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PETIJUMA AKTUALITATE

Svaigiem augliem ir liela nozZime misu ikdienas uztura, jo tie
nodro§ina organismu ar nepiecie$amajam biologiski aktivajam vielam -
vitaminiem, mineralvielam, organiskajam skabém un S$kiedrvielam. P&dgjo
gadu laika tiesi svaigu auglu patérins sak butiski palielinaties.

Abeles ir viena no visvairak audzétajam auglaugu kultiiram Latvija.
Abolu kimisko sastavu un kvalitati kopuma ietekmé vairaki faktori, proti,
augSanas un klimatiskie apstakli, novakSanas laiks, ka arT butiska nozime ir
uzglabasanas tehnologijai. Diemzgl tirglh abolu kvalitate peédejos gados ir
butiski samazinajusies. Tam par iemeslu var biit neprecizi izvélets abolu razas
novak$anas laiks un nepiemérota uzglabaSanas tehnologija. Nosakot un
ievérojot abolu optimalo gatavibas pakapi razas novaksanas laika un izvéloties
piemérotu uzglabasanas tehnologiju, ir iesp&ams butiski pagarinat auglu
uzglabasanas laiku.

Nozimigakie raditaji, kas raksturo abolu kvalitati uzglabasanas
perioda, ir cietiba, $kisto$as sausnas un skabju saturs. Kontrolgjot Sos
parametrus, var prognozét veiksmigu uzglabasanas iznakumu. Savukart, zinot
konkrétas Skirnes @abolu Stnu lielumu, var prognozet to bojasanas intensitati.
Izp&tot abolu mikrofloras sastavu, var ieprieks paredzet, kadas mikroskopiskas
s€nes var izraistt noteiktas Skirnes abolu bojasanos un kadas biis tas attistibas
intensitate. Auglu uzglabaSanas laika bitiski ir kontrolét abolu sensoras
pasibas un to izmainas, izvértgjot dazadas uzglabasanas tehnologijas.

Uzglabajot abolus tradicionalos apstaklos noliktavas un So metodi
pirms glabasanas kombingjot ar etiléna inhibitora 1-MCP apstradi, ka ari
izmantojot kontrolétas aizsarggazu vides (CA) uzglabasanas tehnologiju ULO
kameras, ir iespgjams ilgstosi nodrosinat abolu kvalitati.

Svarigi ir uzglabasanas laika analizét visus dazadu Skirnpu abolu
ieprick§ minétos kvalitates parametrus, lai péc iespEjas precizak varétu
izv€leties piemérotako uzglabasanas metodi katrai $kirnei.

Latvija ir maz pétijumu par abolu novaksanas laiku un ar to ciesi
saistito gatavibas pakapi, kas ieverojami ietekmé auglu kvalitati, tos uzglabajot
atSkirigos apstaklos. Nav ari atrasti dati par abolu kvalitates izmainam
realizacijas laika tirdzniecibas tikla.

Promocijas darba ir izvirzita $ada hipotéze: abolu kvalitati nodroSina
glabasanas  tehnologija  tradicionalos  apstaklos kombinacija  ar
1-metilciklopropéna (1-MCP) un kontrol&ta aizsarggazu vide ULO kameras ar
pazeminatu skabekla saturu.

Promocijas darba hipotézi pierada ar aizstavamam tézem:
1. Abolu vaksanas laiku nosaka gatavibas pakapi raksturojosie raditaji.
2. Abolu kvalitati iespaido izvéléta uzglabasanas tehnologija.



3. Mikrofloras attistibu un tas izraisito abolu bojasanos ietekmé
uzglabasanas apstakli.

4. Abolu realizacijas laiku batiski ietekmé izvéléta uzglabasanas
tehnologija.

Promocijas darba pétijuma objekts — Latvija audz&tu rudens un
ziemas komercskirnu aboli.

Promocijas darba meérkis — vertét un salidzinat izvel&to
uzglabasanas tehnologiju nozimigumu abolu kvalitates saglabasana.

Promocijas darba mérka sasnieg8anai izvirziti $adi uzdevumi:

noteikt abolu optimalo gatavibas pakapi to ilgstosai uzglabasanai;
analizet abolu struktirmehanisko 1pasibu dinamiku glabasanas laika;
pétit abolu kimiskos raditajus pirms uzglabasanas un to izmainas
glabasanas laika;

salidzinat un vertét abolu sensoras ipasibas glabasanas laika;
noskaidrot mikrofloras attistibu uz abolu virsmas glabasanas laika;
novertét abolu kvalitates izmainas realizacijas laika péc uzglabasanas.
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Promocijas darba zinatniskais nozimigums.

Pirmo reizi Latvija vertéta etiléna izdaliSanos kav€joSa preparata
1-MCP (SmartFresh™) iedarbiba uz Latvija audzétu dazadu rudens un ziemas
komercskirnpu abolu kvalitati, tos ilgstosi uzglabajot tradicionalos apstaklos
noliktava, un salidzinatas §1 panémiena priekSrocibas ar glabasanu kontrolétas
aizsarggazu vides apstaklos ULO kameras ar pazeminatu skabekla saturu.

Promocijas darba tautsaimnieciskad nozime — jauno uzglabasanas
tehnologiju izp&te sniegs iesp&ju maza apjoma darzkopibas uznéméjiem ilgstosi
uzglabat Latvijas komercdarzos izaudz&to abolu razu, 1idz ar to maksimali ilgi
nodro§inot viet&jo tirgu ar labas kvalitates augliem.
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MATERIALI UN METODES
Pétijumu norises vieta

P&tfjumi veikti no 2011. 1idz 2014. gadam.

e Latvijas Valsts auglkopibas institiita Eksperimentalas auglu parstrades
laboratorija, Biokimijas laboratorija un Augu patologijas laboratorija,
kuras aboliem noteikta auglu gatavibas pakape, pétitas fizikalas un
kimiskas Tpasibas, analizéti mikrobiologiskie raditaji, ka arT veikts auglu
sensorais novertgjums;

e Latvijas Lauksaimniecibas universitates Partikas tehnologijas katedras
Mikrobiologijas zinatniskaja laboratorija noteikta abolu mikroflora;

e  Rigas Tehniskas universitates Visparigas kimijas tehnologijas institiita
pétita abolu paraugu mikrostruktiira;

e Latvijas Augu aizsardzibas pé&tniecibas centra veikta auglu puves
ierosinataju identificésana.

Pétijuma izmantotie materiali

Uzglabasanas pétijumoS izmantotas Latvijas Valsts auglkopibas
institita audz&to abelu Skirpu: ‘Auksis’, ‘Antej’, ‘Orlik’, ‘Gita’, ‘Belorusskoje
Malinovoje’, ‘Sinap Orlovskij’ un ‘Zarja Alatau’ augli, kas ievakti 2012. un
2013. gada septembri un oktobri divas vaksanas reiz€s ar 4—6 dienu starplaiku,
ka péc ilggad&jiem pétijumiem iesaka Latvijas zinatnieki (Drudze, 2003, 2005).

Pétijuma struktara

Aboli tiilit péc auglu novakSanas 24 stundu laikda noliktava tiek
atdzeséti Iidz +4 + 0,5 °C temperatiirai. Turpmak uzglaba un analizé Skirpu
‘Auksis’, ‘Antej’, ‘Orlik’, ‘Gita’, ‘Belorusskoje Malinovoje’, ‘Sinap Orlovskij’
un ‘Zarja Alatau’ abolus.

PEétijuma parbauditas divas abolu uzglabasanas tehnologijas:

—  atdzes&tu abolu glabasana tradicionalos apstaklos noliktava atmosféras

gaisa +2+1°C °C temperatiira ar relativo mitrumu 85%:

e bez apstrades — kontrole;
e kombinacija ar preparata 1-MCP apstradi;
— glabasana ULO kameras (Fruit Control Equipments, Italija), kuras
izveleti divi atskirigi aizsarggazu reZimi:
e ULO-1-0,1,00%, CO, 2,00%;
e ULO-2-0,1,50%, CO, 2,50%.

Zinatnieki (Weber et al., 2011) atzist, ka gazu sastavam ULO kameras
ir bitiska nozime, jo tas ietekm& abolu kvalitati, tadel ir Joti svarigi noteikt
optimalo gazu maistjuma sastavu, uzglabajot konkrétu Skirnu abolus. Katra
ULO kamera ievietoti ~ 100 kg auglu, katrs paraugs uzglabats atseviska PP
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kaste. P&tijuma izmantotas kontrol&tas Cetras aizsarggazu kameras divas —
ULO-1 un divas ULO-2 — kuras rudens $kirpu Auksis’, ‘Orlik’, ‘Gita’ aboli un
ziemas Skirpu ‘Antej’, ‘Belorusskoje Malinovoje’, ‘Sinap Orlovskij” un ‘Zarja

Alatau’

augli uzglabati atseviSski. Katra kamera atseviski astonas kastes

ievietoti rudens un ziemas $kirnes augli. Péc novaksanas nekavéjoties no katras
Skirnes atlasa 10 auglus, kuriem noteikti §adi parametri:

parauga kopg&ja masa (~ 6 kg);

gatavibas pakape:

joda-cietes tests, kas raksturo auglu gatavibas pakapi;

Streifa gatavibas indekss;

De Jegera indekss;

Fars indekss.

Gan péc novakSanas, gan glabasanas laika (péc tris un seSiem

menesiem) noteikti §adi parametri:

mikrobiologiskie raditaji:

raugu, pel&jumu un bakteriju kopskaits, ka ari Pseudomonas klatbiitne
uz abolu virsmas;

pétita auglu mikroflora péc morfologiskajam pazimém un biokimiskas
testsistémas API;

katrai Skirnei glabasanas laika konstatets bojato abolu daudzums un
analiz€ti puves ierosinataji (péc morfologiskajam pazimém un
sekvences);

fizikalie parametri: masas zudumi, auglu cietiba, $kistoSas sausnas
saturs;

kimiskie raditaji: kop&jo skabju saturs, kop€o fenolu saturs,
pektinvielu un C vitamina saturs;

mikrostruktliras analize — augla mikstuma S$tGnu izmérs Kkatras
glabasanai izveletas skirnes aboliem;

sensorie raditaji — patikSanas pakape un sensoro Tpasibu intensitate.
Petijuma kopégja struktiira paradita 1. attela.



¢ Gatavibas pakapes

Fizikalas analizes / Physical

{ Aboli/ Apples
o - i i analysis
noteikSana/Determination v i Kimiskas analizes / Chem ICaI
ofthe ripening degree : Razas vak§ana divasreizes sezona / analysis i
M1krokl))|olloglsklle radlta_]l/ * Twice harvesting Mikrostruktiras analizes/
Microbiclogical { . Microstructure analysis
parameters; L D
i Sensorieradtaji/ Sensory Atdzesgsana /Refrigeration ! Abolu apstradear 3
=, parameters T-24h;t-+4:0.5°C | 1-MCP/Applestreated with |
oo____AMCP ______ J
________ e s S R
[
| ULO-1 | ,‘ ULO-2 H :’ Uzglabasana noliktava/Storagecamera !
: 0,-1.00%; CO,—2.0%; |1 0,-150%; CO,—2.5%; I 0,—20.96%; CO,—0.03%; N,—78.06%; |
| N,—97%, t - +2+1°C; " ,—96%; t — +2+1°C; ! t— +4+0.5°C. RH - 85% !
. RH-85% Ao BHBM_____ PN . . S
Mikrobiologiskie raditaji/ Uzglabasana / Storage Fizikalas analizes / Physical :
Microbiological parameters; 3 ménesi / Months : analysis
i Sensorieraditaji/ Sensory 6 ménesi/ Months i Kimiskas analizes / Chemical :
.. parameters i analysis
v analizes/

Realizacijas laiks / Shelf life
1— 25 dienas (maksimalais),

Mikrostruktﬁras

Fizikalas analizes/ Physical analysis

_18t1°C Kimiskas analizes / Chemical
0,—20.96%; CO,—0.03% analy5|§ . {
N,- 78.06%; RH-65% Sensorieraditaji/ Sensory
._parameters

1. att. Petijuma struktiira/
Fig. 1. Structure of the research

Eksperimenta laika analizéti katras pétitas un dazados apstaklos
uzglabatas Skirnes divi identiski paraugi, katra parauga visas analizes veiktas
piecos atkartojumos.

