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PETIJUMA AKTUALITATE

Avenes, upenes un janogas ir tradicionalas ogas miisu platuma grados.
To nozimi uztura nosaka tajas esoSais fiziologiski aktivo vielu un vitaminu
kopums, kas ir iev@rojami bagatigaks, neka vairuma tropisko auglu. Tomér
pedgjos gados Latvija arvien vairak ir vérojama tendence samazinat uztura
viet€§jos auglus un ogas, tos aizstajot ar tirdzniecibas tikla vieglak
pieejamajiem eksotiskajiem augliem. Tap&c viens no galvenajiem
uzdevumiem ir palielinat viet€jo ogu pieejamibu Latvijas tirgii visa gada
garuma.

Ziemai ogas praktiski nav iespgjams saglabat svaigas, tap&c ir jadoma
par to parstradi. Viens no labakajiem konservésanas veidiem ir saldéSana, jo
sada veida apstradatas ogas saglaba svaigam ogam visatbilstosakas pasibas.
Lai arT pasreiz pasaul€ saldéSana jau ir plaSi pazistama un populara nozare,
daudzas tas jomas Vel prasa nopietnus un plasus petijumus. Liela méra tas ir
attiecinams arT uz ogam.

Jau lidz Sim pasaulé veiktie p&tfjumi norada uz nozimigu Skirnes
ietekmi kvalitativu saldeétu ogu razoSana. Bez tam, ta ka auglu un ogu
parstrades ripnieciba arvien plasak ka izejviela tiek izmantoti saldeti augli un
ogas, tad nozimiga ir ar1 sald€Sanas ietekmes izp&te uz talako parstrades
produktu kvalitati. Tacu Iidz Sim ir veikts salidzino$i maz pétjjumu par
saldésanas ietekmi uz ogu parstrades produktu kvalitati. Tap€c ir svarigi
detalizeti pétit dazadu Skirnpu ogu piemérotibu saldéSanai, ka ari saldéSanas
ietekmi uz to parstrades produktiem.

Patreiz Latvija ir pazistamas un tiek audz€tas daudzas un dazadas
upenu, janogu un avenu skirnes ar loti atSkirigdm ipasibam. No §im Skirn€m
tas, kas ar minimalu darbaspéka un Iidzeklu ieguldijumu dod vislielako razu,
ir ieteiktas audzeSanai intensivos komercialos stadijjumos (ta sauktas
komercskirnes) (MK 2005. gada 25. janvara noteikumi Nr. 70 ,,Noteikumi par
valsts atbalstu lauksaimniecibai 2005. gada un ta pieskirSanas kartibu”
3. pielikums). Diemz€l ne komercskirpu, ne pargjo Skirpu ogam nav
parbaudita piemérotiba saldéSanai un parstradei. Turklat Latvija atSkiriga
klimata dél nav audz€jamas vairums Rietumeiropas parstradataju pieprasito
un labi parbaudito $kirnu, un ari tam, kuras var audz&t, Latvijas apstaklos
ipaSibas var atSkirties. Ir zinams, ka Rietumeiropas parstradataji jau sen
iepérk tikai atseviSsku Skirnu ogas, kas ipasi labi piemérotas konkrétam
parstrades produktam. Ari Latvijas vadoSie parstrades uznémumi ir sapratusi
Skirnes nozimi kvalitativa produkta raZzo$ana un, izmantojot savu pieredzi un
visai nepilnigo zinatnisko informaciju, mégina sastadit iepérkamo ogu skirpu
sarakstus. Tap€c ir nepiecieSams novertet Latvija audzgjamo Skirnu ogu
piemérotibu parstradei un saldéSanai, lai no plasa Skirpu klasta atlasitu
parstradatajiem tiesam noderigas Skirnes un tiedi tas ieteiktu audzetajiem. ST
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iemesla dél darba ir pétita gan komercskirpu, gan Latvija audz€jamo
Rietumeiropas Skirpu, gan jauno, perspektivo Skirnu ogu piemérotiba
saldésanai un parstradei.

Darba mérkis ir dot saldéSanas ietekmes novert&jumu uz ogam un
to parstrades produktiem, lai noteiktu saldétu ogu un to parstrades produktu
razo$anai piemérotakas Latvija audz&jamas avenu, upenu un janogu skirnes.

Darba uzdevumi ir:

1.  Petit saldésanas ietekmi uz dazadu skirpu avenu, upenu un janogu
ogu kvalitati;
2. Izvertet saldeSanas ietekmi uz dazadu skirpu avenu, upenu un
janogu parstrades produktu kvalitati;
P&ttt uzglabasanas rezimu ietekmi uz ogu kimisko sastavu;
Izveleties piemérotakas Skirnes saldétu ogu razosanai;

5. Atrast iesp&jamos risinajumus uzglabasanas reZimu optimizacijai,
nosakot maksimali  kriokoncentrétas fazes parstiklosanas
temperatiiru  un izveidojot Skidras fazes stavokla parejas
diagrammas dazadu skirpu ogu paraugiem;

6. Veikt atlaidinaSanas procesa pétljumus un aprobét teorétisku
atlaidinasanas modeli ar eksperimentalajiem datiem, lai noteiktu
procesu raksturojoSos parametrus un prognozetu atlaidinasanas
laiku.

Darba novitate. Pirmoreiz Latvija ir veikta vispusiga saldéSanai
piemérotu avenu, upenu un janogu Skirnu ogu un to parstrades produktu
izpete. Noteiktas atbilstosakas Skirnes saldétu ogu izmantosanai deserta,
parstradei un produktu ar augstu biologiski aktivo vielu saturu iegiisanai.

Vairaku Latvija audz&to Skiru saldétam avenu, upenu un janogu ogam
pirmoreiz ir noteikta parstikloSanas temperattira (7',), ka art pétita fidens satura un
tidens aktivitates (a,,) ietekme uz parstikloSanas procesu ogas.

Darba eksperimentali pétits avenu ogu atlaidinasanas process un
optimizéets ieprieks izstradats teorétiskais atlaidinaSanas modelis.

Darba rezultatus iesp&ams izmantot, izvEloties piemerotakas
Skirnes ogu parstradei. Optimizéts un eksperimentali parbaudits LLU
Informacijas Tehnologiju fakultates Fizikas katedra izstradatais teorétiskais
ogu atlaidinaSanas modelis palidzes izskaidrot un prognozet atlaidinaSanas
laika ogas notiekoSos fizikalos procesus un noteikt Sos procesus
raksturojoSos parametrus.

Zinatniska darba aprobacija. Par darba gaitu un rezultatiem
sniegti 11 zinojumi starptautiskas zinatniskas konferenc€s un simpozijos
Cehija, Igaunija, Skotija, Belgija, Lietuva, Italija, Polija, Baltkrievija un
Spanija, ka ar1 5 zinojumi konferencés Latvija.
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Pateicibas.

Pateicos Valsts Dobeles Darzkopibas selekcijas un izméginajumu
stacijas kolektivam par iesp&ju veikt novérojumus un izméginajumus vinu
izmégindgjumu laukos un laboratorija, par sniegtajiem padomiem un
palidzibu darba izstrade. Ipasi vélos pateikties Dr. biol. Sarmitei Strautinai
par sniegtajam konsultacijam un palidzibu skirgu izvele.

Pateicos par iesp&u dalu darba veikt Spanija Valensijas
Politehniskas universitates Partikas tehnologijas fakultates zinatniskajas
laboratorijas, izmantojot Socrates Erasmus stipendiju un LR Zemkopibas
ministrijas subsidijas. Liels paldies Valensijas Politehniskas universitates
lektorei Dr.sc.ing. Gemmai Moragai par vertigajam konsultacijam un
palidzibu darba izstrades laika Valensijas Politehniskaja universitate.

MATERIALI UN METODES

Pétijumu objekts bija 21 Skirnu avenu, 32 Skirpu upenu, 16 Skirpu
sarkano janogu un piecu Skirpu balto janogu ogas un to parstrades produkti.
Petito Skirnu saraksta ieklautas Latvija plasak audz&tas un komercskirpu
sarakstos ieklautas skirnes, ka arT jaunas un perspektivas Skirnes. Petijumi
veikti Valsts Dobeles Darzkopibas selekcijas izmégindjumu stacija
(Dobeles DSIS) un Latvijas Lauksaimniecibas universitateé (LLU) no
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1999. lidz 2004. gadam wun Valensijas Politehniskaja universitate
2003. gada.

Lai parbauditu saldésanas ietekmi uz ogu kvalitati, veselas ogas un
to parstrades produkti analizéti pirms un péc saldéSanas, ka ari pétita
saldésanas un atlaidinasanas procesu ietekme uz kvalitati (1. attéls).

| Avenu, upenu un janogu saldésanas un atlaidinasanas pétijumi |

/ ! N

Saldesanas Saldesanas ietekme uz svaigu Saldesanas un
ietekme uz veselu un saldétu ogu parstrades atlaidinasanas procesi
ogu kvalitati produktu kvalitati un to parametri

—— Siltumparneses
1_,\m11ska_ " parstikloSanas process
sastayaginalizes EIENZES temperatiira atlaidinasanas

o Askorbinskabe ® Sulas zudumi (avenpu o Kvantitativa (T'g) laika
® Antociani ogam) aprakstosa
. T:itréjamds skabes | | ® Drupaniba (avenu ogam) analize Ledus kristalu izmainas
. Skmo.m sausna ® Krasa _(CIE L*a_ *b¥*) o Trisstira saldesanas laika
® Karotinoidi o Struktiiras analizes tests
(aveném) (parstrades produktos)
o Plistamiba(parstrades
produktos)

1. att. Darba veiktie izm&ginajumi.

Péc novaksanas ogas tika Skirotas, saldétas firmas PORKKA
saldgjama iekarta BF 710 -25+2 °C temperatira, fas€tas un p&c tam
uzglabatas aukstuma kamera VTK 201 U -20+2 °C temperatiira.

