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PETIJUMA AKTUALITATE

Partikas zuduma un partikas atkritumu samazinasanas jautajums piesaista arvien lielaku
sabiedribas dalas uzmanibu. Milzigs partikas blakusproduktu daudzums rodas razo$anas un parstrades
posma, kas sastada 1.3 miljardu tonnu partikas jeb 1.6 miljardu tonnu "primaro produktu ekvivalentu"
(Bagherzadeh, Inamura, & Jeong, 2014).

Darzenu un auglu parstrades riipnieciba rodas blakusprodukti, pieméram, mizas, biezumi, serdes,
kaceni un seklas. Blakusproduktus talak izmanto ka dzivnieku baribu, biogazes ieguvei, vai ari tie netiek
izmantoti vispar (Turon et al., 2018).

ES partikas drosSibas politikas galvenais merkis ir aizsargat cilveku un dzivnieku veselibu, un,
sadarbiba ar dalibvalstim un ieinteresétajam personam, tick mekl&tas visas iesp&jas, lai noveérstu partikas
razoSana radusos blakusproduktu izskieSanu un stiprinatu partikas sist€émas ilgtsp&ju.*

Mainoties patérétaju &Sanas paradumiem, partikas razotajiem, izejvielu parstradatajiem
jakoncentrgjas uz partikas razoSanu, kas biitu gan veseliga un viegli pieejama un izmantojama, tai biitu
patikams izskats un, protams, ar labam garSas ipaSibam. Arvien vairak paterétaju ikdiena pievers
uzmanibu veseligiem, uzturvielam bagatiem partikas produktiem.

Darzenu un auglu razosanas blakusprodukti joprojam satur biologiski vertigas vielas, pieméram,
dietiskas Skiedrvielas, vitaminus, karotinus, antioksidantus, organiskas skabes, mikro un
makroelementus, kuriem ir nozimiga loma cilvéka veselibai.

Straujais dzives ritms maina €Sanas paradumus, cilveki biezi &d dodoties cela uz darbu, kafijas
pauzgs, ka arf tradicionalos partikas produktus - graudaugu putras vai maizi -, aizvieto ar ta sauktajiem
snacks (uzkodam, kas razotas no graudiem ar dazadam piedevam (zavétiem augliem, riekstiem, séklinu
maisijumiem, u.c.). Tas ir atrs un viegls risinajums, lai steigd uznemtu dalu no nepiecieSamajam
kalorijam, uzturvielam, vitaminiem, Skiedrvielam un mineralvielam. Viena no veseliga uztura
pamatnostadném ir, ka partikai jasasatur veselibai vertigas biologiski aktivas vielas.

P&tnieki un uztura specialisti mekl€ veidus, ka izmantot dazadas izcelsmes izejvielas jaunu
produktu raZzo$ana un radit funkcionalus produktus.

Par partikas produktiem ar funkcionalam 1pasibam pienem tadus, kas ir bagati ar antioksidantiem,
mineralvielam, pieméram, kalciju, magniju, ar mono un polinepiesatinatajam (omega) taukskabém, jo
1pasi linoleénskabi, probiotikam, Skiedrvielam (B-glikanu), vitaminiem (ipasi E vitaminu).

Misdienas arvien straujak pieaug interese par produktiem, kas ne tikai ir veseligi, labi gar§o un
cenas zina atbilst plaSam paterétaju lokam, bet arl satur uzturvielas, kas var nodroSinat paterétaja
nepiecieSamo dienas normu. Viens no $ada veida produktiem ir ekstrudéti graudaugu produkti,
pieméram, sausmaizites, galetes, uzkodu batonini.

Augstas temperatiiras, isa laika ekstrizijas tehnologija (HTST - High temperature, short time,
angl.) ir kluvusi populara, sagatavojot uzkodas un brokastu parslas, izmantojot cieti saturoSus
pamatproduktus.

Ekstruzija varétu but konkurétsp&jiga un ilgtsp&jiga metode, ka augu blakusproduktus pievienot
graudus saturos$am izejvielam, lai izveidotu inovativus, ar uzturvielam bagatus partikas produktus.

Promocijas darba hipotéze: Izmantojot darzenu un auglu blakusproduktus, iesp&jams palielinat
biologiski aktivo savienojumu saturu ekstrudétos produktos.

Petijuma objekts: abolu, burkanu un kirbju blakusprodukti, ekstrudéti rudzu un auzu produkti,
kuru sastava ieklauti kalteti abolu, burkanu un kirbju blakusprodukti.

Pieejams vietné:(https://ec.europa.eu/food/safety/food waste/stop_en).}, skatits
“Pieejams vietng http://dx.doi.org/10.1787/5js4w29cf0f7-en, Parry, A., P. Bleazard and K. Okawa (2015),
“Preventing Food Waste: Case Studies of Japan and the United Kingdom”, OECD Food, Agriculture and
Fisheries Papers, No. 76, OECD Publishing, Paris. http://dx.doi.org/10.1787/5js4w29cf0f7-en, skatits
08.02.20109.
3Pieejams vietné http://dx.doi.org/10.1787/5jxrcmftzj36-en, skatits 12.03.2019.
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Promocijas darba merkis: Pétit kalt€tu abolu, burkanu un kirbju parstrades rezultata radusos
blakusproduktu izmantosanu jaunu ekstrudétu produktu razosana.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:

1.

2.

w

analizét kaltétu abolu, burkanu, kirbju blakusproduktu fizikalos un mikrobiologiskos
raditajus, biologiski aktivo vielu saturu un sensoras ipasibas;
noteikt ekstriizijas veidu un iesp&amo pievienojamo blakusprodukta daudzumu
ekstrudéjamajiem paraugiem no rudzu un auzu miltiem;
veikt produktu ekstriziju;
analizét jauno produktu ar pievienotajiem abolu, burkanu un kirbju blakusproduktiem
kvalitativos raditajus:
novertét ekstrudéto produktu ar abolu, burkanu un kirbju blakusproduktiem sensoras
1pasibas;
analizet fizikali-ktmiskos raditajus;
analiz&t biologiski aktivo vielu saturu ekstrudétajos produktos.

Novitate un zinatniskais nozimigums:

1.

2.

3.

Pirmo reizi Latvija veikti pétijumi par darzenu un auglu blakusproduktu izmantoSanu
ekstriizija;

Pé&tijuma rezultata noteikti ekstrizijas procesa tehnologiskie parametri, izmantojot darzenu
un auglu blakusproduktus, to ietekme uz gatava produkta kvalitati;

Promocijas darba ietvertie petijuma rezultati pierada kop€jo fenolu satura, antiradikalas
aktivitates palielinaSanos ekstrud€tajos produktos.

Darba tautsaimnieciska nozime.

1.

Rasts risinajums, ka izmantot abolu, burkanu, un kirbju blakusproduktus razoSana ar
ekstriizijas metodi, paaugstinot biologiski aktivo vielu saturu ekstrudétos graudaugu
produktos un ievérojami samazinot izejvielu zudumus darzenu un auglu parstrade.
Izstradati inovativi ekstrudéti produkti Latvijas méroga, apvienojot graudaugus un darzenu/
auglu parstrades blakusproduktus, kas parbauditi riipnieciskas raZoSanas apstaklos.
Ekstrudétiem graudaugu produktiem, pievienojot darzenu/ auglu blakusproduktus,
palielinatos produktu klasts ar paaugstinatu biologiski aktivo vielu saturu.



ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati apkopoti un publicéti recenz€jamos un zinatniskos izdevumos, kas indekséti
starptautiskas datubazés SCOPUS.
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MATERIALI UN METODES

P&tijums tika veikts laika posma no 2014. Iidz 2018. gadam. Produktu izstrade un analizes veiktas
Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultate.
e Partikas tehnologijas katedras Maizes razoSanas laboratorija veikta produktu eksperimentala
ekstruzija.
e Zinatniskaja laboratorija noteikti produktu fizikali- kimiskie raditaji.
e Mikrobiologijas zinatniskaja laboratorija noteikti produktu mikrobiologiskie raditaji.
e Sensoro analizu laboratorija noteiktas eksperimentalo produktu sensoras ipasibas.
SIA “Milzu” veikta ekstrudéto produktu izstrade.
Starptautiskaja izstazu centra Kipsala, Starptautiskas partikas izstades “Riga Food” laika 2017.
gada veikta patérétaju aptauja.

Pétijuma izmantoto produktu un izejvielu raksturojums

1. tabula att€loti izmantotie materiali ptjjuma veikSanai.

1. tabula/Table 1

Izejvielas un produkti petijjuma/
Raw materials for experiments

Izejviela/ RazZotajs vai izplatitajs/
Raw material Manufacturer or distributer
Abolu blakusprodukti/ Apple by-products

Abolu spiedpaliekas un mizas no dazadu skirnu | SIA ,,Vairak Saules”/ Ltd ,, Vairak Saules”
aboliem/ Apple pomace and peel from different
cultivars

Burkanu blakusprodukti/ Carrot by-products
Burkanu mizas/ Carrot peel SIA ,,TERROSK”/ Ltd ,,TERROSK ”,
Burkanu spiedpaliekas/ Carrot pomace SIA ,,Vairak Saules”/ Ltd ,, Vairak Saules”

Kirbju blakusprodukti/ Pumpkin by-products
Kirbju mizas/ Pumpkin peel SIA “Rudolfs”/ Ltd Rudolfs
Kirbju spiedpaliekas/ Pumpkin pomace SIA ,,Vairak Saules”/ Ltd ,, Vairak Saules”
Auzu (Avena sativa L.) milti/ AS ,Rigas Dzirnavnieks”/ Ltd , Rigas
Oat (Avena sativa L.) flour Dzirnavnieks”
Rudzu sijatie (bidelétie) milti, 700 tips/ AS ,Rigas Dzirnavnieks”/ Ltd , Rigas
Rye flour, Type 700 Dzirnavnieks”

Izejvielas no partikas razotajiem sapemtas péc uznémuma izstradatas HACCP un paskontroles
sist€émas, attiecigi uzglabajot partikas produktiem atbilstosa iepakojuma un temperatiira.

P&tijuma posmi attéloti 1., 2. un 3. attela.

P&tijuma izmantotas analiZzu metodes un to raksturojums apkopoti 2. tabula.
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Mikrobiologiskas drosibas noteikSana/ Microbiological safety

Izejvielas/ Raw material
Blakusprodukti/ By products

"
1
I
Abolu mizas, spiedpaliekas/ Apple peel and pomace 1

Klrbju mizas, spiedpaliekas/ Pumpkin peel and pomace

e

Burkanu mizas, spiedpaliekas/ Carrot peel and pomace :_'

r
1 Fizikalo raditaju noteikSana/ Determination of physical indicators

I Mitrums/ Moisture, %

: Udens aktivitate/ Water activity(aw)

1 pH
1
1

: Mikrovilnu/ vakuuma kaltésana/ : : Sensoris ipasibas/

I Microvawe vacuum drying 1 I Sensory properties
—————————E———————————————————I i garéaf’ taste

I- S-ar:laTE:n;/-Gr-ir:ﬁng- T -= rI;ST 5-§a-n;f- T -I|—D|l smarza/ odor

| l_pl ) _ i krasa/ colour

e e e e e e e e o e o | Sewing (2mm) I e e ——————

Sttt St

MAFAM, Ig KVV g/ CFU Ig g

I
I
I
Pienskabes baktériju kopskaits, lg KVV g'Y/Lactic acid, Ig CFU g’ I
Raugu un pel&jumu kopskaits, lg KVV g1/ Yeasts and molds, lg CFU g/ :

I

= = e e gy

Biologiski aktivo vielu noteikiana/ Defermination of biologically active |

compounds

Kopéjais fenolu saturs, GSE mg 100g"!/ Total phenolics content, GAE mg 100g™!
Kopéjie karotinoidi, mg 100gY/ Total content of carotenoids, mg 100g;

Kopéjas dietiskas skiedrvielas/ Total dietary fiber(TDF), %.
Antiradikala aktivitate/ Antiradical activity
DPPH metode, mg TE 100gY/ DPPH method, mg TE 100g”

1. att. Pétijuma 1. posma shéma/

Fig. 1. Structure of the 1st stage of research

Fizikalo raditaju noteikSana/
Determination of physical indicators
Mitrums/ Moisture, %

Udens aktivitate/ Water activity(aw)
pH

Krasa CIE L*a*b*/ Colour CIE
L*a*b*

Cietiba / Hardness, N
Tilpummasa, g ml"Y/ Buik density, g
ml-!

Udens absorbcijas spgja/ Water
absorbtion, g g
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l Abolu blakusproduktu milti/ Apple by- 1

urkanu blakusproduktu milti/ Carrot
| prodncrs Sflowr (ABM) -

1
- products flour (BBM) :
i

i

irbju blakusproduktu milti/ Pumpkin
- products flour ( KBM)

Rl
i~

| Kontroles paraugs K (80% rudzu milti (RM); 20% auzu
milti (AM))/ Control sample K (80% rye flour (RM);
20% oat flowr (AM))

v v v

e )\ [ TTTTTmTTTETTE I
i | A10(10% ABM: 90% K) i 1| B10(10% BBM: 90%K) : K10 (10% KBM; 90% K)
1 I 1 1
1 [ 1
1 I .
! Al5 (15% ABM; 85% K) | 1 | B15 (15% ABM: 85%K) H K15 (15% KBM; 85% K)
1 I I I
I 1 - : A0 (700 - Q2MN0,
I | A20 (20% ABM:; 80% K) : E B20 (20% ABM; 80%K) : K20(20% ABM; 80% K)
|- cmm=====ge=======e- R O
r- ----- —_}--_---—- ------ T — * ------ T ———— i —————— -
: Ekstruzija ar vienas vitnes ekstrudieri/ Single screw extrusion :

EEEEEEEEEEE, em——— 1
i T eksp 2. eksp | 3. eksp ! 4. eksp !
: Barela uzstadita temperatiira/ . 832 & 86=2 1 862 962 1
| Barrel set temperature, °C . : | ' |
: Vitnes grieSanas atrums, apg min'’/ 600 I 700 I 750 800 1
1 Screw speed, rpmin’! E E : : :
: Matricas izejas temperatiira/ - 982 114£2 : 1242 1 1002 1
I Matrix output temperature, °C . : 1 : :
l LA L RN N E R NN NN L I S——— L I

. Ekstrudéto paraugu sensora vérteSama: aréjais izskats, smarzaforma, garSa/ pécgarSa, cietiba, k.raukﬁklgmnsf’
Sensory evaluation of samples/ appearance, taste, aftertaste, crispness

2. att. Petijjuma 2. posma shéma/
Fig. 2. Structure of the 2nd stage of research
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. N I .
i K (Kontrole/ Control ) : ' Paraugi ar BBMV Samples with BBM ! i Paraugi ar KBM/ Samples :
! 80% RM; 20% AM == I‘ B10 (10% BBM) : 1 with KBM ;
— . 1 | B15(15% BBM) . ! K10(10% KBM) g
T e i 1 B20(20% BBM) . KI5(15% KBM) -
L P ! i K20 (20% KBM) :
| | Paraugi ar ABM/ T
| Samples with ABM e ~ ! '
' A10(10% ABM) : .+ Temperatara/ 120°C-160°C e m e oo
' | AL5 (15% ABM) F-———- Lo Temperature |
11 A20 (20% ABM) ! | ! Vitnes grieSanas dtrums :
Pl Tomrmm s ' 1 apg min’/ 1300-1500 |
[ 1 . 1
(. ' ' Screw speed, rpmin’! |
S A Y Y. TTTIIIoooooIIIIIoITIIIIIIIIIIIIIIII ¥ __
: Kvalitativais paraugu novértéjums/ Quality evaluation
B it 5 1
________________ 2 N, A Yo o ______

Sensoro Ipasibu novértésana/
Sensory evaluation
Hedoniska skala/ Hedonic scale
5 punktu linijskala/ 5 point line

I

Biologiski aktivo vielu noteikSana/ :
I
I
I
I
I
| scale
:
I
I
I
:
I

Determination of biologically active
compounds
Kopgjais fenolu saturs, GSE mg 100g"!/ Total

i Fizikalo raditiju noteikSana/
Determination of physical indicators
Mitrums/ Moisture, % ;

Udens aktivitate/ Water activity(e,);

phenolics content, GAE mg 100g™! pH
Krasa/ Colour, CIE L*a*b*
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3. att./ Pétijuma 3. posma shéma/
Fig.3. Structure of the 3rd stage of research

10



Petijumos izmantoto analiZu metoZu raksturojums/
Methods of analysis used for research

AnaliZu metodes/

2. tabula/ Table 2

Methods of analysis

Nr./ Raditaji/ Standarts, metode/
N Indices Standard, method
Fizikalas analizes un metodes/
Physical analyses and methods
1. pH vértiba®/ pH value AACC 02-52
2. Mitrums %°?/ Moisture %? LVS EN ISO 712:2010 A
3. Udens aktivitate®/ Water activity® ISO 21807:2004
4. Udens absorbcijas noteik3ana, g g%/ CentrifugéSanas metode/
Water absorbtion, g g*2 Centrifugation method AACC method
56-20 (AACC, 1995; Altan, Mccarthy,
& Maskan, 2008)
5. Cietiba®/ Hardness® Metode/ Method AACC No. 74-09.01,
6. Tilpummasa?/ Gravimetrija/ Gravimetry (Altan et al.,
Bulk density, g ml* @ 2008); Varsha & Mohan, 2016)
7. Krasas komponenti L* a* b*®/ Colour ISO 11664-4: 2011
components L* a* b*®
Sensora novértesana/
Sensory evaluation
8. Sakartosanas tests/ Ranking test ISO 8587: 2006
9. 5 punktu Linijskala/ 5 points Line scale 1SO4121:2003
10. 9 punktu Hedoniska skala®/ 1SO 1136:2014
9 points Hedonic scaled
Biologiski aktivo savienojumu satura noteikSana/
Determination of biologically active compounds
11. Kopgjas digtiskas skiedrvielas®, TDF, g 100g - | Metode/ Method, AOAC —~AACC
Y N0.985.29 -1986 FOSS Analytical
Total dietary fibre®, TDF, g 100g * Fibertec E 1023
12. Kopégjie fenoli 3(KFS), mg GSE g/ Spektrofotometriska metode/
Total phenolics( TPC) 2, mg GAE g Spectrophotometric method, (Singleton
etal., 1999)
13. Kopgjie karotinoidi?, mg 100 g/ Spektrofotometriska metode/
Total content of carrotenoids, mg 100 g Spectrophotometric method
Antiradikala aktivitate/
Antiradical activity
14. Antiradikala aktivitate? (DPPH metode), Spektrofotometriska metode/

mmol TEgY/Antiradical activity (DPPH
method ), mg TEg™

Spectrophotometric method
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2. tabulas turpinajums/ continuation of Table 2

Nr./ Raditaji/ Standarts, metode/
N Indices Standard, method
Mikrobiologiskas analizes un metodes/
Microbiological analysis and methods

15. MAFAmM (Mezofili aerobo un fakultativi anaerobo LVS EN ISO 4833:2003
mikroorganismu kopskaits) Ig KVV g /Total aerobic
colony plate count, Ig CFU g
16. Raugu un peléjumu koloniju veidojoso vienibu skaita | LVS ISO 21527-2:2008
noteik3ana Ig KVV g/
Yeast and mould, Ig CFU g*
17. | Pienskabes bakterijas Ig KVV g%/ ISO 9332:2003
Lactic acid, lg CFU g*
a-atkartojumu skaits (n=3)/ the number of repetitions (n=3)
b atkartojumu skaits (n=5)/ the number of repetitions (n=5)

¢- atkartojumu skaits (n=10)/ the number of repetitions (n=10)
d- atkartojumu skaits (n=35)/ the number of repetitions (n=35)

Datu matematiska apstrade

Datu matematiska analize veikta, izmantojot MS Excel funkciju Data Analysis, ANOVA,
vienfaktora korelacijas analizes.

Izvirzitas hipotézes parbauditas ar p-vértibas metodi, un faktori noverteti ka butiski, ja p<a=0.05.
Rezultatu interpretacijai pienemts, ka a=0.05 ar 95% ticamibu, ja nav noradits citadi.

Izvertgjot dazadu pazimju savstarp&jo kopsakaribu, izmanto korelacijas un regresijas analizi. Ja
korelacijas koeficienta vertiba ir 0.5<|r|<0.8, starp p€tamajam pazime&m ir vid&ji cieSa lineara sakariba.
Ja |r[>0.8, tad starp pétamajam pazimém ir cieSa lineara sakariba (Arhipova un Balina, 2003).

Dispersijas analize rezultatu atSkiribu pamatoSanai starp petamajiem paraugiem izmantots Tjikija
un Fridmana tests. Visiem iegiitajiem rezultatiem aprékinati vidgjais aritmétiskais un standartnovirze,
lai noraditu rezultatu izkliedi.

REZULTATI UN DISKUSIJA

Blakusproduktu kvalitativie raditaji

Mitrums, idens aktivitate

Svaigu auglu un darzenu blakusproduktu lielais mitruma daudzums (78.9-88.5%) ierobezo to
ilgstosu uzglabasanu un izmantoSanu ka izejvielu citu produktu raZzoSana, ka ar1 blakusprodukti ir laba
vide raugiem un pel&jumiem, ko nosaka ari tidens aktivitate, kas raksturo tidens pieejamibu biologisko
procesu norisei.

Blakusproduktu kaltésana tika veikta ar mikrovilnu vakuuma kalti Muson 1, izmantoti kalt€Sanas
tehnologiskie parametri vakuuma mikrovilpu kalté: spiediens (70-50 mmHg), rotacijas atrums
v=6 apgmin, viens darba cikls un tris posmi.

Blakusproduktu mitrums pirms kalt€Sanas bija 78.9+2.0% abolu blakusproduktos, 82.4+0.8%
burkanu blakusproduktos, 85.5+1.2% kirbju blakusproduktos.