Pétijuma izmantoto analiZu metoZu raksturojums

Promocijas darba abolu paraugu izpeteé izmantotas fizikalo, kimisko
un sensoro parametru noteik§anas metodes un standarti apkopoti 1. tabula.
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1. tabula/ Table 1

Abolu fizikalo, kimisko, sensoro raditaju noteik§anas metodes un

standarti/
Methods and standarts for determination of physico-chemical parametrs in
apples
Nr/ No Rﬁdi_tﬁji/ Metodes un standarti/
' Indices Methods and Standards
1 Joda - cietes tests/ Brookfield et al., 1997
' Starch iodine test
2 Streifa gatavibas indekss/ Streif, 1996
' Streif ripening index
3 De Jagera indekss/ De Jager et al., 1996
' De Jager index
4. Fars indekss/ Fars index Alegre et al., 2006
5 Auglu masas samazinajums/ Svara metode, elektroniskie
' Fruit weight loss svari (£0.001 g)
6. Abolu cietiba/ Apple firmness Kvikliene et al., 2008
7 Skisto§as sausnas saturs, °Brix/ LVS EN 12143:2001
' Soluble solids content, °Brix
Kopégjo skabju saturs, %/ LVS EN 12147:2001
Total acids content, %
9. C vitamina saturs/ LVS EN 14130:2003
Kopgjo fenolu saturs, mg GAE Spektrofotometriska metode/
10 100 g™/ Spectrophotometric method,
' Tcital phenolcontent, mg GAE 100 | (Singleton et al., 1999)
g
Pektinu saturs/ Pectin content Fotometriska metode (Matissek
11.
et al., 2009)
12 Abolu §iinu izméri / Zambrano-Zaragoza et al.,
" | Apple cell size 2014
Sensoras analizes — Linijskalaun | 1SO 4121:2003 Sensory
13 piecu punktu hédoniska skala/ analysis — Guidelines for the

Sensory analysis — Line scale and
five point hedonic scale

use of quantitative response
scales

Abolu virsmas mikrobiologiska vertésana

Abolu virsmas mikroflora noteikta atbilstosi LVS ISO 18593:2007

standartam “Partikas un dzivnieku baribas mikrobiologija. Horizontalas
metodes paraugu nemsanas panémieniem no virsmam, izmantojot kontaktplates
un tamponus”. Mikrobiologiskas analizes veiktas atbilstosi standartmetodém:
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—  Mezofili aerobo un fakultativi anaerobo mikroorganismu (MAFAM)
noteikSana lietots standarts LVS EN 1SO 4833-2:2014 ,,Partikas kédes
mikrobiologija. Mikroorganismu skaitiSanas horizontala metode.
2. dala: Koloniju skaitiSana izmantojot virsmas noklasanas metodi 30
°C temperatiira” un izmantojot ,Scharlau” firmas selektivo barotni
»Nutrient agar” (Ref. 064—TA2144).

— Raugi un pel&jumi noteikti, lietojot standartu LVS ISO 21527-1:2008
,Partikas un dzivnieku baribas mikrobiologija. Horizontala metode
rauga s€niSu un peléjumsénisu skaitisanai. 1.dala: Koloniju skaitiSanas
metode produktiem ar ddens aktivitati virs 0,95” un izmantojot
»Scharlau” firmas selektivo barotni ,,Malt Extract Agar ,, (Ref. 01-573).

— Pseudomonas spp. noteiksana lietots standarts LVS EN 1SO
16266:2008 ,,Udens kvalitate. Pseudomonas aeruginosa noteik$ana un
uzskaite.” Membranfiltrésanas metode, izmantojot ,,Sifin” firmas
selektivo barotni ,,Sojapepton - Caseinpepton agar” (Ref. TN 1185).
Raugu identificgSana noteikta ar bioktmiskas testsistémas API stripiem

—raugiem ar API 20 C AUX un ID32 C, bet bakterijam ar API 50 CHB.

Abolu bojasanas izraisitaju — mikroskopisko sénu — noteikSana

Abolu bojajumu noteiksana veikta, izmantojot mitras kameras metodi.
Bojatos abolus katru atseviski ievieto plastmasas karbina ar vaku. Karbinas
pamatné zem abola novietota destiléta fideni samitrinata filtrpapira salvete.
Paraugus uzglaba 14 dienas +25 °C temperatira mainiga diennakts gaismas un
tumsas reZima. Attistoties tipiskajai mikroskopisko sénu sporulacijai uz
bojatajam abolu vietam, no mikroskopiskajam séném izdalita ftirkultira, kas
turpmak izmantota molekularo analizu veikS$anai. Tirkultdrai izdalits rDNS
(ribosomala dezoksiribonukleinskabe), lai noteiktu taksonomisko piederibu,
analizéts ITS regions (internal transcribed space), izmantojot PKR (polimerazes
kédes reakcija) reakcijam universalo praimeru ITS 1F un ITS4 kombinaciju
(standarts askuséném), un sekvencesanas gaita iegiitas sekvences salidzinatas ar
datubazi NCBI GeneBank (Volkova et al., 2013).

Datu matematiska apstrade

Iegiito datu apstrade veikta ar matematiskas statistikas metodém, kur
iegiitajiem rezultatiem aprékinata videja aritmétiska vertiba, standartnovirze
un standartklida Microsoft Excel 7,0 programma. Lai noteiktu butiskumu,
rezultati analizéti ar SPSS 20.0, izmantojot divu faktoru dispersijas analizi
(ANOVA), LSD testu un Tjukija testu. Izvert§jot faktoru ietekmi, noteikta
p-vértiba, kura novertéta ka batiska, ja p-vértiba <o g5, Sensoro datu
apstrade veikta ar matematiskas statistikas metodi PanelCheck
(Setup_PanelCheck V1.4.0).
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PETIJUMA REZULTATI UN DISKUSIJA
1.  Abolu fizikalo un kimisko raditaju izvértéjums

Gatavibas pakape nosaka abolu vaksanas laiku un kimisko sastavu.
Neatbilstoss vaksanas laiks butiski ietekmé auglu uzglabasanas ilgumu un
kvalitati. Negatavi aboli uzglabaSanas laika intensivi elpo, un tas izraisa
bitiskus mitruma zudumus jeb nozuvumu, bet parak gataviem augliem nav
atbilstosas kvalitates un ir zema uzturvertiba, turklat tie ir jutigi pret zemu
temperataru (+2 °C), tade] abolu uzglabasanas ilgums ir Iss. Tapec pétjjuma
izveleti divi abolu vaksanas laiki, lai konstatétu péc iespgjas precizaku katras
Skirnes auglu vaksanas laiku.

P&tijuma rudens un agras ziemas Skirpu aboli novakti divas vaksanas
reizés ar 46 dienu starplaiku. 2012. gada $0 Skirnu abolu vaksanas laiks bija
3-4 dienas agrak neka 2013. gada (2. tabula). Turpreti ziemas $kirnu abolu
grupa vairuma gadijumu 2013. gada augli vakti 12-14 dienas agrak neka 2012.
gada. Vienigi Skirnu ‘Sinap Orlovskij” un ‘Zarja Alatau’ abolu vaks$anas
atSkiriba otraja reiz€ attiecigi bijusi tikai 4—7 dienas. Starplaiks starp vakSanas
reizém $o Skirnu abolu grupa bija 57 dienas.

Latvija zinatniece Drudze savos pétijumos ir defingjusi un ieteikusi
vakSanas parametrus noliktava uzglabajamiem aboliem (joda-cietes tests,
Streifa indekss) (Drudze, 2003; Drudze, 2005). Ari citi Latvija veiktie p&tfjumi
liecina, ka @bolu vakSanas laiks atkarigs no Skirnes, bet par optimalu joda-
cietes testa vertibu uzskata 5-7 punktus (Riekstina-Dolge, 2014; Krasnova,
2014).
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2. tabula/ Table 2

Abolu gatavibas pakapes raditaji vaksanas laika/
Apple maturity stage characterizing parameters aimed to determin the
optimal harvesting time

. Joda - cietes
Novikianas tests Streifa
- .
Sl’m.ne/ IS E datum_s / (2-10)/ indekss/
Cultivar = Harvesting : iy
=2 lodine - Streif index
2 c date
=B starch test
® DO
| £
Rudens $kirne/ IS
Autumn cultivar | > T | 2012 | 2013 | 2012 | 2013 | 2012 | 2013
Auksis” 1 | 06/09 |10/09 | 50 | 35 | 0.16 | 0.16
UKSIS 2 11/09 |14/09 | 55 | 65 | 0.10 | 0.07
orlilc 1 | 06/09 |10/09 | 40 | 35 | 019 | 015
i 2 11/09 |14/09 | 45 | 62 | 009 | 0.08
Gita 1 | 06/09 |10/09 | 50 | 6.3 | 011 | 0.08
fta 2 11/09 |14/09 | 54 | 64 | 012 | 007
Ziemas Skirne/
Winter cultivar
Aol 1 28/09 |14/09 | 45 | 61 | 012 | 011
nte) 2 | 03/10 |21/09 | 50 | 7.0 | 0.10 | 0.07
‘Belorusskoje 1 28/09 |14/09 | 50 | 3.7 | 018 | 0.18
Malnovoje’ 2 | 03/10 |21/09 | 50 | 59 | 013 | 0.10
‘Sinap 1 28/09 |21/09 | 40 | 40 | 019 | 019
Orlovskij’ 2 | 03/10 |26/09 | 48 | 43 | 015 | 017
Zaria Alataw’ 1 10/10 |26/09 | 45 | 43 | 012 | 014
J 4 2 16/10 |02/10 | 6.7 | 6.6 | 007 | 0.08

Izvertgjot pétijjuma iegiitos datus, konstatéts, ka abos vaksanas gados
Skirnes ‘Auksis’ aboliem Streifa indeksa rezultati atbilda optimalajai vértibai
(0,16-0,10), iznemot 2013. gada otras vaksanas reizes rezultatu (0,07). Skirnes
‘Orlik’ aboliem abos gados Streifa indekss bija tuvaks optimalam pirmaja
vaksanas reizé (0,19-0,15). Skirnes ‘Gita’ aboliem ieprieks pétijumi nav veikti,
Saja petljuma Streifa indeksa rezultati svarstijas no 0,12 lidz 0,07. Ziemas
skirnes ‘Antejs’ abolu gataviba atbilst Streifa indeksa optimalajai veértibai 0,12—
0,10. Noverots, ka skirnes ‘Beloruskoje Malinovoje’ aboliem Streifa indeksa
optimalo parametra lielumu augli sasniegusi 2013. gada, otraja vaksSanas reizé
(0,10). Skirnes “Sinap Orlovskij’ abolu Streifa indeksa vértibas rada, ka abos
gados tuvaka optimuma bijusi pirma vaksanas reize (0,19). Skirnes ‘Zarja
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Alatau’ a@boliem konstatétas nebitiskas (p>0,05) atskiribas Streifa indeksa
vertiba abos gados visos vakSanas laikos, tomér Streifa indekss tuvaks
optimalajai vertibai bija otraja vakSanas reizé (0,08-0,07). Uzglabasanai
noliktava gan ar 1-MCP apstradi, gan bez tas rudens skirpu aboliem
rekomendéjama Streifa indeksa vértiba ir 0,07-0,12, uzglabasanai ULO
kameras 0,08-0,19. Savukart ziemas Skirnu abolu uzglabasanai noliktava gan
ar 1-MCP apstradi, gan bez tas ieteicama Streifa indeksa vértiba var bat
0,07-0,17, bet uzglabasanai ULO kameras 0,10-0,19.

Abolu audu cietibas izmainas uzglabaSanas laika

P&c Centralaja statistikas parvalde (CSP) pieejamiem datiem redzams,
ka visvairak audzeta abelu skirne Latvija ir ‘Auksis’. Statistiskie dati liecina, ka
§ts skirnes abelu stadijumi ir divas reizes lielaki neka Skirnei ‘Antej’ un pat
Getras reizes lielaki neka Skirnei ‘Sinap Orlovskij’!. Tade] tika nolemts
turpmakaja pétijuma detaliz&ti atspogulot tikai tos datus, kas iegtti, analiz§jot
Skirnes ‘Auksis’ abolus.

Abolu cietiba ir atkariga no gatavibas pakapes, audzeSanas vietas,
laika apstakliem un Skirnes. Ta pazeminas, augliem nogatavojoties, tapéc visam
abolu skirném augstaka cietiba nov€rota pirms uzglabasanas. P&c literatiira
pieejamiem zinatnieku pétijumiem var secinat, ka uzglabasanas tehnologija
batiski ietekmé abolu cietibu ( Kopcke, 2015).

2012. gada pirmaja vakSanas reiz€ SkirneS ‘Auksis’ abolu cietiba
pirms uzglabasanas bija 9,40+1,92 N, bet otraja vaksSanas reiz€, kad Streifa
indekss liecindja, ka aboli sasniegusi optimalo vaksSanas gatavibu — 6,55+0,78
N. Pé&c 6 méneSu uzglabasanas tradicionalos apstaklos +2 °C temperatiira
cietiba ir samazindjusies lidz 2,61+0,19 N (pirma vaksanas reize) un lidz
2,44+0,21 N (otra vaksanas reize). Augliem, kas tika apstradati ar 1-MCP,
cietiba mainijas mazak — 3,15+0,92 (pirma vaks$anas reize) un lidz 2,79+0,56
(otra vaksanas reize). Lidzigi rezultati iegiiti, uzglabajot arT 2013. gada razas
auglus.

! Pieejams: http://www.csb.gov.Iv/notikumi/24-tukstosos-hektaru-abeldarzu-
aug-vairak-neka-13-miljoni-abelu-36541.html (skatits 27.04.2015)
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2. att. Skirnes ‘Auksis’ abolu cietibas izmainas péc seSu ménesu
uzglabasanas/
Fig. 2. Changes in firmness of apple cultivar ‘Auksis’ after six
months of storage

‘Auksis 1x’ — pirma vaksanas reize; ‘Auksis 2x’ — otra vakSanas reize

‘Auksis Ix’ — first harvesting time; ‘Auksis 2x’ — second harvesting time
Vertibas, kas atzimétas ar vienu un to pasu burtu, bitiski neatskiras (p> 0,05)/
Values, marked with the same letter, are not significantly different (p> 0.05)

Abolu cietiba péc 6 menedu uzglabasanas ULOl1 kamera bija
4,3140,55 N (pirma vakSanas reize). Lai ari otraja vakSanas reiz€ auglu
gataviba bija optimala, kamera ar §adu gazes sastavu (CO, 2,0%; O, 1,0%), visi
augli bija fiziologiska rakstura slimibu bojati, tapéc dati par to cietibu netika
iegti.