Saldétu avenu ar un bez scklinam un upenu biezenu un janogu
sulas pagatavosSana notika izmantojot mehanisko biezena un sulas ieguves
panémienu: izberzot caur sietu, pievienojot cukuru, samaisot, fasgjot
0,2 — 0,5 kg polipropiléna traucinos, saldgjot -25+2 °C un uzglabajot
-20+2 °C temperatira. Visos izm&ginajumos biezeniem pievienoja
20% cukura, izpemot paraugiem sensorajam analiz€m trisstiira testa, kur
pievienoja 10% cukura. Svaigdm un saldétam ogam ka arT to parstrades
produktiem noteiktas
1) kimiskas analizes:

e askorbinskabe svaigam un saldétam ogam un saldétiem upenu

biezeniem ar joda metodi (IaBpos u IlItenoepr, 1950);

e antociani svaigam un saldétam ogam un saldétiem upenu

biezeniem spektrofotometriski (Fuleki and Francis, 1968);

e titrgjamas skabes svaigam un saldétam ogam un saldétiem upenu

biezeniem ar 0,1 N NaOH (ISO 750:1998);



e Skisto$a sausna svaigam un saldétam ogam ar refraktometru
ATAGO N20 (ISO 2173:2003);

e Kkarotinoidi avenu ogam spektrofotometriski pie vilpu garuma
440 nm. (Openman, 1970);

2) fizikalo parametru analizes:

e sulas zudumi péc atlaidinasanas (avenu ogam) - atlaidinot ogas
+17 - +20 °C un aprekinot procentuali no kopgjas ogu masas;

e drupaniba (avenu ogam) - saldétas ogas 3 miniites vienmerigi
kratot aukstuma kamera VTK 201 -20+2 °C temperatiira;

e krasa (avenu un upenu biezeniem, janogu sulai, upenu dzemam un
janogu zelejai) ar spektrofotometru CM 3600 CIE L*a*b* un
L*C*h° sistémas;

e struktiiras analizes (upenu biezenim, upenu dZemam un janogu
zelejai) ar struktliras analizatoru TA-XTPlus mérot saspie$anas
spcku (N);

e plistamiba analizes (upenu dzemam un janogu zelejai) ar
konsistences meéritaju ,,QUIMA” aizpluSanas attaluma (mm)
attiecibu pret parauga masu (g) (Bourne, 1982);

3) sensoras analizes:

e kvantitativa aprakstoSa analize (avenu ogam un biezeniem)
(Meilgaard et al, 1999; Strautniece, 2004);

e trisstiira tests analize (avenu biezeniem un upenu dzemam) pec ISO
4120:1983 (Meilgaard et al, 1999).

Kimiskajam analizém ogas tika 10-15 minites atlaidinatas.
Sensorajam analiz€ém izmantotas pilniba atlaidinatas un Iidz istabas
temperatirai sasilditas ogas.

Ledus Kkristalu augSanas pétijjumi veikti paraugus ievietojot
speciala saldgjosa paneli (LTS 350), kuru novieto uz stereomikroskopa
Leica ICC A M2-393-004 un piesledz pie temperatiiras un dzes€Sanas
atruma regul&Sanas iekartas TMS 94.

Maksimali krio-koncentrétas ogu nesasalusas skidras fazes
parstikloSanas temperatiira 7', un parstiklotas fazes kuSanas sakuma
temperatira 77, noteiktas ar diferencialas skangjosas kalorimetrijas
(Differential Scanning Calorimetry jeb DSC) metodi saldétiem un pe&c tam
atlaidinatiem astonu avenu, septinu upenu un vienas janogu Skirnes
biezsulas paraugiem. Lai ieglitu paraugus ar dazadu mitruma saturu un a,
svaigi un subliméti kalt&ti divu avenu, divu upenu un vienas janogu skirnes
paraugi tika ievietoti hermétiskas stikla kameras ar piesatinatiem salu
Skidumiem, Iidz tie sasniedz konstantu masu. Visi paraugi analizéti ar
220CU-SSC5200 (Seiko instruments Inc.) ievietojot DSC traucinos un ar
$kidra slapekla palidzibu sald&jot no +20 lidz -35 °C (ar atrumu 2 °C min™),
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30 min atstajot konstanta -35 °C temperatiira, un tad turpinot saldét Iidz
-100 °C (ar atrumu 10 °C min"), tadgjadi sasniedzot maksimalo ledus
kristalizaciju. Sildidana no -100 lidz +40 °C notika ar atrumu 5 °C min™
(Moraga et al., 2004). Lai noteiktu paraugu tidens sorbciju izotermu
izmainu tendences, izmantots GAB (Van den Berg & Bruin, 1981) modelis,
bet lai noteiktu tidens plastifikacijas efektu, eksperimentalie paraugu 7", dati
tika salidzinati ar Gordona un Teilora modeli (Gordon and Taylor, 1952).
Ledus kusanas Iiknu iegli$anai izmantots Robinsona-Stoka vienadojums
(Robinson and Stokes, 1965), ka art aprékinata ledus kristalu masas dala.

Saldétu avenu slanu atlaidinaSanas temperatiira dazados slanpa
dzilumos merita ar termoparu palidzibu. legitie eksperimentalie dati
salidzinati ar LLU izstradato teorétisko saldétu produktu atlaidinasanas
modeli (Iljins et al., 2004).

Petijumi par uzglabaSanas reZimu ietekmi uz ogu Kkimisko
sastavu veikti Dobeles DSIS 2004. gada. Avenu, upenu un janogu ogas tika
sasaldétas un p&c tam uzglabatas Cetros dazados veidos (2. attels).

Sald&sana -25 °C

‘ Uzglabasana -20+2 °C 3 mén. ‘

Analizes:
Svaigas ogas

pd

J

N

Analizes: Atlaidinasana Atlaidinasana Uzglabasana mainiga
Kontrole pirms +4 °C +20°C -22--5°C
izmeéginajuma ¥ ¥V temperatara*
(G)) Saldésana, Saldésana, ¢
v uzglabasana uzglabasana Analizes
Uzglabasana -20+2 °C 15 -20+2 °C 15 askorbinskabei:
-20i.2 °C 15 dienas dienas Ogas 5 d_lenas Analizes:
dienas l l uzglabatas o
i gas 15
v mainiga - dienas
Analizes: Analizes: Analizes: lemperatuna uzglabatas
Kontrole pé&c Ogas Ogas mainiga
izmeginajuma atlaidinatas atlaidinatas temperatira
+4 °C +20 °C

2. att. Avenu, upenu un janogu uzglabasana dazados reZimos.

* katru dienu temperatiira mainita -22 - -5 °C robezas (t.i. katru dienu saldetavas
darbiba apturéta uz Cetram lidz piecam stundam, lidz temperativa produkta
paaugstinas lidz -5 °C, péc tam saldetava no jauna ieslegta un temperatiira
pazeminata lidz -22 °C)

Eksperimenta izmainitos uzglabaSanas rezimos nepiecieSamiba

pamatojama ar vairaku autoru atzinumiem par izmé&ginajumu trikumu
apstaklos, kad uzglabaSanas rezimi bitu atbilsto$aki saldétu produktu
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izmanto$anai riipnieciba un uzglabasanai tirdzniecibas tikla (Potter and
Hotchkiss, 1995; Skrede G., 1996).

Lai parbauditu saldéSanas ietekmi uz upenu un janogu
produktu Zelejas veidoSanas spéju un krasu, 2003. gada pagatavoti pieci
upenu produkti: svaigs un saldéts upenu biezenis no svaigam ogam, upenu
biezenis no saldétam ogam, un no svaiga un saldéta biezena varits upenu
dzems, ka arT Cetri dazadi janogu produkti: svaiga un saldéta janogu sula (no
svaigam ogam) un no svaigas un saldétas sulas varita janogu zeleja.

Datu matematiska apstrade veikta izmantojot aprakstoSo
statistiku un dispersiju analizi, lai izvertetu, vai sald€Sanai, genotipiem,
gadam un citiem parametriem ir biitiska ietekme uz ogu un to produktu
kvalitati. AtSkiritbu noskaidroSanai starp atseviskam Skirné€m pielietots
Dunkana kritérijs. Sakaribu cieSums starp noverotajam pazimém noteikts
péc Pirsona (Pearson) Korelacijas analizes, izmantojot datorprogrammu
SPSS 11.0. (Paura un Arhipova, 2002).

Skirnu novértésanai péc pazimju kompleksa izmantoti Hierarhiju
analizes un daudzkritériju jeb integréta novértéjuma (Mapturos, 1987)
principi. So novértg§jumu iesp&ams izmantot, analizéjot ar dazadam
mérisanas skalam veiktus noveérojumus, pieskirot katrai pazimju grupai un
atseviskai pazimei savu ieguldijuma koeficientu. Vertejuma ieklauti saldetu
15 avenu, 32 upenu un 16 Skirnu sarkano janogu ogu kimiska sastava,
fizikalo 1pasibu, ka arT Skirnu agronomisko Ipasibu parametri, kas dod
iespgju atlastt dazadas saldétu ogu produkcijas razoSanai piemérotakas
skirnes.

Avenu un upenu integrétais novertejums veikts, lai izv€l&tos labakas
Skirnes saldétu ogu izmantoSanai deserta, produktu ar augstu biologiski
aktivo vielu saturu iegiiSanai un parstradei, bet janogam — lai izvEl&tos
labakas skirnes saldétu ogu izmantoS$anai desertd un parstradei. Saldétam
janogam netika veikta ogu ar augstu biologiski aktivo vielu saturu atlase, jo
nav analizétas vairakas vielas, kas nosaka tieSi janogu biokimisko vértibu
(pieméram, pektni). Katra gada dati verteti ka atseviska pazime.
Agronomiskajiem parametriem visos gados izmantotas vienadas vertibas —
ekspertu vertgjumu aritmétiskais vidgjais.

PETIJUMU REZULTATI UN DISKUSIJA

Saldeésanas ietekme uz veselu ogu kvalitati

Saldésana un uzglabasana sasaldéta stavokli batiski izmaina
askorbinskabes saturu gan avenu, gan janogu, gan upenu ogas. Maksimalie
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askorbinskabes zudumi péc saldésanas avenés ir 55,86%, upenés — 19,79%
un janogas — 25,73%. Savukart saldéSana un uzglabasana sasaldéta stavokli
bitiski neizmaina ne antocianu un kopg&jo skabju saturu avenu, upenu un
janogu ogas, ne karotinu saturu avenés, bet $kisto$as sausnas saturs péc
saldésanas bitiski izmainas tikai upenu ogas (1. tabula).

1. tabula/ table 1

Dazadu faktoru ietekme uz pétitajiem ogu kvalitates parametriem
The influence of different factors to quality parameters of berries

Pétitie faktori/ Studied factors
Avenes Upenes Rggl’lggﬁ;e
Raspberries Black currants i
currants
] ] ]
S e 2 = e S - Y o
Pétitas pazimes 2 g EE > 2 = EE > 2 £ EE >
SS|EE|E|I28|SE S (28|58 2
SE|FAS|O|EEAE O | &R B O
Askorbinskabe/ s* | s |s|s |s |s | s |s]|nNs
Ascorbic acid
Antociani/ Ns*| s |s|Ns |s |s | Ns | s |Ns
Anthocyanins
Skistosa sausna/
Soluble solids NS NS 18]S S S NS S S
Titrgjamas — skabes/ | No | Ng | s[Ns |S |Ns| Ns | s | Ns
Titrable acids
Kope;le karotini/ Total NS S
carotins
Sulas zudumi péc
atlaidinasanas/ Drip loss NS 1S
Saldétu ogu drupaniba/
Friability of frozen S S
berries

*S — dotais faktors bitiski ietekmé pétito pazimi/ the influence of factor is
significant; *NS — dotais faktors biitiski neietekmé pétito pazimi/ the influence
of factor is not significant.