Mitruma saturs péc kaltéSanas ar mikrovilnu- vakuuma kalti abolu blakusproduktos sasniedza
5.36+0.01%, burkanu blakusproduktos 3.27+0.02%, kirbju blakusproduktos 6.14+0.02%. Mitruma
saturs rudzu miltiem bija 6.294+0.02% un auzu miltiem 9.86+0.02 %. Mitruma saturs blakusproduktos ir
bitiski samazinats (p=0.01). Blakusproduktu kaltéSanas laika noveroja buitisku mitruma samazinasanos
(P<0.05), Iidz pat 17-20 reizeém.

Mitrums un tdens aktivitate blakusproduktos pirms un péc kaltéSanas atspoguloti 3. tabula.
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3. tabula/ Table.3

Mitruma saturs abolu, burkanu un kirbju blakusproduktos/
Moisture content of apple, carrot and pumpkin by-products

Blakusprodukts/ By-product Mitrums pirms Mitrums péc
kalteSanas/ kalteSanas/
Moisture before Moisture after
drying, % drying, %
Abolu blakusprodukti/ Apple by-products 78.9+2.0 5.36+0.01
Burkanu blakusprodukti/ Carrot by-products 82.4+0.8 3.27+0.02
Kirbju blakusprodukti/ Pumpkin by-products 85.5+1.2 6.14+0.02

Udens aktivitate pec kalteSanas sasniedza 0.42+0.01 abolu blakusproduktiem, 0.35+0.01 burkanu
blakusproduktiem, 0.51+0.01 kirbju blakusproduktiem.

Lai raksturotu mikroorganismiem izmantoSanai pieejama tidens stavokli partikas produktos un
pieraditu mikroorganismu augSanas atkaribu no §1 stavokla, tiek noteikta fidens aktivitate, kas ir attieciba
starp produkta esosa tidens brivas, parcialas dalas spiedienu p un teoretiski iesp&jamo piesatinata tvaika
spiedienu po (Leff & Fierer, 2013).

Skaitliski aw ir robezas no 0.00 Iidz 1.00 un ir noteikts ka mikrobiologisko bistamibu raksturojoss
parametrs daudziem partikas produktiem un ka augSanu limit€josais raditajs daudzam mikroorganismu
grupam. Produkti, kas satur brivu @ideni, gaisa izvadis mitrumu tvaika forma tikai tad, ja tvaika spiediens
gaisa ir zemaks par produkta tvaika spiedienu.

Lielakajai dalai partikas produktu @idens aktivitate ir virs 0.95, un tas nodroSina pietickamu
mitrumu, lai notiktu bakteriju, raugu un pel€juma augsana.

Ja partikas produkta tidens aktivitate gatavaja produkta tiek kontroleta lidz 0.85 vai mazak, tas
kave organismu augSanu, ka ar1 idens aktivitate ietekme partikas stabilitati uzglabasanas laika’.

Udens aktivitate 0.48+0.01 rudzu miltiem un 0.45+0.01 auzu miltiem.

Udens aktivitate aw,.blakusproduktos bija no 0.82 lidz 0.87, kas tiek iedaliti partikas produktu
grupa ar augstu (aw>0.85) tidens aktivitati, piem.,ta saucamie “mitrie produkti”, kas uzskatami par labu
vidi mikroorganismu un bakteriju augSanai.

Lai blakusproduktus varétu uzglabat lidz pievienoSanai pamatizejvielam (rudzu un auzu miltiem),
nepiecieSama to kalt€Sana.

P&c ieglitajiem rezultatiem redzam, ka zemais mitruma daudzums un tidens aktivitate ir piemeroti,
lai kalt&tus blakusproduktus varétu uzglabat 1idz to pievienosanai jaunu produktu izstrade, ka ari to awir
smazinats (aw< 0.6), kas tad arT ierobezo vai nepielauj mikroorganismu un bakteriju talaku augSanu un/
vali attistibu.

PH vertiba

pH vertiba ir svarigs partikas produktu raditajs, ka ar tas ietekmé ne tikai partikas uzglabasanas
dro$umu, bet ari tehnologiskos procesus.

Nosakot pH vértibu, abolu blakusproduktu miltiem pH veértiba bija 3.72+0.01, burkanu
blakusproduktu miltiem 5.98+0.03, kirbju blakusproduktu miltiem 5.20+0.01, bet rudzu un auzu miltiem
vid&ji 6.15 un 6.22+0.02.

Udens absorbcija

Nosakot fidens absorbciju, vislielaka spgja saistit ideni tika noteikta ABM un KBM.

Ka uzskata zinatnieki Inglett (2013) un Kohajdova (2011), atSkirigas WAI vertibas ir saistitas ar
blakusproduktu atskirigo kimisko sastavu, digtisko skiedrvielu, cukuru, ka arT ar olbaltumvielu un cietes
saturu produktos (Inglett, Chen, Xu, & Lee, 2013; Kohajdova et al., 2011; Campus, 2011).

Zinatnieks Arscott (2010) noradija, ka neskistoSajam Skiedrvielam ir augstaka fidens absorbcijas
sp€ja, glikozes adsorbcijas sp&ja un amilazes ierosinasanas/ inhibésanas sp&ja neka celulozei un citam

2 https://www.fda.gov, skatits 11.03.2019.
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auglu un darzenu Skiedrvielam (Arscott & Tanumihardjo, 2010). Salidzinosi, abolu blakusproduktos
neskistoso skiedrvielu saturs (36.50+1.14%), tomér idens absorbcija nav viennozimigi atkariga tikai no

Skiedrvielu satura, bet no citam uzturvielam, piem., cukuriem, kuri abolos un to blakusproduktos ir 10.39-
11109 100 g* (Aguedo et al., 2012; Li et al., 2002).

Mikrobiologiskie radijumi

Blakusproduktiem péc kaltéSanas ar MV noteiktie mikrobiologiskie raditaji apkopoti
4. tabula.

4. tabula/ Table 4

Mikrobiologiskie raditaji kaltétajos blakusproduktos, rudzu un auzu miltos/
Microbiological evaluation of dried by-products, rye and oat flour

Izejviela/ MAFAM, Ig KVV g/ Pienskabes bakteriju Raugi, Ilg KVV g%,
Raw material lgCFUg! kopskaits, Ig KVV g/ lgCFUg?
Lactic acid, lg CFU g*
ABM 4.5 2.3 2.5
BBM 5.0 2.5 3.5
KBM 3.5 2.0 2.5
RM 5.5 5.5 5.0
AM 5.0 5.0 55

KVV - koloniju veidojosas vienibas/ CFU - Colony forming unitsSABM - @bolu blakusproduktu milti, BBM - burkanu
blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu milti, AM - auzu milti/
ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour, RM - rye flour, AM -
oat flour

Mezofili aerobo un fakultativi anaerobo (MAFA) baktériju kopskaits blakusproduktos péc
kalt&sanas bija robezas no 2.5 Ilg KVV gtlidz 5.5 1g KVV g, rudzu un auzu miltos bija lidz 5.5 1g KVV
gt

Pienskabes baktériju skaits identificéts no 2.5 1g KVV g lidz 5.50+0.04 lg KVV g,

Raugu kopskaits 2.5lg KVV g* Iidz 5.51g KVV g?.

Pelgjumu kopskaits netika konstatéts blakusproduktos, ka arT rudzu un auzu miltos.

Mikrobiologiskie radijumi neparsniedz EK regula (EK) Nr. 2073/ 2005 pielaujamas normas.
Mikrovilnu jaudas, temperatiiras (40°C) iedarbibas un kalteSanas rezultata blakusproduktu samazinatais
mitruma daudzums un zema tdens aktivitate lauj samazinat mikrobiologisko piesarnojumu lidz
pielaujamajam limenim un tos izmantot ka izejvielu partikas riipnieciba.
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Biologiski aktivas vielas un antiradikala aktivitate

Kopeéjie karotinoidi

Kopgjais karotinoidu saturs svaigos blakusproduktos ir atkarigs no daudziem faktoriem- Skirnes,
laika apstakliem, geografiska izvietojuma, ka arT no blakusprodukta ieguves un apstrades veida. Ka
parada MV kaltéSanas rezultati (4. att€ls), tad péc kaltésanas KKS visos blakusproduktos ir samazinajies.

T
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' |
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Abolu Burkanu Kirbju Rudzu milt/ Rye  Auzumilti/ Oat
blakusprodukti/ blakusprodukti / blakusprodulkti/ flour flour
Apple by products Carrot by products ~ Pumpkin by
products

KKS( pirms kaltesanas)/ TCC (before diying) mKKS( p&c kaltedanas)/ TCC (after drying)

4. att. Kopgjais karotinoidu saturs (KKS) blakusproduktos/
Fig. 4. Total content of carrotenoids in by-products

Karotinoidu satura analize uzradija, ka pastav bitiskas atSkiribas starp to saturu svaigos abolu
blakusproduktos un kirbju un burkanu blakusproduktos (p<0.05). Abolu blakusproduktos KKS pirms
MYV kaltgsanas bija 1.82+0.02 mg 10097, pec kaltésanas 0.27+0.02 mg 100g™. Vislielakais karotinoidu
saturs pec MV kaltgsanas bija saglabajies burkanu un kirbju blakusproduktos (68.07 mg 100g™* un
91.28 mg 100g™), un starp to saturu nav biitisku atskiribu (p>0.05).

Mikrovilpu-vakuuma kalté$anas rezultata visos blakusproduktos KKS samazinajas. Bitiskakais
samazinajums noteikts abolu blakusproduktos.

Karotinoidu saturs var samazinaties termiskas iedarbibas rezultata, ka art ar skabekla un gaismas
pieejamibu tehnologiska procesa laika (Priecina & Karklina, 2014). Tomér, salidzinot ar zinatnieces
Kampuses pétijumu par kirbju kaltéSanu ar konvekcijas kalti, MV kaltéSanas laika to saturs saglabajas
augstaks (Kampuse, Ozola, Straumite, & Galoburda, 2015).

Kopeéjie fenoli

Fenolu saturs izejvielas ir nozimigs raditajs, jo fenoli nosaka darzenu un auglu riigto un savelkoso
garSu, kas turpmakaja pétijuma varétu ierobezot blakusproduktu pielietojumu ekstriizija.

Fenolu saturs ir atkarigs ne tikai no auga $kirnes, regiona, bet ari no auga dalas.

Fenolu saturs blakusproduktos un izejvielas att€lots 5. attela.
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ABM - abolu blakusroduktu milti, BBM - burkanu blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu
milti, AM - auzu milti/ ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour,
RM - rye flour, AM - oat flour. Starp paraugiem, kuru apzim&juma ieklauti vienadi apzim&jumi (a, b, ¢, d) nav bitisku
atskiribu (p>0.05). Dati uzraditi ka vidgjas vertibas (n=3)/ Similar letters (a, b, ¢, d) indicate no significant difference among
samples. The data is presented as a mean (n=3).

5.att. Kopgjo fenolu (KFS) blakusproduktos/
Fig.5. Total phenolics content (TPC) of by-products

Kaltetu blakusproduktu kopgjo fenolu satura (KFS) analize pieradija, ka visaugstakais KFS bija
abolu blakusproduktu miltos. Zinatnieki, p&tot dazadu Skirnu abolus, noteica, ka KFS abolu miza ir
visaugstakais, salidzinosi no kop&ja augla dalas 83.2 GSE 100g™ bija mikstuma un 500.2 GSE 100g™*
abolu miza (Olfe, lanzhong, & lu, 2003).
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ABM - abolu blakusroduktu milti, BBM - burkanu blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu
milti, AM - auzu milti/ ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour,
RM - rye flour, AM - oat flour.

Starp paraugiem, kuru apzZimé&juma ieklauti vienadi apzim&jumi (a, b, c, d) nav butisku atskiribu (p>0.05). Dati uzraditi ka
vidgjas vertibas (n=3)/ Similar letters (a, b, c, d) indicate no significant difference among samples. The data is presented as
a mean (n=3).

6.att. Antiradikala aktivitate kaltétos blakusproduktos, rudzu un auzu miltos/
Fig. 6. Antiradical activity in dried by-products, rye and oat’s flour
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Kaltétu blakusproduktu kopgjo fenolu satura (KFS) analize pieradija, ka visaugstakais KFS bija
abolu blakusproduktu miltos.

Blakusproduktu atskirigais kimiskais sastavs, jo Ipasi fenolu savienojumu atskiriba, nosaka to, ka
starp KFS péc kaltéSanas pastav bitiskas atSkiribas starp blakusproduktu un rudzu un auzu miltos
noteikto kopgjo fenolu saturu. Datu analize paradija, ka starp blakusproduktu KFS saturu p&c kalteésanas
nepastav butiska atskiriba (p=0.88), ka ar1 nepastav atskiriba starp KFS saturu rudzu un auzu miltos,
attiecigi KFS rudzu miltos 71.38+2.34 GSE mg 100g un auzu miltos 68.22+2.16 mg 100g* (p=0.05),
savukart, pastav bitiska atSkiriba starp KFS blakusproduktos un rudzu un auzu miltos (p<0.05).

Polifenolu saturs un dazadiba nosaka ari antiradikalo aktivitati produktos (Kruma et al., 2016).

Antiradikala aktivitate (DPPH metode) kaltétajos blakusproduktos un rudzu un auzu miltos
attelota 6. attela.

Nosakot kaltétajiem blakusproduktiem antiradikalo aktivitati (DPPH metode), visaugstaka sp&ja
saistit brivos radikalus ir kaltétiem abolu blakusproduktu miltiem un auzu miltiem.

Veicot datu analizi, starp antiradikalo aktivitati blakusproduktos un izejvielas pastav biitiska
atSkiriba (p<0.05), ko nosaka ar1 atSkirigais fenolu saturs produkta.

Kopeéjo dietisko Skiedrvielu noteiksana, TDF

Graudi, augli un darzeni ir skiedrvielu avots, ko izmanto ka izejvielas partikas riipnieciba, lai
paaugstinatu galaprodukta uzturvértibu un pieskirtu partikai funkcionalas ipasibas (Li et al., 2014;
Eskicioglu, Kamiloglu, & Nilufer-erdil, 2015).

Kaltétiem blakusproduktiem, auzu un rudzu miltiem noteikts kopg€jais di€tisko Skiedrvielu
daudzums, kas attélots 7. attéla.
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ABM - abolu blakusroduktu milti, BBM - burkanu blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu
milti, AM - auzu milti/ ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour,
RM - rye flour, AM - oat flour. Starp paraugiem, kuru apzim&juma ieklauti vienadi apzim&jumi (a, b, ¢) nav butisku atskiribu
(p>0.05). Dati uzraditi ka vidgjas vertibas (n=3)/ Similar letters (a, b, c) indicate no significant difference among
samples(p>0.05). The data is presented as a mean (n=3).

7. att. Kopé€jo diétisko Skiedrvielu saturs kaltétu blakusproduktu, rudzu un auzu miltos/
Fig.7. Total dietary fiber content in dried by-products, rye and oat’s flour

Péc iegitajiem rezultatiem visaugstakais TDF saturs (44.23%) ir ABM, savukart,
BBM - 26.88%, KBM - 30.23%, AM - 10.2%, RM - 12.2% no sausnas.

Tas sakrit arT ar citu zinatnieku datiem par TDF saturu abolu blakusproduktos, kur noteikts, ka
TDF saturs abolu mizas péc izkaltésanas ir 41% (Rupasinghe et al., 2008). Zinatnieki Kohajdova (2011)
un Figuerola (2005) savos pétijumos ieguva lidzigus datus par kaltétu blakusproduktu dictiskajam
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Skiedrvielam, kur abolu blakusproduktos tas bija 42.7%, un mitruma saturs 5.36 % (Kohajdova et al.,
2011; Figuerola & Mar, 2005a).

Tomeér, pievienojot Skiedrvielas, janem véra galaprodukta sensoras 1pasibas, jo to pievienoSana var
izraisit dazadas izmainas gala produktu fizikali-kimiskajas 1pasibas: izskata, struktiira, forma, garsa, u.c.
(Eskicioglu, Kamiloglu, & Nilufer-Erdil, 2015; Mahaiyar et al., 2012).

Veicot datu analizi, secinam, ka pastav cieSa korelacija starp kop€jo diétisko Skiedrvielu, TDF
daudzumu un tidens absorbcijuW Al blakusproduktos, korelacijas koeficients r=0.97.

Kaltéto blakusproduktu un izejvielu sensora vertésana

Lai novértétu kaltéto un samalto blakusproduktu kvalitati un talaku atbilstibu izmantoSanai
petijuma, tika veikts to sensorais novertéjums.
Kalteto un samalto blakusproduktu sensorais noveértgjums attelots 5.tabula.

5. tabula/ Table 5

Kalteto blakusproduktu sensora vérteSana/
Sensory evaluation of dryed by products

Produkts/ Product KS* Izstradajuma kvalitate/ Product quality
. ABM 3.00 Loti laba/ Very good
BBM 2.75 Loti laba/ Very good
KBM 2.74 Vidgja/ Average

ABM - abolu blakusroduktu milti, BBM - burkanu blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu
milti, AM - auzu milti/ ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour,
RM - rye flour, AM - oat flour

Veicot kaltéto blakusproduktu miltu sensoro noveértéjumu, ar€jo izskatu, krasu, smarzu, garsu, tika
secinats, ka tie atbilst visiem garSas, izskata, konsistences parametriem, respektivi, tiem nav svesu,
neraksturigu garSu un smarzu, tie nav izteikti rugti, skabi, lipigi vai nepatikama izskata. KS aprékinaja
pec formulas(1)

KSp=(KSzi+KSg+KSsm)*n, )

kur - KSp - Kvalitates skaitlis blakusproduktiem,
KSzi - Kvalitates skaitlis blakusproduktu argjam izskatam, krasai,
KSq - Kvalitates skaitlis blakusproduktu garzai un pécgarsai,
KSsm - Kvalitates skaitlis blakusproduktu smarzai,
n=3.
Ja kvalitates skaitlis — 2.75<KS<3 - |oti laba kvalitate,
2<KS$<2.74 - vidgja kvalitate,
KS<2 - neapmierinosa kvalitate.
Paraugi tiek uzskatiti par pienemamiem un izmantojami talakajiem pétijumiem, ja to kvalitates
skaitlis KS>2.
Visiem kaltétajiem blakusproduktu miltiem Ks>2 un starp paraugu kvalitates novert€jumu biitisku
atSkiribu nav (p=0.75>0.05).
Lai novertétu blakusproduktu krasu, kas nepiecieSams, lai paredzetu galaprodukta iznakuma krasu,
veica to analizi ar spektrofotometru.
Kaltetajiem blakusproduktiem, rudzu un auzu miltiem noteikta krasa attélota 6. tabula.
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6. tabula/ Table 6

Kaltéto blakusproduktu, auzu un rudzu miltu krasa/
Colour of dried by-products, rye and oat flour

Izejviela/ L* vértiba/ a* vertiba/ b* vertiba/
Raw material L* value a* value b* value
FIvY 26.83+1.04d 13.61+0.62¢ 58.81+0.96d
@ BBM 63.62+15.01b 48.36:1.70c 83.77:0.44bc
41.74+9.50c 20.53+3.54d 70.67+1.87cd
i J 76.40+1.33a 71.96+2.06a 90.05+0.62a
Dam 77.51+1.67a 65.313.08b 90.55+0.77a

ABM - abolu blakusroduktu milti, BBM - burkanu blakusproduktu milti, KBM - kirbju blakusproduktu milti, RM - rudzu
milti, AM - auzu milti/ ABM - apple by-products flour, BBM — carrot by-products flour, KBM — pumpkin by-products flour,
RM - rye flour, AM - oat flour. Paraugi viena kolonna, kuru apzim&jumos ieklauti vienadi burtu apzim&jumi (a,b,c,d,e) butiski
neatSkiras (p>0.05). Dati uzraditi ka vidgjas vertibas (n=10)/ Similar letters (a, b, ¢, d) indicate no significant difference
among samples (p>0.05). The data is presented as a mean (n=10).

CIE L* parametrs norada kalté€to blakusproduktu krasas intensitati, kuru ietekméja kalt€Sanas
apstakli un mikrovilnu—vakuuma iedarbiba.

Visas izejvielas atrodas gaiSaja spektra apgabala. Visgaisakie péc L* vertibu analiz€Sanas bija
auzu milti 77.51£1.67 un rudzu milti - 76.40+1.33, burkanu blakusproduktu miltiem
L* vertiba 63.62+15.01, kirbju blakusproduktu miltiem L* vertiba 41.74+9.50, bet vistumsakie bija
abolu blakusproduktu milti - L* vertiba sasniedza 26.83+1.04 vienibas, kas skaidrojams ar to, ka abolu
blakusprodukti skabekla iedarbiba oksidgjas jau pirms kaltéSanas.

Zinatnieks Dutta (2006) secindja, ka termiskas iedarbibas laiks blakusproduktu kalt€Sanas
rezultata un temperatiira pazemina L* vertibu termolabilo savienojumu degradacijas rezultata, veidojot
tumsu krasu un samazinatu intensitati produktos (Dutta et al. 2006).

Veicot datu analizi redzam, ka starp paraugiem pastav bitiskas atSkiribas (p<0.05) starp L*
vertibu, kas turpmakajos petijuma posmos janem veéra, sastadot izejvielu proporcijas.

Kaltesanas rezultata izmainas ar1 produkta krasa, kas izskaidrojams ar termisko iedarbibu, ka ar1
ar kimiskajam reakcijam, kas norit temperatiiras ietekmé ar cukuru, olbaltumvielu, tauku saturoSajiem
produktiem, ka arT ar to, ka dala no biologiski aktivajam vielam, ka pigmenti un karotinoidi, kas nosaka
produktu krasu, zaudé savu aktivitati (Roongruangsri & Bronlund, 2015; Dar et al., 2014).

Kalt&jot produktus, samazinas peroksidazes (PPO) aktivitate, rezultata, briin€Sana samazinas un
palielinas krasu veértiba (L*) (Prathapan et al., 2009; Marija Lucia et al., 2002).

