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PETIJUMA AKTUALITATE

Cilveki aizvien vairak apzinas, cik svarigi ir ripéties par savu veselibu un to
saglabat. [zv€letais uzturs ir viens no faktoriem, kas var bitiski to ietekmet. Tapec
misdienas paterétajiem ir nepiecieSamiba p&c veseligiem un svaigiem produktiem,
kas gatavi talitgjai lietoSanai. Svaigu auglu un darzenu salati ir viena no iespgjam,
ka palielinat So produktu daudzumu uztura un ir 1pasi iecieniti pe€d&jo gadu laika,
samazinot laika patérinu ikdienas uztura sagatavosanai.

Latvija, attistoties komercauglkopibai un palielinoties auglu razoSanas
apjomiem, viens no iesp&jamiem auglu parstrades veidiem varctu bit svaigu auglu
salatu razo$ana, izmantojot viet€jas izejvielas, kas lautu racionali izmantot iegito
auglu razu un paplasinatu auglu produkcijas klastu tirdzniecibas tiklos, ka ari
sabiedriskas €édinasSanas uznémumos.

Aboliem jabiit ar atbilstoSiem kvalitates raditajiem: stingru, blivu mikstuma
konsistenci, augstu S$kisto$as sausnas saturu, sabalansétam garSas paStbam un
noteikta gatavibas pakapé. Katram regionam ir noteiktas abolu Skirnes, kuras
atSkiras pec kvalitates raditajiem. Tapec Latvija audzetu skirnu abolu pareiza izvele
garantétu kvalitattvu svaigu auglu salatu ieguvi.

Parstradajot abolus dazados produktos, tos mizojot un griezot, auglu dalinas
atri klast brinas. BriinéSanu izraisa auglos eso$o enzimu — polifenoloksidazu —
darbiba, kuru iespjams novérst, izmantojot dazadas produkta apstrades
tehnologijas un pretbrin&Sanas vielas. Svaigu auglu salatu briiné$ana, kas rada
grieztu auglu gabalinu argja izskata izmainas, ir viena no pamatproblémam, kas
jarisina, lai saglabatu auglu uzturvértibu to parstrades procesos un produkcijas
realiz€sana.

Iepakojumam ir svariga nozime svaigu auglu salatu uzglabasanas, izplatiSanas
un marketinga procesos. Iepakojuma industrija izstradati novatoriski iepakojuma
materiali, kas ir paredzeti svaigas auglu produkcijas iepakoSanai, lai nodrosinatu
atbilstigu svaigu auglu salatu kvalitati realizacijas laika. Lai parliecinatos par jauno
iepakosanas tehnologiju ekonomiskumu svaigu auglu salatu iepakoSanai, katrs
jauns iepakojuma materials un tehnologija japarbauda katra uznémuma individuali
un janosaka tehnologiskie parametri razotas produkcijas veida uzglabasanai un
realizacijas termina parbaudei.

Situacijas apskats dod iesp&ju formulét promocijas darba hipotézi — Latvija
audzeti atseviski komercskirnu aboli, efektivi pretbriinéSanas Iidzekli un atbilstoss
iepakojums garant€ labas svaigu auglu salatu sensoras Ipasibas un paaugstinatu
uzturvertibu par atbilstigu tirgus cenu.

Pétijumu objekts

Latvija audzétu komercskirpu ‘Antej’, ‘Alesja’, ‘Auksis’, ‘Belorusskoje
Malinovoje’, ‘Koricnoje Novoje’, ‘Kovalenkovskoje’, ‘Orlik’, ‘Saltanat’ ‘Sinap
Orlovskij’, ‘Zarja Alatau’ aboli un no tiem razoti auglu salati.



