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PETIJUMA AKTUALITATE

Burkani (Daucus carota L. ssp. sativus) ir Viduseiropas augi un ir vieni no
senakajiem sakpaugiem, kurus laudis izmanto jau Cetrus tiikstoSus gadu sava
uztura. Musdienas burkani ir otrs popularakais darzenis aiz kartupeliem. Burkanos
ir daudz vitaminu un mineralvielu. Salidzinot ar citiem darzeniem, burkanos ir
vislielakais f—karotina daudzums, kas pieskir tiem oranzo krasu un stiprina cilvéka
imiinsisttmu (Salunkhe, Kadam, 1998). Burkans ir plasi izplatits darzenis ar labam
digtiskam un garSas T1pasibam. Tradicionali uztura lieto burkanu saknes,
arstnieciba — saknes, lakstus un séklas (Salunkhe, Kadam, 1998; Rubatzky et al.,
1999; Prohens, Nuez, 2008). Selekcijas darba pakapeniski ir izveidotas divgadigas
burkanu Skirnes ar suligu un saldu dazadas formas un krasas sakni — oranzu,
sarkanu, baltu, dzeltenu, tumsi sarkanu un violetu. Vitaminu zina visbagatakie un
ar labam garSas TpaSibam ir oranzi sarkanie jeb karotina burkani (Hui et al., 2004).
Latvija visiecienitakie ir spilgti oranzas krasas "Nante’ tipa burkani.

Minimali apstradatu burkanu pat€rina apjoms miisdienas strauji pieaug, tap&c
zinatnieki piever§ pastiprinatu uzmanibu to kvalitates pétijjumiem. Zinatnieki
galvenokart péta svaigu burkanu dazadus apstrades panémienus un to ietekmi uz
mikroorganismu skaita samazina$anu, burkanu fizikali kimiskos raditajus un
sensoras IpaSibas. Patérétaju &rtibam nepiecieSams nodroSinat svaigu minimali
apstradatu darzenu pieejamibu tirgh visu gadu. ledzivotdji, izvéloties darzenus,
pievér§ uzmanibu produkta uzturvértibai, deriguma terminam, razotajam, cenai un
iepakojumam. PE&tjjumos minéti dazadi darzenu apstrades lidzekli — Gdenraza
peroksids, ultravioleta gaisma, apstaro§ana, ozons, NatureSeal® AS5 preparits,
organiskas skabes u.c., ar mérki nodro$inat produkta mikrobiologisko tiribu,
saglabat to uzturvertibu un pagarinat realizacijas laiku.

Svarigi ir izvertet piemerotakos apstrades Iidzeklus Latvija audz&tu smalcinatu
burkanu apstradei. Tapéc pétijuma izmantotas dazas no jaunakajam apstrades
tehnologiju metodém partika. Literataira tikpat ka nav sastopami dati par Latvija
audz€tu svaigu smalcinatu burkanu apstradi ar ozon&tu tideni, fidenraza peroksida
tidens $kidumu un NatureSeal® AS5 preparatu. Ir jaatzimé, ka, apstradajot
smalcinatus darzenus ar S$adiem Iidzekliem, var ierobezot iesp&jamo
mikroorganismu augSanu. Tadgjadi var prognozét, ka smalcinatos apstradatos
burkanos bis iesp&jams maksimali saglabat produktu uzturvertibu, nodrosinat to
mikrobiologisko tiribu un, varigjot ar dazadiem iepakosanas materialiem, pagarinat
deriguma terminu.

Apkopojot literatlira sastopamos teor€tiskos un eksperimentalos datus, ir
izvirzita promocijas darba hipotéze — svaigu smalcinatu burkanu deriguma terminu
var pagarinat, izveloties inovativas darzenu apstrades metodes.

Hipotgzi pierada ar aizstavamam tézém:
e ’Nante’ tipa Skirnes un hibridu burkanu fizikalie parametri un kimiskais sastavs
butiski atskiras;



e dazadas svaigu smalcinatu burkanu apstrades metodes biitiski ietekmé to
kvalitates raditajus;

e sSvaigu smalcinatu burkanu iepakojumam sekmigi var izmantot
biodegradgjamos iepakojuma materialus;

e smalcinatu burkanu kvalitati uzglabaSanas laika bitiski ietekmé& to apstrades
lidzeklis un izveletais iepakojums.

Promocijas darba mérkis ir izvélcties piemérotako Latvija audzeto burkanu
Skirni vai hibridu minimalai apstradei un izvertét svaigas produkcijas kvalitati
uzglabasanas laika biodegradéjama iepakojuma.

Darba mérka sasnieg8anai ir izvirziti $adi uzdevumi:

e salidzinat "Nante’ tipa Skirnes un hibridu burkanu fizikalos raditajus un kimisko
sastavu p&c razas novaksanas;

e pétit "Nante’ tipa Skirnes un hibridu burkanu fizikalo parametru un kimiska
sastava izmainas uzglabasanas laika tradicionalos apstaklos;

e izveleties atbilstoSakos biodegradéjama iepakojuma materialus svaigu
smalcinatu burkanu kvalitates saglabasanai uzglabasanas laika;

e noteikt optimalos tehnologiskos parametrus svaigu smalcinatu burkanu
apstradei ar tradicionalo NatureSeal® AS5 preparatu (kontrole) un inovativiem
darzenu apstrades lidzekliem — ozon@ts tidens un tidenraza peroksids;

e pétit ar dazadiem lidzekliem apstradatu svaigu smalcinatu burkanu kvalitates
izmainas uzglabasanas laika biologiski sadalama un ,.elpojosa” konvencionala
BOPP Propafilm™ P2GAF materiala iepakojuma;

e integréti novertet ar dazadiem lidzekliem apstradatu svaigu smalcinatu burkanu
kvalitati uzglabasanas laika un izvéleties piemerotako.

Darba novitate — izstradati zinatniski pamatoti svaigu smalcinatu burkanu
apstrades tehnologiskie parametri ar ozon€tu Gideni un fidenraza peroksidu un
salidzinati ar NatureSeal® AS5 preparata ietekmi uz burkanu kvalitati uzglabasanas
laika ar merki pagarinat svaigas produkcijas deriguma terminu. Pirmo reizi Latvija
svaigas produkcijas kvalitates saglabasanai uzglabasanas laika zinatniski
parbaudita biologiski sadalama iepakojuma materialu lidzvertiba ar konvencialo
,elpojoso” BOPP Propafilm™ P2GAF iepako$anas materialu.

Promocijas darba zinatniskais nozimigums: noteikts Latvija audz&étu ’Nante’
tipa Skirnes un hibridu burkanu kimiskais sastavs. Analiz&tas ar ozon&tu udeni,
Gidenraza peroksidu un NatureSeal® AS5 preparatu apstradatu smalcinatu burkanu
fizikalo, kimisko un mikrobiologisko raditaju izmainas uzglabasanas laika.
Pieradits, ka konvencionalos iepakojuma materialus sekmigi var aizvietot ar
biodegrad&jamiem iepakojuma materialiem.

Darba tautsaimnieciskda nozime - noteikti smalcinatu burkanu apstrades
reZimi ar ozonétu adeni, tdenraza peroksidu un NatureSeal® AS5 preparatu,
tadgjadi, pagarinot produkta deriguma terminu. Svaigas produkcijas iepakosanai,
lietojot biologiski sadalamos materialus, var samazinat izlietota iepakojuma kaitigo
ietekmi uz apkartgjo vidi.
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ZINATNISKA DARBA APROBACIJA

Petljuma rezultati apkopoti un publicéti 13 publikacijas recenz&jamos
zinatnisko rakstu krajumos anglu valoda; piecas publikacijas ieklautas datubazes
SCOPUS un EBSCOhost, dala rezultatu apkopoti divu monografiju apaks$nodalas
latviesu valoda.

Publikacijas recenzéjamos izdevumos — 13

1. Augspole I., Rakcejeva T. (2015) Karotinoidu satura izmainas ’Nante’ tipa
burkanos (Daucus carota L.) uzglabasanas laika. ,, Lidzsvarota
lauksaimniectba” Raksti. Jelgava, LLU, ISBN 978-9984-48-176-0,
137.-140. lpp.

2. Ayrmmone MW., Pakwyeea T., Uunkmanuc W., [ykanecka JI. (2014)
HccnenoBanne W3MeHEHHs caxapoB U LBeTa TEPTOH MOPKOBHU, 00pabOTaHHOM
MEPUKHUCHIO BOAOPOJA B Mpoliecce XpaHeHUs. HM3zsecmusa Kanununepaockozo
2ocyoapcmeentoco mexuuyeckoeo yHueepcumema. Ne 33, ISSN: 1997-3071,
c. 93-98.

3. Augspole I., Rakcejeva T., Dukalska L., Skudra L. (2014) Providing Quality
of Shredded Carrots during Storage by Treatment with Ozonated Water.
Material Science and Applied Chemistry. Vol. 30, pp. 10-17.

4. Augspole 1., Rakcejeva T., Kruma Z., Dimins F. (2014) Providing of Shredded
Carrots Quality by Treatment with Hydrogen Peroxide. The 9" Baltic
Conference on Food Science and Technology “Food for Consumer
Well-Being” FoodBalt 2014 Conference Proceedings. Jelgava, LLU, ISSN
2255-9809, pp. 150-154 (in SCOPUS, EBSCO).

5. Augspole I., Rakcejeva T., Cinkmanis 1., Dukalska L. (2013) Preservation of
Carrots Quality Treated with Hydrogen Peroxide. VHHOBamuoHHBIE |
COBPCMCHHBIC TCXHOJOTI'MHN IIHUIICBBIX MIPOU3BOACTB: MaTtepuaJibl
MexayHapomHOW  HAayIHO—TEXHHYECKOW  KoH(epeHIuH, BragmBocTok,
Poccust, ISBN 978-5-88871-620-5, c. 36-40.

6. Dukalska L., Ungure E., Augspole I., Muizniece Brasava S., Levkane V.,
Rakcejeva T., Krasnova I. (2013) Evaluation of Various Biodegradable
Packaging Materials’ Influence on Different Food Quality and Shelf-life.
Proceedings of Lavia University of Agriculture, Vol. 30 (325), pp. 20-34.

7. Augspole 1., Rakcejeva T., Gramatina |. (2013) Changes of
Physically—chemical Parameters of *Nante’ Carrot Hybrids during Storage in
Traditional Conditions. Proceedings of Latvian Academy of Sciences, Riga,
Latvia. Doi: 10.2478/prolas—2013-0054, Vol. 67, 4/5, ISSN 1407-009X,
pp. 416421 (in SCOPUS).

8. Augspole I., Rakcejeva T. (2013) Effect of Hydrogen Peroxide on the Quality
Parameters of Shredded Carrots. Proceedings of the 19" Annual International
Scientific Conference “Research for Rural Development”, Jelgava, Latvia.
ISSN 16914031, pp. 91-97 (in SCOPUS, EBSCO).


http://www.sciencedirect.com/science/article/pii/S0260877409005901

10.

11.

12.

13.

Augspole 1., Rakcejeva T., Cinkmanis I., Dukalska L. (2013) Investigation of
Colour Intensity and Sugars Content Changes in Shredded Carrots Treated
with Hydrogen Peroxide during Storage. Hunosayuu 6 nayke, o6pazosanuu u
ousnece 2013, XI Mesxcoynapoonas nayunas kongepenyus: mpyost, Yacts 1,
Kammaunrpan, Poccus. ISBN 978-5-94826-365-6, c. 190-192.

Augspole 1., Rakcejeva T., Dukalska L., Kozlinskis E. (2013) Hydrogen
Peroxide Effect on the Quality of Shredded Carrots during Storage.
Proceedings of  FaBE2013 International  Conference,  Greece.
ISBN 978-960-9510-10-3, Vol. 1, pp. 353-363.

Augspole 1., Rakcejeva T., Dukalska L. (2012) Content of Sugars, Dietary
Fibre and Vitamin C in Hybrids of *Nante’ Carrots Cultivated in Latvia.
Proceedings of the 18™ Annual International Scientific Conference “Research
for Rural Development”, Jelgava, Latvia. ISSN 1691-4031, Vol. 1,
pp. 137-142 (in SCOPUS, EBSCO).

Augspole 1., Rakcejeva T., Dukalska L. (2012) Changes of Phenolic Content
and Antiradical Activity in Hybrids of ’Nante’ Carrots during Storage.
Chemine Technologija, Lithuania. ISSN: 1392-1231, Vol. 4 (62), pp. 36-39.
Rakcejeva T., Augspole I., Dukalska L., Dimins F. (2012) Chemical
Composition of Variety *Nante’ Hybrid Carrots Cultivated in Latvia. World
Academy of Science, Engineering Technology, Paris, France. Issue 64,
pp. 1120-1126 (in SCOPUS, EBSCOhost).

Monografiju apaksnodalas — 4

Mirniece 1., Augspole 1. (2012) C vitamina saturs darzenos un ta izmainas
uzglabasanas laika. No: Biologiski aktivas vielas partikas produktos,
E.Straumites redakcija. PTF, LLU, Jelgava: ISBN 978-9984-48-083-1,
1.3.1. nodala, 58.-60. Ipp.

Augspole 1., Rakcejeva T. (2012) Karotinoidi burkanos. No: Biologiski aktivas
vielas partikas produktos, E. Straumites redakcija. PTF, LLU, Jelgava: ISBN
978-9984-48-083-1, 2.2. nodala, 92.-94. Ipp.

Auggpole 1. (2012) Skiedrvielas burkanos. No: Biologiski aktivas vielas
partikas produktos, E. Straumites redakcija. PTF, LLU, Jelgava: ISBN
978-9984-48-083-1, 5.3.2. nodala, 163.—164. Ipp.

Auggpole 1., Krasnova 1., Dukalska L., Rakéejeva T., Sabovics M. (2012)
Svaigi griezti augli un darzeni biologiski sadalama iepakojuma.
No: Progresivas iepakojuma tehnologijas partikas industrija, L. Dukalskas un
S.  Muiznieces—Brasavas  redakcija. PTF, LLU, Jelgava: ISBN
978-9984-48-088-6, 5.6.1.10. nodala, 163.—168. Ipp.

Par pétijjuma rezultatiem zinots 14 starptautiskajas zinatniskajas un

zinatniski praktiskajas konferences, kongresos un simpozijos Latvija, Lietuva,
Vacija, Francija, Turcija, Griekija un Krievija.



. Zinatniski praktiska konference ,,Lidzsvarota lauksaimnieciba — 2015 Jelgava,
Latvia. Stenda referats / Poster presentation “Changes of Carotenoid Content in
Carrots (Daucus carota L.) during Storage”. Augspole I., Rakcejeva T.
(February 19-20, 2015).

. The 9" Baltic Conference on Food Science and Technology “Food for
Consumer Well-Being” FoodBalt 2014, Jelgava, Latvia. Stenda referats /
Poster presentation “Providing of Shredded Carrots Quality by Treatment with
Hydrogen Peroxide”. Augspole I., Rakcejeva T., Kruma Z., Dimins F.
(May 8-9, 2014).

Rigas Tehniskas universitates (RTU) 54. starptautiska zinatniska konference.
Sekcija: Materialzinatne un lietiska kimija, Riga, Latvija. Stenda referats /
Poster presentation Smalcinatu  burkanu kvalitates nodro$inasana
uzglabasanas laika p&c apstrades ar ozon&tu fideni. Augspole 1., Rakcejeva T.,
Dukalska L., Skudra L., Kozlinskis E. (2013. gada 11. oktobris).

XI MexnayHapomHass HaydHas KoH(epeHuus ,JIHHOBamuum B Hayke,
obpazoBanuu u Ousnece — 20137, Kanununrpan, Poccus. Referats / Oral
presentation “Investigation of Changes in Colour Intensity and Sugars Content
in Shredded Carrots Treated with Hydrogen Peroxide during Storage”.
Augspole I, Rakcejeva  T.,  Cinkmanis 1., Dukalska L.
(25-27 cents6psi, 2013).

The 19" Annual International Scientific Conference “Research for Rural
Development 2013, Jelgava, Latvia. Referats / Oral presentation “Effect of
Hydrogen Peroxide on the Colour Intensity, Carotenoid and [B—carotene
Content of Shredded Carrots”. Augspole I., Rakcejeva T. (May 15-17, 2013).
FaBE2013: International conference on Food and Biosystems Engineering,
Skiathos Island, Greece. Referats / Oral presentation “Hydrogen Peroxide
Effect on the Quality of Shredded Carrots during Storage”. Augspole 1.,
Rakcejeva T., Dukalska L., Kozlinskis E. (May 30 — June 02, 2013).
EuroFoodChem XVII, Istanbul, Turkey. Stenda referats / Poster presentation
“Preservation of Shredded Carrots by Treatment with Ozonised Water”.
Augspole I., Rakcejeva T., Skudra L., Cinkmanis I. (May 07-10, 2013).

The 5™ International Symposium of Food Packaging Scientific Developments
Supporting Safety and Innovations, Berlin, Germany. Stenda referats / Poster
presentation “Evaluation of Various Biodegradable Packaging Material
Influences on the Shelf-life and Quality of Different Foods during Storage”.
Dukalska L., Augspole I., Ungure E., Levkane V., Muizniece—Brasava S.,
Rakcejeva T., Krasnova I. (November 14-16, 2012).

International Conference “Nutrition and Health”, Riga, Latvia. Stenda
referats / Poster presentation “Changes of Physically—chemical Parameters of
‘Nante’ Carrots Hybrids during Storage on Traditional Conditions”. Augspole
l., Rakcejeva T., Dukalska L. (September 4-6, 2012).


http://www.sciencedirect.com/science/article/pii/S0260877409005901

10.

11.

12.

13.

14.

The 18" International Conference for Renewable Resources and Plant
Biotechnology, NAROSSA, Magdeburg, Germany. Stenda referats / Poster
presentation “Physicochemical Quality Evaluation of Fresh—cut Carrots
Packed and Stored in Biodegradable Film Packaging”. Augspole I., Dukalska
L., Rakcejeva T., Muizniece-Brasava S. (June 04-05, 2012).

The 7" International Scientific Conference “Students on their Way to
Science”, Jelgava, Latvia. Referats / Oral presentation “Gas Composition
Changes during Storage in Shredded Carrot Packs made of Different
Packaging Materials”. Augspole 1., Rakcejeva T., Dukalska L.
(May 25, 2012).

The 7" Baltic Conference on Food Science and Technology “FoodBalt—2012",
Kaunas, Lithuania. Stenda referats / Poster presentation “Phenols Content and
Antiradical Activity Changes in Hybrids of ‘Nante’ Carrots during Storage”.
Augspole 1., Rakcejeva T., Dukalska L. (May 17-18, 2012).

The 18" Annual International Scientific Conference “Research for Rural
Development 20127, Jelgava, Latvia. Referats / Oral presentation “Sugars,
Dietary Fibre and Vitamin C Content of ‘“Nante’ Carrots Cultivated in Latvia”.
Augspole 1., Rakcejeva T., Dukalska L. (May 16-17, 2012).

WASET 2012, International Conference “World Academy of Science,
Engineering and Technology” “ICFEB 2012: International Conference on
Food Engineering and Biotechnology”, Paris, France. Referats / Oral
presentation “Chemical Composition of Variety ‘Nante’ Hybrid Carrots
Cultivated in Latvia”. Rakcejeva T., Augspole I., Dukalska L., Dimins F.
(April 25-26, 2012).