Mikrovilnu kaltéSanas laika, blakusproduktiem ir irobezota skabekla padeve, 11dz ar to, izkaltetie
produkti ir ar intensivaku krasu.

Abolu blakusproduktu sastava ir vislielakais cukuru daudzums, péc literatiiras datiem, to
daudzums no oglhidratu satura ir aptuveni 80% S$kistoSie cukuri: no tiem saharoze aptuveni
2%, glikoze 2.4%, fruktoze 6.0% (Gorsel et al., 1992). Sis faktors varétu izraisit tumsakas krasas
veidoSanos Majara reakcija.

Visi kaltétie blakusprodukti atrodas pozitivas a* - sarkanas krasas intensitates diapazona, ka art
pozitivas b* - dzeltenas krasas intensitates diapazona.

P&c 5. tabula apkopotajiem rezultatiem, redzam, ka ABM sarkanas krasas intensitate ir 13.61+0.62,
BBM - 48.36+1.70 un KBM - 20.53+3.54, un dzeltenas krasas intensitate ABM - 58.81+0.96, BBM -
83.77+0.44, KBM - 70.67+1.87 b* spektra vienibas.

Kaltetie abolu blakusprodukti ir vistumsakie p&c visiem CIE krasu parametriem salidzinajuma ar
burkanu un kirbju blakusproduktiem, starp paraugiem pastav bitiska krasu atskiriba (p<0.05).

Abolu blakusprodukti satur arT dazadus fermentus, organiskas skabes, ka arT cukurus, pieméram,
D-galakturonskabi. Darzenos un auglos esoSie karotinoidi ir galvenas biologiski aktivas vielas, kas
nosaka to krasu no tumsi zalas Iidz spilgti oranzai un sarkanai (Obradovi¢ et al., 2015).
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Veicot korelacijas analizi starp produktos esoSajiem karotinoidiem un a*, b* un L* vértibam
kaltetajos blakusproduktos pastav vaja. negativa korelacija:
. starp KFS un a* vértibu pastav mérena negativa korelacija (r=-0.39);
. starp KFS un b* vértibu pastav vaja negativa korelacija (r=-0.16);
. starp KFS un L* vértibu pastav vaja negativa korelacija (r=-0.24).
Negativais korelacijas koeficients raksturo tendenci, jo lielaka L* vértiba (paraugs atrodas
gaiSakas intensitates diapazona), jo mazak karotinoidu ir parauga.

Ekstruzija ar vienas vitnes ekstrudieri

Petijuma otraja posma izstradatas receptiiras un veikta produktu ekstriizija ar vienas vitnes
ekstrudieri, vadoties péc izejvielu (rudzu un auzu) cietes klisterizacijas temperatiram, kuras péc
literattiras datiem rudziem ir no 50°C- 60.3°C® un pievienojama tidens daudzumu, Kura saturs piemérots
lidz 17% izejvielu maisijuma (Niu et al., 2017).

Eksperimenta otra posma receptiiras attélotas 7.tabula.

7. tabula/ Table 7

Ekstrudéjamo paraugu receptiras/
Recepies for extrusion

Paraugs*/ Sample*l RM, % | AM, % K, % BBM, % | ABM,% | KBM, % H20, %

K 80 20 100 - - - 10+2
A10 72 18 90 - 10 - 1042
Al5 68 17 85 - 15 - 10+2
A20 64 16 80 - 20 - 1242
B10 72 18 90 10 - - 1242
B15 68 17 85 15 - - 12+2
B20 64 16 80 20 - - 1042
K10 72 18 90 - - 10 1042
K15 68 17 85 - - 15 1042
K20 64 16 80 - - 20 10+2

K - Kontroles paraugs (80% rudzu milti, 20% auzu milti), A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar
15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - Control sample (80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products.

Par pamatu kontroles paraugam nemti rudzu un auzu milti, kas ir tradicionali Latvijas klimatiskajos
apstaklos audzgtas labibas produkts un vertigs biologiski aktivo vielu — vitaminu, fenolu un
antioksidantu avots.

Paraugu ekstriiziju veica péc eksperimentalajam receptém (7.tabula), pievienojot 10-14% tdeni.
Temperatiiras visos ekstriizijas posmos tika uzstaditas nemainigas, ekstriiziju ar vienas vitnes ekstrudieri
veica 4 eksperimentos, kur tika piemekletas ekstrudiera atsevisko zonu temperatiiras, ka ar1 vitnes
grieSanas atrums robezas no 600 lidz 800 apg min™, ka to nosaka iekartas uzstadijumi.

Ekstrudésana tika veikta PTF Maizes tehnologiju laboratorija ar vienas vitnes ekstrudieri 4
dazados eksperimentos, mainot temperatiiru un vitnes grieSanas atrumu. Ekstrud€Sanas tehniskie
parametri att€loti 8. tabula.

% Rye production, chemistry and technology, Morphology and Chemistry of rye grain(2001) 2nd edition
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8. tabula/ Table 8
Vienas vitnes ekstrudiera parametri/
Single screw extrusion parameters

Parametri/ Parameters 1.eksp. 2. eksp. 3. eksp. 4.eksp.
Barela uzstadita temperatiira 83+2°C 86+2°C 86+2°C 96+2°C
\Barrel set temperature °C
Vitnes grieSanas atrums, apgr min? 600+20 700+20 750+20 800+20
Screw speed, rpm
Matricas izejas temperatiira/ 98+2°C 11442°C 124+2°C 100+2°C
\Die set temperature °C
Sauso izejvielu padeves atrums/ 25 25 25 25
Dry feed, g min™
Izejvielu plismas atrums/ 6.5
Liquid feed rate, kg 100kg"

3. eksperimenta tika paaugstinata matricas izejas temperatiira lidz +124°C, ka rezultata bija
nepiecieSama ar1 vitnes grieSanas atruma palielinaSana, jo sakas intensiva izejvielas esoso tauku degSana
(auzu miltiem I1dz pat 11g 100g™* (Kaur, Kaur, & Ahluwalia, 2014).

Ar vienas vitnes ekstrudieri iegiitie paraugi att€loti 8., 9. un 10. att€los.

! = .:}
AlS A20 .

A10 — paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar 15% abolu blakusproduktiem, A20 — paraugs ar 20% abolu
blakusproduktiem/ A10 - sample with 10% apple by-products, Al15 - sample with 15% apple
by-products, A20 — sample with 20% apple by-products

Al0

8. att. Ar vienas vitnes ekstrudieri ekstrudétie paraugi ar ABM/
Fig. 8. Samples with ABM extruded with single screw

B15 B20

B10 - paraugs ar 10% burkanu blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20%
burkanu blakusproduktiem/ B10 - sample with 10% carrot by-products, B15 - sample with 15% carrot by-products, B20 -
sample with 20% carrot by-products

9. att. Ar vienas vitnes ekstrudieri ekstrudétie paraugi ar BBM/
Fig. 9. Samples with BBM extruded with single screw
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K10 K15 K20

K10 - paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K10 - Sample with 10% pumpkin by-products, K15 - Sample with 15% pumpkin by-products, K20 - Sample
with 20% pumpkin by-products.
10. att. Ar vienas vitnes ekstrudieri ekstrudétie paraugi ar KBM/
Fig. 10. Samples with KBM extruded with single screw

Paraugu veértésana piedalijas LLU PTF eksperti, kuri iepazinu$ies ar attieciga izstradajuma
kvalitati raksturojuSiem parametriem, ka ar1 turpmaku atbilstibu izmantoSanai ekstrudésana.

Vertésana veikta, lai noskaidrotu produktu kvalitati un atlasi talakai to izp&tei.

Paraugus vertgja pec to argja izskata, krasas, formas, garSas, smarzas, cietibas, kraukskiguma.
Kvalitates vertéjums attélots 11. attela.

ab a a b b b
C
C C
| ‘ d

K Al0 AlI5 A20 B10 B15 B20 K10 K15 K20

25

— — ro
= Lh =

o
in

Kvalitates skaitlis/ Quality number

0.

o

K - Kontroles paraugs (80% rudzu milti, 20% auzu milti), A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar
15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - Control sample (80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products.Starp paraugiem, kuru
apziméjumos ieklauti vienadi burti (a, b, ¢, d) nepastav butiskas atSkiribas sensoraja novertésana (p>0.05)/ Similar letters (a,
b, ¢, d) indicate no significant difference among samples (p>0.05).

11. att./ Sensorais vertéjums ekstrudétajiem paraugiem/
Fig.11. Evaluation of sensory characteristics for samples

Vertgjot paraugus ar blakusproduktu pievienoSanu, tika aprékinats kvalitates skaitlis (2).
KSp=(KSzi+KSg+KSsm+KSc+KSs)/ 5, 2)

kur - KSp - kvalitates skaitlis produktam,
KS;i - kvalitates skaitlis produkta aréjam izskatam, krasai,
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KSq - kvalitates skaitlis produkta garSai un pécgarsai,
KSsm - kvalitates skaitlis produkta smarzai,

KS: - kvalitates skaitlis produkta cietibai/ kraukskigumam,
KSs - kvalitates skaitlis produkta formai.

KS jabiit 2<KS<3, lai produktus uzskatitu par akcept€jamiem turpmakaja petijjuma.

2.75<KS<3 - loti laba kvalitate,

2<KS<2.74 - vidgja kvalitate,

KS<2 - neapmierinosa kvalitate.

Noveértgjot to kvalitates krit€rijus p&c formulas (2), iegiitie rezultati parada, ka to KS vértiba pastav
bitiskas atskiribas (p=0.005).

Vertgjot katru sensoro parametru, starp paraugiem argja izskata nepastav biitiskas atSkiribas
(p=0.09), produktos saredzama izejvielu dalinu nevienmériga izkliede, apdedzis produkts. Vertgjot
smarzu starp paraugiem pastav butiska atskiriba (p=0.04), A10 un A 15 novertéti ka viegli skabi ar rigtu,
neizteiktu smarzu, savukart B20 un K20 ka nepatikama, piedeguma, izteikti riigta smarza. Vertgjot
formu nepastav butiska atskiriba (p=0.22) starp produktiem, to vért&jums ir no 1.0 1idz 1.3, kas ierindo
tos kvalitates radijuma - nav notikusi produkta uzpiiSanas. Produktu gar§a novértéta no 1.0 (B20) lidz
2.7 (A15), starp paraugiem, kuru sastava ieklauti blakusprodukti un kontroles paraugu garsas Tpasibas
pastav bitiska atSkiriba (p=0.004), kas atkarigs no atSkirigajiem blakusproduktiem un to garSas
ipasibam, ko nosaka kimiskais sastavs un biologiski aktivo vielu saturs. Paraugiem ar 15% aboliem, bija
izteikti saldakas un patikamakas garSas 1paSibas. Novért€jot produktu cietibu starp paraugiem pastav
butiska atSkirtba (p=0.02), paraugi A10, B10,K10 noverteti ar 2.0<KS<2.7, savukart, paraugi, kuru
sastava ieklauti 15% un 20% blakusprodukti, tika novertéti KS<1.3, ka loti cieti, stiklaini, driposi.

Novertgjot paraugus péc ekstriizijas ar vienas vitnes ekstrudieri, izskats un forma neatbilda
ekstrudétu paraugu standartiem, respektivi, nebija notikusi uzpiiSanas, lidz ar to tie bija blivi un ar1
izejvielas esoSais Gidens nebija iztvaikojis. Tas, iesp&jams, bija parak mazas temperatiiras d€l pirms
matricas zona (98°C), lidz ar to produktos esoSais idens nesp&ja parversties tvaika forma, un nenotika
cietes graudu izpleSanas.

3.un 4. eksperimenta tika paaugstinata matricas izejas temperatiira lidz +124°C, ka rezultata bija
nepiecieSama ari vitnes grieSanas atruma palielinaSana, jo sakas intensiva izejvielas esoSo tauku degSana
(auzu miltiem Iidz pat 11g 100g™ (Kaur et al., 2014)).

Ta ka vienas vitnes ekstrudiera jauda ir parak maza, lai notiktu produktu tilpummasas
samazinasana, ka ar1 uzpusSanas, kas ir viens no biitiskiem kvalitates raditajiem ekstrudéjamajiem
produktiem, tad tika pienemts lémums, petijuma izmantot razotaja divvitnu ekstrudieri un petijjuma treSo
posmu turpinat sadarbojoties ar brokastu parslu razotaju
SIA MILZU. Ekstriizijai tiktu izmantots divsvitnu ekstrudieris SLG65-III ( Datong Machinery, Kina),
kuram ekstriizijas dala ir sadalita tris sekcijas, ta panakot vienmeérigu cietes klisterizaciju. Maksimala
efektivitate ir 130 kg h.
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Eksperimenta treSais posms

Ta ka 2. posma nevargja nodrosinat produktu sensoros kvalitativos raditajus, tad uzsaka 3.posmu-
ekstriiziju ar divvitnu ekstrudieri razotn€ MILZU, kur ekstrudiera jauda un izméri noteica jau razotaja
izstradatos ekstriizijas parametrus.

Divvitnu ekstrudiera parametri att€loti un 9. tabula.

9. tabula/ Table 9

Ekstruzijas ar divvitnu ekstrudieri nemainigie parametri/
Twin screw extrusion parameters set constant

Parametrs/ Temperatiira/ | Vitnes grieSanas | Sauso izejvielu
Parameter Temperature, |atrums, apg min | padeves atrums/
°C Y Dry feed,
Screw speed, g mint
rpmint
garela uzstadita tempe:atura/ 120-125 1300-1500 30
arrel set temperature, °C
Matricas izejas temeeratura/ 140160 1300-1500 40
Die set temperature, °C
Izejvielu plasmas atrums/ 45
Liquid feed rate, kg 100 kg™ '

Divu vitnu ekstrudiera parametri nodrosina izejvielu vienmérigu pliismu, ka arT temperatiiras,
tadgjadi notiek cietes klisterizacija jau pirmsmatricas dala, un produktiem izejot jau cauri matricai notiek
cietes graudu izpleSanas un formas izveidoSanas.

P&c pétnieka Moscicki (2011) veiktajiem tehnologisko parametru pétjjumiem, nevar viennozimigi
formul@t precizus darba apstaklus ekstriizija, jo $is process ir loti komplekss un galaprodukta kvalitate
ir atkariga no daudziem faktoriem (Moscicki & van Zuilichem, 2011).

Ekstrudetie paraugi tika atlasiti veért€Sanai péc to sensorajam ipasibam.

Paraugi péc divvitnu ekstrudésanas attéloti 12., 13. un 14. attelos.

Paraugu vertésanu veica pec ar¢ja izskata, garSas, smarzas, formas.

A0 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar 15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu

blakusproduktiem/ A10 - samples with 10% apple by-products, A15 - samples with 15% apple by-products , A20 - samples
with 20% apple by-products

12. att. Ar divvitnu ekstrudieri ekstrudétie paraugi ar abolu blakusproduktiem/
Fig. 12. Samples extruded with twin screw extruder with applet by- products
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BI5 B20

B10 - paraugs ar 10% burkanu blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20%
burkanu blakusproduktiem/ B10 - samples with 10% carrot by-products, B15 - samples with 15% carrot by-products , B20
- samples with 20% carrot by-products

13. att. Ar divvitnu ekstrudieri ekstrudétie paraugi ar burkanu blakusproduktiem/
Fig. 13.Samples extruded with twin screw extruder with carrot by- products

K10 - paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K10 - samples with 10% pumpkin by-products, K15 - samples with 15% pumpkin by-products , K20 -
samples with 20% pumpkin by-products

14. att. Ar divvitnu ekstrudieri ekstrudétie paraugi ar kirbju blakusproduktiem/
Fig .14. Samples extruded with twin screw extruder with pumpkin by- products

Paraugi tika nodoti sensorai vert€Sanai, pielietojot 5 punktu Iinijskalu, lai noteiktu krasu (gaisa/
tumsa), apjomu, kraukskigumu, garSu un pecgarsu.
legiitie vertésanas rezultati atspoguloti 10. tabula.
10. tabula/ Table 10

Ekstrudéto produktu sensoro ipasibu intensitates tests (Linijskala)/
Sensory evaluation of extruded samples (Lineskale)

Paraugs/ Krasa/ Apjoms/ Krauks$kigums/ Garsa/ Pécgarsa/
Sample Colour Volume Crispness Taste Aftertaste
K 2.1d 3.6a 4.1a 2.9b 3.9a
Al0 3.1bc 3.8a 3.7ac 2.8b 3.5a
Al5 3.6b 3.0b 4.3a 3.7a 3.9a
A20 3.8b 2.9b 4.3a 4.2a 3.4a
B10 2.2d 3.6a 3.9a 2.8b 3.7a
B15 2.9cd 2.9b 3.6ac 3.7a 3.1a
B20 4.5a 1.9c 2.6d 2.2C 2.5bc
K10 2.8c 3.8a 3.4bc 3.2b 3.4a
K15 2.9c 3.0b 3.2b 3.8a 3.2ac
K20 3.0bc 2.0c 3.0bd 2.2¢c 1.6d

K - Kontroles paraugs (80% rudzu milti, 20% auzu milti), A10 - paraugs ar 10% abolu blakusproduktiem, Al5 -
paraugs ar 15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
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- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - Control sample (80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products. Paraugi, kuru
apziméjumos ieklauti vienadi burti (a, b, ¢, d), to Tpasibas batiski neatskiras (p>0.05), savukart atskirigu burtu apziméjums
norada, ka to Tpasibas ir batiski at$kirigas(p<0.05). Dati uzraditi ka videjas vertibas (n=35)/ Similar letters (a, b, ¢, d) indicate
no significant difference among samples (p>0.05). The data is presented as a mean (n=35).

Krasa

Vertgjot paraugu krasu, vistumsakie bija paraugi ar 20% burkanu blakusproduktiem, ka ar1
produkti ar abolu blakusproduktiem. Biitiska atSkiriba ir starp visiem paraugiem, kuru sastava bija
blakusprodukti un kontroles paraugu no rudzu un auzu miltiem.

Paraugos pievienotie blakusprodukti satur biologiski aktivas vielas, kas darbojas ar ka krasvielas,
piem., karotinoidi, kuru saturs ir atSkirigs.

Visgaisakie péc novertéjuma bija ekstrudétie paraugi ar 10% blakusproduktu piedevu, vistumsakie
bija paraugi ar 20% burkanu blakusproduktu pievienosanau(4.5), savukart, vertgjot apjomu, pastav ciesa
ietekme starp blakusprodukta daudzumu un parauga apjomu. Jo vairak tika pievienots blakusprodukts,
jo ekstrudeta parauga apjoms samazinajas.

Datu analizes rezultati pierada, ka pievienojot abolu blakusproduktus, bitiski tiek izmainita
produktu krasa, starp produktiem pastav bitiskas atSkiribas (p<0.05). Blakusprodukta daudzumam 10%
un 15 % apjoma nav biitiskas atSkiribas, savukart, pievienojot 20% ABM pastav bitiska atskiriba starp
vertétajiem paraugiem (p>0.05).

Paraugiem, kuriem tika pievienoti ABM, Fapr=69.94>Fit=2.67, (n1=3, n2 =35, 0=0.05),
paraugiem, kam tika pievienoti BBM Fapr=66.84>Fit=3.09 (n1=3, n2 =35, 0=0.05), lidz ar to var
pienemt, ka blakusprodukta saturs bitiski ietekmé tadu raditaju ka krasa. Paraugiem ar KBM,
Fapr=2.87<Frit=3.09 (n1=3, n2=35, 0=0.05), pienem, ka KBM daudzumam nav biitiska ietekme uz
produktu krasu.

Apjoms

Ekstrudétiem paraugiem apjoms ir bitisks, jo produkts ieglist izskatu, kas atbilst, pieméram,
tadiem produktiem, ka sausmaizites vai uzpistie graudi un brokastu parslas.

Paraugiem, kuriem tika pievienoti ABM, Fapr=72.48>Fit=2.67 (n1=3, n2=35, 0=0.05), paraugiem,
kam tika pievienoti BBM Fapr=7.98>Fit=3.08 (n1=3, n2 =35, 0=0.05), Iidz ar to var pienemt, ka abolu
un burkanu blakusproduktu saturam ir bitiska ietekme uz ekstrudéto produktu apjomu. Paraugiem ar
KBM, Fapr=2.55<Fit=3.08 (n1=3, n2=35, a=0.05), KBM daudzumam nav biitiska ictekme uz ekstrudéto
produktu apjomu.

Vislielakais apjoms, ko var ari definét ka mazaku tilpummasu ir kontroles paraugam un
produktiem ar 10% blakusproduktu pievienoSanu (A10, B10, K10), starp Siem paraugiem apjoma zina
nav butisku atSkiribu (p>0.05). Savukart, produktiem, kuriem palielinaja blakusproduktu saturu,
samazinajas apjoms un ari starp paraugiem, kuru sastava ieklauti 15% blakusprodukti bitisku atskiribu
nav. Pievienojot 20% blakusproduktus, to apjoms bitiski atSkiras no kontroles parauga un paraugiem ar
10 un 15% blakusproduktiem. Paraugiem K20 - apjoms samazinats un veértgjums - 1.9.

Kraukskigums

Paraugi A15 un A20, ka arT1 B10 un B15 bija viskraukskigakie, savukart, B20 un K20 bija mazak
kraukskigi, un veicot dispersijas analizi (p=0.05), secinam, ka pastav bitiska atkiriba starp
kraukskigumu paraugos ar pievienotajiem blakusproduktiem un to saturu.

Garsa

Vissvarigakais sensorais raditajs ir produkta garsa, jo pievienojot blakusproduktus tradicionaliem
rudzu un auzu ekstrudétajiem produktiem, var tikt izmainita ierasta graudaugu, pieméram, sausmaizisu,
brokastu parslu garsa.

