fredis’
rudzi 'Kaupo' rudzi 9918
tritikale Dinaro’, 9403-97, 9405-23, 9402-3

9402-3
kailgraudu miezi 'Irbe’, PR4651,
PR3808.21, PR5099

kailgraudu miezi Trbe’, PR4651,

1 1
1 1
1 1
1 1
| tritikale ‘Dinaro’, 940397, 9405-23, |
1 1
| 1 ' PR3808.21, PR5099
1 1

e e g ——————————— I e e e e g m e = = =
iaiuisiuieiioiot, Jsluisiuieiinioiuistul Y.oiIiii ,
I Kvalitates izvert€jums (mitrums, proteins, ciete, tilpummasa, beta glikana saturs, krisanas 1
: skaitlis, 1000 graudu masa, Skiedrvielas saturs, By un B, vitamini, aminoskabes) :
(oo ¥ooooooo o D N
' konvencionalie kviesi "Zentos’ 'y tiias - hzikal- 1
1 L . . 1 Kimisko
 konvencionalie rudzi 'Kaupo ! parametru 1
1 konvencionala tritikale 9405-23 1 : (skabums, krasa :
! biologiskie kailgraudu miezi PR 3808.21 ' | . ’ "
Lo o . lipekla  saturs, .
_________ | 2SS , Cietes .
| Pilngraudu miltu ieguve | klisterizacija) un |
S IIIIIIINCIIIIIIIIIII) o lodEske o
) - - ipasibu izpéte .
I' » : Miltu maistjumu izveide "N._ e -
T e e :
: 405. tipa kvieSu milti (mitrums, 1 ! Miltu maistjumi i
\ Skiedrvielas, Bi un By vitamini, : L--- gl }
1 pelnvielas, aminoskabes, skabums, ¢ 1 80% kviesu milti 405. tips 1
I reologiskas pastbas, cietes 1 ! 20% pilngraudu rudzu milti 1
: klisterizacija, lipekla saturs) : L e e
g g gy g g gy ey
e m e m e —— - == = . s . 1
P e e e e e e - | 4= 70% kvieSu milti 405. tips \
: Makaronu  kvalitates parametru 1 : 30% pilngraudu tritikales milti 1
, noteikSana  (mitrums,  iidens ! rgfegg ey g g 4
1 czktivitdte, pagatavoiaizas laiks, : <__l 50% kviesu milti 405. tips 1
: idens uzpemSanas spéja, masas | : 50% pilngraudu kvie$u milti :
\ zudumi, iidens dzidriba, cietiba, ! S=S=Z=s=Z=-==z=z=s==z=z=z===== _‘IV
| kopproteins, Skiedrvielas, B1 un B; : : 80% kviesu milti 405. tips |
V' vitamini, pelnvielas, aminoskabes, | < 20% pilngraudu kailgraudu miezu !
: skabums, uzturvértiba, sensorda | I milti :
| noveértésana) : R e
e o e e e o e e e e
A \/
|- ——————————— - |m——mmm e ——— | P ——— -
. N o L 1 ! Ekstriizijas temperatiiras :
. Makaronu kalt€Sana oy Makaronu ekstriizija g noteikiana (cietes graudu X
1 [ | | izmainas) 1
R U U g d mececececececececeeeee hcrcc e cc e et e ——-—- 1

1. att. Vispareja eksperimenta shéma
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Pilngraudu miltu iegiSana — graudi samalti laboratorijas dzirnavas
»wPLM 3100/B” (Perten, Zviedrija) atbilstoSi AACC standartam No. 55-
30.01.Iegtito pilngraudu miltu granulometriska analize veikta ar miltu sijataja
. Retsch  AS200” (RETSCH, Vacija) palidzibu atbilstosi ISO 3310-1
standartam.

Makaronu gatavosanas tehnologiska shéma atspogulota 2. attéla.

® 50% kvieSu milti 405. tips un 50% pilngraudu kviesu milti (K/K) :
50% wheat flour type 405 and 50% whole-grain wheat flour 1
(W) !
e 70% kvieSu milti 405. tips un 30% pilngraudu tritikales milti
K/T) 1
70% wheat flour type 405 and 30% whole-grain triticale flour :
(WIT) \

o 80% kviesu milti 405. tips un 20% pilngraudu rudzu milti (K/R) 1
1

1

1

1

1

1

1

1

1

1

' 80% wheat flour type 405 and 20% whole-grain rye flour (W/R)
1® 80% kviesu milti 405. tips un 20% pilngraudu kailgraudu miezu
1 milti (K/KM)

: 80% wheat flour type 405 and 20% whole-grain hull-less barley

, flour (W/HB)

1o 100% kvieSu milti 405. tips (kontrole)

: 100% wheat flour type 405 (control)

P <
b e e e m g ————————
ettt ¥ooIDoIIIIs
! Miklas micisana / Dough mixing :
: =542 min 1
e m e — g ————————— 1
_____________ 2

Ekstriizija / Extrusion
P=0.5+0.1 MPa, n=60+2 rpm
kontrole/control t=105/107/110 °C

K/K / W/W t=106/108/111 €
K/T / WIT t=101/103/105 €
K/R / W/R t=102/104/105 <
K/KM / W/HB t=104/106/109

! Kalt&sana / Drying 1
' 7=8+1 h; t=4041 T '

IepakoSana un uzglabasana /
Packaging and storage

2. att. Makaronu gatavosanas tehnologiska shéma /
Fig.2. Technological scheme of pasta making
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Kvalitates raditaju noteikSanas metodes

Graudu mitruma saturs noteikts saskana ar standarta metodi LVS 272:2000.
KriSanas skaitlis noteikts ar ,, Perten FN 1900” (Perten, Zviedrija) iekartu p&c
standarta metodes ISO 3093:2009.

Proteins, ciete, tilpummasa, beta glikana saturs graudos noteikti ar iekartas
“Infratec™ 1241 Grain Analyser” (Foss, Danija) palidzibu atbilstosi
ISO 12099 standarta metodei.

1000 graudu masa ir graudu absoliita masa — 1000 graudu masa gramos,
parrekinata uz sausnu péc standarta metodes ISO 520:2010.

Skiedrvielu saturs graudos noteikts ar ,, Fibertec system 1010 Heat Extractor”
(Foss, Danija) atbilstosi ISO 5498 standarta metodei.

B; vitamina saturu nosaka ar fluorimetru ,,Spekol 11~ (Analytik Jena AG,
Vacija) atbilsto§i AOAC 957.17 standartam.

B, vitamina saturu nosaka ar fluorimetru ,,Speko/ 11" (Analytik Jena AG,
Vacija) atbilstosi AOAC 970.65 standartam.

Aminoskabju saturs makaronos noteikts ar hromatografisko standarta metodi
LVS ISO 13903:2005 ar aminoskabju analizatoru ,, Mikrotechna AAA 831"
(Mikrotechna, Cehija).

Miltu dalipu analize veikta ar miltu sijataja ,,Retsch AS200” (RETSCH,
Vacija) palidzibu atbilstosi ISO 3310-1 standartam.

Miklas skabums noteikts izmantojot AACC 02-31.01 standarta metodi.

Lipekla saturs noteikts ar ,, Glutomatic" (Perten, Zviedrija) sistémas palidzibu
atbilstosi standarta metodei LVS 275; AACC Method No. 38-12, ISO 21415.
Miklas reologisko ipasibu izpéte veikta ar farinografu ,, Farinograph-AT
(Brabender® GmbH & Co.KG., Vacija) palidzibu p&c standarta metodes
ICC -115/1.

Cietes klisterizeSanas ipaSibu izpéte veikta ar amilografa , Amylograph®-E"
(Brabender® GmbH & Co.KG., Vacija) palidzibu p&c standarta metodes
ISO 7973; ICC No. 126/1; AACC No. 22-10.

Izejvielu svérSana. Visas izejvielas svértas uz elektroniskajiem svariem
,, Kern” (Kern & Sohn GmbH, Vacija).

Miklas gatavoSana. Miklu gatavoto spirales tipa miklas micitaja ,, Plutone 10~
(Sirman, Italija)

Makaronu ekstruzija. Sagatavoto miklu apstrada ar ekstriizijas palidzibu
vienskruves ekstruderT ,, Extrusiometer L20” (GOTTF ERT, Vacija), makaronus
izspiezot caur matricu ar diametru & 3 mm, iegiistot spageti formas makaronus.
Skriives rotacijas atrums 6042 apgr. min”', kompresijas koeficients 3 : 1,
spiediens 0,5+0,1 MPa.

Cietes graudu izméra noteik§ana. Makaronu apstrades temperatiira katrai
ekstriidera darba zonai noteikta izvertgjot cietes graudu izmainas ekstriizijas
laika, ar mikroskopu ,,Leica DM 3000 LED” (Leica Microsystems GmbH,
Vacija) ar digitalo kameru DFC 290 HD un datorprogrammu Leica V 4.2.

s

13



Makaronu KkalteSana. Makaroni lidz mitruma saturam 10+2% ir kaltéti
rotacijas-konvekcijas tipa krasnit ,,S400” (Sveba Dahlen AB, Zviedrija)
Makaronu uzglabasana. Atdzesétus makaronus testé$anai uzglaba gaisa vidé
poliméra pléves (PA/PE) maisinos telpas temperatira.

Makaronu mitruma saturs noteikts izmantojot standarta metodi
LVS 272:2000.

Udens aktivitate makaronos nosaka ar ickartas ,, LabSwift-aw” (Novasina AG,
Sveice) palidzibu.

Makaronu variSanas laiks noteikts izmantojot AACC 16-50 standartmetodi.
Udens uznemsanas sp&ja noteikta atbilstosi AACC 56-40 standarta metodei.
Masas zudumus variSanas laika un tidens dzidriba (Matsuo et al., 1992).
Krasas intensitates noteik§ana miklai veikta CIE L*a*b* krasu sist€ma ar
iekartu ,, ColorTec-PCM" (Accuracy Microsensors, Inc, ASV). Aprekinata
kopgja krasu diferences AE.

Makaronu cietibas noteik§anai izmanto struktiiras analizatoru ,, TA. XTplus”
(Stable Micro systems, UK).

Proteina saturu makaronos nosaka ar iekartas ,, Kjeltec™ 2700” (Foss, Danija),
izmantojot Kjeldala metodi atbilstosi AACC 46-20 standarta metodei.

Makaronu uzturvértibas un energétiskas vértibas aprékins veikts saskana ar
Eiropas Parlamenta un Padomes regulu (EK) Nr. 1169/2011 (2011. gada
25. oktobris) par partikas produktu informacijas sniegSanu pateretajiem.
Makaronu patikSanas pakape noteikta izmantojot ISO 4121:2003
standartmetodi.