Daliba izstadés — 3

1.

Starptautiska izstade ,,Riga Food 2014”, Riga, Latvija. Referats / Oral
presentation “Physically—chemical Parameters of ’Nante’ Carrot Hybrids
during  Storage”.  Augspole I, Rakcejeva T., Gramatina |.
(2014. gada 4.—7. septembris).

Starptautiska izstade ,,Riga Food 2013”, Riga, Latvija. Referats / Oral
presentation “Preservation of Shredded Carrots by Treatment with Ozonised
Water”.  Augspole 1., Rakcejeva T., Skudra L., Cinkmanis I.
(2013. gada 3.—7. septembris).

Starptautiska izstade ,,Riga Food 20127, Riga, Latvija. Stenda referats / Poster
presentation Biodegradgjama iepakojuma materiala ietekme wuz svaigi
smalcinatu  burkanu  kvalitati  uzglabaSanas laika.  AugSpole L.,
Dukalska L., Rakéejeva T., Muizniece—Brasava S., Sabovics M.
(2012. gada 4.-6. septembris).



MATERIALI UN METODES

Pétijumu laiks un vieta

Eksperimenti veikti no 2011. gada Iidz 2014. gadam Latvijas Lauksaimniecibas

universitate Partikas Tehnologijas fakultates Partikas Tehnologijas katedras

laboratorijas:

e Iepakojuma materialu pasibu izpétes laboratorija (burkanu pirmapstrade un
minimala apstrade), krasas intensitates un cietibas noteikSana, smalcinatu
burkanu iepakosana un uzglabasana;

e Mikrobiologijas laboratorija (mikrobiologisko parametru noteikSana burkanos:
bakteriju kopskaits — mezofili aecrobie un fakultativi anaerobie mikroorganismi,
raugi, E. coli zarnu grupas baktgrijas;

e Prof. P. Delles laboratorija (Skiedrvielu satura noteik$ana burkanos).

Kimijas katedras laboratorijas:

e Dabas vielu kimijas zinatniskaja laboratorija (oglhidratu un polifenolu satura
noteikSana);

e Neorganiskas un analitiskas kimijas laboratorija (pH vertibas, mitruma,
C vitamina, $kistosas sausnas, kopgjo polifenolu, antioksidantu aktivitati kop&jo
karotinoidu un f—karotina satura noteikSana).

Pétijuma objekts ir Latvija Zemgales regiona audz&ti *Nante’ tipa:

e ’Forto’ Skirnes burkani;
e burkanu hibridi ’Bolero’ F1, ’Champion’ F1 un "Maestro’ F1.

Petijumam ,, Svaigu burkanu kvalitates raditaju izvertejums, un ,, Burkanu
kvalitates raditaju izmainas tradicionalajos uzglabasanas apstakjos” ir izmantoti
’Nante’ tipa ’Forto’ $kirnes burkani un *Nante’ tipa burkanu hibridi ’Bolero’ F1,
’Champion’ F1 un *Maestro’ F1*, kas audz&ti Zemgales regiona un novakti oktobra
pirmaja pus€ 2011. gada.

Péttjumam ,, Minimali apstradatu burkanu iepakoSanas materialu izvele” ir
izmantoti *Nante’ tipa 'Forto’ $kirnes burkani, kas audzeti Zemgales regiona un
novakti oktobra pirmaja pusé 2012. gada.

Petijumam ,, Smalcinatu burkanu apstrades parametru izvéle” un ,, Minimali
apstradatu  burkanu kvalitates parametru izmainas uzglabasanas laika” ir
izmantoti *Nante’ tipa *Forto’ $kirnes burkani, kas audz&ti Zemgales regiona un
novakti oktobra pirmaja pusé 2013. gada.

Materiali

e Dzeramais Gidens — atbilstosi LR Ministru Kabineta 2003.gada 29.aprila
noteikumiem Nr. 235 ,Dzerama tidens obligatas nekaitiguma un kvalitates
prasibas, monitoringa un kontroles kartiba”.

! Lauksaimniecibas produktu integrétas audzé$anas, uzglabasanas un marké$anas prasibas
un kontroles kartiba (2014) [Skatits 16.02.2015.] Pieejams / Available at:
http://likumi.lv/doc.php?id=197883
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e Dejonizéts tidens 0,055 pS cm™ iegiits Gidens dejonizacijas iekarta ,, Crystal E”
(SIA4 ,,Adrona”, Latvija).

e 30% udenraza peroksida (M=34,01 g mol™) §kidums (Cehija).

e Ozonéts tdens, kas ieglits augstas koncentracijas ozona un skabekla generatora
SOZ-YMS BNPOZONE Company (Kina).

e Darzenu apstrades lidzeklis, NatureSeal® AS5 preparats — ASV
Lauksaimniecibas ministrijas patentéts sauss vitamina un mineralvielu
maistjums (Nr. US 20110111103 Al) (AgriCoat NatureSeal Ltd., Anglija).
Eksperimentos izmantojamo iepako$anas materialu raksturojums apkopots

1. tabula.

Biologiski sadalami materiali (Nature Works® PLA C121, NatureFlex™ NVS
INNOVIA un CERAMIS®™-PLA) nesaderibas d&| nav piekausgjami pie PP karbinam,
tadél no §Im plévém tika izgatavoti maisini (250x240 mm), Kkuros ievietoja
PP karbinas ar iesvertiem svaigiem smalcinatiem burkaniem.

1. tabula / Table 1
Iepakojuma materialu raksturojums / Characteristics of packaging materials

Nr.p.k.| lepakojuma materiali / Biezums / Tzmérs / Barjeripasibas/
- . Thickness|  Size, : :
No Packaging materials Barrier properties
um mm
BOPP Propafilm™ OTR: 3000 (cm® m?) h!
L |p2GAF pleve / film 381 80x120 | o6 1R. 12000 (em® m?) bt
NatureFlex™ NVS OTR: 20 (cm’® m?) h'?
2 |oleve / film 35| 250x240 | o6 TR: 500 (cm® m?) bt
) Nehermetiski uzspiezami
5 |Nature Works® PLA P-360 L0042 | 70x70x45 | PLA vacini /
" |karbinas / boxes 200 mL | Non hermetically covered
PLA caps
WTR: 55 g (m’d)™ +10%
® 23 °C
4. (NB""ItC“)[‘;\I’_VX)r "SIEVZ"/AﬁIleZl 3565 | 80x120 | HR 85% (ASTM F 1249)
P OTR: 500 (m?d)™® bar 23 °C
HR 50%: (DIN 533803)
i Augstas barjeripasibas, ko
CERAMIS®™-PLA (VC999 nodrosina SiO, parklajums /
5 BioPack) pleve / film S0+2 250x240 High barrier properties,
provided with SiO, coat
DuniForm PP 80x120x42 -
6. Karbinas / boxes 35+1 400 mL Nav zinamas / Not known

Eksperimentos svaigi smalcinati burkani pirms uzglabasanas bija:
o iepilditi DuniForm polipropiléna (PP) karbinas, kas aizkaus&tas ar ,.elpojosu’
konvencionalo BOPP Propafilm™ P2GAF plevi;

1l
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o iepilditi DuniForm polipropiléna (PP) karbinas, kuras ievietotas no biologiski
sadalamo materialu izgatavotos hermétiski aizkausgjamos maisinos:
o Nature Works®™ PLA C121 (BIO-PLA) pléves izgatavotos maisinos;
o NatureFlex™ NVS INNOVIA pléves izgatavotos maisinos;
o CERAMIS"-PLA pléves izgatavotos maisinos;

e iepilditi Nature Works®” PLA P-360 karbipas ar nehermétiski uzspiezamu
PLA vacinu.

Pétijuma struktira

Promocijas darba veikto pétijumu vispargja shéma paradita 1. attela. Svaigi
’Nante’ tipa ’Forto’ 8kirnes burkani un burkanu hibridi ’Bolero’ FI,
’Champion’ F1 un ’Maestro’ F1 analiz&ti tiilit péc razas novakSanas, uzglabati
seSus ménesus gaisa vidé (+3+1 °C, RH=89+1%) un ik p&c diviem ménesiem tiem
noteikti kvalitates raditaji ar mérki izvéleties piemérotako burkanu Skirni vai
hibridu svaigu minimali apstradatu burkanu razoSanai. Péc fizikalo parametru un
kimiska sastava izvert€Sanas turpmakiem pétijumiem izmantoja ’Forto’ Skirnes
burkanus.

Ta ka biodegrad€jamos iepakojuma materialus izgatavo galvenokart no daba
regulari atjaunojamam izejvielam un tie biologiski sadalas, tatad ir dabai draudzigi,
tad pétijumu galvenais mérkis bija parbaudit biologiski sadalamo iepakoSanas
materialu ietekmi uz svaigu smalcinatu burkanu kvalitati uzglabasanas laika,
salidzindgjuma ar .elpojosu” konvencionilo BOPP Propafilm™ P2GAF
iepakojuma materialu. Svaigu smalcinatu minimali apstradatu burkanu kvalitates
raditaju noteikSanai uzglabasanas laika no priekSeksperimenta (1. attéls)
parbauditajiem biologiski sadalamajiem iepako$anas materialiem tika izveleti
piemérotakie, kurus izmantoja turpmakajos p&tijumos.

Svaigus, skaidinas smalcinatus burkanus apstradaja ar dazadiem darzenu
apstrades lidzekliem — ar iidenraza peroksidu, ar ozonétu ideni un NatureSeal *AS5
preparatu (dazada koncentracija, atskiriga izturéSanas laika), ar mérki nodroSinat
burkanu mikrobiologisko ftirtbu. P&c burkanu kvalitates raditaju noteikSanas
izveleti optimalakie apstrades parametri.

P&c apstrades burkanus iepakoja ieprieks izveletajos iepakojuma materialos un
uzglabaja 8 11dz 12 dienas +4+1 °C temperatiira, nosakot to deriguma terminu.

Lai noteiktu smalcinatu burkanu piemérotako apstrades Iidzekli un izvertetu to
kvalitates raditajus uzglabasanas laika ir veikts integrétais novertgjums.
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Burkanu
uzglabasana
t=+3+1 °C,
RH=89+1%,
=6 ménesi /
months
.I.I.I-I.I-I.I ;-I.I-I.I.I.I.I (1]
Kvalitates
izvertgjums /
Quality
evaluation

: Piemerotakas burkanu
Skirnes vai hibridu

izvéle minimali
apstradatu burkanu

razo$anai / Choosing
: of suitable variety or
= hybrids for minimally
:  treated carrots

Svaigi burkani /
Fresh carrots :

! Burkanu kvalitates izvertgjums/
Quality evaluation of carrots
variety ‘Forto’

‘Forto’ skirnes burkanu
pirmapstrade / Pre—treatment
of ‘Forto’ variety carrots

I PriekSeksperiments /
| Pre—experiment

| lepakoSanas materiali /

| Packaging materials

I ® Konvencionalais / Conventional
o BOPP Propafilm™ P2GAF
I plavel film

I e Biodegradgjamie / Biodegradable
Jo Nature Works*PLA
karbinas / boxes
I, NatureFlex™ NVS INNOVIA
I pleve/film
| o Nature Works” PLA C121 pleve / |
film
I, CERAMIS™PLA plave/film |

Smalcinati burkani /
Shredded carrots

I_____I____J

—p = === ===

\

. Smalcinatu burkanu
apstrade / Treatment of
. shredded carrots:

: ® ar H,0,/ with H,0;
®ar 03/ with Ogz;

Kvalitates
izvertgjums/
Quality evaluation

e ar NatureSeal® AS5 /

e with NatureSeal” AS5

¥

Optimalo apstrades
parametru izvéle /

Selection of optimal

treatment parameters

¥

! Smalcinatu burkanu
| iepakosana / Packaging of

shredded carrots

Smalcinati apstradati burkani /
Shredded treated carrots

storage

L

| N

Kvalitates izveértg§jums =
uzglabasanas laika/ |
Quality evaluation during «

— .
« Integrétais novertgjums /
" Integrated evaluation .

1 Burkanu iepakosana /
| Packaging of carrots
—— = — I _—— =
—-— _———
I  Kovalitates izvertgjums
I uzglabasanas laika / Quality I
evaluation during storage
—— . |
N S
| Iepakosanas materialu izvéle il

I Selection of packaging
materials

1
!(_| Iepako$anas materiali / *
. Packaging materials

|
]® Konvencionalais / -
Tt Conventional I
| o BOPP Propafilm™ *
. P2GAF pleve/film |
I | ® Biodegradgjamie / |
. Biodegradable

| o Nature Works®PLA
= karbinas / boxes I
| o NatureFlex™ NVS *
INNOVIA plave / film |

| o

1. att. Vispareja eksperimenta shema /
Fig. 1. General scheme of experiments
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Neapstradatu svaigu burkanu uzglabasana

"Nante’ tipa ’Forto’ Skirnes un hibridu ’Bolero’ F1, ’Champion’ F1 un
’Maestro’ F1 burkani tulit péc razas novakSanas seSus méneSus ir uzglabati
80x50x40 cm izméra PP kast&s atv€sinata kamera +3+1 °C temperatiira ar relativo
gaisa mitrumu 89+1%. Svaigu burkanu kvalitates raditaju noteikSana veikta,
izmantojot standarta un zinatniska literatiira aprakstitas metodes (skat. 2. tabula) ik
pec divu ménesu uzglabasanas.

Smalcinatu burkanu minimala apstrade

Smalcinatu burkanu sagatavosana:

e pétijumam izveleti svaigi, veseli, nebojati burkani, nomazgati tekosa tideni
(lictots dzeramais tGidens);

e burkanus mizoja ar Baumann firmas smalku, loti asu darzenu mizoSanas nazi,
kas izgatavots no neriisjosa térauda, parklatu ar ipasu parklajumu — keramisko
slani, kas nelauj produktam pielipt pie naza asmens;

e nomizotos burkanus nomazgaja tekosa fideni 16+2 °C temperatiira, apzaveja
+20+£2 °C temperatira gaisa vidé 3+1 min;

e burkanus sasmalcina skaidinas, lietojot (Philips Comfort HR 7605, Austrija)
majsaimnieciba izmantojamu virtuves kombainu, darbinasanas jauda 350 W.
Sasmalcinato burkanu skaidinu vidgjie izméri: Skérsgriezums 1,5x3,0 mm,
garums 35-50 mm.

Smalcinatu burkanu apstrades panémieni

Smalcinatu burkanu pétijumiem sagatavoti tidenraza peroksida, ozonéta tidens
un komerciala NatureSeal® AS5 preparata apstrades lidzekli dazada koncentracija.
Burkaniem pirms apstrades veikta pirmapstrade: mazgasana, mizoSana,
smalcinasana.

Lai noveértétu svaigu smalcinatu burkanu kvalitates izmainas p&c apstrades,
burkanu paraugiem noteica fizikalos, kimiskos un mikrobiologiskos parametrus
(2. tabula). Smalcinatu apstradatu burkanu kvalitates izveértgjums veikts atkariba no
apstrades ilguma un apstrades lidzekla koncentracijas, kas ietver mérki noskaidrot,
ka apstrades process — koncentracija un ilgums ietekmé svaigu smalcinatu burkanu
kvalitates raditajus. Ka kontrole izmantoti svaigi smalcinati burkani pirms
apstrades.

Apstrade ar H,O,

e Eksperimentiem izmantots 30% idenraza peroksida (M=34,01 g mol™) 8kidums
(Cehija).

e Smalcinatu burkanu apstradei sagatavoja 0,5%; 1,0% un 1,5% udenraza
peroksida $kidumu dejonizéta tideni 0,055 uS cm™ 2042 °C temperatiira.

e Lai novérstu idenraza peroksida sadaliSanos, Skidumu pagatavoja vienu mintti
pirms smalcinato burkanu apstrades.
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Smalcinati burkani tika iegremdéti idenraza peroksida tidens $kiduma un turéti
30=+1 s, 60+1 s un 90+1 s.

Péc apstrades ar udenraza peroksida fidens Skidumu smalcinatos burkanus
novietoja Uz neriisGjosa térauda sieta (sieta rezgu diametrs 0,3 mm), lai
notecinatu brivo skidumu (3£1 min).

Udenraza peroksida ietekmi uz svaigu smalcinatu burkanu kvalitati noteica tilit
pec apstrades, ka arT uzglabasanas laika.

Apstrade ar ozonu

Ozonéts tdens ieglits augstas koncentracijas ozona un skabekla generatora
SOZ-YMS (BNPOZONE Company, Kina), kas aprikots ar tdens siikni. Ozonu
ar ezektora palidzibu izskidina tdeni. Maksimala ozona koncentracija viena
cirkulacijas reizé ir Iidz 12,0 mg L™

Ar portativu ozona méritagju DO3 (Eco Sensors Division of KWJ Engineering
Inc., ASV) noteica ozona koncentraciju tideni mg L. Mgraparata darbiba
balstas uz gazes (ozona) spiediena izmainam.

Mgraparata darbiba balstas uz gazes (ozona) spiediena izmainam.

Ozona daudzumu trauka méra virs parauga virsmas. MériSana notiek, manuali
iepildot ozonéta Gdens paraugu 10 mL pudelité, kuru pievieno portativajam
Inc., ASV). Meg@raparata izmantots elektrokimiskais T-Series sensors
(3ET1PO3) ar precizitati £0,05% (0-0,05 mg L™), maksimala mérisanas
koncentracija Iidz 5,0 mg L™.

P&c ozona koncentracijas noteik$anas (1,0 mg L'l, 2,0 mg L un 3,0 mg L'l),
smalcinatus burkanus iegremdgja ozonétaja tideni (2,0 L) 20+2 °C temperattra
un turgja 60; 120 un 180+£1 sekundes.

P&c apstrades ar ozonétu tideni smalcinatos burkanus novietoja uz neriiséjosa
teérauda sieta un notecinaja brivo $kidumu (341 min).

Ozonéta tidens ietekme uz svaigi smalcinatu burkanu kvalitati noteikta tiilit p&c
apstrades, ka arT paraugu uzglabasanas laika.

Apstrade ar NatureSeal®AS5 preparatu

NatureSeal® AS5 prepardts — ASV patentéts sauss vitamina un mineralvielu
maistjums, droSs un nekaitigs produkts, kas lietojams partika, aktiva viela
askorbinskabe un kalcijs.

Burkanu apstradei lieto NatureSeal® AS5 2,5% tidens $kidumu.

2,5% NatureSeal® AS5 udens $kidums sagatavots pirms lietoSanas, kura
smalcinatus burkanus 2012 °C temperatiira iztur 5 min+l s.

P&c apstrades ar 2,5% NatureSeal” AS5 fidens §kidumu smalcinatos burkanus
novietoja uz nertis€josa terauda sieta un notecindja brivo Skidumu (3+1 min).
NatureSeal® AS5 ietekme uz svaigi smalcindtu burkanu kvalitati noteikta tailit
pec apstrades, ka arT paraugu uzglabasanas laika.
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Minimali apstradatu burkanu iepakoSana un uzglabasana

Nomazgatus, nomizotus, smalcinatus burkanus, kas apstradati ar tdenraza
peroksida 1,0% Skidumu 30+1 s, ozonétu iideni 2 mg Lt 60+1 s un
NatureSeal® AS5 preparatu 2,5% 5 mintl s pa 60+5 g, iepakoja biologiski
sadalamos un konvencionalajos iepakojuma materialos.