Vislabakas garSas 1paSibas tika pieskirtas A15, A20, B15 un K15, savukart ar loti zemam garSas
Ipasibam novért€ja produktiem ar 20% KBM un 20% BBM. Daudzos zinatniskajos pé&tijumos tiek
skaidrota sensoro 1pasibu atkariba no produkta kimiska sastava.
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Sensoraja garSas intensitates veért€juma visaugstako (4.2) novertgjumu ieguva A20, kas atbilst
vert§jumam - loti patik. Abolu pécgarSa, maigais aromats, viegli salda garSa ierindoja $o paraugu
visaugstak.

Pécgarsa

P&cgarSas verte§juma nav butisku atSkiribu starp paraugiem ar pievienotajiem blakusproduktiem,
iznemot B20 un K20, kuru p€cgarsa bitiski atskiras no kontroles parauga un produktiem ar mazaku
blakusprodukta saturu.

Veicot dispersijas analizi, lai noteiktu vai blakusprodukta saturs ietekmé tadus radijumus ka garsa
un pecgarsa, tika secinats, ka paraugiem, kuriem tika pievienoti ABM, Fapr=56.10>Fit=3.09, (n1=3, n2
=35, 0=0.05), paraugiem, kam tika pievienoti BBM Fap=80.59>Fit=3.09 (n1=3, n2 =35, 0=0.05),
paraugiem ar KBM, Fapr=102.21<Fit=3.09 (n1=3, nz =35, 0=0.05), Iidz ar to var pienemt, ka
blakusprodukta saturs biitiski ietekmé tadus raditajus ka garSa un pécgarsa.

Vertgjot atseviski katru produktu ar atSkirigiem blakusproduktiem, iegiitie rezultati pierada, ka
pievienotajam blakusproduktam ir bitiska ietekme (p<0.05) uz to sensorajam 1pasSibam.

Lai noskaidrotu potencialo patérétaju domas par $ada veida produktiem, paraugi tika nodoti
vertéSanai Starptautiskaja izstadé “Riga Food 20177, kur tika veikta aptauja par produkta patikSanas
pakapi un velmi iegadaties Sadus produktus tirdznieciba.

Apkopotie rezultati att€loti 15. attela.
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A0 - paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar 15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu
blakusproduktiem, B10 - paraugs ar 10% burkanu blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20
- paraugs ar 20% burkanu blakusproduktiem, K10 - paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju
blakusproduktiem, K20 - paraugs ar 20% kirbju blakusproduktiem/ A10 — sample with 10% apple by-products, A15 - sample
with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products, B15 -
sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products.Paraugi, kuru
apzim&jumos ieklauti vienadi burti(a, b, c, e), to patikSanas pakape biitiski neatSkiras (p>0.05), savukart atSkirigu burtu
apzimé&jums norada, ka to patik§anas pakape ir batiski at$kirigas (p<0.05). Dati uzraditi ka vidgjas vértibas (n=130)/ Similar
letters (a, b, c, e) indicate no significant difference among samples (p>0.05). The data is presented as a mean (n=130).

15. att. PatikSanas pakape paraugiem ar blakusproduktiem/
Fig. 15. Liking degree of samples with by-products

Dispersijas analizes rezultati parada, ka pievienotie blakusprodukti ietekmé paterétaju patikSanas
pakapi (p=0.05).

Aptaujajot potencialos paterétajus, vislabak patika produkti A10, A15, K10 un K15, un to
patikSanas pakapé nepastav biitiskas atskiribas (p<0.05).

Vismazak patika paraugi B20 un K20, un to patikSanas pakap€ nepastav bitiskas atSkiribas
(p>0.05). So paraugu patikianas pakape paraugam K20 bija 2.1 un paraugam
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B20 - 2.4, kas ir loti nepatik, iesp&jams tas saistits ar neraksturigo struktiiru un formu, ko izraisija parak
lielais blakusproduktu saturs.

Sensoras ipasibas negativi var ietekmét notiekoSie kimiskie procesi, dazadu séra savienojumu
veidoSanas, nepiesatinato taukskabju enzimatiska un neenzimatiska oksidéSanas, olbaltumvielu
denaturacija, cukuru reakcijas un citas parvertibas (Berna et al., 2013).

No 130 respondentiem, 78 atbildgja, ka labprat iegadatos sadus produktus, tas ir 60% aptaujatie,
savukart 19% aptaujato nezinaja, vai iegadatos $adus produktus, bet 20% $adus produktus neiegadatos.

Jaunajiem ekstrud@tajiem produktiem p&c patérétaju aptaujas ir potenciala iespgja tikt ieviestiem
razoSana, jo lielakais Tpatsvars jau izteica skaidru patikSanu, ka ar neizlémuso skaits ir 19%, kas nakotné
varétu pievienoties Sadu produktu piekrit&jiem.

Fizikali kimisko raditaju noteikSana ekstrudétajiem produktiem

Mitrums

Visiem paraugiem pirms ekstriizijas noteica mitrumu (11. tabula), lai varétu aprékinat
pievienojamo dens daudzumu, kur§ péc literatiiras datiem, nebitu ieteicams vairak par 17-20%
(Navale, Swami, & Thakor, 2015).

11. tabula/ Table 11

Udens aktivitate un mitrums paraugos pirms un péc ekstrizijas/
Moisture content in crispbread samples before and after extrusion

Paraugs/ Udens aktivitate paraugiem, a,/ Mitrums, %/
Sample Water activity of extruded products,ay Moisture, %
Pirms ekstruizijas/ Péc ekstriizijas/ Pirms ekstruzijas/ Péc ekstriizijas/
Before extrusion After extrusion Before extrusion After extrusion
K 0.424+0.01 0.389+0.01 8.24+0.01 6.36:0.03
Al10 0.356+0.01 0.302+0.01 7.89+0.01 4.47+0.03
Al5 0.386+0.01 0.311+0.01 8.2+0.02 4.55+0.01
A20 0.402+0.01 0.387+0.01 7.11£0.03 4.34+0.01
B10 0.346+0.01 0.310+0.01 7.51+0.04 5.02+0.02
B15 0.358+0.01 0.355+0.01 7.62+0.01 4.34+0.02
B20 0.377+0.01 0.328+0.01 8.18+0.02 5.02+0.02
K10 0.359+0.01 0.311+0.01 7.46+0.01 4.12+0.01
K15 0.390+0.01 0.307+0.01 7.89+0.01 3.96+0.01
K20 0.408+0.01 0.403+0.01 8.20+0.01 4.05+0.02

K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 — paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar
15% abolu blakusproduktiem, A20 — paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20- paraugs ar 20% kirbju
blakusproduktiem/ A10 — sample with 10% apple by-products, A15 - sample with 15% apple by-products, A20 - sample with
20% apple by-products, B10 - sample with 10% carrot by-products, B15 - sample with 15% carrot by-products, B20 - sample
with 20% carrot by-products, K10 - sample with 10% pumpkin by-products, K15 - sample with 15% pumpkin by-products,
K20 - sample with 20% pumpkin by-products.

Visu kaltéto blakusproduktu un miltu mitrums pirms ekstrazijas bija no 7.46-8.24%, kas noteica
pievienojama tidens daudzumu lidz 10%, lai izejvielu maisijuma mitrums neparsniegtu 17% lidz 20%,
jo pe€c zinatnieku ieteikumiem, izejvielu maisijjumu mitruma saturam un dalinu izméra sadalfjumam
jabiit viendabigam - tas noversis ekstrudera neregularu darbu (Sausanu vai blok&Sanu) un nodroSinas
velamo ekstrudatu kvalitati (Levine & Miller, 2007).
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Samazinats mitruma saturs izejvielas ietekmé€ ekstruizijas spiedienu, bet tam nav biitiskas ietekmes
uz ekstrudera darbibu (t.i., materiala viskozitates palielinasanos) (L. Moscicki, M. Mitrus & Rejak,
2011).

Visiem ekstrud@tajiem paraugiem mitruma saturs péc ekstriizijas ir no 3.96+0.01% lidz 6.36+0.03
%, tatad, jau izejot pecmatricas posma ir notikusi produktos esosa tidens parveérsanas tvaika forma un §1
tvaika spiediena rezltata ar1 ir notikusi izejmateriau izpleSanas un mitruma samazinasanas. Tas atbilst
sausmaiziSu un ekstrud€tu brokastu parslu standarta noteiktajam mitruma saturam.

Mikroorganismu attistibu produktos ietekmé arT tajos vél esoSais tidens, kas pieejams biologiski
kimisko reakciju norisei, ko raksturo ka tidens aktivitati. Udens aktivitate ir pietickami zema un tiek
kavéta mikroorganismu attistiba.

Kontroles parauga Gidens aktivitate pirms ekstrizijas ir 0.424+0.01 un 0.389+0.01 p&c ekstruzijas.
Savukart, pievienojot kontroles paraugiem blakusproduktus, tdens aktivitatei bija tendence
samazinaties. Veicot korelacijas analizi, redzam, ka aw, ka arT blakusprodukta pievienotajam
daudzumam ir ciesa korelacija starp blakusprodukta daudzumu un aw. Korelacijas koeficients r=0.8.

Viens no nozimigakajiem spekiem, kas var saistit iideni graudaugu miltos un blakusproduktu

miltos ir kapilarais spiediens. Jo lielaks ir kapilaru radiuss (r) Stnas (u), jo zemaks spiediens
nepieciesams, lai izvaditu Gideni no materiala.
Viens no izskaidrojumiem, kapéc notika tidens aktivitates samazinaSanas var bit, ka paraugu termiskas
apstrades un spiediena rezultata, notika dal€ja Stinu sieninu sadaliSanas, ka rezultata kapilaru radiuss
Sunas palielindjas. Pateicoties kapilaru radiusa palielinasanai, nepiecieSams zemaks spiediens, lai
izvaditu eso$o tdeni (Savlak, T??rker, & Ye??ilkanat, 2016).

Udens absorbcijas indekss(WAI)

Izejvielu WAL ir svarigs radijums, lai noteiktu, cik Gideni absorbés izejvielas, ka arT, cik ekstriizijas
rezultata notiks tidens iztvaiko$ana un tilpummasas samazinaSanas virSanas Skidruma iztvaikoSanas
rezultata (Tako et al., 2014).

Paraugiem noteiktais idens absorbcijas indekss WAL ir att€lots 12. tabula.

12. tabula/ Table 12

Udens absorbcija paraugiem pirms un péc ekstrazijas/
Water Absorption for samples before and after extrusion (WAI, g g?)

Paraugs/ Udens absorbcija/
Sample Water Absorption, g g*
Pirms ekstruizijas/ Péc ekstruzijas/
Before extrusion After extrusion
K 5.30+0.02 4.70+0.02
Al0 5.52+40.02 4.92+0.01
Al5 5.63£0.02 5.03+0.02
A20 5.74+0.03 5.14+0.04
B10 5.55+0.01 4.95+0.02
B15 5.68+0.02 5.08+0.02
B20 5.81+0.04 5.20+0.04
K10 5.37£0.04 4.77+0.01
K15 5.40+0.02 4.81+0.03
K20 5.44+0.02 4.84+0.01

K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 — paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar
15% abolu blakusproduktiem, A20 — paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20- paraugs ar 20% kirbju
blakusproduktiem/ A10 — sample with 10% apple by-products, A15 - sample with 15% apple by-products, A20 - sample with
20% apple by-products, B10 - sample with 10% carrot by-products, B15 - sample with 15% carrot by-products, B20 - sample
with 20% carrot by-products, K10 - sample with 10% pumpkin by-products, K15 - sample with 15% pumpkin by-products,
K20 - sample with 20% pumpkin by-products.
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Visiem paraugiem idens absorbcija péc ekstrudéSanas samazinajas. Zinatnieks Bettge (2006),
norada, ka neSkistoSajam arabinoksilanam, kas sastopams graudos, t.sk. ar1 rudzu un auzu miltos, ir
liclaka tidens saistiSanas un noturéSanas spé&ja (Bettge et al., 2006). Savukart, zinatnieki Raleng ( 2018),
pievienojot abolu blakusproduktus, secinaja, ka rezultata pastav cieSa negativa korelacija starp abolu
blakusproduktu daudzumu un WAI ekstrudétajam galaproduktam (Raleng, Singh, Singh, & Attkan,
2016).

Blakusproduktu miltu ieklauSana graudaugu paraugos izraisija izmainas tdens absorbcijas
1pasibas. Pakapeniski palielinajas idens absorbcija, palielinoties darzenu blakusprodukta daudzumam,
iesp&jams, So darzenu dictisko Skiedrvielu daudzuma dél. Datu analize parada bitisku atSkiribu (p<0.05)
starp WAI paraugos, kam palielinaja blakusproduktu saturu.

Udens absorbcija, salidzinajuma ar kontroles paraugu, palielindjas par 56% pievienojot kirbju
blakusproduktus un par 55%, pievienojot burkanu blakusproduktus.

WAI paraugiem, kas ekstrudéti ar divvitnu ekstrudieri, ka aprakstijis Geetha et al. (2012),
svarstijas no 2.7 lidz 5.21 g g un to ietekméja ekstriizijas procesa apstakli (temperatiira, vitnes atrums
un izejvielu padeves atrums) (Woéjtowicz et al., 2015).

Daudzu cietes produktu WALI palielinas kopa ar temperatiiru, kas pieaug ekstrudiera pirms
kondiciongSanas posma/ barela. Tiek pienemts, ka maksimala vertiba tiek sasniegta ap temperatiiras
diapazonu no 180°C lidz 200°C. Ja §is temperatiiras tiek parsniegtas, WAI samazinas un izraisa tidens
skidibas (WSI) palielinasanos (Moscicki & van Zuilichem, 2011; Levine & Miller, 2007).

Veicot vienfaktora dispersijas analizi, redzam, ka pastav mérena korelacija starp TDF un WAI
(r=0.58).

Ekstrudeto produktu tilpummasa

Strukturas un funkcionalas pasibas ekstrud@tajiem produktiem ir viens no galvenajiem faktoriem,
lai patérétajs tos akceptetu un razotajs varétu tos virzit tirgi(Huang & Zhang, 2012).

Ekstrudéto produktu tilpummasu iesp&jams izmantot ka raditaju paraugu porainibas noteiksanai,
tas ir meérjjums, cik liela méra ekstrizijas rezultata notiek produkta izpleSanas. Ekstriizijas laika raditais
siltums var paaugstinat tidens temperatiiru virs virSanas temperaturas ta, ka tad, kad ekstrudats iziet no
matricas, dala no mitruma atri parverSas tvaika un rezultata izveidojas paplasinata strukttira ar lielu gaisa
kabatu un mazu blivumu. No otras puses, ja nepietiek siltuma, lai izveidotu pietieckami daudz tvaika (vai
nu ar zemu procesa temperatiiru, vai ar augstu izejvielas mitrumu), izdalas mazak tvaika, ka rezultata
tiek izveidots augsta blivuma produkts ar sabrukusam Stunam, kuras parasti sadalas péc atdzes€Sanas
tadgjadi produkts neatbilst kvalitates prasibam (Wtodarczyk-Stasiak, Mazurek, & Jamroz, 2017).

Ieklaujot produktos Skiedrvielas, pamata tiek izmainits uzturvielu profils (mitrums un tdens
aktivitate) un fizikalas ipasibas (strukttira un tekstara) (Brennan, Merts, Monro, Woolnough, & Brennan,
2008). Paraugu cietiba un tilpummasa attélotas 13. tabula.

13. tabula/Table 13

Ekstrudéto produktu cietiba, tilpummasa/
Hardness, bulk density of extruded products

Paraugs/ Cietiba, N/ Tilpummasa pirms Tilpummasa péc
Sample Hardness, N ekstriizijas, g ml'Y/ ekstrazijas, g ml-Y/
Bulk density before Bulk density after
extrusion, g mlt extrusion, g ml+?
K 35.55+£2.95 45.62+1.22 10.85+0.85
Al10 33.59+£2.78 44.04+0.98 11.82+0.18
Al5 22.42+44 28 43.26+0.77 14.62+0.35
A20 18.80+0.42 42.48+1.01 17.41+0.44
B10 16.28+2.80 44.74+0.44 9.71+0.07
B15 17.69+3.84 44.31+0.24 8.80+0.19
B20 19.30+3.86 43.88+0.69 13.70+0.67
K10 16.70+1.20 44.64+0.23 8.56+0.47
K15 18.95+2.35 44.16+1.02 8.13+0.04
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13. tabulas turpinajums/ Continuation ofTable 13

Paraugs/ Cietiba, N/ Tilpummasa pirms Tilpummasa péc
Sample Hardness, N ekstriizijas, g mlY/ ekstrazijas, g mlY/
Bulk density before Bulk density after
extrusion, g ml?t extrusion, g ml+?
K20 19.29+0.22 43.68+1.32 12.64+0.65

K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 — paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar
15% abolu blakusproduktiem, A20 — paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20- paraugs ar 20% kirbju
blakusproduktiem/ A10 — sample with 10% apple by-products, A15 - sample with 15% apple by-products, A20 - sample with
20% apple by-products, B10 - sample with 10% carrot by-products, B15 - sample with 15% carrot by-products, B20 - sample
with 20% carrot by-products, K10 - sample with 10% pumpkin by-products, K15 - sample with 15% pumpkin by-products,
K20 - sample with 20% pumpkin by-products.

Neekstrudétu produktu tilpummasa ir robezas no 45.62+1.22 g ml™ kontroles paraugam un Iidz
42.48+1.01 g mI™t paraugam ar 20 % abolu blakusprodukta pievienosanu.Visiem produktiem ekstriizijas
laika notika tilpummasas samazinasanas, kas liecina, ka notikusi cietes graudu izpleSanas un porainibas
paaugstinaSanas, tomér produktiem, kuru sastava blakusprodukti tika ieklauti jau 20% apméra
tilpummasa biitiski paaugstinajas (p<0.05) un samazinajas apjoms.

Paraugiem, kuru sastava ieklava 10% un 15% BBM, tilpummasa salidzinajuma ar kontroles
paraugu, samazinajas. Paraugiem ar 10% BBM pievienoSanu tilpummasa sasniedza 9.71+0.07 g ml*un
15% BBM lidz 8.80+0.19 g ml®. Tomér, 20% BBM pievienoSana paliclingja tilpummasu Iidz
13.70+£0.67 g ml™,

Produktiem, kuriem tika pievienoti KBM, novéroja lidzigu rezultatu, respektivi, 10% KBM
izraistja tilpummmasas samazinasanos, sasniedzot 8.56+0.47 g mlt, 15% KBM pievienosana
samazinaja ekstrudata tilpummasu Iidz 8.13+0.04 g ml™, bet jau 20% KBM palielingja tilpummasu un
rezultatd ta sasniedza 12.64+0.65 g ml™, kas salidzinot ar kontroles paraugu paaugstinajas par 16%.

Veicot datu analizi, starp paraugiem, kam tika pievienoti blakusprodukti un kontroles paraugu,
nepastav butiskas atSkiribas (0.05<P=0.08) tilpummasas vertiba.

Ekstrudgto izstradajumu izpleSanas un tilpummasa ir atkarigi no izejvielu kimiska sastava (Foschia
et al., 2013). SausmaiziSu un citu ekstrudatu sastava eso$o izejmaterialu mehaniskas pasibas ir atkarigas
no vairakiem faktoriem, pieméram, materialam pievienoto Skiedrvielu veidu un daudzumu, cietes
daudzuma un attiecibam starp amilozes un rezistentas cietes daudzumu, ka art pasas izejvielas veids un
daudzums nosaka tilpummsu ari ekstriizijas temperatiirai ir svariga nozime (Turtoi & Popa, 2017).
Augsts mitruma saturs, augsts di€tisko skiedrvielu daudzums, jo Tpasi neSkistosas Skiedrvielas un relativi
zemais cietes saturs, izraisa zemaku ekstrudatu ekspansiju vienlaikus ar to ari blivumu (Jain, Devi, &
Thakur, 2013).

P&tfjuma izmantotas paraugu ipasibas ir ar relativi zemu cietes saturu, jo dala no graudiem, tiek
aizstata ar darzenu un auglu blakusproduktiem, kuru sastava ir mazs cietes saturs un obaltumvielu saturs
(Colin-Henrion et al., 2009).

Zinatnieks Huber (2001) pieradija, ka Skiedrvielas un olbaltumvielas var pievienot lidz 20%
apjoma, lai panaktu produkta apjomu un formu. Lielaku daudzumu var pievienot, ja tiek izmantotas
vairak $kistosas skiedrvielas un olbaltumvielas (Huber, 2001).

Nosakot ekstrudeto produktu cietibu, visiem produktiem, kam tika pievienoti blakusprodukti,
Cietiba samazinajas no 35.55+2.95N kontroles parauga, sasniedzot 33.59+2.78N A10 parauga,
22.42+4.28N - A15 parauga un 18.80+0.42 - A20 parauga.

Paraugiem, kuru sastava bija BBM cietiba B10 samazinajas lidz 16.28+2.80N, savukart, lielaks
blakusprodukta daudzums palielinaja cietibu, ka rezultata péc 15% BBM pievienoSanas rezult&jas
cietaks ekstrudets produkts, respektivi, 17.69+£3.84N B15 un 19.304+3.86N B20.

KBM pievienosana, salidzinajuma ar kontroles paraugu, izraisija cietibas samazinasanos, bet
lielaks blakusprodukta daudzums 10 1idz 20% izraisija cietibas palielinaSanos. K10 cietiba samazinajas
lidz 16.70+1.20N, K15, savukart K15 palielinajas 1idz 19.29+0.22 un K20 sasniedza 18.95+2.35N.
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Zinatnieki Foschia (2013) pieradija, ka ekstriizijas laika Skiedrvielas pieskir produktiem mikstaku
struktiiru (Foschia et al., 2013; Figuerola & Mar, 2005a), tomér tas nav atkarigs tikai no Skiedrvielu
daudzuma un to $kidibas, bet ar1 no izejvielu citam kimiskajam sastavdalam, olbaltumvielam, cukuriem,
taukiem (Konrade et al., 2017).