Kvalitates raditaju noteikSanas metodes dazados pétijjumu posmos
apkopotas 1. tabula.
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1. tabula / Table 1

Kvalitates raditaju noteikSanas metodes dazados pétijumu posmos /
Methods for the quality assessment at different research stages

Raditaji un testa metodes /
Indicators and test methods

P&tijumu posmi / Research stages

Graudi/
Grain
Milti /
Flour

Mikla /

Dough

Pasta

Mitrums / Moisture (LVS 272:2000)

. Makaroni

+
+

Kriganas skaitlis / Falling number (ISO 3093:2009)

Proteins / Protein (ISO 12099)

Tilpummasa / Bulk density (ISO 12099)

Ciete / Starch (ISO 12099)

Beta glikani / beta glucans (ISO 12099)

1000 graudu masa / 1000 grain mass (ISO 520:2010)

Skiedrvielas / Dietary fibre (ISO 5498)

B, vitamins / Vitamin B; (AOAC 957.17)

B, vitamins / Vitamin B, (AOAC 970.65)

Aminoskabes / Amino acids (LVS ISO 13903:2005)

B BN N N S S R S S S S
'
'
'

Pilngraudu miltu dalinu izmérs /
Size of whole-grain flour particles (ISO 3310-1)

'
+

Skabums / Acidity (AACC 02-31.01)

'
'

+
'

Reologiskas ipasibas /
Rheological properties (ICC -115/1)

'
'
+
'

Cietes klisterizacija / Starch gelatinization
(ISO 7973; ICC No. 126/1; AACC No. 22-10)

Lipekla saturs / Gluten content
(LVS 275; AACC Method No. 38-12, ISO 21415)

Proteins / Protein (AACC 46-20)

Pelni / Ash (LVS EN ISO 2171:2010)

'
'
'
+

Uzturvértiba un energétiska vértiba /
Nutritive and energy value (Regulation no. 1169/2011)

'
'
'
+

PatikSanas pakape / Degree of liking (ISO 4121:2003)

Cietiba / Firmness (Gull et al., 2015)

Udens dzidriba /Water turbidity (Matsuo et al., 1992)

+|+|+|+

Masas zudumi varisanas laika /
Weight loss during cooking (Matsuo et al., 1992)

Udens saistiSanas sp&ja /
Water binding capacity (AACC 56-40)

Krasa CIE L* a* b* krasu sistéma /
Colour CIE L* a* b* colour system

Varisanas laiks / Cooking time (AACC 16-50)

Udens aktivitate / Water activity

+ noteiktie kvalitates raditaji / determined quality indicators

- nav noteikts / was not detected
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Rezultatu matematiska apstrade

Pirms dazadu testu izmantoSanas parbauda datu izkliedi, izmantojot
parametriskos vai neparametriskos testus. Datu apstradei lietota divu faktoru
dispersijas analize (ANOVA), izvertgjot divu dazadu faktoru mijiedarbibas
ietekmi. Izvertg§jot dazadu pazimju savstarpgjo kopsakaribu, izmanto
korelacijas un regresijas analizi, ka arT mazako kvadratu metodi. Ja sakariba
starp pazimém ir lineara — determinacijas koeficients sakrit ar korelacijas
koeficientu: R? vienads ar r*. Ja korelacijas koeficienta vértiba ir 0,5 < || < 0,8,
starp petamajam pazimém ir vid&ji cieSa lineara sakariba. Ja | r | > 0,8, tad starp
petamajam pazimém ir cieSa lineara sakariba (Arhipova, Balina, 2003;
Mirniece, 2010).

Darba pétnieciskaja sadala atteli, tabulas izveidotas un aprékini veikti ar MS
Excel programmu. Izvirzitas hipotézes parbauditas ar P-vértibas metodi, un
faktori novertéti ka butiski, ja P-vertiba <ogps. Rezultatu interpretacijai
pienemts, ka 0=0,05 ar 95% ticamibu, ja nav noradits citadi (Murniece, 2010).

Integrétais novertgjums veikts, lai novertétu graudu Skirnu piemérotibu
makaronu razoSanai, pamatojoties uz graudu fizikaliem parametriem un
kimiskajiem raditajiem: mitruma saturu, tilpummasu, 1000 graudu masu,
kriSanas skaitli, proteTnu, Skiedrvielu un cietes saturu. Pie fizikalam pazimém
lielakais ieguldijuma koeficients ir pieskirts graudu tilpummasai, jo lielaka ir
graudu tilpummasa, jo tie ir labak nogatavojusies un ar baribas rezerves vielam
bagataki, kas nozime, ka no tiem var iegit lielaku miltu iznakumu (Ruza,
2004). Integreta novertgjuma augstaks grupas ieguldijuma koeficients tika
pieskirts graudu kimiskajiem raditajiem, zinot to, ka graudu kimiskam sastavam
ir loti butiska nozime makaronu gatavoSana. Savukart augstakie ieguldijuma
koeficienti pie kimiskajam pazimém tika pieskirti proteiniem (denaturgjas
makaronu ekstriizijas laika) un cietei (klisteriz€jas makaronu ekstriizijas laika).
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PETIJUMU REZULTATI UN DISKUSIJA

1. Graudu fizikali-kKimisko raditaju izvertejums

Lai pieraditu promocijas darba t€zi — “Latvija konvencionala un biologiska
lauksaimnieciba audzéto rudzu, kviesu, kailgraudu miezu un tritikales graudu
fizikali-kimiskie raditaji bitiski atSkiras un tie ir pieméroti makaronu
razoSanai”, veikts vispusigs konvencionala un biologiska lauksaimnieciba
audze€to dazadu Skirpu un Iiniju kviesu, tritikales, rudzu un kailgraudu miezu
graudu fizikalo parametru un kimisko raditaju izvertgjums.

Péc datu matematiskas apstrades noteikts, ka tilpummasa ir atrastas
nebiutiskas atSkiribas (P>0,05) starp audzétiem graudiem biologiska un
konvencionala lauksaimnieciba. Lielaka tilpummasa noteikta konvencionala
lauksaimnieciba audzgtiem rudzu, kviesu un kailgraudu miezu graudiem; ka ar1
biologiska lauksaimnieciba audzetiem tritikales graudiem (3. attéls).
Konvencionala un biologiska lauksaimnieciba audzéto graudu tilpummasa
attiecigi varié: kailgraudu mieZiem no 780 lidz 804 kghL™, tritikalei no
654 lidz 749 kg hL™, kviesiem no 726 lidz 808 kg hL™" un rudziem no 726 lidz
766 kg hL™.
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Kailgraudu miezi / Hull-less barley Tritikale / Triticale Rudzi/ Kviesi /
Rye Wheat

Graudu Skirne/linija / Grain variety/line
3. att. Graudu tilpummasa /
Fig. 3. Grain bulk density

K/C —konvencionalie / conventional; B — biologiskie / organic

Proteina satura ir atrastas bitiskas atskiribas (P<0,05) starp konvencionala
un biologiska lauksaimnieciba audzetiem kvieSu graudiem. Augstaks proteina
saturs noteikts konvencionala lauksaimnieciba audzgtos kvieSu Skirnes 'Zentos'
graudos, attiecigi 15,3%. Bitiskas atskiribas (P<0,05) protelna satura atrastas
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ar1 starp analiz€tajiem rudzu graudiem (4. attéls). Augstaks proteTna saturs
noteikts konvencionala lauksaimnieciba audz@tos rudzu Skirnes 'Kaupo'
graudos, attiecigi 10,8%.

Proteina satura pastav butiskas atSkiribas (P<0,05) starp analiz@tajiem
biologiskajiem un konvencionalajiem tritikales graudiem. Augstaks proteina
saturs, attiecigi 14,3 un 12,4% atrasts Iinijas 9405-23 gan konvencionalajos,
gan biologiskajos tritikales graudos. P&tljuma proteina saturs analizétajiem
kailgraudu miezu graudu paraugiem noteikts attiecigi konvencionalajiem vid&ji
12,7%, bet biologiskajiem vid&ji 13,3%. Augstaks proteina saturs atrasts
biologiskajos kailgraudu miezu graudos, salidzinot ar konvencionalajiem. Starp
analizétajiem kailgraudu miezu paraugiem pastav bitiskas (P<0,05) atskiribas
proteina satura.
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Kailgraudu mie#i / LHH—IPK‘S‘ barley Tritikale / Triticale Rudzi / Kviesi /

Rye Wheat
Graudu Skirne/Iinija / Grain variety/line

4.att. Proteina saturs graudos /
Fig. 4. Protein content in grain

K/C — konvencionalie / conventional; B — biologiskie / organic

P&tljuma augstaks kriSanas skaitlis iegits biologiska lauksaimnieciba
audz@tos tritikales graudos, kas bija ievérojami augstaks (P<0,05), salidzinot ar
konvencionalajiem graudiem (5. attels).

Augsts kriSanas skaitlis ir Dbiologiskajai tritikales graudu linijai
9402-3 attiecigi 167 s, bet biologiskajai tritikales graudu linijai 9405-23 —121 s,
kas norada uz zemaku oa-amilazes aktivitati. Butiskas atSkiribas ir atrastas
kriSanas skaitla vertiba starp analiz€tajiem rudzu graudu paraugiem (P<0,05),
kur konvencionalaja lauksaimnieciba audz€tas rudzu skirnes 'Kaupo' graudu
krisanas skaitlis ir 18045 s, bet biologiskajai rudzu graudu linijai 9918 attiecigi
15443 s. Bitiskas atskirtbas (P>0,05) krisanas skaitla vertibas starp kviesu
paraugiem netika atrastas — konvencionalai kvieSu graudu skirnei 'Zentos’
krisanas skaitlis bija 348+3 s, bet biologiskai Skirnei 'Fredis’ — 34242 s
(5. attels).
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Tritikale / Triticale Rudzi / Rye Kviesi / Wheat

Graudu $kirne/linija / Grain variety/line

5. att. KriSanas sKaitlis /
Fig. 5. Falling number

K/C — konvencionalie / conventional; B — biologiskie / organic

Integrétais novertejums veikts, lai novertétu graudu Skirpu piemérotibu
makaronu razoSanai (6. attels).
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'Trbe' (B)
'Fredis’ (B)
PR 5099 (B)
"Irbe’ (K/C)
9403 97 (B)
9918 (B)
9403-9 (K/C)
9402-3 (B)
9405 23 (B)
'Dinaro' (B)
9402-3 (K/C)
'Dinaro' (K/C)

PR 4651 (B)
'Kaupo' (K/C)

PR 3808.21 (B)
'Zentos' (K/C)

PR 5099 (K/C)
PR 4651 (K/C)
PR 3808.21 (K/C)
9405-23 (K/C)

Graudu $kirne/linija / Grain variety/line

6. att. Graudu integrétais novertgjums /
Fig. 6. Integrated multifactorial evaluation of grains

Pamatojoties uz graudu fizikaliem parametriem un kimiskajiem raditajiem:
mitruma saturu, tilpummasu, 1000 graudu masu, kriSanas skaitli, Skiedrvielu,
B; un B, vitaminu, aminoskabes, beta glikana, protetna un cietes saturu, veikts
graudu integrétais novertéjums, ar merki noteikt kadi graudi biitu piem&rotaki
makaronu razoSana. Zemaka integréta novert§juma vertiba norada uz graudu
Skirnu/Iiniju lielaku piem@rotibu makaronu razosanai (6. attels).