DuniForm PP karbinas ievietoja ieprieks izgatavotos (izmérs 250 x 240 mm)
biologiski sadalama NatureFlex™ NVS INNOVIA materiala pléves maisinos, kurus
hermétiski aizkaus€ja iepakoSanas iekarta (EUROMATIC, Italija), bet ar
,elpojosu” konvencionalo poliméru BOPP Propafilm™ P2GAF plévi ar
pretnoraso$anas parklajumu DuniForm PP karbas hermétiski aizkausgja
iepakoSanas iekarta SEAL 300 Faverani (Italija).

Paraugu kvalitates parametru noteikSana veikta pirms iepakoSanas pirmaja
diena un uzglabasanas laika ik pec divam dienam, laika perioda Iidz 8—12 dienam
tris atkartojumos. Eksperimentos lietoto iepakoSanas materialu raksturojuma
apraksts apkopots 1. tabula.

Smalcinati, apstradati iepakotie burkani uzglabati aukstumkamera Comercial
Freezer/Cooler ,,ELCOLD” +4,0+1 °C temperatiira.

Burkanu kvalitates raditaju noteik§anas metodes

Burkanu kvalitates raditaju noteikSanas metodes dazados pétfjumu posmos
apkopotas 2. tabula.

Rezultatu matematiska apstrade

o leglito datu apstrade veikta ar matematiskas statistikas metodém, iegtitajiem
rezultatiem aprékinati vid€jie aritmétiskie lielumi ar Microsoft Excel 7
programmas paketi rékinatas standartnovirzes.

e Bitiskuma noteikSanai rezultati tika analizéti ar programmpaketi SPSS 20,
izmantojot: vienfaktora un divfaktoru dispersijas analizi (ANOVA), General
Linear Model (GLM), izmantota p—vertiba.

e Dispersijas analizg atSkiribu skaidroSanai starp pétitajiem paraugiem izmantots
Scheffe kritérijs.

e Veikts integréts daudzkriteriju novertgjums.
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2. tabula / Table 2
Burkanu kvalitates raditaju noteikSanas metodes dazados pétijumu posmos /
Methods for the quality assessment of carrots in different research stages

P&étijumu posmi / Research stages

~ 2
~ (%2}
=.|25%5 |g55.5/8285¢
Raditaji un testa metodes / ELIE2 o ,8 T cC B85, 5
P 'NEINE%HNEOCDCDW'“TQDQ
Indicators and test methods = =S BOICSS S EEIEES R
- © Nhhﬁwo‘-‘(ﬁﬁhahb
ZO|EQSS|aES 8582528
N
RE5D °|la8H E al<d E"m §
18] +—
o
Mitrums / Moisture (1ISO6496:1999) X X X X
Cietiba / Firmness
Struktiras analizators / X X X X
(Texture analyser TA.XT.plus)
Krasa / Colour CIE L* a* b* krasu o o o o

sistéma (CIE L* a* b* colour system)
pH LVS ISO 1132:2001 X X X X
Masas zudumi / Weight loss

(LVS ISO 1442:1997)

Gazu sastavs / Composition of gases
Gazu analizators (Gas analyser - - - X
OXYBABY ECO)

Oglhidrati / Carbohydrates (Kuka, 2008) | x X X —

Skistosa sausna / Soluble solids
(1SO 2173:2003)

Polifenoli /Polyphenols
(Ozkan, Baydar, 2006)

Kopgjie fenoli / Total phenols
(Marinova et al., 2005)

Antioksidantu aktivitate /Antiradical
activity (Faller, Fialho, 2010)

C vitamins / Vitamin C
(Moor et al., 2005)

Kopgjie karotinoidi / Total carotenoids
(Lima et al., 2005)

B—karotins / p-carotene
(Biswas et al., 2011)

Kopgjas diétiskas Skiedrvielas /
Total dietary fibre (AOAC 993.21)

MAFAm / Total plate counts
(LVS EN 4833:2003)

— — X X

Raugi / Yeasts (1SO 21527-2:2008) — — x

E.coli (LVS ISO 7251) X

x noteiktie burkanu kvalitates raditaji / determlned quallty indicators for carrots
— nav noteikts / was not defined
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PETIJUMU REZULTATI UN DISKUSIJA

1. Svaigu burkanu fizikalo parametru un kimiska
sastava izvertéjums

Lai pieraditu promocijas darba aizstavamo t&zi: ,,’"Nante’ tipa skirnes un hibridu
burkanu fizikalie parametri un kimiskais sastavs bitiski atskiras”, eksperimentali ir
analiz€ti un izverteti svaigu tikko novaktu Nante’ tipa ’Forto’ Skirnes un hibridu
’Bolero’ F1, ’Champion’ F1 un ’Maestro’ F1 burkanu fizikalie un kimiskie
parametri.

P&c datu matematiskas apstrades noteikts, ka "Nante’ tipa 'Forto’ Skirnes un
hibridu ’Bolero’ F1, ’Champion’ F1 un ’Maestro’ F1 burkanu mitruma saturs
butiski at$kiras (p=0,002; @=0,05) un bija robezas no 88,42% Iidz
92,67%. Mazakais mitruma saturs noteikts hibrida ’Bolero’ F1 burkanos
88,42+0,17%, savukart lielakais — ’Forto’ Skirnes burkanos 92,67+0,13%.
AtskirTgs mitruma saturs burkanos skaidrojams ar $kirnes un hibridu ipatnibam un
iesp&jamo augsnes tipu atskiribu burkanu augSanas laika.

Svaigiem burkaniem noteikta cietiba raksturo to kraukskigumu. Burkanu
cietiba (krauk$kigums) ir svarigs kvalitates raditajs, kas nosaka to tvirtumu,
stingribu un suligumu. Veicot iegiito eksperimentalo datu matematisko apstradi
noteikts, ka p&tamo burkanu cietiba butiski atSkiras (p=0,008; a=0,05) (2. att€ls).

110
Z
S g 100 95.09
2 & e
S o
S 81,28 82,93
o N
70 L r & b .

'Forto’ ‘Champion’ F1 'Maestro' F1  'Bolero' F1

Burkani / Carrots
2. att. Burkanu cietiba / Fig. 2. Firmness of carrots

Analizéto burkanu cietiba bija robezas no 81,28 lidz 95,09 N. Viscietakie bija
hibrida ’Bolero’ F1 burkani (95,09+7,01 N), bet mikstakie — ’Forto’ Skirnes
burkani (81,28+10,54 N). Svaigiem burkaniem stingriba un krauk§kigums parasti ir
v€lams un to ir griiti komerciali analiz&t produktu kvalitates testeSana.

Kopgjo karotinoidu saturs dazadu ’Nante’ tipa Skirnes un hibridu burkanos
butiski atskiras (p=0,001; a=0,05). Lielakais kop&jo karotinoidu saturs konstatets
*Forto’ $kirnes burkanos — 179,47+0,08 mg 100 g sausnas, mazakais — hibridu
’Champion’ F1 un *Bolero’ F1 burkanos (172,45+0,06 un 172,93+0,04 mg 100 g™
sausnas) (3. attels).

Cukuru saturs analiz€tajos ’Nante’ tipa Skirnes un to hibridu burkanos bija
butiski atskirigs (p=0,001; 0=0,05). Izvertgjot saharozes, glikozes un fruktozes
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saturu burkanos (4. attels), konstatéts, ka saharoze ir domingjoSais cukurs
nobriedu§as burkanu saknés. Mazakais saharozes saturs — 2,45 g 100 g™ konstat&ts
’Forto” Skirnes burkanos, bet liclakais — hibridu ’Champion’ F1 un ’Maestro” F1
burkanos: 4,82 un 4,71 g 100 g™*. Fruktozes saturs pétitajos burkanos bija robezas
no 1,20 g 100 g™ *Bolero’ F1 lidz 1,40 g 100 g "Maestro’ F1. Glikozes saturs
svaigos burkanos bija robezas no 1,19 g 100 g™ *Forto’ Skirnes burkanos lidz
1,87 g 100 g™* hibrida "Maestro’ F1 burkanos.
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Total carotenoids,

Burkani / Carrots
3. att. Kopéjo karotinoidu saturs / Fig. 3. Content of total carotenoid
"Forto’ Skirnes samazinato cukuru saturu varétu izskaidrot ar to, ka palielinata
polifenolu satura del (4. att€ls) cukuri (glikoze un fruktoze) tiek saistiti glikozidu

veida. Kopgjo cukuru saturs bija robezas no 4,87 g 100 g™ *Forto® $kirnes burkanos
lidz 7,99 g 100 g™ hibrida "Maestro’ F1 burkanos.
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Burkani / Carrots
@ Fruktoze / Fructose & Glikoze / Glucose & Saharoze / Sucrose & Kopgjie cukuri / Total sugars

4. att. Cukuru saturs / Fig. 4. Content of sugars

Vertibas, kas atzim&tas ar vienu un to pasu burtu, biitiski neatskiras (p>0,05) /
Values, marked with the same letter, are not significantly different (p>0.05)

Izvertgjot kopgjo fenolu saturu burkanu paraugos noteikts, ka to saturs *Nante’
tipa Skirnes un to hibridu burkanos batiski atskiras (p=0,003; 0=0,05) (5. attéls).

19



— &> 600

£ 38 £ 550 539.76

0 E 500

~

= < 2> 450 43§'16

SR OR< N

£ e 400 \

2 £ 350 \

Eé 2 200 \\ 271.21

S S 2 250 3

£ 2 50 ‘ N ‘ ~ o ke
'Forto’ ‘Champion' F1  'Maestro' F1 '‘Bolero' F1

Burkani/ Carrots
5. att. Kopé€jo fenolu saturs / Fig. 5. Content of total phenols

Kopgjais fenolu saturs bija robezas no 271,21+0,02 mg GAE 100 g™ sausnas
"Bolero’ F1 hibrida burkanos lidz 539,76+0,03 mg GAE 100 g* sausnas ’Forto’
§kirnes burkanos. Lielais kopgjais fenolu saturs burkanos varétu but saistits ar
paaugstinatu ferulskabes, galluskabes, p—kumarinskabes un organisko skabju
saturu tajos.

Burkanu antioksidantu aktivitate bija robezas no 22,16+0,06 ’Champion’ F1
burkanu hibridos, 11dz 24,28+0,16 DPPH inhib&Sanas % ’Forto’ Skirnes burkanos
kas butiski atSkiras (p=0,001) (6. att€ls). leglitie pétijuma rezultati norada uz
’Forto’ Skirnes burkanu lielo antioksidantu aktivitati. Pétijumi liecina, ka liela
antioksidantu aktivitate neitraliz€ brivos radikalus un tas ir viens no galvenajiem
iemesliem, kap&c pasaul€ palielinas darzenu paterins.
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6. att. Antioksidantu aktivitate / Fig. 6. Antioxidant activity
P&tijumos noteikts, ka burkani ir bagats Skiedrvielu avots. Lielakais kopg&jo
Skiedrvielu saturs bija hibrida *Bolero’ F1 burkanos 34,25+5,79 mg 100 g™ sausnas
un mazakais hibrida *Champion’ F1 burkanos 25,78+1,54 mg 100 g™ sausnas, kas
ir butiski atskirigs (p=0,006; 0=0,05).
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2. Svaigu burkanu fizikali—-kimisko parametru izmainas
uzglabasanas laika

Eksperimentali ir veérteta Latvija audz&ta ’Nante’ tipa ’Forto’ Skirne un ta
dazadu hibridu 2011. gada razas burkanu fizikali kimisko raditaju izmainas seSu
ménesu uzglabasanas laika, veicot analizes ik p&c diviem méneSiem.

Burkanu mitruma  saturs uzglabaSanas laika  batiski  samazinas
(p=0,001; 0=0,05). Péc seSu meéneSu uzglabasanas burkanu mitrums visvairak
samazinajas hibrida ’Maestro’ F1 burkanos (par 4,80%), mazak — hibrida
’Bolero’ F1 burkanos (par 1,98%). Péc zinatniskas literaturas datiem dabiski
mitruma zudumi burk@nos viena méneSa uzglabasanas laika var but lidz 3%,
savukart maksimali pielaujamie visa seSu ménesu uzglabasanas cikla ir no 7% lidz
8%. Burkanu mitruma samazinasanas rezultata sakas burkanu visanas process, ko
ietekm€ uzglabasanas temperatiira un relativais gaisa mitrums.

Burkanu cietiba bitiski palielingjas (p=0,002; a=0,05), jo to ietekm& mitruma
satura samazinasanas. P&c seSu ménesu uzglabasanas burkanu cietiba palielinajas
vidgji par 19,15%. P&c seSu meneSu uzglabasanas vairak palielinajusies ’Forto’
skirnes burkanu cietiba — par 28,99%. Savukart mazak cietiba mainijas hibrida
’Champion’ F1 burkaniem — par 9,60%. Burkanu cietibas palielinasanas var&tu but
skaidrojama ar burkanu mitruma satura samazinasanos, kas bitiski ietekmé
darzenu cietibu, proti, darzeni sak vist.

Dazadu ’Nante’ tipa hibridu burkanos kop&jo karotinoidu saturs péc seSu
méneSu uzglabaSanas biutiski palielingjas (p<0,05; «=0,05) — vidgji par
35,96%, savukart ’Forto’ Skirnes burkanos vidgji par 40,97% (p<0,05; 0=0,05).
legiitie rezultati liecina par karotinoidu biosint€zes norisi burkanos péc razas
novaksanas.

Veicot matematisko datu apstradi, ir noteikts, ka uzglabasanas laika fruktozes
(p=0,026; a=0,05) un glikozes satura (p=0,046; 0=0,05) izmainas ir butiskas
(7. attels).

Nante’ tipa Skirnes un hibridu burkanos fruktozes saturs palielinajas par
31,32% un glikozes saturs — par 60,55%, 1idz ar to uzglabati burkani iegist saldaku
garSu. SeSu méneSu uzglabasanas perioda saharozes saturs burkanos vidé&ji
samazinajas par 89,90%, salidzinot ar saharozes saturu burkanos pirms to
uzglabasanas. To var izskaidrot ar to, ka burkanos uzglabasanas laika cukuri
biosintézes procesa hidrolizgjas, ka rezultata notiek disaharidu degradacija, kur
saharozes saturs samazinas, savukart glikozes un fruktozes saturs palielinas.

Kopgjo fenolu saturs "Nante’ tipa Skirnes un hibridu burkanos péc seSu ménesu
uzglabasanas biitiski samazinajas — vidgji par 21,30% (p=0,007; a=0,05).

Antioksidantu aktivitate ’Nante’ tipa Skirnes un to hibridu burkanos péc sesu
ménesu uzglabasanas samazinajas vidgji par 55,37% (p=0,019; 0=0,05). Burkanu
antioksidantu aktivitate pirmos divos uzglabasanas meénesos bija salidzino$i stabila,
zaudgjot vidgji 6,17%. Loti strauj$ antioksidantu aktivitates zudums (vidgji par
41,14%) verojams pec divu meneSu uzglabasanas. Uzglabasanas laika burkanos
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norisinas biokimiskas izmainas, antioksidantu oksidé$anas, ka rezultata kopgjo
fenolu saturs un antioksidantu aktivitate burkanu hibridos p&c seSu meénesu
uzglabasanas bitiski samazinajas.
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7. att. Cukuru satura izmainas burkanos uzglabasanas laika /
Fig. 7. Changes of sugars content in carrots during storage

Péc datu matematiskas apstrades noteikts, ka kop€jo Skiedrvielu saturs visa
uzglabasanas perioda *Nante’ tipa $kirnes un to hibridu burkanos bitiski neatskiras
(p=0,391; 0=0,05) un uzglabasanas laika butiski nemainijas (p=0,249; 0=0,05).

Péc ’Nante’ tipa ’Forto’ Skirnes un hibridu ’Champion’ F1,
’Maestro’ F1 un ’Bolero’ F1 burkanu fizikalo parametru un kimiska sastava
izverteSanas turpmakiem pétjjumiem izmantoja ’Forto’ skirnes burkanus.

3. Smalcinatu burkanu apstrades parametru izvéle

Lai pieraditu promocijas darba izvirzito t€zi: ,,dazadas svaigu smalcinatu
burkanu apstrades metodes biutiski ietekmé to kvalitates raditajus”, ir veikts
smalcinatu burkanu mikrobiologisko, kimisko un fizikalo raditaju izvert&jums péc
to apstrades ar dazadiem darzenu apstrades lidzekliem. P&tjjuma smalcinatu
burkanu apstradei izmantoti ’Nante’ tipa ’Forto’ Skirnes burkani, kas audzéti
Zemgales regiona un novakti oktobra pirmaja pusé 2013. gada. Darba analizéta
divu alternativu darzenu apstrades lidzeklu — ar Gdenraza peroksidu (H,O) un
ozonétu udeni ietekme uz smalcinatu burkanu kvalitati un salidzinagjumam
izmantota burkanu apstrade ar komercialo NatureSeal™ AS5 preparatu (kontrole).
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Apstrade ar tidenraZa peroksidu

Burkanu pirmapstrade (mazgasana, tiriSana, mizoSana, smalcinasana) izraisa
burkanu audu bojajumus, kas var sekmét mikroorganismu attistibu. Tapec,
pamatojoties uz vairaku autoru iegiitajiem rezultatiem, smalcinatu burkanu
apstradei ir lietots Tidenraza peroksids (H,0,), ko iesaka izmantot darzenu apstradei
nelielas toksicitates un drosas sadalisanas (O, un H,0).

Veicot mikrobiologiskas analizes svaigajos burkanos E.coli netika konstatéts.

