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PETIJUMA AKTUALITATE

Latvijas purvos dzeérvenes aug un tiek lasitas jau kops senseniem laikiem. Jau
misu senci zindja par ogu arstnieciskajam Tpasibam imunsist€émas stiprinasanai.
Tiesi regions ap Baltijas juru ir ipasi labveéligs dzérvenu augSanai, pargja Eiropa
ogas tiek importetas no Kanadas un ASV. Tradiciju dzervenes lietot uztura Eiropa
ieviesusi vikingi miisu €ras pirma un otra gadu tikstoSa mija, velak aktivi
izplatijusi krievu tirgoni (Arthey, Ashurst, 1996).

Dzgrvenes liela daudzuma satur oglhidratus (glikozi, fruktozi, saharozi u.c.),
organiskas skabes (citronskabi, benzoskabi, hinskabi, hlorogénskabi, abolskabi,
skabenskabi un dzintarskabi u.c.), pektinvielas un vitaminus (C, By, B,, Bs, B, PP,
K; u.c.), betainu un bioflavonoidus (antocianus, leikoantocianus, katehinus,
flavonolus), makro- un mikroelementus (K, P, Ca, Fe, Mn, Mo, Cu, J, Mg, Ba, Co
u.c.) (Karlsons et al., 2009).

Ta ka dzérven€s ir augsts benzoskabes saturs, svaigu ogu uzturvértibas
izmainas uzglabasanas laika nav bitiskas, tacu ir nepiecieSams pievérst uzmanibu
uzglabasanas apstakliem (temperatiirai, videi, iepakojuma materialiem). Visa
pasaulé plasi izmanto dazadus ogu parstrades veidus: saldésanu, kaltéSanu, sukazu
razoSanu u.tml. Viens no ogu uzglabasanas laika pagarinaSanas veidiem ir
kaltésana (Bennet et al., 2011).

Literatira ir sastopami dati par dz&rvenu kalt€Sanas iespg&jam konvekcijas
kalteés, kur izmanto dazadas kalt€Sanas temperatiiras ogu uzturvertibas
saglabasanai. Rezultata kalt€to dzérvenu uzglabasanas laiku var pagarinat lidz pat
diviem gadiem. Ta ka svaigu ogu mitruma saturs ir liels (~85%), to kaltéSana ir
energoietilpigs process, t.i., konvekcijas kalt€s ogas var izkaltét Iidz mitruma
saturam ~9% trTs dienu laika +40—60 °C temperatiira.

Literatira tikpat ka nav sastopami dati par savvalas un lielogu dzérvenu
kaltésanu mikrovilpu-vakuuma kalté. Ir jaatzimé, ka, kalt€jot partikas produktus
sada kaltg, ir iesp&jams lietot apstrades temperatiiru zem +40+1 °C un kaltéSanas
laiks ir loti iss (lidz dazam stundam). Tad€jadi var prognozét, ka, kalt§jot
dzérvenes mikrovilnu-vakuuma kalté, biis iesp&jams maksimali saglabat ogu
uzturvértibu, apstrades laiks bus Tsaks, turklat samazinata skabekla ietekme uz
produkta esoSajam uzturvielam un fermentiem vakuuma apstaklos var€s kavét
dazadus oksidéSanas procesus.

Apkopojot literatlira sastopamos teorétiskos un eksperimentalos datus, ir
izvirzita promocijas darba hipotéze: kaltgjot dz€rvenes mikrovilpu-vakuuma
kalte pazeminata temperatiira, var maksimali saglabat ogu uzturvertibu, saisinat
kaltéSanas laiku un pazeminata skabekla vide maksimali saglabat biologiski aktivo
vielu saturu ogas.

Hipotezi pierada ar aizstavamam tézém:

e lielogu dzérvenu kimiskais sastavs bitiski atSkiras no savvalas dz€rvenu
kimiska sastava;



e ar tradicionalajam uzglabasanas metodém nevar nodrosinat dzervenu
biologiskas vertibas saglabasanu ilgstosa uzglabasanas laika;

e ogu $kirn€m, pirmapstrades un kalteéSanas metodem ir bitiska nozime
dzervenu biologiskas vertibas saglabasana;

e  kaltetu dz&rvenu kvalitate uzglabasanas laika butiski nemainas.

Lai parbauditu hipotézi, ir izvirzits promocijas darba merkis pétit savvalas un
dazadu Skirpu lielogu dz&rvenu kvalitates izmainas konvekcijas kaltéSanas procesa
un mikrovilpu-vakuuma kaltg, izvert§jot optimalo risindgjumu ogu biologiskas
vertibas saglabasana. Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

e noteikt svaigu savvalas un dazadu Skirnu lielogu dzervenu fizikalos raditajus
un ktmisko sastavu;

e pétit svaigu dzervepu fizikalo raditaju un Kkimiska sastdva izmainas
uzglabasanas laika gaisa un tidens vidg;

e  izvertét optimalos dz€rvenu pirmapstrades veidus un tehnologiskos
parametrus ogu kalté$anai konvekcijas un mikrovilnu-vakuuma kaltg;

e  pétit dz&rvenu ogu fizikalo un kimisko raditaju izmainas kalt€Sanas procesa
konvekcijas un mikrovilnu-vakuuma kaltg;

e  pétit kaltetu dzervenu fizikalo un kimisko raditaju izmainas uzglabasanas
laika.

Darba novitate — ir izstradata jauna razoSanas tehnologija dz&€rvenu kalt€Sanai
mikrovilpu-vakuuma kalte, papildus izvert€§jot ogu pirmapstrades metozu
piemérotibu kaltéSanas procesa optimizacijai un produkta biologiskas veértibas
saglabasanai. Pirmoreiz veikti p&tijumi par Latvijas dazadu skirgu lielogu dzérvenu
un savvalas dz&rvenu piemérotibu kaltéSanai mikrovilpu-vakuuma kalté. Izstradats
un Latvijas Republika apstiprinats patents no Nr. 14631 ,,.Dz&€rvenu ogu kaltéSanas
panémiens” Izgudrotdji: Karina Riise, Tatjana Rakéejeva, Ruta Galoburda, Lija
Dukalska (02.11.2012.).

Darba zinatniskais nozimigums — noteikts savvalas un dazadu Latvija audz&tu
lielogu skirpu dz&rvenu kimiskais sastavs. Petitas dzervenu kimiska sastava
izmainas uzglabasanas laika dazados apstaklos, tas uzglabajot gaisa un tidens vidg.
Noteikti dazadi apstradatu dzérvenu kaltéSanas parametri apstradei pirms ogu
kaltésanas konvekcijas un mikrovilpu-vakuuma kalté. Pé&titas dazadi apstradatu
dzérvenu ogu fizikali kimisko parametru izmainas, tas kalt€jot konvekcijas un
mikrovilpu-vakuuma kalteé. Analiz€tas dazadi apstradatu un mikrovilnu kaltes
kaltétu dzérvenu fizikali Kkimisko un mikrobiologisko raditaju izmainas
uzglabasanas laika.

Darba tautsaimnieciska nozime - izstradats saisinats dzeérvenu kalt€Sanas
panémiens zema temperatiira, izmantojot mikrovilnu-vakuuma kalti, maksimali
saglabajot gatava produkta kvalitati un biologisko vértibu.



ZINATNISKA DARBA APROBACIJA

Pétijumu rezultati apkopoti un publicéti devinos recenz€jamos zinatniskajos
rakstu krajumos anglu valoda, no tiem Cetros — LZP atzitos izdevumos; Cetras
publikacijas ir citgjamas datubazés SCOPUS un SCIENCE DIRECT, ka ari
pétijumu rezultati apkopoti un publicéti viena popularzinatniskaja zurnala latviesu
valoda. P&tijjumos iegiitie rezultati ietverti divas monografijas, un sanemts viens
izgudrojuma apliecinajums.

Publikacijas LZP atzitos izdevumos

1. Ruse K., Rakcejeva T., Dukalska L., Dimins F. (2013) Changes of physically-
chemical parameters of Latvian cranberries during storage. Latvijas
Lauksaimniecibas universitates Raksti. (lesniegts un pienemts publicesanai)

2. Ruse K., Rakcejeva T., Berzina L. (2012) Rehydration kinetics of dried Latvian
cranberries as affected by drying conditions. Annual 18" International
Scientific Conference Proceedings Research for Rural Development, Jelgava,
Latvia. ISSN 1691-4031, p. 91-97. (In Agris)

3. Ruse K., Rakcejeva T., Galoburda R., Dukalska L. (2011) Anthocyanins
content in Latvian cranberries dried in convective and microwave vacuum
driers. Annual 17" International Scientific Conference Proceedings Research
for Rural Development, Jelgava, Latvia. ISSN 1691-4031, vol. 1, p. 100-106.

4. Dorofejeva (Ruse) K., Rakcejeva T., Skudra L., Dimins F., Kviesis J. (2010)
Changes in physically-chemical and microbiological parameters of Latvian
wild cranberries during convective drying. Annual 16™ International Scientific
Conference Proceedings Research for Rural Development, Jelgava, Latvia.
ISSN 1691-4031, Volume 1, p. 132-137. (In Agris)

Publikacijas citos atzitos izdevumos

1. Ruse K., Rakcejeva T., Galoburda R. (2013) Development of Technological
Parameters for Cranberries in Microwave-Vacuum Drier. Proceedings of
FaBE2013 International Conference, Greece. ISBN 978-960-9510-11-0,
vol. 2, p. 205-214.

2. Ruse K., Sabovics M., Rakcejeva T., Dukalska L., Galoburda R., Berzina L.
(2012) The effect of drying conditions on the presence of volatile compounds
in cranberries. World Academy of Science, engineering and Technology, Paris,
France. Issue 64, p. 854-860. (In SCOPUS)

3. Dorofejeva (Ruse) K., Rakcejeva T. (2012) Study on biological value changes of
Latvian wild cranberries during convective drying. Proceedings of 28™
International Horticultural Congress. Proceedings of the international symposium
on Berries: from genomics to sustainable production, quality and health. Lisboa,
Portugal. ISSN 0567-7572, Acta Horticultural 926, p. 717-723. (In SCOPUS)

4. Dorofejeva (Ruse) K., Rakcejeva T., Galoburda R., Dukalska L., Kviesis J.
(2011) Vitamin C content in Latvian cranberries dried in convective and
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microwave vacuum driers. Proceedings of 11" International Congress on
Engineering and Food, Food Process Engineering in a Changing World,
Athens, Greece. Vol. 2, p. 1199—-1200. (On CD.) (In Science Direct)

5. Dorofejeva (Ruse) K., Rakcejeva T., Kviesis J., Skudra L. (2011) Composition
of vitamins and amino acid in Latvian cranberries. Proceedings of 6™ Baltic
Conference on Food Science and Technology “Innovations for Food Science
and production”, Jelgava, Latvia, ISBN 978-9984-48-045-9, p. 153—158. (In
SCOPUS)

Citas publikacijas

Rise K. (2013) Dzérvenu kaltéSana mikrovilnos un vakuuma. Agrotops, Nr. 1
(185), janvaris, 73.-74. Ipp.

Izgudrojuma patents

Riise K., Rakcejeva T., Galoburda R., Dukalska L. (2012) Dz&rvenu ogu kalteSanas
panémiens. Latvijas Republika apstiprinats patents Nr. 14631.

Monografijas

1. Biologiski aktivas vielas partikas produktos (2012) Straumites E. redakcija. PTF,
LLU. 280 Ipp. ISBN 978-9984-48-083-1

Ruse K., Berna E., Kampuse S., Sné E. C vitamina satura izmaipas auglos un ogas

uzglabasanas laikd un dazadu parstrades procesu ietekme. 1.2.2. nodala,

38.-56. Ipp.

Riise K., Kampuse S., Kampuss K., Kriima Z., Riekstina-Dolge R., Sné E. Fenolu

savienojumi ogas un auglos. 6.2.1. nodaja, 189.—200. Ipp.

Riise K., Kampuse S., Krima Z., Sné E. Fenolu savienoju izmainas kaltéSanas

procesa. 6.3.2. nodala, 207.-212. Ipp.