Vispusigi izvertgjot iegltos datus pienemts, ka makaronu gatavosanai tiks
izmantoti konvencionala lauksaimnieciba audzgti kviesu Skirnes 'Zentos'
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graudi, rudzu Skirnes 'Kaupo' graudi, tritikales Iinijas 9405-23 graudi un
biologiska lauksaimnieciba audz&ti kailgraudu miezu linijas PR 3808.21 graudi.

Promocijas darba izvirzita téze — “Latvija konvencionala un biologiska
lauksaimnieciba audzéto rudzu, kviesu, kailgraudu miezu un tritikales graudu
fizikali-kimiskie raditaji butiski atSkiras un tie ir piemeroti makaronu
razosanai” — ir pieradita.

2. Miklas kvalitates parametru izvértéjums

Lai pieraditu promocijas darba tézi — “gatavojot makaronu miklu, dalu
kviesu miltus aizstajot ar pilngraudu tritikales, rudzu, kailgraudu miezu vai
kviesu miltiem, tas fizikalie parametri un reologiskas ipasibas bitiski mainds”,
veikts kvieSu miklas, kur dalu 405. tipa kvieSu miltus aizstaj ar pilngraudu
rudzu (10-50%), kailgraudu miezu (10-50%), tritikales (10—100%) vai kviesu
(10-100%) miltiem, fizikalo un reologisko parametru izvertgjums.

Eksperimentali ir ieglts, ka miklu var izveidot, miltu maisijumos kviesu
miltus aizvietojot ar pilngraudu kviesu un tritikales miltiem no 10 Iidz 90%, bet
ar pilngraudu rudzu un kailgraudu miezu miltiem no 10 lidz 50%.

Zemaka tdens absorbcija norada uz mazaku pievienota tidens daudzumu
miklas veidoSanai (7. attéls).
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+ Pilngraudu kviesu milti / Whole-grain wheat flour

4 Pilngraudu rudzu milti / Whole-grain rye flour

@ Pilngraudu kailgraudu miezu milti / Whole-grain hull-less barley flour
m Pilngraudu tritikales milti / Whole-grain triticale flour

x Kviesu milti 405. tips / Wheat flour type 405

KvieSu miltiem pievienotais pilngraudu miltu daudzums /
Amount of whole-grain flour added to wheat flour, %

7. att. Miltu @idens absorbcija /
Fig.7. Flour water absorption

Ir noteikts, ka dalu kvieSu miltu (405. tips) aizstajot ar pilngraudu miltiem,
ieglito miltu maisTjumu Gdens absorbcija palielinas, kas saistits ar pievienoto
pilngraudu miltu daudzumu, kuros ir paaugstinats Skiedrvielu saturs, ka
rezultata saistita idens daudzums palielinas.

legiitie rezultati liecina, ka @idens absorbcija palielinas, mikla palielinot
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pilngraudu miltu daudzumu. Zemaka tidens absorbcija noteikta kontroles miltu
paraugam, 405. tipa kvieSu miltiem (59,1%0,2%), savukart batiski (P<0,05)
augstaki raditaji ir iegiti analiz€jot miklu ar pilngraudu kviesu (69,2+0,2%),
rudzu (71,5+0,2%), kailgraudu miezu (70,6+£0,1%) un tritikales miltiem
(64,1+£0,2%) (7. attels). Ciesa lineara sakariba atrasta starp miltu daudzuma
picaugumu mikla un @idens absorbcijas palielinagjumu (pieméram, paraugam ar
pilngraudu kvieSu miltiem r=0,9586 un ar pilngraudu tritikales miltiem
r=0,9024).

Petjjumos ir ieguts, ka labaka miklas stabilitate ir kontroles miklas
paraugam — 12:15 min, bet pievienojot pilngraudu miltus, miklas stabilitate
samazinas (8. attéls). Sadas izmainas galvenokart var skaidrot ar, iesp&jami,
salidzino$i zemu lipekla saturu pilngraudu miltu paraugos. Nodrosinot labas
miklas paSibas, 405. tipa kvieSu miltus var aizvietot Iidz 20% ar pilngraudu
kailgraudu miezu vai pilngraudu rudzu miltiem, Iidz 30% ar pilngraudu
tritikales miltiem un I1dz 50% ar pilngraudu kvieSu miltiem saglabajot stabilas
miklas Tpasibas.
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+ Pilngraudu kvie$u milti / Whole-grain wheat flour

® Pilngraudu tritikales milti / Whole-grain triticale flour

4 Pilngraudu rudzu milti / Whole-grain rye flour

® Pilngraudu kailgraudu miezu milti / Whole-grain hull-less barley flour
x Kvie$u milti 405. tips / Wheat flour type 405

KvieSu miltiem pievienotais pilngraudu miltu daudzums /
Amount of whole-grain flour added to wheat flour,%

8.att. Miklas stabilitate /
Fig.8. Dough stability

Petfjumos 1saks miklas veidoSanas laiks (2:22 min) ir miklai iemicitai no
405. tipa kvieSu miltiem, bet garaks — miklai veidotai ar pilngraudu kvieSu
(3:36 min), rudzu (6:36 min), kailgraudu miezu (6:52 min) un tritikales
(7:05 min) miltiem (9. attels).
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4 Pilngraudu rudzu milti / Whole-grain rye flour

® Pilngraudu kailgraudu miezu milti / Whole-grain hull-less barley flour

x Kvie$u milti 405. tips / Wheat flour type 405
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Kvie$u miltiem pievienotais pilngraudu miltu daudzums /
Amount of whole-grain flour added to wheat flour,%

9. att. Miklas veidoSanas laiks /

Fig.9. Dough development time

Augstaks lipekla saturs (2. tabula) noteikts 405. tipa kvieSu miltos
(32,7£0,2%) un miltu maistjuma ar pilngraudu kviesu miltiem — 27,940,1%,
savukart zemaks — miltu maisijuma ar pilngraudu rudzu miltiem — 26,3+0,3%.

2.tabula / Table 2

Lipekla kvalitates raksturojums /
Characterization of gluten quality

Lipekla

405 and 20% whole-grain hull-less barley flour

saturs / Lipekla | Kvalitates
Miltu maisTjums / indekss / grupa/
Gluten :
Flour blend Gluten Quality
content, . o
% index, % group
Kviesu milti 405. tips / Wheat flour type 405 32.740.2° 85+1 1
50% kviesu milti 405. tips un 50% pilngraudu kviesu
milti / 50% wheat flour type 405 and 50% | 27.9+0.1° 69+2 1
whole-grain wheat flour
70% kviesu milti 405. tips un 30% pilngraudu
tritikales milti / 70% wheat flour type 405 and | 28.2+0.2° 471 2
30% whole-grain triticale flour
80% kvieSu milti 405. tips un 20% pilngraudu rudzu
milti / 80% wheat flour type 405 and 20% | 26.3+0.3° 89+1 1
whole-grain rye flour
80% kvieSu milti 405. tips un 20% pilngraudu
kailgraudu miezu milti / 80% wheat flour type | 26.4+0.2° 89+1 1

Veértibas, kas apzimétas ar dazadiem burtiem batiski atskiras (P<0.05) /

Different letters indicate significant differences (P<0.05) as determined by analysis of variance

Ir atrastas biitiskas atskiribas (P<0,05) lipekla satura starp 405. tipa kvieSu
miltiem un pilngraudu miltu maisTjumiem. Analizgjot lipekla indeksa raditajus,
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pastav bitiskas atSkiribas (P<0,05), kontroles un miltu maisjjumiem ar
kvieSiem, rudziem un kailgraudu miezu miltiem lipekla indekss ir pirmas
kvalitates grupas — lipeklis ir labs — loti labs, bet miltiem ar pilngraudu
tritikales miltiem lipekla indekss ir otras kvalitates grupas — lipeklis ir
apmierinoss — labs (2. tabula).

Starp eksperimentali izstradatiem miltu maisjjumu paraugiem (3. tabula)
pastav biitiskas atSkiribas (P<0,05) skabuma satura. Skabums 405. tipa kviesu
miltiem ir 1,0+0,1 °, kas par 20% ir augstaks neka pilngraudu kviesu un
pilngraudu kailgraudu miezu miltu maistjumos.

3. tabula / Table 3.

Miklas skabums /
Dough acidity
. - Skabums /
Miltu maisijums / Flour blend Acidity, ° pH
Kviesu milti 405. tips / Wheat flour type 405 1.0£0.I° | 5.92£035

50% kviesu milti 405. tips un 50% pilngraudu kvie$u milti /

50% wheat flour type 405 and 50% whole-grain wheat flour 08x027 | 5.82#0.16

70% kviesu milti 405. tips un 30% pilngraudu tritikales milti /

b
70% wheat flour type 405 and 30% whole-grain triticale flour 0.6+0.2 >-85+0.26

80% kviesu milti 405. tips un 20% pilngraudu rudzu milti /

80% wheat flour type 405 and 20% whole-grain rye flour 0.4+0.2 >-88+0.34

80% kviesu milti 405. tips un 20% pilngraudu kailgraudu miezu
milti / 80% wheat flour type 405 and 20% whole-grain hull-less 0.8+0.1* 5.67+0.22
barley flour

Veértibas, kas apzimétas ar dazadiem burtiem batiski atskiras (P<0.05) /

Different letters indicate significant differences (P<0.05) as determined by analysis of variance
Labas kvalitates miklu var iegit:

80% kviesu milti 405. tips un 20% pilngraudu rudzu milti;

80% kviesu milti 405. tips un 20% pilngraudu kailgraudu miezu milti;
70% kvieSu milti 405. tips un 30% pilngraudu tritikales milti;

50% kvieSu milti 405. tips un 50% pilngraudu kvieSu milti.

Promocijas darba izvirzita teze — “gatavojot makaronu miklu, dalu kviesu
Miltus aizstdjot ar pilngraudu tritikales, rudzu, kailgraudu miezu vai kviesu

miltiem, tas fizikalie parametri un reologiskas ipasibas bitiski mainas” — ir
pieradita.