Analizgjot H,0, ietekmi uz smalcinatu burkanu kvalitati dazada koncentracija
un dazados apstrades laikos, konstatéts, ka bitiski atskiras (p=0,03; a=0,05)
MAFAmM KVV skaita dinamika kontroles parauga burkanos un ar H,O, apstradatos
burkanos (8. attéls). Neapstradatos burkanos MAFAmM skaits (kontrole) bija
2,61 Ig KVV g™. Lielaks MAFAm 2,25 Ig KVV g ir burkanos, kas apstradati
301 s ar  0,5% H,O, (samazinajas par 13,97%), savukart
mazaks — 1,65 Ig KVV ¢*, apstradajot 90+1 s ar 1,5% H,0, (samazinajas par
36,78%). Ar 1,0% H,0, un izturé$anas laiku 30+1 s var sasniegt butisku
MAFAm KVV skaita samazinasanos (par 27,20%). Veicot iegiito eksperimentalo
datu matematisko apstradi noteikts, ka dazadas H,0, koncentracijas
(p=0,019; 0=0,05) un atSkirigie izturéSanas laiki (p=0,049; 0=0,05) butiski
ietekm&ja MAFAm KVV skaitu burkanos (8. attéls). P&tijjuma dati apstiprina, ka
H,0, piemit izteikta antibaktericida iedarbiba.
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8. att. H,O, koncentracijas un apstrades ilguma ietekme uz
MAFAm skaitu burkanos /

Fig. 8. Influence of H,0, treatment regime parameters
on the TPC units in carrots

Apstradajot smalcinatus burkanus 90+1 s ar 1,0% un 1,5% H,0, butiski
samazinajas (p<0,05) raugu kopskaits — péc apstrades raugi netika konstatéti
(9. attgls). Raugu skaits 1,47 lg KVV g* saglabajas burkanos, kas apstradati
30+1s ar 0,5% H,0,. Tadgjadi burkanu mikrobiologiskai ftiribai piemérotaks ir
ilgaks (90+1 s) apstrades laiks un (1,0% un 1,5%) H,O, apstrades lidzekli.
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uz raugu skaitu burkanos /
Fig. 9. Influence of H,O, treatment regime parameters
on the yeast units in carrots

P&tijumos noteikts, ka kopgjais karotinoidu saturs burkanu paraugos bitiski
samazinajas — par 20,70% (p<0,05; a=0,05) apstradatos 60+1 s ar 1,5% H,0,, par
28,42% apstradatos 90+1 s ar 1% H,0, un par 28,32% — 90+l s ar 1,5% H,0,,
salidzinot ar kontroles burkanu paraugu (10. attels). Tas galvenokart skaidrojams ar
burkanu oksidativo bojasanos. Jaatzime, ka burkanu paraugos mazaki kopgja
karotinoidu satura zudumi — no 6,62% lidz 10,26% bija p&c apstrades 30+1 s ar 0,5
un 1,0% H,0, un 60+1 s ar 0,5% H,0,.
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10. att. Kopéjo karotinoidu saturs burkanos péc apstrades ar H,0O, /
Fig. 10. Content of total carotenoids in carrots after treatment with H,0,

H,O, saturs un burkanu apstrades laiks batiski ietekméja (p<0,05; a=0,05)
kop&jo fenolu saturu smalcinatos burkanos, kas p&c apstrades, salidzinot ar
kontroles paraugu, samazinajas no 35,14 lidz 48,73%. Mazaki kopgjo fenolu satura
zudumi burkanos — 35,14% un 36,09% bija p&c apstrades 30+1 s ar 0,5% un 1,0%
H,0,, savukart lielaki — 48,73% p&c apstrades 90+1 s ar 1,0% H,0,.

Antioksidantu aktivitate burkanos péc apstrades ar H,O, samazinajas vidgji par
27,66%, salidzinot ar kontroles paraugu (11. att€ls). Veicot iegito eksperimentalo
datu matematisko apstradi noteikts, ka ar dazadu H,O, saturu un atskirigu
izturéSanas laiku burkanu antioksidantu aktivitate savstarpgji butiski neatSkiras
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(p=0,674; 0a=0,05). Mazaki burkanu antioksidantu aktivitates zudumi — 20,21% un
24,39% bija pec apstrades 30+1 s ar 0,5% un 1,0% H,0,.
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11. att. Antioksidantu aktivitate burkanos péc apstrades ar H,O, /
Fig. 11. Antioxidant activity of carrots after treatment with H,0,

legttie dati parada, ka starp kopgjo fenolu saturu un antioksidantu aktivitati
burkdnos pastav ciesa pozitiva korelacija (R?=0,953; 1=0,976) ar varbitibu
99%, proti, apstrades laika, burkanos samazinoties kopg&o fenolu saturam, to
antioksidantu aktivitate samazinas (12. attgls).
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12. att. Antioksidantu aktivitates un kop€jo fenolu satura korelacija /
Fig. 12. Correlation of antioxidant activity and content of total phenols in carrots

Ar H,0, apstradatos smalcinatos burkanos bitiski samazinajas fruktozes,
glikozes un saharozes saturs (p<0,05; 0=0,05). Mazak fruktozes saturs burkanos
samazinajas (par 8,05%) p&c apstrades 30+1 s ar 1,5% H,0,, savukart visvairak
(par 63,40%) pec apstrades 60+1 s ar 0,5% H,0, skidumu. Mazak (par 13,40%)
glikozes saturs burkanos samazin3jas pe€c to apstrades 30+l s ar
0,5% H,0,, savukart loti bitiski glikozes satura samazinajumi (par 77,05% un
65,24%) burkanos bija péc apstrades 60+1 s ar 1% un 90+1 s ar 1,5% H,0,.
Petijumos iegiits, ka vismazak saharozes saturs izmainijas (par 33,37%), burkanus
apstradajot 30+1 s ar 1,5% H,0,, savukart visvairak (par 53,70%) péc 90+£1 s
apstrades ar 1,5% H,0,. P&c apstrades 30+1 s ar 1,5% H,0, kopgjais cukuru saturs
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samazinajas par 18,58%. Lielaki kopgja cukura satura zudumi (par 40,84%)
noveroti burkanos, kas apstradati 60+1 s ar 1,0% H,O0, un 90£1 s ar 0,5% un
1,5% H,0..

H,0, saturs (p=0,402; o=0,05) un apstrades laiks (p=0,113; 0=0,05) batiski
neietekmé&ja burkanu pH vertibu. Apstradatu burkanu pH vertiba samazinajas vidg&ji
par 0,06 vienibam, salidzinot ar kontroles paraugu.

Burkanus apstradajot ar H,O,, ne ta saturs, ne izturéSanas ilgums neatstaja
biitisku ietekmi uz burkanu cietibu (p=0,240; 0=0,05), kas vidgji palielinajas par
9,80%, salidzinot ar kontroles parauga burkaniem.

Pamatojoties uz smalcinatu burkanu mikrobiologisko, kimisko un fizikalo
raditaju dinamiku apstrades laika, turpmakiem pétijjumiem ka optimalakais
apstrades rezima ar H,O,, ir izvél&ts laiks 30+1 s un 1,0% H,0, $kidums.

Apstrade ar ozonetu iideni

Ozons (O3) ir viens no jaunakajiem apstrades lidzekliem, ko izmanto
mikroorganismu skaita samazinasanai darzenos. Ozons ir atzits par nekaitigu un
drosu (GRAS — Generally recognized as safe) partika. Galvena priek$rociba
apstradei ar ozonu — tiek aizkavéta bakt€riju vairoSanas, ka rezultata smalcinati
burkani ilgak paliek svaigi un saglaba kvalitati.

Lai nodro§inatu smalcinatu burkanu kvalitati, petiti dazadi ozon&ta wdens
apstrades rezimi: ozonéta tidens koncentracija un iedarbibas ilgums uz produktu.
Pamatojoties uz zinatniskaja literatira ieteiktajiem datiem, smalcinatu burkanu
apstradei ar ozonétu tdeni pétiti §adi apstrades rezimi: izturéSanas laiki — 60; 120;
180+1 s un koncentracijas — 1,0; 2,0; 3,0 mg L Salidzinot izvéletos apstrades
reZimus, noverots, ka pastav bitiska (p=0,003; a=0,05) ozonéta fidens ietekme uz
MAFAm KVV skaita samazinasanos (13. attéls).
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13. att. MAFAmM skaits burkanos péc apstrades ar ozonétu udeni /
Fig. 13. The TPC units in carrots after treatment
with the ozonised water

Visvairak MAFAm skaits burkanos samazinajas, apstradajot 180+l s ar
2mg L™ un 3 mg L™ ozonétu iideni, atbilstosi par 51,71% un 52,99% (samazinajas
attiecigi lidz 1,13 Ig KVV g™ un 1,10 Ig KVV g™).
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Raugu KVV skaits burkanos (14. attgls) visvairak samazinajas, apstradajot
180+1 s ar 2 un 3 mg L™ ozonétu adeni (par 96,36%), vismazak — apstradajot
60+1 s ar 1 mg L7’ ozonétu wdeni (par 50,63%). Tadgjadi burkanu
mikrobiologiskai tiribai piemérotaks ir ilgaks (180+1 s) apstrades laiks un mazaka
apstrades lidzekla koncentracija (2 mg Ltun3mgL™.
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14. att. Raugu skaits burkanos péc apstrades ar ozonétu tideni /
Fig. 14. The yeast units in carrots after treatment

with the ozonised water

Apstrades laika burkanos butiski samazinajas fruktozes, glikozes un saharozes
saturs (p=0,001; o=0,05). Mazakas fruktozes satura izmainas (par 22,86%)
noteiktas burkanos péc apstrades 60+1 s ar 2 mg L™ ozongtu @deni, savukart
lielakas (par 97,14% un 95,71%) burkanos apstradatos 120+l s un
180+1 s ar 3 mg L™ ozonétu tideni.

Vismazak glikozes saturs samazinajas (par 25,00%), apstradajot 60+1 s ar
2 mg L™ ozongtu ddeni, savukart visvairak (par 95,31% un 87,50%), attiecigi
18041 s un 1201 s ar 3 mg L™ ozon&tu tideni. Saharozes saturs burkanos mazak
samazinajas (par 14,87 un 17,27%) apstrades rezimos 60+1 s ar 1 mg L™ un
2 mg L™ ozongtu udeni. Savukart vairak — par 44,12% péc apstrades — 120+1 s,
18041 s ar 3 mg L™ ozon&tu iideni. Analiz&jot cukuru satura izmanas burkanos péc
dazadu apstrades rezimu ietekmes ir pieradits, ka fruktozes, glikozes, saharozes un
kop&jo cukuru saturs vismazak samazindjas péc apstrades 60+l s ar
2 mg L™ ozonétu Gideni.

Kopgjo fenolu saturu burkanos butiski ietekmé apstrades laiks un ozonéta
fidens koncentracija (p=0,034; 0=0,05). Vislielakie kop&jo fenolu zudumi
(par 69,52%) burkanos bija péc apstrades 180+1 s ar 3 mg L™ ozongtu udeni.
Apstrade 60+1 s ar 1 mg L™ ozonétu tideni bija efektivaka, jo kopgjo fenolu saturs
burkanos samazinajas tikai par 16,34% (p>0,05; a=0,05), salidzinot ar kontroles
burkaniem (15. att€ls). Kopgjo fenolu satura izmainas varétu bat skaidrojamas ar
iespgjamo burkanu apstrades procesa raduSos oksidativo stresu, kas veicina
daudzas fiziologiskas reakcijas, ieskaitot polifenolu savienojumu sintézi. So
reakciju rezultata notiek brivo radikalu skaita palielinasanas, kas izraisa $tinu lipidu
peroksidaciju.

Kontrole / Control
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15. att. Kopg&jo fenolu saturs burkanos péc apstrades ar ozonétu iideni /
Fig. 15. Content of total phenols in carrots after treatment with
the ozonised water

Antioksidantu aktivitate burkanos p&c apstrades ar ozonStu udeni butiski
nemainijas, salidzinot ar kontroles burkanu paraugu (p=0,085; ¢=0,05), ko varétu
skaidrot ar to, ka burkanos eso$ie antioksidanti nodrosingja augu $tinu aizsardzibu
no oksidativa bojajuma, ko radija reakcija ar ozon&tu tideni.

Péc datu statistiskas apstrades iegits, ka ozon&ta tdens koncentracija
(p=0,698; 0=0,05) un apstrades laiks (p=0,303; 0=0,05) butiski neietekmgja
burkanu kopgjo karotinoidu saturu, un tas liecina, ka karotinoidi ar molekularo
skabekli izreagé paatrinata autooksidacijas procesd, ka rezultata nebija
konstat€jama ozona negativa ietekme uz karotinoidu saturu burkanos.

Péc datu matematiskas apstrades pétijumos noteikts, ka pH vértibas izmainas
kontroles burkanos un ar ozonétu udeni apstradatos burkanos dazadas
koncentracijas (p=0,338; 0=0,05) un atskiriga izturésanas laika (p=0,060; a=0,05)
batiski neatskiras.

Pamatojoties uz smalcinatu burkanu mikrobiologisko, kimisko un fizikalo
raditaju dinamiku apstrades laika, turpmakiem pétjjumiem ka optimalakais
apstrédeslreﬁmé ar ozonétu udeni ir izvelets laiks 60+1 s un koncentracija
2,0mg L™

Apstrade ar NatureSeal® AS5

NatureSeal® AS5 ir komercials, svaigu grieztu darzenu apstrades preparits.
NatureSeal™ AS5 preparata aktiva viela ir askorbinskabe un kalcijs. Tas ir pirmais
komercialais produkts, kas nerada pecgarSu un atlieku produktus. Lietojot $adu
preparatu burkanu apstradei, var regulét produkta pH vértibu — to samazinot, tiek
kavéta mikrofloras attistiba.

Komerciala NatureSeal® AS5 preparata razotaja (AgriCoat NatureSeal Ltd.,
Anglija) ieteiktais burkanu apstrades ilgums ir S5mintl s ar 2,5% preparata tdens
$kidumu. Pétfjums veikts, lai parbauditu preparata NatureSeal® AS5 iespgjamo
ietekmi uz Latvija audzetu ’Nante’ tipa ’Forto’ Skirnes smalcinatu burkanu
mikrobiologiskajiem, fizikalajiem un kimiskajiem raditajiem un salidzinatu ta
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ietekmi ar iepriek§ eksperimentali pétitajam alternativajam burkanu apstrades
metodém (H,0, un ozonétais tidens).

Sakotngjais MAFAm skaits neapstradatos burkanos bija 2,62 Ig KVV g, kas
péc apstrades ar NatureSeal® AS5 preparatu samazinajas lidz 1,28 Ig KVV g
(16. attels). Salidzinot mikrobiologisko analiZzu rezultatus smalcinatos burkanos
péc apstrades ar NatureSeal™ AS5 preparitu (16. attéls) un 120+1 s ar 2 mg L™
ozondtu tdeni (13. attéls), konstatéts, ka apstrade ar NatureSeal® AS5 preparatu
dod lidzigu MAFAm KVV skaita samazinaSanos smalcinatos burkanos. P&tijjuma
apstiprinajas, ka komercialo NatureSeal® AS5 prepardtu var atzit ki efektivu
apstrades Iidzekli nev€lamas mikrofloras inaktivéSanai svaigos smalcinatos
burkanos.

lg KvVgl/
log cfu gt

W

Kontrole/ Control NatureSeal® AS5

16. att. MAFAm skaits burkanos péc apstrades ar NatureSeal® AS5 /
Fig. 16. The TPC units in carrots after treatment
with the NatureSeal® AS5

Sakotngjais raugu skaits neapstradatos burkanos bija 2,59 Ig KVV g™, kas péc
apstrades ar NatureSeal® AS5 preparatu samazinajas lidz 1,31 Ig KVV g™ Iegitie
rezultati apliecina, ka apstrades rezimam 5 min£l s ar 2,5% NatureSeal® AS5
preparatu ir liela antibakteriala iedarbiba.

Eksperimentali nav atrasta bitiska NatureSeal® AS5 preparata ietekme uz
burkanos eso$o kop&jo karotinoidu saturu. To saturs samazinajas attiecigi par
9,57% (p>0,05; a=0,05), salidzinot ar neapstradatiem burkaniem.

Burkanus apstradajot 5 min£l s ar 2,5% NatureSeal® AS5 preparatu kopgjo
fenolu saturs un antioksidantu aktivitate burkanos palielinajas, attiecigi par
1,00% un 10,17% (p=0,399; 0=0,05) un (p=0,077; ¢=0,05) (3. tabula). Izmainas
skaidrojamas ar to, ka komerciala NatureSeal® AS5 prepardta sastiva eso$a
askorbinskabe optimizé produkta stabilitati, pastiprinot antioksidantu aktivitati,
tadgjadi aizkavejot kop€jo fenolu savienojumu noardisanos apstradatajos darzenos.

Apstraddjot smalcindtus burkanus 5 mintl s ar 2,5% NatureSeal® AS5
preparatu burkanu pH vertiba samazingjas par 8,06% (p<0,05; a=0,05), salidzinot
ar kontroles burkaniem (3. tabula). P&tfjuma iegltie dati liecina, ka
NatureSeal® AS55 prepardta sastiva esoais C vitamins samazindja burkanu pH
vertibu pec to apstrades.

Burkanu cietiba péc apstrades ar NatureSeal® AS5 preparatu bitiski (p<0,05)
palielingjas (par 18,59%), salidzinot ar kontroles burkaniem (3. tabula). Burkanu
audu cietibu nodrogina NatureSeal® AS5 preparata esosie kalcija sali, pieskirot
tiem kraukskigumu.
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3. tabula / Table 3
Ar NatureSeal® AS5 apstradatu smalcinitu burkanu $kisto§a sausna, kopéjie
fenoli, antioksidantu aktivitate, pH un cietiba / Content of soluble solids, total
phenols, antioxidant activity, pH and firmness in shredded carrots treated with

NatureSeal® AS5
- Kopgjie fenoli / s
; Apstrades Total phenols, Ant|0!<s.|olantu Cietiba /
Parametri / laiks / ma GAE 1000 aktivitate / H Firmness
Parameters | Treatment 9 _ 9 Antioxidant P !
. . sausna / L. N
time, min . activity, %
in dry matter
Kontrole / - 363.65+0.03 | 18.10+£0.04 |6.20+0.01|379.63+4.13
Control
Apstradats ar
NatureSeal ®AS5/
Treated with 5mintls | 468.31+0.02 20.15+0.02 |5.70+0.01| 466.34+2.43
NatureSeal ®AS5,
2.5 %

Eksperimentali iegitie dati apliecina promocijas darba izvirzito t€zi, ka
»dazadas svaigu smalcinatu burkanu apstrades metodes butiski ietekmé to
kvalitates raditajus”.

4. Svaigu smalcinatu burkanu iepakoSanas materialu izvéle

Saja pétijuma dala ir izvirzita téze: ,,svaigu smalcinatu burkanu iepakojumam
sekmigi var izmantot biologiski sadalamos iepakojuma materialus”. Svaigu
smalcinatu burkanu iepakoSanai parbauditi Cetru veidu biologiski sadalamie
materiali — Nature Works® PLA P-360 karbinas ar nehermétiski uzspiezamu
(manuali) PLA vacipu; Nature Works® PLA C121 (BIO-PLA) pléve,
NatureFlex™ NVS INNOVIA pléve, CERAMIS®-PLA pléve. Eksperimentos
salidzinta iepakojuma materiala ietekme uz smalcinatu burkanu kvalitati
uzglabasanas laika.

Biologiski sadalamo iepakoSanas materialu ar vajam barjeripasibam nozime
lidzsvara gazu sastava veidoSana uzglabasanas laika svaigu smalcinatu burkanu
iepakojumos ir Joti nozimiga. Pasivas lidzsvara aizsarggazu vides sastava izmainas
iepakojumos uzglabasanas laika bija atSkirigas (17. attéls).

Svaigu smalcinatu burkanu iepakojuma, kas izgatavots no , elpojosa”
konvencionala BOPP PropafiImT'V' P2GA materiala, CO, saturs treSaja
uzglabasSanas diena bija 14,0+1,0%, bet astotaja diena tas palielingjas lidz
21,0£1,0%. P&c 12 uzglabasanas dienam CO, saturs palielinajas Iidz 42,0+1,0%.
Sekojot O, izmainam 1idz 12 dienam svaigu smalcinatu burkanu iepakojumos
noverota ta samazinasanas lidz 2,0+1,0% (17. attels).