Iesp&jams, ka lielais cukura daudzums, kas ir ABM, salidzinajuma ar BBM un KBM, izraisa ar1
So atskirigo cietibas tendenci (Masoodi & Chauhan, 1998). Lai gan zinatnieks Tako (2014) secingja, ka
citu uzturvielu, pieméram, cukura pievienoSana ir vajadziga lielas koncentracijas, lai izmainitu cietes
klisterizacijas apstaklus(Tako et al., 2014). Rezultati paradija, ka cukuri ietekmgja tikai retrogradacijas
procesus augsta koncentracija (cietes-udens-cukura attieciba 1:10:5) (Timea Gelencsér, 2014). Cietibas
pieaugums paraugiem, kam palielinagja KBM un BBM iesp&jams, saistits ar pievienoto KBM un BBM
daudzumu un to @idens absorbciju. Lidzigus rezultatus noradija p&tnieki Camire, Larrea, kuri pétija
dazadu Skirnu kirbju pievienosanu (Camire, 2011; Ajila, Leelavathi, & Prasada Rao, 2008).

Veicot datu analizi, idens absorbcijas sp&ja izejvielas un blakusproduktos, butiski ietekme tadu
paraugu kvalitates radijumu, ka cietiba (P<0.05).

Korelacijas grafiks starp tilpummasu un paraugu cietibu att€lots 16. attela.
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Krasa

IevieSot jaunus partikas produktus razosana un nododot tos paterétaju vérteéSanai, viens no
kvalitates raditajiem ir to krasa (Delgado-Nieblas et al., 2015). Noteikta krasa paraugiem attélota 14.

tabula.
14 tabula/ Table 14
Krasas spektru izmainas ekstrudetajiem produktiem/
Colour differences in extruded products
Paraugs/ L* vertiba/ a* vertiba/ b* veértiba/ AE/
Sample L* value a* value b* value AE
K 39.46+2.64 29.62+3.92 69.19+1.92

A10 26.84+1.35 17.58+1.09 53.9842.47 26.84
Al5 20.70+2.39 15.92+2.07 48.80+1.26 21.77
A20 21.09+£2.22 10.56+3.19 45.73+£3.76 35.37
B10 30.79+3.40 17.02+2.45 62.15+2.93 16.84
B15 29.46+2.82 15.38+4.50 61.36+3.93 19.08
B20 21.47£2.85 12.73+3.04 53.854+3.01 29.06
K10 31.45+4.59 19.12+1.82 62.86+1.95 15.04
K15 30.17+2.27 18.58+4.60 61.77+1.99 15.86
K20 31.59+1.98 16.53+2.77 61.30+2.31 17.19

K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 — paraugs ar 10% abolu blakusproduktiem, A15 — paraugs ar
15% abolu blakusproduktiem, A20 — paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20- paraugs ar 20% kirbju
blakusproduktiem/ K — control sample ( 80% rye flour, 20% oat flour), A10 — sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products.

Visi ekstrud@tie paraugi atrodas gai$as intensitates zona. Salidzinot ar kontroles paraugu, kura L*
vertiba ir 39.46+2.64, visiem eksperimentalajiem paraugiem L* vertiba samazinajas no 26.84+1.35 A10
paraugam un lidz 20.70+2.392 A20. Pastav bitiska atSkiriba (p<0.05) starp paraugu blakusproduktu
daudzumu un krasas intensitati.

Augstas temperatiiras ietekme uz L* vértibas palielinaSanos var€tu tikt saistita ar to, ka tiek
palielinatas gaisa kabatas/ $tinas, turpretim L* vertibas samazinasanas var tikt saistita ar to, ka augstu
temperatiiru ietekmé degrad€jas un sabriik izejvielas esosie pigmenti (Dar et al., 2014).

Pozitiva a* veértiba liecina, ka visi paraugi atrodas sarkanaja spektra apgabala, pozitiva b* vertiba,
ka produkti atrodas dzeltenaja spektra apgabala. Salidzinot paraugus ar kontroles paraugu a* vértibai
bija tendence samazinaties, respektivi, pievienota blakusprodukta daudzums samazinaja sarkanas krasas
intensitati.

AE vertiba, kas norada krasu diferenci starp kontroles paraugu un paraugiem ar pievienotiem
blakusproduktiem bitiski izmainijas atkariba no pievienoto blakusproduktu daudzuma.

Biologiski aktivo vielu sastavs un izmainas ekstrudéSanas procesa

Antioksidanti darzenos un auglos ir vitamins C, E, fenola savienojumi, karotinoidi, kuru biologiska
aktivitate dazadu tehnologisko procesu un vides apstaklu iedarbibas rezultata tiek izmainita (Pennington
& Fisher, 2009).

Kopéjie karotinotdi

Karotinoidiem ir svariga nozime izstradajuma krasas veidoSana, jo tie ir dabigas izcelsmes
pigmenti, ka arf tiem ir svariga loma izstradajuma uzturvertiba (Lado et al., 2015).
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Nosakot karotinoidu daudzumu eksperimentalajam paraugiem pirms un péc ekstrizijas,
(sk. 15. tabulu), redzam, ka, iznemot paraugus ar abolu blakusproduktiem pievienoSanu, paraugos ar
burkanu un kirbju blakusproduktu pievienosanu, kopgjo karotinoidu saturs pieauga.

15. tabula / Table 15

Kopgjo karotinoidu saturs paraugos pirms un péc ekstriizijas/
Total content of carotenoids in samples before and after extrusion

Paraugs/ Kopgjie karotinoidi pirms ekstriizijas | Kopgjie karotinoidi péc ekstriizijas,
Sample mg 100gY/ mg 100gY/
Total content of carotenoids before Total content of carotenoids after
extrusion, mg 100g™ extrusion, mg 100g™
K 1.114+0.03d 0.04+0.02
Al10 1.03+0.16d 0.06+0.01¢
Al5 0.99+0.12d 0.04+£0.01e
A20 0.9440.08d 0.02+0.01e
B10 7.81+£0.87¢ 0.17+£0.03e
B15 11.16+1.24b 0.38+0.02d
B20 14.50+1.88a 0.54+0.04d
K10 10.13+£1.97b 3.71+0.49¢cb
K15 14.64+2.23a 4.86+0.66ba
K20 19.14+2.08a 6.89+0.45a

K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar
15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - control sample ( 80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products.Paraugi, kuru
apzim&jumos ieklauti vienadi burti, to Tpasibas biitiski neatSkiras (p>0.05), savukart atskirigu burtu apzZimejums norada, ka
to Tpasibas ir butiski atskirigas(p<0.05). Dati uzraditi ka vid&jas vértibas (n=3)/ Similar letters (a, b, c) indicate no significant
difference among samples (p>0.05). The data is presented as a mean (n=3).

Kontroles parauga, ekstriizijas laika, kop€jais karotinoidu daudzums samazinajas no 1.11+0.03
lidz 0.04+0.02 mg 100g™. Paraugiem ar abolu blakusproduktu pievienosanu, kopgjais karotinoidu
daudzums samazinajas. A10 kopgjais karotinoidu daudzums bija 0.06+0.01 mg 100g2, A15 - 0.04+0.01
mg 100g™, savukart, paraugam, kura sastava tika ieklauti 20% abolu blakusproduktu milti, kop&jais
karotinoidu daudzums samazinajas Iidz 0.02+0.01 mg 100g™.

Karotinoidu satura svarstibas paraugos ar abolu blakusproduktiem var izskaidrot ar atSkirigo
kopgjo karotinoidu saturu izejvielas. Tika noteikti kop€jie karotinoidi, bet termiskas apstrades laika citi
karotinoidi izmaina savu aktivitati, piem&ram, luteins, zeaksantins, a-karotins, 9-Cis-p-karotins un 13-
Cis-p-karotins ir kop&jo karotenoidu diapazona. Luteins, piem&ram, ir jutigaks pret augstam
temperattiram. Karotinoidu jutigums liela méra ir atkarigs no to avota (Obradovi¢ et al., 2015). Péc
literattiras datiem, lielakie karotinoidu zudumi notiek augstu temperatiiru ietekmé&, kad iesaistas
enzimatiska un neenzimatiska oksidacija, kad karstuma ietekmé tiek veicinata trans-karotinoidu
izomerizacija cis-formas, ka rezultata mainas karotinoidu biologiska aktivitate.

Lidzigi rezultati, tika iegiiti, petot abolu pievienoSanu marmelades raZoSana, kad zinatnieki
Kampuse u.c., pétija marmelade esoSos karotinoidus un zinatnieki iesaka samazinat apstrades laikus un
temperturu, lai maksimali saglabatu produktos esoSos karotinoidus (Berna, Kampuse, Straumite, &
Mirniece, 2013).

Dazadu skirnu kirbji parasti satur a-karotinu un B-karotinu, kas ir dabigi pigmenti (Seo, Burri,
Quan, & Neidlinger, 2005). To degradacija temperatiiru iedarbiba tika pieradita vairakos p&tijumos
(Waramboi, Gidley, & Sopade, 2013; Waramboi et al., 2013; Emin, Mayer-Miebach, & Schuchmann,
2012). Skabekla koncentracijai ir lielaka ietekme uz B-karotina stabilitati neka augstai temperatiirai. Kad
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B-karotins tiek karséts un paklauts gaisa iedarbibai, papildus ta degradacijai notiek ar1 polimerizacija
(Qiu, Chen, & Li, 2009; Dutta, Dutta, Raychaudhuri, & Chakraborty, 2006).

Paraugiem, kuru sastava ieklava burkanu un kirbju blakusproduktus, kopgjais karotinoidu
daudzums pieauga atkariba no pievienota blakusprodukta daudzuma, lai gan ekstriizijas temperatiiru
ietekmé tie samazinajas pat 40 reizes, respektivi, pirms ekstriizijas, paraugos B10 no 7.81+0.87 lidz
0.17+0.03 mg 100g?, B15 no 11.16+1.24 1idz 0.38+0.02 mg 100g™%, B20 no 14.50+1.88 Iidz 0.54:0.04
mg 100g7*.

Paraugiem ar KBM kopéjais karotinoidu daudzums ekstriizijas laika izmainijas K10 no
10.13£1.97 mg 100g? Iidz 3.71+0.49 mg 100g', K15 no 14.64+223 Iidz
4.86+0.66 mg 100g%, un K20 no 19.14+2.08 lidz 6.89+0.45 mg 100g™.

Pastav bitiskas atskiribas starp paraugiem, kam tika pievienoti ABM un BBM vai KBM. To varétu
izskaidrot ar atSkirigo karotinoidu sastavu. a-Karotins ir pigments, ko parasti satur dazada veida kirbji
(Seoetal., 2005). Ieprieksgjie petijumi neuzrada datus par ekstriizijas ietekmi uz $o pigmentu. 13-Cis-f3-
karotins var paradit I1dzigu aizturi ka a-karotins (Obradovi¢, Babic¢, Subarié¢, A¢kar, & Jozinovié, 2014).
Ekstrudati, kas iegiiti dazadas ekstriizijas temperatiiras no +110 Iidz +140°C, paradija, ka paraugi, ko
ekstrudgja pie +120, +130 un +140° C, izraisija funkcionalo komponentu, pieméram, B-karotina, lielaku
noardisanos (Dar et al., 2014; Wéjtowicz et al., 2015).

Kopéjo fenolu (KFS) saturs

Fenolu savienojumi partika ietekm@ partikas produktu pasibas, ka piem&ram, garsu, viskozitati un
struktiirmehaniskas 1pasibas. Flavonoidi paaugstina uzturvértibu, nodroSina antioksidanta ipaSibas,
kuras nosaka fenola uzbuve (Olfe et al., 2003). Antocianu pigmenta saturam ir izskiroSa loma
produktiem ar augliem un darzeniem krasas veidoSana.

Partikas sistémas fenolu savienojumi darbojas ka antioksidanti, kavgjot lipidu peroksidaciju un
sekundaro oksidésanas produktu veidosanos, palidzot saglabat garSu, smarzu krasu uzglabasanas laika
(Yan & Kerr, 2013).

Auglu un darzenu parstrade ietekmé fenolu saturu (Oszmianski et al., 2011; Bourvellec et al.,
2011). Polifenolu saturs abolu sula mainas abolu smalcinasanas un presé€Sanas laika, un tas galvenokart
saistits ar sulas oksidaciju fermenta polifeniloksidazes ietekmé, ka ar1 termiska iedarbiba ietekmé fenolu
saturu (Boyer un Liu, 2004).

KFS satura izmainas ekstriizijas laika paraugos attélotas 17. attela.
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K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar
15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - control sample ( 80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products. Paraugi, kuru
apzim&jumos ieklauti vienadi burti (a, b, ¢, d), to Ipasibas butiski neatskiras (p>0.05), savukart atskirigu burtu apzZimgjums
norada, ka to TpaSibas ir batiski atSkirigas(p<0.05). Dati uzraditi ka vidgjas vertibas (n=3)/ Similar letters (a, b, c, d) indicate
no significant difference among samples (p>0.05). The data is presented as a mean (n=3).

17. att. KFS saturs paraugos pirms un péc ekstrizijas/
Fig.17. TPC content in extruded samples before and after extrusion

Kontroles paraugam, kura sastava netika ieklauti blakusprodukti, kop&jo fenolu saturs (KFS) péc
ekstriizijas samazinajas. Kopg€ja fenola satura samazinasanas var but saistita ar fenola savienojumu
sadaliSanos augstas ekstruzijas temperatiiras dé]. Dazadu antioksidantu iedarbibu pétija zinatnieki
Kumar un Sharma, un zinoja par ievérojamu kop€jo fenolu satura samazinaSanos mieZzu miltu
ekstriizijas laika (K. Kumar, Jindal, Sharma, & Nanda, 2013; A. Sharma et al., 2008).

Visos paraugos ar blakusproduktu pievieno$anu pieauga kop&jo fenolu saturs, tomér biitisku
atskiribu starp pievienota blakusprodukta veidu nav (p>0.05). Pievienojot rudzu un auzu miltiem
blakusproduktus, tika panakta TPC satura palielinasanas pat par 300%.

Paraugos, kam tika pievienoti ABM KFS saturs sasniedza 193.20 GSE mg 100g™.

Ekstruzijas laika KFS izmainijas visos paraugos, tomér paraugiem, kuru sastava ieklauti
blakusprodukti, KFS samazinasanas nebija biitiska, pieméram, A10 un Al5 péc ekstriizijas KFS
izmainas butiski neatskiras, savukart jau A20 bija vérojama strauja KFS satura paaugsinasanas.

Tas, iesp€jams, izskaidrojams ar abolu blakusproduktu kimisko sastavu, kuros bija ieklauti gan
izspaidi, gan mizas, gan ar1 s€klas, kuras, ka zinams ir loti koncentréts biologiski aktivo vielu avots. P&c
zinatnieku Xu un Iidzautoru (2015) veikta pétijuma, abolu séklam bija augstaka antioksidanta aktivitate
neka mizam vai mikstumam, antioksidanta aktivitate seklas svarstijas no 57.59 lidz 397.70 mg TE g
Y(Xu et al., 2015).

Augsta temperatiira un mitruma saturs veicina fenolu polimerizaciju, kuru ietekmé tiek izmainita
ar1 antioksidantu aktivitate.
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Antiradikala aktivitate ( DPPH)

Fenolu savienojumiem ir loti tieSa ietekme uz antiradikalo aktivitati, kas ir atkariga no oksidacijas
pakapes. Dalgji polimerizgjusies fenoli ir specigaki antioksidanti, tacu pec noteiktas pakapes molekulas
kompleksitates sasnieg$anas, to aktivitate samazinas (Priecina & Karklina, 2014; Nayak et al., 2011).
Uzglabasana, termiskais un tehnologiskais process, ka ar1 produktu sasmalcinasana ietekmé antiradikalo
aktivitati, jo savienojumi viegli oksidgjas (Henr et al., 2010).

Antiradikala aktivitate produktos pirms un péc ekstriizijas att€lota 18. attéla. Visos paraugos
antiradikala aktivitate pirms ekstriizijas picauga atkariba no pievienota blakusprodukta daudzuma.
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AA pimms ekstruzijas/ AA before extrusion
m AA pirms ekstruizijas/ AA before extrusion

AA - Antiradikala aktivitate/ Antiradical activity, TE - Troloksa ekvivalenti/ Trolox equivalents, K - kontroles paraugs, 80%
rudzu milti, 20% auzu milti, A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar 15% abolu blakusproduktiem,
A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu blakusproduktiem, B15 - paraugs ar 15%
burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10 - paraugs ar 10% kirbju
blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju blakusproduktiem/ K -
control sample (80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 - sample with 15% apple by-
products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products, B15 - sample with 15%
carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-products, K15 - sample
with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products. Paraugi, kuru apzim&jumos ieklauti vienadi
burti (a, b, ¢), to Tpasibas butiski neatskiras (p>0.05), savukart atskirigu burtu apzim&jums norada, ka to pasibas ir batiski
atSkirigas(p<0.05). Dati uzraditi ka vidgjas vertibas (n=3)/ Similar letters (a, b, c) indicate no significant difference among
samples (p>0.05). The data is presented as a mean (n=3).

18. att. Antiradikala aktivitate paraugos (DPPH metode)/
Fig.18. Antiradical activity of samples (DPPH method)

Antiradikalas aktivitates pieaugums skaidrojams ar augsto antioksidacijas sp&ju un biologiski
aktivo vielu saturu auglu un darzenu blakusproduktos, kuri péc daudzu zinatnieku pétijumiem ir atSkirigi
atkariba no auga dalas, pieméram, se€klas vai miza, ka ar1 no fenolu savienojumiem un karotinoidiem.

Visstraujaka antioksidantu aktivitate pieauga paraugos ar ABM un BBM: Tas sakrit ar1 ar
literatliras dala apskatitajiem datiem par to, ka burkanu mizas, pieméram, antiradikala aktivitate ir
visaugstaka (Arscott & Tanumihardjo, 2010).

Visiem ekstrudétiem paraugiem ar blakusproduktu pievienoSanu, korelacija starp paraugu grupam
pirms ekstriizijas un péc ekstriizijas bija loti sp&ciga (0.91<r<0.99 (p<0.05)), paraugiem ar burkanu
BBM korelacija starp TPC péc ekstriizijas un DPPH péc ekstriizijas bija mérena (r=0.77)

16. tabula apkopoti korelacijas koeficienti starp KFS un antiradikalo aktivitati paraugos gan pirms
gan péc ekstriizijas.
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16. tabula/ Table 16

Korelacija starp KFS un antiradikalo aktivitati
Correlation between TPC and antiradical activity

Korelacija starp grupam/ Paraugi ar ABM/ Paraugi ar BBM/ Paraugi ar KBM/
Correlation between groups Samples with ABM Samples with BBM Samples with KBM

KFS pirms/ KFS  peéc/ 0.95 0.91 1.00

TPC before/ TPC after

KFS pirms/ AA pirms/ 0.98 0.98 0.99

TPC before/ AA before

KFS péc/ AA péc ekstr/ 0.99 0.77 0.98

TPC after/ AA after

AA pirms/ AA péc/ 0.99 0.94 0.99

AA before/ AA after

AA — Antiradikala aktivitate/ Antiradical activity, KFS/ TPC — kopgjais fenolu saturs/ Total phenolics content.

Kopeéjas dietiskas Skiedrvielas

Rudzu un auzu milti, jo 1pasi, pilngraudi, ir Skiedrvielu avots, ko izmanto partikas riipnieciba, lai
pagatavotu produktus ar paaugstinatu uzturvertibu. Ka redzam no 1. posma pé&tijuma, tad arT auglu un
darzenu blakusprodukti ir vértigs skistoSo un neskistoSo skiedrvielu avots, kas satur pat par 200-300%
vairak kopgjas dietiskas skiedrvielas ka rudzu un auzu milti.

To pievienoSana kontroles paraugam izmainija skiedrvielu saturu

Noteikto kopg&jo digtisko skiedrvielu saturs ekstrud&tajos paraugos attelots 19. attela.
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K - kontroles paraugs, 80% rudzu milti, 20% auzu milti, A10 - paraugs ar 10% abolu blakusproduktiem, A15 - paraugs ar
15% abolu blakusproduktiem, A20 - paraugs ar 20% abolu blakusproduktiem, B10 - paraugs ar 10% burkanu
blakusproduktiem, B15 - paraugs ar 15% burkanu blakusproduktiem, B20 - paraugs ar 20% burkanu blakusproduktiem, K10
- paraugs ar 10% kirbju blakusproduktiem, K15 - paraugs ar 15% kirbju blakusproduktiem, K20 - paraugs ar 20% kirbju
blakusproduktiem/ K - control sample ( 80% rye flour, 20% oat flour), A10 - sample with 10% apple by-products, A15 -
sample with 15% apple by-products, A20 - sample with 20% apple by-products, B10 - sample with 10% carrot by-products,
B15 - sample with 15% carrot by-products, B20 - sample with 20% carrot by-products, K10 - sample with 10% pumpkin by-
products, K15 - sample with 15% pumpkin by-products, K20 - sample with 20% pumpkin by-products. Paraugi, kuru
apzim&jumos ieklauti vienadi burti (a, b, c, d, e, f), to ipasibas butiski neatSkiras (p>0.05), savukart atSkirigu burtu
apzim&jums norada, ka to Tpasibas ir butiski atSkirigas(p<0.05). Dati uzraditi ka vidgjas vertibas (n=3)/ Similar letters (a, b,
¢, d, e, f) indicate no significant difference among samples (p>0.05). The data is presented as a mean (n=3).

19. att. Kopgejas dietiskas Skiedrvielas ekstrudetajos paraugos, TDF/
Fig. 19. Total content of dietary fibre in extruded samples, TDF
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Visos paraugos, kam tika pievienoti blakusprodukti, TDF saturs palielinajas, salidzinajuma ar
kontroles paraugu K, kam TDF bija 11.80+1.14%, paraugam A20 - TDF saturs sasniedza 18.29+2.33%,
B20 paraugam TDF saturs sasniedza 14.82%+1.54 un paraugam K20 - TDF daudzums sasniedza
15.49% sausnas.