ULO2 kamera, (CO, 2,5%; O, 1,5%), auglu cietiba bija saglabajusies
nedaudz labak — 4,74+0,5 N (pirma vaksSanas reize) un 4,42+0,38 N (otra
vaksanas reize). Arl Lietuvas zinatnieki konstatjusi (Viskelis et al., 2011), ka
Skirnes ‘Auksis’ abolu cietiba, astonus ménesus uzglabajot tos aizsarggazu vide
ar paaugstinatu oglskabas gazes saturu, samazinas mazak neka kontroles
aboliem.

Vertgjot cietibas izmainas abolos, kas uzglabati daZados
tehnologiskajos reZzimos, abos pétijuma gados visvairak cietiba samazinajusies
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kontroles paraugos (p<0,01) (vid&ji divas reizes), salidzinot ar augliem, kas
uzglabati ULO kameras ar dazadu gazu sastavu (ULO1 par 69,97% un ULO2
par 62,09%).

Rudens $kirnu abolu cietiba, uzglabajot noliktava (kontrole), vidgji
samazinajas par 64,66%, savukart, apstradajot ar 1-MCP cietibas izmainas bija
mazakas — par 59,10%, bet, glabajot ULOl un ULO2 kameras, cietiba
izmainijas butiski mazak — attiecigi par 46,44% un 41,59%. Ziemas Skirnu
kontroles paraugu cietiba samazindjas par 62,30%, apstrade ar 1-MCP to
izmainfja mazak — par 59,49%, bet ULOIl un ULO2 kameras abolu cietibas
izmainas bija vismazakas, attiecigi par 40,69% un 39,10%.

Abolu mikrostruktiiras izmainas uzglabasanas laika

Abolu $iinu lielumu vidéjas izmainas paraditas 3. tabula. Redzams, ka
tradicionalos apstaklos noliktava (kontrole) uzglabatiem augliem $tnu izméri
samazinas visvairak — par 18,31%, savukart ar 1-MCP apstradato abolu $tnu
izméri izmainijusies mazak neka kontroles paraugam — par 15,47%. ULO1 un
ULO2 kameras glabato auglu $tnu izméri samazingjas ieveérojami mazak —
attiecigi par 3,39% un 4,43%. Viens no iesp&jamiem skaidrojumiem var€tu bat
paléninatais vielmainas process, ko nodroSina apstrade ar 1-MCP, ka ar1
uzglabasana ULO kameras ar pazeminatu skabekla saturu aizsarggazu
maisjjuma.

3. tabula/ Table 3.
Abolu $iinu izméra samazinaSanas péc seSu menesu uzglabasanas (%)/
Reduction the size of cells in apples after six months of storage (%0)

Rudens skirne/ Ziemas Skirne/
&= Autumn cultivar Winter cultivar
= ] >
S =0 S .
2225 o g2 .3
_ - - F— E
SESE ¢ |£| B |2 |%s| 82|58
2£78 : | 6| 0 | 2|55 58|88
I < : - S 128|757 <
- >
Noliktava/ Cooling | 5, 1645 |33 064 15.98¢ | 8.75¢ | 24.00° | 15.74° | 8,51

chamber
1-MCP+ noliktava/
1-MCP+cooling 13.14° [32.399 8.08° | 7.54%| 27.04"| 16.59° | 3.56'

chamber
ULO1 2849 [4.19"] 5.67° [551°] 4217 | 0.72' | 0.65'
ULO2 6.967 |3.88"| 3.227 [6.78%] 6.14% | 2.36%" | 1.73"

* Vertibas, kas atzimétas ar vienu un to pasu burtu, butiski neatskiras (p>0,05)/
Values, marked with the same letter, are not significantly different (p>0.05)
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Pirms uzglabasanas abolu $tinas izskatijas vairak piebriedusas (3. att. a
un b), taéu péc uzglabasanas noliktava (kontrole) tas bija kluvusas smalkakas
(3.att. ¢) un nedaudz iegarenas (3. att. d). Ari auglu apstrade ar 1-MCP
samazindja to $tnu izmérus (3. att. e), kamér skirnes ‘Orlik’ auglu $tinas ar
lielako izméru (3. att. f) uzglabasanas laika nemainijas.

3. att. Abolu $iinu izmeérs (2000x palielinajums)/
Fig. 3. The size of cells in apple (magnification 2000X)

a — Skirnes aboli ar mazo §tinu izméru ‘Belorusskoje Malinovoje’, b — Skirnes
aboli ar lielo §tnu izméru ‘Orlik’ (a, b, pirms uzglabasanas); ¢ — Skirnes aboli
ar mazo $tnu izméru ‘Belorusskoje Malinovoje’, d — skirnes aboli ar lielo §tnu
izméru ‘Zarja Alatau’ (c, d — noliktava); e — $kirnes aboli ar mazo $anu izméru
‘Belorusskoje Malinovoje’, f — Skirnes a@boli ar lielo $tnu izméru ‘Orlik’
(e, f— 1-MCP+noliktava)
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Dazados apstak]os seSus ménesus glabatu abolu §tnu izméri izmainijas
atSkirigi: rudens Skirnu abolos, kas tika glabati noliktava (kontrole), vid&jais
§linu samazinajums bija par 23,73%, savukart, apstradajot ar 1-MCP — tikai par
18,31%, bet, glabajot ULO1 un ULO2 kameras, attiecigi par 4,23% un 3,55%;
ziemas Skirnu kontroles paraugu abolu $tnu izméri samazinajas mazak — par
14,25%, apstrade ar 1-MCP §iinu izm@rus izmainija par 13,68%, bet ULOI1 un
ULO?2 kameras glabato abolu Stinas izmainijas biitiski mazak — rudens Skirnu
abolos attiecigi par 4,23% un 3,55%, ziemas — par 2,77% un 4,25%.

Pektina satura izmainas abolos

Abolos esofais protopektins nogatavoSands laika parveidojas par
pektinu, kas ietekmé auglu kvalitati.

Pektina saturs 2012. gada razas auglos abas vakSanas reiz€s pirms
uzglabasanas bija vid&ji vienads (4. att.).

L0 | | .15

>
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£

8 = . ; 37b
> 3 1-MCP+noliktava/ 1-MCP+cooling chamber 0.356¢
(=] 1
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s g Noliktava/ Cooling chamber —" 0.35be
wn ~N
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2 gﬁ uLo1 — 0.39b
Z 2 1mcpeol i 4%
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Pektina saturs, g 100 g1/ Pectin content, g 100 g*
B 'Auksis 2x' B 'Auksis 1x'
4. att. Pektina satura izmainas Skirnes ‘Auksis’ abolos péc seSu
ménesu uzglabasanas/
Fig. 4. Changes of pectin content in cultivar ‘Auksis’ apples
during six months of storage

‘Auksis 1x’ — pirma vaksanas reize; ‘Auksis 2x’ — otra vakSanas reize

‘Auksis Ix’ — first harvesting time; ‘Auksis 2x’ — second harvesting time
Veértibas, kas atzimétas ar vienu un to pasu burtu, butiski neatskiras (p> 0,05)/
Values, marked with the same letter, are not significantly different (p> 0.05).
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P&c seSu ménesu glabasanas gan kontroles parauga, gan ar 1-MCP
apstradatajos auglos pektina saturs butiski samazinajas — vidgji par 60%.
Lidziga tendence tika novérota ar1 pargjam analiz&tajam abolu skirném. Bitiska
atskiriba (p<0,05) starp kontroli un apstradi ar 1-MCP netika konstatéta.
Pektina satura izmainas uzglabaSanas laika ULO kameras kontroléta
aizsarggazu vide bija mazakas, bet savstarpgji batiski (p<0,05) atskirigas.

Statistiski salidzinot pektina satura izmainu datus starp uzglabaSanu
noliktava un ULO2 kamera tika konstat&tas bitiskas (p< 0,05) atSkiribas.

Pektina saturs noliktava glabatajos rudens un ziemas Skirnpu abolos
samazinas par 12,68% un attiecigi par 23,48%. Ar 1-MCP apstradatajos rudens
Skirnes abolos palielinas par 20,76%, bet ziemas Skirnes abolos samazinas par
10,61%. ULO1 un ULO2 rudens Skirnes abolos palielinas par 55,96% un
attiecigi par 48,83%, bet ziemas Skirnes abolos par 13,23% un attiecigi par
18,92%.

Skisto$as sausnas satura izmainas abolos

Skistosas sausnas saturs $kirnes ‘Auksis’ auglos (5. att.) 2012. gada
pirms uzglabasanas abos vak$anas laikos bija gandriz vienads. Ari péc seSu
ménesu uzglabasanas visos uzglabasanas reZimos izmainas bija minimalas.

Analizgjot datus statistiski, noverots, ka nepastav butiska (p=0,05)
atSkiriba starp sakotngjo $kistosas sausnas saturu (5. att.) pirms uzglabasanas
un pec seSu meneSu uzglabasanas gan noliktava bez apstrades (kontroles
paraugs), gan apstradajot ar 1-MCP.

Skirnes ‘Auksis’ dbolos (pirma un otra vakSanas reize) $kistosas
sausnas saturs uzglabasanas laika ULO1 un ULO2 kameras, batiski (p<0,01)
paaugstinajas. Ta, pieméram, $kisto§as sausnas saturs ULO1 kamera glabatajos
auglos bija 12,23+0,27 °Brix (pirma vaksanas reize). ULO2 kamera $kistosas
sausnas saturs palielingjies 11dz 11,7440,29 °Brix (pirma vaksSanas reize) un
lidz 11,99+0,28 °Brix (otra vaksanas reize).

Pétijuma rezultati rada, ka uzglabasanas laika $kistosas sausnas saturs
palielinajies gan ar 1-MCP apstradatos abolos, kas glabati noliktava, gan
abolos, kas glabati ULO kameras atSkiriga aizsarggazu sastava. Kontroles
parauga skisto$as sausnas saturs nedaudz samazinajies. Un tas liecina par auglu
pargatavoSanos.

Skistosds sausnas saturs péc se§u méneSu uzglabasanas rudens un
ziemas Skirpu abolu kontroles paraugos izmainijas atSkirigi: rudens Skirnu
abolos samazinajas par 5,03%, turpretim ziemas — palielinajas par 2,27%.
Abolu apstrade ar 1-MCP $kistosas sausnas saturu palielinaja: rudens $kirnu
abolos par 0,53%, bet ziemas Skirnu abolos batiski vairak — par 6,04%.
Savukart ULOI1 un ULO2 kameras glabatajos abolos Skisto$as sausnas saturs
palielingjas attiecigi par 9,71% un 5,27% rudens, bet par 15,33% un 10,56%
ziemas $kirnu abolos.
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5. att. Skisto§as sausnas satura izmainas Skirnes ‘Auksis’ abolos
péc seSu ménesu uzglabasanas/
Fig. 5. Changes in soluble solids content of apple cultivar
‘Auksis’ after six months of storage

‘Auksis 1x’ — pirma vaksanas reize; ‘Auksis 2x’ — otra vakSanas reize

‘Auksis Ix’ — first harvesting time; ‘Auksis 2x’ — second harvesting time
Vertibas, kas atzimétas ar vienu un to pasu burtu, batiski neatskiras (p>0,05)/
Values, marked with the same letter, are not significantly different (p>0.05)

Kopéjo skabju satura izmainu raksturojums abolos

Galvenas abolos eso$as skabes ir abolskabe, citronskabe un vinskabe,
un to saturs ir atkarigs no Skirnes un auglu gatavibas pakapes. NogatavoSanas
laika aboli zaud€ organiskas skabes, galvenokart, abolskabi, un tiem mainas
skabuma intensitate. Kop&jo skabju samazinajums skaidrojams ar endogéno
enzimu aktivitati, pieméram, malatdehidrogenazes (EC 1.1.1.37) enzimu
iedarbibas rezultata (Krebsa cikls) abolskabe (L-malats) parveidojas par
oksalacetatu, kam ir vajaka skabuma intensitate.

Kopgjo skabju saturs abolos (‘Auksis’) pirmaja vaksanas reiz€ (pirms
uzglabasanas) bija 0,62+0,01%, bet otraja — 0,47+0,04%. P&c seSu ménesu
glabasanas noliktava kop€jais skabju saturs kontroles parauga samazinajas
gandriz divas reizes (p<0,01) (6. att.). Kopgjo skabju saturs péc uzglabasanas
noliktava ar 1-MCP apstradatajos abolos ka pirmaja, ta otraja vakSanas reizé
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samazinajas bitiski mazak neka kontroles parauga. ULO1 un ULO2 kameras
glabatajos abolos kop€jo skabju satura samazinajums bija lidzigs ka ar 1-MCP
apstradatajos.

Zinatnieki savos pétfjumos noverojusi Iidzigu tendenci — abolu
kopgjais skabju saturs uzglabasanas laika butiski samazinas, jo elposanas dél
paatrinas auglu metabolisms (Rivera, 2005; Gharif et al., 2009; Jan et al.,

2012).
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Noliktava/ Cooling chamber _ 027e
0.84a
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uLo1 _ 034c
. . 0.43b
1-MCP+noliiaval 1-MCP--cooling chamber | 04t
] ] 0.33¢
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0.0 05 1.0
Kopéjo skabju saturs, %/ Total acid content, %

@ 'Auksis 2x' B 'Auksis 1x'

2013-2014. gada

Uzglabasanas tehnologija/ Storage technology

2012-2013. gada

6. att. Kop€jo skabju satura izmainas Skirnes ‘Auksis’ abolos péc
seSu ménesu uzglabasanas/
Fig. 6. Changes of total acid content of apple cultivar ‘Auksis’
during six months of storage

‘Auksis 1x’ — pirma vaksanas reize; ‘Auksis 2x’ — otra vakSanas reize

‘Auksis Ix’ — first harvesting time; ‘Auksis 2x’ — second harvesting time
Veértibas, kas atzimétas ar vienu un to pasu burtu, batiski neatskiras (p>0,05)/
Values, marked with the same letter, are not significantly different (p>0.05).