3. Makaronu ekstrizijas parametru izvértejums

Lai pieraditu promocijas darba tezi — “temperatira ekstrizijas laika bitiski
ietekmé miklas cietes graudu klisterizaciju”, veikta cietes graudu
struktlirmehanisko pasibu izpete makaronu miklas ekstriizijas laika dazadas
temperaturas.

Kvalitativu makaronu razo$anai nepiecieSams izstradat ekstrudéSanas

optimalos temperatiras rezimus. Ta ka ekstridera temperatliras zonas ir
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sadalitas trTs dalas, butiski noteikt to pareizu sadalfjumu.
Vairaku eksperimentu rezultata petijuma noteikts optimalais pilngraudu
makaronu temperatiiras sadalijums pa zonam makaronu ieguvei (4. tabula).

4. tabula / Table 4

Temperatiiras sadalijums ekstriidera /
The temperature distribution in the extruder

Temperatiira / Temperature, °C

,;l\lrf;-/ MaPIZlaSI;gr;ZnEl)S;’:;ugi / 1. zona / 2.zona/ 3. zona /
Zone 1 Zone 2 Zone 3

| Wheat four ypedos 105 107 1o

2| With whole.grain rticae o 103 103

> %ﬁﬁﬁfﬁ r(li flyim / 102 104 105

| Withwhole-grein hul-ess barly 104 106 109

| With wholegrain wheat 106 108 m

Kvalitativiem makaroniem cietes graudi ir pilniba klisteriz€jusies un
makaroni ir stiklaini, ta iegtistot labas kvalitates makaronus ekstriizijas procesa,
pielietojot kviesu 105:107:110 °C, pilngraudu kviesu 106 :108: 111 °C,
rudzu 102 :104: 105 °C, kailgraudu miezu 104 : 106 : 109 °C un tritikales
101 : 103 : 105 °C miklam temperatiiru sadalijjumu. Janem véra, ka ekstriizijas
procesa makaronu kvalitati var ietekmét ekstriidera skriives grieSanas atrums,
spiediens un temperatiira.

Promocijas darba izvirzita téze — “temperatiira ekstrizijas laika bitiski
ietekmé miklas cietes graudu klisterizaciju” — ir pieradita.

4. Makaronu kvalitates parametru izvértéjums

Lai pieraditu promocijas darba t€zi — “daju kvieSu miltus aizstajot ar
pilngraudu kviesu, rudzu, tritikales vai kailgraudu miezu miltiem, var iegiit
makaronus ar paaugstinatu biologisko vertibu un labu kvalitati”, veikts
vispusigs makaronu ar pilngraudu miltiem fizikalo parametru, kimisko raditaju
un sensoro 1pasibu izvertgjums.

Makaronu variSanas laiks ir svarigs etaps makaronu termiska apstrade.
Gatavosanas laika makaroni var izjukt, salipt, atkariba no pievienota pilngraudu
miltu satura. Ilgaks makaronu variSanas laiks ir noteikts pilngraudu
makaroniem ar pilngraudu kvieSiem un tritikali — 9 min, 1saks - makaroniem ar
kvieSiem, pilngraudu rudziem un pilngraudu kailgraudu mieziem — 5 min
(5. tabula).
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5. tabula / Table 5

Makaronu variSanas laiks /
Cooking time for pasta

VariSanas
Nr./ Makaronu paraugi / laiks /
No. Pasta samples Cooking
time, min
1. Kontrole / Control 9+1°*
2. No kviesu miltiem 405. tips / Wheat flour type 405 5+1°
3. Ar pilngraudu kviesiem / With whole-grain wheat 9+1°
4. Ar pilngraudu tritikali / With whole-grain triticale 9+1°
5. Ar pilngraudu rudziem / With whole-grain rye 5+1°
6. Ar pilngraudu kailgraudu mieZiem / With whole-grain hull-less barley 5+1°

Veértibas, kas apzimétas ar dazadiem burtiem butiski atskiras (P<0.05) /
Different letters indicate significant differences (P<0.05) as determined by analysis of variance.

Noteikts (6. tabula), ka masas zudumos biutiskas atskiribas (P<0,05) pastav
starp kontroles un izstradatajiem makaroniem ar pilngraudu miltiem. Mazaki
masas zudumi variSanas laika noteikti kontroles paraugam, attiecigi
5,74+0,03%, kas ir par 2% mazaki, salidzinajuma ar izstradatajiem
makaroniem.

Peétijuma iegiits, ka analiz€to makaronu masas zudumi variSanas laika
palielinas, palielinoties pilngraudu miltu daudzumam makaronu mikla, ko var
skaidrot ar SkistoSajam sastavdalam un kliju dalinam, kas parrauj proteina
tiklojumu, ka rezultata makaroni kluist vajaki, nav stingri.

6. tabula / Table 6

Masas zudumi variSanas laika /
Weight loss during cooking

Masas
Nr./ Makaronu paraugi / zudumi /
No. Pasta samples Weight loss,
%

1. Kontrole / Control 5.74+0.03"

2. No kvie$u miltiem 405. tips / Wheat flour type 405 6.98+0.06°

3. Ar pilngraudu kviesiem / With whole-grain wheat 6.76+0.04°

4. Ar pilngraudu tritikali / With whole-grain triticale 6.61+0.02°

5. Ar pilngraudu rudziem / With whole-grain rye 6.79+0.06°

6. Ar pilngraudu kailgraudu mieziem / With whole-grain hull-less barley 6.96+0.04°

Veértibas, kas apzimétas ar dazadiem burtiem batiski atskiras (P<0.05) /
Different letters indicate significant differences (P<0.05) as determined by analysis of variance.

Starp sausnas daudzumu, kas pargajis iideni makaronu pagatavoSanas laika
pastav butiskas atSkiribas (P<0,05) starp kontroles un makaroniem ar
pilngraudu kvieSiem un pilngraudu kailgraudu mieziem (7. tabula).
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7. tabula / Table 7.

Udens dzidriba /
Water turbidity

Nr./ Makaronu paraugi / Sausnas daudzums iideni /
No. Pasta samples Dry extract content in water, %

1. Kontrole / Control 0.041+0.001°

2. No kvie$u miltiem 405. tips / Wheat flour type 405 0.040+0.001°

3. Ar pilngraudu kviesiem / With whole-grain wheat 0.083+0.002°

4. Ar pilngraudu tritikali / With whole-grain triticale 0.037+0.003"

5. Ar pilngraudu rudziem / With whole-grain rye 0.045+0.002°

Ar pilngraudu kailgraudu mieziem / c
6 Witrr: Wﬁrole-grain ﬁgrull-less barley 0.065+0.001

Veértibas, kas apzimétas ar dazadiem burtiem bitiski atSkiras (P<0.05) /
Different letters indicate significant differences (P<0.05) as determined by analysis of variance.

Cietaka struktiira ir makaroniem ar pilngraudu kvieSiem (6,7+0,2 N) un
pilngraudu tritikali (5,4+0,1 N), bet trauslaki — kontroles, kvie$u, ka ar1
makaroni ar pilngraudu rudziem un pilngraudu kailgraudu mieziem (10. attels).
Makaronu ar pilngraudu kvieSiem un tritikali cietaka strukttra skaidrojama ar
pievienoto pilngraudu miltu daudzumu, kas makaronus padara stingrakus.
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Control  kvieSu miltiem With wheat With triticale With rye mieziem /

/ From wheat With hull-less
flour type 405 barley

Makaronu paraugi / Pasta samples

10.att. Nevaritu makaronu cietiba /
Fig. 10. Firmness of uncooked pasta

P&c izvarisanas (11. attels) cietaki (P<0,05) ir kontroles (0,32+0,02 N), un
makaroni ar pilngraudu tritikali (0,34+0,01 N) un pilngraudu kvieSiem
(0,36+0,01 N), bet mikstaki — makaroni ar pilngraudu rudziem un kailgraudu
mieziem. Makaronu ar pilngraudu rudziem un kailgraudu mieziem ir mikstaki,
kas saistits ar mazak pievienoto pilngraudu miltu daudzumu un, salidzinosi 1su
varisanas laiku (5. tabula).
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Kontrole / No 405.tipa Ar kvieSiem/ Ar tritikali/  Ar rudziem/ Ar kailgraudu
Control kvieSu miltiem With wheat With triticale = With rye mieziem / With
/ From wheat hull-less barley

flour type 405

Cietiba / Firmness

Makaronu paraugi / Pasta samples

11.att. Varitu makaronu cietiba /
Fig.11. Firmness of cooked pasta

Makaronu krasa ir atkariga no pievienota pilngraudu miltu daudzuma, kur
del kliju dalipam ta ir tumsaka, salidzinot ar tradicionalajiem makaroniem.
Gaisaki (L*) ir ieghiti makaroni ar pilngraudu kailgraudu mieziem un
pilngraudu rudziem, kas skaidrojams ar 80% pievienoto 405. tipa kvieSu
miltiem, veidojot miltu maistjumus makaronu razoSanai (8. tabula).

8. tabula / Table 8

Makaronu krasas raksturojums /
Colour profile of pasta

Krasas komponentes vértiba, vienibas /

Makaronu paraugi / Value of colour components, units

Pasta samples L* ax b AE
Kontrole / Control 58.27£0.14 1.28+0.02 20.23+0.16 -
No kviesu miltiem 405. tips /
Wheat flour type 405 66.2210.06 1.18+0.02 14.06+0.12 | 10.06
Ar pilngraudu kviesiem / 4.09
With whole-grain wheat 55.71+0.10 2.01+0.04 17.13£0.01
Ar pilngraudu tritikali / 2.53

With whole-grain triticale 58.91+0.16 2.30+0.01 18.01+0.01

Ar pilngraudu rudziem / 5.20
With whole-grain rye 61.03£0.09 1.15+0.02 | 15.8240.18

Ar pilngraudu kailgraudu mieziem /

With whole-grain hull-less barley 65.11+0.07 1.16+0.01 16.02£0.14 | 8.03

Izteikta dzeltena krasa (b*) bija kontroles paraugam, kura salidzinot ar
makaroniem ar pilngraudu rudziem bija par 4,41% augstaka. Aprekinata
kopgjas krasas diferences AE vértiba art norada uz makaronu krasas bitisko
atSkiribu no kontroles makaronu krasas. Tadgjadi, vistuvakie pec krasas
kontroles paraugu makaroniem ir makaroni ar pilngraudu tritikales miltu
piedevu, tacu visatskirigakie — makaroni ar kvieSu un ar pilngraudu kailgraudu
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miezu miltu piedevu (8. tabula).