Salidzinot rezultatus ar kontroles paraugu redzam, ka produktiem, kam pievienoti blakusprodukti
kopgjo diétisko skiedrvielu saturs ir virs 6%, Iidz ar to péc Eiropas regulas Nr. 1924/2006/EC par
uzturvertibas un veseliguma noradém uz partikas produktiem tos var iedalit grupa pie produktiem, kam
ir palielinats $kiedrvielu saturs®.

Veicot vienfaktora dispersijas analizi un korelaciju starp diétisko Skiedrvielu daudzumu izejvielas
un WALI, redzam ka pastav vidgji cieSa korelacija starp TDF un WAI, = 0.67.

Veicot datu analizi, starp TDF daudzumu paraugos ar ABM un cietibu pastav cieSa korelacija, un
pievienota blakusprodukta daudzums samazina cietibu, paraugiem, kuru sastava ir BBM, korelacija strap
TDF un cietibu ir vid&ji ciesa r= 0.42, paraugiem ar KBM korelacija starp TDF un cietibu ir vidgji cieSa
r=0.53( Arhipova, 2006).

Aprekinot korelacijas koeficientu, pastav cieSa korelacija starp TDF un tilpummasu (r=0.72)

17. tabula atspoguloti Pirsona korelacijas koeficienti starp WAL cietibu, tilpummasu un kopgjo
dietisko Skiedrvielu saturu paraugos.

17. tabula/ Table 17

Pirsona korelacijas koeficienti starp paraugu raditajiem/
Pearson correlation coefficients between sample rates

Paraugu raditaji/ WA pirms Cietiba/ Tilpummasa péc TDF/
Sample Indicators ekstriizijas/ Hardness ekstriizijas/ TDF,
WA before Bulk density after %
extrusion extrusion
WAL pirms ekstriizijas/ 1.00 -0.37 0.58 0.59
WAI pirms extrusion
Cietiba/ Hardness, N -0.06 1.00 0.08 -0.25
Tilpummasa péc ekstriuizijas/ 0.56 0.08 1.00 0.7
Bulk density after extrusion
TDF/ TDF, % 0.58 -0.28 0.72 1.00

Veicot datu analizi, starp paraugu cietibu un tidens absorbcijas sp&ju WAI nepastav korelacija (r=-
0.06), WAI neietekmé paraugu cietibu ekstriizijas laika, savukart videja korelacija pastav starp
tilpummasu un WAI (r=0.56), ka arT kop€jo dietisko Skiedrvielu saturs paraugos to cietibu ietekmé
méreni WAI ( r=0.58), savukart kopgjais dietisko Skiedrvielu saturs korele ar produktu tilpummasu péc
ekstrizijas (r=0.72).

4 https://eur-lex.europa.eu/eli/reg/2006/1924/0j/?locale=LV, skatits 20.04.2019
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SECINAJUMI

P&c abolu, burkanu un kirbju blakusproduktu kaltésanas mikrovilpu-vakuuma (MV) kalte to

fizikali kimiskie, sensorie un mikrobiologiskie raditaji pieméroti ekstriizijai:

o Blakusproduktu mitrums 3.27-6.14%, tdens aktivitate a,=0.35-0.51, mikroorganismu
attistiba nenotiek;

o Udens absorbcija blakusproduktiem ir 5.6-7.8 g g%;

o Tumsaka krasas intensitate L*=26.83+1.04 ir kaltétos abolu blakusproduktos, ko
veicinajusi fermantativa oksidacija; dzeltenas un sarkanas krasas intensitate izteiktaka
noverota kaltétu burkanu un kirbju blakusproduktos, kas korele ar kop&jo karotinoidu
saturu;

. Kaltgti kirbju blakusprodukti satur vairak karotinoidu (91.28 mg 100 g ), savukart
augstakais kopgjo fenolu saturs (191.90+12.45 mg GSE 100g?) un antiradikala
aktivitate (1.11£0.08 mmol TE 100g?) (DPPH metode) bija kaltdtos abolu
blakusproduktos.

Izmantojot vienas vitnes ekstrudieri ar tehnologiskajiem parametriem T=83+2°C lidz

124+2°C, vitnes grie$anas atrumu no 600- 800 apg min™, tika iegiiti paraugi ar neatbilstosam

sensorajam Tpasibam.

Paaugstinot ekstriizijas temperatiiru (T=120-160°C) un vitnes grie$anas atrumu (1300-1500

apg min) divvitnu ekstrudier, iespéjams iegiitsensorajam Tpasibam atbilstosu ekstrudétu

produktu ar darzenu un auglu blakusproduktiem.

Paraugiem ar dazadu pievienoto blakusproduktu daudzumu pastav bitiskas atsSkiribas

sensoro 1pasibu vertéjuma; augstakais vertejums ir paraugiem ar 15% abolu, burkanu vai

kirbju blakusproduktiem;

Krasas zina nepastav bitiskas atSkiribas starp paraugiem, kuru sastava pievienoti burkanu

un kirbju blakusprodukti, savukart, parauga ar abolu blakusproduktiem krasu intensitate ir

butiski atskiriga (tumsaka), salidzinot ar kontroles paraugu.

Ekstrudetajos produktos ar pievienotiem blakusproduktiem mitruma saturs samazinats Iidz

4%, udens aktivitate 11dz 0.31, palielinats apjoms (samazinata tilpummasa Iidz 8.13 g 100

ml1) un augstaka Gidens absorbcija (5.03 g g}), salidzinot ar kontroles paraugu, §adi raditaji

atbilst optimaliem ekstrudétu produktu parametriem.

Paraugam ar kirbju blakusproduktiem, biitiski palielindjas kopgjo karotinoidu saturs lidz

6.89+0.45 mg 100g™* salidzinajuma ar kontroles paraugu. Kopgjais fenolu saturs pieauga lidz

195.10+11.82 mg GSE 100 g?, antiradikala aktivitate Iidz 0.93+0.04 TE mg " un kop&jo
dietisko Skiedrvielu saturs pieauga visos paraugos ar darzenu un auglu blakusproduktiem

Iidz 18.29%.

Petijuma iegiitie rezultati apstiprina hipotézi, ka darzenu un auglu blakusproduktus

iesp&jams izmantot ekstrudétu produktu ar paaugstinatu biologiski aktivo vielu saturu

razosSana.
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ACTUALITY OF RESEARCH

In vegetable and fruit processing industry, by-products such as peel, pomace, corn, duck and seeds
are produced. They contain biologically valuable compounds, e.g., fiber, vitamins and antioxidants, trace
elements and organic acids. Many researchers report the positive role of fiber and antioxidants on the
functions of human body. Balanced nutritional, safe and healthy foods with a pleasant taste are still in
demand. Oats and rye are traditionally high-quality Latvian-grown cereals, mainly used in the
manufacture of bread, pastry and extruded products such as breadcrumbs and breakfast cereals. Inclusion
of vegetable and fruit by-products in the raw materials used in the production of extruded products from
rye or oat flour would be a solution in creating a new line of extruded products with a biologically active
compound content.

Daiga Konrade Doctoral Thesis “Vegetable and fruit by-products for development of
extruded products” was developed from 2014 to 2018 at the Laboratory of Food Technology, Faculty
of Food Technology, Microbiology Laboratory, Bread Technology Laboratory, Sensory Laboratory.
Consumer survey was conducted at the International Food Exhibition Riga Food 2017 in September
2017.

Hypothesis of the Doctoral Thesis: By using vegetable and fruit by-products, it is possible to
increase the content of biologically active compounds in extruded products.

Object of the study: apple, carrot and pumpkin by-products, extruded rye and oat products
containing dried apple, carrot and pumpkin by-products.

Aim of the Doctoral Thesis: To study the use of dried by-products that occur as a result of
processing apples, carrots and pumpkin in the production of new extruded products.

The following tasks have been set for achieving the goal:

1. to analyze the physico-chemical, sensory and microbiological indicators of dried apple,
carrot, pumpkin by-products;

2.  to determine the type of extrusion and the amount of possible by-product to be added to rye
and oat samples;

3. extrusion of the experimental samples;

4.  to analyze qualitative indicators of the new product with added apple, carrot and pumpkin
by-products:
o to evaluate the sensory properties of extruded products with apple, carrot and pumpkin

by-products;

o to analyze physico-chemical indicators;
o to analyze the composition of biologically active substances in extruded products.

Novelty and scientific significance

1.  Forthe first time in Latvia studies on the use of vegetable and fruit by-products in extrusion;

2. As a result of the research, the technological parameters of the extrusion process are
determined using vegetable and fruit by-products, their impact on the quality of the finished
product;

3. The results of the research included in the doctoral thesis demonstrate the total phenol
content, antiradical activity. extruded products.

The economic significance of the research

1.  Asolution has been found for the use of extruded by-products of apple, carrot and pumpkin
by-products, increasing the content of biologically active substances in extruded cereal
products and significantly reducing raw material losses in vegetable and fruit processing.

2. Innovative extruded products have been developed on a Latvian scale, combining grain and
vegetable / fruit processing by-products, which have been tested under industrial production
conditions.
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3. Extruded cereal products by adding vegetable / fruit by-products would increase the range
of products with higher biologically active substances.
The thesis is structured in three chapters:

Chapter 1 Characterization of the problem, reflecting the problems of Latvia and Europe in the
use of zero-waste technologies in vegetable and fruit processing. Extrusion process and products used,
impact of chemical composition of extrusion materials on the physico-chemical parameters of the final
product, chemical composition of vegetables and fruit by-products, rye and oats.

Chapter 2 Characteristics of Materials, Standard Methods and Data Processing in the Doctoral
Thesis.

Chapter 3 Results on the effects of apple, carrot and pumpkin by-product microwave drying on
physico-chemical and microbiological parameters.

APPROBATION OF SCIENTIFIC WORK

Research results have been summarized and published in peer-reviewed and scientific
publications indexed in international databases.

The results of the study have been presented and reported at 8 international scientific
conferences in Latvia, Lithuania, the Czech Republic, Switzerland and Estonia.

MATERIALS AND METHODS

Time and place of research
The study was conducted over the period 2014-2018 year. Product development and analysis:
Latvia University of Life sciencs and Tecchnologies, Faculty of Food Technology:
e Experimental extrusion of products in the Bread Laboratory of the Department of Food
Technology
e Physical-chemical characteristics of products in the Scientific laboratory
e Microbiological parameters in the Microbiological laboratory have been determined.
e The sensory properties of experimental products have been determined in the Sensory
analysis laboratory.
Development of extruded products by SIA “Milzu”.
Products acceptance of consumers was evaluated in International Exhibition Center Kipsala,
International Food Exhibition Riga Food 2017.

Characteristics of the products and raw materials used in the study

Used apple by-products, carrot by-products and pumpkin by-products obtained after peeling and
squeezing juices in production and catering establishments, as well as oatmeal and rye flour are
summarized in Table 1.

Structure of the study
Structure of the research is presented at figures 1. — 3.
Methods used in the study

Methods used in physico-chemical. microbiological indicators are summarized in Table 2.
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Mathematical processing of data

Mathematical analysis of data was performed using MS Excel Data Analysis, ANOVA, single-
factor correlation analysis.

The proposed hypotheses were tested by the p-value method and the factors were evaluated as
significant if p-value <0=0.05. For interpretation of the results, it is assumed that o 0.05 with 95%
confidence, unless stated otherwise.

Correlation and regression analysis are used to evaluate the interrelation of different features. If
the value of the correlation coefficient is 0.5<(r)<0.8, there is a moderately linear relationship between
the investigated features. If (r)>0.8, there is a close linear relationship between the features under
investigation (Arhipova and Balina, 2003).

In the variance analysis, the Tuky test was used to compare the differences between the test
samples to compare the values and the Friedman test.

The following scores were calculated for all results:

Average arithmetic and standard deviation to indicate scattering of results.

RESULTS AND DISCUSSION
Qualitative indicators of by-products

Moisture

The high moisture content (78.9-88.5%) of fresh fruit and vegetable by-products limits their long-
term storage and use as raw material for the production of other products, and the by-products are a good
environment for yeasts and molds, which is also determined by water activity that characterizes water
availability for biological processes.

By-product drying was done by microwave vacuum dryer Muson 1, using the drying parameters
of the vacuum microwave: pressure (70-50 mmHg), rotation speed v=6 min, one working cycle and
three steps.

The by-product moisture before drying was 78.9+ .0% in apple by-products, 82.4+0.8% in carrot
by-products, 85.5+1.2% in pumpkin by-products.

The moisture content after drying with microwave-vacuum forged by-products reached
5.36+£0.01%, in carrot by-products 3.27+0.02%, in pumpkin by-products 6.14 = 0.02%. The moisture
content of rye flour was 6.29 + 0.02% and of oat flour 9.86 + 0.02%. The moisture content of the by-
products is significantly reduced (p = 0.01). During the drying of the by-products, a significant decrease
in humidity (P<0.05) was observed, up to 17-20 times.

Water activity

Water activity after drying reached 0.42 + 0.01 apple by-products, 0.35 + 0.01 carrot by-products,
0.51 = 0.01 pumpkin by-products.

To characterize the state of water available for use in micro-organisms for use in food and to
demonstrate the dependence of microorganisms on growth, water activity is defined as the ratio of free,
partial fraction of water in the product to p and theoretically possible saturated vapor pressure po (Leff
& Fierer, 2013).

Numerically aw is between 0.00 and 1.00 and is defined as a microbiological hazard parameter for
many foods and as a growth limiting factor for many groups of microorganisms. Products containing
free water will only release moisture into the air in the form of steam if the vapor pressure in the air is
below the vapor pressure of the product.

For most foods, the water activity is above 0.95 and provides sufficient moisture to grow bacteria,
yeast and mold.

If the food's water activity in the finished product is controlled to 0.85 or less, it inhibits the growth
of organisms, and water activity affects the stability of food during storage.

Water activity 0.48 + 0.01 rye flour and 0.45 = 0.01 oat flour.
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Water activity in aw, .products ranged from 0.82 to 0.87, divided into a food group with high
(aw>0.85) water activity, eg so-called "wet products", which are considered a good environment for
microorganisms and bacteria to grow.

To be able to store the by-products until they are added to the raw materials (rye and oat flour),
they need to be dried.

The results show that low humidity and water activity are suitable for storing dried by-products
until they are added to new products, and that aw is scaled down (aw <0.6), which then limits or prevents
further growth of microorganisms and bacteria. growth and / or development.

pH value

The pH value is an important indicator of food products, and it affects not only the safety of food
storage but also the technological processes.

Water absorption

The highest ability to bind water was determined by ABM and KBM in determining water
absorption.

According to scientists Inglett (2013) and Kohajdova (2011), the different WAI values are related
to the different chemical composition of the by-products, dietary fiber, sugars, as well as the protein and
starch content of the products (Inglett, Chen, Xu, & Lee, 2013; Kohajdova et al., 2011; Campus, 2011).

Scientist Arscott (2010) stated that insoluble fiber has a higher water absorption capacity, glucose
adsorption capacity and amylase excitation / inhibitory capacity than cellulose and other fruit and
vegetable fiber (Arscott & Tanumihardjo, 2010). Relatively, the content of insoluble fiber in apple by-
products (36.50+1.14%). however, water absorption is not unambiguously dependent only on the fiber
content, but on other nutrients such as sugars, which are 10.39-11.10 g per 100 g of apples and their by-
products (Aguedo et al., 2012; Li et al., 2002)

Microbiological indications

The total number of mesophilic aerobic and optional anaerobic (MAFA) bacteria in by-products
after drying ranged from 2.5g CFU g* to 5.5g CFU g}, rye and oat flour was up to 5.5g CFU g* ( Table
4).

The number of lactic acid bacteria has been identified from 2.5g CFU g to 5.50+0.04g CFU g*!
and does not exceed EC regulation

Total number of yeasts 2.5lg CFU g* to 5.5lg CFU g

The total number of molds was not found in the by-products, as well as in rye and oat flour.

Microbiological readings do not exceed EC Regulation (EC) No 1049/2001. 2073/2005.

The reduced moisture content and low water activity of the by-products as a result of microwave
power, temperature exposure and drying make it possible to reduce microbiological contamination to
acceptable levels and to be used as raw material in the food industry.

Biologically active substances and antiradical activity

Total carotenoids

The total content of carotenoids in fresh by-products depends on many factors - variety, weather,
geographical location.

As the results of MV drying show (Figure 4), after drying, the content of TCC in all
by-products has decreased.

The analysis of carotenoid content showed that there are significant differences between their
content in fresh apple by-products and pumpkin and carrot by-products (p<0.05). The highest carotenoid
content was found in carrot and pumpkin by-products and there was no significant difference between
them (p>0.05).

Microwave-vacuum drying resulted in a reduction of total content of carotenoids in all by-
products. The most significant reduction is in apple by-products.

The carotenoid content may decrease as a result of thermal exposure, as well as the availability of
oxygen and light during the technological process (Priecina & Karklina, 2014). However, compared to
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the scientists' campus study of pumpkin drying with convection chisel, the content of MV was higher
during drying (Kampuse, Ozola, Straumite, & Galoburda, 2015).

Total phenolics content, TPC and antiradical activity (DPPH)

The content of phenolics in the raw materials is an important indicator, as the phenols are
responsible for the bitter and astringent taste, which in a further study could limit the use of by-products
in extrusion.

The content of phenols depends not only on the plant variety, the region, but also on the part of
the plant.

The content of phenols in by-products and raw materials is shown in Figure 5.

The analysis of the total phenolic content (TPC) of the dried by-products showed that the highest
KFS was in the flour of apple by-products. Scientists, studying apples of different varieties, found that
KFS in apples had the highest bark, compared to the total part of the fruit 83.2 GAE100g™ in the pulp
and 500.2 GAE100g™ in the apple bark (Olfe et al., 2003).

The analysis of the total phenolic content (KFS) of the dried by-products showed that the highest
KFS was in the flour of apple by-products.

The different chemical composition of the by-products, in particular the difference in phenolic
compounds, indicates that there is a significant difference between KFS after drying and the total phenol
content of the by-product and rye and oat flour. Data analysis showed that there is no significant
difference between KFS content after drying (p=0.88) and there is no difference between KFS content
in rye and oat flour, respectively KFS rye flour
71.38+2.34 GSE mg 100g™* and oat flour 68.22+2.16 mg 100g™ (p=0.05), while there is a significant
difference between KFS in by-products and rye and oat flour (p<0.05).

The content and diversity of polyphenols also determine antiradical activity in products (Kruma et
al., 2016).

The antiradical activity (DPPH method) in dried by-products and rye and oat flour is depicted in
Figure 6.

In determining the antiradic activity of dried by-products (DPPH method), the highest ability to
bind free radicals is dried apple flour and oat flour. When analyzing the data, there is a significant
difference (p<0.05) between the antiradical activity in the by-products and the raw materials, which is
also determined by the different phenol content of the product.

Determination of Total Dietary Fiber, TDF

Grains, fruits and vegetables are a source of fiber used as raw materials in the food industry to
increase the nutritional value of the final product and to give functional properties to food (Li et al.,
2014; Eskicioglu, Kamiloglu, & Nilufer, 2015).

The total amount of dietary fiber depicted in Figure 7 is determined for the by-products, oat and
rye flour dried.

According to the results, the highest amount of TDF is 44.23% in ABM, while
BBM - 26.88%, KBM - 30.23%, AM - 10.2%, RM - 12.2% of dry matter.

When analyzing data, there are significant differences between TDF content in by-products and
rye and oat flour (p =0.03).

Colour and sensory evaluation

Drying results in a change in the colour of the drying product due to the drying effect as a result
of drying, as well as the chemical reactions that occur under the influence of temperature MV radiation
on sugar, protein, fat-containing products, and that some of the biologically active substances as
pigments and carotenoids, which determine the colour of products, lose their activity (Roongruangsri &
Bronlund, 2015; Dar et al., 2014). By drying products, peroxidase (PPO) activity decreases, resulting in
a decrease in browning and increased color value (L*).

Apple's by-products contain the highest amounts of sugars, according to literature data, their
carbohydrate content is about 80% soluble sugars: sucrose about 2%, glucose 2.4%, fructose 6.0%
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(Gorsel et al., 1992) . This factor and enzymatic browning, which occurred before drying, could result
in a darker color.

All dried by-products are in the range of positive a *, or red, as well as positive b * yellow color
intensity range (Table 6).

According to the results, the intensity of red color of ABM is 13.61+0.62, BBM 48.36+1.70 and
KBM 20.53+3.54 a* and the vyellow colour of ABM is 58.81+0.96, BBM
83.77+0.44, KBM - 70.67+1.87 b* spectrum units.

ABM is the darkest of all CIE color parameters compared to BBM and KBM, with significant
color difference between samples (p<0.05).

There is a weak negative correlation between the a*, b* and L* values in the dried by-products
when performing correlation analysis between the carotenoids present in the products.

The negative correlation coefficient (-0.16) indicates that the greater value of b*, the less
carotenoids in the sample;

The negative correlation (r=-0.39) factor characterizes the trend, the higher the a* value, the less
carotenoids in the sample.

Negative correlation (r=-0.24) characterizes the trend, the higher the L* value (the sample is in the
light intensity range), the less carotenoids are in the sample.

Dried by-products are measured by sensors, their quality number KS> 2, which describes them as
"good quality".

The physical indicators of the by-products, chemical composition, microbiological safety and
sensory properties allow them to be used in extrusion and to begin the development of Phase 2
formulations and experiments with extrusion parameters for the development of new products with
biologically active nutrients.

Extrusion with single-screw extruder

In the second phase of the study, recipes were developed and product extrusion was performed
with a single-screw extruder, based on the starch gelatination temperatures of the raw materials (rye and
oats), where, according to the literature, rye is between 50° C - 60.3° C and the amount of water to be
added, the content of which is up to 17% in the raw material mixture (Niu et al., 2017).

The second-stage recipes of the experiment are shown in Table 7 and extrusion parameters in Table
8.

The control sample is based on rye and oat flour, which is traditionally a product of cereals grown
in climatic conditions in Latvia and a valuable source of biologically active substances - vitamins,
phenols and antioxidants.