Riise K., Kampuss K. GaistoSie savienojumi ogas. 7.2.1. nodaja, 252.—-254. Ipp.

Galoburda R., Riise K., Kriima Z. GaistoSo savienojumu izmainas garSaugu un ogu

kaltéSanas procesa. 7.3.1. nodala, 257.—260. Ipp.

2. Progresivas iepakojuma tehnologijas partikas industrija (2012) Dukalskas L.,
Muiznieces-Brasavas S. redakcija. PTF, LLU. 192 Ipp.

Muizniece-Brasava S., Dukalska L., Kampuse S., Murniece 1., Sabovics M., Kriima

Z., Rise K., Kozlinskis E., Dabina-Bicka l., Sarvi S. Aktiva iepakojuma ietekme uz

marmelades konfeksu kvalitati un deriguma terminu. 2.8.4. nodala, 83.-87. Ipp.

Par rezultatiem zinots astonas starptautiskajas zinatniskajas un zinatniski
praktiskajas konferenc@s, kongresos Latvija, Portugalg, Griekija, Francija.

1. International Conference FABE 2013 (Food and Biosystems Engineering
2013), Skiathos Island, Greece. REFERATS Development of Technological
Parameters for Cranberries in Microwave-Vacuum Drier. Ruse K., Rakcejeva
T., Galoburda R. (May 30—June 2, 2013).

2. 18™ International Scientific Conference “Research for Rural Development”,
Jelgava, Latvia. REFERATS Rehydration kinetics of dried Latvian cranberries
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as affected by drying conditions. Ruse K., Rakcejeva T., Berzina L. (May
16-18, 2012).
. ICFEB 2012: International Conference on Food Engineering and
Biotechnology, Paris, France. REFERATS The effect of drying conditions on
the presence of volatile compounds in cranberries. Ruse K., Sabovics M.,
Rakcejeva T., Dukalska L., Galoburda R., Berzina L. (April 25-26, 2012).
. 11™ International Congress on Engineering and Food, Food Process
Engineering in a Changing World, Athens, Greece. STENDA REFERATS
Vitamin C content in Latvian cranberries dried in convective and microwave
vacuum driers. Dorofejeva (Ruse) K., Rakcejeva T., Galoburda R., Dukalska
L., Kviesis J. (May 22-26, 2011).
17™ International Scientific Conference “Research for Rural Development”,
Jelgava, Latvia. REFERATS Anthocyanin content in Latvian cranberries dried
in convective and microwave vacuum driers. Dorofejeva (Ruse) K., Rakcejeva
T., Galoburda R., Dukalska L. (May 18-20, 2011).
. 6" Baltic Conference on Food Science and Technology “Innovations for Food
Science and production”, Jelgava, Latvia. REFERATS Composition of
vitamins and amino acid in Latvia cranberries. Dorofejeva (Ruse) K.,
Rakcejeva T., Kviesis J., Skudra L. (May 5-6, 2011).
. 28" International Horticultural Congress IHC2010 Science and Horticulture for
People Lisbon, Portugal. STENDA REFERATS Study on biological value
changes of Latvian wild cranberries during convective drying. Dorofejeva
(Ruse) K., Rakcejeva T. (August 2227, 2010).
. 16™ International Scientific Conference Research for Rural Development,
Jelgava, Latvia. REFERATS Changes in physically-chemical and
microbiological parameters of Latvian wild cranberries during convective
drying. Dorofejeva (Ruse) K., Rakcejeva T., Skudra L., Dimins F.,,
Kviesis J. (May 19-21, 2010).
PiedaliSanas izstades
. Ruse K., Sabovics M., Rakcejeva T. ,,GaistoSo savienojumu saturs Latvijas
dzérvenes”. Izstade ,,Riga Food 20117, Riga, Latvija (stenda referats).
. Dorofejeva K., Lagzdipa M., Sné E. Krima Z. Galoburda R.,
Rakéejeva T., Sarvi S. ,KaltéSanas procesu ietekme uz partikas produktu
kvalitati”. Seminars ,,P&tnieciba un inovacijas partikas nozargé”. Izstade ,,Riga
Food 20107, Riga, Latvija (referats).
. Dorofejeva K., Rakcejeva T. ,,C vitamina satura izmaingas Latvijas savvalas
dzervenés konvektivas kaltéSanas laika”. Izstade ,,Riga Food 20107, Riga,
Latvija (stenda referats).



MATERIALI UN METODES

Pétijumu norises vietas
P&tijumu norises laiks — no 2009. gada lidz 2012. gadam.
Latvijas Lauksaimniecibas universitate:

o Partikas tehnologijas fakultates Partikas tehnologijas katedras laboratorijas:

Iekartu laboratorija (ogu kaltéSana mikrovilpu-vakuuma kalte, dz&€rvenu
tvaicgSana, grieSana un caurdur$ana), lepakojuma materialu pasibu izp&tes
laboratorija (Gidens aktivitates, mitruma satura, pH, krasas intensitates un
gaistoSo savienojumu noteikSana ogas, dz€rvenu uzglabasana dazados
apstaklos); Prof. P. Delles partikas produktu laboratorija (antocianu, karotinu,
Skistosas sausnas, rehidracijas pakapes un Skiedrvielu satura noteiksana);
Mikrobiologijas zinatniskaja laboratorija (ogu mikrobiologisko parametru
noteikSana);
Partikas tehnologijas fakultates Kimijas katedras laboratorija: Dabas vielu
kimijas zinatniskaja laboratorija (cukuru, polifenolu un organisko skabju
satura noteikSana);
SIA ,,Vecauce” LLU macibu un pétjjumu saimnieciba (dzervenu kalt€Sana
konvekcijas tipa kaltg);
Agronomisko analizu zinatniskaja laboratorija (mineralvielu satura
noteikSana ogas).

Latvijas Universitates Biologijas institata laboratorijas (B;, B,, E vitamina un

aminoskabju noteik$ana ogas).

Latvijas Valsts auglkopibas institiita laboratorija (C vitamina satura noteikSana

0gas).

Pétijumos izmantoti: Latvijas savvalas un lielogu dz&rvenes (Skirnes: 'Steven’,

'Bergman’, ‘Ben Lear’, 'Pilgrim’ un 'Early Black’).

Pétijuma posmam ,,Dzervenu kalt€Sanas parametru izvéle un izvertejums” tika

izmantotas savvalas ogas, kas ievaktas Kurzemes regiona purvajos 2009. gada
oktobra pirmaja pus€. Turpmakiem pétijumiem ogas ievaktas 2010. gada oktobra
pirmaja pusé: savvalas dzérvenes — Kurzemes regiona purvajos, kultivétas
dzervenes — iepirktas no Kurzemes regiona kultivéto dzérvenu audzetajiem.

Vispargja eksperimenta shéma paradita 1. attela.
Kvalitates raditaju noteik§anas metodes

C vitamina saturs noteikts, izmantojot standarta metodi LVS EN 14130:2003.
Organisko skabju satura noteikSana. Organiskas skabes ir ekstrah@tas ar
tideni péc Hernandez et al. (2009) metodes.

Polifenolu noteik§ana. Polifenolu ekstrakciju veica péc Tomas-Barberan et al.
(2001) aprakstitas metodes.

Oglhidrati (saharozes un glikozes) noteik§ana — péc Miguez-Bernandeza et
al., (2004) metodes.



Karotini noteikti spektofotometriski, izmantojot 6705 UV/VIS YENWAY
Spectrophotometer (Apvienota Karaliste), ar vilpu garumu 450 nm péc
Epmaxkoga, (1987) metodes.

Antocianu saturs tika noteikts ar 6705 UV/VIS YENWAY Spectrophotometer
(UK), izmantojot spektrofotometrisko antocianu noteikSanas metodi” péc
Fuleki and Francis, (1968).

Skisto§a sausna ir noteikta ar refraktometru KRUSS HR18 Manual
Refraktometer (Vacija) péc standarta metodes ISO 2173:2003.

Svaigas ogas / Fresh berries

0 0

Ogu uzglabasana / Storage of berries
t=+3+1 °C
1=12 meénesi / 7=12 months

Ogu sagatavosana kaltéSanai /
Berries treatment before drying

PP karbas gaisa vide / . -
gaisa v’ Stikla burkas tideni /
PP boxes in air o
) Glass jars in water
ambiance

Ogu tvaicgSana
u Ogu caurgfrlgana/
Veselas ogas/ atdzeséSana/ pargrieSana/ Berri
Whole berries Berries steam- Berries cutting frrl(;s
blanching and perforation
cooling
I I
Ogu kaltésana / Berries drying
[ I
Mikrovilpu-vakuuma
kalte / Konvekcijas tipa kalté /
In microwave-vacuum In convective drier
drier

I I
Ogu uzglabasana vakuuma iepakojuma /
Storage of berries in vacuum packaging
t=20+1 °C, 1=12 ménesi / T=12 months

1. att. Visparéja eksperimenta shéma /
Fig. 1. General schema of experiments
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GaistoSo vielu noteikSana. Gaistosas vielas dz€rvenés nosaka ar gazu
hromatografu ar kapilaro kolonnu Elite-Wax ETR (Inc. PerkinElmer, ASV) un
masas spektrometru PerkinElmer 500 GC/MS (Inc. PerkinElmer, ASV).
Gaistogo vielu noteik$anai izmantota LLU M. Sabovica u.c. izstradata pielagota
metode (Sabovics et al., 2010).

Mikrobiala drosiba. Paraugu sagatavo$ana mikrobiologiskajai testé$anai
veikta atbilstosi standartam LVS EN ISO 7218:2007.

Skiedrvielu saturs —noteiktas atbilstosi standarta metodei AOAC 993.21
Aminoskabju saturs noteikts pec hromatografiskas metodes ar aminoskabju
analizatoru ,,Mikrotechna AAA 831”.

B; vitamina daudzums — ar fluorimetru ,,Specol 11” péc Jansena metodes
Jelesejevas modifikacija.

B, vitamina saturs — ar fluorimetru ,,Specol 11” p&c Povolockas, Zajcevas un
Skorobogatovas metodes.

E vitamina noteikSana balstita uz tokoferola sp&ju oksidéties. E vitaminu
oksidé ar FeCls, bet dzelzi — ar o, o' — dipiridilu.

Mineralvielas ir noteiktas atbilstosi standarta metodei LVSEN ISO 6869:2002.
pH vértiba ir noteikta ar pH metru Jenway 3510 pH Meter (LVS ISO
1132:2001).

Mitruma saturs. Mitruma saturu nosaka ar karséSanas metodi péc
Temminghoff and Houba, (2004) metodes.

Krasas izmainas — CIE L*a*b* krasu sistema ar iekartu ,,ColorTec-PCM”.
Kaltéto dzérvenu ogu sorbcijas noteik§ana. Dz&rvenu paraugi tika rehidréti
+20+1 °C un +40+1 °C temperatiira péc Singh et al., (2008) metodes.

Kaltéto dzérvenu ogu adsorbcijas noteik§ana - lidz lidzsvara mitrumam
izkaltétos ogu paraugus iztur maksligi veidotos tvaika-gaisa apstaklos ar
relativo gaisa mitrumu 0%, 20%, 40%, 60%, 80%, 90%, 97% +20 °C
temperatiira peéc Azzouz et al., (2002) metodes.

Ogu sagatavosana kaltéSanai

Ogu caurdursana eksperimentali realizéta, izmantojot adatu (& 1 mm), veicot
10£2 darienus uz ogas virsmas (Shi et al., 1997).

Ogu pargrieSana uz pusém eksperimentali veikta manuali ar asu neriiso$a
térauda nazi (Hui et al., 2006).

Ogu tvaiceSana. Veselu ogu tvaic€Sana veikta, izmantojot majsaimnieciba
lietojamo iekartu TEFAL VC4003 VITAMIN+ (Kina) temperatiira +94+2 °C
vienu mintti. P&c tvaic€Sanas ogas tika atdzesetas [1dz +20+1 °C temperatiirai
gaisa vidé (Mayer-Miebach and Spief3, 2003; Llano et al., 2003).