Abolskabes samazinaSanas ir tie$i atkariga no abolskabes un
citronskabes satura, jo péc fermentacijas kop&jais skabju saturs samazinas un
pH vértiba paaugstinas par 0,1 Iidz 0,3 vienibam. Abolskabes-pienskabes
fermentacijas laika dikarboksilabolskabe parveidojas par
monokarboksilpienskabi un notiek kvantitativa skabes satura samazinaSanas.
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Ka uzskata dazi zinatnieki, Sos procesus ir gruti izsekot, jo ir zinams, ka
pienskabe var veidoties ne tikai abolskabes metabolisma, bet arT pienskabes
fermentacijas d&] (Dharmadhikari, 2002).

Vertgjot vidgjos datus abos abolu vaksanas gados, redzams, ka kopgjais
skabju saturs kontroles parauga samazinajies vidgji par 51,87%, un ar 1-MCP
apstradajos abolos par 42,57%, bet ULO1 un ULO2 kameras uzglabatajos
abolos attiecigi par 39,07% un 31,57%. Lielakais kop&jo skabju samazinajums
kontroles parauga skaidrojams ar metabolisko procesu turpindjumu auglos,
turpretim abolu uzglabasana ULO kameras pazeminata skabekla satura
aizsarggazu vide enzimu darbibu palénina, tade] kopg&jo skabju satura izmainas
uzglabasanas laika ir mazakas.

Kopgjo skabju saturs péc seSu ménesu uzglabasanas rudens un ziemas
Skirpu abolu kontroles paraugos samazinajas atskirigi: rudens $kirnu abolos par
57,11%, bet ziemas — par 50,61%. Abolu apstrade ar 1-MCP kopgjo skabju
saturu izmainas bitiski samazinaja: rudens Skirnu abolos par 44,75%, bet
ziemas — par 41,14%. ULO1 kamera glabatajos rudens Skirnu abolos kopgjo
skabju saturs samazinajas 1idzigi ka kontroles parauga — par 50,22%, bet ULO2
kamera — par 37,22%, savukart ziemas Skirnu abolos kopgjo skabju
samazinajums bija attiecigi 29,85% un 26,84%.

2. Abolu sensoris noveértésanas rezultati

Sensoras noveértéSanas rezultati liecina, ka novaksanas laiks butiski
ietekmé (p<0,05) abolu sensoras IpasSibas (krasu, aromatu, garSu, skabumu,
saldumu, suligumu) un to intensitati, bitiska ietekme (p<0,05) ir izvEl&tajai
uzglabasanas tehnologijai. Péc seSu méne$u uzglabasanas vissuligakie bija
Skirnes ‘Sinap Orlovskij’ aboli, kas apstradati ar 1-MCP un glabati noliktava,
bet Skirnes 'Zarja Alatau' un 'Belorusskoje Malinovoje' augliem péc apstrades
ar 1-MCP un uzglabasanas noliktava konstatéts izteiktaks suligums un skabums
(7. att.). Suligi bija arT ‘Sinap Orlovskij’ a@boli, kas glabati ULO1 kamera
pazeminata skabekla satura vide, un skirnes ‘Zarja Alatau’ aboli, kas glabati
ULO2 kamera. Savukart skirnes ‘Antej” un ‘Gita’ aboliem, kas apstradati ar
1-MCP, péc seSu méneSu uzglabasanas noverots izteiktaks skabums. Otraja
petijuma gada ar 1-MCP apstradatajiem Skirnes ‘Zarja Alatau’ augliem
konstatéta izteikta skaba garsa.

Skirnes ‘Auksis’ un ‘Gita’ aboliem p&c seSu ménesu uzglabasanas
ULO1 un ULO2 kameras bija butiski izteikts (p<0,05) suligums un skabums,
bet skirnes 'Antej' aboliem izteikts suligums konstatéts tikai ULO1 kamera
glabatiem paraugiem.
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PC2(28.7%)
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1B-'Belorusskoje Malinovoje' pirms uzglabasanas
2B-'Belorusskoje Malinovoje’ noliktava
3B-'Belorusskoje Malinovoje' 1-MCP+noliktava
4B-'Belorusskoje Malinovoje' ULO1
5B-'Belorusskoje Malinovoje' ULO2

1S-'Sinap Orlowskij' pirms uzglabasanas
2S-'Sinap Orlowskij' noliktava

3S-'Sinap Orlowskij' 1-MCP+noliktava
4S-'Sinap Orlowskij' ' ULO1

5S-'Sinap Orlowskij' ULO2

1Z-Zarja Alatau’ pirms uzglabasanas

2Z7-Zarja Alatau' noliktava

3Z-Zarja Alatau' 1-MCP+noliktava

4Z-'Zarja Alatau' ULO1

5Z-Zarja Alatau' ULO2

att. 2012. un 2013. gada pirmaja reize vakto abolu sensoro

ipasibu intensitates izvertéjums/

Fig. 7. Evaluation of apple sensory attribute’s intensity on the

first harvesting time at year 2012 and 2013
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3. Abolu virsmas mikrobiologiska izvertesana

Visintensivaka bakteriju attistiba norisinajusies uz noliktava glabato
paraugu virsmas Skirnes 'Auksis' aboliem (8. att). Kopgjais bakteriju skaits
noliktava glabatajiem aboliem svarstijas robezas no 379 KVV cm? lidz
470 KVV cm™ Biitiskas atikiribas starp apstradatajiem aboliem (1-MCP)
uzglabasanu noliktava un kontroles variantu (tikai noliktava) netika atrastas
(p>0,05), bet tika noverotas atskiribas starp gadiem (8. att.). Pirmaja p&tijjuma
gada noliktava glabatajiem aboliem baktériju kopskaits bija 435 KVV cm™, bet
otraja gada 1-MCP+noliktava uzglabatajiem aboliem koloniju veidojoSo
vienibu skaits bija konstants — 356 KVV cm™, kas ir biitiski atskirigi (p>0,05)
rezultati. Lielaks bakteriju kopskaits pec uzglabasanas noliktava skaidrojams ar
sekundaro @bolu virsmas piesarnosanos no apkartgjas vides, jo noliktavas gaisa
piesarnosanas pakape bija augstaka neka citiem uzglabasanas kameram (ULOL,
ULO2).
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Uzglabasanas ilgums/ Storage time
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8. att. MAFAM kopskaita dinamika uz Skirnes 'Auksis' abolu
virsmas uzglabasanas laika/
Fig. 8. The dynamics of total plate count of bacteria on the
cultivar ‘Auksis’ apple surface during storage

Bakteriju kopskaits uz ULO kameras glabato abolu virsmas
uzglabasanas beigas bija butiski (p<0,05) mazaks (divas reizes), salidzinot ar
noliktava glabatajiem paraugiem. Tas skaidrojams ar kavétu anaerobo bakteriju
attistibu, bet fakultativi aerobas bakterijas turpinaja attistities. Vismazakais
baktériju kopskaits novérots otraja petijjuma gada uz ULO2 kamera glabato
$kirnes ‘Sinap Orlovskij’ auglu virsmas — 166 KVV cm™,
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Raugu koloniju veidojoso vienibu skaits uz Skirnes 'Auksis’ abolu
virsmas uzglabasanas laika butiski neat$kiras ne no uzglabasanas tehnologijas,
ne petjuma gada (9. att.). Ari raugu skaits uz aboliem, kas glabati ULO
kameras, bija diezgan augsts, jo raugi spgj attistities vidé bez skabek]a.
Kopgjais raugu koloniju veidojoSo vienibu skaits paliclinajas lidzigi gan
uzglabajot noliktava, gan ULO kameras (9. att.).
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9. att. Raugu skaita izmainas uz $kirnes 'Auksis' abolu virsmas
uzglabasanas laika/
Fig. 9. The dynamics in count of yeasts on the cultivar ‘Auksis’
apple surface during storage

Nav atrodami citu zinatnieku dati par raugu, pel&§jumu un baktériju
koloniju veidojoso vienibu skaita pielaujamo robezu uz abolu virsmas.

4. Abolu bojasanas iemeslu izvértéjums uzglabasanas laika

Lielakie abolu bojajumi uzglabasanas laika noveroti kontroles varianta
paraugiem, kas uzglabati noliktava, ta, pieméram, no $kirnes 'Orlik' aboliem
88,1% (4.tabula) bija bojati. Noliktava glabatajiem paraugiem ar ieprieksgju
inhibitora 1-MCP apstradi sénu izraisitie bojajumi bija mazaki — no 2,08%
gkirnes 'Auksis' aboliem Iidz 30,95% $kirnes 'Orlik' aboliem. Abolu paraugiem,
kas uzglabati ULO1 kamera, vismazakais bojato abolu Ipatsvars noverots abolu
Skirnei 'Sinap Orlovskij' — 1,32 %, turklat Sai abolu Skirnei péc 6 menesu
uzglabasanas ULO un 1-MCP+noliktava apstaklos bojato abolu nebija.
Lielakais bojato abolu daudzums, uzglabajot ULO1 kamera bija $kirnes 'Gita'
aboliem (7,89%), bet, izmantojot ULO2, Skirnes 'Zarja Alatau' aboliem
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(6,79%), un mazakie zudumi ULO2 kamera uzglabatajiem paraugiem noveroti
skirnes 'Auksis' (1,43%) un 'Antej' (1,45%) aboliem.

4. tabula/ Table 4.

Bojato abolu skaits péc seSu ménesu uzglabasanas (%)/
Number of damaged apples after six months of storage (%)

UzglabaSanas tehnologija/ Storage technology
1-MCP
Skirne/ 3 @ Noliktava/ +noliktava/
C'IE“" SE Cooling 1-MCP uLO1 ULO2
uftivar =% chamber +cooling
g % chamber
® D
Z <
Rudens § f ) < ™ < ™ < ™ <
skirne/ 3 S b bS] b ) ) S
cultivar
Auksi 1 30.00 n.a. 2222 | 10.76 | 235 | 3.38 | 1.43 | 1.54
UKSIS 2 | 1442] 990 | 208 | 631 | na | 405 | 187 | 235
orlik 1 |8810| na |3095| na | 551|516 | 233 | 357
2 n.a. n.a. 25.93 n.a. na. | 6.01 | 3.96 | 3.12
Gita 1 n.a. n.a. 2195 | 2121 | 789 | 543 | 3.28 | 4.14
2 n.a. n.a. n.a. 1838 | na. | 6.26 | 5.85 | 5.32
Ziemas
skirne/
Winter
cultivar
Antej' 1 2424 | 19.23 | 11.76 | 1545 | 223 | 3.29 | 1.45 | 1.89
2 13.89 | 10.68 5.56 6.36 | 3.21 | 391 | 258 | 3.04
‘Belorusskoje 1 39.02 | 28.35 | 1250 | 1231 | 298 | 3.15 | 3.21 | 2.19
Malinovoje’ 2 | 1429 | na | 930 | 1305 | na | na | 6.18 | na
'Sinap 1 9.76 12.23 4,08 5.32 0 0 0 0
Orlovskij' 2 6.50 5,51 0 3.22 n.a. 1.32 0 1.95
Zaria Alatad’ 1 15.38 | 14.21 | 15.79 | 9.82 n.a. 5.65 | 4.65 | 5.01
) 2 | 1533 | na | 1111 | 1004 | na | na | na | 6.79

n.a. — netika analizgts (fizikalo, fiziologisko un mikrobiologisko bojajumu dél)
n.a. — not analysed (due to physical, physiological and microbiological
damages)

Uzglabajot noliktava (kontrole), rudens S$kirpu abolu bojasanas
intensitate bija 78,53%, savukart, apstradajot ar 1-MCP, bojasanas intensitate
samazinajas — Iidz 38,31%, bet, glabajot ULO1 un ULO2 kameras, bojasanas
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intensitate bija butiski mazaka — attiecigi 28,83% un 3,23%. Ziemas Skirpu
kontroles paraugu bojasanas intensitate bija 26,78%, bet apstrade ar 1-MCP
bojato auglu daudzumu samazingja — lidz 9,10%, kamér ULO1 un ULO2
kameras bojasanas intensitate bija attiecigi 39,10% un 14,93%. Rudens Skirpu
abolus ieteicams uzglabat ULO2 kamera attieciga aizsarggazu rezima, savukart
ziemas Skirpu abolus ieteicams uzglabat noliktava ar iepriekséju 1-MCP
apstradi.

No noliktava uzglabatajiem aboliem (10. att. a.), kam ir redzami
bojajumi, izdalitas $adas mikroskopiskas sénes: Penicillium expansum
(30,44%), Monilinia fructigena (26,08%), Neofabraea alba (21,73%),
Colletotrichum acutatum (13,04%), Botrytis cinerea (8,69%).

10. Mikroorganismu daudzveidiba, kas izdaliti no bojatajiem aboliem
(a—noliktava, b — 1-MCP+noliktava, ¢ — ULO1, d — ULO2)/
Fig. 10. Spectra of isolated microorganism from damaged apples
(a — cooling chamber, b — 1-MCP+cooling chamber, ¢ — ULO1, d - ULO2)

Ar 1-MCP apstradatajiem aboliem, kam redzamas (10. att. b.)
bojajumu pazimes, izdalitas mikroskopiskas sénes: Penicillium expansum
(35,26%), Colletotrichum acutatum (23,57%), Neofabraea alba (11,76%),
Botrytis cinerea (11,76%), Monilinia fructigena (11,76%), Fusarium
avenaceum (5,89%).