Eksperimentali nav atrastas butiskas atSkiribas proteina satura (P>0,05)
starp makaroniem no 405. tipa kvieSiem un ar pilngraudu tritikali un pilngraudu
rudziem — attiecigi 118+2 g kg'; 118+1 g kg™ un 116+2 g kg (12. attéls).
Zems proteina saturs, lidzigi ka kontroles makaronos, noteikts parauga ar
pilngraudu kailgraudu mieziem 106+1 g kg, bet augstaks — parauga ar
pilngraudu tritikali — 118+2 g kg™

120
118 I
116
114
112
110 I
108
106 /.
104 +—] —
102 +— -
100

Proteina saturs /
Protein content,
gkgt

Kontrole / No 405.tipa  Ar kvieSiem/  Ar tritikali/  Ar rudziem/ Ar kailgraudu
Control kvieSu miltiem /  With wheat ~With triticale With rye  mieziem / With
From wheat hull-less barley

flour type 405

Makaronu paraugi / Pasta samples

12. att. Proteinu saturs makaronu paraugos /
Fig. 12. Protein content in pasta samples

Eksperimentali augstaks (P<0,05) neaizstajamo aminoskabju saturs ir
noteikts makaronos ar pilngraudu kvieSiem, salidzinot ar pargjiem makaronu
paraugiem. Nav atrastas butiskas atSkiribas (P>0,05) lizina satura starp
analiz€jamiem makaronu paraugiem ar pilngraudu miltiem (13. attels).

Kontroles makaroniem B, vitamina saturs ir par 52% zemaks, salidzinot ar
makaroniem ar pilngraudu rudziem un pilngraudu kvieSiem, bet par
32% zemaks, salidzinot ar makaroniem ar pilngraudu kailgraudu mieziem un
par 37% zemaks salidzinot ar makaroniem ar pilngraudu tritikali (14. attgls).
Salidzinot izstradatos makaronus sava starpa noteikts, ka zemaks B, vitamina
saturs ir makaronos ar pilngraudu kailgraudu mieziem, rudziem un tritikali, bet
augstiks makaronos ar pilngraudu kviesiem — 0,81+0,09 mg kg™'. Augstaks B,
un B, vitaminu saturs ir noteikts makaronos ar kvieSiem, pilngraudu kvieSiem,
tritikali, rudziem un kailgraudu mieziem, salidzinot ar kontroli. Savukart starp
makaroniem ar pilngraudu rudziem un tritikali nepastav bitiskas atSkiribas
(P>0,05) B; un B, vitaminu satura.
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Fig.13. Essential amino acid content in pasta samples
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B Vitamins / Vitamin Bl O Vitamins / Vitamin B2

14. att. B; un B, vitaminu saturs makaronos /
Fig.14. Vitamin B; and B, content in pasta samples

Zemaks Skiedrvielu saturs noteikts eksperimentali izstradatos makaronos ar
pilngraudu kailgraudu mieziem un pilngraudu rudziem (15. attels), kas
izskaidrojams ar makaronu receptiiras izveidi, kur 80% no miltu maisljuma
veido 405. tipa kvieSu milti. Augsts Skiedrvielu saturs noteikts makaronos ar
pilngraudu kviesiem ir 8,4+0,1 g 100 g, kas par 70% augstaks salidzinot ar
kontroles makaronu paraugu, un par 73% salidzinot ar makaroniem ar
pilngraudu tritikali un par 30% augstaks salidzinot ar makaroniem ar
pilngraudu kviesiem. Skiedrvielu saturs makaronos ar pilngraudu rudziem un
pilngraudu kailgraudu mieziem butiski neatSkiras (P>0,05). Augstaku
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Skiedrvielu saturu pilngraudu kvieSu makaronos nodrosina 50%, bet tritikales
makaroniem 30% pievienotie pilngraudu miltu daudzums.

g 100g!

W A UL &N 9 0 ©

Skiedrvielu saturs /
Dietary fiber content,

Kontrole / No 405.tipa Ar kvieSiem Ar tritikali/ Ar rudziem / Ar

Control kviesu  / With wheat With triticale Withrye  kailgraudu
miltiem / mieziem /
From wheat With hull-
flour type less barley
405

Makaronu paraugi / Pasta samples

15. att. Skiedrvielu saturs makaronu paraugos /
Fig. 15. Dietary fibre content in pasta samples

Augsts pelnvielu saturs noteikts makaronos ar pilngraudu kviesu miltiem,
attiecigi 1,31£0,05 g 100g" un kontroles makaronu paraugd, attiecigi
1,30+0,04 g 100g™". Biitiskas atikiribas (P<0,05) konstatétas starp kontroles un
makaroniem ar pilngraudu rudzu, kailgraudu miezu miltiem.

a a a
a

§§P‘b

S I By B 3R I
Kontrole / KvieSsu  Ar kvieSiem Ar tritikali / Ar rudziem / Ar
Control miltiem 405./ With wheat ~ With Withrye  kailgraudu

PatikSanas pakape /
The degree of liking

— WA WA 0O

tips / Wheat triticale mieziem /
flour type With hull-
405 less barley

Makaronu paraugi / Pasta samples

16. att. Makaronu patik§anas pakape /
Fig.16. Degree of pasta liking

Veértibas, kas apzimétas ar dazadiem burtiem batiski atskiras (P<0.05) /
Different letters indicate significant differences (P<0.05) as determined by analysis of variance.

Salidzinot ar kontroli, pelnvielu saturs makaronos ar pilngraudu rudzu
miltiem ir zemaks 11,45 reizes, bet ar kailgraudu miezu miltiem — 7,63 reizes.
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Zemaks pelnvielu saturs norada, ka makaronu paraugi ir gaisaki, kas saskan ar
krasas analizes datiem, kur augstaka L* krasas komponentes veértiba ir
makaroniem ar pilngraudu rudzu un pilngraudu kailgraudu miezu miltiem
(8. Tabula).

Sensori tika noverteti sesi makaronu paraugi (16. Attels) — kontrole un pieci
petijuma izveidotie makaronu veidi no 405. Tipa kvieSu, un ar pilngraudu
kvieSu, tritikales, kailgraudu miezu un rudzu miltiem. Rezultati rada, ka
patikSanas zina vertétajiem vislabak patika kontroles makaroni, ka arT makaroni
ar kvieSu, pilngraudu kviesu un pilngraudu tritikales miltiem, starp kuriem
patikSanas zina nepastav bitiskas atSkiribas (P>0,05), bet zemaka patikSanas
pakape bija makaroniem ar pilngraudu rudzu un pilngraudu kailgraudu miezu
miltiem.

Iespgjams, ka noteicosais faktors makaronu noveértéSana sniedza vizualais
izskats, kura kontroles un makaroni no 405. Tipa kvieSu miltiem, ka art
makaroni ar pilngraudu kviesu un pilngraudu tritikales miltiem ir stingri, ne tik
lipigi ka makaroni ar pilngraudu rudzu un kailgraudu miezu miltiem.

Promocijas darba te€ze — “daju kviesu miltus aizstajot ar pilngraudu kviesu,
rudzu, tritikales vai kailgraudu miezu miltiem, var iegit makaronus ar
paaugstinatu biologisko vértibu un labu kvalitati” — ir pieradita.
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SECINAJUMI

. Latvija konvencionala un biologiska lauksaimnieciba audzeto kvie$u, rudzu,

kailgraudu miezu un tritikales graudu fizikali-kimiskie raditaji butiski
(P<0,05) atskiras: konvencionala lauksaimnieciba audzeétiem kvieSu un
rudzu graudiem ir lielaka tilpummasa; ka arT kvieSu, rudzu un tritikales
graudos ir augstaks proteina, neaizvietojamo aminoskabju, B grupas
vitaminu un $kiedrvielu saturs. Savukart biologiska lauksaimnieciba
audzetos kailgraudu miezu graudos ir augstaks B grupas vitaminu un
Skiedrvielu saturs.

P&c integréta daudzkriteriju novert§juma rezultatiem noteikts, ka makaronu
razoSanai piemérotakie ir konvencionala lauksaimnieciba audzeti kviesu
graudi skirnes 'Zentos', rudzu graudi Skirnes 'Kaupo', tritikales graudi linijas
'9405-23" un biologiska lauksaimnieciba audzeti kailgraudu miezu graudi
Imijas ‘PR 3808.21", jo tajos ir lielaks skiedrvielu, beta glikanu, B; un B,
vitaminu, proteina un cietes saturs, tilpummasa un kriSanas skaitlis.
Gatavojot makaronu miklu, dalu 405. Tipa kvieSu miltus aizstajot ar
pilngraudu tritikales, rudzu, kailgraudu miezu vai kvieSu miltiem, tas
fizikalie parametri un reologiskas ipaSibas batiski mainas: vidgji par
10% paliclinas Tdens absorbcijas sp&ja, divas reizes saisinas miklas
veidoSanas laiks un samazinas lipekla saturs mikla.

Kvalitativu makaronu miklu, var iegiit, 405. Tipa kvieSu miltus aizvietojot
Iidz 20% ar pilngraudu kailgraudu miezu vai pilngraudu rudzu, 1idz 30% ar
pilngraudu tritikales un lidz 50% ar pilngraudu kvieSu miltiem.

Makaronu optimalas ekstriizijas temperatiras ar merki nodro$inat cietes
klisterizaciju ir: 106:108:111 °C pilngraudu kviesu, 102:104:105 °C
pilngraudu rudzu, 104:106:109 °C kailgraudu miezu un 101:103:105 °C
tritikales.

Salidzinot ar komercialiem pilngraudu kvieSu makaroniem, jaunizstradato
makaronu masas zudumi variSanas laika vidgji ir par 18% lielaki.
Makaronos ar pilngraudu kvie$u miltiem ir augstaks B; (par 23%), B, (par
38%) un Skiedrvielu (par 29%) saturs; ar pilngraudu kailgraudu mieziem B,
(par 23%) un B, (par 38%) vitaminu saturs, ar pilngraudu rudziem un
tritikali By (par 11%) un B, (par 28%) vitaminu saturs.

Sensoras vertésanas rezultati pec hédoniskas skalas parada, ka visaugstaka
patikSanas  pakape ir komercialiem pilngraudu kviesu  (8.0),
eksperimentaliem pilngraudu kviesu (7.8) un pilngraudu tritikales (7.4)
makaroniem, savukart zemaka pilngraudu rudzu (5.6) un pilngraudu
kailgraudu miezu (5.0) makaroniem.

Petijumos iegiitie dati apstiprina izvirzito hipote€zi — “kvalitativus
makaronus ar paaugstinatu biologisko vertibu var iegiit, dafu kviesu miltus
aizstajot ar pilngraudu kviesu, rudzu, tritikales vai kailgraudu mieZu
miltiem”.