Kvalitates raditaju noteik§ana pétijjuma etapos

Dzeérvenu kvalitates parametru noteikSana dazados pétljuma posmos ir

apkopota 1. tabula.

11



1.Tabula / Table 1
Dzérvenu kvalitates raditaju noteik§ana dazados pétijjuma posmos /
Determination of cranberry quality indicators at different stages of the research

Petfjuma posmi / Phases of the research
~ - 8
o | 8 o 2 £ ~ T o
Raditaji / Indicators o E3|3:58¢2 o8| g
~ mo | EES I Soc|28 o
AR EE R
S| mal £33 2a|¥5S
o 2.3 N
C vitamins / Vitamin C + + + + +
Organiskas skabes / Organic acids + + - + +
Polifenoli / Polyphenols + + + + +
Oglhidrati / Carbohydrates + + - + +
Mitrums / Moisture + + + + +
B, vitamins / Vitamin B, + - - - -
B, vutamins / Vitamin B, + - - -
E vitamins / Vitamin E + - - - -
Aminoskabes / Amonoacids + - - - -
Krasa / Colour + + + + +
Karotini / Carotene + - + + -
Antociani / Anthocyanin + + + + +
pH + + - + +
Mineralvielas / Minerals + - - - -
Skistosa sausna / Soluble solids + - - - -
Gaistosas vielas / Volatile N i i N i
compounds
Mikrobiala drosiba / Microbial i i N i i
safety
Skiedrvielas / Dietary fibre - - - + -
Sorbcija / Sorption - - - + -
Adsorbcija / Adsorbcija - - - - +

Rezultatu matematiska apstrade

Iegtito datu apstrade veikta ar matematiskas statistikas metodém, iegiitajiem
rezultatiem aprékinatas standartnovirzes ar Microsoft Excel 7.0 programmas paketi.
Bitiskuma noteikSanai rezultati tika analiz€ti ar SPSS 20.0, izmantojot Sadas
testéSanas metodes: divu faktoru dispersijas analizi, Greenhaus-Greiser testu, Seffe
testu, divu faktoru ANOVA, tris faktoru ANOVA, lai izpétitu faktoru ietekmi un
mijiedarbibu starp tiem, efekta nozimigumu (p-vertiba). Veikts integréts
novertgjums.
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PETIJUMU REZULTATI UN DISKUSIJA
Dzérvenu fizikalo un kimisko raditaju izvertéjums

Lai pieraditu promocijas darba aizstavamo t€zi, proti, lielogu dzervenu
kimiskais sastavs butiski atSkiras no savvalas dzervenu kimiska sastava, analizgjot
eksperimentali ieglitos rezultatus, veikts vispusigs svaigu ogu fizikalo un kimisko
raditaju izvertejums.

Mitruma saturs. Veicot matematisko datu apstradi, ir noteikts, ka mitruma
saturam nav bitiskas atSkiribas starp liclogu dzervenu $kirném 'Steven’ un 'Early
Black’ (p=0,1130; 0=0,0500) un starp Skirném '‘Ben Lear’ un 'Pilgrim’ (p=0,7350;
0=0,0500). Savukart starp savvalas dzérvenu un liclogu dzérvenu Skirnpu ogu
mitruma saturu pastav bitiska atskiriba (p=0,0001; a=0,0500).

pH vértiba. Visiem ogu paraugiem pH bija vidgji 2,465, un tas ir nedaudz
zemaks, neka minéts zinatniskaja literatiira — liclogu dz&rvenu sulas pH ir 3,000
(Ripa, 1992).

Organiskas skabes. Jaatzimé, ka viens no svarigakajiem parametriem, kas
raksturo ogu baktericidas Ipasibas, ir tajas esosas benzoskabes saturs.

40
30

20

" i

Savvalas/  'Steven' 'Bergman' 'Ben Lear' 'Pilgrim' ‘'Early Black'
Wwild

mg-100g?
(sausna / in dry matter)

e
=

Organisko skabju saturs /
Content of organic acids

Dzérvenu Skirnes / Cranberry cultivar

O Vinskabe / Tartaric acid Hinskabe / Hinic acid @ Abolskabe / Malic acid
B Dzintarskabe / Succinic acid O Benzoskabe / Benzoic acid

2.att. Organisko skabju saturs /

Fig. 2. Content of organic acids

Pétijumos lielakais benzoskabes saturs noteikts lielogu dzérvenu Skirnes 'Early
Black’ ogas — 13,66 mg 100 g, kas ir par 56% vairak neka savvalas dzérvengs —
5,98 mg 100 g un par 65% vairak neka liclogu dzérvenu kirnes 'Steven’ ogas —
4,82mg 100 g' (2. att). Veicot matematisko datu apstradi, noteikts, ka
benzoskabes saturs visu Skirnu ogas ir biitiski atSkirigs (p=0,0001; a=0,0500),
iznemot savvalas un Skirnes '‘Ben Lear’ ogas (p=0,0430; 0=0,0500); savukart starp
Skirpu 'Steven’ un '‘Ben Lear’ ogu benzoskabes saturu nav bitiskas atskiribas
(p=0,0500; a=0,0500).

Karotina saturs. Petfjumu rezultati rada, ka lielogu Skirnu ogas vidgji satur par
32% vairak karotinu neka savvalas dzérvenes — 0,069+0,004 mg 100 g”'. Savukart
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lielakais karotinu saturs, proti 0,123+0,002 mg 100 g ir konstatéts ‘Ben Lear’
Skirnes dz€rvengs.

a* Kkrasas intensitates un antocianu satura korelacijas analize. Veikta
pctijuma rezultati apstiprina krasas komponentes a* intensitates un antocianu
satura savstarpgjo mijiedarbibu, jo starp mingtajiem raditajiem pastav cieSa
pozitiva korelacija (r=0,919) (3. att).

16
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Antocianu saturs / Content of anthocyanin, mg 100g!

3. att. Krasas komponentes a* un antocianu satura korelacijas analize svaigas
dzérveneés /
Fig. 3. The a* radical intensity and anthocyanin content correlation analysis of
fresh cranberries

Skistosas sausnas saturs savvalas un kultivéto dzérvenu ogas butiski
neatskiras. Augstakais $kisto$as sausnas saturs ir dzérvenu Skirnes 'Pilgrim’ ogu
sula — 9,20+0,10%, zemakais 'Steven’, 'Ben Lear’ un savvalas dzérvenu ogu sula —
7,70+0,06%.

C vitamina saturs. Savstarpgji lidzigs C vitamina saturs atrasts lielogu Skirnu
'Steven’, 'Bergman’ un 'Ben Lear’ ogas, kas ir par vidgji ~18% augstaks neka C
vitamina saturs savvalas dzervenés (4. att.).

~ 65
< G B ¢ 57.05 a 56.56.2 57:83 a S5
= .S = : b
= 55
£E. E 47,48
P55z 50 -
EESE s
S B3 4
s g 2 35 4
(S} 30 ! : )

o g
~ Savvalas / 'Steven' 'Bergman'  'Ben Lear' 'Pilgrim'  'Early Black'
Wild

Dzérvenu $kirnes / Cranberry cultivar

4. att. C vitamina saturs /
Fig. 4. Content of Vitamin C

Augstakais C vitamina saturs konstatéts Skirnes '‘Ben Lear’ ogas, tas bija
57,83+3,22 mg 100 g (parrékinot uz sausnu). Zemakais C vitamina saturs atrasts
savvalas un lielogu  Skirnes  'Early  Black’  dzérvends, attiecigi
46,98+2,83 mg 100 g un 47,48+2,75 mg 100 g (parrekinot uz sausnu) (4. att.).
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Oglhidratu saturs. Eksperimentali ir noteikts, ka no cukuriem dz€rvengs
galvenokart ir glikoze un fruktoze, savukart saharoze ogas netika konstatéta vispar.
Augstakais glikozes saturs ir kultiveto dzervenu Skirpu 'Bergman’, 'Pilgrim’ un
'Early Black’ ogas — attiecigi 10,036+0,008 mg 100 g'l, 10,354+0,008 mg 100 g'1
un 10,083+0,009 mg 100 g, kas ir tikai par ~15% augstaks neka savvalas
dzérvends (8,561+0,009 mg 100 g"). Tatu augstakais fruktozes saturs —
3,452+0,010 mg 100 g — konstatdts savvalas un Skirnes ‘Pilgrim’ dzérvengs.
Tadgjadi analizétas ogas drizak biis skabakas neka saldas, uz ko norada arl
eksperimentos iegitie dati.

Polifenolu saturs. Augstakais 8o savienojumu saturs konstatéts liclogu
dzérvenu skirn€s 'Pilgrim’ un 'Early Black’, ka ari 'Steven’ ogas, savukart
zemakais — lielogu dz&rvenu Skirnes '‘Bergman’ ogas (5.att.). Izvertjot atsevisku
polifenolu saturu dz&rvengs, konstatéts, ka starp atseviskiem to komponentiem
analiz€tajos ogu paraugos pastav bitiska atskiriba (p=0,0001, 0=0,0500).

Ferulskabe / Ferulic acid g
Epikatehins / Epicatechin ?
Vanilinskabe / Vanillic acid &

Gallusskabe / Gallic acid

Hlorogénskabe / Chlorogenic acid
Kafijskabe / Caffeic acid
Katehins / Catechin

Rutins / Routine

Polifenolu saturs / Polyphelol content, mg 100g!
m 'Early Black' ©'Pilgrim' 'Ben Lear' O'Bergman' ['Steven' & Savvalas/ Wild

5. att. Polifenolu saturs svaigas dzérvenés /
Fig. 5. Polyphenols content of fresh cranberries

Mineralvielas. Ca saturs butiski neatskiras dzervenu Skirpu '‘Bergman’ un 'Ben
Lear’ (p=0,9040), 'Bergman’ un 'Early Black’ (p=0,7100), 'Ben Lear’ un 'Early
Black’ (p=0,8060) ogas. Na saturs dz&rvenu Skirnes ‘Ben Lear’ ogas biitiski atskiras
no visam pargjam ogam (p=0,0001). Mg saturs analiz€tajos dz€rvenu paraugos
butiski neatSkiras (p=0,054).

Gaisto$o vielu saturs. P&titajas svaigajas dz€rvenés konstatéta 21 gaistosa
viela. Dzérvenu Skirnes 'Steven’ ogas satur 15 gaistosas vielas (6. att.), Skirnes
'‘Bergman’ un 'Early Black’ — 13, 'Ben Lear’ un 'Pilgrim’ — 11, savvalas dz&rvenes —
14 gaistosas vielas. Veicot hromatografiskas analizes, gan lielogu, gan savvalas
dzervengés noteiktas  vairakas  kopigas  gaistoSas vielas, tadas ka
4-pentén-2-ols (veido auglu aromatu), 3-cis-heksenilformiats (veido melonu
aromatu ar auglu iezim&€m), benzaldehids (veido mandelu aromatu),
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a-1-terpineols (veido ziedu aromatu), sviestskabe (veido riigteno sviesta aromatu),
benzilspirts (veido saldu aromatu).

100 kl

Peak area % of the total area

1

Smailu laukums, % kopgja laukuma /

] | ]
3\ Pe & | 104 \ [ 15 y
; [ | VORI |0 T 'S O | S L S Eevs Laiks /
350 850 1350 1850 2350 2850 3350 3850 4350 Time, min

6. att. Dzeérvenu gaisto$o savienojumu hromatogramma (Skirne 'Steven’) /
Fig. 6. Chromatogram of volatile compounds in cranberries
(the cultivar 'Steven’)
1 — etilacetats / ethylacetate; 2 — 4-pentén-2-ols / 4-penten-2-ol; 3 — (Z)-2-heksanals /
(2)-2-hexanal; 4 — eikaliptols / eucaliptol; 5 — (Z)-2-heptanals / (Z)-2-heptanal;
6 — 3-cis-heksenilformiats / 3-cis-hexenyl formaté; 7 — 6-metil-5-heptén-2-ons / 6-methil-5-
hepten-2-one; 8 — etikskabe / acetic acid; 9 — benzaldehids / benzaldehyde;
0 — etilbenzoats / ethyl benzoate; 11 — alfa-1-terpineols / a-1-terpineol;
12 — sviestskabe / butyric acid; 13 — benzilspirts / benzyl alcohol; 14 — feniletilspirts /
phenylethyl alcohol; 15 — pelargonskabe / nonanoic acid.