Lai pieradttu hipotezi, promocijas darba meérkis ir izvertet svaigu auglu salatu

razoSanai piemérotako Latvija audz€to komercskirnu abolus, pretbringSanas
lidzeklus un atbilstosu iepakojumu kvalitates nodroSinasanai.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

noteikt Latvija komerciali audz&to Skirnu abolu fizikalos, kimiskos un sensoros
raditajus;

izvertet biologiski aktivo vielu saturu un enzimu — polifenolu oksidazes un
peroksidazes aktivitati abolos;

veikt analiz€to Skirnu abolu kvalitates integréto novert§jumu un izveleties
piemérotako skirnu auglus salatu razosanai,

novertét dazadu pretbriinésanas lidzeklu ietekmi uz grieztu abolu fizikalajam
Ipasibam, biologiski aktivo vielu satura izmaipam un mikrobiologiskajiem
raditajiem uzglabasanas laika;

novertet pretbrinéSanas apstrades ietekmi uz grieztu abolu sensorajam
Ipasibam un to izmainam uzglabasanas laika;

izvertet biologiski aktivo vielu saturu un antioksidantu aktivitati auglu salatos;
izvertét svaigu auglu salatu fizikalo, kimisko un mikrobiologisko raditaju
izmainas dazu konvencionalo un biodegradéjamo materialu iepakojuma
uzglabasanas laika;

,»prognozet” svaigu auglu salatu razosanas izmaksas.

Promocijas darba hipotézi pierada ar $adam tézem:

dazadu skirnu abolu kvalitates integrétais novert€jums, kas balstits uz abolu
fizikaliem, kimiskiem un sensoriem raditdjiem, pamato piemerotako Skirnu
abolu izveli svaigu auglu salatu razoSanai;

svaigu auglu salatu kvalitati nodrosina efektivu pretbringsanas lidzeklu izvéle;
sald@tas ogas svaigu auglu salatu receptiira dazado to sortimentu un paaugstina
uzturvertibu;

IzvEletais iepakojums dazadi iespaido svaigu auglu salatu kvalitati
uzglabasanas laika;

svaigu auglu salatu aprékinata realizacijas cena ir konkurentsp&jiga ar citu
lidzigu produktu cenu tirgd.

Pétijuma novitate un zinatniskais nozimigums

1.

2.

Noteikti piemé&rotakie Latvija audz&to komercskirnu aboli svaigu auglu salatu
razoSanai.

Antioksidants NatureSeal® ASS5 un auglu sulas: kriimcidoniju, balto janogu un
smiltserksku sulas/tidens 20% atSkaidijumi atziti ka efektivi abolu
pretbringSanas Iidzekli.

Izstradati jauni parstrades produkti no Latvija audz&tu komercskirnu aboliem —
svaigi auglu salati .



Izvertéta svaigu auglu un darzenu iepakosanai rekomendéto dazu
konvencionalo un biologiski sadalamo iepako$anas materialu piemérotiba
auglu salatu uzglabasanai.

Promocijas darba tautsaimnieciska nozimiba
Svaigu auglu salatu izstrade dod iesp&ju darzkopjiem racionalak izmantot
Latvijas komercdarzos iegiito abolu razu, vienlaikus paplasinot auglu
produkcijas piedavajuma klastu vietgja tirgi.
legiitie abolu un auglu salatu kimiska sastava dati papildina Latvijas partikas
produktu sastava datubazi (pieejams: www.partikasdb.lv/partikas-sastava-
datubaze/par-datubazi/)
Piemérotako Skirpu abolu izvéle, ieteiktie grieztu auglu pretbriinéSanas lidzekli
un eksperimentali parbauditie iepakojuma materiali laus raZotajiem sekmigak
uzsakt Latvija jauna produkcijas veida razoSanu.
Biodegradgjamos iepakojuma materialus var sekmigi izmantot auglu salatu
iepakoSanai ka alternativu risinajumu konvencionalajiem polim€riem un
ievérojami samazinat vides piesarnpojumu.

ZINATNISKA DARBA APROBACIJA

Par pétijuma rezultatiem zinots 11 starptautiskajas zinatniskajas, zinatniski

praktiskajas konferenc€s, kongresos un simpozijos Latvija, Igaunija, Francija,
Rumanija, Serbija, Italija un Lietuva, ka ari starptautiskaja partikas izstadé Riga
Food 2012, razas svétkos Vecauce 2012 un praktiskaja seminara Dobelé.

1.