TOPICALITY OF THE RESEARCH

Increased demand for healthy food advance food enterprises to develop
products which not only provide food functionality, but also has health benefits.
One of such products are cereals and their processing products. Cereals contain
proteins, fats and carbohydrates, which are necessary in human diet. They
supply body with mineral substances and vitamins for health maintenance.

Pasta is one of the most popular cereals processing products, which is often
used in the human diet. Pasta is food product, which traditionally is produced
from special hard wheat and water, with salt additive. Nowadays in the market
it is possible to purchase pasta without salt additive, whole-grain pasta, pasta
with B-vitamins and several mineral substances as calcium, iron and folic acid
additive. In Europe and United States of America pasta is traditionally made
from hard wheat flour, while in Asia — form rice, buckwheat, bean or potato
starch. Pasta may have different shapes and colour — as green, blue, yellow, red;
in pasta production technology generally natural colourants are used. Main
advantages of pasta — low price, easy to cook and long shelf-life (Twombly
et al., 2005).

In Europe pasta mainly is produce from hard wheat grain flour, however,
pasta made from cereals cultivated in Latvia, especially rye, triticale and hull-
less barley is not available. Therefore it is necessary to perform research on
application possibilities wheat, rye, triticale and hull-less barley cultivated in
Latvia for pasta production.

After summarising the available theoretical and experimental data found in
literature, the research hypothesis was set as follows — it is possible to obtain
pasta with enriched biological value partially replacing wheat flour with
whole-grain wheat, rye, triticale, and hull-less barley flour.

The research hypothesis is supported by the arguments to be defended:

1) physical and chemical parameters of wheat, rye, hull-less barley, and
triticale grains cultivated in Latvian conventional and organic farming
systems differ significantly and such grains are suitable for pasta
production;

2) physical parameters and rheological properties of pasta dough made from
flour blends containing wheat, whole-grain wheat, rye, hull-less barley or
triticale flour differ significantly;

3) pasta extrusion temperature significantly influences starch gelatinization;

4) it is possible to obtain good quality pasta with enriched biological value by
partially replacing wheat flour with whole-grain wheat, rye, hull-less barley
or triticale flour.

The aim of the doctoral thesis is — to investigate the suitability of wheat,
rye, triticale and hull-less barley grains for pasta production.
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In order to achieve the aim, the following tasks were set:

1) to determine physical and chemical parameters of grains of different
varieties of wheat, rye, triticale and hull-less barley cultivated in Latvia;

2) to perform multifactorial evaluation of quality parameters of the analysed
cereals and to select the most suitable ones for pasta making;

3) to determine technological parameters for pasta making by using various
cereal flour blends;

4) to assess rheological properties of the obtained pasta dough;

5) to determine the most appropriate temperatures for pasta extrusion taking
into account the changes of dough properties during extrusion process;

6) to evaluate physical and chemical parameters and sensory attributes of the
obtained pasta.

Novelty of the research — technological parameters were established for
pasta production using whole-grain wheat, rye, triticale or hull-less barley flour
in pasta recipe. Research on the suitability of different wheat, rye, triticale, and
hull-less barley varieties cultivated in Latvia for pasta making has been done
for the first time in Latvia.

The scientific significance of the research — physical and chemical
parameters were analysed for wheat, rye, triticale and hull-less barley cultivated
in Latvian conventional and organic farming systems; pasta from wheat flour,
which was partially replaced with whole-grain wheat, rye, triticale or hull-less
barley flour was developed based on the changes in dough physical and
rheological properties during its extrusion. Physical and chemical parameters as
well as sensory properties of the obtained pasta were analysed. It was proved,
that whole-grain wheat and non-traditional whole grain flour is suitable for
pasta production.

The economic significance of the research — solution was found for
application of cereals cultivated in Latvia for pasta production by increasing
use of triticale and hull-less barley grain in food industry, thus providing
sustainability of local agricultural resources for development of Latvian
national economy. Pasta made with whole-grain wheat, rye, hull-less barley or
triticale flour has both increased biological value, and good sensory properties
in comparison with commercial hard whole-grain wheat pasta.
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APPROBATION OF THE RESEARCH

The research results are summarised and published in ten
peer-reviewed scientific issues in English and Latvian; four publications are
indexed in the databases SCOPUS, Web of Science, and EBSCO (list on pages
6 and 7).

The author has reported the research results at 11 seminars and
international scientific conferences in Latvia, Lithuania, Estonia, and Italy (list
on pages 7 and 8).

Participation in exhibitions: the research results have been presented in
two exhibitions (see page 8).

Development of Ph.D. thesis was co-financed from two National research
programmes (see page 8).

MATERIALS AND METHODS

The research has been done between 2012 and 2015.
Latvia University of Agriculture:

o Faculty of Agriculture, Laboratory of Seed-science analysis — determination
of gluten content, gluten index, 1000 grain mass;

e Faculty of Food Technology, Laboratory for food quality assessment —
content of dietary fiber, protein, fats, size of flour particles and dough
rheological properties;

e Faculty of Food Technology, Laboratory of bread technology -
development of pasta recipes, dough mixing, pasta extrusion, pasta drying;
determination of pasta cooking time, dry matter loss, water absorption;

e Faculty of Food Technology, Research laboratory — water activity, cooking
water turbidity; colour, texture, acidity and pH of pasta;

e Microbiology laboratory — changes in starch structure during extrusion;

e Laboratory for sensory analysis —sensory assessment of pasta.

Stock company ,Jelgavas dzirnavas” — obtaining of whole-grain flour,
determination of moisture content, bulk density, falling number, determination
of protein, starch, beta glucan content in grains; starch gelatinization
temperature, ash content.

Latvia University, Institute of Biology — determination of vitamins By, B, and
amino acids content.

The object of the investigation is wheat, triticale, rye and hull-less barley
grains cultivated in Latvia.
In the present research following materials were used:
o Commercial type 405 wheat flour (Latvia) (nutritive value of 100 g of
product: carbohydrates — 68.9 g, protein — 10.3 g, fats — 1.1 g, energy value
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334 kcal / 1387 kJ);

e wheat grains of the variety 'Zentos’ cultivated under conventional farming
in Latvia University of Agriculture, Faculty of Agriculture education and
research farm “Péterlauki” in 2012 ;

o the following grains cultivated in Latvia University of Agriculture, Institute
of Agricultural Resources and Economics in 2012:

o conventionally cultivated rye grains of the variety 'Kaupo’ and organic
rye grains line 9918;

o organic wheat grains of the variety 'Fredis’;

o conventional and organic triticale grains of the variety 'Dinaro’ and lines
9403-97, 9405-23 and 9402-3;

o conventional and organic hull-less barley grains of the variety 'Irbe’ and
lines PR4651, PR3808.21 and PR5099;

e drinking water for pasta dough development (according to requirements of the
Latvia Republic Minister Cabinet No. 235 ,,Obligatory safety claims for
drinking water” from 2003);

e Commercial salt ,, (Ukraine) (NaCl 97 g 100 g™).

e Commercial whole-grain wheat spaghetti (nutritive value per 100 g of
product: carbohydrates 68 g; proteins 12 g; fibre 6 g; fats 1 g; energy value
337 kcal / 1431 kJ) — control sample.

The structure of the research

Figure 17 summarize the general scheme of the research. In the present
experiments were used organic and conventional wheat, rye, hull-less barley
and triticale grains cultivated in Latvia .

Detailed assessment of grain physical and chemical parameters was
completed for selection of the most suitable grains for pasta production. After
quality assessment of grains for the further experiments grains of conventional
wheat variety 'Zentos’, conventional rye variety 'Kaupo’ and conventional
triticale line 9405-23, as well as, organic hull-less barley grains of the line PR
3808.21 were selected.

The selected grains were used to obtain whole-grain flour. Flour blends
were developed based on dough rheological properties, where wheat flour type
405 was replaced with whole-grain rye or hull-less barley flour 10-50% and
with whole-grain triticale 10—100%. According to dough rheological properties
four flour blends were developed: 50% wheat flour type 405 and 50%
whole-grain wheat flour, 80% wheat flour type 405 and 20% whole-grain
hull-less barley flour, 70% wheat flour type 405 and 30% whole-grain triticale
flour, 80% wheat flour type 405 and 20% whole-grain rye flour.

Pasta extrusion temperature was determined based on changes in starch
granules during extrusion. Ready pasta after extrusion was dried till
10£2% moisture content.

Detailed evaluation of the obtained pasta physical and chemical parameters,
as well as sensory properties was realised, by comparing the developed pasta
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with commercial whole-grain wheat pasta available in the market and pasta

made from type 405 wheat flour.
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Fig. 17. General scheme of experiments

Whole-grain flour obtaining — cereals were mille in a laboratory mill PLM
3100/B” (Perten, Sweden) according to AACC No. 55-30.01. Granulometric
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analysis of the obtained flour were done using a sieve ,,Retsch AS200”
(RETSCH, Germany) according to ISO 3310-1.

Technological scheme of pasta making is summarized in Figure 2 (12 page).

Methods for the determination of quality parameters

Moisture content in grains was determined according to the standard method
LVS 272:2000.

Falling number was determined by a ,,Perten FN 1900” (Perten, Sweden)
according to the standard method ISO 3093:2009.

Protein, starch, beta glucan content and bulk density was determined with
“Infratec™ 1241 Grain Analyser” (Foss, Denmark) according to the standard
method ISO 12099.

1000 grain mass was determined according to the standard method
ISO 520:2010.

Dietary fibre content was determined with a ,,Fibertec system 1010 Heat
Extractor” (Foss, Denmark) according to the standard method ISO 5498.
Vitamin B; content was determined with a fluorimeter ,,Spekol 117 (Analytik
Jena AG, Germany) according to the standard method AOAC 957.17.

Vitamin B, content was determined with a fluorimeter ,,Spekol 117 (Analytik
Jena AG, Germany) according to the standard method AOAC 970.65.

Amino acids content was determined with a ,Mikrotechna AAA 831”
(Mikrotechna, Czech Republic) according to the standard method LVS
ISO 13903:2005

Analysis of flour particle distribution was completed in a flour sieve system
,,Retsch AS200” (RETSCH, Germany) according to the tandard ISO 3310-1.
Dough acidity was determined according to the standard method
AACC 02-31.01

Gluten content was determined with a ,,Glutomatic” (Perten, Sweden)
according to the standard methods LVS 275; AACC Method No. 38-12 and
ISO 21415.

Dough rheological properties were analysed with the ,Farinograph-AT”
(Brabender® GmbH & Co.KG., Germany) according to the standard method
ICC -115/1.

Starch gelatinization properties were analysed with the ,,Amylograph®-E”
(Brabender® GmbH & Co.KG., Germany) according to the standard methods
ISO 7973; ICC No. 126/1; AACC No. 22-10.