Analiz&tajos ogu paraugos augstakais o-terpineola smailes laukums noteikts
Skirnes 'Steven’ (35,99-10°) ogas, zemakais — 'Ben Lear’ kirnes ogas (1,45-10°),
kas norada uz analizéto ogu izteiktaku ziedu aromatu.

Neaizvietojamo aminoskabju saturs. Eksperimentali ir pieradits, ka
augstakais neaizvietojamo aminoskabju saturs konstatéts kultivéto dzervenu
Skirnes 'Early Black’ (2,23 g 100 g) ogas, kas ir par 26% augstiks, salidzinot ar
savvalas dzérveném (1,66 g 100 g); zemakais neaizvietojamo aminoskabju saturs
(1,12 g 100 g") noteikts dkirnes ‘Ben Lear’ ogas, kas ir par 33% zemaks neka
savvalas dz&rvenges.

Dzervenu fizikalo un kimisko raditaju izmainas
uzglabasanas laika

Lai pieraditu promocijas darba aizstavamo t€zi, proti, ar tradicionalajam
uzglabasanas metodém nevar nodrosinat dzérvenu biologiskas veértibas saglabasanu
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ilgstosa uzglabasanas laika, eksperimentali tika veikts vispusigs svaigu ogu fizikalo
un kimisko raditaju izvertejums uzglabasanas laika tradicionalos apstaklos.

Lai noteiktu svaigu dz€rvenu deriguma terminu, tas tika ievietotas slégtas PP
karbas gaisa vidé un stikla burkas Gidens vidé un uzglabatas aukstuma kamera
+3+1 °C temperatira 12 méneSus. Ogu uzglabasanas temperatiira izveleta,
balstoties uz zinatniskaja literatdra atrodamajam atzinam, proti, pazeminata
temperatiira (apmeram +3 °C) iesp&jams saglabat ogu kvalitati, tadgjadi pagarinot
to uzglabasanas laiku (Perkins-Veazie and Collins, 2002; Reynoso and
DeMichelis, 1994).

Dzérvenu deriguma termins, uzglabajot tas PP karbas gaisa +3+1 °C
temperatiira, ir se$i méneS$i, stikla burkas tdeni — 12 méneSi. IzvEletajos
uzglabasanas nosacijumos uzglabasanas laika netika konstatetas biutiskas ogu
mitruma satura, pH vertibas, krasas intensitates un antocianu satura izmainas.
Uzglabajot dz&rvenes 12 meneSus stikla burkas tideni, C vitamina saturs
samazinajas par vidgji 90%, organisko skabju saturs — par 54%, polifenolu saturs —
par 60%. Uzglabajot dzérvenes seSus meénesus PP karbas gaisa, C vitamina saturs
samazinajas par vid&ji 99%, organisko skabju saturs — par 30%, polifenolu saturs —
par 34%. Tas pierada aizstavamo t&zi, ka ar tradicionalajam uzglabasanas metodém
nevar nodro$inat dzérvenu biologiskas vértibas saglabasanu ilgsto$a uzglabasanas
laika.

KalteSanas parametru izvéle

Svaigu ogu deriguma termins, tas uzglabajot aukstuma kamera temperatira
+4£1 °C, ir aptuveni 2-3 méneSi. Tapéc dze€rvenu izmantoSanas termina
pagarinasanai biezi lieto ogu kalt€Sanu. Visizplatitaka ir ogu apstrade karsta gaisa
plusma jeb konvekcijas kalt€Sana. RazoSanas prakse rada, ka kalté$ana karsta gaisa
ir galvenokart ilgs un energoietilpigs process. Tadgjadi radas nepiecieSamiba
meklét alternativas metodes, izmantojot misdienigas iekartas un jaunakos
atklajumus. Promocijas darba ka viena no progresivakajam metodém izvéléta ogu
kaltésana mikrovilpu-vakuuma kalte, kura produkta apstrades laiks ir Tsaks, ka ari
iespgjams nodrosinat zemu kaltéSanas temperatiiru darba kamera, vari€jot ar
pievaditas mikrovilpu energijas daudzumu, maksimali saglabajot kalt§jama
produkta uzturvértibu. Veiktajos zinatniskajos pé&tijumos ir salidzinatas abas
dzervenu kaltésanas metodes.

Ogu optimalo kaltéSanas parametru noteikSanai izmantotas savvalas dzérvenes,
kuram atbilstoSa kalt€Sanas rezima izvelei veikts vispusigs kTmiska sastava un
fizikalo parametru izvertgjums. Ogas pirms kaltéSanas konvekcijas kalte sadur, lai
sekm&tu mitruma iztvaikoSanas procesu. Savukart mikrovilpu-vakuuma kalté
veselas dzérvenes. Turpmako petjjumu veikSanai izve€lets zinatniski pamatots
kalt€sanas rezims un izveért€ta konvekcijas un mikrovilpu-vakuuma kaltes
piemérotiba savvalas un lielogu dzérvenu kalt€Sanai.
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Dzérvenu kaltéSanas parametru izvele konvekcijas tipa kalte

Kaltesanas liknes. Eksperimentali ir noteikts, ka svaigu savvalas dzervenu ogu
sakotngjais mitruma saturs (w) ir 82,03+2,34% (t.i., absolitais mitrums
u=582,19%).
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7. att. Dzeérvenu kaltéSanas liknes konvekcijas tipa kalte /
Fig. 7. Drying curves of cranberries in convective drier

Petijumos ir noteikts, ka, kaltgjot ogas konvekcijas tipa kalte +30+1 °C
temperatira, kalt€Sanas ilgums ir 37,0+0,3 h, un, kaltg§jot ogas +90+1 °C
temperatiira, to kalt€Sanas ilgums ir 6,3+0,3 h (7. att.). Eksperimentali ir pieradits,
ka, paaugstinoties kalté8anas agenta temperatirai, kaltéSanas laiks ievérojami
samazinas. Tadgjadi izvEléta mitruma satura, proti, 9%, sasniegSanai ogas to
kalté$anas laiks var svarstities no 6 lidz 37 h, atkariba no izvElétas gaisa
temperatiiras. Kaltésanas laika dzeérvenés notiek iek$€ja masas apmaina no absoliita
mitruma (u) 582 lidz 64%. Iek$€ja masas apmaina notiek péc molekularas
(Skiduma) diftizijas, proti, no produkta iekSienes mitrums difundé uz produkta
virsmu, péc tam uz kalté8anas agentu.

C vitamins. Eksperimentos ir noteikts, ka sakotngjais C vitamina saturs svaigas
dzérvends bija 13,05+0,20 mg 100 g sausnas. Eksperementali noteikts, ka
savvalas dz&rvenés C vitamina saturs kalt€Sanas laika samazindjas par aptuveni
91%, tas kaltgjot +90+1 °C temperatira (8. attéls). Sie rezultati nav piepemami,
tade] sads kaltéSanas rezims nav akcept€jams. C vitamina saturs samazindjas par
15%, ja ogas kaltgja +30£1 °C temperatiira, par 34% kalt§jot +40+1 °C, par
47% kalt&jot +50£1 °C, par 66% kaltgjot +60+1 °C, par 80% kaltgjot +70+1 °C,
par 90% kaltgjot +80+1 °C. C vitamina izmainas galvenokart skaidrojamas ar
paaugstinatas temperatiiras negativo iedarbibu, ka arT ar gaisa esos$a skabekla
klatbiitni kaltéSanas laika.
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8. att. C vitamina satura izmainas dzérvenés kaltéSanas laika atSkiriga
temperatiira konvekcijas kalte /
Fig. 8. Changes of Vitamin C content in cranberries during convective drying at
different temperatures

Polifenolu saturs. Polifenolu saturs ogas samazinas, tas kaltgjot temperatiira
lidz +60+1 °C, — gallusskabes, katehina un kafijskabes attiecigi par 12%, 11% un
6%, salidzinot ar $o paSu komponentu saturu svaigas dzérvengs.

Polifenolu satura palielinasanos konvekcijas kalt€Sanas laika virs +70+1 °C
temperatiira pamata var izskaidrot ar iesp&jamiem oksidéSanas procesiem, kas
notiek skabekla iedarbiba.

Ogu mikroflora. Mezofili aerobo un fakultativi anaerobo mikroorganismu
skaits svaigas dzervengs salidzinajuma ar dz€rven€m, kas tika kaltetas +30+1 °C
temperatiira bija par 72% augstaks, un par 97% augstaks, ja dz€rvenes tika kaltetas
+60+1 °C temperatiira.

) 35
& 7 30
=3 325
sJ6 20
=27 15 . R2=0.8251
L¥S 1.0
$ =05
0.0 - ‘ ‘ ‘ : ‘ :
30 40 50 60 70 80 90

KalteSanas temperatiira, °C / Drying temperature, °C

9. att. KaltéSanas temperatiiras ietekme uz MAFAmM KVV skaitu dzérvenés
kaltéSanas procesa konvekcijas kalte /
Fig. 9. Impact of drying temperature on the TPC in cranberries during
convective drying

a, samazinasanas un apstrades temperatiiras pieaugums kaltéSanas laika nav
pieméroti nosacljumi mikroorganismu augSanai un attistibai, rezultata aktivitati
saglaba tikai sporas (9. att.).
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Dzérvenu kaltéSanas parametru izvéle mikrovilpu-vakuuma kalté

Ogu KkalteSanas parametru izstrade. Eksperimentali ir pétiti Cetri ogu
kaltéSanas rezimi mikrovilpu-vakuuma kalte, pamatojoties uz maksimalas un
minimalas mikrovilpu energijas izmanto$anas iespgjam (2. tabula) vienada darba
spiediena kamera 7,5/9,3 kPa un ar kaltéSanas kameras rotacijas atrumu
6 apgr. min".

2. tabula / Table 2
KalteSanas reZimu tehnologisko parametru apraksts /
Description of drying regimes

Parametri / Kalte§anas reZzims / Drying regime
Parameters 1. 2. 3. 4.
Kopgjais
kaltesanas
ilgums, min
/ Total 70 80 80 40
drying time,
min
3 magnetroni / |4 magnetroni/ |3 magnetroni/ |3 magnetroni/
1. posms /
Stage 1 3 magnetron |4 magnetron |3 magnetron |3 magnetron
1680 kJ 2100 kJ 1260 kJ 2604 kJ
2 magnetroni / |3 magnetroni/ |0 magnetronu/ |2 magnetroni /
2. posms /
Stage 2 2 magnetron |3 magnetron |0 magnetron 2 magnetron
g 1470 kJ 2520 kJ 600 s 1680 kJ
1 magnetrons / |2 magnetroni/ |2 magnetroni /
3. posms /
Stage 3 1 magnetron |2 magnetron 2 magnetron _
g 1260 kJ 1260 kJ 3360 kJ
1 magnetrons / |0 magnetronu /
4. posms /
Stage 4 _ 1 magnetron |0 magnetron _
g 756 kJ 600 s
5. posms / 1 magnetrons /
Stage 5 -~ _ 1 magnetron _
2016 kJ
Kopgjais
energijas
daudzums / 4410 kJ 6636 kJ 6636 kJ 4284 kJ
Total
amount of
energy

Katra rezima kamera ievietoto kaltgjamo dz&rvenu daudzums ir 3 kg.

Kalteésanas liknes. Lai ogas sasniegtu mitruma saturu 9%, kalt€Sanas ilgums
mikrovilpu-vakuuma kalté ir no 40 I1dz 80 mintitém (10. att.). Pirmaja, otraja un
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tresaja kalt€Sanas rezima no kaltéSanas procesa sakuma Iidz kalteéSanas 30. minttei
ir noverots konstants produkta mitruma izvadiSanas atrums. Proti, vienados laika
posmos tiek aizvadits konstants mitruma daudzums, t.i., brivais fidens.