Nature Works® PLA P-360 karbinas, kas aizvakotas ar nehermétiski
uzspiezamu vacinu, O, saturs burkanu elpoSanas rezultata samazinajas 1eni, jo bija
gaisa piepliide caur vacinu. Péc 12 uzglabasanas dienam O, saturs iepakojuma virs
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burkaniem bija 11,0+1,0%. CO, saturs Iidz desmitajai uzglabasanas dienai
saglabajas 5,0£1,0%  un  uzglabasanas  beigds  palielingjas  lidz
7,0+1,0% — iestajoties lidzsvara gazu sastavam, kas tuvojas idealajam literattira
minétam sastavam (CO, — 5-10% un O, — 5-10%) (17. attéls).

NatureFlex™ NVS pléves smalcinatu burkanu iepakojumi uzglabasanas laika
nenodroSindja optimalu lidzsvara gazu sastava veidoSanos. O, saturs Iidz
12 uzglabasanas dienai samazinajas lidz 2,0+1,0%, bet CO, saturs jau péc trijam
uzglabasanas dienam palielingjas lidz 18,0+1,0% un turpindja strauji palielinaties
lidz uzglabasanas laika beigam sasniedzot 34,0+1,0% (17. attels).

02un CO,, %

5 8 1
UzglabaSanas laiks, dienas / Storage time, days

— & — BOPP PropafilmTM P2GAF (02) —&— BOPP PropafilmTM P2GAF (CO2)
— I — Nature Works® PLA P-360 (O2) —— Nature Works® PLA P-360 (CO2)
— < — NatureFlexTM NVS (02) —&— NatureFlexTM NVS (CO2)

— @ — Nature Works® PLA C121 (O2) —®— Nature Works® PLA C121 (CO2)
— & — CERAMIS®-PLA (02) —&— CERAMIS®-PLA (CO2)

17. att. Skabekla (O,) un oglskabas gazes (CO,) dinamika svaigu smalcinatu
burkanu iepakojumos uzglabasanas laika /
Fig. 17. Dynamics of oxygen (O,) and carbon dioxide (CO,) in the headspace of
fresh shredded carrot packages during storage

Nature Works® PLA C121 pléves iepakojumos O, saturs péc tris uzglabasanas
dienam samazinajas 1idz 4,0+1,0%, kas uzglabasanas laika turpinaja samazinaties,
veidojot bez skabekla vidi iepakojuma. lepakojumos CO, saturs palielinajas
batiski — no 0% lidz 30,0£1,0%. CERAMIS®*-PLA iepakojuma materili
nenodroSinaja pietiekamu CO, migraciju caur pléves virsmu un visa uzglabasanas
laika uzkrajas lidz 59,0+1,0% (17. att€ls). O, saturs Sajos iepakojumos samazinajas
loti strauji un jau péc tris uzglabasanas dienam veidoja bez skabekla vidi.

Izvertejot O, un CO, saturu eksperimenta lietoto materialu iepakojumos, ka
piemérotakie svaigu smalcinatu burkanu iepakoSanai pasiva aizsarggazu vide,
salidzinot ar CERAMIS®-PLA un Nature Works® PLA C121 materialiem, atziti
Nature Works® PLA P-360 karbinas un NatureFlex™ NVS pléves iepakojumi.
Biologiski sadalamo materialu priekSrocibas, salidzinot ar svaigas produkcijas
iepakojumam paredzéto , elpojoso” konvencionilo BOPP Propafilm™ P2GA
iepakojumu redzamas 17. attéla un to sekmigi var aizvietot ar biologiski
sadalamiem materialiem, kas veido labaku aizsarggazu sastavu.

Burkanu cietiba pec 12 wuzglabaSanas dienam bitiski samazinajas lidz
82,43+8,20 N Nature Works®™ PLA C121 pleves iepakojuma. Vismazak smalcinato
burkdnu  saspieSanas speks samazinajas  NatureFlex™ NVS  pleves
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iepakojuma — lidz 447,35+9,15 N, bet kontroles BOPP Propafilm™ P2GAF
pleves, Nature Works® PLA P-360 karbinas un CERAMIS®-PLA pléves
iepakojuma saspieSanas spéks samazinajas robezas no 233,92+10,39 N Iidz
246,02+9,48 N.

Mazaki masas zudumi uzglabaSanas laikd bija NatureFlex™ NVS — no
0,04+0,01%, savukart vislielakie — lidz 4,41+0,04% Nature Works® PLA C121
(BIO-PLA) pléves iepakojuma (4. tabula). Burkanu sakotngjais mitruma saturs bija
86,01+0,01%, kas Nature Works® PLA C121 un CERAMIS®-PLA pléves
iepakojumos uzglabasanas laika samazinajas - lidz 80,58+0,01% un
82,44+0,01%. Savukart BOPP Propafilm™ P2GAF, NatureFlex™ NVS plaves
iepakojumos un Nature Works® PLA P-360 karbinas svaigu smalcindtu burkanu
mitrums uzglabasanas laika saglabajas lidz 85,89+0,02% un 83,60+0,01%
(4. tabula).

4. tabula/ Table 4

Iepakojuma materialu ietekme uz svaigu smalcinatu burkanu fizikalajiem

parametriem uzglabasanas laika / Impact of packaging materials on the

physical parameters of fresh shredded carrots during storage

lepakojuma Masas zudums / Mitrums / pH vértiba /
materiali / Weight loss, % Moisture, % pH value
Packaging Uzglabasanas laiks, dienas / Storage time, days
materials 0 12 0 12 0 12
BOPP Propafilm™
P2GAF plave / film 0.00+0.01 | 0.39+0.05 |86.01+0.01 | 85.60+0.01 | 6.20£0.01 | 4.78+0.01
Na}tureFIexTM NVS 0.00+£0.01 | 0.04+0.01 |86.01+0.01 | 83.60£0.01 | 6.20+0.01 | 5.61+0.05
pléve / film
Nature Works® PLA
P-360 karbinas / 0.00+0.01 | 1.03+0.03 |86.01+0.01 | 85.89+0.02 | 6.20+0.01 | 5.05+0.02
containers
Nature Works® PLA
C121 (BIO-PLA) 0.00+£0.01 | 4.41+0.04 |86.01+0.01 | 80.58+0.01 | 6.20£0.01 | 4.50+0.01
pléve / film
CERAMIS®—PLA
(VC999 BioPack) 0.00£0.01 | 1.22+0.02 |86.01+0.01 | 82.44+0.01 | 6.20£0.01 | 4.71£0.01
pléve / film

P&c 12 uzglabasanas dienam burkanu pH vértiba bija batiski atSkiriga (p<0,05)
un  visos iepakojuma  paraugos  pakapeniski  samazinajas. BOPP
Propafilm™ P2GAF, NatureFlex™ NVS un Nature Works® PLA P-360
iepakojumos lidz piektajai uzglabasanas dienai pH vértiba butiski neatskiras, tomer
pec astonam dienam ta pakapeniski samazinas un uzglabasanas laika beigas bija
attiecigi  4,78+0,01; 5,61+0,01 un 5,05+0,02. lepakoSanas materialos
Nature Works® PLA C121 un CERAMIS®~PLA (VC999 BioPack) ir bitiskas pH
vertibas samazinasanas pec tre$as uzglabasanas dienas. Paraugu pH vertiba
uzglabasanas laika beigas sasniedza 4,50+0,01 un 4,71+0,01.
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Analizgjot iegiitos datus, var secinat, ka, izmantojot dazadus iepakoSanas
materialus, svaigu smalcinatu burkanu ieteicamais uzglabasanas laiks var bit
atSkirigs. pH vertibas izmaigas varétu izskaidrot ar CO, Skidibu svaigos
smalcinatos burkanos.

P&tfjuma rezultati liecina, ka pareizi izveléti dabai draudzigie biologiski
sadalamie materiali — NatureFlex™ NVS INNOVIA un Nature Works® PLA P-360
karbinas ar nehermétiski uzspiezamu (manuali) PLA vacigu var but ka alternativs
risingjums svaigu smalcinatu burkanu iepakojumam, lai samazinatu vides
piesarnojumu ar cietajiem atkritumiem, pieradot promocijas darba t&zi, ka, ,,svaigu
smalcinatu burkanu iepakojumam sekmigi var izmantot biodegradjamos
iepakojuma materialus”.

5. Minimali apstradatu burkanu kvalitates parametru izmainas
uzglabasanas laika

Ar tidenraZa peroksidu apstradatu burkanu kvalitates izmainas
uzglabasanas laika

Eksperimentali ir noteikts, ka 30«1 s ar 1,0% H,O, $kidumu apstradatu
burkanu deriguma termin$ gan konvencionala BOPP Propafilm™ P2GAF, gan
biodegradgjamo Nature Works® PLA P-360 un NatureFlex™ NVS INNOVIA
materialu iepakojumos ir piecas dienas, bet neapstradatu burkanu deriguma termins
mingtajos iepakojumos ir tris dienas.

Apstrade 30+1 s ar 1,0% H,0, skidumu nodro§inaja smalcinatu burkanu
kvalitati piecas dienas — kontroles paraugos BOPP Propafilm™ P2GAF
iepakojuma O, sastavs ir 4,8% un CO,— 12,6%, MAFAmM skaits — 4,49 Ig KVV g'l,
raugu skaits — 3,72 Ig KVV g*, masas zudumi 0,03%, mitrums samazinajas par
0,8%, cietiba palielinajas par 0,9%, kopgja krasu diference AE* — 5,8 vienibas,
kopgjo karotinoidu saturs samazinajas par 10,7%, kop&jo fenolu saturs samazinajas
no 325,2 1idz 277,1 mg GAE 100 g™ sausna (par 14,8%), 8kisto§ds sausnas saturs
samazinajas par 5,8%.

Biodegrad&jama Nature Works® PLA P—360 materidla karbinas O, sastavs ir
82% un CO, — 11,6%, MAFAmM skaits — 484 Ig KVV g% raugu
skaits — 3,81 Ig KVV g™, masas zudumi 0,35%, mitrums samazindjas par 1,66%,
cietiba palielinajas par 2,18%, kopgja krasu diference AE* — 9,1 vienibas, kopgjo
karotinoidu saturs samazinajas par 12,2%, kop€jo fenolu saturs samazinajas no
325,2 lidz 286,0 mg GAE 100 g"1 sausna (par 12,0%), Skistosas sausnas saturs
samazinajas par 11,5%.

Biodegradgjama NatureFlex™ NVS INNOVIA pléves iepakojuma O, sastavs ir
29% un CO, — 13,2%, MAFAm skaits — 4,65 Ilg KVV g% raugu
skaits — 3,49 Ig KVV g™, masas zudumi 0,03%, mitrums samazinajas par 1,4%,
cietiba palielinajas par 4,0%, kopgja krasu diference AE* — 8,8 vienibas, kopgjo
karotinoidu saturs samazinajas par 21,6%, kop&jo fenolu saturs samazinajas no
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3252 lidz 254,9 mg GAE 100 g” sausna (par 21,6%), $kisto§as sausnas saturs
samazinajas par 7,7%.

Neapstradatu burkanu deriguma termin§ ir tris dienas — kontroles
BOPP Propafilm™ P2GAF pléves iepakojuma O, sastavs ir 4,4% un CO,— 15,6%,
MAFAm skaits — 3,75 Ig KVV g, raugu skaits — 3,75 lg KVV g, masas zudumi
0,01%, mitrums samazinajas par 0,7%, cietiba samazinajas par 5,5%, kopgja krasu
diference AE* — 3,5 vienibas, kop&jo karotinoidu saturs palielinajas par 13,8%,
kopgjo fenolu saturs samazinajas no 463,7 lidz 419,2 mg GAE 100 g sausna
(par 9,6%), Skistosas sausnas saturs samazinajas par 8,3%.

Biodegradéjama Nature Works® PLA P—360 materidla karbinas O, sastavs ir
145% un CO, — 1,6%, MAFAm skaits — 3,38 lg KVV g% raugu
skaits — 3,58 Ig KVV g, masas zudumi 0,26%, mitrums samazinajas par 1,61%,
cietiba samazinajas par 1,24%, kopgja krasu diference AE* — 1,9 vienibas, kopg&jo
karotinoidu saturs palielinjas par 0,3%, kop&jo fenolu saturs samazinajas no 463,7
lidz 439,2 mg GAE 100 g™ sausna (par 5,3%), $kistods sausnas saturs samazinajas
par 8,3%.

Biodegradgjama NatureFlex™ NVS INNOVIA pléves iepakojuma O, sastavs ir
15% un CO, — 16,3%, MAFAm skaits — 3,84 lg KVV g, raugu
skaits — 3,84 Ig KVV g, masas zudumi 0,02%, mitrums samazindjas par 0,84%,
cietiba samazinajas par 2,69%, kop¢ja krasu diference AE* — 1,1 vienibas, kopgjo
karotinoidu saturs palielinajas par 1,3%, kop€jo fenolu saturs samazinajas no 463,7
lidz 399,3 mg GAE 100 g* sausna (par 13,9%), $kisto§ds sausnas saturs
samazinajas par 13,4%.

Ar ozonéetu iideni apstradatu burkanu kvalitates parametru izmainas
uzglabasanas laika

Eksperimentli ir noteikts, ka apstrade 60+1 s ar 2,0 mg L™ ozonétu udeni
smalcindtu burkanu kvalitati nodrosindja desmit dienas. BOPP Propafilm™
P2GAF iepakojuma (kontrole) O, un CO; sastavs bija 13,8% un 10,1%. Péc 10
dienu glabasanas MAFAm skaits — 4,42 lg KVV g%, raugu skaits bija
3,61 Ig KVV g, masas zudumi 0,1%, mitrums samazinajas par 2,2%, cietiba
palielinajas par 2,9%, kopgja krasu diference AE* sasniedza 12,3 vienibas, kopgjo
karotinoidu saturs samazinajas par 27,8%, kop€jo fenolu saturs samazinajas no
358,8 lidz 211,1 mg GAE 100 g sausnas (par 41,2%), $kistoSas sausnas saturs
samazinajas par 13,5%.

Biodegradgjama Nature Works®™ PLA P-360 materiila karbinas O, sastavs bija
10,3% un CO, — 7,9%, p&c 10 dienu glabasanas MAFAmM skaits — 4,39 Ig KVV g,
raugu skaits — 3,80 Ig KVV g*, masas zudumi 1,4%, mitrums samazinajas par
4,1%, cietiba palielinajas par 11,4%, kop&ja krasu diference AE* sasniedza
12,8 vienibas, kop€jo karotinoidu saturs samazinajas par 22,5%, kopgjo fenolu
saturs samazindjas no 358,8 lidz 244,0 mg GAE 100 g” sausnas (par 31,9%),
SkistoSas sausnas saturs samazinajas par 12,56%.
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Biodegradgjama NatureFlex™ NVS INNOVIA iepakojumd O, sastavs
bija 11,1% un CO, — 10,9%, MAFAm skaits — 4,63 Iy KVV g*, raugu
skaits — 3,76 Ig KVV g™, masas zudumi 0,3%, mitrums samazindjas par 2,5%,
cietiba palielinajas par 3,8%, kopgja krasu diference AE* sasniedza 13,9 vienibas,
kopgjo karotinoidu saturs samazinajas par 28,1%, kop&jo fenolu saturs samazinajas
no 358,8 Iidz 261,5 mg GAE 100 g'1 sausna (par 27,1%), skistoSas sausnas saturs
samazinajas par 10,3%.

Ar NatureSeal® AS5 apstradatu burkanu kvalitates parametru izmainas
uzglabasanas laika

Eksperimentali ir noteikts, ka apstrade 5 minx1 s ar 2,5% NatureSeal® AS5
preparatu smalcinatu  burkanu kvalitati nodro$inaja desmit dienas.
BOPP Propafilm™ P2GAF (kontrole) iepakojuma O, sastavs ir 7,6% un
CO, — 8,1%, MAFAm skaits — 4,54 Ig KVV g, raugu skaits — 3,89 Ig KVV g7,
masas zudumi 0,6%, mitrums samazinajas par 2,2%, cietiba palielinajas par 6,6%,
kopgja krasu diference AE* — 12,2 vienibas, kop€jo karotinoidu saturs samazinajas
par 23,7%, kop&jo fenolu saturs samazinajas no 668,3 lidz 541,0 mg GAE 100 g™
sausna (par 19,0%), Skistosas sausnas saturs samazinajas par 4,8%.

Biodegradgjama Nature Works®™ PLA P—360 materiala karbinas O, sastavs ir
85% un CO, — 89%, MAFAm skaits — 4,37 Ig KVV g raugu
skaits — 3,55 g KVV g™, masas zudumi 0,9%, mitrums samazindjas par 2,8%,
cietiba palielingjas par 9,7%, kopgja krasu diference AE* — 12,8 vienibas, kop€jo
karotinoidu saturs samazinajas par 24,5%, kop&jo fenolu saturs samazinajas no
668,3 1idz 559,5 mg GAE 100 g sausna (par 16,3%), $kistodds sausnas saturs
samazinajas par 3,2%.

Biodegradgjama NatureFlex™ NVS INNOVIA iepakojuma O, sastavs ir 7,1%
un CO, — 5,9%, MAFAmM skaits — 4,59 Ig KVV g, raugu skaits — 3,70 Ig KV g7,
masas zudumi 0,7%, mitrums samazinajas par 1,9%, cietiba palielinajas par 5,7%,
kopgja krasu diference AE* — 12,9 vienibas, kop€jo karotinoidu saturs samazinajas
par 19,7%, kopgjo fenolu saturs samazindjas no 668,3 lidz 529,2 mg GAE 100 g™
sausna (par 20,8%), Skistosas sausnas saturs samazinajas par 7,9%.

Ar 2,5% NatureSeal®™ AS5 preparatu apstradatajiem burkaniem novérota krasas
komponentes a* vertiba samazinaSanas par 5,66% un bitiska AE* vértibas
palielinaSanas — burkani uzglabasanas laika kluva gaisaki un nedaudz sartaku
krasu.

Eksperimentali iegitie dati dal&ji apliecina promocijas darba izvirzito t€zi, ka
»Svaigu minimali apstradatu burkanu kvalitati uzglabasanas laika butiski ietekmé
to apstrades I1dzeklis un izvel&tais iepakojums”.
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6. Smalcinatu apstradatu burkanu kvalitates
integretais novertejums

Izmantojot integréta daudzkriteriju novert€§juma pamatprincipus, svaigiem
smalcinatiem burkaniem ir noteikts piemérotakais apstrades panemiens, lietojot
dazus jaunakos apstrades lidzeklus: 30+1 s ar 1,0% H,0,, 60£1 s ar 2,0 mg Lt
ozonétu ideni un 5 min1 s ar 2,5% NatureSeal® AS5 preparitu.