Sulas zudumus un drupanibu avenu ogas péc saldéSanas visvairak
ietekmé meteorologiskie apstakli razas ienaksanas perioda. Skirnes ar
mazakajiem sulas zudumiem ir ‘Jewel’, ‘Helkal’ un ‘Kirzhach’, bet
vismazaka drupaniba ir Skirném ‘Solnishko’, ‘Skromnitsa’, ‘Tomo’,
‘Norna’ un ‘Meteor’.
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Saldésanas rezultata bitiski samazinds avenu ogu krasas un
salduma pakape, bet kopuma saldétam ogam nav konstatétas izteiktas
atSkiribas no svaigam ogam (3. attéls), lai gan sensoro ipasibu atskiribu
absoliitais lielums ir atkarigs no $kirnes.

=—2A = Svaigas/ Fresh
={J=Saldétas/ Frozen

Drupaniba/ Friability

Krasas intensitate/ Colour
intensity

Saldums/ Sweetness Aromats/ Aroma

GarSatsmarza/ Flawour Konsistence/ Consistency

Riugtums/ Biterness

3. att. Svaigu un saldétu avenu ogu sensoro Ipasibu salidzinajums.
Fig. 3 Comparisson of fresh and frozen berry sensory properties.

Skirnes ar labakajam sensorajam ipasibam péc saldéSanas ir
‘Zvezdochka’ un ‘Skromnitsa’.

Saldeétu ogu uzglabasanas reZimu ietekme uz ogu
kimisko sastavu

Izmainitos uzglabasanas apstaklos péc saldéSanas (2. attéls)
askorbinskabes saturs avenu ogas nav bitiski mazaks neka -20+2 °C
temperatiira uzglabatas ogas, bet askorbinskabes satura izmainas upenu un
janogu ogas ir vérojamas butiskas atkiribas. Vislielakie askorbinskabes
zudumi ir péc 15 dienu uzglaba$anas mainiga temperatiira, ka arTi +4 °C
temperatira atlaidinatas un otrreiz sasaldétas ogas. Izmainiti uzglabasanas
apstakli péc saldéSanas biitiski neizmaina antocianu saturu upenés, bet
aven€s un janogas to pat nedaudz palielina. Vislielakais $kistosas sausnas
saturs bija péc 15 dienam mainiga temperatiira uzglabatas ogas, savukart
vismazakais — +4 °C temperattra atlaidinatas un atkartoti sasaldetas ogas.
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Saldétu ogu integrétais novertéjums

Lai izveértétu pétito skirnu piemérotibu saldétu un atlaidinatu ogu
izmantoSanai deserta, ir veikts integrétais ogu novert€jums (2. tabula), kur
vislielakais ieguldijuma koeficients avenu ogam pieskirts drupanibai, aiz
kuras aptuveni lidzvertigs ieguldijuma koeficients ir sulas zudumiem, ogu
masai, skabju/cukuru attiecibai un antocianu saturam.

2. tabula/ table 2

Saldétu ogu Skirnu integréta novertgjuma apkopojums
Summary of multicriteria analysis of frozen berry cultivars

« Skirnes/ Cultivars
IzmantoSanas -
veids/ the way of Avenes Upenes Janogas
s Raspberries Blackcurrants Red and white
application
currants
‘Detskosel ‘skaya’, ‘Viksnes
‘Tomo’, ‘Yadrenaya’, Sarkanas’,
Desertam / For ‘Brigantina’, ‘Joniniai’, ‘Chernii ‘Valentinovka’,
dessert ‘Bryanskii Kentavr’, ‘Neimana Kirsu’,
Rubin’ ‘Selechenskaya’, ‘Rotet’, ‘Rote
‘Mara’ Spétlese’
Produktu ar augstu
blOlOgI.Skl_%kth.O vielu ‘Sputnitsa’, ‘ lyunsk?ya -
saturu iegiSanai / For x 5 Detskosel 'skaya’,
) Ariadne’, . . R
processing of ‘Bryanski: Vernisazh’,
products with high 1211 bin’ ‘Vakariai’, ‘Triton’,
content of biologicaly ‘Titania’, ‘Joniniai’
active compounds
‘Viksnes
‘Titania’, Sarkanas’,
s ‘Sputnitsa’ ‘Katyusha’ ‘Neimana Kirsu’
Parst: F > . > na I >
:‘;zer:gil / For ‘Meteor”’, ‘Triton’, ‘Zagadka’, ‘Varshevicha’,
p & ‘Kirzhach’ ‘Vernisazh’, ‘Holandes
‘Bagira’, ‘Ojebyn’ Sarkanas’,
‘Vierlander’

Upenu un janogu ogu piemérotibai desertam ka nozimigakie ir
uzskatami ogu masa un skabju/cukuru attieciba. Vislielaka nozime
produkcijas ar augstu biologiski aktivo vielu saturu iegiiSana tika
pieskirta antocianu un askorbinskabes saturam saldétas ogas. Saldétu ogu
piemérotibas parstradei vert€juma ari ir svarigs augsts biologiski aktivo
vielu saturs, tomér vislielaka nozime tika pieskirta piemerotibai
komercaudzesanai, jo ripnieciska parstrade, lai sarazotu attiecigo
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produkcijas veidu, visnozimigakais ir pietickams un 1&ts nepiecieSamas
izejvielas apjoms. Nakamas augstakas ieguldijuma koeficienta veértibas bija
antocianu saturam un razibai. Rezultata tika atlasitas avenu, upenu un
janogu Skirnes ar konkrétajam izmantoSanas veidam atbilsto$akajam
ipasibam (2. tabula).

Saldésanas ietekme uz ogu parstrades produktu
kvalitati

Saldétu avenu parstrades produktu kvalitates izvertejums.
Saldeésana biitiski neizmaina avenu biezenu krasu. Lidz ar to avenu biezenus
ir iespgjams uzglabat saldéta veida praktiski neizmainoties to kvalitatei,
salidzinot ar svaigiem biezeniem. Skirnes ‘Meteor’ un ‘Balzam’ ir
uzskatamas par vispiemerotakam saldétu avenu biezenu ar un bez seklinam
gatavoSanai.

SaldéSanas  ietekmes izvértéjums upenu  parstrades
produktiem. Saldésana ietekm& no svaigam un saldétam ogam pagatavotu
upenu produktu kvalitati. Veicot no 22 upenu $kirpu ogam pagatavotu
upenu biezenu kimiska sastava izmainu péc saldéSanas salidzinajumu ar
svaigam un saldétam upenu ogam, konstatets, ka askorbinskabes daudzums
saldétos upenu biezenos ir bitiski mazaks neka svaigas un saldétas ogas
(vidgji 21% zudumu salidzinot ar svaigam ogam), savukart antocianu
ekstrakcija no saldétiem upenu biezeniem ir butiski lielaka neka no ogam,
ko var izskaidrot ar antocianu lokalizacijas Tpatnibam. Kopgjo skabju saturs
svaigam un saldétam ogam, un saldétiem biezeniem bitiski neatskiras.

No saldétam ogam pagatavotam upenu biezenim ir tumsaka un
tirak sarkana krasa, salidzinot ar no svaigadm ogam izspiestiem svaigiem un
saldétiem biezeniem un dzemiem, kas ir izskaidrojams ar spektra atSkirtbam
— sarkanoranza krasa §im biezenim nav tik piesatinata ka citiem produktiem,
jo tam nav raksturigd maksimuma 640 — 660 nm spektra dala (4. attels).

Bez tam no saldétam ogam pagatavotam biezenim ir raksturigs ari
vismazakais atSkiritbu no ftiri sarkanas krasas raksturojosais lenkis Ah°
(vidgji 2,48 °) — ta krasa ir gandriz pilnigi tiri sarkana. Pargjiem produktiem
Ah° ir augstaks, 11dz ar to tie ir vairak oranzi-bruni.

Dzems, kas pagatavots no svaiga biezena, ir biitiski tumsaks neka
no saldéta biezena pagatavots dzems. Skirpu ‘Selechenskaya’, ‘Triton” un
‘Titania’ produktu krasa ir atzistama par labaku, jo to sarkana krasa ir tiraka
un produkti ir tumsaki.
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Gaismas atstaro$ana/ Light reflection , %

<©— Svaigs biezenis/ Fresh puree
—&— Saldéts biezenis/ Frozen puree
—o— Biezenis no saldétam ogany/ Puree from frozen berries
—4— DZems no svaiga biezena/ Jam from fresh puree
—0o— DZems no saldéta biezena/ Jam from frozen puree

Vilnu garums/ Way length, nm

4. att. Dazadu upenu produktu atstarotas gaismas spektrs.
Fig. 4 Light reflectance spectrum of different blackcurrant products.

Saldesana biitiski samazina arT Zelejas stingribu to Skirnpu upenu
produktiem, kas sazele svaiga veida. To Skirpu produkti, kuriem ir
visstingraka struktiira pirms variSanas (‘Zagadka’, ‘Titania’, ‘Triton’,
‘Selechenskaya’), péc variSanas veido vajakas zelejas, tatad upenu dzemos
esosais pektins ir jutigaks pret atkartotu zeléSanu neka pret saldésanu.

Saldésanas ietekme uz janogu parstrades produktiem. Janogu
zeleja no sald@tas sulas ir gaisaka neka citi produkti (5. attels).
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Fig. 5 Light reflectance spectrum of different red currant products.

-| =O— Svaiga sula/ fresh juice

—o— Saldéta sula/ frozen juice

—— No svaigas sulas varita Zeleja/
jelly produced from fresh juice

=0=—No saldétas sulas varita Zeleja/

Jelly produced from frozen juice|

Vilpu garums/ Way lenght, nm

5. att. Dazadu janogu produktu atstarotas gaismas spektrs.

17



Tas, iesp&jams, varétu but saistits ar saldéSanas ietekmi uz
izejvielu (sulu) un dal&ju antocianu noardisanos saldéSanas rezultata.

Skirne ‘Viksnes Sarkanas’ ir ar vistumsako un tirak sarkano
krasu. Janogu krasa korelé ar antocianu saturu, lidz ar to péc krasas
tumSuma un intensitates var spriest par janogu produktos esoSo
antocianu daudzumu.

Saldétu sulu izmantoSana Zzelejas pagatavoSana neizmaina
janogu zeleju struktiiru un plistamibu. Balto janogu skirnes ‘Werdavia’
un sarkano janogu Skirnes ‘Holandes Sarkanas’ produkti ir ar stingrako
struktiiru un zemako pliistamibu.