Mitruma saturs/
Moisture content, u %

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
-4 A3 =) == | Kaltesanas laiks, min/ Drying time, min
10. att. Dzérvenu KkaltéSanas liknes mikrovilpu-vakuuma kalté
dazados rezimos /
Fig. 10. Drying curves of cranberries in microwave-vacuum drier at different
regimes
1 — pirmais kalt€Sanas rezims / first drying regime; 2 — otrais kaltéSanas rezims / second
drying regime; 3 — tresais kaltéSanas reZims / third drying regime;
4 — ceturtais kaltéSanas rezims / fourth drying regime

Ceturtaja rezima konstants produkta kalt€Sanas atrums saglabajas lidz 15.
minttei. Turpmak kaltéSanas atrums samazinas. Kalt€Sanas atrums samazinas lidz
ar produkta mitruma satura samazinaSanos. KaltéSanas process turpinas, lidz ogas
tiek sasniegts konstants mitruma saturs, p&c tam mitruma izvade tiek partraukta.

C vitamina saturs. Eksperimenta rezultata ir iegits, ka kalt€Sanas laika
mikrovilpu-vakuuma kalté pievaditais energijas daudzums bitiski (p=0,008)
ietekmé C vitamina satura izmainas ogas. C vitamina saturs dzérven€s samazinajas
par 27%, ja ogas kaltétas 2. kalt€Sanas rezima, par 34% — 1. reZima, par
40% - 3. un 4 rezima, salidzinot ar C vitamina saturu svaigas
dzérvends — 13,05 mg 100 g (sausna).

Polifenolu saturs. Kaltgjot ogas mikrovilpu-vakuuma kalté izstradataja
pirmaja, treSaja un ceturtaja reZima (2. tabula), kafijskabes saturs samazinas par
vidéji 24%, katehina saturs — par 18%, savukart gallusskabes — par 45%,
epikatehina — par 79%, salidzinot ar So komponentu saturu svaigas dz&rvengs.
Ogas kaltgjot otraja izstradataja kalt€Sanas rezima (2. tabula), gallusskabes saturs
dz&rvends samazinas par 25%, kafijskabes — par 8%, katehina — par 14%,
epikatehina — par 20%.

Ogu mikroflora. Mikrobiologisko analizu rezultati rada, ka, kalt&jot ogas
izvéletajos rezimos, MAFAm, pelgjumu klatbutne un pienskabes baktérijas nav
konstatgtas, kas norada uz produkta mikrobiologisko tiribu.
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Dzervenu fizikalie un kimiskie raditaji pec kaltéSanas

Promocijas darba aizstavama téze ir: ogu $kirn€m, pirmapstrades un kaltéSanas
metodém ir bitiska nozime dzervenu biologiskas vertibas saglabasana. Lai to
pieraditu, ir veikts vispusigs savvalas un dazadu skirpu lielogu dz&rvenu fizikalo
un Kkimisko raditaju izvert€jums, pirms kalt€Sanas tas mehaniski (caurdurot,
pargriezot uz pusém) un termiski (tvaic€jot) apstradajot. KaltéSanas procesa
optimizacijai eksperimenti veikti, ogas kaltgjot gan konvekcijas, gan mikrovilpu
vakuuma kalté, izmantojot ieprieksS izstradatus zinatniski pamatotus kalt€Sanas
rezimus

Krasas komponentes a* intensitates un antocianu satura savstarpgja
mijiedarbiba. Veiktad pétjuma rezultati apstiprina krasas komponentes a*
intensitates un antocianu satura savstarp&jo mijiedarbibu, jo starp minétajiem
raditajiem pastav vidgji ciesa pozitiva korelacija (r=0,796) (11. att. A).
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11. att. a* krasas intensitates un antocianu satura korelacijas analize
konvekcijas kalte (A) un mikrovilnu-vakuuma kalte (B) kaltetas dzervenes
Fig. 11. The a* radical intensity and anthocyanin content correlation analysis of
cranberries dried by convective drying (A) and microwave-vacuum drying (B)

Krasas komponentes a* intensitates un antocianu satura savstarpgja
mijiedarbiba ir ciesa pozitiva korelacija (r=0,825) (11. att. B).

Polifenolu saturs. Nosakot dazadu polifenolu saturu gan mikrovilpu-vakuuma,
gan konvekcijas tipa kalte kaltétas dz@rvends, konstatets, ka tajas parsvara
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sastopama hlorogénskabe, kafijskabe, katehins un rutins; mazaka daudzuma —
ferulskabe, epikatehins, vanilinskabe un gallusskabe (12. un 13.att.). Polifenolu
saturs bija augstaks mikrovilpu-vakuuma kalté kaltétas dzérvenes, salidzinot ar
konvekcijas kalte kaltetajam dz&rveném.
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Svaigas ogas / Fresh berries Konvekcijas kalte / Mikrovilpu-vakuuma kalte /

Convective drier Microwave-vacuum drier

O Savvalas / Wild &'Steven' @'Bergman' &'Ben Lear' & 'Pilgrim' @ 'Early Black'

12. att. Polifenolu satura izmainas kaltétas caurdurtas dzérveneés /
Fig. 12. Polyphenols content in dried perforated cranberries

1 - rutins / routine; 2 — katehins / catechin; 3 — kafijskabe / caffeic acid;
4 — hlorogénskabe / chlorogenic acid

Izmantojot ieglito eksperimentalo datu matematisko apstradi, noskaidrots, ka
pastav bitiska atSkiriba starp diviem pé&tamajiem faktoriem, proti, ogu Skirne un
kaltésanas metode (p=0,001; 0=0,050), savukart butiskas atskiribas (p=0,763)
netika noteiktas starp dz&rvenu pirmapstrades veidiem.
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13. att. Polifenolu satura izmainas kaltétas caurdurtas ogas /
Fig. 13. Changes of polyphenols content in dried perforated berries
5 — gallusskabe / gallic acid; 6 — vanilinskabe / vanillic acid;
7 — epikatehins / epicatechin; 8 — ferulskabe / ferulic acid
Karotinu saturs. Eksperimentali pieradits, ka karotinu satura izmainas
dzervengs, tas kaltgjot gan konvekcijas, gan mikrovilpu-vakuuma kalt€, nav
biitiskas. Datu matematiskas apstrades rezultati rada, ka nav butiskas atSkiribas
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starp karotinu satura izmainam, ne izmantojot dazadas ogu pirmapstrades metodes
(p=0,998), ne divas atskirigas kalt€sanas metodes (p=0,822).

Organisko skabju saturs. Lielogu dzervengs, kas kaltetas gan konvekcijas,
gan mikrovilnu-vakuuma kalte, visvairak saglabajas hinskabe, savukart savvalas
dzérvenés — abolskabe, 1pasi ogas, kas tika kalt€tas mikrovilpu-vakuuma kalte.
Savukart kaltgjot ogas gan konvekcijas, gan mikrovilpu-vakuuma Kkaltg,
dzintarskabi tajas gandriz nevar saglabat (14. att.).
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14. att. Organisko skabju saturs veselas konvekcijas un
mikrovilpu-vakuuma kalté kaltétas dzérvenés /
Fig. 14. Content of organic acids in whole cranberries dried in convective and
microwave-vacuum driers

Izmantojot ieglito datu matematisko apstradi, noteikts, ka pastav bitiska
atkiriba (p=0,001; a=0,050) starp diviem p&tamajiem faktoriem: organiskajam
skabém dazadas Skirn€s un kaltéSanas metodi, proti, izvéléta kaltéSanas metode
butiski ietekm& organisko skabju satura izmainas dazadu Skirnu dz€rvengs.
Savukart pirmapstrades metodes bitiski (p=0,058) neietekm& p&tamo komponentu
saturu dzervengs.

Oglhidratu saturs. Péc kaltéSanas oglhidratu saturs dz€rven€s samazinajas,
proti, fruktozes saturs, kalt&jot ogas konvekcijas tipa kalt€, samazinajas vidgji no
0,5mg100g" Ilidz 0,2mg100g’, bet, tas kaltgjot mikrovilpu-vakuuma
kalté, — vidgji no 0,4 mg 100 g" lidz 0,3 mg 100 g'; glikozes saturs ogas, tas
kaltéjot konvekcijas tipa kalté, samazinajas vid&i no 0,7 mg100g" Iidz
0,4 mg 100 g, savukart, ogas kaltgjot mikrovilpu-vakuuma kalté, — vid&ji no
0,4 mg 100 g 1idz 0,3 mg 100 g

C vitamina saturs. C vitamina saglabasanai pirmapstrade nav nepiecieSama
savvalas, '‘Ben Lear’ Skirnes ogam, kuras ir paredz€tas kaltéSanai mikrovilnu-
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vakuuma kalte. Ogu pargriesanu uz pusém ir ieteicams izmantot, lai samazinatu C
vitamina zudumus Skirpu ‘Bergman’ un 'Early Black’ ogam, tas kalt§jot
mikrovilpu-vakuuma kalte. Lai saglabatu C vitaminu, nav ieteicama caurdursana,
ipasi kaltgjot dzervenes konvekcijas tipa kalte. GrieSana uz pusém ka
pirmapstrades metode C vitamina saglabasanai dz€rvenu ogas konvekcijas
kalteéSanas laika ir vairak piemeérota savvalas, Skirnu '‘Bergman’ un 'Early Black’
ogam. Tvaic€Sana ka pirmapstrade ir ieteicama dz€rvenu skirnu ‘Ben Lear’ un
'Pilgrim’ ogam, pec tam tas kaltgjot konvekcijas tipa kalte.

GaistoSo vielu saturs. PEtljuma noteikts, ka pastav atSkiribas gaistoso vielu
satura, izmantojot dazadas pirmapstrades metodes un kalteSanu konvekcijas vai
mikrovilpu-vakuuma kalte. Eksperimentali noteikts, ka kaltetajas dz€rvengs
daudzas gaistosas vielas atSkiras no gaistoSo vielu satura svaigas ogas. Kaltétajas
dzervenes konstatetas 20 gaistosas vielas. Citu gaistoSo vielu klatbiitni kaltetajas
dzervenés galvenokart varétu izskaidrot ar kimiskajam un biologiskajam reakcijam
ogu kaltesanas laika, tas ir saistits ar siltuma iedarbibu.

Optimalo pirmapstrades veidu un kaltéSanas metoZu izvértéjums dzeérvenu
parstrades procesa. Lai noteiktu, kuras pirmapstrades metodes piemerotakas
dzervenu kalt€Sanai un kuras dz€rvenu Skirnes ir labakas no pétijuma
izmantotajiem pirmapstrades un kalt€Sanas veidiem, izverteti vairaki faktori; augsts
pazimes  ieguldijuma  koeficients (w;) ir pieskirts C  vitamina
(mg 100 g™, skiedrvielu (g 100 g™), organisko skabju (mg 100 g™), polifenolu (mg
100 g") un antocianu (mg 100 g') saturam, Gdens aktivitatei (a,) un krasu
komponensu atskiribai (AE*). Izvért§jot dzérvenu piemérotibu kaltéSanai gan
konvekcijas, gan mikrovilpu-vakuuma kalté un pemot véra to pirmapstrades
veidus, izriet, ka vispiemérotakas kaltéSanai ir 'Ben Lear’ Skirnes, bet nav
ieteicamas kalt€Sanai savvalas, ka arT 'Steven’ un ‘Bergman’ $kirnes dz&rvenes.

Dzérvenu iidens sorbcijas spéja. Noteikts, ka +40+1 °C temperatiira biitiski
ietekméja sorbcijas procesa intensitati. Eksperimenta ietvaros noteikts, ka ogu
skirne, pirmapstrades metode, kalt€Sanas veids un sorbcijas temperatiira butiski
ietekmé sorbcijas kapacitati. Intensivak sorbcija notika konvekcijas kaltekaltetajas
ogas, salidzinot ar mikrovilgu-vakuuma kaltg kaltétajam ogam.