Integréta daudzkriteriju novertejuma (IT) vertiba raksturo katra pé&tjjumiem
izveleta burkanu apstrades veida novirzes no sakotngjam vertitbam. Zemaka IT
vertiba norada uz mazakam ar noteiktu apstrades lidzekli apstradatu burkanu

kvalitates raditaju izmainam uzglabasanas laika (18. attgls).
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Smalcinatu burkanu apstrades veidam ir bitiska nozime to kvalitates parametru
saglabasana uzglabasanas laika. Izvért€jot smalcinatu burkanu kvalitati
uzglabasanas laika, kas pirms iepakoSanas apstradati 301 s ar 1,0% H,0,,
60+1 s ar 2,0 mg L™ ozondtu Gideni un 5 min£l s ar 2,5% NatureSeal® AS5
preparatu, izriet, ka piemé&rotakais smalcinatu burkanu apstrades veids to kvalitates
nodro$inasanai uzglabasanas laika ir komercialais 2,5% NatureSeal® AS5 preparats
un 2,0 mg L* ozondtais udens, jo uzglabasanas laika kvalitates raditaji ir
maintjuSies vismazak. Savukart vislielakas kvalitates izmainas notikuSas
smalcinatos burkanos, kas pirms iepakosanas bija apstradati 30+1 s ar 1,0% H,0..
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SECINAJUMI

. ’Nante’ tipa Skirnes un hibridu burkanu fizikalais un kimiskais sastavs butiski
at8kiras — "Forto’ Skirnes burkanu biologiska vértiba ir lielaka, salidzinot ar
’Bolero’ F1, ’Champion’ F1, "Maestro’ F1 hibridiem. *Forto’ $kirnes burkanos
mitruma saturs ir lielaks par 4,6%, antioksidantu aktivitate par 8,0%, kopgjo
fenolu saturs par 49,8%, f—karotina saturs par 19,3%, kopgjo karotinoidu saturs
par 8,7%.

. Tradicionalos apstaklos péc seSu méneSu uzglabasanas 'Nante’ tipa ’Forto’
Skirnes un hibridu burkanu kvalitates raditaji butiski mainas. Burkanos
samazinas pH vertiba, antioksidantu aktivitate, mitruma, kop&jo fenolu,
Skistosas sausnas, saharozes, C vitamina un polifenolu savienojumu saturs un
palielinas burkanu cietiba, fruktozes, glikozes un karotinoidu saturs.

. Smalcinatu burkanu optimalie apstrades parametri ar mérki maksimali
samazinat mikrobiologisko piesarnojumu atbilstigi standartam ir 60+1 s ar
2,0 mg L ozonétu wdeni un 30+1 s ar 1,0% udenraza peroksida tdens
Skidumu.

. Nav konstatéta savstarp&ji butiska atskiriba starp burkanu kvalitates izmainam
uzglabasanas laika iepakojuma konvencionala materiala PP karbinas, kas
aizkausétas ar BOPP Propafilm™ P2GAF plévi, salidzinot ar biodegradgjamo
iepakojumu materialu: Nature Works® PLA P-360 nehermétiski aizvakotim
karbinam un uz celulozes bazes materiala NatureFlex™ NVS INNOVIA pleves
iepakojumu.

. Smalcinatu burkanu deriguma termin$ gan pétito biodegrad€jamo materialu,
gan konvencionalaja poliméru materiala iepakojuma neapstradatiem
burkaniem ir tris dienas, apstradatiem ar Gidenraza peroksidu — piecas dienas,
apstradatiem ar NatureSeal® AS5 preparatu — desmit dienas, apstradatiem ar
ozongtu tdeni — desmit dienas.

. P&c integréta daudzkriteriju novertéjuma rezultatiem redzams, ka piemeérotakais
smalcinatu burkanu apstrades veids to kvalitates nodroSinasanai ir komercialais
2,5% NatureSeal®™ AS5 preparats un 2,0 mg L™ ozongtais idens, jo p&c apstrades
kvalitates raditaji ir mainijusies vismazak.

. Petfjuma iegiitie dati apstiprina izvirzito hipotézi — ,,svaigu smalcinatu burkanu
deriguma terminu biodegradéjama iepakojuma var pagarinat, izveloties
inovativas darzenu apstrades metodes”.
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TOPICALITY OF THE RESEARCH

Carrots (Daucus carota L. ssp. sativus) are Central European plants and one of
the oldest roots which people have been using in the diet for already four thousand
years. Nowadays, carrots are the second popular vegetable after potatoes. Carrots
contain high amount of vitamins and mineral substances. Carrots compared with
other vegetables, have higher content of p—carotene, which assigns an orange
colour to carrots and strengthens the human immune system (Salunkhe, Kadam,
1998). Carrots are widely popular vegetables with good dietary and taste
properties. Traditionally, carrot roots are consumed in the diet; however, their
roots, tops and seeds are also used in the medicine (Salunkhe, Kadam, 1998;
Rubatzky et al., 1999; Prohens, Nuez, 2008). Two-year carrot varieties are
developed within selection with sweet, several form and colour roots — orange, red,
white, yellow, dark red and violet. Elevated vitamin content is available in orange
carrots or in carotene carrots (Hui et al., 2004). In Latvia, orange colour ‘Nante’
variety carrots are more popular.

Nowadays, the amount of minimally treated carrots increases; hence, scientists
pay more attention to research the quality of carrots. Research is mainly related
with treatment methods of fresh minimally treated carrots and their influence on
decreasing the content of microorganisms as well as
physically—chemical parameters and sensory properties of carrots. Consumer
convenience requires the provision of the availability of fresh minimally treated
vegetables on the market throughout the year. Traditionally, consumers pay their
attention on the nutritive value, shelf-life, producer, price and packaging of
vegetables during selection. Scientific literature mentions the following treatment
methods - hydrogen peroxide, ultraviolet light, irradiation, ozone,
NatureSeal™ AS5 solution, organic acids etc., with the main purpose to ensure the
microbiological safety of products, to preserve their nutritive value and to prolong
their shelf-life.

It is important to choose suitable treatment methods for the surface treatment of
shredded carrots grown in Latvia. Therefore, the present research includes testing
of new treatment methods. There are no data in scientific literature on treatment of
locally grown fresh shredded carrots with the ozonised water, hydrogen peroxide
and NatureSeal® AS5 solution. It is known that the surface treatment of vegetables
with various treatment solutions allows increasing their microbiological safety.
Hence, it is possible to forecast that treatment of carrots with the mentioned
treatment agents along with the variation of various packaging materials allows
maintaining the nutritive value of carrots, providing their microbiological safety
and prolonging their shelf-life.

After summarising the scientific theoretical and experimental data found in
literature, the research hypothesis was set as follows — it is possible to prolong the
shelf-life of fresh shredded carrots in biodegradable packaging by choosing
innovative surface treatment methods.
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The research hypothesis was verified with the thesis to be defended:

o physical parameters and chemical composition of various ‘Nante’ type variety
and hybrid carrots are relevantly different;

e various methods for treatment of fresh shredded carrots surface significantly
influence their quality parameters;

e biodegradable packaging materials may successfully be used for packaging of
fresh shredded carrots;

e treatment method and chosen packaging material significantly influence the
quality of fresh minimally treated carrots during storage.

The aim of the PhD thesis is to choose the variety or hybrid of carrots
cultivated in Latvia, which is the most appropriate for minimal processing and to
evaluate the quality of fresh products during storage in biodegradable packaging.

The following tasks were put forward to achieve the set aim:

e to compare physical parameters and chemical composition of ‘Nante’ type
variety carrots and hybrid carrots after harvesting;

e to investigate physical parameters and chemical composition changes of
‘Nante’ type variety carrots and hybrid carrots during their storage on
traditional conditions;

e to choose proper biodegradable packaging materials for the quality evaluation
of fresh shredded carrots during storage;

e to determine the optimum technological parameters for treatment of fresh
shredded carrots surface with traditional (NatureSeal® AS5 solution) and
innovative (ozonised water, hydrogen peroxide) treatment solutions allowed in
the food industry;

e to investigate the quality changes of fresh shredded carrots treated with various
treatment solutions during their storage in biodegradable packaging materials
compared with the conventional ones;

o to perform the integrated quality assessment of fresh shredded carrots treated
with various treatment solutions during storage and to select the most suitable
solution for treatment of carrots surface.

Novelty of the research — scientifically justified technological parameters for
treatment of fresh shredded carrots surface with the ozonised water and hydrogen
peroxide were developed and compared with the influence of the worldwide used
NatureSeal™ AS5 solution on the quality of carrots during storage with the main
purpose to prolong the shelf-life of products. The equivalence in the influence of
biologically degradable and conventional breathable BOPP Propafilm™ P2GAF
packaging materials on the quality of fresh products during storage has been done
for the first time in Latvia.

The scientific significance of the research — the chemical composition of
‘Nante’ type variety and hybrid carrots grown in Latvia was detected. The changes
of physical, chemical and microbiological parameters in shredded carrots treated
with the ozonised water, hydrogen peroxide and NatureSeal® AS5 solution were
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analysed during storage. It was proved that conventional packaging materials
might successfully be replaced with biodegradable packaging materials.

The economic significance of the research — methods for treatment of the
shredded carrots surface with the ozonised water, hydrogen peroxide and
NatureSeal®™ AS5 solution were developed. It is possible to decrease the negative
influence of waste on the environment by the application of biodegradable
packaging materials for packaging of fresh products.

APPROBATION OF THE RESEARCH

The research results are summarised and published in 13 peer—reviewed
scientific issues in English; five publications are indexed in the databases SCOPUS
and EBSCOhost. The obtained research results are included in two monographs
(list on pages 6 and 7).

The research author has reported on the research results at 14 international
scientific and scientifically—practical conferences, congresses and symposiums in
Latvia, Lithuania, Germany, France, Turkey, Greece and Russia
(list on pages 8 and 9).

Participation in exhibitions: the research results have been presented in three
exhibitions (page 9).

MATERIALS AND METHODS

The research has been done in several laboratories of the Faculty of Food
Technology, Latvia University of Agriculture between 2011 and 2014:

Department of Food Technology

o Research Laboratory of Packaging Material Properties — pre—treatment and
minimal processing of carrots, determination of carrots colour and hardness,
packaging and storage of shredded carrots;

e Microbiological Laboratory — determination of microbiological parameters:
total count of bacteria — mesophilic aerobic and facultative anaerobic
microorganisms, yeasts, E. coli;

e Laboratory named after prof. P. Delle — determination of the dietary fibre
content in carrots.

Department of Chemistry:

e Chemistry Research Laboratory of Natural Substances — determination of
carbohydrates and polyphenols content;

e Laboratory of Non—organic and Analytic Chemistry — determination of the pH
value; the content of moisture, Vitamin C, soluble solids, total phenols,
antioxidant activity, total carotenoids and p—carotene.
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The object of investigation is "Nante’ type ’Forto’ variety carrots and carrot
hybrids "Bolero’ F1, ’Champion’ F1 and ‘Maestro’ F1 cultivated in Zemgale
region of Latvia. ’Nante’ type ’Forto’ variety carrots and carrot hybrids
’Bolero’ F1, ’Champion’ F1 and "Maestro’ F1 carrots harvested in Zemgale region
in the first part of October, 2011 were used at the research stages “Quality
assessment of fresh carrots” and “Changes in the quality parameters of carrots
during storage on traditional conditions”.

"Nante’ type "Forto” variety carrots harvested in Zemgale region in the first part
of October, 2012 were used at the research stages “Selection of packaging
materials for shredded carrots ”.

"Nante’ type "Forto” variety carrots harvested in Zemgale region in the first part
of October, 2013 were used at the research stages “Selection of treatment
parameters for shredded carrots” and “Changes of the quality parameters for
minimally treated carrots during storage .

Materials

e Drinking water — according to the Cabinet Regulations (Republic of Latvia)
No 235 of April 29, 2003.

e Deionised water 0.055 puS cm™ obtained by means of the deionization
equipment “Crystal E” (“Adrona” Ltd, Latvia).

e Hydrogen peroxide 30%, 34.01 g mol™ (Czech Republic).

e Ozonised water, obtained by means of the generator SOZ-YMS BNPOZONE
Company (China).

e Vegetable surface treatment solution NatureSeal® AS5 — blend of dry vitamin
and mineral substances patented by the Ministry of Agriculture, the USA
(Patent No 1011342) (AgriCoat NatureSeal Ltd, England).

The characteristics of packaging materials used in the experiments is
summarised in Table 1.

Biologically degradable materials (Nature Works® PLA C121, NatureFlex™
NVS INNOVIA and CERAMIS®—PLA) due to their incompatibility cannot be melted
to PP boxes, thus, pouches (250x240 mm) were made of these packaging
materials, where PP boxes containing fresh shredded carrots were placed into.

During experiments fresh shredded carrots before storage were placed into:

¢ DuniForm polypropylene (PP) boxes, melted with “breathable” conventional
BOPP Propafilm™ P2GAF film;

o DuniForm polypropylene (PP) boxes, placed in hermetically melted pouches
made of:
o Nature Works® PLA C121 (BIO-PLA) film;
o NatureFlex™ NVS INNOVIA film;
o CERAMIS®-PLA film;

 Nature Works® PLA P—360 boxes with non—hermetically pressed PLA cover.

1
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The research structure

Figure 1 depicts the general scheme of the research. Fresh *Nante’ type "Forto’
variety carrots and carrot hybrids ’Bolero” F1, ’Champion’ F1 and ’Maestro” F1
were analysed immediately after harvesting; carrots were stored for six months in
air ambiance (+3+1 °C, RH=89+1%) and their quality parameters were analysed
every two months to select the most suitable variety or hybrid for the production of
minimally treated carrots.

The main research aim was to verify the influence of biologically degradable
packaging materials on the quality of fresh shredded carrots during storage
compared with the “breathable” conventional BOPP Propafilm™ P2GAF
packaging material. The most suitable biopolymer materials were selected for
packaging of shredded carrots. Fresh shredded carrots were treated with various
treatment solutions — hydrogen peroxide, ozonised water and NatureSeal®AS5
(in different concentrations and different treatment times) with the main purpose to
ensure the microbiological safety of carrots. The optimal treatment conditions were
selected after the evaluation of the quality parameters of treated carrots. After
treatment carrots were packaged in the selected packaging materials and stored for
8-12 days at temperature of +4+1 °C, thus, detecting their expiry time. The
integrated evaluation was performed to determinate the most suitable treatment
method.

Storage of non-treated fresh carrots

Whole, non—washed ’Nante’ type ’Forto’ variety carrots and carrot hybrids
’Bolero’ F1, ’Champion’ F1 and ’Maestro’ F1 were stored immediately after
harvesting in 80x50x40 cm PP boxes in a refrigerated chamber at temperature of
+3+11 °C with the relative air humidity 89+1% for six months. The quality of fresh
carrots was assessed every two months.

Minimal processing of shredded carrots
Preparation of shredded carrots:

e fresh, whole, non-damaged and washed (with drinking water) carrots were
used for the research purpose;

e carrots were peeled with a Baumann vegetable peeling knife made of
non-corrosive steel and covered with a special coating — ceramic layer
protecting the product from sticking;

e peeled carrots were washed in running water and dried at temperature
of +2042 °C in air ambience for 31 min;

e carrots were shredded using a kitchen combine (Philips Comfort HR 7605,
Austria) with the power capacity 350 W. The volume of a shredded carrot chip
was: cross-section 1.5x3.0 mm and length 35-50 mm.

Treatment of the shredded carrots surface
Different concentrations of the hydrogen peroxide, ozonised water and
commercial NatureSeal® AS5 solution were prepared for experiments. Carrots were

42



pre—treated before treatment: washed, peeled and shredded. Chemical, physical and
microbiological parameters of carrots were evaluated after treatment to assess the
quality changes. The carrots were evaluated to determine the influence of treatment
agent concentration and treatment time on the quality of shredded carrots.
Non- treated carrots were used as control sample.

Treatment with H,O,

e 30%, 34.01 g mol' hydrogen peroxide was used for experiments
(Czech Republic).

e 0.5%; 1.0% and 1.5% hydrogen peroxide solutions in deionised water
0.055 pS cm™ at temperature of 20+2 °C were prepared for treatment of
shredded carrots.

e Solution was prepared one minute before the treatment of shredded carrots to
avert the decomposition of hydrogen peroxide.

e Shredded carrots were immersed in the hydrogen peroxide water for 30+1 s,
60+1 s and 90+£1 s.

e After treatment carrots were placed on a non-corrosive steel sheave
(grid diameter 0.3 mm) to draw off the excessive water (3+1 min).

e The influence of hydrogen peroxide on the carrots quality was analysed
immediately after treatment and during storage.

Treatment with ozone

e Ozonised water was obtained in high concentration ozone and oxygen
generator SOZ-YMS (BNPOZONE Company, China) equipped with the water
pump, where the ozone was dissolved in water by means of the ejector. The
maximum ozone concentration could be up to 12.0 mg L™ per one circulation
time.

e The ozone concentration in water mg L™ was measured with a portative ozone
detector DO3 (Eco Sensors Division of KWJ Engineering Inc., USA).

e The amount of ozone in the container was measured over the water surface.
The measurement was done manually by taking of 10 mL ozonised water in the
bottle and measuring it with the portative measurer DO3 (Eco Sensors Division
of KWJ Engineering Inc., USA). The electrochemical T-Series sensor
(3ET1PO3) with sensibility £0.05% (0-0.05 mg L™) was used in the device; the
maximum detected concentration was up to 5.0 mg L™

o After determination of ozone concentration (1.0 mg L™ 2.0 mg L™ and
3.0 mg L), shredded carrots were immersed in the prepared solution (2.0 L)
at temperature of 20+2 °C for 60; 120 and 180+1 seconds.

e After treatment carrots were placed on a non-corrosive steel sheave
(grid diameter 0.3 mm) to draw off the excessive water (3+1 min).

e The influence of ozonised water on the carrots quality was analysed
immediately after treatment and during storage.

43



Treatment with NatureSeal®AS5 solution

o NatureSeal® AS5 solution — a blend of dry vitamin and mineral substances
patented in the USA, a safe product with the active compounds of ascorbic acid
and calcium.

e 2.5% NatureSeal® AS5 water solution was used for the treatment of carrots.

e 2.5% NatureSeal® AS5 water solution was prepared right before the use where
shredded carrots were immersed at temperature of 20+2 °C for 5 min=+1 s.

e After treatment carrots were placed on a non-corrosive steel sheave
(grid diameter 0.3 mm) to draw off the excessive water (3+1 min).

e The influence of NatureSeal® AS5 on the carrots quality was analysed
immediately after treatment and during storage.

Packaging and storage of minimally treated carrots

Washed, peeled and shredded carrots were treated with the 1.0% hydrogen
peroxide water solution for 30+1 s, with the 2 mg L™ ozonised water for 60+1 s
and with the 2.5% NatureSeal® AS5 solution for 3001 s, and packaged by 60+5 g
in biologically degradable and conventional packaging materials. DuniForm PP
boxes were placed in pre—prepared (size 250 x 240 mm) pouches made of
biologically degradable NatureFlex™ NVS INNOVIA material and hermetically
melted using the packaging equipment (EUROMATIC, Italia); DuniForm PP boxes
were hermetically melted with  “breathable”  conventional  polymer
BOPP Propafilm™ P2GAF film covered with an anti-dewing coating by means of
SEAL 300 Faverani (Italia) equipment. The quality of carrots was assessed before
packaging and during storage every two days with the time periods of 8-12 days in
three reiterations. The material properties of packaging used in experiments are
summarised in Table 1.

Shredded, treated and packaged carrots were stored in the refrigerator
Commercial Freezer/Cooler “ELCOLD” at temperature of +4.0+1 °C.

Quality assessment of carrots
The quality assessment methods of carrots in several research stages are
summarised in Table 2.