Sample extrusion was performed on experimental recipes adding 15-17% water. Temperatures at
all extrusion stages were fixed, extrusion with single-screw extruder was carried out in 4 experiments,
where the extruder individual zone temperatures were selected, as well as the screw speed between 600
and 800 min't, as determined by the equipment settings.

In Experiment 3, the matrix output temperature was raised to 120°C, resulting in an increase in
screw rotation speed as the burning of fat in the raw materials began (oat flour up to 11g 100g™) (J. Kaur
etal., 2014).

3 trained LLU PTF assessors participated in the sensory evaluation of samples.

Evaluation was done to find out product quality and selection for further research.

Samples were evaluated by their appearance, colour, shape, taste, smell, hardness, crispness. The
quality rating is shown in Figure 8, 9 and 10. Extruded samples are considered acceptable and usable for
further research if their quality number 2<KS.

Assessing their quality criteria by formula (2), the results obtained show that there are significant
differences in their KS value (p=0.005).

There are no significant differences between the samples in the external appearance
(p=0.09) in the evaluation of each sensor parameter, the products show uneven dispersion of raw material
particles, the burned product. There is a significant difference in the scent between the samples (p=0.04),
A10 and A15 assessed as slightly acidic with a bitter, unspoken smell, while B20 and K20 have an
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unpleasant, burning, strongly bitter smell. There is no significant difference (p=0.22) between the
products when evaluating the form, their rating IS from
1.0 to 1.3, which rank them in quality - no bloating. The taste of the products is assessed from 1.0 (B20)
to 2.7 (Al5), between samples containing by-products and a significant difference in the taste
characteristics of the control samples (p=0.004), which depends on the different by-products and their
taste characteristics, determined by the chemical composition and content of biologically active
substances. Samples with 15% of apples had significantly sweeter and more pleasant taste qualities.
When evaluating the hardness of the products between the samples there is a significant difference
(p=0.02), the samples A10, B10, K10 are rated with 2<KS<2.7, while samples containing 15% and 20%
by-products were evaluated in KS<1.3 as very starchy, glassy, gloomy.

By evaluating the samples after extrusion with a single-thread extruder, the appearance and shape
did not conform to the standards of the extruded samples, i.e. there was no bloating, so they were dense
and the water in the raw materials was not evaporated. This was probably too low due to the temperature
before the matrix in the area (98°C), so the water in the products could not turn into a steam form and
no starch grain expansion occurred.

In Experiments 3 and 4, the matrix output temperature was raised to 124°C, resulting in an increase
in the screw rotation speed as the fat burning in the raw materials was intensive (oat flour up to 11g
100gY) (J. Kaur et al. 2014).

As the power of single screw extruder is too small to reduce the bulk density of the products, as
well as bloating, which is one of the important quality indicators for the extruded products, it was decided
to use the manufacturer's twin-screw extruder in the study and to continue the third stage of the research
in collaboration with the manufacturer of breakfast cereals. SIA MILZU. The extrusion would use a twi-
screw extruder SLG65-111 (Datong Machinery, China), to which the extrusion part is divided into three
sections to achieve uniform starch gelatinization. The maximum efficiency of extruder is 130 kg per
hour.

Extrusion with twin screw extruder

Since the qualitative characteristics of the products could not be ensured in Stage 2, the 3rd
extrusion with twin extruder at the MILZU plant was started, where the power and dimensions of the
extruder determined the extrusion parameters already developed by the manufacturer.

The twin-screwextruder parameters (Table 9) ensure a smooth flow of raw materials as well as
temperatures, thus starching the starch already in the pre-matrix, and when the products pass through the
matriX, the starch grain is expanded and formed.

According to research conducted by researcher Moscicki (2011), the exact working conditions in
extrusion cannot be unambiguously formulated because this process is very complex and the quality of
the end product depends on many factors (Moscicki & van Zuilichem, 2011).

Extruded samples were selected for their sensory properties.

Samples after twin screw extrusion are shown in Figures 12, 13 and 14,

Samples were transferred for sensory evaluation using a 5-point linscale to measure colour (light/
dark), volume, crispness, taste and aftertaste (Table 10).

When assessing the colour of samples, the darkest were samples with 20% of carrot by-products,
as well as products with apple by-products. There is no significant difference in colour intensity between
the samples containing the ABM, while the significant difference is between all samples containing by-
products and a control sample of rye and oat flour (Table 10).

The lightest samples after the evaluation were extruded samples with 10% by-product additive,
the darkest were samples with 20% addition of carrot by-products (B20 - 4.5), while there was a close
correlation between the content of the by-product and the sample size when assessing volume. The more
the byproduct was added, as the amount of extruded sample decreased.

The results of the data analysis show that adding apple by-products has a significant effect on the
colour of the products, with significant differences between the products (p<0.05). There is no significant
difference in the amount of by-product of 10% and 15%, but there is a significant difference between
the estimated samples (p>0.05) when adding 20% ABF.

47



For extruded specimens, the indicator is significant because the product produces a look that
matches, for example, products such as crispbread or bloated grains, breakfast cereals.

The largest volume, which can also be defined as the lower bulk density, is the control sample and
the products with 10% by-product addition (A10, B10, K10), there are no significant differences in
volume between these samples (p> 0.05), while for products for which the by-product was increased ,
there was a decrease in volume and also among the samples containing 15% by-products no significant
differences. By adding 20% by-products, their volume was significantly different from the control
sample and samples with 10 and 15% by-products. For samples, the amount of K20 is reduced and the
rating is 1.9.

When evaluating the crispness of the displays, the most striking were samples A15 and A20, as
well as B10 and B15, while B20 and K20 were the least crisp when performing data analysis (p=0.05),
concluding that there was a significant difference between sample crunches.

The most important sensory indicator is the taste of the product, as the addition of by-products to
traditional rye and oatmeal extruded products can alter the traditional taste of cereal flakes such as
breadcrumbs.

The best taste qualities were attributed to A15, A20, B15 and K15, while products with 20% KBM
and 20% BBM were considered very low in taste. Many scientific studies explain the dependence of
sensory properties on the chemical composition of the product.

The highest taste and aftertaste (4.2) got an evaluation that was very much appreciated. Apple's
aftertaste, the mild aroma, the slightly sweet taste ranked this sample the most.

There is no significant difference between the samples with the by-products, except for B20 and
K20, the aftertaste of which is significantly different from the control sample and the products with
lower by-product additives.

In the analysis of the dispersion to determine whether the by-product content influences such
important indications as taste and aftertaste, it was concluded that the samples to which ABM was added
- the byproduct has a significant effect on such indicators as taste and aftertaste.

When evaluating each product individually with different by-products, the obtained results prove
that the added by-product has a significant impact (p<0.05) on its sensory properties.

In order to find out the potential consumers' thoughts about this type of products, the samples were
presented for evaluation at the International Exhibition “Riga Food 20177, where a survey was
conducted on the degree of trust and the desire to buy such products in trade (Figure 15).

Of the 130 respondents, 78 replied that they would like to buy such products, 60% of respondents,
and 19% did not know if they would buy such products and 20% would not buy such products.

New extruded products have a potential opportunity to be introduced by consumer survey.

New extruded products have a potential opportunity to be put into production by consumer
surveys, as the largest share already expressed a clear belief, and the number of undecided people is
19%, which in the future could join the adherents of such products and healthy eating.

Determination of physico-chemical parameters for extruded products
Moisture

Moisture was determined for all samples prior to extrusion to calculate the amount of water to be
added, which according to the literature would not be more than 17-20% (Navale et al., 2015).

The moisture content of all dried by-products and flour before extrusion ranged from 7.46 to
8.24%, which determined the amount of water to be added up to 10% so that the moisture content of the
raw material mixture did not exceed 17% to 20%, as scientific advice suggests that the moisture content
of the raw materials and the particle size distribution should be homogeneous. This will prevent the
irregular work of the extruder (shooting or blocking) and ensure the desired extrudate quality (Levine &
Miller, 2007).

The reduced moisture content of the raw materials affects the extrusion pressure, but has no
significant effect on the operation of the extruder (i.e., increased viscosity of the material) (L. Moscicki,
M. Mitrus & Rejak, 2011).

For all extruded samples, the moisture content after extrusion is from 3.96+0.01% to 6.36+0.03%
hence the conversion of the water present in the products into vapor form has already taken place in the
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post-matrix stage, and the expansion and humidity of the raw materials have also occurred in this vapor
pressure (Table 11). This corresponds to the moisture content of the crispbread and extruded breakfast
flakes.

The development of micro-organisms in the products is also influenced by the water still present
in them, which is available for the biological chemical reaction, which is characterized as water activity.
Water activity is low enough and the development of microorganisms is hindered.

In the control sample, the water activity before extrusion is 0.424+0.01 and 0.389+0.01 after
extrusion (Table 10). While adding by-products to control samples, water activity tended to decline. By
correlation analysis, we can see that the aw, as well as the amount of by-product added, have a close
correlation between the amount of by-product and aw. Correlation coefficient r=0.798.

One of the most important forces that can bind water to cereal flour and by-product flour is
capillary pressure. The higher the capillary radius (r) in cells (), the lower the pressure required to drain
the water from the material.

One of the explanations for the decrease in water activity may be that, as a result of the heat
treatment and pressure of the samples, partial cell wall decomposition occurred, resulting in increased
capillary radius in the dog. Thanks to the capillary radius increase, lower pressure is needed to drain the
existing water (Savlak et al., 2016).

Water Absorption Index (WAI)

Raw material WAL is an important indicator for determining how much water will be absorbed by
raw materials, as well as how much water evaporation and loss of bulk density as a result of evaporation
of boiling liquid will occur as a result of extrusion (Tako et al., 2014).

The sample water absorption index WAL is shown in Table 12.

For all samples, water absorption after extrusion decreased. Scientist Bettge (2006) points out that
insoluble arabinoxylan found in grains, incl. also in rye and oat flour has a higher water binding and
retention capacity (Bettge et al., 2006). In turn, scientists Raleng (2018), adding apple by-products,
concluded that there was a strong negative correlation between the amount of apple by-products and the
WAI extruded end product (Raleng et al., 2016).

Incorporation of by-product flour in cereal samples led to changes in water absorption properties.
Water absorption gradually increased with the increase in the amount of vegetable by-product, possibly
due to the dietary fiber content of these vegetables. Data analysis shows a significant difference (p<0.05)
between WAI samples that increased the by-product content.

Water absorption, compared to the control sample, increased by 56% by adding pumpkin by-
products and by 55% by adding carrot by-products.

WAI samples extruded with a twin screw extruder as described by Geetha et al. (2012) ranged
from 2.7 t0 5.21 g g* and was influenced by extrusion process conditions (temperature, screw speed and
material rate) (Wojtowicz et al., 2015).

The WAI of many starch products increases with the temperature of the extruder before
conditioning/ barrel. The maximum value is assumed to be around a temperature range of 180°C to
200°C. If these temperatures are exceeded, WAI decreases and causes an increase in water solubility
(WSI) (Moscicki & van Zuilichem; 2011 Levine & Miller, 2007).

By analyzing single-factor dispersion, we can see that there is a moderate correlation between TDF
and WAI (r = 0.58).

Bulk density of extruded products

Structure and functional properties of extruded products are one of the key factors for the consumer
to accept them and the manufacturer to market them (Huang & Zhang, 2012).

The volume of the extruded products can be used as a measure of the porosity of the sample, a
measure of the extent to which the product is expanded as a result of extrusion. The heat generated
during the extrusion can increase the temperature of the water above the boiling point so that when the
extrudate leaves the matrix, some of the moisture quickly converts to steam, resulting in an expanded
structure with a large air pocket and low density. On the other hand, if there is not enough heat to create
enough steam (either at low process temperature or high raw material humidity), less steam is released,
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resulting in a high density product with collapsed cells that usually decompose after cooling so the
product does not meet quality requirements (Wlodarczyk-Stasiak et al., 2017).

By incorporating fiber into products, the nutrient profile (moisture and water activity) and physical
properties (structure and texture) are basically changed (Brennan, Merts, Monroe, Woolnough, &
Brennan, 2008). The bulk density of non-extruded products ranges from
45.62+1.22 g ml! to the control sample and to 42.48+1.01 g g ml? for the sample with
20% addition of the apple by-product (Table 13).

All products were subjected to a reduction in bulk density during the extrusion, indicating that
there was an increase in starch grain and porosity, but for products containing by-products of 20%, the
bulk density increased significantly (p<0.05) and decreased in volume.

For samples containing 10% and 15% BBM, the bulk density compared to the control sample
decreased(Table 13).

A similar result was observed for products with KBM added.

When analyzing the data, there are no significant differences (0.05<p=0.08) between the samples
for which the by-products and the control sample were added.

The expansion and bulk density of extruded products depend on the chemical composition of the
raw materials (Foschia et al., 2013). The mechanical properties of the raw materials contained in
breadcrumbs and other extrudates depend on a number of factors, such as the type and amount of fiber
added to the material, the amount of starch and the relationship between the amount of amylose and the
resistant starch, and the type and amount of the feedstock also determine the volume of extrusion. (Turtoi
& Popa, 2017). High moisture content, high dietary fiber content, especially insoluble fiber and relatively
low starch content, result in lower extrudate expansion at the same time as density (D. Jain et al., 2013).

The properties of the samples used in the study are relatively low in starch content, as some of the
grains are replaced by vegetable and fruit by-products that contain a low starch content and a low protein
content (Colin-Henrion et al., 2009).

Scientist Huber (2001) proved that fiber and protein can be added up to 20% to achieve product
volume and shape. A higher amount can be added if more soluble fiber and protein are used (G. Huber,
2001).

In determining the hardness (Table 13) of the extruded products, the hardness of all the products
to which the by-products were added was reduced from 35.5£2.95N in the control sample to
33.5+£2.78N in the A10 sample, 22.4+4.28 in the A15 sample and 18.80+0.42N in the A20 sample (Table
12).

Samples containing BBM hardness B10 decreased to 16.28+2.80N, while higher by-product
increased hardness, resulting in a harder extruded product, i.e., 17.69+3.84N for B15 and 19.30+3.86N
for B20 after 15% BBM addition.

Addition of KBM, compared with the control sample, resulted in a decrease in hardness, but a
higher amount of by-product of 10 to 20% caused an increase in hardness. K10 hardness decreased to
16.7+1.20N, K15, while K15 increased to 19.29+0.22 and K20 reached 18.95+2.35N.

Scientists Foschia (2013) proved that during extrusion the fibers give the products a softer structure
(Foschia et al., 2013; Figuerola & Mar, 2005a), however, it does not depend solely on the amount of
fiber and its solubility, but also on the other chemical components of the raw materials. proteins, sugars,
fat (Konrade et al., 2017).

The high sugar content of ABM compared to BBM and KBM is also likely to result in this different
tendency to hardness (Mashod & Chauhan, 1998). Although the scientist Tako (2014) concluded that
the addition of other nutrients, such as sugar, is required at high concentrations to change starch curing
conditions (Tako et al., 2014). The results showed that the sugars affected only retrogradation processes
at high concentrations (starch-water-sugar ratio 1: 10: 5) (Timea Gelencsér, 2014).

The increase in hardness of samples increased by KBM and BBM is probably due to the amount
of KBM and BBM added and their water absorption. Similar results were reported by researchers
Camire, Larrea, who studied the addition of different varieties of pumpkin (Camire, 2011; Ajila,
Leelavathi, & Prasada Rao, 2008).

Analyzing data, water absorption capacity in raw materials and by-products has a significant
impact on the quality of samples such as hardness (P<0.05).
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Colour

When introducing new food products into production and passing them on to consumers, one of
the quality indicators is their colour (Delgado-Nieblas et al., 2015).

All extruded samples are in the light intensity zone (Table 14). Compared to a control sample with
L* value of 39.46+2.64, the L* value for all experimental samples decreased from
26.84+1.35 to the A10 sample and to 20.70+2.392 — sample A20. There is a significant difference
(p<0.05) between the quantity of sample by-products and the intensity of the colour.

The effect of high temperature on the increase in L* value may be due to the increase in air pockets/
cells, whereas the decrease in L* value may be due to the degradation and collapse of pigments in the
raw materials due to high temperatures (Dar et al., 2014)).

The positive a* value indicates that all samples are in the red spectrum area, a positive b* value
that the products are in the yellow spectrum area. Comparing the samples with the control sample, the
a* value tended to decrease, ie the amount of added byproduct reduced the intensity of the red color.

The AE value, which indicates the colour difference between the control sample and the sample
by-products, significantly changed depending on the amount of by-products added.

Composition of nutrients and changes in extrusion process

Antioxidants in vegetables and fruits are vitamin C, E, phenol compounds, carotenoids whose
biological activity is altered by exposure to various technological processes and environmental
conditions (Pennington & Fisher, 2009).

Total carotenoids

Carotenoids play an important role in the colour of the product because they are naturally occurring
pigments and play an important role in the nutritional value of the product (Lado et al., 2015).

For the determination of the amount of carotenoids in experimental samples before and after
extrusion, shows that, with the exception of the addition of apple by-product samples, the total amount
of carotenoids in the samples with the addition of carrot and pumpkin by-products increased. In the
control sample, during extrusion, the total amount of carotenoids decreased from 1.11+0.03 to 0.040.02
mg 100g*. With the addition of apple by-products, the total amount of carotenoids decreased. The total
amount of carotenoids of A10 was 0.06+0.01 mg 100g7, A15 - 0.04+0.01 mg 100g, whereas for the
sample containing 20% apple by-product flour, the total amount of carotenoids decreased to 0.02 mg
100g! (Table 15).

The variation in carotenoid content in samples of apple by-products can be explained by the
difference in the total carotenoid content of the raw materials. Total carotenoids were determined, but
during the heat treatment, other carotenoids change their activity, such as lutein, zeaxanthin, a-carotene,
9-Cis-B-carotene and 13-Cis-p-carotene in the total carotenoid range. Lutein, for example, is more
sensitive to high temperatures. The sensitivity of carotenoids largely depends on their source (Obradovic¢
et al., 2015). According to the literature, the highest losses of carotenoids occur at high temperatures
when enzymatic and non-enzymatic oxidation is involved, when the heat-induced isomerization of trans-
carotenoids in cis forms results in a change in the biological activity of carotenoids.

Similar results were obtained by studying the addition of apples to marmalade, when scientists
Kampuse et al. (Berna et al., 2013).

Different varieties of pumpkins usually contain a-carotene and B-carotene, which are natural
pigments (Seo et al., 2005). Their degradation by temperature was demonstrated in several studies
(Waramboi, Gidley, & Sopade, 2013; Waramboi et al., 2013; Emin, Mayer-Miebach, & Schuchmann,
2012). Oxygen concentration has a greater impact on -carotene stability than high temperature. When
[-carotene is heated and exposed to air, polymerization is also added to its degradation (Qiu, Chen, &
Li, 2009; (Dutta et al., 2006).

For samples containing carrot and pumpkin by-products, the total amount of carotenoids increased
depending on the amount of by-product added, although they were reduced by as much as 40 times, i.e.
before extrusion, in samples B10 from 7.81+£0.87 to
0.17+0.03 mg 1009, B15 from 11.16+1.24 to 0.38+0.02 mg 100g%, B20 from 14.5+1.88 to 0.54+0.04
mg 100g7*.
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For samples with KBM, the total amount of carotenoids at the time of extrusion changed in K10
from 10.13+1.97 mg 100g? to 3.71+0.49 mg 100g?, K15 from 14.64£2.23 to
4.86+0.66 mg 100g, and K20 from 19.14+2.08 to 6.89+0.45 mg 100g™.

There are significant differences between the samples to which ABM and BBM or KBM were
added. This could be explained by the different composition of carotenoids. a-carotene is a pigment that
is usually contained in different types of pumpkins (Seo et al., 2005). Previous studies do not reveal the
effect of extrusion on this pigment. 13-cis-pB-carotene may show similar retention as o-carotene
(Obradovi¢ et al., 2014). Extrudates obtained at various extrusion temperatures from 110 to 140°C
showed that samples extruded at 120, 130 and 140°C resulted in greater degradation of functional
components such as -carotene (Wojtowicz et al., 2015; Dar et al., 2014).

Total Content of Phenols (TPC)

Phenolic compounds in food affect the properties of foods, such as taste, viscosity, and structural
mechanical properties. Flavonoids increase nutritional value, provide antioxidant properties determined
by the phenol structure (Olfe et al., 2003). The content of anthocyanin pigment plays a crucial role in
the coloring of products with fruits and vegetables.

In food systems, phenolic compounds act as antioxidants, inhibiting the formation of lipid
peroxidation and secondary oxidation products, helping to preserve taste, during color storage of the
perfume (Yan & Kerr, 2013).

Fruit and vegetable processing affects the content of phenols (Oszmianski et al., 2011; Bourvellec
et al., 2011). The content of polyphenols in apple juice changes during the crushing and pressing of
apples, and is mainly due to the oxidation of the juice under the influence of the enzyme
polyphenyloxidase, as well as the thermal effects of phenols (Boyer and Liu, 2004).

Changes in KFS content during extrusion in samples are shown in Figure 17.

For a control sample that did not include by-products, the total phenol content (TPC) after
extrusion decreased. Decreasing the total phenol content may be due to the decomposition of phenol
compounds due to the high extrusion temperature. The effects of various antioxidants were studied by
scientists Kumar and Sharma and reported a significant reduction in total phenol content during barley
flour extrusion (Kumar et al., 2013; Sharma et al., 2008).

In all samples with the addition of by-products, the total phenol content increased, however, there
was no significant difference between the types of added by-product (p>0.05). The addition of rye and
oat flour by-products resulted in an increase in TPC by as much as 300%.

During the extrusion, TPC changed in all samples, however, for samples containing by-products,
the decrease in TPC was not significant, for example, A10 and A15 did not differ significantly after the
extrusion of TPC, while A20 showed a rapid increase in TPC content.