Kalteto dzervenu kvalitates raditaju izmainas
uzglabasanas laika

Eksperimentos ir noteikts, ka 12 meneSu uzglabasanas laika +18+1 °C
temperatlira kaltétas dz&rvenu ogas polifenolu, antocianu, karotinu, organisko
skabju, Skiedrvielu, oglhidratu, mitruma, krasas intensitates un C vitamina saturs
butiski nemainas, salidzinot ar tikko kalt€tu ogu raditajiem. Tadgjadi var secinat,
ka lielogu dzervenu kvalitati uzglabaSanas laika var saglabat, tas kalt&jot
mikrovilpu-vakuuma kaltg.
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Eksperimentali pieradits, ka ogu pirmapstrades veids biutiski neietekmé
(p=0,527) kaltetu ogu adsorbcijas kapacitati. Izriet, ka kaltetu dz&rvenu kvalitate
uzglabasanas laika bitiski nemainas.
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SECINAJUMI

. Latvija audz&tu lielogu dzérvenu ogu biologiska vertiba ir augstaka neka
savvalas dz€rvenu, bet nav butiskas atSkiribas (p>0,05) starp Tidens aktivitati,
pH, ka arT mitruma, $kisto$as sausnas, Mg un B, vitamina saturu tajas. Savvalas
dzérvenes ir zemaks benzoskabes, antocianu, karotinu, glikozes, polifenolu,
C vitamina, Na saturs, bet augstaks salicilskabes, fruktozes, E vitamina un Ca
saturs.

Svaigu dzeérvenu deriguma termins, uzglabajot tas +3+1 °C temperatiira
polipropiléna (PP) karbas gaisa, ir seS§i ménesi, bet stikla burkas tdent — 12
ménesi. Uzglabasanas laika nav konstatetas butiskas (p>0,05) ogu mitruma
satura, pH, krasas intensitates un antocianu satura izmainas.

. Vispiem@rotakais dzervenu sagatavoSanas panémiens kalt€Sanai konvekcijas
kalté ir ogu pargrieSana uz pusém, bet kalt€Sanai mikrovilpu-vakuuma kalte
ogu pirmapstrade nav nepiecie$ama.

. Dz&rvenu ogu (3,00+0,01 kg) optimalie kaltéSanas parametri:

e konvekcijas tipa kalté: temperatira +50+1 °C, kalteSanas ilgums
20+1 h;

e mikrovilpu-vakuuma kalté: temperatira +36+2 °C, darba spiediens kaltes
kamera 7,5/9,3 kPa, maisitdja apgriezienu skaits 6 min™', kopgjais pievaditas
energijas daudzums viena kalt€Sanas cikla 6636 kJ, kaltéSanas
ilgums — 1h un 20min.

. Kaltésanai piemérotakas ir '‘Ben Lear’ §kirnes ogas, bet nav ieteicamas savvalas,
ka ar1 'Steven’ un 'Bergman’ $kirnes dz&rvenes.

Salidzinajuma ar kalt€Sanu konvekcijas tipa kalte, kalt€jot dz&rvenes
mikrovilpu-vakuuma kalté, ir iespgjams maksimali saglabat polifenolus,
cukurus un C vitaminu.

. Mikrovilnu-vakuuma kalté kaltétu lielogu dz€rvenu biologiska vértiba, tas
uzglabgjot vienu gadu vakuuma poliméra pléves (PA/PE) maisos +18+1 °C
temperatira tumsa telpa, butiski nemainas. Tadgjadi darba izvirzita hipoteze ir
korekta: kaltgjot dzérvenes mikrovilpu-vakuuma kalté pazeminata temperatiira,
var maksimali saglabat ogu uzturvertibu, saisinat kaltéSanas laiku un
pazeminata skabekla vide maksimali nodro§inat biologiski aktivo vielu saturu
ogas.
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TOPICALITY OF THE RESEARCH

Cranberries have been harvested in Latvian bogs since ancient times. Our
ancestry was already familiar with the healthy properties of berries mainly for
straightening of the immune system. The region around the Baltic Sea is
particularly favourable for growing cranberries. The rest of Europe imports berries
from Canada and the United States. The tradition of eating cranberries in Europe
was introduced by the Vikings on the eve of the second millennium AD. The
Russian merchants later actively spread this tradition (Arthey, Ashurst, 1996).

Cranberries contain a large amount of carbohydrates (glucose, fructose, sucrose
et al.), organic acids (citric acid, oxalic acid, and succinic acid etc.), pectin and
vitamins (C, B, B,, Bg, PP, K; etc.), betaine and bioflavonoids (anthocyanins,
leicoanthocyanins, catechins, flavonols), and macro- and micro- nutrients (K, P,
Ca, Fe, Mn, Mo, Cu, Y, Mg, Ba, Co etc.) (Carlsson et al., 2009).

Cranberries contain a high amount of benzoic acid, thus, changes in the
nutritional value of fresh berries during storage are not so relevant; yet it is
significant to pay attention on such storage conditions of berries as temperature,
ambience, and packaging materials. Various types of berry processing methods are
widely used around the world: freezing, drying, candied fruit etc. However, drying
of berries is one of the most popular methods for the extension of berry shelf-life
(Bennet et al., 2011).

Literature provides data on cranberry drying in convective type driers where
different drying temperatures are used to preserve the nutritional value of berries.
As a result, the storage time of dried cranberries can be extended up to two years.
Traditionally, the moisture content of fresh fruit is high (~85%), hence, berry
drying is energy-intensive treatment process. In a convective drier, berries can be
dried until the moisture content of ~9% at a temperature of +40—60°C
approximately within 3 days.

However, literature does not provide data on the possibilities to dry wild and
large-berry cranberries by using a microwave-vacuum drier. It should be noted that
the temperature below +40+1°C can be used for drying berries in such type of
drier, and hence, the drying time could be very short (up to few hours). Therefore,
it can be expected that the nutrition value of berries could be maximally preserved
by drying them in a microwave-vacuum drier. Processing time and oxygen
presence could be decreased on vacuum conditions simultaneously reducing the
negative influence of oxygen on the nutritional value of products and enzymes,
thus, preventing various oxidation processes.

After summarising theoretical and experimental data found in literature, the
research hypothesis was set as follows — drying of cranberries in a microwave-
vacuum drier allows retaining the maximum nutritional value of berries, decreasing
their drying time and temperature, and maintaining the bioactive substances of
berries in a reduced oxygen ambience.
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The research hypothesis was verified with the thesis to be defended:

e the chemical composition of large-berry cranberries and wild cranberries is
significantly different;

e traditional berry storage conditions do not ensure the biological value of
cranberries during a long-term storage;

e cultivars of berries and their pre-treatment and drying methods have a
significant effect on the maintenance of biological value of cranberries;

o the quality of dried cranberries do not significantly change during storage.

The aim of the PhD thesis is to study the quality changes of wild cranberries
and large-berry cranberries of different cultivars in convective and microwave-
vacuum driers and to evaluate the optimum possibilities for preserving the
biological value of berries.

In order to achieve the set aim, the following tasks were put forward:

e to determine the physical indicators and chemical composition of fresh wild
cranberries and large-berry cranberries of different cultivars;

e to study the changes of physical and chemical indicators of fresh cranberries
during their storage in the air and water ambience;

e to ecvaluate the optimum pre-treatment methods of cranberries and
technological parameters for berry drying in convective and microwave-
vacuum driers;

e to investigate the physical and chemical indicators changes of cranberries
during their drying in convective and microwave-vacuum driers;

e to study the physical and chemical indicators changes of dried cranberries
during their storage.

Novelty of the research — a new production technology for cranberry
processing in a microwave-vacuum drier has been developed additionally by
assessing the suitability of berry pre-treatment methods for optimisation of the
drying process and preservation of the product biological value. The research on
suitability for processing large-berry cranberries of different cultivars and wild
cranberries grown in Latvia in a microwave-vacuum drier has been done for the
first time. The patent No. 14631 “Method for Cranberry Drying” by the authors
Karina Rise, Tatjana Rakcéejeva, Ruta Galoburda, and Lija Dukalska (02.11.2012.)
has been developed and approved in the Republic of Latvia.

The scientific significance of the research — the chemical composition of wild
and large-berry cranberries of different cultivars grown in Latvia was determined.
The changes of cranberries chemical composition during their storage on different
conditions (in the air and water ambience) were studied. The suitability of different
pre-treatment methods for berry preparation before drying in convective and
microwave-vacuum driers was investigated. The physical and chemical parameter
changes of differently pre-treated cranberries after drying in convective and
microwave-vacuum driers were evaluated. The physical, chemical and
microbiological indicators changes during storage of variously pre-treated
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cranberries and later dried in microwave-vacuum and convective driers were
analysed.

The economic significance of the research — additionally, a shortened
cranberry drying method at a low processing temperature using a microwave-
vacuum drier was developed, thus, at maximum preserving the quality and
biological value of products.

APPROBATION OF THE RESEARCH

The study results are summarised and published in nine reviewed scientific
issues in English, four of which are published in the issues acknowledged by the
Latvian Council of Science (LZP); four publications are cited in SCOPUS and
SCIENCE DIRECT databases as well as the research results are summarised and
published in one popular science journal in Latvian. The obtained research results
are included in two monographs, and one patent has been received (list on
pages 6 and 7).

The research author has reported on the research results in eight international
scientific and scientifically-practical conferences and congresses in Latvia,
Portugal, Greece, and France (list on pages 7 and 8).

Participation in exhibitions: the research results have been presented at
several exhibitions (page 8).

MATERIALS AND METHODS

The research has been elaborated at several institutions in Latvia between
2009 and 2012:
e Latvia University of Agriculture:

o laboratories of the Department of Food Technology, Faculty of Food
Technology: Laboratory of Equipment (drying of berries in
a microwave-vacuum drier; steaming, halving, and puncturing of
cranberries); Research Laboratory of Packaging Material Properties
(determination of water activity, moisture content, pH, colour intensity, and
volatile compounds in berries; storage of cranberries on different
conditions); Laboratory of Food Products named after prof. P. Delle
(determination of anthocyanins, carotene, soluble solids, rehydration, and
fibre content); Microbiology Research Laboratory (testing of berry
microbiological parameters);

o Laboratory of the Department of Chemistry, Faculty of Food Technology:
Chemistry Research Laboratory of Natural Substances (determination of
sugars, polyphenols, and organic acid content);

o “Vecauce” Ltd, a research and study farm of Latvia University of
Agriculture (drying of berries in a convective type drier);

o Research Laboratory of Agronomy Analyses (determination of minerals
content in berries);
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e Laboratories of the Institute of Biology, Latvia University (determination of

Vitamins B, B,, and E, and amino acids in berries);

e Laboratory of Latvian State Institute of Fruit-Growing (determination of

Vitamin C content in berries).

The following materials have been used for the research purpose: wild and
large-berry cranberries (cultivars: 'Steven’, 'Bergman’, 'Ben Lear’, 'Pilgrim’, and
"Early Black’) grown in Latvia.

Wild berries harvested in Kurzeme region bogs in the first half of October 2009
were used at the research phase “Selection and evaluation of cranberry drying
parameters”. Berries harvested in the first half of October 2010 — wild cranberries
from Kurzeme region bogs and large-berry cranberries from Kurzeme
region — were used for further research.

General scheme of the experiment is shown in Figure 1.