Krasnova 1., Seglina D., Karklina D., Juhnevica K., Heidemane G. The
evaluation of sensory physical and chemical properties of pears grown in
Latvia. Ikgadgja 16. starptautiska zinatniska konference Research for rural
development 2010. Jelgava, Latvija, 2010. gada 19.-21. maijs (referats/oral
presentation).

Krasnova ., Seglina D., Karklina D., Kviesis J., Juhnevica J. Quality changes
of fresh cut pear slices after freezing, depending on the used inhibitors. 5.
Baltijas partikas zinatnes un tehnologijas conference Foodbalt-2010. Tallina,
Igaunija, 2010. gada 29.-30. oktobris (stenda referats/poster presentation).
Krasnova I., Aboltins A., Seglina D., Karklina D., Suraka V. (2011) The
practical and theoretical investigations of the quality changes in fresh pear
salad, depending on storage time and inhibitors. 6. Starptautiskais CIGR
tehniskais simpozijs Towards a sustainable food chain. Nante, Francija, 2011.
gada 18.-21. aprilis (stenda referats/poster presentation).

Krasnova 1., Seglina D., Karklina D., Aboltins A., Juhnevica K. Effect of
different combinations of anti-browning substances on fresh-cut pear slice
quality. 6. Starptautiska zinatniska konference Food Balt 2011. Jelgava,
Latvija, 2011. gada 5.—6. maijs (stenda referats/poster presentation).

Krasnova 1., Karklina D., Seglina D., Juhnevica K., Kviesis J. Assessment of
apple cultivar quality and selection of the most suitable apple cultivars for
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10.

11.

12.

13.

14.

fresh cut salad production. Latvijas Lauksaimniecibas universitates ikgad&ja
starptautiska zinatniska konference Research for Rural Development 2011.
Jelgava, Latvija, 2011. gada 18.-20. maijs (referats/oral presentation).
Krasnova 1., Seglina D., Kviesis J., Karklina D. Polyphenolic, Vitamin C and
Sugar Profile of Apple Cultivars Grown in Latvia. Second Balkan Symposium
on Fruit Growing, Fruit quality, health and environment. Pitesti, Rumanija,
2011. gada 5-7. septembris (stenda referats/poster presentation).

Krasnova 1., Aboltins A., Seglina D., Karklina D., Juhnevica K. Quality
maintenance of fresh-cut apple salad using different anti-browning agents. II
International Conference on Quality Management of Fresh Cut Produce:
Convenience Food for a Tasteful Life. Turina, Italija, 2011. gada 17.-21. julijs
(stenda referats/poster presentation).

Krasnova I., Suraka V., Seglina D., Karklina D. Quality of fresh cut pear slices
treated by different combinations of antibrowning inhibitors. 3rd International
Conference on Laboratory Diagnostics in Veterinary Medicine, Food and
Environmental Safety. Riga, Latvija, 2011. gada 15.-16. septembris (stenda
referats/poster presentation).

Krasnova 1., Seglina D., Karklina D., Juhnevica K., Gailite 1. Effect of
different antibrowning agents to the microbiology of the fresh cut during
storage. 7. Baltijas partikas zinatnes un tehnologijas konference Foodbalt-
2012. Kauna, Lietuva, 2012. gada 17.—18. maijs (stenda referats/poster
presentation).

Krasnova 1., Seglina D., Juhnevica K., Karklina D. The effect of browning
inhibitors treatment on the microbiology of Fresh-Cut Apple Salad. Central
European Congress on Food. CEFood 2012. Novi Sad, Serbija, 2012. gada
23.-26. maijs (stenda referats/poster presentation).

Krasnova I., Seglina D., Misina 1., Karklina D. Effects of anti-browning
treatments on the storage quality of fresh-cut pears. 2. Starptautiska zinatniska
konference Sustainable Fruit Growing: From Plant to Product. Riga, Latvija,
2012. gada 22.-24. augusts (stenda referats/poster presentation).

Praktiskais seminars Svaigu augfu salati un to razoSanas iespéjas. Pieauguso
izglitibas un atbalsta centrs, Dobele, Latvija, 2012. gada 29. augusts
(referats/oral presentation).

Starptautiska partikas izstade Riga Food 2012. Riga, Latvija, 2012. gada 5.-8.
septembris (stenda referats/poster presentation).