This is probably due to the chemical composition of apple by-products, which included both
pomace, bark and seeds, which are known to be a highly concentrated source of biologically active
substances. According to a study by scientists Xu and co-authors (2015), apple seeds had higher
antioxidant activity than bark or pulp, antioxidant activity in seeds ranged from 57.59 to 397.70 mg TE
100 g (Xu et al., 2015).

High temperatures and moisture content contribute to the phenol polymerization, which also
changes the antioxidant activity.

Antiradical Activity (DPPH)

Phenol compounds have a very direct effect on antiradical activity, which depends on the degree
of oxidation. Semi-polymerized phenols are stronger antioxidants, but after a certain degree of molecular
complexity, their activity decreases (Priecina & Karklina, 2014; Nayak et al., 2011). Storage, thermal
and technological processes as well as shredding of products affect antiradical activity as compounds
are easily oxidized (Henr et al., 2010).

Antiradical activity in products before and after extrusion is depicted in the figure 18. In all
samples, antiradical activity before extrusion increased depending on the amount of by-product added.
The increase in antiradic activity is due to the high antioxidant capacity and the content of biologically
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active substances in fruit and vegetable by-products, which, according to many scientists, differ
according to the part of the plant, such as seeds or bark, as well as phenolic compounds and carotenoids.

The fastest antiradical activity increased in samples with ABM and BBM, which also coincides
with data from literature that carrot bark, such as antiradical activity, is the highest (Arscott &
Tanumihardjo, 2010).

For all extruded samples with addition of by-products, the correlation between the sample groups
prior to extrusion and after extrusion was very strong (0.91<r<0.99 (p <0.05)), with the carrot BBM
correlation between TPC after extrusion and DPPH after extrusion was moderate (r=0.77).

Total dietary fiber

Rye and oat flour, especially whole grains, is a source of fiber used in the food industry to prepare
products with high nutritional value. As we can see from the Phase 1 study, fruit and vegetable by-
products are also a valuable source of soluble and insoluble fiber, containing as much as 200-300% more
total dietary fiber than rye and oat flour.

Adding them to the control sample changed the fiber content.

The results show that in all samples with added by-products, the amount of TDF increased,
compared to control sample having 11.80+1.14% TDF, the amount of TDF in the sample A20 reached
29+2.33%, the amount of TDF in sample B20 reached 14.82+1.54% and the amount of K20 TDF in the
sample reached 15.49% DW. The total dietary fiber content of the extruded samples is shown in Fig. 19.

By comparing the results with the control sample, we can see that for products with added
by-products the total dietary fiber content increased by 25% and more, thus following the European
Regulation No. 1924/2006/ EC on nutrition and health claims made on foods may be grouped together
with products with an increased fiber content, as it contains 25% more fiber than a similar product.

However, adding fiber to the product, especially by extrusion, can alter taste and change the colour,
volume, structure, and other sensory characteristics (Kohajdova et al., 2011).

Analyzing the single-factor dispersion and correlation between the amount of dietary fiber in the
raw materials and the WAI, we can see that there is a moderate correlation between TDF and WAI,
r=0.67.

When analyzing data (Table 16), there is a close correlation between the amount of TDF in samples
with ABM and hardness, and the amount of added byproduct reduces hardness, for samples containing
BBM correlation strap TDF and hardness close to r=0.42 for samples with KBM correlation between
TDF and hardness. moderately close r=0.53 (Arhipova, 2006).
There is a close correlation between TDF and volume (r=0.72) when calculating the correlation
coefficient.
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CONCLUSIONS

After microwave-vacuum (MV) drying the apple, carrot and pumpkin by-product’s physico-

chemical, sensory and microbiological characteristics are suitable for extrusion.

o Moisture of by-products 3.27-6.44%, water activity aw=0.35-0.51, micro-organism
development does not occur.

o Water absorbtion of by-products is 5.6-7.8 g g, which is higher than that of rye and
oat flour.

o The darkest colour intensity L* = 26.83+1.04 is for dried apple byproducts promoted
by the fermantative oxidation; the intensity of yellow and red color is more pronounced
in the by-products of dried carrots and pumpkins, which correlate with the total
carotenoid content.

o The highest carotenoid content (91.28 mg 100 g) was determined in dried pumpkin
by-products, while the highest total phenolics content
(191.90+12.45 mg GAE 100g™) and antiradical activity (1.11 0.08 mg TE 100g™)
(DPPH method) were in dried apple by-products.

Obtained samples by single-screw extruder with technological parameters

T=83+2°C to 124+2°C, screw speed from 600 to 800 rpm min™ were not accteptable in

sensory evaluation.

By increasing the extrusion temperature (T=120-160°C) and the screw speed (1300-1500

rpm mint) in the twin screw extruder, it is possible to obtain extruded product with vegetable

and fruit by-products.

There are significant differences in the evaluation of sensory properties for samples with

different amounts of added by-products, the highest score is for samples with 15% apple,

carrot or pumpkin by-products;

There are no significant differences in colour between samples containing carrot and

pumpkin by-products, whereas the colour intensity of the sample with apple by-products is

significantly different from that of the control sample.

In extruded products with added by-products, the moisture content is up to 4%, water activity

to 0.31, increased volume (reduced volume to 8.13 g 100 mI™) and higher water absorption

(5.03 g g1) compared to control sample, as follows the parameters correspond to the optimal

parameters of extruded products.

For a pumpkin by-product sample, the total carotenoid content increased significantly to

6.89+0.45 mg 100g™* compared to the control sample. Total phenolics content, antiradical

activity, and total dietary fiber content increased in all samples with vegetable and fruit by-
products.

The results of the study confirm the hypothesis that vegetable and fruit by-products can be

used in the production of extruded products with high biologically active substances.

54



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bibliografija/
Bibliography

Aguedo, M., Kohnen, S., Rabetafika, N., Vanden Bossche, S., Sterckx, J., Blecker, C., ... Paquot, M. (2012).
Composition of by-products from cooked fruit processing and potential use in food products. Journal of Food
Composition and Analysis, 27(1), 61-69. https://doi.org/10.1016/j.jfca.2012.04.005

Ajila, C. M., Leelavathi, K., & Prasada Rao, U. J. S. (2008). Improvement of dietary fiber content and
antioxidant properties in soft dough biscuits with the incorporation of mango peel powder. Journal of Cereal
Science, 48(2), 319-326. https://doi.org/10.1016/j.jcs.2007.10.001

Altan, A., Mccarthy, K. L., & Maskan, M. (2008). Evaluation of snack foods from barley — tomato pomace
blends by extrusion processing, 84, 231-242. https://doi.org/10.1016/j.jfoodeng.2007.05.014

Arscott, S. a., & Tanumihardjo, S. a. (2010). Carrots of Many Phytochemicals Acting as a Functional Food.
Comprehensive Reviews in Food Science and Food Safety, 9, 223:239.

Bagherzadeh, M., Inamura, M., & Jeong, H. (2014). Food Waste Along the Food Chain. OECD Food,
Agriculture and Fisheries Papers, (71), 29. https://doi.org/10.1787/18156797

Berna, E., Kampuse, S., Straumite, E., & Miirniece, 1. (2013). Evaluation of Rowanberry and Rowanberry-
Pumpkin Sauces. Proceedings of the Latvian Academy of Sciences. Section B. Natural, Exact, and Applied
Sciences, 67(4-5), 422—-428. https://doi.org/10.2478/prolas-2013-0055

Brennan, M. A., Merts, I., Monro, J., Woolnough, J., & Brennan, C. S. (2008). Impact of Guar and Wheat Bran
on the Physical and Nutritional Quality of Extruded Breakfast Cereals. Starch - Stirke, 60(5), 248-256.
https://doi.org/10.1002/star.200700698

Camire, M. (2011). Nutritional Changes during Extrusion Cooking. Advances in Food Extrusion Technology,
87-102. https://doi.org/doi:10.1201/b11286-5

Cf, M., Li, S, Ad, B., Ge, K., Ks, G., & Northwest, U. S. P. (2006). Arabinoxylan content of hard winter and
spring wheats of the, 1-3.

Colin-Henrion, M., Mehinagic, E., Renard, C. M. G. C., Richomme, P., & Jourjon, F. (2009). From apple to
applesauce: Processing effects on dietary fibres and cell wall polysaccharides. Food Chemistry, 117(2), 254—
260. https://doi.org/10.1016/j.foodchem.2009.03.109

Dar, A. H., Sharma, H. K., & Kumar, N. (2014). Effect of extrusion temperature on the microstructure, textural
and functional attributes of carrot pomace-based extrudates. Journal of Food Processing and Preservation,
38(1), 212-222. https://doi.org/10.1111/j.1745-4549.2012.00767.X

Delgado-Nieblas, C. I., Zazueta-Morales, J. J., Gallegos-Infante, J. A., Aguilar-Palazuelos, E., Camacho-
Hernandez, 1. L., Ordorica-Falomir, C. A., ... Carrillo-Lopez, A. (2015). Elaboration of functional snack foods
using raw materials rich in carotenoids and dietary fiber: effects of extrusion processing. CyTA - Journal of
Food, 13(1), 69-79. https://doi.org/10.1080/19476337.2014.915892

Dutta, D., Dutta, A., Raychaudhuri, U., & Chakraborty, R. (2006). Rheological characteristics and thermal
degradation kinetics of beta-carotene in pumpkin puree. Journal of Food Engineering, 76(4), 538-546.
https://doi.org/10.1016/j.jfoodeng.2005.05.056

Emin, M. A., Mayer-Miebach, E., & Schuchmann, H. P. (2012). Retention of ??-carotene as a model substance
for lipophilic phytochemicals during extrusion cooking. LWT - Food Science and Technology, 48(2), 302-307.
https://doi.org/10.1016/j.lwt.2012.04.004

Eskicioglu, V., Kamiloglu, S., & Nilufer-erdil, D. (2015). Antioxidant Dietary Fibres : Potential Functional
Food Ingredients from Plant Processing By-Products, 2015(6), 487-499. https://doi.org/10.17221/42/2015-
CJFS

Figuerola, F., & Mar, A. (2005). Food Chemistry Fibre concentrates from apple pomace and citrus peel as
potential fibre sources for food enrichment, 91, 395-401. https://doi.org/10.1016/j.foodchem.2004.04.036
Foschia, M., Peressini, D., Sensidoni, A., & Brennan, C. S. (2013). The effects of dietary fibre addition on the
quality of common cereal products. Journal of Cereal Science, 58(2), 216-227.
https://doi.org/10.1016/j.jcs.2013.05.010

Group, F., Technical, N., & Campus, Z. (2011). LITERATURE DATA COMPILATION OF WAI AND WSI
OF EXTRUDATE FOOD PRODUCTS N . A . Oikonomou and M . K . Krokida, (February 2009), 199-240.
https://doi.org/10.1080/10942910903160422

Henr, C., Chiffelle, 1., Valenzuela, T., Araya, M., Simpson, R., & Almonacid, S. (2010). Development of an
Ingredient Containing Apple Peel , as a Source of Polyphenols and Dietary Fiber, 75(6).
https://doi.org/10.1111/j.1750-3841.2010.01700.x

Huang, L., & Zhang, M. (2012). Trends in Development of Dried Vegetable Products as Snacks. Drying
Technology, 30(5), 448-461. https://doi.org/10.1080/07373937.2011.644648

Huber, G. (2001). Snack Foods from Cooking Extruders. Snack Foods Processing.
https://doi.org/doi:10.1201/9781420012545.ch12

Inglett, G. E., Chen, D., Xu, J., & Leg, S. (2013). b -GLUCAN-ENRICHED HYDROCOLLOIDS FROM OAT
BRAN CONCENTRATE *, 37, 792-798. https://doi.org/10.1111/j.1745-4549.2012.00690.x

Jain, D., Devi, M., & Thakur, N. (2013). Study on the effect of machine operative parameters on physical
characteristics of rice / maize based fruit / vegetable pulp fortified extrudates, 15(2), 231-243.

55



24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

Kampuse, S., Ozola, L., Straumite, E., & Galoburda, R. (2015). Quality Parameters Of Wheat Bread Enriched
With Pumpkin (Cucurbita Moschata) By-Products. Acta Universitatis Cibiniensis. Series E: Food Technology,
19(2), 3-14.

Kaur, J., Kaur, A., & Ahluwalia, P. (2014). Effect of pre-dehulling treatments on chemical composition,
functional and pasting properties of whole oat flour. Carpathian Journal of Food Science and Technology,
6(2), 83-91.

Kohajdova, Z., Karovi, J., Jurasova, M., & Kukurova, K. (2011). Effect of the addition of commercial apple
fibre powder on the baking and sensory properties of cookies, 4(2), 88-97.

Konrade, D., Klava, D., & Gramatina, |. (2017). CEREAL CRISPBREAD IMPROVEMENT WITH
DIETARY FIBRE FROM APPLE BY-PRODUCTS, 1143-1148.

Konrade, D., Klava, D., Sabovics, M., Kince, T., & Kruma, Z. (2016). PLANT BY - PRODUCTS AS SOURCE
OF NATURAL ANTIOXIDANTS FOR PRODUCTION OF CRISPBREADS, 6(3), 3001.

Kruma, Z., Tomsone, L., Galoburda, R., & Straumite, E. (2016). Total phenols and antioxidant capacity of
hull-less barley and hull-less oats, 14, 1361-1371.

Kumar, K., Jindal, N., Sharma, S., & Nanda, V. (2013). Physico-chemical and antioxidant properties of
extrudates developed from honey and barley. International Journal of Food Science and Technology, 48(8),
1750-1761. https://doi.org/10.1111/ijfs.12147

L. Moscicki, M. Mitrus, A. W., & Rejak, T. O. and A. (n.d.). Extrusion-Cooking of Starch. Retrieved from doi:
10.5772/52323

Lado, J., Cronje, P., Alquézar, B., Page, A., Manzi, M., Gémez-Cadenas, A., ... Rodrigo, M. J. (2015). Fruit
shading enhances peel color, carotenes accumulation and chromoplast differentiation in red grapefruit.
Physiologia Plantarum, 154(4), 469-484. https://doi.org/10.1111/ppl.12332

Leff, J. W., & Fierer, N. (2013). Bacterial Communities Associated with the Surfaces of Fresh Fruits and
Vegetables, 8(3), 1-9. https://doi.org/10.1371/journal.pone.0059310

Levine, L., & Miller, R. C. (2007). 12 Extrusion Processes, 799-846.

Li, X,, He, X,, Lv, Y., & He, Q. (2014). Extraction and functional properties of water-soluble dietary fiber
from apple pomace. Journal of Food Process Engineering, 37(3), 293-298. https://doi.org/10.1111/jfpe.12085
MASOODI, F. A., & CHAUHAN, G. S. (1998). USE OF APPLE POMACE AS A SOURCE OF DIETARY
FIBER IN WHEAT BREAD. Journal of Food Processing and Preservation, 22(4), 255-263.
https://doi.org/10.1111/j.1745-4549.1998.th00349.x

Moscicki, L., & van Zuilichem, D. J. (2011). Extrusion-Cooking and Related Technique. Extrusion-Cooking
Techniques: Applications, Theory and Sustainability, 1-24. https://doi.org/10.1002/9783527634088.ch1
Navale, S. A., Swami, S. B., & Thakor, N. J. (2015). Extrusion Cooking Technology for Foods : A Review.
Journal of Ready To Eat Food, 2(3), 66-80.

Nayak, B., Berrios, J. D. J., Powers, J. R., & Tang, J. (2011). Effect of Extrusion on the Antioxidant Capacity
and Color Attributes of Expanded Extrudates Prepared from Purple Potato and Yellow Pea Flour Mixes, 76(6),
874-884. https://doi.org/10.1111/j.1750-3841.2011.02279.x

Niu, Q., Pu, Y., Li, X, Ma, Z, & Hu, X. (2017). Solvent Retention Capacities of Oat Flour.
https://doi.org/10.3390/ijms18030590

Obradovi¢, V., Babié, J., Subari¢, D., A¢kar, Pu., & Jozinovié, A. (2014). Improvement of nutritional and
functional properties of extruded food products. Journal of Food and Nutrition Research, 53(3), 189-206.
Obradovi¢, V., Babié, I., Subari¢, D., Jozinovié, A., A¢kar, B., & Klari¢, 1. (2015). Influence of dried Hokkaido
pumpkin and ascorbic acid addition on chemical properties and colour of corn extrudates. Food Chemistry,
183, 136-43. https://doi.org/10.1016/j.foodchem.2015.03.045

Olfe, K. E. W., lanzhong, X. W. U., & lu, R. U. I. H. A. I. L. (2003). Antioxidant Activity of Apple Peels,
609-614.

Pennington, J. A. T., & Fisher, R. A. (2009). Classification of fruits and vegetables. Journal of Food
Composition and Analysis, 22, S23-S31. https://doi.org/10.1016/j.jfca.2008.11.012

Priecina, L., & Karklina, D. (2014). Natural Antioxidant Changes in Fresh and Dried Spices and Vegetables,
3001(5), 492-496.

Qiu, D., Chen, Z. R., & Li, H. R. (2009). Effect of heating on solid ??-carotene. Food Chemistry, 112(2), 344—
349. https://doi.org/10.1016/j.foodchem.2008.05.071

Raleng, A., Singh, A., Singh, B., & Attkan, A. K. (2016). Response Surface Methodology for Development
and Characterization of Extruded Snack Developed from Food-by-products, 7(6), 1321-1329.
https://doi.org/10.5958/0976-4038.2016.00216.5

Roongruangsri, W., & Bronlund, J. E. (2015). A review of drying processes in the production of pumpkin
powder. International Journal of Food Engineering, 11(6), 789-799. https://doi.org/10.1515/ijfe-2015-0168
Savlak, N., T??rker, B., & Ye??ilkanat, N. (2016). Effects of particle size distribution on some physical,
chemical and functional properties of unripe banana flour. Food Chemistry, 213(October 2014), 180-186.
https://doi.org/10.1016/j.foodchem.2016.06.064

Seo, J. S., Burri, B. J., Quan, Z., & Neidlinger, T. R. (2005). Extraction and chromatography of carotenoids
from pumpkin. Journal of Chromatography A 1073(1-2), 371-375.
https://doi.org/10.1016/j.chroma.2004.10.044

Sharma, A., Yadav, B. S., & Ritika. (2008). Resistant Starch: Physiological Roles and Food Applications. Food

56



52.

53.

54.

55.

56.

57.

58.

59.

Reviews International, 24(2), 193-234. https://doi.org/10.1080/87559120801926237

Tako, M., Tamaki, Y., Teruya, T., & Takeda, Y. (2014). The Principles of Starch Gelatinization and
Retrogradation. Food and Nutrition Sciences, 05(03), 280-291. https://doi.org/10.4236/fns.2014.53035
Turon, X., Venus, J., Arshadi, M., & Koutinas, M. (2018). Food Waste and Byproduct Valorization through
Bio-processing : Opportunities and Challenges, 9(4), 5774-5777.

Turtoi, M. O., & Popa, C. N. (2017). Physico-chemical, rheological and technological characterization of some
mixtures of wheat, oat, barley and millet flours, 41, 102-114.

Waramboi, J. G., Gidley, M. J., & Sopade, P. A. (2013). Carotenoid contents of extruded and non-extruded
sweetpotato flours from Papua New Guinea and Australia. Food Chemistry, 141(3), 1740-6.
https://doi.org/10.1016/j.foodchem.2013.04.070

Wrhodarczyk-Stasiak, M., Mazurek, A., & Jamroz, J. (2017). Effects of operative conditions on products
obtained of starch-oil mixtures by single-screw extrusion. Acta Scientiarum Polonorum, Technologia
Alimentaria, 16(2), 191-198. https://doi.org/10.17306/J.AFS.2017.0457

Wojtowicz, A., Mitrus, M., Oniszczuk, T., & Mo, L. (2015). Selected physical properties , texture and sensory
characteristics of extruded breakfast cereals based on wholegrain wheat flour, 7, 301-308.
https://doi.org/10.1016/j.aaspro.2015.12.051

Xu, Y., Fan, M., Ran, J., Zhang, T., Sun, H., Dong, M., ... Zheng, H. (2015). Variation in phenolic compounds
and antioxidant activity in apple seeds of seven cultivars.

Yan, H., & Kerr, W. L. (2013). Total phenolics content, anthocyanins, and dietary fiber content of apple
pomace powders produced by vacuum-belt drying. Journal of the Science of Food and Agriculture, 93(6),
1499-504. https://doi.org/10.1002/jsfa.5925

57



	Daiga Konrāde. Dārzeņu un augļu blakusprodukti ekstrudētu produktu izstrādē : promocijas darba kopsavilkums Dr.sc.ing. zinātniskā grāda iegūšanai = Vegetable and fruit by-products for development of extruded products : Summary of the Doctoral thesis for the scientific degree of Dr.sc.ing. Jelgava, 2019. 57 lp. DOI: 10.22616/lluthesis/2019.007
	SATURS
	PĒTĪJUMA AKTUALITĀTE
	ZINĀTNISKĀ DARBA APROBĀCIJA
	MATERIĀLI UN METODES
	Pētījumā izmantoto produktu un izejvielu raksturojums
	Pētījumos izmantoto analīžu metožu raksturojums
	Datu matemātiskā apstrāde

	REZULTĀTI UN DISKUSIJA
	Blakusproduktu kvalitatīvie rādītāji
	Bioloģiski aktīvās vielas un antiradikālā aktivitāte
	Kaltēto blakusproduktu un izejvielu sensorā vērtēšana
	Ekstrūzija ar vienas vītnes ekstrudieri
	Eksperimenta trešais posms
	Fizikāli ķīmisko rādītāju noteikšana ekstrudētajiem produktiem

	SECINĀJUMI
	Bibliogrāfija
	ACTUALITY OF RESEARCH
	APPROBATION OF SCIENTIFIC WORK
	MATERIALS AND METHODS
	Characteristics of the products and raw materials used in the study
	Structure of the study
	Methods used in the study
	Mathematical processing of data

	RESULTS AND DISCUSSION
	Qualitative indicators of by-products
	Extrusion with single-screw extruder
	Extrusion with twin screw extruder

	CONCLUSIONS
	Bibliography