No ULO1 kamera glabatajiem bojatajiem aboliem (10. att. ¢.) izdalitas
mikroskopiskas senes: Neofabraea alba (33,34%), Monilinia fructigena
(26,69%), Botrytis cinerea (13,33 %), Penicillium expansum (6,66 %),
Fusarium avenaceum (6.66%), Phomopsis/Diaporthe eres (6,66 %), Mucor
circinelloides (6,66 %).

No ULO2 kamera uzglabatajiem aboliem ar redzamam (10. att. d.)
puves pazimém izdaliti Neofabraea alba (33,33%), Monilinia fructigena
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(33,33%), Fusarium avenaceum (16,67%), Phomopsis/ Diaporthe eres
(16,67%).

No dazadi uzglabatajiem bojatajiem augliem izdalito mikroskopisko
sénu daudzveidiba ir saméra lidziga, ar nelielam atSkiribam, pieméram,
mikroskopiska seéne Fusarium avenaceum nav sastopama kontroles parauga,
bet sépu gints Phomopsis/ Diaporthe eres sastopama tikai ULO kameras
glabatos abolos.

5. Abolu fizikalo raditaju izveértéjums realizacijas laika

Misdienu tirgi augliem ir jaatbilst augstas kvalitates standartiem, kur
par svarigakajiem raditajiem tiek uzskatiti cietiba un krauk$kigums. Augliem
nogatavojoties, abolu cietiba samazinas — tas saistits ar auglu sastava eso$a
pektina izmainam un etiléna veidoSanas intensitati. Tapat abolu cietibas
izmainas galvenokart skaidrojamas ar Gdens zudumu realizacijas laika, ko
izraisa osmotiska spiediena izmainas auglu $tunas (Gwanpua et al., 2013).

Analizgjot iegiitos datus, redzams, ka Skirnes ‘Auksis’ @bolu pirmas
vakSanas reizes Kkontroles paraugiem (bez 1-MCP apstrades) cietiba bija
3,20 N. Ta 15 dienu laika samazinajas lidz 2,46 N (11. att. a).
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11. att. Skirnes ‘Auksis’ abolu cietibas izmainas realizacijas laika
(a—noliktava, b — 1-MCP+noliktava, ¢ — ULO1, d — ULO2)/
Fig. 11. Changes of cultivar ‘Auksis’ apple firmness during shelf life (a —
cooling chamber, b — 1-MCP+cooling chamber, c — ULO1, d— ULQO2)
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Noliktava (kontrole) un ULO1 kamera uzglabato abolu realizacijas
laiks ir 15 dienas, bet aboliem, kas apstradati ar 1-MCP un uzglabati noliktava,
ka arT glabati ULO2 kamera pazeminata skabekla satura vide, realizacijas laiks
ir 25 dienas.

Ar 1-MCP apstradatu Skirnes ‘Auksis’ abolu (kontrole) cietiba
realizacijas laika 25 dienas samazinajas no 3,40 N lidz 1,73 N (11. att. b).
ULO1 uzglabatajiem paraugiem cietiba 15 dienas samazinajas no 9,62 N lidz
6,17 N (11. att. c). Aboliem, kas bija glabati ULO2 kamer3, cietiba bija 9,65 N,
realizacijas laika 25 dienas ta samazinajas 1idz 4,25 N (11. att. d).

Abolu cietiba p&c iznemianas no uzglabasanas kameram samazinis
tie§i proporcionali realizacijas laikam, dienas (R = 0,88 lidz R* = 0,99)
(10. attels).

6. Abolu sensora novértesana realizacijas laika

Sensorais noveértgjums ir galvenais kritérijs, kas nosaka abolu
realizacijas laiku. Auglu argjais izskats ir viena no galvenajam sensorajam
Tpasibam, pec kuras patérétajs vizuali nosaka abolu kvalitati. P&tljuma rezultati
par dazados apstaklos uzglabatu $kirnes ‘Auksis’ abolu sensoro ipasibu (krasa,
aromats, garSa, skaba garSa, saldums un suligums) intensitates izmainam
realizacijas laika Iidz 25 dienam apkopoti 12. attéla.

Paraugi, kas iepriek§ glabati kontroleta vide (ULOl un ULO2),
noverteti ka pilnigi negatavi un savu lietoSanas gatavibu nesasniedza ari
realizacijas laika beigas.

Analizgjot garSas sensoras izmainas, vertetaji salidzindja abolu
kontroles paraugu un kontroléta aizsarggazu vide ULO1 un ULO2 kameras
glabatos abolus, un par labakajiem atzina tos abolus, kuri bija apstradati ar
etilena inhibitoru 1-MCP un glabati tradicionalos apstaklos noliktava.
Kontroléta aizsarggazu vidé uzglabatajiem aboliem nebija izteikts saldums, bet
bija loti izteikts skabums un suligums, abolu garsa un izskats (krasa) raksturota
ka ,tikko no koka”, turklat mingtie raditaji pec uzglabasanas siltuma (+18 °C)
atjaunojas dalgji. Noliktava glabatie aboli bija ar izteiktu aromatu, tomeér jau
péc 15 dienam tie kluva miltaini.
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Fig. 12. Changes of intensity of sensory attributes during shelf time
for cultivar ‘Auksis’

Al ULO1 - 'Auksislx'" ULO1; A2 _ULO1l - 'Auksis2x’ ULOZ,
Al_ULO2 -'Auksislx' ULO2;

A2 _ULO2 - 'Auksis2x'’ ULO2; Al_MCP_N - 'Auksis 1x' 1-
MCP+noliktava/ 1-MCP+cooling chamber; A2_MCP_N - 'Auksis 2x' 1-
MCP+noliktava/ 1-MCP+cooling chamber; A1 N — 'Auksis 1x' Noliktava/
Cooling chamber; A2_N —Auksis 2x' Noliktava/ Cooling chamber.
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SECINAJUMI

Abolu uzglaba$anas ilgumu bitiski ietekmé novaksanas laiks un to
gatavibas pakape. Ilgstosai uzglabasanai noliktava ar un bez apstrades ar
1-MCP rudens skirnu aboliem Streifa indeksa optimala vértiba ir 0,07—
0,12, kamér uzglabasanai ULO kameras — 0,08-0,19. Savukart ziemas
Skirpu aboliem uzglabasanai noliktava ar un bez apstrades ar 1-MCP
Streifa indeksa optimala vértiba ir no 0,07-0,17, bet uzglabasanai ULO
kameras ta ir lidziga ka rudens Skirgu aboliem — 0,10-0,19.

Abolu masas zudumus seSu méneSu uzglabaSanas laika ietekméja
novaksanas laiks, $kirne, glabaSanas tehnologija un reZims. Rudens
Skirpu abolu masas zudumi, uzglabajot tradicionalos apstaklos
(kontrole), bija 12,45% no abolu masas, bet apstrade ar 1-MCP
zudumus bitiski samazindja — Iidz 8,62%, kas bija lidziga, glabajot
ULO1 un ULO2 kameras, attiecigi par 8,62% un 9,18%. Ziemas Skirpu
kontroles paraugu masas zudumi bija 11,69%, apstrade ar 1-MCP tos
samazingja lidz 9,35%, bet ULO1 un ULO2 kameras abolu masas
zudumi samazingjas attiecigi 1idz 8,60% un 7,44%.

Dazados apstaklos uzglabatu abolu cietibas izmainas ieverojami
atSkiras (p<0,01). Rudens Skirpu abolu cietiba, uzglabajot noliktava
(kontrole), vidgji samazinajas par 64,66%, savukart, apstradajot ar
1-MCP cietibas izmainas bija mazakas — par 59,10%, bet, glabajot
ULO1 un ULO2 kameras, cietiba izmainijas buitiski mazak — attiecigi
par 46,44% un 41,59%. Ziemas Skirnu kontroles paraugu -cietiba
samazinajas par 62,30%, apstrade ar 1-MCP to izmainija mazak — par
59,49%, bet ULO1 un ULO2 kameras abolu cietibas izmainas bija
vismazakas, attiecigi par 40,69% un 39,10%.

Kopgjo fenolu saturs rudens un ziemas Skirnu abolos seSu ménesu
uzglabasanas laika izmainijas atSkirigi. Uzglabajot noliktava (kontrole),
rudens skirnpu abolos kop€jo fenolu saturs vidgji palielinajas par
7,51%, apstradajot ar  1-MCP, kopgjo fenolu izmainas bija lielakas —
par 8,80%, savukart, glabajot ULO1 un ULO2 kameras, izmaigas vidgji
bija tikai par 4,87%; ziemas Skirnu abolos kopgjo fenolu pieaugums bija
batiski lielaks - kontroles paraugos par 18,87, ar
1-MCP apstradatajos par 24,87%, bet ULO kameras vidgji par 33,74%.
Skisto$ds sausnas saturs péc se§u ménesu uzglabasanas rudens ziemas
Skirpu abolu kontroles paraugos izmainijas atSkirigi: rudens Skirnu
abolos samazinajas par 5,03%, turpretim ziemas — palielinajas par
2,27%. Abolu apstrade ar 1-MCP §kistosas sausnas saturu palielinaja
atSkirigi: rudens Skirnu abolos par 0,53%, bet ziemas Skirnpu abolos
butiski vairak — par 6,04%. Savukart ULOl un ULO2 kameras
glabatajos abolos skistosas sausnas saturs palielinajas attiecigi par
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10.

9,71% un 5,27% rudens, bet par 15,33% un 10,56% ziemas Skirnu
abolos.

Kopgjo skabju saturs péc seSu meénesu uzglabasanas rudens un ziemas
Skirpu abolu kontroles paraugos samazinajas at$kirigi: rudens Skirpu
abolos par 57,11%, bet ziemas — par 50,61%. Abolu apstrade ar
1-MCP kopgjo skabju saturu izmainas bitiski samazinaja: rudens skirnu
abolos par 44,75%, bet ziemas — par 41,14%. ULO1 kamera glabatajos
rudens skirnpu abolos kop&jo skabju saturs samazinajas Iidzigi ka
kontroles parauga — par 50,22%, bet ULO2 kamera — par 37,22%,
savukart ziemas skirnu abolos kopgjo skabju samazinajums bija attiecigi
29,85% un 26,84%.

Dazados apstak]os seSus ménesus glabatu abolu §tinu izméri izmainijas
atSkirigi: rudens Skirpu abolos, kas tika glabati noliktava
(kontrole), vidgjais $tnu samazinajums bija par 23,73%, savukart,
apstradajot ar 1-MCP — tikai par 18,31%, bet, glabajot ULO1 un ULO2
kameras, attiecigi par 4,23% un 3,55%; ziemas $kirnu kontroles paraugu
abolu $inu izmé&ri samazinajas mazak — par 14,25%, apstrade ar 1-MCP
Sinu izmérus izmainija par 13,68%, bet ULOl un ULO2 kameras
glabato abolu S$tnas izmainijas butiski mazak — rudens Skirpu abolos
attiecigi par 4,23% un 3,55%, ziemas — par 2,77% un 4,25%.

Mezofili aerobo un fakultativi anaerobo bakteriju kopskaits uz abolu
virsmas, kas glabati ULO kameras, ir butiski mazaks, salidzinot ar
baktériju skaitu uz abolu virsmas ka kontroles paraugiem, pé&c apstrades
ar 1-MCP (p<0,05), bet raugu skaits batiski neatskiras.

No dazados apstaklos uzglabatiem un bojatiem aboliem izdalitas
lidzigas mikroskopiskas sénes — Penicillium expansum, Monilia
fructigena un Neofabraea alba. Uzglabajot noliktava (kontrole), rudens
Skirpu abolu bojasanas intensitate bija 78,53%, savukart, apstradajot ar
1-MCP, bojasanas intensitate samazinajas — Iidz 38,31%, bet, glabajot
ULO1 un ULO2 kameras, bojasanas intensitate bija butiski mazaka —
attiecigi 28,83% un 3,23%. Ziemas Skirnu kontroles paraugu bojasanas
intensitate bija 26,78%, bet apstrade ar 1-MCP bojato auglu daudzumu
samazinaja — Iidz 9,10%, kamér ULO1 un ULO2 kameras bojasanas
intensitate bija attiecigi 39,10% un 14,93%. Rudens S$kirnpu abolus
ieteicams uzglabat ULO2 kamera attieciga aizsarggazu reZima, savukart
ziemas $kirpu abolus ieteicams uzglabat noliktava ar iepriek$gju 1-MCP
apstradi.

Sensoras novértéSanas rezultati liecina, ka novakSanas laiks un
uzglabasanas tehnologija butiski ietekmé (p<0,05) abolu sensoras
ipa§ibas — krasu, aromatu, garSu, suligumu un ta intensitati. Abolu
sensoras Vvert€Sanas rezultati realizacijas laika rada, ka ar 1-MCP
apstradato auglu garSas Tpasibas ir visaugstakas. Augliem, kas glabati
ULO kameras, nav izteikts saldums, bet ir Joti izteikts skabums un
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suligums. Noliktava (kontrole) glabatajiem aboliem bija izteikta krasa
un aromats, bet garSas Ipasibas nebija apmierinosas.

Noliktava (kontrole) un ULOI1 kamera uzglabato abolu maksimalais
realizacijas ilgums bija 15 dienas, bet abolu apstrade ar 1-MCP, ka ar1
uzglabasana ULO2 kamera realizacijas ilgumu pagarinaja lidz 25
dienam.