Mathematical data processing

Microsoft Excel 7 software was used for the research purpose to calculate mean
arithmetical values and standard deviations of the mathematical data used in the
research.

SPSS 20.0 software was used to determine the significance of research results,
which were analysed using the following test methods: two—factor variance
analysis, General Linear Model (GLM), Sheffe test, two—factor ANOVA and
three—factor ANOVA analyses to explore the impact of factors and their
interaction, and the significance effect (p—value).

The research includes an integrated assessment.
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RESEARCH RESULTS AND DISCUSSION

1. Assessment of physical parameters and chemical
composition of fresh carrots

Physical and chemical indicators of fresh "Nante’ type *Forto’ variety carrots
and carrot hybrids ’Bolero’ F1, ’Champion” F1 and ’Maestro’ F1 were
comprehensively assessed by analysing the experimental results to verify the PhD
thesis “physical parameters and chemical composition of various ‘Nante’ type
variety and hybrid carrots are relevantly different”.

After mathematical data processing it was found that the moisture content of
’Nante’ type ’Forto’ variety carrots and hybrids *Bolero’ F1, ’Champion’ F1 and
’Maestro’ F1 was significantly different (p=0.002; 0=0.05) and ranged between
92.67% and 88.42%. The lowest moisture content was detected in the hybrid
’Bolero’ F1 carrots — 88.42+0.17%, while the highest one — in ’Forto’ variety
carrots — 92.67+0.13%. Mainly variety and hybrid properties, possible differences
in the soil type and weather conditions during the growth period of carrots may
explain the difference in the moisture content of carrots.

Results of the present experiments demonstrate that hardness of the analysed
carrots was significantly different (p=0.008; 0=0.05) (Figure 2). The hybrid
’Bolero’ F1 carrots (95.09+7.01 N) were harder, while the *Forto’ variety carrots
(81.28+10.54 N) were firmer. Firmness and scrunch are much recommended for
carrots and it is hardly to assess them commercially.

The content of total carotenoids of the analysed several *Nante’ type variety
and hybrid carrots was significantly different (p=0.001; 0=0.05). Higher content of
total carotenoids was found in Forto’ variety carrots — 179.47+0.08 mg 100 g™ in
dry matter, while lower — in hybrids *Champion’ F1 and ’Bolero’ F1 carrots
(172.45+0.06 and 172.93 mg 100 g™* in dry matter, respectively) (Figure 3).

Sugars content in the analysed several Nante’ type variety and hybrid carrots
was significantly different (p=0.001; 0=0.05). After analysing the contents of
sucrose, glucose and fructose sugars in carrots (Figure 4), it was detected that
sucrose was the dominant sugar in mature roots. The lowest content of sucrose
(2.45 g 100 g™) was found in *Forto® variety carrots, while the highest — in hybrid
’Champion’ F1 and 'Maestro’ F1 carrots (4.82 and 4.71 g 100 g, respectively).
The content of fructose in the analysed carrot samples ranged between
1.20 g 100 g in Bolero’ F1 and 1.40 g 100 g™ in "Maestro’ F1 hybrid carrots.
The content of glucose in fresh carrots ranged between 1.19 g 100 g™ in *Forto’
variety carrots and 1.87 g 100 g™ in the hybrid *Maestro’ F1 carrots.

Lower content of sugar in ’Forto’ variety carrots could be explained with
higher content of polyphenols in carrots (Figure 4), since polyphenols bind sugars
(glucose and fructose) in glycoside type. The content of total sugars ranged
between 4.87 g 100 g™ in *Forto’ variety carrots and 7.99 g 100 g in the hybrid
’Maestro’ F1 carrots.
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The evaluation of total phenols content in carrots established significant
differences in the analysed °’Nante’ type variety and hybrid carrots
(p=0.003; 0=0.05) (Figure 4).

The content of total phenols in the analysed carrots ranged between
271.21+0.02 mg GAE 100 g in dry matter in *Bolero’ F1 hybrid carrots and
539.76+0.03 mg GAE 100 g in dry matter in the variety *Forto’ carrots.

The high content of total phenols in carrots could be explained with the high
content of chlorogenic acid, ferulic acid, p—coumaric acid and organic acids in
carrots.

Antioxidant activity of carrots ranged between 24.28+0.16 in the variety
’Forto” carrots and 22.16+0.06 DPPH inhibition % in the hybrid *Champion’ F1
carrots, i.e. it was significantly different (p=0.001) (Figure 6). The obtained results
indicate high activity of antioxidants in the variety *Forto’ carrots. The research
results demonstrate that the high antioxidant activity neutralises free radicals, thus,
being one of the main reasons for the popularity of vegetables in the human diet
worldwide.

The present research proves that carrots are the source of dietary fibre. The
highest content of total fibre was detected in the hybrid ’Bolero’ F1 carrots
(34.25+5.79 mg 100 g* in dry matter), while the lowest one — in the hybrid
’Champion’ F1 carrots (25.78+1.54 mg 100 g™ in dry matter), i.e. it was
significantly different (p=0.006; a=0.05).

2. Changes of physically—chemical parameters of fresh carrots
during storage

The changes of physical and chemical parameters in ’Nante’ type ’Forto’
variety carrots and several hybrid carrots grown in Latvia and harvested in 2011
were analysed every two months during six months of storage to experimentally
verify the advanced thesis.

The content of moisture in carrots decreased significantly (p=0.001; a=0.05)
during storage. After six months of storage, a more significant decrease in the
moisture content was observed in the hybrid "Maestro’ F1 carrots (by 4.80%); yet,
not so expressed decrease was detected in the hybrid ’Bolero’ F1 carrots
(by 1.98%). Scientific literature mentions that the moisture content losses in carrots
during one month of storage may be up to 3%; however, maximally permissible
losses may be 7-8% during six months of storage. Fade process in carrots started
due to the moisture content losses and the influence of the storage temperature and
relative air humidity.

Firmness of carrots significantly increased (p=0.002; o=0.05) due to the
decrease of the moisture content. After six months of storage, firmness of carrots
increased by 19.15% on average. More pronounced increase of firmness was
observed in *Forto’ variety carrots — by 28.99%. Smaller changes in the increase of
firmness were observed in the hybrid *’Champion’ F1 carrots — by 9.60%. The
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increase of carrots firmness could be explained with the decrease of moisture
content in carrots.

The content of total carotenoids in carrots during six months of storage
increased significantly (p<0.05; a=0.05) — in hybrids — by 35.96% on average,
while in *Forto’ variety carrots — by 40.97% (p<0.05; 0=0.05). The obtained results
demonstrate the synthesis of carotenoids in carrots after harvesting.

Mathematical data processing determined significant changes in the content of
fructose (p=0.026; 0=0.05) and glucose (p=0046; a=005) in carrots (Figure 7).

In *Nante’ type variety and hybrid carrots, the contents of fructose and glucose
increased by 31.32% and 60.55% respectively, as a result carrots become sweeter.
The content of sucrose in carrots decreased by 89.90% on average during storage
compared with the content of sucrose in carrots before storage. Sugar hydrolyses
via the biosynthesis process during storage may explain the obtained results. The
process characterises with the splitting of disaccharides and decrease in the content
of saccharides and the simultaneous increase in the content of glucose and fructose.

The content of total phenols in ’Nante’ type variety and hybrid carrots
significantly decreased during six months of storage — by 21.30% on average
(p=0.007; 0=0.05).

Antioxidant activity in *Nante’ type variety and hybrid carrots significantly
decreased during six months of storage — by 55.37% (p=0.019; 0=0.05). The
antioxidant activity of carrots was stable during the first two months of storage; the
decrease was 6.17%. Significant changes in the antioxidant activity in carrots
(by 41.14% on average) were observed after two months of storage. The obtained
results could be explained with the biochemical reactions in carrots during storage
resulting in the decrease in the content of total phenols and antioxidant activity.

After mathematical data processing, non-significant changes in the dietary
fibre content of "Nante’ type variety and hybrid carrots were established during
storage (p=0.391; 0=0.05), (p=0.249; 0=0.05).

3. Selection of treatment parameters for shredded carrots

Physical, chemical and microbiological indicators of fresh "Nante” type *Forto’
variety carrots and carrot hybrids *Bolero’ F1, *Champion’ F1 and *Maestro’ F1
were comprehensively assessed after the treatment of carrots with various
treatment agents to analyse the experimental results for the verification of the PhD
thesis “various methods for treatment of fresh shredded carrots surface
significantly influence their quality parameters”. 'Nante’ type ’Forto’ variety
carrots were used for treatment in the research. The influence of two alternative
treatment methods — hydrogen peroxide (H,0,) and ozonised water on the quality
parameters of shredded carrots was analysed in the present research. The
commercial NatureSeal® AS5 solution (control sample) was used to treated carrots
for the comparison purposes.
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Treatment with the hydrogen peroxide

Pre—treatment (washing, peeling, shredding) of carrots damages the carrots
tissue and results in the growth of microorganisms. Therefore, hydrogen peroxide
(H,0,) was used as treatment agent for the treatment of shredded carrots. The use
of hydrogen peroxide is recommended for treatment of vegetables thanks to its low
toxicity and safe decomposition of O, and H,0.

E.coli in fresh carrots was not detected.

A significant (p=0.09; 0=0.05) difference in the dynamics of TPC and CFU
count between the control carrots sample and carrots treated with H,O, was found
after analysing the influence of H,O, on the quality parameters of carrots using
different concentrations of H,O, and treatment times (Figure 8). The TPC of control
sample was 2.61 log cfu g*. Higher TPC (2.25 log cfu g™*) was found in carrots
treatment with the 0.5% H,0, for 30+1 s (decrease by 13.97%); however, lower
(1.65 log cfu g') — after treatment of carrots with the 1.5% H,0, for
90+1 s (the TPC decrease by 36.78%). After evaluation of H,O, treatment activity,
it may be concluded that it is possible to decrease significantly (by 27.20%) the
TPC of carrots during treatment with the 1.0% H,O, for 30+1 s. Mathematical
processing of the obtained results revealed that various concentrations of H,O,
(p=0.019; 0=0.05) and treatment times (p=0.049; a=0.05) significantly influenced
the TPC count in carrots (Figure 8). The obtained results prove the treatment agent
properties of H,0,.

A significant (p<0.05) decrease in the yeast count was detected after treatment
of shredded carrots with the 1.0% and 1.5% H,0O, for 90+1 s — yeasts were not
found after treatment (Figure 9). Yeasts (1.47 log cfu g™*) were found in carrots
treated with the 0.5% H,O, for 30+1 s. Therefore, a longer (90 s) treatment time
and higher concentration of treatment agent (1.0% and 1.5%) is more suitable for
the microbiological safety of carrots.

The content of total carotenoids significantly decreased in the samples of
carrots — by 20.70% (p<0.05; ¢=0.05) during their treatment with the 1.5% H,0,
for 60+1 s, by 28.42% — during their treatment with the 1.0% H,O, for 90+1 s and
by 28.32% — during their treatment with the 1.5% H,0, for 90+1 s compared with
the control sample of carrots (Figure 10). The obtained results could be mainly
explained with the oxidative degradation of carotenoids. It is necessary to indicate
that smaller changes in the content of total carotenoids from 6.62% to 10.26% were
observed in carrots after their treatment with the 0.5% and
1.0% H,0, for 30+1 s and with the 0.5% H,0, for 60=+1 s.

The concentration of H,O, treatment agent and the treatment time of carrots
significantly (p<0.05; ¢=0.05) influence the content of total phenols in shredded
carrots, which decreased by 35.14-48.73% after treatment of carrots compared
with non- treated carrots. Smaller decreases of total phenols content — 35.14% and
36.09% were obtained after treatment of carrots with the 0.5% and
1.0% H,0, for 30+1 s; however, higher — 48.73% after treatment of carrots with
the 1.0% H,0, for 90+1 s.
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After treatment, the antioxidant activity of carrots decreased by 27.66% on
average compared with the control sample (Figure 11). Smaller decreases
(by 20.21% and 24.39%) in the antioxidant activity of carrots were observed after
treatment of carrots with the 0.5% and 1.0% H,0O, for 30+1 s.

The obtained results demonstrate a close linear positive correlation between the
content of total phenols and the antioxidant activity in carrots (R?=0.953; r=0.976)
with the probability of 99%, i. e. during treatment the content of total phenols in
carrots decreased with the simultaneous decrease of the antioxidant activity
(Figure 12).

The contents of fructose, glucose and sucrose decreased significantly
(p<0.05; @=0.05) in shredded carrots treated with H,O,. Smaller decrease
(by 8.05%) of the fructose content in carrots was obtained after treatment of carrots
with the 1.5% H,0, for 30+1 s, while higher (by 63.40%) — after treatment of
carrots with the 05% H,0, water solution for 60+1 s. Smaller
(by 13.40%) changes in the content of glucose were observed in carrots after their
treatment with the 0.5% H,O, for 30+1 s, while significant decreases (by 77.05%
and 65.24%) in the content of glucose in carrots were obtained after their treatment
with the 1% H,0, for 60+1 s and with the 1.5% H,0, for 90+1 s. The experiments
showed that smaller decrease (by 33.37%) of sucrose was obtained in carrots after
their treatment with the 15% H,O, for 30+1 s and higher
(by 53.70%) — after treatment of carrots with the 1.5% H,O, for 90+1 s. After
treatment of carrots with the 1.5% H,O, for 30+1 s, the content of total sugars in
carrots decreased by 18.58%. Higher changes (by 40.84%) in the content of total
sugars were obtained in carrots treated with the 1.0% H,O, for 60+1 s and with
the 0.5% and 1.5% H,0O, for 90+1 s.

The concentration of H,O, (p=0.402; 0=0.05) and the treatment time
(p=0.113; 0=0.05) did not influence the pH value of carrots. The pH value of
treated carrots decreased by 0.06 units on average compared with the control
sample.

The concentration of H,O, and the treatment time did not influence the
firmness of carrots (p=0.240; 0=0.05). Firmness of treated carrots decreased by
9.80% on average compared with the control sample.

After summarising the acquired microbiological, chemical and physical
parameters in shredded carrots during treatment, the treatment regime with the
1.0% H,0, for 30+1 s was chosen as optimal for the future experiments.

Treatment with the ozonised water

Ozone (Og) is one of the newest treatment agents in the world used to decrease
the count of microorganisms in vegetables. Ozone is safe and friendly
(GRAS - Generally recognized as safe) in the food. Inhibition of the
microorganisms growth is the main advantage of ozone treatment; as a result
shredded carrots keep their freshness and quality for longer time.

Different treatment regimes as ozonised water concentration and treatment time
were investigated to evaluate their influence on the quality of shredded carrots. The
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following treatment regimes were investigated based on the data presented in
scientific literature: treatment time — 60; 120; 180+1 s and concentrations 1.0; 2.0;
3.0 mg L™ The comparison of chosen treatment regimes detected a significant
(p=0.003; a=0.05) influence of the ozonised water on the decrease in the count of
TPC in carrots after treatment.

An essential decrease in the TPC count from 2.34 to 1.13 log cfu g™ and
1.10 log cfu g™, i.e. — by 51.71% and 52.99% respectively — was obtained after
treatment with 2 mg L™ and 3 mg L™ of ozonised water for 180+1 s.

Essential decreases (by 96.36%) in the yeast content (Figure 14) were obtained
after treatment of carrots with 2 and 3 mg L of ozonised water for 180+1 s, yet
not so—pronounced ones (by 50.63%) — after treatment of carrots with 1 mg L™ of
ozonised water for 60+1 s. Therefore, a longer (180 s) treatment time and a lower
treatment agent concentration (2 mg L™ and 3 mg L) are advisable to ensure the
microbiological safety of carrots.

The contents of fructose, glucose and sucrose decreased significantly in carrots
after treatment (p=0.001; ¢=0.05). A smaller (by 22.86%) decrease in the content
of fructose was observed in carrots after treatment with 2 mg L™ of ozonised water
for 60=+1 s, while greater (by 97.14% and 95.71%) — after treatment of carrots with
3 mg L™ of ozonised water for 120+1 s and 1801 s.

Smaller (by 25.00%) changes in the glucose content were obtained in carrots
after treatment with 2 mg L™ of ozonised water for 60+1 s; however, greater
(by 95.31% and 87.50%) — after treatment of carrots with 3 mg L™ of ozonised
water for 180+1 s and 120+1 s. Smaller (by 14.87 and 17.27%) changes in the
sucrose content were obtained after treatment of carrots with 1 mg L* and
2 mg L™ of ozonised water for 60+1 s. An essential decrease in the content of
glucose by 44.12% was obtained after treatment of carrots with 3 mg L™ of
ozonised water for 120+1 s, 180+1 s. After analysing the influence of various
regimes for the treatment of carrots with the ozonised water on the changes of the
sugar content in carrots, it was proved that smaller changes in the contents of
fructose, glucose and sucrose were obtained after treatment of carrots with
2 mg L of ozonised water for 60+1 s.

Treatment regimes significantly influenced (p=0.034; 0=0.05) the decrease in
the content of total phenols in carrots. More significant decrease (by 69.52%) in
the total phenol content was obtained after treatment of carrots with
3 mg L of ozonised water for 180+1 s. However, treatment with 1 mg L™ of
ozonised water for 60+1 s was more effective, as a result the content of total
phenols in carrots decreased by 16.34% (p>0.05; 0=0.05) compared with
non-treated carrots (Figure 15). The obtained results could be explained with the
possible oxidative stress in carrots during treatment, which promoted many
physiological reactions including the synthesis of polyphenols. The amount of free
radicals increased and lipid peroxidation occurred as a result of such reaction.

Changes of the antioxidant activity in carrots after treatment were not
significant (p=0.085; 0=0.05), which could mainly be explained with the
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antioxidant properties to protect the tissues of carrots from the oxidative damage in
reaction with the ozonised water.

Mathematical data processing established an insignificant influence of the
ozonised water concentration (p=0.698; «=0.05) and treatment time
(p=0.303; 0=0.05) on the content of total carotenoids in carrots. This means that
carotenoids with molecular oxygen react in a quick oxidation process, thus, a
negative influence of ozone was not detected in the experiments.

Mathematical data processing established an insignificant influence of the
ozonised water concentration (p=0.338; «=0.05) and treatment time
(p=0.060; 0=0.05) on the pH value of carrots.

After summarising the acquired microbiological, chemical and physical
parameters of shredded carrots during treatment, the treatment regime with
2.0 mg L™ of ozonised water for 60+1 s was chosen as optimal for the future
experiments.

Treatment with NatureSeal® AS5

NatureSeal® AS5 is a commercial solution used for the treatment of vegetables
worldwide. Ascorbic acid and calcium are the active components of
NatureSeal® AS5. It is the first commercial product, which does not create a
non—acceptable aftertaste and does not remain in the product. Therefore, it is
possible to control the pH value (decrease) of a product by the treatment of
products with the mentioned solution; as a result the growth of microorganisms
could be prevented similarly as it is done using other treatment agents.

The recommended treatment time for the wuse of the commercial
NatureSeal® AS5 solution (AgriCoat NatureSeal Ltd, England) is 5 mint1 s and
preparation concentration in the water solution — 2.5%. The present experiments
were done to verify the possible influence of NatureSeal® AS5 on the
microbiological, physical and chemical indicators of "Nante’ type ’Forto’ variety
carrots grown in Latvia and to compare this influence with alternative treatment
methods (H,O, and ozonised water) of carrots.