SaldeéSanas un atlaidinaSanas procesi un to parametri

Ledus kristalu izmainas sasaldétu ogu Sainas. Ledus kristalu
augsanas p&tijumi saldéSanas laika avenu un janogu ogu §iinas veikti, lai
parbauditu ledus kristalu un S$tinu struktiiras izmainas tradicionalas
saldesanas temperatira (-20+2 °C) un atlaidinaSanas laika. Vissikakie
ledus kristali $tinas veidojas atras sasaldéSanas laika un tiilit péc
minimalas temperatiiras sasniegSanas, bet, turpinot ogas uzglabat
saldeéSanas temperatiira, sakas rekristalizacijas process un ledus kristalu
augSana. Pie tam, uzglabajot ogas -20 °C temperatiira, ledus kristalu
augSana notiek salidzinoSi strauji. Ledus kristali -40 °C temperatiira
sald&tu ogu $iinas bija daudz sikaki un arT to augSana bija 1eénaka. Tomeér,
turpinot ogu atlaidinasanu lidz +10 °C, pétitas $iinas palika veselas gan
-20 °C temperatiira uzglabatajam aveném un janogam, gan -40 °C
uzglabatajam aveném un janogam. Eksperiments pierada, ka izvéleta
saldétu ogu uzglabasanas temperatiira ir pictickama, lai saglabatu labu
ogu kvalitati arT pec atlaidinaSanas. Tomér, ja saldetas ogas ir jauzglaba
ilgsto$i (no seSiem Iidz pat 12 meéneSiem), tad -20 °C temperatiira,
iesp&jams, varétu biit nepietickama, lai ledus kristalu augSana nebojatu
ogu $tinu struktiiru un ogas saglabatu stabilu kvalitati.

ParstikloSanas process dazadu avenu, upenu un janogu
Skirpu ogas. Ta ka iepriekS veiktajos eksperimentos, saldétas ogas
uzglabajot -20+2 °C temperatiira, tika konstatéta nozimiga saldéSanas
ietekme gan uz askorbinskabes un $kisto$as sausnas saturu ogas, gan arl
uz atseviskam sensoram un fizikalam ipasibam, tad radas jautajums par
tada saldeSanas un uzglabasanas rezima atraSanu, kura ogu kvalitate
saglabatos maksimali nemainiga un tuva svaigu ogu kvalitatei. Sadi
stabili apstak]i ir iesp&jami, uzglabajot ogas temperattira, kas ir zemaka
par saldéSanas rezultata maksimali koncentrétas izSkiduso vielu dalas
parstikloSanas temperattiru (7";) (Roos, 1995; Torreggiani et al., 1999).
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Veicot diferencialas skengjosas kalorimetrijas (DSC) analizes
svaigiem astonu avenu $kirpu, septinu upenu $kirnu un vienam janogu
paraugam (6. att€ls), atrastas to parstiklo$anas temperatiiras, kas bija no
-34,37 °C lidz -58,77 °C.
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6. att. Dazadu $kirpu avenu, upenu un janogu paraugu maksimali kriokoncentréta
$kiduma parstikloSanas temperatiiras 77
Fig. 6 The maximaly cryo-concentrated liquid face glass transition temperature 77,
of samples from different raspberry, blackcurrant and red currant cultivars.

* — Vertibas vienas ogu sugas robezas, kas atzimétas ar vienu un to pasu burtu, nav
batiski atskirigas sava starpa pie p=0,05/ Values marked with the same letter
are not significantly different at p=0,05;

avenu Skirnes/ raspberry cultivars; [0 : upenu Skirnes/ black curant cultivars;

EZA - janogu Skirne/ red currant cultivar.

Gan avenu, gan upenu dazadu Skirnpu biezenu parstikloSanas
temperatiiras biutiski atskiras (p=0,000), kas pierada Skirnu izvéles
nozimigumu. Visaugstaka parstikloSanas temperatiira bija avenu
Skirnes ‘Bryanskii Rubin’ (-34,37£0,25 °C) ogu biezeni. SalidzinosSi
augstaka parstikloSanas temperatiira liecina par atraku koncentrétas
Skidras fazes parieSanu stiklveida stavokli, iegiistot kin&tisku
stabilitati. Avenu Skirne ar zemako 7', bija dzelteno ogu Skirne
‘Helcal’ (-58,77+0,05).
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Augstaka parstiklosanas temperatira upeném bija Skirnei
‘Ojebyn’ (-53,33£0,24 °C), bet zemaka skirnei ‘Belorusskaya
Sladkaya’ (-56,43£0,19 °C). Jagogu Skirnes ‘Holandes Sarkanas’
maksimali kriokoncentréta Skiduma parstikloSanas temperatiira bija
augstaka neka upeném (7',=-51,87%0,45).

Lai konstatétu parstikloSanas temperatiiras atkaribas no tidens
daudzuma produkta raksturu, izmantots teorétiskais Gordona-Teilora
(1952) modelis. Tas pielidzinats eksperimentalajiem 7, un udens
daudzuma (g tGdens uz g produkta) datiem, pienemot, ka tira Gdens
parstiklosanas temperatiira ir -137 °C (Roos, 1995). Iegiitas beziidens
sausnas  parstikloSanas temperatiiras T,y Vertibas bija no
30,21 — 62,70 °C, bet Gordona-Teilora konstantes k vértibas bija no
3,59 —4,28.

Lai atrastu vispiem@rotakos uzglabasanas apstaklus avenu,
upenu un jagogu paraugiem, izveidota ogu Skidras nesasalusas dalas
stavokla parejas diagramma. Stavokla diagrammas izveidei
nepiecieSsamas kuSanas liknes dati aprékinati, izmantojot Robinsona-
Stoka vienadojumu (Robinson and Stokes, 1965) un GAB modeli
desorbciju procesam. Bez tam diagramma ieklauti ar Gordona-Teilora
modeli aprékinatie 7, dati desorbciju procesam, ka arT svaigu paraugu
maksimali kriokoncentrétas Skidras fazes parstikloSanas temperatiira
T’y un kuSanas temperatiira 77, (7. attéls).

Neizsalsto3a idens masas dala (W',) pétitajos ogu paraugos bija
23,44 — 24,19%, tatad paraugos ar augstaku tdens saturu bis
izsalstoSais 1idens, lidz ar to svaigu ogu paraugu ieteicama
uzglabasanas temperatiira ir zem maksimali kriokoncentrétas Skidras
fazes parstikloSanas temperatiras.

Ta ka vairumam pétito ogu Skirnu biezeniem, iznemot avenu
Skirnes ‘Bryanskii Rubin’ biezeni, parstikloSanas temperatiira bija zem
-50 °C, bet sadu saldétu ogu produktu uzglabaSanas temperatiiru
riipnieciba neizmanto un tas ir ekonomiski neizdevigi, tad iesp&jamais
risindgjums varétu but saldétu biezenu parstikloSanas temperatiiras
paaugstinasana, palielinot Skiduma koncentraciju biezenos, ko
ieteikusi vairaki zinatnieki (Chiralt et al., 2001; Moraga et al., 2004).
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7. att. Skidras fazes stavokla parejas diagramma avenu ogu parauga.
Fig. 7 Liquid phase transition diagram in raspberry sample.

T, — ledus kristalu kusanas temperatiiras likne péc Robinsona-Stoka viendadojuma/
ice crhystal melting curve: equation of Robinson and Stokes; Gordon-Taylor -
teoretiska parstiklosands temperatiras likne péc Gordona—Teilora modela/ Gordon-
Taylor theoretical curve of glass transition temperature; Meteor, Norna -
eksperimentalie parstikloSands temperatiiras T'y dati avepu Skirném/ experimental
glass transition temperature T'y data of raspberry cultivars; T', — ledus kristalu
kuSanas temperatiira ap maksimali kriokoncentréto Skidro fazi/ melting temperature
of ice chrystals surrounding the maximally cryoconcentrated fruit liquid phase;
Meteor T', , Norna Ty — maksimdli kriokoncentrétas parauga Skidrds fazes
parstiklosandas temperatiira avepu Skirném/ glass transition temperature of
maximaly cryoconcentrated raspberry liqud phase; W'y — neizsalstosa iidens
daudzums maksimali kriokoncentrétaja Skiduma/ non-freezable water content; I —
paraugs Skidra stavokli/ liquid phase of sample; II — daleji sasalis stavoklis:
Skidrums un ledus kristali/ partial freeze-concentration; IIl — ledus un stiklveida
stavoklis/ ice and glass; 1V — stiklveida stavoklis/ glass.

Aprekinata arT ledus kristalu masas dala atkariba no temperatiiras
svaigiem avenu paraugiem (kam izvelets vidgjais avenu ogu mitruma saturs
86%), svaigiem upenu paraugiem ar vidéjo mitruma saturu 80% un janogu
paraugiem ar vid€jo mitruma saturu 84%, ka arT So ogu paraugiem ar lidz 70
% samazinatu mitruma saturu (8. attéls).
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8. att. Ledus kristalu masas dala sald&tas avengs, upengs un janogas
atkariba no temperatiiras.
Fig. 8 The mass fraction of ice in raspberries, black and red currants
as function of temperature.
* - izveidojusos ledus kristalu masas dala ogas (g ledus uz g parauga)/ the mass
fraction of ice in berries (g ice to g sample).

Ledus veidoSanas svaigas ogas sakas -2,08 Iidz -2,35 °C
temperatiira un lidz aptuveni -10 °C 100 gramos produkta jau ir izveidojies
no 60 g (avenés un upenés) lidz 66 g (janogas) ledus kristalu. Turpmak
ledus kristalu veidoSanas noris daudz 1€nak, lidz paraugs atdziest lidz T';,
temperatiirai, kura tiek sasniegta maksimala ledus kristalu masas dala. Zinot
maksimali izveidojusos ledus kristalu masas dalu, var aprékinat izsalsto$a
un neizsalstosa fidens masas dalu. Ledus kristalus veidojo$a ogu paraugu
masas dala ir no 67,0% lidz 80,2% no parauga kopgjas masas, bet
neizsalstosa tidens dala paraugos ir no 3,4% lidz 6,0% no parauga masas.

Lai paaugstinatu ogu paraugu kvalitati tradicionalaja sald&tu
produktu uzglabasanas temperatiira, var nedaudz samazinat {dens
daudzumu paraugos. Pirms saldé§anas samazinot tidens daudzumu produkta
lidz 70%, ledus kristalu masas dala -20+2 °C temperatiira uzglabatos ogu
paraugos samazinas 11dz 47,5% - 53,2% no kopgjas parauga masas.