Petijuma iegiitie dati apstiprina izvirzito hipot€zi — abolu
uzglabasana, izmantojot dazadas tehnologijas un reZimus, nodro$ina
to kvalitati un pagarina uzglabasanas laiku.
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TOPICALITY OF THE RESEARCH

Fresh fruits play an important role in our daily diet because they
provide the body with the necessary biologically active substances — vitamins,
minerals, organic acids and fibres. Recently, consumption of fresh fruits
significantly increases.

Apples are one of the most widely grown fruit crops in Latvia. Apple
chemical composition and the overall quality are affected by several factors,
namely the growing and climatic conditions, harvest time; essential role has the
storage technology. Unfortunately, in recent years the quality of the apples on
the market has been significantly decreased. The reason may be inaccurately
selected apple harvesting moment and inadequate storage technology. The shelf
life of fruits is possible to extend considerably by appointing and respecting
apple optimum maturity degree at the harvesting moment and choosing the
appropriate storage technology.

The most significant indicators that characterize the quality of apples
during storage period are firmness, content of soluble solids and acids. It is
possible to predict the outcome of a successful storage by controlling these
parameters. Conversely, by managing the apple cultivar specific cell size it
could be possible to predict the deterioration rate. By exploring the
composition of apple’s microflora on their surface it may be possible to
anticipate the microscopic fungi infecting the particular apple cultivar as well
as its development intensity. During fruit storage it is important to control the
apple sensory characteristics and their changes in the assessment of different
storage technologies.

The quality of apples during long-term storage could be provided at
traditional conditions in cooled store-room by combination with an ethylene
inhibitor 1-MCP treatment, as well as using storage technology in controlled
atmosphere (CA) with ultra low oxygen content in cameras ULO.

It is important to analyze all quality parameters of apples during the
storage in order to select the most appropriate storage method for each cultivar.
There is a limited research data in Latvia on most appropriate harvesting
moment of apples and adequate degree of ripeness, which significantly affects
the quality of the fruits during storage under different conditions. Data was not
found also regarding the apple quality changes during shelf life in the
commercial network.

The following hypothesis was nominated in the doctoral thesis: the
quality of apples during long-term storage could be provided at traditional
conditions in cooled store-room by combination with an ethylene inhibitor
1-MCP treatment, as well as by using ultra low oxygen content controlled
atmosphere (CA) storage technology in cameras ULO.
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The hypothesis of doctoral work will be proved by following theses:
— the harvesting moment of apples could be determined by ripening
degree characterizing indicators;
— the quality of storage technology has an influence on apple quality;
— the development of microflora and the resulting deterioration of
apples is affected by storage conditions;
— the applied storage technology has a substantial effect on the shelf life
of apples.
Object of the research — autumn and winter cultivar apples commercially
grown in Latvia
The following objectives of the research have been advanced: to evaluate and
compare the significance of selected storage technologies for the maintenances
of apple quality.
The following tasks were set up to reach the aim of the research:
— determine the optimal ripeness degree of apples for long-term storage;
— analyze the dynamics of apple structural-mechanic properties during
storage;
— study the chemical properties of apples before storage and their
changes during storage;
— evaluate and compare the sensory quality during storage of apples;
— clarify the development of microflora on the apple surface during
storage;
— assess the quality changes of apples during shelf life in the
commercial network.

The scientific importance and novelty of the research

For the first time in Latvia was assessed the ethylene release delaying
agent 1-MCP (SmartFresh™) impact on the quality of different autumn and
winter cultivar apples commercially grown in Latvia, when for long-term kept
under traditional storage conditions in cooled store-room, and compared the
preferentiality of this method with the advantages of controlled atmosphere
storage in cameras ULO with an ultra low oxygen content.

The economical importance of research

The study of innovative storage technology will offer an option for
small-scale horticultural employers for a long-term storage of commercially in
Latvia grown apple yield, wherewith maximally a long term providing the local
market by good quality fruits.

APPROBATION OF THE SCIENTIFIC WORK

The results of research have been reported at 11 international scientific
and practical conferences, congresses and symposia in Latvia, Serbia,
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Romania, Estonia, Poland, Lithuania, Belarus and Greece. The research results
are summarized and published in seven reviewed scientific issues.

MATERIALS AND METHODS
Research time and place

The research has been carried out during the period from 2011 to 2014.

e Latvia State Institute of Fruit-Growing Laboratory of experimental fruit
processing, Laboratory of biochemistry un Laboratory of plant
pathology, where degree of apple fruit ripeness was detected, physical
and chemical properties as well as microbiological indicators analysed,
fruit sensory assessment performed;

e Latvia University of Agriculture Faculty of food technology Laboratory
of microbiology, where apple microflora was detected;

¢ Riga Technical University Institute of general chemistry technology,
where microstructure of apple fruits were studied,;

e Latvian Plant Protection Research Centre, where identification of fruit
rots was performed.

Materials used for research

Apple cultivars grown at the Latvia State Institute of Fruit-Growing
were used for storage studies: ‘Auksis’, ‘Antej’, ‘Orlik’, ‘Gita’, ‘Belorusskoje
Malinovoje’, ‘Sinap Orlovskij’ and ‘Zarja Alatau’, , the fruit crown of the year
took place in years 2012 and 2013 in two collection moments: at September
and October with 4-6 days interval, like during long-term studies it was
suggested by scientist Drudze in Latvia (Drudze, 2003, 2005).

Structure of the research

Apples immediately after harvesting were refrigerated in cooling
chamber up to +4 £ 0.5 °C temperature during of 24 hours. Apples of cultivars
‘Auksis’, ‘Antej’, ‘Orlik’, ‘Gita’, ‘Belorusskoje Malinovoje’, ‘Sinap Orlovskij’
and ‘Zarja Alatau’ were stored and analysed.

Two apple storage technologies were tested in this study:

— storage of apples in cooled store-room under traditional conditions

with air temperature +2 + 1°C °C and relative humidity of 85%:

e without treatment — control;
e by combination with 1-MCP treatment;
— storage in ULO cameras (Fruit Control Equipments, Italy), selecting
two different gas mixture compositions in controlled atmosphere
(CA):
e ULO-1-0,1.00%, CO, 2.00%;
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e ULO-2-0,1.50%, CO, 2.50%.

Scientists (Weber et al., 2011) have already acknowledged that the gas
composition in ULO cameras is crucial, because it affects the quality of apples
during storage. Therefore it is very important to determine the optimal
composition of gas mixture during storage of certain cultivar apples.
Approximately 100 kg for fruits were placed in each ULO camera; each sample
was stored in a separate polypropylene (PP) box. In the study 4 cameras with
different compositions of controlled atmosphere (CA) gas mixture used: two of
ULO-1 and two of ULO-2, in which fruits of autumn cultivars ¢Auksis’,
‘Orlik’, ‘Gita’ and winter cultivars ‘Antej’, ‘Belorusskoje Malinovoje’, ‘Sinap
Orlovskij” and ‘Zarja Alatau’ were stored separately. Eight boxes with fruits of
autumn and winter cultivars were placed separately. Immediately after
harvesting 10 fruits from each cultivar were selected and following parameters
measured:

— the total mass of the sample (~ 6 kg);

— the degree of ripeness:

e Starch iodine test, which characterises the degree of fruit ripeness;
o Streif ripening index;

o De Jager index;

e Fars index.

After harvesting and storage (during 3 and 6 months) following
characteristics were analysed:

microbiological indicators:

e total number of yeasts, moulds and bacteria, as well as presence of
Pseudomonas on the apple surface;

e microflora of tested fruits according to morphological characteristics
and biochemical API test systems;

e number of damaged fruits for each variety during storage was counted
and apple rot agents analysed (according to the morphological
characteristics and DNA sequences);

—  physical parameters: mass losses, fruit firmness, content of soluble dry
matter;

— chemical indicators: content of total acids, content of total phenols,
content of pectin and vitamin C;

— micro-structural analysis — size of fruit pulp cells for each apple
cultivar selected for storage;

— sensory characteristics — the degree of acceptability and intensity of
sensory characteristics.

The overall structure of study is described in Figure 1.
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Two identical samples (mass of each 6 kg) of each cultivar stored
under different conditions were studied and analysed during the experiment, all
analysis for each sample were performed in five replications.

Determination methods of physical and chemical parameters

Methods and standards used in promotion work for detection of
physical, chemical and sensory parameters in apples are summarised in Table 1.

Microbiological evaluation of apple surface

Microflora of apple surface was determined in accordance with LVS
ISO 18593:2007 standard *Microbiology of food and feed. Horizontal methods
of sampling techniques from surfaces using contact plates and tampons.” The
microbiological analyses were carried out in accordance with following
reference methods:

—  For detection of mezophylic aerobic and anaerobic micro-organisms
(MAFAM) were used standard LVS EN ISO 4833-2:2014
»Microbiology of food chain. Horizontal method for micro-organism
counting. Part 2: Counting of colonies using surface covering method
at the temperature of 30 °C and ,,Scharlau” selective media ,,Nutrient
Agar” (Ref. 064-TA2144).

— Yeasts and moulds were determined in accordance with standard LVS
ISO 21527-1:2008 ,,Microbiology of food and feed. Horizontal
method for yeast and mould fungi counting. Part 1: Method of colony
counting in products with a water activity of more than 0.95” and
»Scharlau” selective media ,,Malt Extract Agar” (Ref. 01-573).

—  Pseudomonas spp. was determined in accordance with standard LVS
EN ISO 16266:2008 ,Water quality. Pseudomonas aeruginosa
detection and counting. ”Membrane filtration method using selective
media of company ,,Sifin” - ,,Sojapepton - Caseinpepton agar” (Ref.
TN 1185).

Identification of yeasts was performed using strips of biochemical
test-system API — yeasts with APl 20 C AUX and ID32 C, but bacteria with
API1 50 CHB.

Detection of apple deterioration agents — microscopic fungus

Detection of apple lesions was done using method of wet chamber.
Damaged apples separately were placed in a plastic box with a lid. In the box
base under apples was placed a pad of filter paper soaked in distilled water.
The samples were stored for 14 days at temperature of +25 °C in variable daily
light and darkness mode. After typical sporulation of microscopic fungi on
damaged areas of apple, pure cultures of microscopic fungi were developed for
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molecular analysis. The rDNA (ribosomal deoxyribonucleic acid) was isolated
from pure culture to determine their taxonomic status. ITS region (internal
transcribed space) using a PCR (polymerase chain reaction) was analyzed by
combination of universal primers ITS 1F and 1TS4 (standard for Ascomycota),
sequencing and following sequence comparison with the NCBI GeneBank
database (Volkova et al., 2013).

Statistical analysis of data

The processing of data was carried out by the methods of
mathematical statistics, where arithmetic average value of results, standard
deviation and standard error was calculated by using software Microsoft Excel
2007. In order to determine the relevance of the results they were analysed by
the SPSS 20.0, using two factor analysis of variance (ANOVA), LSD test and
Tukey's test. The assessment of the factors impact was done by calculation of
p-value, and p-value <o gg5 Was assumed as significant. The sensory data
processing was carried out by method of mathematical statistics PanelCheck
(Setup_PanelCheck _V1.4.0).
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RESULTS AND DISCUSSION
1. Evaluation of apple physical and chemical indicators

The chemical composition of apples and degree of ripeness defines the
corresponding harvesting moment of apple yield. Inadequate harvesting
moment significantly influences the shelf life and quality of fruits. Unripe
apples more intensively respire during storage, which causes substantial
moisture loss or a shrinkage, whereas overripe fruits have poor quality, low
nutritional value; they are also sensitive to low temperature (+2 °C) and apple
storage time is shorter. Therefore in this study two harvesting moments of
fruits were selected in order to determine the most appropriate harvesting time
for each apple cultivar as accurate as possible.

Apples of autumn and early winter cultivars were harvested twice with
a 4-6 days interval. In year 2012 the harvesting moment of those cultivar
apples was 3—4 days earlier than in 2013 (Table 2). While in the year 2013 in
most cases the winter cultivar apples were harvested 12-14 days earlier than in
the year 2012. Exclusively the difference between harvesting times of cultivar
‘Sinap Orlovskij’ and ‘Zarja Alatau’ apples in the second moment was 4—7
days. The interval between of this apple groups was 5-7 days.

Latvian researcher I. Drudze has been defined and recommended the
harvesting parameters of apples foreseen for storage in cooled store-room
(Starch iodine test, Streif ripening index) (Drudze, 2003; Drudze, 2005). Other
studies in Latvia show also that harvesting moment of apples depends on the
cultivar, but the optimal starch iodine test values could be taken for 5 to 7
points (Riekstina-Dolge, 2014; Krasnova, 2014).

The determined Streif index value of cultivar ‘Auksis’ apples showed,
that in both years of investigation it was closest to the advised optimal value
(0.16 — 0.10), with the exception of the second harvesting moment results in
year 2013 (0.07). The Streif index value of cultivar ‘Orlik’ apples in both years
of testing was closer to optimal value in the first harvesting moment (0.19—
0.15). Investigation of the cultivar ‘Gita’ apples has not been earlier studied; in
current study the results of Streif index for mentioned cultivar was determined
in range from 0.12 to 0.07. Maturity stage of winter cultivar ‘Antejs’ apples
correspond to optimal value of Streif index 0.12-0.10. The fruits of cultivar
‘Beloruskoje Malinovoje’ achieved the optimal value of Streif index in year
2013 — during the second harvesting moment, when it was 0.10. The Streif
index value of variety ‘Sinap Orlovskij’ apples shows, that in both years of
investigations it was closer to optimum in the first harvesting moment (0.19).
Apples of cultivar ‘Zarja Alatau’ had insignificant difference (p>0.05) in Streif
index value between both study years and harvesting times; however the index
was closer to the optimal value in the second harvesting moment (0.08-0.07).
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For the storage in cooled store-room, both with and without the
1-MCP treatment the recommended value of Streif index for autumn apple
cultivars was 0.07-0.12, whereas for apples stored in ULO cameras — 0.08 to
0.19. In the same time for winter cultivar apples the recommended Streif index
value for storage in cooled store-room, both with and without the 1-MCP
treatment could be 0.07 — 0.17, but for storage in ULO chambers 0.10-0.19.