Methods for the determination of quality indicators

e Vitamin C content was determined under the standard method
LVS EN 14130:2003.

e Organic acids content. Organic acids were extracted with water using the
method of Hernandez et al. (2009).

e Polyphenols. Polyphenols extraction was done under the method of Tomas-
Barberan et al. (2001).

e Carbohydrates (sucrose and glucose) — under the method of Miguez-
Bernandez

et al. (2004).

e Carotene was determined by the spectrophotometric method with the
equipment 6705 UV/VIS YENWAY Spectrophotometer (the UK), at a wavelength of
450 nm under the method of Jermakova (1987).

e Anthocyanin content was determined with the equipment 6705 UV/VIS
YENWAY Spectrophotometer (the UK), using a spectrophotometric method for the
determination of anthocyanins by Fuleki and Francis (1968).

e Soluble solids were determined with the refractometer KRUSS HR18 Manual
Refraktometer (Germany) under the standard method ISO 2173:2003.

e Volatile compounds determination. Volatile compounds in cranberries were
determined by a gas chromatography with a capillary column Elite-Wax ETR (Inc.
PerkinElmer, the USA) and a mass spectrometer PerkinElmer 500 GC/MS (Inc.
PerkinElmer, the USA). The method developed and adapted by M. Sabovics
(Sabovics et al., 2010) was used for the determination of volatile compounds.

e Microbiological safety. Preparation of samples for microbiological testing was
done under the standard method LVS EN ISO 7218:2007.

o Fibre content was determined under the standard method AOAC 993.21.

e Amino acids content was determined by the chromatographic method using an
amino acid analyser “Mikrotechna AAA 831”.
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e Vitamin B; amount was determined by means of the fluorometer
“Specol 11” in compliance with the Jansen method under the modification of
Jelesejevs.

¢ Vitamin B, content was determined by means of the fluorometer “Specol 117
under the method of Povolocka, Zajceva, and Skorobogatova.

e The determination of the entity of Vitamin E was based on the ability of
tocopherol to oxidise. Vitamin E was oxidised with FeCl;, while iron was oxidised
with o, o' — dipiridil.

e pH value was determined with the pH meter Jenway 3510 pH Meter
(LVS ISO 1132:2001).

e Mineral substances content was determined under the standard method
LVSEN ISO 6869:2002.

e Moisture content. The moisture content is determined by a heating method
under the method of Temminghoff and Houba (2004).

e Colour changes were determined by means of the equipment “ColorTec—PCM”
in the colour system CIE L*axbx*,

e Sorption determination of dried cranberries. Cranberry samples were
rehydrated at temperatures of +20+1°C and +40+1°C under the method of
Singh et al. (2008).

e Adsorption determination of dried cranberries — berry samples dried up to
the equilibrium moisture sear were kept under artificially built steam-air conditions
with relative humidity 0%, 20%, 40%, 60%, 80%, 90%, 97% at a temperature of
+20°C under the method of Azzouz et al. (2002).

Berry preparation for drying

e Berry perforated was experimentally done by a needle (& 1 mm) performing
10=£2 stitches on a berry surface (Shi et al., 1997).

e Berry halving was experimentally performed manually with a sharp stainless
steel knife (Hui et al., 2006).

e Berry steaming. Whole berry steaming was performed by means of household
equipment TEFAL VC4003 VITAMIN+ (China) at a temperature of +94+2°C
for 1 minute. After steaming, berries were cooled until the temperature of
+20+1°C in the air ambience (Mayer-Miebach and Spief, 2003; Llano et al.,
2003).

Evaluation of quality indicators at the research stages

Cranberry quality parameters at different stages of the study are summarised in
Table 1.

Mathematical data processing

Microsoft Excel software was used for the research purpose to calculate mean
arithmetical values and standard deviations of the mathematical data used in the
research.
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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, Greenhause Greiser-test, 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.

RESEARCH RESULTS AND DISCUSSION
Assessment of cranberries pahysical and chemical indicators

Physical and chemical indicators of fresh berries were comprehensively
assessed by analysing the experimental results to verify the PhD thesis “the
chemical composition of large-berry cranberries and wild cranberries is
significantly different”.

Moisture content. The mathematical data processing provides that no
significant differences in the moisture content were found between the cranberry
cultivars 'Steven’ and 'Early Black’ (p=0.1130; 0=0.0500), and between the
cultivars 'Ben Lear’ and 'Pilgrim’ (p=0.7350; a=0.0500). However, a significant
difference in the moisture content was found between wild cranberries and
cranberry cultivars in general (p=0.0001; 0=0.0500).

pH value. The average pH value for all samples was 2.465; it is slightly lower
than found in the scientific literature — the pH value of cranberry juice is
3.000 (Ripa, 1992).

Organic acids. It should be noted that the benzoic acid content is one of the
most important parameters for berry bactericidal properties.

The highest content of benzoic acid was determined in large-berry cranberries
of the cultivar 'Early Black’ — 13.66 mg 100g™', which was by 56% higher than in
wild cranberries — 5.98 mg 100g™', and by 56% higher than in the cultivar 'Steven’
berries — 4.82 mg 100g™" (Fig. 2). The mathematical data processing outlines that
the benzoic acid content is significantly different in all cranberry cultivars
(p=0.0001; 0=0.0500), except wild cranberries and cranberries of the cultivar 'Ben
Lear’ (p=0.0430; 0=0.0500). There are no significant differences between the
cultivar 'Steven’ and 'Ben Lear’ (p=0. 0500; a=0.0500) cranberries.

Carotene content. The research results show that large-berry cranberries
contain by 32% higher carotene content than wild cranberries — 0.069+0.004 mg
100g™". The highest carotene content was established in cranberries of the cultivar
"Ben Lear’ — 0.123+0.002 mg 100g™.

Analysis of the colour a* component intensity and anthocyanin content
correlation. The research results confirm a close interaction (strong positive
correlation (r=0.919) (Fig. 3)) between the colour a* component intensity and
anthocyanin content.
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Soluble solids content in wild and large-berry cranberries approve significant
differences. The highest soluble solids content was found in cranberry juice of the
cultivar 'Pilgrim’ — 9.20+0.10%; however, the lowest - in juices of the cultivars
'Steven’, '‘Ben Lear’, and wild berries — 7.70+0.06%.

Vitamin C content. Similar content of Vitamin C was detected in cranberries
of the cultivar 'Steven’, '‘Bergman’, and '‘Ben Lear’, which was by ~ 18% higher
than the content of Vitamin C in wild cranberries (Fig. 4).

The highest content of Vitamin C was found in cranberries of the cultivar ‘Ben
Lear'; it was 57.83+3.22 mg 100g™' (in dry weight). The lowest content of Vitamin
C was found in wild -cranberries and cranberries of the cultivar
'Early Black’ — 46.98+2.83 mg 100g™" and 47.48+2.75 mg 100g™ (in dry weight)
respectively (Fig. 4).

Carbohydrates content. The presence of glucose and fructose was
experimentally established in cranberries; however, the sucrose was not detected in
cranberries at all. The highest glucose content was established in cranberries of the
cultivars 'Bergman’, 'Pilgrim’, and 'Early Black’ (10.036£0.008 mg 100g™;
10.354£0.008 mg 100g™; 10.083+0.009 mg 100g” respectively); it is only by
~15% higher than in wild cranberries (8.561+0.009 mg 100g™"). However, the
highest fructose content — 3.452+£0.010 mg 100g' — was detected in wild
cranberries and cranberries of the cultivar 'Pilgrim’. The experimental data show
that the analysed cranberries have more sour taste than the sweet one.

Polyphenol content. The highest content of these compounds was found in
cranberries of the cultivars 'Pilgrim’, 'Early Black’, and 'Steven’; while the lowest —
in cranberries of the cultivar ‘Bergman’ (Fig. 5). There is a significant difference
(p=0.0001, 0=0.0500) in the content of polyphenol in cranberries.

Minerals. There are no significant differences in the content of Ca in
cranberries of the cultivars ‘Bergman’ and 'Ben Lear’ (p=0.9040), 'Bergman’ and
"Early Black’ (p=0.8060). The content of Na in cranberries of the cultivar ‘Ben
Lear’ significantly differs from all berries (p=0.0001). There are no significant
differences in the content of Mg (p=0.054).

Volatile compounds. Twenty-one volatile compounds were identified in fresh
cranberries. The cranberry cultivar 'Steven’ contains 15 volatile compounds
(Fig. 6); while the cultivars '‘Bergman’ and 'Early Black’ — 13; 'Ben Lear’ and
"Pilgrim’ — 11; and wild cranberries — 14 volatile compounds.

Several common volatile compounds, such as 4-penten-2ol (fruit aroma), 3-cis-
hexenyl formate (formed aroma of melon with fruit characters), benzaldehyde
(formed almond aroma), a-1-terpineol (formed flower aroma), butyric acid (formed
bitter taste), and benzyl alcohol (formed sweet aroma) were identified in all
cranberries after the chromatographic analysis.
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Essential amino acids. It is experimentally established that the highest content
of essential amino acids is found in large-berry cranberries of the cultivar 'Early
Black’ (2.33 g 100g™), which is by 26% higher than in wild cranberries
(1.66 g 100g™). Lower content of essential amino acids (1.12 g 100g™) was
determined in cranberries of the cultivar 'Ben Lear’, which is by 33% lower than in
wild cranberries.

Changes of cranberries physical and chemical indicators
during storage

A comprehensive assessment on the changes of berries physical and chemical
indicators during cranberries storage on traditional conditions was performed to
verify the research thesis “the traditional berry storage methods cannot ensure the
biological value of cranberries during a long-term storage”.

Two storage conditions were used for the determination of fresh cranberries
shelf-life: berries were placed in closed PP boxes (air ambience) and in glass jars
(water ambience), and stored in a cold place at a temperature of +3+1°C for 12
months. Berry storage temperature was selected based on the recognitions found in
the scientific literature, i.e. low temperature (about +3°C) allows preserving the
quality of berries; thereby, extending their shelf life (Perkins-Veazie and Collins,
2002; Reynoso and DeMichelis, 1994).

The shelf-life of cranberries packaged in closed PP boxes in the air ambience
and stored at a temperature of +3+1°C was six months; however, the maximum
shelf-life of cranberries packaged in glass jars in the water ambience and stored at
a temperature of +3+1°C was 12 months. No significant differences in the moisture
content, pH value, colour intensity, and anthocyanin content were found in
cranberries during their storage on selected conditions.

The content of Vitamin C decreased by 90% on average, while the organic
acids content decreased by 54%, and the phenolic compounds content — by 60%
during the storage of cranberries for 12 months in glass jars in the water ambience.

The content of Vitamin C decreased by 99% on average, while the organic
acids content decreased by 30%, and the phenolic compounds content — by 34%
during the storage of cranberries for six months in closed boxes in the air
ambience.

Selection of drying parameters

The shelf-life of fresh berries stored in a cold place at a temperature of +4+1°C
should be 2-3 months. Therefore, berry drying is frequently applied for the
extension of cranberry shelf-life time. The most common treatment method is a
convective drying with hot air flow. Drying with hot air is a long and energy-
intensive process. Thereby, it was necessary to look for alternative and
contemporary methods, and latest discoveries. The PhD thesis offers cranberry
drying in a microwave-vacuum drier as one of the most advanced methods. Hence,
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the product processing time is shorter and drying temperature is lower. It is also
possible to diverse the amount of supplied energy and to preserve the nutrition
value of dried products by treating berries in a microwave-vacuum drier. The
present research provides the comparison of the two mentioned methods for drying
cranberries.

Wild cranberries were used for the determination of berries optimum
drying parameters and for the selection of a drying regime. In addition, a
comprehensive analysis of physical and chemical parameters was accomplished in
the research. Berries were pre-treated with puncturing before convective drying to
promote the moisture evaporation process; however, whole berries were dried in a
microwave-vacuum drier. A scientifically substantiated drying regime and
suitability of convective and microwave-vacuum driers for drying of wild and
large-berry cranberries were selected and evaluated for further research.

Selection of parameters for cranberry drying in a convective type
drier

Drying curves. Experimentally it has been established that the initial moisture
content (w) of fresh wild cranberries is 82.03£2.34% (absolute humidity
u=582.19%).

The research determined that the drying time of berries at a temperature of
+30+1°C was 37.0£0.3 hours. The drying time of berries at a temperature of
+90+1°C was 6.3£0.3 hours (Fig. 7). Experiments confirmed that the drying time
decreased with the increase of treatment temperature. Therefore, the drying time
may fluctuate between 6 and 37 hours depending on temperature to achieve the
chosen moisture content in berries, i.e. 9%. Mass exchanges occur in cranberries
during their drying at the absolute humidity (u) from 582 to 64%. A mass exchange
occurs after the molecular (solution) diffusion, as the moisture diffuses from a
product surface to the drying agent.