Saldétu avenu ogu slanu atlaidinaSanas temperatiiras
dinamikas pétijumi. Izmantojot saldetas ogas deserta, to kvalitati nozimigi
ietekmé€ ne tikai saldéSanas un uzglabasanas laika notieckosas izmainas, bet
ar atlaidinaSanas process. Bez tam, izmantojot sald&tas ogas parstradg, biezi
ir nepiecieSams prognozet saldetu ogu atlaidinaSanai nepiecieSamo laiku un
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citus parametrus. Tapéc atlaidinaSanas lidz ogu kuSanas temperatirai
procesa pétisanai tika izvéleti 5 cm biezs saldétu ogu bérts slanis un 5 cm
biezs bloka saldétu, ka ari 3 cm biezs bloka saldétu ogu slanis.

Veicot teorétiska modela pielidzinasanu eksperimentalajiem
datiem, izrékinati siltuma atdeves, siltuma vaditsp&jas un temperatiiras
vadisanas koeficienti. leglitie avenu ogu slana atlaidinasanas gaitu
raksturojoSie parametri ir nozimigi atlaidinasanas procesu modeleSana un
prognozesana dazada biezuma slanos.

Teorgtiskais modelis ir labi piemé&rots dazada biezuma blokos
saldetu avenu ogu slanu temperatiiras izmainu raksturosanai sasilSanas laika
lidz ogu kuSanas temperatiirai (9. attels), bet saldetu avenu ogu berta slant
temperatiiras izmainas dazados slana punktos ir stipri atSkirigas un
teorctiskais modelis ir pielagojams tikai tuvinati. Sada modeli v&l papildus
bitu jaietver citi fizikalie procesi: pieméram, gaisa konvekcijas kustiba
slant.

3
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—— Eksp.1.0 cm
 —8— Fksp.2.0cm
—a&— Eksp. 3.0cm
—O—Eksp.3.5 cm
—X—FEksp.4 cm
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150 -
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9. att. 5,0 cm bieza bloka sald&tu avenu ogu slana temperatiiras izmainas sasilSanas
laika lidz produkta kuSanas temperatiirai: teorétiskie un eksperimentalie dati.
Fig. 9 Temperature changes of block frozen 5,0 cm raspberry layer: theoretical and
experimental data.

Ogu parstrades riipnieciba, ka arT patéripam deserta, svarigi ir
prognozét, pec cik ilga laika ogas bus atlaidinatas lidz to izmantoSanai.
Teorégtiskais atlaidina$anas modelis ir izstradats tikai ogu atlaidinasanai lidz
to kusanas sakumam slana virspuse. Tapec, lai prognozetu iesp&jamo avenu
ogu izmantoSanas temperatiiru, kas jau atrodas ogu kuSanas faze, veikti
eksperimentalie atlaidinaSanas pétfjumi visa atlaidinaSanas un kuSanas
diapazona, jo tiesa veida no modela atlaidinaSanas laiku izrékinat nav

23



iespgjams. Salidzinot iegiitos eksperimentdlos datus ar teor&tiska modela
prognozeto atlaidinasanas laiku 1idz -5 °C temperatiirai, var konstatét, ka
laiks, p&c kura produkts sasniedz izmantoS$anas temperatiiru, ir aprékinams
ar empiriskam formulam (+15% kliidas robezas) (1. un 2. formulas).

Tizm. des =A°T2 ( 1)
Tizm. pﬁrstr.=B'T2 (2)

kur T, ges. — atlaidinaSanas laiks 1idz ogu izmantosanai desertam;
T, — nepieciesamais laiks atlaidinasanai Iidz -5 °C temperatiirai,
Tizm. parstr. - atlaidinaSanas laiks Iidz ogu izmanto8anai parstradei;
A - koeficients, lai aprékinatu ogu atlaidinasanas ilgumu 1idz to izmantoSanai
deserta;
B - koeficients, lai aprékinatu ogu atlaidinasanas ilgumu Iidz to izmanto$anai
parstrade.

Pec iegttajam formulam aprekinati ogu atlaidinasanas laiki
izmantoSanai desertam un parstradei (3. tabula).

3. tabula

Bloka saldétu avenu ogu slanu atlaidinasanas laiks no -20 °C lidz
izmantoSanas temperatiirai

Slapa Laiks Atlaidinasa- Koefi- Atlaidinasanas
bie- atlaidinasa- Koefi- nas laiks ioit laiks
zums, | nailidz -5 °C, | cients A* | izmanto$anai c]eg* S IzmantoS$anai
cm min. deserta parstradg, min.
3 88 2.6 228 1.8 158
5 158 2.2 348 1.8 284
8 257 2.1 540 1.8 463

Atlaidinasanas laiku atkariba no slanpa biezuma gan ogu
izmantoSanai deserta, gan riipnieciskai parstradei raksturo lineara sakariba
(10. attels).
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10. att. Bloka saldetu dazada biezuma avenu ogu slanu atlaidinasanas laiks no
-20 °C Iidz izmantosanas temperatiirai.
Fig. 10 Block frozen raspberry layer thawing time from
-20 °C till usage temperature

Saldétu avenu ogu izmantoSanai desertam ir izvEl&ta temperatiira
-2,4 °C, kas ir par 0,7 °C augstaka neka slana aukstaka punkta kusSanas
temperatiira; $aja laika ogas visos slana punktos ir beigusas kust un sakusas
sasilt. Tas pamatojams tadgjadi, ka izmantoSanai deserta ir svarigi, lai ogas
butu atkususas, bet v€l nesaktu izdalities daudz sulas. Ripnieciskaja
parstrade, ogas izmantojot dazadu produktu razo$ana, nav nepiecieSama to
pilniga atkaus€Sana, bet gan tas jaatlaidina Iidz bridim, kad ir viegli
atdalamas. Tapéc izveleta temperatiira aukstakaja slana punkta (-3,6 °C) ir
nedaudz zem vid&jas kuSanas temperatiiras (-3,1 °C).
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SECINAJUMI

1. Kopgjo skabju un antocianu (antioksidantu un dabisko krasvielu) saturs
pec saldesanas paliek nemainigs visas pétitajas ogas, $kistosas sausnas saturs -
avenu un jangogu, un karotinu saturs - avenu ogas, bet askorbinskabes saturs
visas petitajas ogas un $kistosas sausnas saturs upenés samazinas tikai nedaudz,
tapec saldetas ogas var izmantot ka svaigam ogam lidzvertigu izejvielu.

2. Izmainot uzglabasanas apstaklus péc saldéSanas, antocianu saturs visas
pétitajas ogas un askorbinskabes saturs avenu ogas nesamazinas, bet upenu un
janogu ogas askorbinskabes zudumi palielinajas pec 15 dienu uzglabasanas
mainiga temperatiira, ka arT atlaidinot +4 °C temperattira un otrreiz sasaldgjot,
tap€c nepiemérotos apstaklos uzglabatas saldétas ogas var izmantot parstradei,
bet deserta to uzturvertibas samazinajums ir nozZimigs.

3. Saldesana neietekm@ pétito ogu biezenu un sulu krasu, bet no saldéta
biezena vai sulas gatavoti upenu dZzemi un janogu Zelejas ir gaisaki.
Piemérotakais dzemiem ir no saldétam ogam pagatavots upenu biezenis ar
tumsako un firak sarkano krasu. Sald@tas janogu sulas izmanto$ana Zzelejas
pagatavos$ana neizmaina janogu Zeleju struktiiru un plustamibu, tacu saldéSana
bitiski samazina stingribu to upenu skirnu dzemiem, kas sazele svaiga veida,
tapéc zeleju un dzemu razoS$ana ir izmantojamas nesazeljusas saldetas sulas un
biezeni.

4. Integrétais noveértSjums ir pielictojams piemérotako Skirnu izvélei
saldétu ogu produkcijas razosanai, kas lauj atrast vélamas Skirnes saldétu ogu
izmantoSanai deserta, produkcijas ar augstu biologiski aktivo vielu saturu
iegiiSanai un parstradei.

5. Neizsalsto$a idens masas dala (W) pétitajos ogu paraugos ir 23 — 24%,
paraugos ar augstaku tidens saturu, pieméram, svaigas ogas, bils izsalstoSais
tdens. Tapec ieteicama ogu uzglabaSanas temperatira ir zem maksimali
kriokoncentrétas Skidras fazes parstikloSanas temperatiiras 77, kas ir no -34 °C
Iidz 59 °C. Visaugstaka parstikloSanas temperatiira ir avenu skirnes ‘Bryanskii
Rubin’ un upenu skirnes ‘Ojebyn’ paraugiem. Saldétu ogu kvalitati var
paaugstinat, pirms saldéSanas samazinot Gdens daudzumu produkta lidz 70%,
ka rezultata ledus kristalu masas dala -20 °C temperattira uzglabatos ogu
paraugos no 70 — 77% samazinas [1dz 48 - 53% no kopgjas parauga masas.

6. Pétitais un ar eksperimentdliem datiem aprobétais teor€tiskais
atlaidinasanas modelis ir piemérots blokos saldétu avenu slanu temperatiiras
izmainu raksturoSanai lidz kuSanas temperatiirai, ka ari atlaidinaSanas gaitu
raksturojoso parametru (siltuma atdeves koeficienti, siltuma vaditsp&jas
koeficients un temperatiiras vadisanas koeficients) noteik$anai, ka arT parstradei
un desertam izmantojamo ogu atlaidinasanas laika prognozesanai.
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IETEIKUMI RAZOSANAI

1. Piemérotakas Skirnes saldétu ogu izmantoSanai deserta ir avenu
Skirnes ‘Tomo’, ‘Brigantina’ un ‘Bryanskii Rubin’, upenu S$kirnes
‘Detskosel 'skaya’,  ‘Yadrenaya’,  ‘Joniniai’,  ‘Chernii = Kentavr’,

‘Selechenskaya’ un ‘Mara’, ka arT janogu skirnes ‘Viksnes Sarkanas’,
‘Valentinovka’ un ‘Neimana Kirsu’. Tas izc€las ar lielam ogam un zemu
skabju/cukuru attiecibu, ka arT ar nelieliem sulas zudumiem péc
atlaidinasanas un zemu drupanibas pakapi saldetas avenu ogas.

2. Piemérotakas skirnes saldétu ogu izmantoSanai produkcijas ar
augstu biologiski aktivo vielu, askorbinskabes un antocianu, saturu iegiiSana
ir avenu Skirnes ‘Sputnitsa’, ‘Ariadne’, ‘Bryanskii Rubin’ un ‘Brigantina’
un upenu Skirnes ‘Iyunskaya’, ‘Detskosel skaya’, ‘Vernisazh’, ‘Vakariai’,
‘Triton’, ‘Titania’ un ‘Joniniai’.