Changes of apple tissue firmness during storage

According to the data of Central Statistical Bureaus (CSB) the most
cultivated apple cultivars in Latvia is ‘Auksis’. Statistical data show that
plantation of this apple cultivar is two times larger than that of cultivar ‘Antej’
and even four times larger than of cultivar ‘Sinap Orlovskij’%. Therefore in
further studies particularly only those data are reflected, which were obtained
by evaluation of cultivar ‘Auksis’ apples.

The firmness of apples is dependent on the degree of ripeness, place
of growing, weather conditions and cultivar. The firmness decreases during
fruit ripening; therefore for all cultivars apples the highest firmness has been
observed before desideratum storage process. According to the results
published in literature, storage technology significantly affects the firmness of
the apples (Kopcke, 2015).

The firmness of cultivar ‘Auksis’ apples before storage in year 2012 at
the first harvesting moment was 9.40 £ 1.92 N, while at the second harvesting
time, when the Streif index value showed that apples have achieved the optimal
harvesting ripeness, it was 6.55 £ 0.78 N (Figure 2). During 6 months of
storage under traditional conditions at +2 °C in cooled store-room the firmness
of apples decreased till 2.61 + 0.19 N (at the first harvesting moment) and up to
244 £ 0.21 N (at the second harvesting moment). Whereas the firmness’
changes of fruits treated by 1-MCP, were lower — till 3.15 = 0.92 (at the first
harvesting moment) and up to 2.79 + 0.56 (at the second harvesting moment).
Similar results were obtained also during storage of fruits harvested in 2013.

Hardness of apples after 6 months of storage in ULO1 camera (CO,
2.0%; O, 1.0%) was 4.31 + 0.55 N (at the first harvesting moment). Even if at
the second moment of harvesting the fruit ripeness was optimal, still during
storage all fruits in this camera were found damaged by physiological diseases,
and therefore data on their firmness were not obtained.

Firmness of fruits stored in ULO2 camera (CO, 2.5%; O, 1.5%), have
been preserved slightly better — 4.74 + 0.5 N (at the first harvesting moment)
and 4.42 + 0.38 N (at the second harvesting moment). Similar results of
cultivar 'Auksis' apple firmness were presented also by Lithuanian researchers

? Pieejams: http://www.csb.gov.Iv/notikumi/24-tukstosos-hektaru-abeldarzu-
aug-vairak-neka-13-miljoni-abelu-36541.html (skatits 27.04.2015)
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(Viskelis et al., 2011), ascertaining that firmness of fruits has decreased less
during storage in controlled atmosphere conditions with increased carbon
dioxide content, than in control conditions in cooled store-room.

The assessment of changes in apple firmness stored under different
technological conditions in both research years showed, that the highest
decrease of firmness was in control sample apples (p<0.01) (twice in average)
compared to the fruits stored in regulated atmosphere ULO cameras with
different gas composition (decrease of firmness in ULO1 was by 69.97 % and
in ULO2 — by 62.09%).

The changes in apple firmness differed significantly (p<0.01) in
various storage conditions. Fruit firmness of autumn apple cultivars in cooled
store-room (control) decreased on average by 64.66%, while by treatment with
1-MCP the changes in firmness were smaller — by 59.10%, but during storage
in the ULOL and ULO2 cameras the firmness changed significantly less — by
46.44% and 41.59%, respectively. Fruit firmness in the control samples of
winter cultivars decreased by 62.30%, by treatment with 1-MCP changes were
lower — by 59.49%, while in the ULO1 and ULO2 cameras changes in apple
firmness were the smallest ones, 40.69% and 39.10%, respectively.

Changes of apple microstructure during storage

Changes of average cell size in apples are shown in Table 3. These
results show that the highest reduction of fruit cell size was observed in
traditional conditions in cooled store-room kept apples (control) and during
storage it was reduced by 18.31%, while in the apple samples treated by
1-MCP the cell size changed less than in control sample — by 15.47%. The cell
size of apples kept in cameras ULO1 and ULO2 decreased significantly less —
by 3.39% and 4.43%, respectively. One of possible explanations could be due
to decelerated metabolic processes ensured by 1-MCP treatment, as well as the
storage conditions in regulated atmosphere ULO cameras with reduced oxygen
content.

The apple cells appeared more fullness before storage (Fig. 3, a; b),
but after storage in cooled store-room (control) they become thinner (Fig. 3, ¢)
and somewhat elongated (Fig. 3, d). Treatment with 1-MCP reduced the fruit
cell size as well (Fig 3, e). The fruits of cultivar 'Orlik' had a largest size of
cells (Fig. 3, f), which did not change during storage.

Cell dimensions of apples stored in different conditions during
6 months changed differently: in autumn cultivar apples kept in cooled store-
room (control) the average cell size decreased by 23.73%, while in 1-MCP
treated — only by 18.31%, whereas during keeping in ULO1 and ULO2
cameras — by 4.23% and 3.55%, respectively; the cell sizes in winter cultivar
apples (control) the decrease of sell size was less — by 14.25%, the treatment of
apples by 1-MCP changed cell size for 13.68%, while in the ULO1 and ULO2
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cameras stored apples the cell size changed significantly less — in autumn
cultivar apples 4.23 % and 3.55%, respectively, while in winter cultivar apples
—2.77% and 4.25%, respectively.

Changes of pectin content in apples

The protopectin existing in the apples, during ripening turns into
pectin, which affects the quality of the fruits.

The content of pectin in apple samples in both harvesting moments of
year 2012 was on average equal (Figure 4). The pectin content after 6 months
of storage decreased significantly — by an average of 60% both in apples kept
in cooled store-room (control), as well as in fruits treated by 1-MCP. A similar
trend was observed in other analyzed cultivar apples as well. A significant
difference (p <0.05) between control and by 1-MCP treated apples was not
noted. The changes of pectin content in apple samples during stored in
controlled atmosphere ULO cameras were smaller, but mutually significantly
(p <0.05) different.

Statistically significant (p <0.05) difference was found by comparing
changes of pectin content between apples stored in cooled store-room (control)
and camera ULO2.

The pectin content in autumn and winter cultivar apples kept in cooled
store-room (control) decreased by 12.68% and 23.48%, respectively. Treatment
by 1-MCP during 6 month storage increased the pectin content in autumn
cultivar apples by 20.76%, on the other hand in winter cultivar — decreased by
10.61%. In samples stored in the ULO1 and ULO2 chambers the pectin content
in autumn cultivar apples increased by 55.96% and 48.83%, while in winter
cultivars — by 13.23% and 18.92%, respectively.

Changes of soluble solid content in apples

The content of soluble solids in cultivar 'Auksis' fruits before storage
was almost equal for both harvesting moments of year 2012 (Figure 5). The
changes were minimal even after 6 months of storage for all storage
approaches.

Statistical analysis of data did not discovered significant (p=0.05)
difference between the initial content of soluble solids in apples (Fig. 5.) and
during 6 months of storage in cooled store-room (control), as well as in fruits
treated by 1-MCP.

The content of soluble solids in 'Auksis' cultivar fruits (at the first and
second harvesting moment) significantly (p<0.01) increased during storage in
cameras ULO1 and ULO2. For example, the content of soluble solids, when
fruits get stored in ULO!l camera, was 12.23 + 0.27 °Brix (at the first
harvesting time). The soluble solid content in fruits stored in camera ULO2
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increased till 11.74 + 0.29 °Brix (at the first harvesting time) and up to 11.99 +
+ (.28 °Brix (at the next harvesting moment).

The content of soluble solids during the storage increased in both
treated by 1-MCP apples, and apples stored in cameras ULO with different gas
composition in regulated atmosphere. However the content of soluble solids in
cooled store-room (control) kept apples slightly decreased, confirming that
fruits get overripe.

The content of soluble solids in autumn and winter cultivar apples
kept in cooled store-room (control) during 6 months changed differently: in
autumn cultivar apples decreased by 5.03%, while in the winter cultivar apples
— increased by 2.27%. Treatment of apples with 1-MCP increased the content
of soluble solids worlds apart: in the autumn cultivar apples by 0.53%, while in
the winter apple cultivars significantly more — by 6.04%. In the fruits stored in
ULO1 and ULO2 cameras the content of soluble solids increased by 9.71% and
5.27% in autumn cultivars and by 15.33% and 10.56% in winter cultivars,
respectively.

Characterization of total acid content changes in apples

Main acids in apples are malic acid, citric acid and tartaric acid, and
their content depends on the cultivar and degree of ripeness. During ripening
organic acid content in apples reduces, mainly malic acid, accordingly the
intensity of acidity changes. The reduction of total acid content can be
explained by activity of endogenous enzymes such as malate dehydrogenase
(EC 1.1.1.37), which in the frame of Krebs cycle converts the malic acid (L-
malate) into oxaloacetate with lower intensity of acidity.

The total acid content in apples (‘Auksis’) at the first harvesting
moment was 0.62 £+ 0.01%, while at the second time — 0.47 + 0.04%. Total acid
content during 6 month of apple storage in cooled store-room (control)
decreased for almost two times (p<0.01) (Fig. 6). during the same time in
apples of both gathering times, which were treated by 1-MCP, the total acid
contend decreased substantially less. Reduction of total acid content in apples
stored in cameras ULO1 and ULO2 was similar, like in fruits treated by
1-MCP.

A number of scientists in their studies observed similar trends — the
total acid content in apples substantially reduces during storage, because of
respiration the metabolism of fruits get accelerated (Rivera, 2005; Gharif et al.,
2009; Jan et al., 2012).

Reduction of malic acid is directly dependent on the content of malic
and citric acids, since the fermentation reduces the total acidity and the pH
value is increased by 0.1 to 0.3 units. During malic-lactic fermentation
dicarboxil malic acid is converted into monocarboxil malic acid and
quantitative reduction of acid content takes place. According to opinion of
some scientists, these processes are difficult to track, as it is known that lactic
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acid can be formed not only during malic acid metabolism, but also because of
lactic acid fermentation (Dharmadhikari, 2002).

Assessment of average data from both apple harvesting moments
showed, that the total acid content in apples stored in cooled store-room
(control) decreased on average by 51.87%, at the same time in apples treated
by 1-MCP — by 42.57%, while in apples stored in cameras ULO1 and ULO2 —
by 39.07% and 31.57%, respectively. The elevated decrease of the total acid
content in control samples can be explained by the going on of metabolic
processes in fruits. While the activity of enzymes in apples during storage in
ULO cameras slows down due to the reduced oxygen content, accordingly the
changes in total acid content are less.

The content of total acids in autumn and winter cultivar apples kept in
the cooled store-room (control) during 6 months decreased differently: in the
autumn cultivar by 57.11%, in winter cultivar apples — by 50.61%. The
treatment of apples with 1-MCP significantly reduced the changes of total acid
content: in autumn cultivars by 44.75%, while in winter cultivar apples — by
41.14%. The total acid content in autumn cultivar apples kept in ULO1 camera
decreased similarly like in the control — by 50.22%, while in the ULO2 camera
— by 37.22%, whereas in winter cultivar apples the reduction of total acid
content was by 29.85% and 26.84%, respectively.

2. Results of apple sensory evaluation

Sensory evaluation showed that the harvesting moment significantly
(p<0.05) influences apple sensory properties (colour, aroma, flavor, acidity,
sweetness, juiciness) as well as their intensity; the selected storage technology
has especially significant effect (p<0.05). Cultivar ‘Sinap Orlovskij’ apples
treated by 1-MCP and kept 6 month in cooled store-room were assessed as the
most juicy, at the same time there was estimated, that treated by 1-MCP
cultivar 'Zarja Alatau’ un 'Belorusskoje Malinovoje' apples have typical
juiciness and sourness as well as (Figure 7). Cultivar ‘Sinap Orlovskij’ fruits
stored in ULO1 camera, as well as cultivar ‘Zarja Alatau’ apples stored in
ULO2 camera in regulated atmosphere of reduced oxygen content was
saturated too. Whereas apples of cultivars 'Antej' and 'Gita' treated by 1-MCP,
during 6 months of storage were evaluated as obtained typical acidity. In fruits
of second study year 'Zarja Alatau' treated by 1-MCP, a pronounced sour taste
was found.

Apples of cultivars 'Auksis' and 'Gita' after 6 months of storage in
cameras ULO1 and ULO2 had significantly pronounced (p<0.05) juiciness and
acidity, but typical juiciness of cultivar 'Antej' apples was found only in
samples stored in ULO1 camera.
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3. Microbiological evaluation of apple surface

Development of total plate count most intensively took place on the
surface of cultivar 'Auksis' apple samples kept in cooled store-room (control)
(Figure 8), when the total number of bacteria ranged from 379 to 470 CFU cm’
2. Significant difference in CFU has not been found (p>0.05) between the
apples treated by 1-MCP and those kept in cooled store-room (control
samples), but difference was observed between both years, when experiments
were carried out (Fig. 8). The total number of bacteria on apples’ surface
(control) in the first study year was 435 CFU cm™, but in the second year on
apples treated by 1-MCP the number of CFU was constant — 356 CFU cm?,
those results are significantly different (p>0.05). Higher total plate count of
bacteria during storage in control sample could be explained by the secondary
contamination of apple surface from the surrounding environment, because in
the cooled store-room the air contamination may be higher than in hermetically
closed cameras ULO1 and ULO2.