Weighing of ingredients was completed using a scale ,,Kern” (Kern & Sohn
GmbH, Germany).

Dough making was realised in a dough mixing machine ,,Plutone 10 (Sirman,
Italy).

Pasta extrusion was done in a one screw extruder ,,Extrusiometer L20”
(GOTTFERT, Germany). Pasta was pressed through a dye with the diameter

38



3 mm, obtaining pasta in a shape of spaghetti. Screw rotation speed was
60£2 rpm, compression coefficient — 3 : 1 and working pressure — 0.5+0.1 Mpa.
Determination of starch granules size was done with a microscope Leica DM
3000 LED” (Leica Microsystems GmbH, Germany) with digital camera DFC
290 HD and programme Leica V 4.2.
Pasta drying was realised in a convection-rotary oven ,,S400” (Sveba Dahlen
AB, Sweden).
Pasta was stored in PA/PE pouches at room temperature till analyses..
Pasta moisture content was determined according to the standard method
LVS 272:2000.
Pasta water activity was determined with a ,,LabSwift-aw” (Novasina AG,
Switzerland).
Pasta cooking time was detected according to the standard method
AACC 16-50.
Pasta water absorption was analysed according to the standard method
AACC 56-40.
Pasta mass loses during cooking and cooking water turbidity was measured
according to the method Matsuo et al., 1992.
Colour analysis were performed with a ,,ColorTec-PCM” (Accuracy
Microsensors, USA). The total colour difference AE was calculated.
Pasta hardness was determined with a ,,TA.Xtplus” (Stable Micro systems,
UK).
Protein content in pasta was determined by a ,KjeltecTM 2100” (Foss,
Denmark) according to the standard method AACC 46-20.
Pasta nutritive and energy value was calculated according to the Regulation
(EU) No 1169/2011 of the European Parliament and of the Council of
25 October 2011 on the provision of food information to consumers.
Degree of pasta liking was assessed according to the standard method
ISO 4121:2003.

The methods used for quality parameters determination in grains, flour,
dough and pasta at various stages of the study are summarised in
Table 1 (15 page).

Mathematical data processing

Before any mathematical data processing tests data dispersion was analysed
using parametric or non-parametric tests. For data processing two factor
analysis of variance (ANOVA) was used for evaluation of two factor
interaction. Correlation and regression analysis was performed by two
indications mutual comparison; least square method was used. If correlation
between parameters is linear — determination coefficient correspond to
correlation coefficient: R? is equal with r’. If value of correlation coefficient is
0.5<|r|<0.8 —it is equal close linear interconnection. If value of correlation
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coefficient is | r | > 0.8 — it is strong linear interconnection (Arhipova, Balina,
2003; Mirniece, 2010).

Microsoft Excel software was used for mathematical data processing. The
hypothesis of the thesis was verified with P-value method, and factors was
evaluated as significant if P<qggs. For interpretation of the results it was
accepted, that a=0.05 with 95% credibility.

Integrated evaluation was performed for evaluation of suitability of
different variety / line grains for pasta making taking into account grain
physical and chemical parameters: moisture content, bulk density, 1000 grain
mass, falling number, content of protein, dietary fibre and starch. Among
physical parameters bigger investment coefficient was assigned for grain bulk
density, because, bigger grain bulk density indicate grain ripening stage and
nutritive compounds amount providing bigger flour outcome (Ruza, 2004).
Higher group investment coefficients were assigned to grain chemical
parameters, because grain chemical composition is very important in pasta
production. However, higher investment coefficients among chemical
parameters were assigned to protein (it is denatured during extrusion) and
starch (it is gelatinized during pasta extrusion).
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RESEARCH RESULTS AND DISCUSSION
3. Evaluation of grain physical and chemical parameters

Comprehensive study on physical and chemical attributes of different
conventional and organic cereal genotypes was conducted to support the thesis
“physical and chemical parameters of wheat, rye, hull-less barley, and triticale
grains cultivated in Latvian conventional and organic farming systems differ
significantly and such grains are suitable for pasta production .

Data analysis revealed insignificant differences in grain bulk density
(P>0.05) between grains cultivated under organic and conventional farming
systems. The highest bulk density was established for conventional rye, wheat
and hull-less barley grains; as well as for triticale grains cultivated under
organic farmer system (Figure 3). Conventional and organic grain bulk density
varied as follows: hull-less barley from 780 to 804 kg hL™, triticale from
654 to 749 kg hL™', wheat from 726 to 808 kg hL™', and rye 726 to 766 kg hL™".

Significant differences (P<0.05) were established in protein content
between grains cultivated under conventional and organic farming systems.
Higher protein content was detected in the conventionally grown wheat variety
'Zentos' — 15.3%. Protein content in rye grains also differed significantly
(P<0.05) (Figure 4). Higher protein content was in the conventional rye
grains — variety 'Kaupo’ — 10.8%.

Protein content varied significantly (P<0.05) between triticale grain grown
in conventional and organic farming. The highest protein content was
established in triticale grains of the line 9405-23 cultivated in conventional and
organic farming — 14.3 and 12.4%, respectively. The study indicated that
protein content in the studied hull-less barley grains cultivated in conventional
farming was on average 12.7%, but in organic grains — 13.3%. Thus, higher
protein content was in organic hull-less barley grains comparing to organic
ones. There exist significant differences (P<0.05) between the studied hull-less
barley grains.

Among studied triticale grains higher falling number was in organic grains,
which was significantly higher (P<0.05) in comparison with conventional
grains (Figure 5).

The highest falling number was detected in the organic triticale grains of the
line 9402-3, namely 167 s, but for organic triticale grains of the line 9405-23 it
was 121 s which indicates lower a-amylase activity. Significant differences
(P<0.05) in falling number value was established between the analysed rye
grain samples, where falling number for conventional rye variety 'Kaupo' was
18045 s, but for organic rye line 9918 it was154+3 s respectively.

Significant differences between wheat grain falling number were not
established (P>0.05) — for conventional wheat grain variety 'Zentos' falling
number was 348+3 s, however, for biological wheat grain variety 'Fredis’ —
34242 s (Figure 5).
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Integrated multifactorial evaluation was conducted to assess the grain
suitability for pasta production (Figure 6).

In the assessment the following physical and chemical attributes cereals
were analysed and compared: moisture content, bulk density, 1000 grain
weight, falling number, content of fibre, vitamin B; and B,, amino acids,
B-glucan, protein and starch. Lower number obtained in the evaluation
indicated better suitability of the variety/line for pasta production (Figure 6).

Thus in the further study will be included the most suitable grains —
conventional wheat grains of the variety 'Zentos’ and rye — variety 'Kaupo’,
triticale — line 9405-23, as well as organic hull-less barley grains of the line PR
3808.21.

As a result, the argument of the thesis — “physical and chemical parameters
of wheat, rye, hull-less barley, and triticale grains cultivated in Latvian
conventional and organic farming systems differ significantly and such grains
are suitable for pasta production” — was proved.

4. Evaluation of dough quality parameters

The study was conducted on physical and rheological properties of wheat
dough, where wheat flour type 405 was partially replaced by whole-grain rye
(10-50%), whole-grain barley (10-50%), triticale (10—100%) or whole-grain
wheat (10-100%) flour, to support the argument of the thesis — “physical
parameters and rheological properties of pasta dough made from flour blends
containing wheat, whole-grain wheat, rye, hull-less barley or triticale flour
differ significantly.”

It was experimentally proved that it is possible to develop acceptable pasta
dough replacing in flour blends up to 10-100% of wheat grain with whole-
grain wheat and triticale or 10-50% with whole-grain rye or whole-grain hull-
less barley.

Lower water absorption indicates smaller amount of water required in
dough development (Figure 7).

It was established that water absorption of the developed flour blends
increased if part of wheat flour type 405 was replaced with whole-grain flour. It
was due to the included quantity of whole-grain flour, which contains higher
amount of fibre, resulting in increased water binding capacity.

The lowest water absorption was established for the control wheat flour
type 405 sample (59.1£0.2%), however, significantly higher (P<0.05) value
was obtained for flour blends with whole-grain wheat (69.2+0.2%), rye
(71.5£0.2%), hull-less barley (70.6+0.1%), and triticale (64.1+0.2%) (Figure
7). There was established a close linear correlation between the whole-grain
flour ratio in flour blend and the water absorption capacity (for example, in the
sample with whole-grain wheat flour r=0.9586 and in the sample whole-grain
triticale flour r=0.9024).

Research revealed, that dough stability for the control dough sample was
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12:15 min, however it decreased if the amount of whole-grain flour in flour
blend increased (Figure 8). The change may possibly be due to relatively low
gluten content in whole-grain flour. Therefore, in order to maintain acceptable
pasta dough quality, the whole-grain flour proportion in flour blend should not
exceed 20% for whole-grain barley and whole-grain rye, 30% for whole-grain
triticale flour, and 50% whole-grain wheat.

The shortest dough development time (2:22 min) was established for wheat
flour type 405, the longest — for dough with whole-grain wheat (3:36 min), rye
(6:36 min), hull-less barley (6:52 min) and triticale (7:05 min) flour (Figure 9).

Higher gluten content (Table 2) was determined in wheat flour type
405 (32.74£0.2%) and in flour blend with whole-grain wheat flour additive —
27.940.1%, the lowest gluten content was found in flour blend with whole-
grain rye flour additive 26.31£0.3%.

Significant (P<0.05) differences in gluten content was established between
the analysed control flour sample and flour blends. Analysis of gluten index
indicated that there exist significant (P<0.05) differences between control and
experimental samples, where for control sample and flour blends with wheat,
rye and hull-less barley flour the gluten quality corresponds to the first
class — good and very good, but for flour blend with triticale flour — the second
quality class — gluten quality is satisfactory — good (Table 2).

Dough acidity of the experimentally developed flour blends (Table 3)
differed significantly (P<0.05). Acidity of wheat flour type 405 was 1.0+0.1 °,
which was by 20% higher than that in flour blends with whole-grain wheat and
whole-grain wheat hull-less barley.

It is possible to obtain good quality pasta dough if the following flour
blends are used:

e 80% wheat flour type and 20% whole-grain rye flour;

o 80% wheat flour type and 20% whole-grain hull-less barley flour;
o 70% wheat flour type and 30% whole-grain triticale;

e 50% wheat flour type and 50% whole-grain wheat flour.

As a result, the argument of the thesis — “physical parameters and
rheological properties of pasta dough made from flour blends containing
wheat, whole-grain wheat, rye, hull-less barley or triticale flour differ
significantly ” — was proved.

5. Assessment of pasta extrusion parameters

Structural properties of starch granules in dough extrusion at various
temperatures was assessed to support the argument of thesis — “pasta extrusion
temperature significantly influences starch gelatinization .