3. Piemeérotakas Skirnes saldétu ogu izmantoSanai parstradé ir avenu
Skirnes ‘Sputnitsa’, ‘Meteor’ un ‘Kirzhach’, upenu Skirnes ‘Titania’,
‘Katyusha’, ‘Triton’, ‘Zagadka’, ‘Vernisazh’, ‘Bagira’ un ‘Ojebyn’ un
janogu Skirnes ‘Viksnes Sarkanas’, ‘Neimana KirSu’, ‘Varshevicha’,
‘Holandes Sarkanas’ un “ Vierlander’. Sis $kirnes ir piem&rotas komercialai
audz&Sanai Latvijas apstaklos, ka arT satur daudz antocianu.

4. Tumsako un tirak sarkano dZzemu un Zeleju var ieglit no upenu
Skirpu ‘Selechenskaya’, ‘Triton’ un ‘Titania’ un janogu Skirnes ‘Viksnes
Sarkanas’ ogam.

5. Stingrako zeleju bez pektina pievienoSanas veido balto janogu
Skirnes ‘Werdavia’ un sarkano janogu skirnes ‘Holandes Sarkanas’ ogas.
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ACTUALITY AND NOVELTY OF THE RESEARCH

Raspberries and currants are traditional berries in our region. Their
importance in the diet is connected with the content of physiologically active
compounds and vitamins they have more than most of the tropical fruits. But
there is a tendency of recent years in Latvia to decrease the consumption of
local fruits and berries and replace them with easy available tropical fruits.
Therefore one of the main tasks is to enlarge the availability of local fruits
and berries all the year round.

The period when we can eat fresh raspberries, black, red, and white
currants is very short — one or two month. It is almost impossible to store
fresh berries for winter therefore we must think about processing. Freezing
and frozen storage is one of the best preservation methods because the quality
of frozen berries is closer to fresh berry quality than other preservation
methods. Nowadays freezing is well known industrial preservation method,
bet still more investigations are necessary in many fields of this sector.

Many investigations made before point at the important influence of
cultivar to producing of good quality frozen berries. Moreover as frozen
berries and fruits are used more and more like raw material for processing
different products then it is important to test the influence of freezing to
quality of final product. But still there are few investigations connected with
influence of freezing to quality of processed products. Therefore it is
necessary to investigate suitability of different cultivars to freezing and
influence of freezing to quality of final product.

Many different currant and raspberry cultivars are grown in Latvia,
now (more than in other European countries). Those cultivars, which can give
higher yield with less financial and human resources, are recommended for
commercial growing.

Unfortunately neither commercial nor other cultivars are tested for
suitability to freezing and frozen storage. Moreover, most of cultivars, well
examined and demanded by Western European processing companies, cannot
be grown in Latvia because of different climate. And, properties of those,
which can be grown there, can differ. Therefore, it is necessary to examine
suitability to freezing and frozen storage of cultivars, grown in Latvia.
Consequently, then it would be possible to choose the best cultivars for
processing out of very large number of cultivars, and recommend them for
growers. Therefore in this study suitability to freezing and processing of
commercial, Western European, and new, perspective cultivars is examined.

Research was carried out at the Dobele HPBRS, Latvia University of
Agriculture (LUA) during years 1999 — 2004, and in Valencia Polytechnic
University, Spain in 2003. The object of the research was 21 raspberry, 32
blackcurrant, 16 red currant un 5 white currant berries and their products.

28



The aim of the research is evaluate influence of freezing
processes to berries and their products to determine suitable raspberry,
black, red, and white currant cultivars grown in Latvia for production of
frozen berries and their products.

The main tasks are:

1. To evaluate the influence of freezing to berry quality of different
raspberry and currant cultivars;

2. To evaluate the influence of freezing to processed product quality
of different raspberry and currant cultivars;

3. To evaluate the influence of storage regime to chemical
composition of berries;

4. Select suitable cultivars for processing of frozen berries;

5. To find possible solutions for frozen-storage regime improvement
by determination of glass transition temperature of maximally
cryo-concentrated matrix and establishment of state diagrams of
liquid phase for samples of different berry varieties.

6. To study a thawing process and to approbate the theoretical model
of thawing corresponding to experimental data in order to calculate
parameters of thawing process and to estimate thawing time.
Novelty of the research. For the first time in Latvia suitability of

berries and products of raspberries, red, white, and black currant cultivars to
freezing is examined. The best cultivars for use of frozen berries in dessert,
processing and for obtaining of products with high content of biologically
active compounds (or functional foods) are determined.

For the first time glass transition temperature (T'y) is detected in
frozen berries of several cultivars of raspberries, red, white, and black
cultivars grown in Latvia. Influence of water content and water activity (a)
to glass transition process in berries is examined as well.

Experimental research of thawing process in raspberries and
optimization of previously developed model for thawing process also is
carried out.

The results of this research can be used to choose the best cultivars
for berry processing. Optimized and experimentally verified model
developed at the Latvia University of Agriculture, Faculty of Information
Technologies will help to explain and predict physical processes in berries
during thawing and to find parameters that describe this process.

Approbation of the scientific work. Results of the research are
presented at 11 international scientific conferences and symposiums in
Check Republic, Estonia, Scotland (UK), Belgium, Lithuania, Italy, Poland,
Byelorussia and Spain, and in 5 conferences in Latvia. The results are
published in 6 internationally recognized and 5 local scientific publications
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in Latvian and English languages (the list of attended conferences and
publications is in pages 5 - 7).
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MATERIALS AND METHODS

The object of the research was berries and products of
21 raspberry, 32 blackcurrant, 16 red currant and five white currant
cultivars. Cultivars recommended for commercial growing, as well as new
perspective cultivars were included in the research. The research was
carried out at Dobele HPBRS and the Latvia University of Agriculture
(LUA) from 1999 to 2004 and in Valencia Polytechnic University in 2003.

To evaluate the influence of freezing to quality of berries, whole
berries and their processing products were analyzed before and after
freezing, and the processes of freezing and thawing were investigated
(Fig. 1).

After harvesting berries were sorted, frozen in freezer PORKKA
BF 710 at temperature -254+2 °C, then packaged and stored in freezer
chamber VTK 201 U at the temperature -20+2 °C.

Frozen raspberry jam with and without seeds, blackcurrant jams,
and red/white currant juice were prepared with mechanical rubbing through
a net. Then sugar was added, and the product was packaged in
polypropylene containers 0.2 to 0.5 kg, which were frozen at temperature
-2542 °C and stored at temperature -20+2 °C. 20 % of sugar was added to
all products, except samples for triangle test, were 10 % of sugar were
added.
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Reseach of freezing and thawing of raspberries and currants |
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Fig. 1. Chart of the experiments.

The following tests were carried out for fresh and frozen berries, and
processed products.
1) Chemical analysis:

Contents of ascorbic acid by iodine method ([JaBpos u LllTenbepr,
1950) in fresh and frozen berries, and frozen blackcurrant purees;
Contents of anthocyanins by spectrophotometric method (Fuleki
and Francis, 1968) in fresh and frozen berries, and frozen
blackcurrant purees;

Contents of total (titrable) acids, by titration with 0.1 N NaOH
(ISO 750:1998) in fresh and frozen berries, and frozen blackcurrant
purees;

Contents of soluble solids by refractometer ATAGO N20 (ISO
2173:2003) in fresh and frozen berries;

Carotenoids by spectrophotometris method at 440 nm (Opermas,
1970) in raspberry berries.

2) Analysis of physical parameters:

Drip loss after thawing in raspberry berries — berries thawed at
temperature +17 - +20 °C, percent of drip loss from initial mass is
calculated;

Friability of frozen raspberries — frozen berries were steadily
shaken in freezing chamber VTK 201 at temperature -20£2 °C;
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e Color in CIE L*a*b* and L*C*h° color spaces of raspberry and
blackcurrant purees, red/white currant juices, and black, red and
white currant jams — by spectrophotometer CM 3600;

e Texture analysis of blackcurrant puree and jam, and red/white
currant jelly — deformation force (N) was measured by texture
analyzer TA-XTPlus;

o Flowability was measured in blackcurrant puree and jam, and
red/white currant jelly by consistometer ,,QUIMA”, dividing
flowing distance with a weight of the sample (Bourne, 1982).

3) Sensory analysis:

e Quantitative descriptive analysis to raspberry berries and purees
(Meilgaard et al, 1999; Strautniece, 2004);

e Triangle test to raspberry puree and blackcurrant jam, ISO
4120:1983 (Meilgaard et al, 1999;

Berries were thawed for 10 — 15 minutes for chemical analysis.
Berries for sensory analysis were completely thawed and heated to ambient
temperature (+20+2 °C).

Research of ice crystal growth were carried out in special freezing
panel (LTS 350) on stercomicroscope Leica ICC A M2-393-004, using
temperature and freezing speed regulation equipment TMS 94.

Glass transition temperature 7', of maximally crio-concentrated
unfrozen matrix and melting point temperature of glassy state 77, were
determined by Differential Scanning Calorimetry or DSC method for
samples of frozen-stored and thawed purees of eight raspberry, seven
blackcurrant, and one red currant cultivars. In order to get samples with
different water content and water activity, fresh and freeze-dried samples of
two raspberry, two blackcurrant, and one redcurrant cultivar was placed in
hermetical chambers with saturated salt solutions until they reach a constant
weight. Samples were analyzed by DSC equipment 220CU-SSC5200
(Seiko instruments Inc.). Samples were initially frozen (by liquid nitrogen)
from +20 to -35 °C (freezing speed 2 °C min™), then kept in constant
temperature -35 °C for 30 min., and then frozen to -100 °C (freezing speed
10 °C min™). During this treatment maximal ice crystallization was reached.
Then samples were heated from -100 to +40 °C with speed 5 °C min’'
(Moraga et al., 2004). GAB model (Van den Berg & Bruin, 1981) was used
to estimate changes of water sorption isotherms of samples. Experimental
T, data were compared to Gordon and Taylor model (Gordon and Taylor,
1952) in order to determine water plasticization effect. For prediction of ice
melting curves the Robinson and Stokes equation was used (Robinson and
Stokes, 1965), and the ice fraction was calculated.
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Temperature of raspberry layer in different depths during
thawing was measured by thermo-pairs. Obtained experimental data were
compared to theoretical model of frozen product thawing developed at the
Latvia University of Agriculture (Iljins et al., 2004).

Research of frozen storage regime influence on chemical
composition of berries was carried out at the Dobele HPBRS in 2004.
Raspberry, black, and red currant berries were frozen and then stored in 4
different regimes (Fig. 2).