Vitamin C content. The initial content of Vitamin C in wild non-dried
cranberries was found at 13.05+0.20 mg 100 g of fresh weight. The content of
Vitamin C in wild cranberries decreased by 91% during their drying at a
temperature of +90+£1°C (Fig. 8). Neither such results nor such drying conditions
are acceptable. The content of Vitamin C decreased by 15% if berries were dried at
a temperature of +30£1°C, by 34% — at a temperature of +40+1°C, by 47% — at a
temperature of +50£1°C, by 66% — at a temperature of +60+1°C, by 80% — at a
temperature of +70£1°C, and by 90% — at a temperature of +90+1°C. Vitamin C
was destroyed mainly because berries were processed at elevated temperatures
during convective drying and in the presence of oxygen.

Polyphenols content. The content of polyphenols decreases during the
processing of berries at a temperature till +60£1°C; while the gallic acid, catechin,
and caffeic acid decrease by 12%, 11% and 6% respectively compared with their
initial content in non-dried berries. Possible oxidation processis influenced by air
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ambience mainly explain the increase in the content of polyphenols during the
convective drying of cranberries at a temperature above +70+1°C. The energetic
barrier of activisation energy was stable during processing at relatively low
temperatures. Oxidation occurred with benzol ring in compounds, as a result di-
and tri- phenols developed from monophenols.

Berries microflora. The number of mesophyll aerobic colony and random
anaerobic microorganisms in fresh cranberries was by 72% and 97% higher
compared with cranberries dried at temperatures of +30+1°C and +60%1°C
respectively. The decrease of water activity and the increase of processing
temperature during drying are not acceptable conditions for the growth and
development of microorganisms, since only the spores retained the activity.

Selection of parameters for cranberry drying in
a microwave-vacuum drier

Development of berries drying parameters. Four berry drying regimes in a
microwave-vacuum drier based on the microwave energy maximum and minimum
options (Table 2) with working pressure in the chamber — 7.5/9.3 kPa and
container rotation speed 6 rpm were experimentally studied in the research. The
amount of cranberries to be dried of each mode was 3 kg.

Drying curves. The drying time in a microwave-vacuum drier was from

40 to 80 minutes (Fig. 10) to reduce the moisture content by 9% (absolute
humidity 64.80%) in the berries. The constant rate of the moisture elimination has
been observed in the first, the second, and the third drying regimes from the
beginning of drying to the 30™ minute of the process. It means that a constant
content of moisture (free water) has been passed within equal time periods.
Constant drying rate of the product is maintained until the 15™ minute only in the
fourth regime. Drying speed decreases during further drying process. The drying
rate decreases with the decrease of the moisture content in berries. Drying process
continues until constant moisture content is reached in berries; then the moisture
removal is stopped at that stage.

Vitamin C content. During experiments it was detected that the amount of
supplied energy significantly affected (p=0.008) the changes of Vitamin C content
in berries during their drying in a microwave-vacuum drier. The content of
Vitamin C in cranberries decreased by 27% at the second drying regime, by 34% at
the first regime, and by 40% at the third and the fourth regimes compared with the
content of Vitamin C in fresh cranberries — 13.05 mg 100g™ (dry weight).

Polyphenols content. It was determined that during drying of cranberries in a
microwave-vacuum drier using the first, the third, and the fourth regimes
(Table 2), the content of caffeic acid decreased by 24% on average and the content
of katechin — by 18%; however, gallic acid — by 45% and epicatechin — by 79%
compared with the content of these compounds in fresh berries. Though, drying
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berries at the second regime (Table 2), the content of gallic acid decreased by 25%,
caffeic acid — by 8%, katechin — by 14%, and epicatechin — by 20%.

Berries microflora. Microbiological tests results show that the presence of
mould and lactic acid bacteria (LAB) was not identified if the berries were dried at
the selected regimes, thus, indicating on the microbiological safety of dried berries.

Physical and chemical indicators of cranberries after drying

The current research thesis is as follows: cultivars of berries and their pre-
treatment and drying methods have a significant effect on preserving the biological
value of berries. A comprehensive evaluation of physical and chemical indicators
of wild and large-berry cranberries were accomplished to verify this assumption.
Before drying berries were mechanically (by perforated and halving) and thermally
(steaming) pre-treated. Experiments were conducted with berries dried in
convective and in microwave-vacuum driers by using developed and scientifically
based drying regimes to optimise the drying process.

Carotene content. It was experimentally proved that the carotene content
changes in cranberries were not significant for berries dried in convective and in
microwave-vacuum driers. The results of data analysis show that there are no
significant differences either between the changes of carotene content and different
pre-treatment methods (p=0.998), or between two different drying methods
(p=0.822).

The interaction of the a* colour compound intensity and anthocyanin
content. The results of the research confirm that the a* colour compound intensity
and anthocyanin content have a moderate positive correlation (r=0.796) (Fig. 11A).
The a* colour compound intensity and anthocyanin content after a microwave-
vacuum drier also show a moderate positive correlation (r=0.825) (Fig. 11B).

Polyphenols content. Differences in the polyphenol content in cranberries
dried both in convective and a microwave-vacuum driers were detected — similar
content of chlorogenic acid, caffeic acid, and catchin and rutine; and less content of
ferulic acid, epicatechin, vanilic acid, and gallic acid (Fig. 12 and 13). Higher
polyphenol content was detected in cranberries dried in a microwave-vacuum drier
compared with cranberries dried in a convective drier.

After processing of mathematical data it was detected that significant
differences existed between two factors — the cultivar of berries and their drying
method (p=0.01; 0=0.050), while no significant difference was detected between
the pre-treatment methods of berries (p=0.763).

Organic acid content. Large-berry cranberries dried in either a convective or a
microwave-vacuum drier more preserve quinic acid, while wild cranberries after
both drying methods mainly preserve malic acid; especially in berries, which were
dried in a microwave-vacuum drier. However, it is almost impossible to preserve
the succinic acid after both drying methods (Fig. 14).
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Mathematical data processing confirms that a significant difference exists
between two factors: the content of organic acids in different cultivars and drying
methods (p=0.001; 0=0.050). Selected drying methods have a significant impact on
the changes of organic acid content in different cultivars of cranberries. Pre-
treatment methods leave no significant effect (p=0.058) on the content of studied
components in cranberries.

Carbohydrates content. The content of carbohydrates in cranberries decreased
after drying. The content of fructose in berries after drying in a convective drier
decreased from 0.5 mg 100g™” to 0.2 mg 100g™ but after drying in a microwave-
vacuum drier — from 0.4 mg 100g™" to 0.3 mg 100g”. The content of glucose in
berries dried in a convective drier widely decreased from 0.7 mg 100g™ to 04.4 mg
100g™" on average, while after a microwave-vacuum drier — from 0.4 mg 100g™ to
0.3 mg IOOg'1 on average.

Vitamin C content.  Preservation of Vitamin C does not require pre-
treatment for wild cranberries and cranberries of the cultivar '‘Ben Lear’ provided
for drying in a microwave-vacuum drier. Berry halving is recommended for
cranberries of the cultivars ‘Bergman’ and 'Early Black’ for drying berries in a
microwave-vacuum drier and better preservation of Vitamin C. Puncturing is not
recommended for preservation of Vitamin C especially drying berries in a
convective drier. For wild cranberries and cranberries of the cultivars 'Bergman’
and 'Early Black’ dried in a convective drier berry cutting in a half is most
recommended for preservation of Vitamin C. Steaming as pre-treatment method is
recommended for cranberries of the cultivars ‘Ben Lear’ and 'Pilgrim’ before
drying in a convective drier.

Volatile compounds. Differences in the content of volatile compounds in
berries were found using different pre-treatment and drying methods.
Experimentally it was detected that volatile compounds of dried cranberries
differed from volatile compounds of fresh cranberries. Twenty volatile compounds
were detected in dried cranberries. The presence of other volatile compounds in
dried cranberries mainly could be explained with chemical and biological reactions
in berries during their drying, which are basically related with heat exposure.

Evaluation of optimum pre-treatment and drying methods for processing
of cranberries. Several factors were evaluated for determination of the most
suitable treatment methods and the cultivar of cranberries for drying: high
indication investment coefficient (o;) was assigned for Vitamin C (mg 100 g™),
fibre (g 100g"'), organic acids (mg100g"'), anthocyanins (mg 100 g™),
polyphenols (mg 100 g), water activity (a,,), and colour component differences
(AE*). The evaluation of cranberries appropriate for drying in convective and in
microwave-vacuum driers, and consideration of pre-treatment methods resulted in
the recognition that the cultivar '‘Ben Lear’ was the most appropriate for drying,
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while wild cranberries and cranberries of the cultivars 'Steven’ and 'Bergman’ were
not applicable for drying.

Water sorption capacity of cranberries. It was determined that the
temperature of +40+1 °C significantly influenced the sorption process intensity.
The experiment affirmed that the cultivar of berries, a pre-treatment method,
drying type, and sorption temperature significantly influenced the sorption
capacity. The present experiments confirmed that intensive sorption more occurred
in berries dried in a convective drier compared with berries dried in a microwave-
vacuum drier.

Changes of quality indicators of dried cranberries
during storage

The current experiments established that in dried cranberries no significant
differences in the contents of polyphenols, anthocyanins, carotene, organic acids,
dietary fibre, carbohydrates, humidity, colour intensity, and Vitamin C were found
during a 12 month storage at a temperature of +18+£1°C compared with the
parameters of just dried berries. It can be concluded that it is possible to preserve
the quality indicators of cranberries by drying them in convective and in
microwave-vacuum driers. Experimentally it was proved that the pre-treatment
method of berries did not significantly affect (p=0.527) the absorption capacity of
dried berries. It is apparent that the quality of dried cranberries does not
significantly change during storage.
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CONCLUSIONS

. The biological value of large-berry cranberries grown in Latvia is higher
compared with the biological value of wild cranberries. There are no significant
differences (p>0.05) found in water activity, pH, moisture content, soluble
solids, and the contents of Vitamin B, and Mg. Lower content of benzoic acid,
anthocyanins, carotene, glucose, polyphenols, Vitamin C, and Na; and higher
content of salicylic acid, fructose, and the contents of Vitamin E and Ca were
found in wild cranberries.

. The shelf-life of cranberries packaged in closed PP boxes in the air ambience
and stored at a temperature of 3+1°C was six months; however, a maximum
shelf-life of cranberries packaged in glass jars in the water ambience and stored
at a temperature of 3£1°C — was 12 months. No significant differences (p>0.05)
in the moisture content, pH value, colour intensity, and anthocyanins content
were found in cranberries during their storage on selected conditions.

. Cutting of berries in halves is the most appropriate pre-treatment method for
preparation of cranberries before drying them in a convective drier. Berry
pre-treatment is not necessary for berry preparation before drying in a
microwave-vacuum drier.

. Optimum parameters for drying cranberries (3.00+0.01 kg) are as follows:

e ina convective drier: temperature — +50+1°C and drying time — 20+£1 h;

e in a microwave-vacuum drier: temperature — 36+2°C, working pressure in
the chamber — 7.5/9.3 kPa, total number of revolutions — 6 min™', amount
of supplied energy per one working cycle — 6636 kJ; and drying
time — 1 hand 20 min.

. Cranberries of the cultivar '‘Ben Lear’ are more suitable for drying; however,
wild cranberries and cranberries of the cultivars 'Steven’ and '‘Bergman’ are not
suitable for drying.

. It is possible to preserve maximally the content of polyphenols, sugars, and
Vitamin C in berries by drying them in a microwave-vacuum drier compared
with berries dried in a convective drier.

. The biological value of berries dried in a microwave-vacuum drier do not
significantly change during their storage in vacuum polymer film (PA/PE) bags
at a temperature of +18+1°C in a dark place. Therefore, the PhD hypothesis has
been verified: drying of cranberries in a microwave-vacuum drier allows
retaining the maximum nutritional value of berries, decreasing their drying time
and temperature, and maintaining the bioactive substances of berries in a
reduced oxygen ambience.
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