Optimum extrusion parameters should be established for high quality pasta
production. It is essential to determine proper temperature distribution in three
zones of the extruder.

As a result of multiple experiments optimum temperature distribution for
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whole-grain pasta production was established in the current study (Table 4).

For obtaining good quality pasta, starch granules should be completely
gelatinized and product should have glassy appearance. The optimum extrusion
temperatures for pasta made from wheat flour were established at
105: 107 : 110 °C, for flour blend with whole-grain wheat flour additive —
106 : 108 : 111 °C, with whole-grain rye flour additive 102 :104: 105 °C,
with whole-grain hull-less barley flour additive 104 : 106 : 109 °C and with
whole-grain triticale flour additive 101 : 103 : 105 °C. It should be considered
that pasta quality parameters are significantly affected also by screw rotation
speed and developed pressure.

As a result the argument of the thesis — “pasta extrusion temperature
significantly influences starch gelatinization "— was proved.

6. Assessment of pasta quality parameters

A comprehensive study on physical parameters, chemical indices, and
sensory attributes of pasta with whole-grain flour additive was performed to
support the following argument of the thesis — “it is possible to obtain good
quality pasta with elevated biological value by partially replacing wheat flour
with whole-grain wheat, rye, hull-less barley or triticale flour .

Pasta cooking time is an important pasta quality parameter. During cooking
pasta can break down or stick together depending on proportion of included
whole-grain flour, which leads to different gluten content in flour. The longest
cooking time among studied samples was for pasta with whole-grain wheat and
whole-grain triticale flour additive — 9 min, the shortest cooking time was for
pasta made with whole-grain rye and whole-grain hull-less barley flour additive
— 5 min (Table 5).

Significant differences (P<0.05) in weight loss during cooking were
observed between control and experimental pasta (Table 6). Smaller weight
loss during pasta cooking was detected for the control industrially made
whole-grain wheat pasta, 5.74+0.03%, and it was by 2% less compared to the
experimental pasta samples.

Research indicated that pasta weight loss increased during pasta cooking if
the amount of whole-grain flour increased in flour blend possibly due to
presence of soluble solids and bran, which interrupts protein network; as a
result pasta became weaker, not firm.

Significant differences (P<0.05) were found in dry matter loss into cooking
water during pasta preparation between the experimentally obtained pasta with
whole-grain wheat and whole-grain hull-less barley flour additive in
comparison with control pasta sample (Table 7).

Texture of uncooked pasta with whole-grain wheat flour additive
(6.74£0.2 N) and whole-grain triticale flour additive (5.4£0.1 N) was firmer;
pasta samples made with whole-grain rye and whole-grain hull-less barley flour
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additive were more brittle (Figure 10). The texture was affected by whole-grain
flour which makes it firmer.

After cooking the most firm (P<0.05) was control pasta sample
(0.324£0.02 N) and pasta sample with whole-grain triticale (0.34+0.01 N) and
whole-grain wheat (0.36£0.01 N) flour additive; softer was pasta samples with
whole-grain rye and whole-grain hull-less barley flour additive (Figure 11).
Pasta with whole-grain additive was softer, which is related to the increased
amount of whole-grain flour and relatively short cooking time (Table 5).

Pasta colour depended on the added amount of whole-grain flour, which due
to bran particles makes it darker comparing to traditional pasta. Higher L*
value (lighter colour) was detected in pasta with whole-grain hull-less barley
and whole-grain flour (Table 8), which is due to high proportion (80%) of used
wheat flour type 405, when making pasta dough.

Control sample had the most pronounced yellow colour component b*,
which was by 4.41% higher in comparison with the whole-grain rye pasta. The
calculated total colour difference 4E indicates the visible difference between
colour of the developed and control pasta samples. Colour of pasta with
whole-grain triticale flour additive was the closest to the control pasta sample
colour; however the most different colour was obtained for pasta sample with
whole-grain hull-less barley flour additive (Table 8).

In the present research no significant differences (P>0.05) were found in
protein content between pasta samples with whole-grain triticale and whole-
grain rye flour additive — 118+2 g kg and 116+2 g kg, respectively
(Figure 12). Low protein content was observed in pasta sample with whole-
grain hull-less barley flour additive — 106+1 g kg™, higher — in pasta sample
with whole-grain triticale flour additive — 118+2 g kg™

The highest (P<0.05) essential amino acids content was detected in pasta
samples with whole-grain wheat flour additive in comparison with other pasta
samples. In the present experiments significant differences were not detected in
lysine content in the analysed pasta samples (Figure 13).

Content of phenylalanine was significantly different (P<0.05); lower amino
acid content was observed in pasta sample made with whole-grain triticale flour
additive — 1.39+0.07 g kg™, but higher in pasta sample made with whole-grain
wheat flour additive — 1.66£0.06 g kg'. There was low methionine content in
all analysed pasta samples.

Vitamin B, content in control pasta was by 52% lower than in pasta with
whole-grain rye and whole-grain wheat, but by 32% lower comparing to pasta
with whole-grain hull-less barley and by 37% lower than in pasta with
whole-grain triticale (Figure 14). Thus the lowest Vitamin B, content among
experimental pasta samples was detected in pasta with whole-grain hull-less
barley, rye and triticale, but the highest in pasta with wholegrain wheat —
0,81£0,09 mg kg™'. Higher Vitamins B, un B, content was observed in pasta
samples with whole-grain wheat, triticale, rye and hull-less barley flour
additive in comparison with commercially made pasta sample. There was no
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significant differences (P>0.05) between vitamins B; and B, content in the
analysed experimentally developed pasta with whole-grain rye and whole-grain
triticale additive. Lower content of Vitamin B, was observed in pasta with
whole-grain hull-less barley — 2.7£0.14 mgkg”, but higher in pasta with
whole-grain wheat — 3.19+0.12 mg kg™

The lowest dietary fibre content was detected in pasta with whole-grain
hull-less barley and rye flour additive (Figure 15), which might be due to the
developed recipe, which includes 80% of wheat flour type 405. High dietary
fibre content was detected in pasta with whole-grain wheat flour
additive — 8.4£0.1 g 100 g, which was by 70% higher in comparison with
control pasta sample, by 73% — in comparison with pasta with whole-grain
triticale flour and by 30% — in comparison with pasta with whole-grain wheat
flour additive. In the present research significant differences were not observed
(P>0.05) in dietary fibre content between pasta with whole-grain rye and hull-
less barley flour additive. Higher fibre content in pasta with wholegrain wheat
flour is provided by 50%, but in triticale pasta by 30% of added wholegrain
flour amount.

The highest ash content was detected in pasta with whole-grain wheat flour
additive — 1.31£0.05 g 100g™" and control pasta sample — 1.30£0.04 g 100g™.
Significant differences (P<0.05) were observed between control sample and
pasta with whole-grain rye, whole-grain hull-less barley. Ash content in pasta
with whole-grain rye flour was 11.45 times lower, while in pasta with whole-
grain hull-less barley flour — 7.63 times lower. Lower ash content indicates that
sample colour is lighter, which corresponds with the colour measurements,
where the highest value of component L* was found for pasta with whole-grain
rye and whole-grain hull-less barley (Table 8).

In the study sensory attributes of six samples were evaluated (Figure 16) —
control and five experimentally developed types of pasta from 405 type wheat,
and with whole-grain wheat, triticale, hull-less barley and rye flour. Results
demonstrated that consumers prefer control sample as well as pasta made from
405 type wheat, and pasta with whole-grain wheat and whole-grain triticale,
which did not differ significantly (P>0.05). The lowest degree of acceptance
was for pasta with whole-grain rye and whole-grain hull-less barley flour. The
major criteria for this decision possibly was because of pasta overall
appearance — pasta with whole-grain wheat and whole-grain triticale flour was
firm, not as sticky as pasta with whole-grain rye and whole-grain triticale flour.
As a result, the argument of the thesis — “it is possible to obtain good quality
pasta with elevated biological value by partially replacing wheat flour with
whole-grain wheat, rye, hull-less barley or triticale flour” — is proven.
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CONCLUSIONS

. Physical and chemical parameters of conventional and organic wheat, rye,
hull-less barley and triticale cultivated in Latvia differ significantly
(P<0.05) : conventionally cultivated wheat and rye cereals are described by
higher bulk density; in wheat, rye and triticale grains there is higher content
of protein, essential amino acids, B vitamins and dietary fibre. However,
hull-less barley cultivated in organic farming contains more B vitamins and
dietary fibre.

. Results of multifactorial integrated evaluation demonstrated, that the most
suitable for pasta making are conventionally cultivated wheat grains of the
variety 'Zentos’, rye grains — variety 'Kaupo', triticale grains — line
'9405-23" and organically grown hull-less barley grains — line '9405-23’,
because they contain higher dietary fibre, vitamins B; and B,, protein and
starch content, as well as higher bulk density and falling number.

. Physical parameters of dough and rheological properties significantly
change if part of wheat flour type 405 is replaced with whole-grain wheat,
rye, and hull-less barley or triticale flour: water absorption increased by
10% in average, dough development time decreased twofold and content of
gluten decreased.

. It is possible to develop dough with good properties by partial replacement
of wheat flour type 405 with 20% of whole-grain wheat or rye flour, with
30% of whole-grain triticale flour and with 50% of whole-grain wheat flour.
. Optimal pasta extrusion temperatures for starch gelatinization are as
follows: for pasta with whole-grain wheat flour 106:108: 111 °C,
whole-grain rye flour 102 : 104 : 105 °C, whole-grain hull-less barley flour
104 : 106 : 109 °C, whole-grain triticale flour 101 : 103 : 105 °C.

. In comparison with the industrially produced whole-grain wheat pasta
sample, mass losses during cooking of the developed pasta samples were by
18% higher. Whole-grain wheat pasta had higher content of vitamin B, (by
23%), B, (by 38%) and dietary fibre (by 29%); whole-grain hull-less barley
pasta had higher content of vitamin B; (by 23%) and B, (by 38%);
whole-grain rye pasta had higher content of vitamin B; (by 11%) and
B, (by 28%).

. The results of sensory assessment using hedonic rating demonstrated that
higher degree of liking was attributed to the commercial whole-grain pasta
sample (8.0), experimental pasta sample with whole-grain wheat flour
additive (7.8) and with whole-grain triticale flour additive (7.4), the lowest
rating was for the pasta sample with whole-grain rye (5.6) and whole-grain
hull-less barley (5.0) flour additive.

. The data obtained during experiments confirm the hypothesis — “it is
possible to obtain qualitative pasta with enriched biological value partially
replacing wheat flour with whole-grain wheat, whole-grain rye, whole-
grain triticale or whole-grain hull-less barley flour” was proved.
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