The total plate count of bacteria on the apple surface, when stored in
ULO cameras during 6 month, was significantly (two times) (p <0.05) less
compared together with control sample. This is due to inhibition of anaerobe
bacterial growth, but growth of facultative aerobic bacteria continues. The
lowest total plate count of bacteria was observed on the surface of cultivar
‘Sinap Orlovskij’ fruits, when the findings of second year of study in ULO2
camera showed 166 CFU cm™.

The CFU number of yeasts on the surface of cultivar 'Auksis' apples
during storage was not significantly influenced neither by storage technology,
nor the year of study (Fig. 9). The number of yeast on the surface of all
investigated apples, which were stored in cameras ULO, also was quite high,
because yeasts are able to grow in an environment without oxygen. The
number of total yeast CFU increased similarly both on the surface of control
sample and apples stored in cameras ULO (Fig. 9).

There was not found any scientific data about limits of the yeast,
mould and bacteria CFU number on the apple surface.

4. Assessment of apple lesion reasons during storage

Extensive apple lesions during 6 month storage were observed in
control samples, for example, 88.1% of cultivar 'Orlik' apples were damaged
(Table 4). Fungi-induced apple lesions were smaller in samples, which before
storage were treated by pre-inhibitor 1-MCP: from 2.08% in cultivar 'Auksis' to
30.95% in cultivar 'Orlik' apple samples. The lowest proportion of damaged
apples was observed in cultivar 'Sinap Orlovskij' fruit samples stored in camera
ULO1- 1.32%, and in addition, in previously mentioned cultivar during
6 month of storage, damaged apples were not observed in general both in
cameras ULO, and treated by 1-MCP fruit samples kept in cooled store-room.
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Most extensive amount of damaged apples was observed in cultivar 'Gita' apple
samples (7.89%) when stored in ULO1 camera, and in 'Zarja Alatau’ samples
stored in ULO2 camera (6.79%). Whereas, the smallest losses by damaged
apples during storage were observed in cultivar 'Auksis' (1.43%) and ‘Antej’
samples kept in ULO2 camera (1.45%).

The damage intensity of autumn apple cultivars kept in cooled store-
room (control) was 78.53%, while the damaging intensity decreased in apple
samples treated with 1-MCP — up to 38.31%, whereas the damage intensity of
samples kept in the ULO1 and ULO2 chambers was significantly lower —
28.83% and 3.23%, respectively. The damage intensity in winter cultivar apple
samples kept in cooled store-room (control) was 26.78%, while in the treated
by 1-MCP — up to 9.10%, while kept in ULO1 and ULO2 cameras
deterioration intensity was 39.10% and 14.93%, respectively. Autumn cultivar
apples should be stored in the ULO2 camera with corresponding controlled
atmosphere environment, while the winter cultivar apples — in cooled store-
room by initial 1-MCP treatment.

Following microscopic fungi were isolated from apples, which were
stored in cooled store-room (control) and showed visible damages (Figure 10,
a): Penicillium expansum (30.44%), Monilinia fructigena (26.08%),
Neofabraea alba (21.73%), Colletotrichum acutatum (13.04%), Botrytis cinerea
(8.69%).

Miscellaneous microscopic fungi were isolated from 1-MCP treated
apples with visible features of damage (Figure 10, b): Penicillium expansum
(35.26%), Colletotrichum acutatum (23.57%), Neofabraea alba (11.76%),
Botrytis cinerea (11.76%), Monilinia fructigena (11.76%), Fusarium
avenaceum (5.89%).

Different microscopic fungi were isolated from the damaged apples
stored in camera ULO1 (Figure 10, c): Neofabraea alba (33.34%), Monilinia
fructigena (26.69%), Botrytis cinerea (13.33 %), Penicillium expansum (6.66
%), Fusarium avenaceum (6.66%), Phomopsis/Diaporthe eres (6.66 %), Mucor
circinelloides (6.66 %).

Various microscopic fungi were isolated from damaged with visible
rotting feature apples, which were stored in camera ULO2 (Figure 10, d):
Neofabraea alba (33.33%), Monilinia fructigena (33.33%), Fusarium
avenaceum (16.67%), Phomopsis/Diaporthe eres (16.67%).

Diversity of microscopic fungi, which were isolated from differently
stored and damaged apple samples, was quite similar, though with insignificant
diverse, for example, microscopic fungus Fusarium avenaceum did not
encounters only in cooled store-room (control) kept fruits, but the fungus of the
genus Phomopsis/ Diaporthe eres was recognised only in damaged apples
stored in ULO cameras.
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5. Evaluation of apple physical characters during shelf life

Today's market requires the fruits of high quality standards, where the
most important indicators are firmness and crunchiness. The apple firmness
decreases during fruit ripening — it is connected with the changes of pectin and
ethylene formation intensity in fruits. Changes of apple firmness primarily are
caused by the water loss during the shelf life, due to changes of osmotic
pressure in fruit cells (Gwanpua et al., 2013).

The maximum shelf life of apples stored in cooling (control) and
ULO1 chamber was 15 days, but for the apples treated with 1-MCP and stored
in the ULO2 chamber shelf life was extended to 25 days.

The analysis of obtained data showed that apple firmness of cultivar
‘Auksis' from the first harvesting moment, which was kept in cooled store-room
(control), was 3.20 N. Following the removal from cooled store-room during
15 days of shelf life the firmness decreased till 2.46 N (Fig.11, a).

During shelf life of 25 days the firmness of treated by 1-MCP cultivar
‘Auksis' apples decreased from 3.40 N to 1.73 N (Fig. 11, b). Firmness of
apples kept in camera ULO1 within 15 days decreased from 9.62 N to 6.17 N
(Fig. 11, ¢). The firmness of apples stored in camera ULO2 was 9.65 N, during
the shelf life of 25 days it decreased till 4.25 N (Fig. 11, d).

The firmness of apples following the removal from cooled store-room
or ULO cameras decreased proportionally to the shelf life (presented in days)
(R* = 0.88 to R?=0.99) (Figure 11).

6. The sensory evaluation of apples during shelf life

Sensory evaluation is the main criterion for determination of apple
shelf life. Fruit outward appearance is one of the main sensory characteristics
by which the consumer visually determines the quality of apples. The intensity
of sensory properties (colour, aroma, taste, sour taste, sweetness and juiciness)
in different conditions kept cultivar 'Auksis' apples’ was evaluated. Changes in
the intensity during 25 days shelf life are summarized in Figure 12.

Apples, which previously were stored in a controlled atmosphere in
cameras ULO1 and ULO2, were rated as totally unripe and they did not
achieve the consumptions’ ripeness during the shelf life.

Trained evaluators have sensory compared the difference of taste
among control sample and by 1-MCP treated fruit sample (both stored in
cooled store-room), as well as samples stored in cameras ULO1 and ULO2,
inside containing various controlled atmosphere composition. Evaluators
considered as the best those apples, which were treated with an ethylene
inhibitor 1-MCP and kept in the traditional conditions inside the cooled store-
room. Apples stored in controlled atmosphere not had marked sweetness, but
they had very pronounced acidity and juiciness; the taste and appearance
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(colour) of apples was described as "just from the tree". In addition, these said
indicators at once after storage in room temperature (+18 °C) renewed
partially. Although the apples stored in cooled store-room (control) had a
pronounced flavour, for all that during 15 days shelf life they became floury.
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CONCLUSIONS

Period of apple storage is significantly affected by harvesting moment
of yield and maturity degree. For long-term holding in storage with and
without treatment by 1-MCP the optimal value of Streif index for
autumn apple cultivars is 0.07 to 0.12, while for the holding in ULO
cameras — from 0.08 to 0.19. Whereas for apples of winter cultivars the
optimal value of Streif index for holding in storage with and without
treatment by 1-MCP is from 0.07 to 0.17, while for holding in ULO
cameras it is similar like prior to apples of autumn cultivars — 0.10 to
0.19.

The mass losses of apples during 6 months of storage were influenced
by harvesting moment of yield, cultivar, storage technology and regime.
Mass losses of apples for autumn cultivars under traditional holding in
cooled store-room (control) was 12.45% of the apple mass, but by
treatment with 1-MCP the losses were significantly reduced — by 8.62%,
which was similar to storage in ULO1 and ULO2 cameras — 8.62% and
9.18%, respectively. Mass losses for apples of winter cultivars in control
sample werell.69%, by treatment with 1-MCP it was reduced till
9.35%, while in the ULO1 and ULO2 cameras the mass losses
decreased up to 8.60% and 7.44%, respectively.

The changes in apple firmness differed significantly (p < 0.01) in
various storage conditions. Fruit firmness of autumn apple cultivars in
cooled store-room (control) decreased on average by 64.66%, while by
treatment with 1-MCP the changes in firmness were smaller — by
59.10%, but during storage in the ULO1 and ULO2 cameras the
firmness changed significantly less — by 46.44% and 41.59%,
respectively. Fruit firmness in the control samples of winter cultivars
decreased by 62.30%, by treatment with 1-MCP changes were lower —
by 59.49%, while in the ULO1 and ULO2 cameras changes in apple
firmness were the smallest ones, 40.69% and 39.10%, respectively.

The content of total phenolics in autumn and winter cultivar apples
during storage of 6 months changed differently. In the apples kept in
cooled store-room (control) the content of total phenolics in autumn
cultivar apples increased on average by 7.51%, by treatment with
1-MCP the changes of total phenolics were higher — by 8.80%, while
during storage in the ULO1 and ULO2 cameras the average changes
were only about 4.87%; whereas for winter cultivar apples the increase
of total phenolics was significantly higher — in the control apple samples
by 18.87, with 1-MCP treated by 24.87%, while in apples kept in ULO
cameras in an average by 33.74%.

The content of soluble solids in autumn and winter cultivar apples kept
in cooled store-room (control) during 6 months changed differently: in
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autumn cultivar apples decreased by 5.03%, while in the winter cultivar
apples — increased by 2.27%. Treatment of apples with 1-MCP
increased the content of soluble solids worlds apart: in the autumn
cultivar apples by 0.53%, while in the winter apple cultivars
significantly more — by 6.04%. In the fruits stored in ULO1 and ULO2
cameras the content of soluble solids increased by 9.71% and 5.27% in
autumn cultivars and by 15.33% and 10.56% in winter cultivars,
respectively.

The content of total acids in autumn and winter cultivar apples kept in
the cooled store-room (control) during 6 months decreased differently:
in the autumn cultivar by 57.11%, in winter cultivar apples — by
50.61%. The treatment of apples with 1-MCP significantly reduced the
changes of total acid content: in autumn cultivars by 44.75%, while in
winter cultivar apples — by 41.14%. The total acid content in autumn
cultivar apples kept in ULO1 camera decreased similarly like in the
control — by 50.22%, while in the ULO2 camera — by 37.22%, whereas
in winter cultivar apples the reduction of total acid content was by
29.85% and 26.84%, respectively.

Cell dimensions of apples stored in different conditions during 6 months
changed differently: in autumn cultivar apples kept in cooled store-room
(control) the average cell size decreased by 23.73%, while in 1-MCP
treated — only by 18.31%, whereas during keeping in ULO1 and ULO2
cameras — by 4.23% and 3.55%, respectively; the cell sizes in winter
cultivar apples (control) the decrease of sell size was less — by 14.25%,
the treatment of apples by 1-MCP changed cell size for 13.68%, while
in the ULO1 and ULO2 cameras stored apples the cell size changed
significantly less — in autumn cultivar apples 4.23 % and 3.55%,
respectively, while in winter cultivar apples — 2.77% and 4.25%,
respectively.

The total number of mesophilic aerobic and facultative anaerobic
bacteria on the surface of apples stored in ULO cameras was
significantly lower compared together the surface of the apples kept in
cooled store-room (control), as well as after treatment by 1-MCP (p
<0.05), while the number of yeasts was not significantly different.

Similar microscopic fungi were identified from damaged apples stored
under various conditions — Penicillium expansum, Monilia fructigena
and Neofabraea alba. The damage intensity of autumn apple cultivars
kept in cooled store-room (control) was 78.53%, while the damaging
intensity decreased in apple samples treated with 1-MCP — up to
38.31%, whereas the damage intensity of samples kept in the ULO1 and
ULO2 chambers was significantly lower — 28.83% and 3.23%,
respectively. The damage intensity in winter cultivar apple samples kept
in cooled store-room (control) was 26.78%, while in the treated by
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11.

12.

1-MCP — up to 9.10%, while kept in ULO1 and ULO2 cameras
deterioration intensity was 39.10% and 14.93%, respectively. Autumn
cultivar apples should be stored in the ULO2 camera with corresponding
controlled atmosphere environment, while the winter cultivar apples — in
cooled store-room by initial 1-MCP treatment.

Sensory evaluation showed that harvesting moment of yield and storage
technology significantly influences (p <0.05) apple sensory qualities —
colour, aroma, taste, juiciness as well as their intensity. Results of apple
sensory evaluation during shelf life showed that the highest fruit flavour
have apples treated by 1-MCP. Fruits stored in the ULO cameras did not
have pronounced sweetness, but have very remarkable acidity and
juiciness. The colour and flavour have fruits kept in cooled store-room
(control), but their taste properties were not satisfactory.

The maximum shelf life of apples stored in cooling (control) and ULO1
chamber was 15 days, but for the apples treated with 1-MCP and stored
in the ULO2 chamber shelf life was extended to 25 days.

The study results confirmed the hypothesis - apple storage using
different technologies and regimes ensure the quality of fruits and
extending of their shelf life.
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