Fresh berries

Freezing at -25 °C

‘ Frozen storage at -20+2 °C 3 month ‘

P N~

Analyses:
Fresh berries

Analyses: Thawing at Thawing at Storage at changeable
Control sample +4 °C +20°C -22--5°C
before ¥ ¥ temperature®
SERCRITENT Freezing and Freezing and ¥
v storage at storage at Ascorbic acid
Storage -20+2 °C -20+2 °C analyses:
at -20+£2 °C 15 15 days 15 days For berries
Anal 8
days stored 5 days at Fo:?)z:::es
Vv changeable stored 15
Analyses: Analyses: Analyses: [EIDEI UG days at
Control sample for berries for berries changeable
after thawed at thawed at temperature
experiment +4 °C +20 °C

Fig. 2. Storage of raspberries, blackcurrants and red currants in different regimes

* temperature was changed from -22 + -5 °C every day (every day freezer was
turned off for 4 to 5 hours until temperature in the product reached -5 °C, then
freezer was turned on again and temperature decreased to -22 °C)

Necessity of the experiments of the “altered” storage regimes is
based on observations of several authors that there is lack of research for
storage conditions, which are closer to frozen product use in processing
companies and storage in sales network (Potter & Hotchkiss, 1995;
Skrede G., 1996).

In order to test influence of freezing to jelly forming activity and
color of blackcurrant and red/white currant products, in year 2003 five
blackcurrant products were prepared: fresh and frozen puree from fresh
berries, puree from frozen berries, and boiled jam from fresh and frozen
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puree. Four red/white currant products were prepared: fresh and frozen juice
(from fresh berries), and boiled jelly from fresh and frozen juice.

For data analysis descriptive statistics and ANOVA were
performed, which was used to test significance of influence of freezing,
variety, year and the other parameters to berries and their product quality.
Duncan’s test was used to test significance of differences between varieties.
Relationships between tested parameters were calculated by Pearson
correlation analysis (Paura un Arhipova, 2002). Software SPSS 11.0 was
used for data analysis.

Principles of Hierarchy modeling and Multi-criteria analysis
(Maptunos, 1987) were used to establish a complex value of genotypes.
The analysis allows comparing the complex values of different genotypes,
using various parameters in different measurement systems. Each trait
group and individual trait has specific contribution coefficient in the final
evaluation. The best variety will appear to be as close as possible to the
desired (optimum) value in parameters as many as possible. The obtained
multi-criteria evaluation coefficient (SD) describes deviation of the
genotype from desired values; consequently, the best genotype will have the
lowest SD value. Data of chemical composition, physical properties, and
few agronomical parameters of frozen berries from 15 raspberry,
32 blackcurrant, and 16 red currant cultivars were included in the analysis.
This analysis helps to select the most suitable cultivars for production of
different frozen berry products.

Multi-criteria analysis of raspberries and blackcurrants were
performed to select the best cultivars for utilization of frozen berries in
dessert, in production of product with high contents of bioactive
components, and processing. Multi-criteria analysis of red currants was
performed to select the best cultivars for utilization of frozen berries in
dessert and processing. Analysis for suitability of red currant cultivars to
production of products with high content of bioactive components was not
performed, because there were not analyzed several important constituents
of red currant bioactive compounds (for example, pectins). Data from every
year was included in analysis as separate parameter. The same agronomical
parameters were used for every year; it was an average from experts’
estimates.
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RESULTS AND DISCUSSION

Influence of freezing to whole berry quality

Freezing and frozen storage significantly changed ascorbic acid
content in all tested berry crops. Maximal ascorbic acid losses after frozen
storage were 55.85 % in raspberries, 19.79 in blackcurrants, and 25.73 in
red/white currants. Freezing and frozen storage did not change contents of
anthocyanins and total acids in all tested berry crops, or content of total
carotenoids in raspberries. Content of soluble solids significantly changed
only in blackcurrant berries (Table 1).

Drip loss and friability in raspberries was influenced mainly by
meteorological conditions in growing season. Raspberry cultivars ‘Jewel’,
‘Helkal’, and ‘Kirzhach’ had the smallest drip loss; ‘Solnishko’,
‘Skromnitsa’, “Tomo’, ‘Norna’, and ‘Meteor’ had the lowest friability.

Freezing significantly reduced sensory value of raspberry color and
sweetness, though in general frozen-stored (and thawed) berries did not
significantly differ from fresh berries (Fig. 3). Differences between frozen
and fresh berries in sensory parameters depended on cultivar. The best
sensory profiles after frozen storage had cultivars ‘Zvezdochka’ and
‘Skromnitsa’.

Influence of storage regimes on chemical composition of
frozen berries

Ascorbic acid content in raspberries after frozen storage in altered
regimes (Fig. 2) did not decrease more significantly than in those, stored in
-204+2 °C. Ascorbic acid content in red and black currant berries, stored in
altered regimes, was significantly different from those, stored in -20+2 °C.
The highest losses of ascorbic acid were after 15-day storage in changing
temperature and once thawed to temperature +4 °C and again frozen.
Altered storage regimes did not change contents of anhocyanins after
storage in blackcurrant berries, but even slightly increased the contents in
raspberries and red currants. The highest content of soluble solids was in
berries after 15-day storage in changing temperature, and the lowest — in
once thawed to temperature +4 °C and again frozen berries.

Multi-criteria analysis of frozen berries

Multi-criteria analysis was performed to evaluate the suitability of
tested cultivars for utilization of frozen berries in dessert, where the
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highest contribution coefficient was given to friability, drip loss, the berry
weight, and acid/ sugars ratio in raspberries, and berry weight and
acid/sugar ratio in currants. The highest contribution for getting of products
with high contents of bio-active compounds was given to the contents of
ascorbic acid and anthocyanins in frozen berries. The high content of bio-
active compounds is important also in evaluation of berry suitability to
processing, though the highest contribution was given to suitability for
commercial growing, because in commercial processing of berries low price
and high availability of a raw material is essential. High anthocyanin
contents and productivity were also important in this analysis. As a result of
this evaluation, raspberry, black, red, and white currant cultivars for the
specific use were selected (Table 2).

The influence of freezing on quality of berry processing
products

Quality evaluation of frozen raspberry processing products.
Freezing did not significantly change the colour of raspberry purees. It
means that it is possible to store raspberry purees in frozen condition
without notable quality changes, compared with fresh purees. The cultivars
‘Meteor’ and ‘Balzam’ are the most suitable for preparing of frozen
raspberry purees with and without seeds.

Evaluation of freezing influence on blackcurrant processing
products. The quality of blackcurrant products from fresh and frozen
berries was influenced by freezing. Comparing chemical composition of
frozen purees from blackcurrant berries of 22 cultivars with fresh and
frozen blackcurrant berry chemical composition, it was found that the
content of ascorbic acid in frozen blackcurrant puree is significantly lower
than in fresh and frozen berries (21% losses in average, compared with
fresh berries). The extraction of anthocyanins from frozen blackcurrant
puree is significantly grater than from berries what could be explained with
some localization individualities of anthocyanins. The content of total acids
did not differ between samples.

Blackcurrant puree from frozen berries had darker and more pure
red colour, compared with fresh and frozen purees and jams from fresh
berries. It can be explained with different spectrum of the products — orange
colour of the products from frozen berries is not as strong as in the others,
because there is no specific spectral maximum at 640 — 660 nm (Fig. 4).
Moreover, puree from frozen berries has hue angle difference from pure red
Ah°® lower than in the other products (average 2.48 °), therefore it’s colour is
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almost pure red. Ah° in the other products is higher, therefore they are more
orange-brown.

Jams from fresh puree were significantly darker than those from
frozen purees. Products from cultivars ‘Selechenskaya’, ‘Triton’, and
‘Titania’ had better colour, because their colour is darker and more pure red.

Freezing significantly reduced firmness of the products that were
prepared from purees, which formed jelly in fresh stage. Products from
cultivars ‘Zagadka’, ‘Titania’, ‘Triton’, and ‘Selechenskaya’, which had
firmer structure before boiling, formed less firm products after boiling.
Therefore it can be concluded that blackcurrant pectins are more susceptible
to recurrent jellying than to freezing.

Freezing influence on red and white currant products. Red
currant jelly from frozen juice was lighter than the other red currant
products (Fig. 5). It might be due to destructive influence of freezing to the
raw material (juice).

Cultivar ‘Viksnes Sarkana’ had the darkest and the most pure red
colour. Colour of red currants correlated with their anthocianin content,
therefore it is possible to estimate amount of anthocyanins in red currants
from their colour.

Use of frozen juice to prepare red/white currant products did not
change consistency and flowability of the products. Products of white
currant ‘Werdavia’ and red currant ‘Red Dutch’ had the firmest structure
and lowest flowabilty.

The processes and parameters of freezing and thawing

Changes of ice crystals in tissues of frozen berries. The
investigations of ice crystal growing during freezing of raspberry and red
currant tissues were carried on to prove the changes of ice crystals and
structure of berry tissue during freezing in traditional (-20£2 °C)
temperature and during thawing process. The smallest ice crystals formed
during quick freezing and just after the reaching of minimal temperature,
but by continuing to keep berries in this temperature, the recrystalization
process and ice crystal growing begins. In addition, keeping berries at
-20 °C for half an hour or more the growing of ice crystals is going quite
fast. The ice crystals in tissues of berries frozen at -40 °C temperature were
much smaller and their growth was slower. Continuing thawing process till
+10 °C cells of (both frozen at -20 °C and at -40 °C) raspberries and red
currants were not damaged. The experiment shows that the temperature
chosen for frozen storage is sufficient to keep good quality of berries also
after thawing. But if it is necessary to keep frozen berries for longer period
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(6 to 12 months) then storage temperature at -20 °C might not be sufficient
for maintaining cell structure of berries.

Glass Transition process in berries of different raspberry and
black and red currant cultivars. As in previous experiments freezing at
-2042 ° significantly decreased ascorbic acid and soluble solids contents as
well as several sensory and physical properties, it was important to find
freezing and frozen storage conditions, which would not decrease quality of
frozen berries. Such constant storage conditions are possible, if berries are
stored at the temperature below glass transition temperature of maximally
crio-concentrated unfrozen matrix (Roos, 1995; Torreggiani et al., 1999).
Therefore next task of the research was to find glass transition temperature
in raspberry, black, red, and white currant cultivars and try to find out
possible ways to raise this temperature above economically reasonable
storage temperature.

Glass transition temperatures (77,) of eight raspberry, seven
blackcurrant and one red currant cultivar samples in the experiment ranged
between -34.37 °C and -58.77 °C (Fig. 6).

Cultivar  significantly influenced 77, of raspberries and
blackcurrants. The highest 7", was in raspberry cultivar ‘Bryanskii Rubin’
(-34.37£0.25 °C Yellow raspberry cultivar ‘Helcal’ had the lowest T,
(T';=-58.77£0.05). The highest Tg’ in blackcurrants was in ‘Ojebyn’
(-53.3340.24 °C), and the Ilowest in ‘Belorusskaya Sladkaya’
(-56.431£0.19 °C). Glass transition temperature of maximally crio-
concentrated matrix in redcurrant cultivar ‘Red Dutch’ was higher than in
blackcurrants (7",=-51.87+0.45).