The initial count of TPC in non-treated carrots was 2.62 log cfu g™, which
decreased up to 1.28 log cfu g™ after treatment with NatureSeal®™ AS5.

The initial count of yeasts in carrots was 2.59 log cfu g™, which decreased up to
1.31 log cfu g’ after treatment with NatureSeal® AS5. The obtained results
demonstrate  high antibacterial effect of the treatment regime with
2.5% NatureSeal® AS5 for 5 mintl s. During experiments it was proved that
NatureSeal® AS5 solution could be recommended as treatment agent for the
treatment of fresh shredded carrots.

The present experiment did not detect a significant influence of
NatureSeal™ AS5 solution on the content of carotenoids in carrots. The content of
total carotenoids decreased by 9.57% (p>0.05; o=0.05) compared with
non-treated carrots.

The content of total phenols and antioxidant activity of carrots increased by
1.00% (p=0.399; 0=0.05) and 10.17% (p=0.077; 0=0.05) after treatment with 2.5%
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NatureSeal® AS5 for 5 min+1 s (Table 3). The acquired results could be explained
with the availability of ascorbic acid in NatureSeal® AS5 solution, which results in
the product stability by strengthening the antioxidant activity and blocking the
destroying of total phenols in vegetables.

The obtained results prove the PhD thesis “various methods for treatment of
fresh shredded carrots surface significantly influence their quality parameters”.

4. Selection of packing materials for fresh shredded carrots

The present section verifies the following PhD thesis “biodegradable packaging
materials may successfully be used for packaging of fresh shredded carrots”. Four
biologically degradable packaging materials — Nature Works® PLA P—360 boxes
with non-hermetically covered PLA cover (manually), Nature Works® PLA C121
(BIO-PLA) film, NatureFlex™ NVS INNOVIA film and CERAMIS®—PLA film
were compared for packaging of fresh carrots. The influence of the mentioned
packaging materials on the changes of carrots quality parameters during storage
was compared during experiments.

The balance of gas composition changes inside packaging during storage was
different (Figure 17).

On the third day of storage, the content of CO, in carrot packages made of
“breathable”  conventional BOPP  PropaFilm™ P2GA material was
14.0+1.0%, while, on the eighth day of storage — 21.0+1.0%. The CO, content
increased up to 42.0+1.0% after 12 days of storage. However, the O, content inside
packaging decreased up to 2.0+1.0% (Figure 17) after 12 days of storage.

The O, content decreased slowly inside Nature Works® PLA P—360 boxes with
non—hermetically covered PLA cover resulting from the oxygen supply through the
cover. After 12 days of storage, the O, content was 11.0+1.0% over carrots inside
packaging. The content of CO, did not change up to the tenth day of storage
(5.0+£1.0%) and it increased up to 7.0+1.0% at the end of storage due to the setting
of gas composition close to the ideal composition mentioned in literature
(CO, — 5-10% and O, — 5-10%) (Figure 17).

It was impossible to ensure the balance of gas composition inside
NatureFlex™ NVS film packaging with shredded carrots during storage. The O,
content decreased up to 2.0+£1.0% after 12 days of storage, while the content of
CO, increased up to 18.0+1.0% after three days of storage and up to 34.0+£1.0%
after 12 days of storage (Figure 17).

The O, content in Nature Works® PLA C121 film packaging decreased up to
4.0£1.0% after three days of storage resulting in the oxygenfree ambiance in
packaging at the end of carrots storage. A significant increase of CO, from 0% to
30.0+1.0% was detected.

CERAMIS"™—PLA packaging materials did not ensure a sufficient CO, migration
through the film surface and it accumulated up to 59.0+1.0% during storage
(Figure 17). The O, content decreased fast in the mentioned packaging and resulted
in the oxygenfree ambiance in packaging on the third day of carrots storage. The
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summary of the O, and CO, content changes in chosen packaging materials
established that Nature Works®™ PLA P-360 boxes and NatureFlex'™ NVS film
packaging are more suitable for packaging of carrots in the passive gas ambience
compared with CERAMIS®-PLA and Nature Works® PLA C121 materials.
Advantages of biologically degradable packaging materials compared with
“breathable” conventional (BOPP PropaFi/m™ P2GA) packaging are summarised
in Figure 17. This means that the conventional packaging material may
successfully be replaced with biologically degradable packaging materials ensuring
better gas composition balance for packaging of fresh carrots.

A significant decrease of carrots firmness up to 82.43+8.20 N was detected in
carrots packaged in Nature Works® PLA C121 film packaging after 12 days of
storage. Smaller changes of firmness were detected in carrots packaged in
NatureFlex™ NVS film packaging — up to 447.35+9.15 N; however, the firmness
of carrots packaged in the control BOPP Propafim™ P2GAF film,
Nature Works® PLA P-360 boxes and CERAMIS®—PLA film ranged between
233.92+10.39 N and 246.02+9.48 N.

The smallest weight losses of carrots during storage were detected in
NatureFlex™ NVS — from 0.04+0.01% and the highest losses — to 4.41+0.04% in
Nature Works®” PLA C121 (BIO-PLA) film packaging (Table 3). The initial
moisture content of carrots was 86.01+0.01%; the moisture content decreased up to
80.58+0.01% and 82.44+0.01% in carrots packaged in Nature Works® PLA C121
and CERAMIS®-PLA packaging materials. However, the moisture content of fresh
shredded carrots in BOPP Propafilm™ P2GAF, NatureFlex™ NVS film packaging
and in Nature Works® PLA P—360 boxes was 85.89+0.02% and 83.60+0.01%
during storage (Table 3).

Significant differences in the pH value of carrots were obtained in all analysed
samples during storage (p<0.05). No significant changes in the pH value of carrots
packaged in conventional BOPP Propafilm™ P2GAF and biodegradable —
NatureFlex™ NVS and Nature Works® PLA P—360 packaging materials were found
up to the fifth day of storage. At the end of storage, the pH value of carrots was
4.78+0.01; 5.61+0.01 and 5.05+0.02 respectively. Significant changes of the pH
value were observed for carrots packaged in Nature Works® PLA C121 and
CERAMIS®-PLA (VC999 BioPack) after three days of storage. The pH value of
carrots was 4.50+0.01 and 4.71+0.01 respectively at the end of storage. The
changes in the pH value could mainly be explained with the dissolution of CO, in
the tissues of fresh shredded carrots. Therefore, it may be concluded that the
packaging material influences the shelf-life of carrots.
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5. Changes of the quality parameters for minimally treated
carrots during storage

Changes of the quality parameters in carrots treated with the hydrogen
peroxide water solution during storage

Experimentally it was ascertained that the shelf-life of shredded carrots treated
with the 1.0% H,0, for 30+1s and packaged in conventional BOPP Propafilm™
P2GAF (control sample) and in biodegradable Nature Works® PLA P-360 and
NatureFlex™ NVS INNOVIA packaging materials was five days. However, the
shelf-life of non-treated carrots packaged in the mentioned packaging materials
was three days.

As it was previously mentioned, the treatment with H,O, provided the
shelf-life of shredded carrots packaged in BOPP Propafilm™ P2GAF material
(control sample) for five days. The packaging ensured the following amounts of O,
and CO, — 4.8% and 12.6% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 4.49 colony forming units, yeasts — 3.72 colony
forming units, weight loss — 0.8%, increase of hardness by 0.9%, total colour
differences AE* — 5.8 units, decrease in the content of total carotenoids by 10.7%,
decrease in the content of total phenols from 325.2 to 277.1 mg GAE 100 g™ in dry
matter (i.e. by 14.8%) and decrease in the content of soluble solids by 5.8%.

The biodegradable Nature Works® PLA P—360 material boxes with treated
shredded carrots contained the following amounts of O, and CO, — 8.2% and
11.6% respectively; while the quality parameters of shredded carrots were as
follows: the TPC — 4.84 colony forming units, yeasts — 3.81 colony forming units,
weight loss — 0.3%, decrease of the moisture content by 1.7%, increase of hardness
by 2.2%, total colour differences AE* — 9.1units, decrease in the content of total
carotenoids by 12.2%, decrease in the content of total phenols from 325.2 to
286.0 mg GAE 100 g™ in dry matter (i.e. by 12.2%) and decrease in the content of
soluble solids by 11.5%.

The biodegradable NatureFlex™ NVS INNOVIA material pouches with treated
shredded carrots contained the following amounts of O, and CO, — 2.9% and
13.2% respectively; while the quality parameters of shredded carrots were as
follows: the TPC — 4.65 colony forming units, yeasts — 3.49 colony forming units,
weight loss — 0.03%, decrease of the moisture content by 1.4%, increase of
hardness by 4.0%, total colour differences AE* — 8.8 units, decrease in the content
of total carotenoids by 21.6%, decrease in the content of total phenols from 325.2
to 254.9 mg GAE 100 g™ in dry matter (i.e. by 21.6%) and decrease in the content
of soluble solids by 7.7%.

As it was previously mentioned, the shelf-life of shredded non-treated carrots
packaged in BOPP Propafilm™ P2GAF material (control sample) was three
days. The mentioned packaging ensured the following amounts of O, and
CO, — 4.4% and 15.6% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 3.75 colony forming units, yeasts — 3.75 colony
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forming units, weight loss — 0.7%, decrease of hardness by 5.5%, total colour
differences AE* — 3.5 units, increase in the content of total carotenoids by 13.8%,
decrease in the content of total phenols from 463.7 to 419.2 mg GAE 100 g™ in dry
matter (i.e. by 9.6%) and decrease in the content of soluble solids by 8.3%.

The biodegradable NatureFlex™ NVS INNOVIA material pouches with
non-treated shredded carrots contained the following amounts of O, and
CO, — 14.5% and 1.6% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 3.38 colony forming units, yeasts — 3.58 colony
forming units, weight loss — 0.3%, decrease of the moisture content by 1.6%,
decrease of hardness by 1.2%, total colour differences AE* — 1.9 units, increase in
the content of total carotenoids by 0.3%, decrease in the content of total phenols
from 463.7 to 439.2 mg GAE 100 g™ in dry matter (i.e. by 5.3%) and decrease in
the content of soluble solids by 8.3%.

The biodegradable NatureFlex™ NVS INNOVIA material pouches with
non-treated shredded carrots contained the following amounts of O, and
CO, — 1.5% and 16.3% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 3.84 colony forming units, yeasts — 3.84 colony
forming units, weight loss — 0.02%, decrease of the moisture content by 0.8%,
decrease of hardness by 2.7%, total colour differences AE* — 1.10 units, increase in
the content of total carotenoids by 1.3%, decrease in the content of total phenols
from 463.7 to 399.3 mg GAE 100 g* in dry matter (i.e. by 13.9%) and decrease in
the content of soluble solids by 13.4%.

Changes of the quality parameters in carrots treated with the ozonised water
during storage

Experimentally it was ascertained that the shelf-life of shredded carrots treated
with the 2.0 mg L* ozonised water for 60+1s and packaged in conventional
BOPP Propafilm™ P2GAF (control sample) and in biodegradable
Nature Works® PLA P—360 and NatureFlex™ NVS INNOVIA packaging materials
was ten days.

The BOPP Propafilm™ P2GAF material (control sample) pouches with
packaged treated shredded carrots contained the following amounts of O, and
CO, — 13.8% and 10.1% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 4.42 colony forming units, yeasts — 3.61 colony
forming units, weight loss — 0.1%, decrease of the moisture content by 2.2%,
increase of hardness by 2.9%, total colour differences AE* — 12.3 units, decrease in
the content of total carotenoids by 27.8%, decrease in the content of total phenols
from 358.8 to 211.1 mg GAE 100 g™ in dry matter (i.e. by 41.2%) and decrease in
the content of soluble solids by 13.5%.

The biodegradable Nature Works® PLA P-360 material boxes with treated
shredded carrots contained the following amounts of O, and CO, — 10.3% and
7.9% respectively; while the quality parameters of shredded carrots were as
follows: the TPC — 4.39 colony forming units, yeasts — 3.80 colony forming units,
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weight loss — 1.4%, decrease of the moisture content by 4.1%, increase of hardness
by 11.4%, total colour differences AE* — 12.8 units, decrease in the content of total
carotenoids by 22.5%, decrease in the content of total phenols from 325.2 to
244.0 mg GAE 100 g™ in dry matter (i.e. by 31.9%) and decrease in the content of
soluble solids by 12.6%.

The biodegradable NatureFlex™ NVS INNOVIA material pouches with treated
shredded carrots contained the following amounts of O, and CO, — 11.1% and
10.9% respectively; while the quality parameters of shredded carrots were as
follows: the TPC — 4.63 colony forming units, yeasts — 3.76 colony forming units,
weight loss — 0.3%, decrease of the moisture content by 2.5%, increase of hardness
by 3.8%, total colour differences AE* — 13.9 units, decrease in the content of total
carotenoids by 28.1%, decrease in the content of total phenols from 325.2 to
261.5 mg GAE 100 g™ in dry matter (i.e. by 27.1%) and decrease in the content of
soluble solids by 10.3%.

Changes of the quality parameters in carrots treated with NatureSeal® AS5
during storage

Experimentally it was ascertained that the shelf—life of shredded carrots treated
with the 2.5 % NatureSeal® AS5 for 5 min+ls and packaged in conventional
BOPP Propafilm™ P2GAF (control sample) and in biodegradable
Nature Works® PLA P—360 and NatureFlex™ NVS INNOVIA packaging materials
was ten days.

The BOPP Propafilm™ P2GAF material (control sample) pouches with
packaged treated shredded carrots contained the following amounts of O, and
CO, — 7.6% and 8.1% respectively; while the quality parameters of shredded
carrots were as follows: the TPC — 4.54 colony forming units, yeasts — 3.89 colony
forming units, weight loss — 0.6%, decrease of the moisture content by 2.2%,
increase of hardness by 6.6%, total colour differences AE* — 12.2 units, decrease in
the content of total carotenoids by 23.7%, decrease in the content of total phenols
from 668.3 to 541.0 mg GAE 100 g™ in dry matter (i.e. by 19.0%) and decrease in
the content of soluble solids by 4.8%.

The biodegradable Nature Works® PLA P-360 material boxes with treated
shredded carrots contained the following amounts of O, and CO, — 8.5% and 8.9%
respectively; while the quality parameters of shredded carrots were as follows: the
TPC — 4.37 colony forming units, yeasts — 3.55 colony forming units, weight
loss — 0.9%, decrease of the moisture content by 2.8%, increase of hardness by
9.7%, total colour differences AE* — 12.8 units, decrease in the content of total
carotenoids by 24.5%, decrease in the content of total phenols from 668.3 to
559.5 mg GAE 100 g in dry matter (i.e. by 16.3%) and decrease in the content of
soluble solids by 3.2%.

The biodegradable NatureFlex™ NVS INNOVIA material pouches with treated
shredded carrots contained the following amounts of O, and CO, — 7.1% and 5.9%;
while the quality parameters of shredded carrots were as follows: the
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TPC — 4.59 colony forming units, yeasts — 3.70 colony forming units, weight
loss — 0.7%, decrease of the moisture content by 1.9%, increase of hardness by
5.7%, total colour differences AE* — 12.9 units, decrease in the content of total
carotenoids by 19.7%, decrease in the content of total phenols from 668.3 to
529.2 mg GAE 100 g™ in dry matter (i.e. by 20.8%) and decrease in the content of
soluble solids by 7.9%.

In the present research, the a* colour component value decreased by 5.7% and
the AE value increased in carrots treated with the 2.5% NatureSeal® AS5.
Therefore, carrots became lighter during storage and obtained a bit pinker colour.
Experimental data partly confirm the PhD thesis “treatment method and chosen
packaging material significantly influence the quality of fresh minimally treated
carrots during storage”.

6. Integrated quality evaluation of treated shredded carrots

The basic principles of the integrated multifactorial evaluation allowed
detecting the most suitable method for the treatment of fresh shredded carrots by
applying some of the newest treatment agents: treatment of carrots with the 1.0%
of H,0, for 30+1 s, with 2.0 mg L™ of ozonised water for 60+1 s and with 2.5%.
NatureSeal®™ AS5 solution for 5 minz1 s.

The integrated multifactorial value characterises deviations of each treatment
agents chosen for the treatment of carrots during experiments from the initial
values. The lowest value indicates on smaller changes in the quality of carrots
treated with a certain treatment agents during storage (Figure 18).

The present experiments ascertained that the treatment type of carrots
significantly influenced the maintenance of their quality parameters during storage.
The evaluation of shredded carrots treated before packaging with the 1.0% H,0,
for 30+1 s, with 2.0 mg L™ of ozonised water for 60+1 s and the 2.5%
NatureSeal® AS5 solution for 5 min+1s allowed concluding that the commercial
NatureSeal® AS5 solution and 2.0 mg L™ of ozonised water were more suitable for
ensuring the quality parameters of shredded carrots, since the quality parameters of
shredded carrots changed less during storage. However, more significant quality
changes were observed in shredded carrots treated with the 1.0% H,0O, before
packaging.
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CONCLUSIONS

. Physical parameters and chemical composition of 'Nante’ type variety and
hybrid carrots significantly differ — the biological value of 'Forto’ variety
carrots is higher compared with '‘Bolero’ F1, ‘Champion’ F1 and 'Maestro’ F1
hybrids. The 'Forto’ variety carrots have higher: moisture content by 4.6%,
antioxidant activity by 8.0%, total phenols content by 49.8%, p-carotene
content by 19.3% and total carotenoids content by 8.7%.

. Quality parameters of whole 'Nante’ type variety and hybrid carrots
significantly changed after six months of storage on traditional conditions. In
carrots decreased pH value, antioxidant activity, content of moisture, content of
total phenols, content of soluble solids, sucrose content, Vitamin C content and
polyphenol compound content. In carrots increased firmness, content of
fructose, content of glucose and content of carotenoids.

. Microbiological parameters providing optimal treatment parameters for
shredded carrots are 60+1 s with the 2.0 mg L™ ozonised water and 30+1 s with
the 1.0% hydrogen peroxide.

. Mutually significant differences were not detected in the changes of quality
parameters during storage in carrots packaged in conventional material PP
boxes melted with BOPP Propafilm™ P2GAF film compared with the
packaging in biodegradable materials: Nature Works® PLA P-360
non-hermetically covered boxes and Nature Flex™ NVS INNOVIA film soft
packaging made on the cellulose base material.

. The shelf-life of shredded carrots packaged in conventional and biodegradable
packaging material is five days for non-treated carrots, five days for carrots
treated with the hydrogen peroxide, ten days for carrots treated with
NatureSeal® AS5, ten days for carrots treated with the ozonised water.

. Results of the integrated multicriteria evaluation demonstrate that the
commercial NatureSeal® AS5 solution and the 2.0 mg L™ ozonised water are
more suitable for providing the quality parameters of shredded carrots during
storage due to smaller changes in the quality parameters of shredded carrots
during storage. However, more significant quality changes occurred in
shredded carrots treated with the 1.0% H,O, before packaging.

. The data obtained during experiments confirm the hypothesis — “it is possible
to prolong the shelf-life of fresh shredded carrots in biodegradable packaging
by choosing innovative treatment methods”.
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