Gordon-Taylor model was used to find dependence of glass
transition temperature from water content in product (Table 2.1.,
Equation 4). Fitted glass transition temperature of anhydrous solids Ty of
raspberries, blackcurrants and red currants lies between 30.21 and 62.7 °C,
and Gordon-Taylor constants k — between 3.59 and 4.28. R’ between the
experimental data and the model are high (0.923 — 0.993), which indicates
high correlation between them.

The phase transition diagram of berry unfrozen liquid matrix is made to
find the most suitable storage conditions for raspberry, black and red currant
samples. The data of necessary melting curves are calculated by equation of
Robinson-Stokes (Robinson and Stokes, 1965) and GAB model of desorption
process. The T, data calculated by model of Gordon-Taylor and data of
experimental glass transition temperature 7", of maximally cryoconcentrated
liquid phase and melting temperature 7", are included, too (Fig. 7).

The mass fraction of non-freezable water in evaluated samples (W',)
was 23.44 to 24.19%, it means that samples with higher water content will
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have freezable water. Therefore the recommended storage temperature of
fresh berry samples is below glass transition temperature of maximally crio-
concentrated unfrozen matrix.

The glass transition temperature of most purees, except that of
raspberry cultivar ‘Bryanskii Rubin’, was below -50 °C, which is not
suitable temperature for mass storage because of high expenses. One of the
possible solutions to raise this temperature could be raising the solution
concentration (Chiralt et al., 2001; Moraga et al., 2004).

Mass fraction of ice, depending on temperature, was calculated in the
fresh raspberry (with an average water content assumed to be 86%),
blackcurrant (average water content 80%), and redcurrant (average water
content 84%) samples as well as in the samples with reduced water content
to 70% (Fig. 8). Ice formation in fresh berries begins at temperature -2.08 to
2.35 °C and from 60 g (in raspberries and blackcurrants) to 66 g (in red
currants) of ice per 100 g of the sample is formed, before temperature is
decreased until approximately -10 °C. Then ice formation continues much
slower, until the sample temperature is decreased to 7, temperature
(melting temperature of ice crystals surrounding the maximally
cryoconcentrated berry liquid phase), in which the maximum mass fraction
of ice crystals is formed. Mass fraction of freezable and non-freezable water
can be calculated from initial water content and the maximum mass fraction
of ice crystals in the sample. In the tested samples, mass fraction of ice
crystals (freezable water) was 67.0% to 80.2% and mass fraction of non-
freezable water was 3.4% to 6.0% from the total sample mass.

Water content in the berry samples can be somewhat reduced in
order to increase frozen berry quality in traditional storage temperature
(-20£2 °C). If water content before freezing is reduced to 70%, mass
fraction of ice crystals in the samples, stored at the temperature -20 °C,
decreases to 47.5% - 53.2% from the total sample mass.

Research of frozen raspberry layer thawing temperature
dynamics. Using frozen berries in dessert their quality is influenced not
only by the changes during freezing and frozen storage but also by thawing.
Moreover for consumption of frozen berries in processing, it is necessary
often to predict thawing time of frozen berries and other parameters.
Therefore 5.0 cm thick bulk frozen raspberry layer, 5.0 cm thick block
frozen raspberry layer and 3.0 cm thick block frozen raspberry layer were
chosen for studying the thawing process.

Comparing theoretical model with experimental data temperature
coefficients of heat emission, conductivity coefficient, and thermo
conductivity coefficient of the layer were calculated. These raspberry layer
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thawing process parameters are important in thawing process modelling and
prediction in different layers.

Theoretical model is well fitted for characterisation of temperature
changes till melting point in different block frozen raspberry layers (Fig. 9)
but in bulk frozen raspberry layer temperature changes are different and
theoretical model is fitted only approximately. Some other physical
processes should be included in such model like air convection in layer.

In berry processing industry and also for consumption in dessert it
is necessary to predict how long thawing time is necessary till consumption
stage of berries. Theoretical model is developed only as far as thawing of
berries till beginning of melting in outside part of layer. Therefore to predict
the raspberry using temperature the experimental investigations were
carried on in all thawing and melting zone because it is not possible to
calculate thawing time straight from model. In comparison of experimental
data with predicted thawing time till -5 °C temperature it is possible to
establish time in which the product reaches the consumption temperature
with empirical formulas (in range of £15%) (Equations 1 and 2).

Tdes.=A'T2 (l)
Tproces.zB'TZ (2)
where T4, ~ — thawing time necessary for thawing berries till consumption in dessert;
0o —  time necessary for thawing till -5 °C temperature;
Twocess — thawing time necessary for thawing berries till processing
consumption;
A — coefficient for the calculation of thawing time till consumption in
dessert;
B — coefficient for the calculation of thawing time till processing stage.

The time necessery for consumption of berries in dessert and for
processing is calculated with acquaired formulas (Table 3 and Figure 10).

Table 3.
Block frozen raspberry layer thawing time from —20 °C
till usage temperature
Den- Time Thawing time Thawing time
sity . . for use in
necessary for | Coeficient for Coeficient . .
of P T industrial
lave thawing till A* application in B* ocessin
yer, -5 °C, min. dessert, min processing,
cm min.
3 88 2.6 228 1.8 158
5 158 2.2 348 1.8 284
8 257 2.1 540 1.8 463
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Thawing time in order of layer thickness both for consumption in
dessert and for processing is characterised by linear connection (Fig. 10).

For consumption of frozen berries in dessert -2.4 °C temperature is
chosen, which is 0.7 °C higher than melting temperature in the coldest point
of layer. Berries at this stage in all points of layer have finished the melting
process and warming has begun. For consumption in dessert it is important
that berries have finished melting but the drip loss should be minimal. For
industrial processing it is not necessary to get fully thawed berries but they
should be defrosted till the moment when it is easy to divide berries.
Therefore chosen temperature in the coldest point of layer (-3.6 °C) is
below the average melting temperature (-3.1 °C).
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CONCLUSIONS

1. The total anthocyanins (anti-oxidants and natural colorants) and titrable
acids in berries of different raspberry, black, red and white currant cultivars,
soluble solids content in berries of different raspberry, red and white currant
cultivars and carotenoids in berries of different raspberry cultivars does not
change after frozen storage. Only little decreasing of ascorbic acid in all tested
berries and soluble solids content in blackcurrants is observed, therefore frozen
berries can be used in processing with an equal value of fresh berries.

2. Ascorbic acid content in raspberry and anthocyanin content in blackcurrant
berries do not change at altered storage conditions after freezing, though losses of
ascorbic acid in black and red currant berries increased after 15-day storage in
floating temperature and after thawing at +4 °C temperature and second-time
freezing. Therefore berries, stored at unsuitable conditions, can be used for
processing, however, decrease of nutritional value is important for dessert.

3. The colour of raspberry puree is not affected by freezing but jams and
jellies, made from frozen blackcurrant puree and red currant juice are lighter. The
most suitable for blackcurrant jams is puree from frozen berries with the darkest
and more pure red colour. The use of frozen red and white currant juice for
processing jellies does not change their texture and flowability, but the texture
strength is significantly lower in blackcurrant jams of those cultivars which can
make jellies in fresh stage, therefore frozen juices and purees, which does not
form a jellylike structure, can be used for jam and jelly production.

4. Multi-criteria analysis is useful for selection of suitable cultivars for
production of frozen berries in dessert, of products with high contents of bioactive
components, and processing.

5. Mass fraction of non-freezable water (W',) in studied samples is 23 — 24%;
the samples with higher water content, for example, fresh berries, will contain
freezable water. Therefore recommended berry storage temperature is below glass
transition temperature of the maximally cryoconcentrated unfrozen matrix (77),
which is ranging from -34.37 —-58.77 °C in the studied samples. The samples of
raspberry cultivar ‘Bryanskii Rubin’ and blackcurrant cultivar ‘Ojebyn’ have the
highest 7", The quality of frozen berries can be improved by reducing water
content in the product to 70% prior to freezing, which results in decreasing of the
mass fraction of ice crystals at temperature -20 °C from 70 — 77% to 48 — 53%.

6.  Studied and approbated with experimental data theoretical thawing model is
suitable for characterisation of temperature changes till melting point in different
block frozen raspberry layers as well as for calculation of parameters of thawing
process (temperature coefficients of heat emission, conductivity coefficient, and
thermo conductivity coefficient) and estimation of berry thawing time for
processing and dessert.
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SUGGESTIONS FOR INDUSTRY

1.  The most suitable cultivars for utilisation berries in dessert are
raspberry cultivars ‘Tomo’, ‘Brigantina’ and ‘Bryanskii Rubin’,
blackcurrant cultivars ‘Detskosel’skaya’, ‘Yadrenaya’, ‘Joniniai’, ‘Chernii
Kentavr’, ‘Selechenskaya’ and ‘Mara’, and also red currant cultivars
‘Viksnes Sarkanas’, ‘Valentinovka’ and ‘Neimana Kirsu’. They were
conspicuous with big berries and low acid/sugar ratio as well as with little
drip loss after thawing and low friability level in frozen raspberries.

2. The most suitable cultivars for utilisation berries in production of
products with high contents of bioactive components: ascorbic acid and
anthocyanins, are raspberry cultivars ‘Sputnitsa’, ‘Ariadne’, ‘Bryanskii
Rubin’ and ‘Brigantina’ and blackcurrant cultivars ‘Iyunskaya’,
‘Detskosel'skaya’, ‘Vernisazh’, ‘Vakariai’, ‘Triton’, ‘Titania’ and
‘Joniniai’.

3. The most suitable cultivars for utilisation berries in processing are
raspberry cultivars ‘Sputnitsa’, ‘Meteor’ and ‘Kirzhach’, blackcurrant
cultivars ‘Titania’, ‘Katyusha’, ‘Triton’, ‘Zagadka’, ‘Vernisazh’, ‘Bagira’
and ‘Ojebyn’ and red currant cultivars ‘Viksnes Sarkanas’, ‘Neimana
Kirsu’, “Varshevicha’, ‘Red Dutch’ and ‘Vierlander’. These cultivars are
suitable for commercial growing in Latvian conditions as well as contain
big amount of anthocyanins.

4. Blackcurrant cultivars ‘Selechenskaya’, “Triton” and ‘Titania’ and red
currant cultivar ‘Viksnes Sarkanas’ are suitable for production of jam and
jelly with the darkest and more pure red colour.

5. White currant cultivar ‘Werdavia’ and red currant cultivar ‘Red Dutch’
are forming the strongest jelly texture without adding of pectin.
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