Krasnova I. (2012) Rudens bumbieru Skirpu kvalitates noveértgjums. Razas
svetki Vecauce-2012: Studijas. Zinatne. Prakse. Zinatniskais seminars. 2012.
gada 1. novembris.

P&ttjumu rezultati apkopoti un public@ti septinos recenzgjamos zinatniskos
izdevumos un monografija:

1.

Krasnova 1., Karklina D., Juhnevica K., Heidemane G. (2010) The evaluation
of sensory physical and chemical properties of pears grown in Latvia.
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International Scientific Conference Proceedings ,Research for Rural
Development”, p. 145-151. (EBSCO; Academic Search Complete, CAB
Abstracts).

2. Krasnova I., Karklina D., Seglina D., Juhnevica K., Kviesis J. (2011)
Assessment of apple cultivar quality and selection of the most suitable apple
cultivars for fresh cut salad production. International Scientific Conference
Proceedings ,Research for Rural Development”, p. 126-133. (EBSCO;
Academic Search Complete, CAB Abstracts).

3. Krasnova I., Aboltins A., Seglina D., Karklina D., Suraka V. (2011) Changes
of vitamin C and polyphenols during the storage time in minimally processed
pear salads with various anti-browning additions. 6th International CIGR
Technical Symposium, Toward a Sustainable Food Chain-Food Process,
Bioprocessing & Food quality management. Nantes: Oniris, Francija, CD
formata, p. 118—121. (Scopus.)

4. Krasnova I., Dukalska L., Seglina D., Juhnevica K., Sne E., Karklina D.
(2012) Effect of Passive Modified Atmosphere in Different Packaging
Materials on Fresh-Cut Mixed Fruit Salad Quality during Storage. World
Academy of Science, Engineering and Technology, 67, p. 1095-1104.

5. Krasnova 1. (2012) Rudens bumbieru $kirpu kvalitates novertgjums. Razas
svetki ,,Vecauce-2012”: Studijas. Zinatne. Prakse. Zinatniska seminara rakstu
krajums. 28.-32. Ipp.

6. Krasnova 1., Seglina D., Kviesis J., Surikova V., Karklina D. (2013)
Polyphenolic, vitamin C and sugar profile of apple cultivars grown in Latvia.
Proceedings I Balkan Symposium on Fruit Growing, Acta Horticulturae 981,
Vol.(1), 613-619.

7. Krasnova I., Dukalska L., Seglina D., Misina 1., Karklina D. (2013) Influence
of anti-browning inhibitors and biodegradable packaging on the quality of
fresh-cut pears.Proeedings of the Latvian Akademy of sciencesVol.67, (2),

167-174.

Monografija

Augspole 1., Krasnova 1., Dukalska L., Rakcejeva T., Muizniece S., Sabovics M.
Svaigi augli un darzeni biologiski sadalamaja iepakojuma. Progresiva iepakojuma
tehnologijas partikas industrija. Red. Dukalska L., Muizniece-Brasava S. Jelgava:
LLU, 2012, 163.-168. lIpp.

Iesniegts publicéSanai

Dukalska Lija, Ungure Eva, Krasnova Inta, Augspole Ingrida, Muizniece Brasava
Sandra, Levkane Vita, and Rakcejeva Tatjana. (2013) Evaluation of the influence
of various biodegradable packaging materials on the quality and shelf life of
different food products LLU Raksti. (lesniegts,izrecenzéts un  pienemts
publicésanai.)



MATERIALI UN METODES

Pétijuma laiks un vieta
Petijumi veikti laika posma no 2009. Iidz 2012. gadam.

e Latvijas Valsts auglkopibas institiita Auglu un ogu eksperimentalas parstrades
nodalas Eksperimentalaja parstrades un biokimiskaja laboratorija pétito Skirnu
aboliem un auglu salatiem veiktas kimiskas un fizikalas analizes, izstradati
auglu salatu eksperimentalie paraugi; auglu salati iepakoti;

e Latvijas Lauksaimniecibas universitate, Partikas tehnologijas katedra, Partikas
produktu sensoras novértéSanas laboratorija veikta auglu salatu sensora
vertéSana; Partikas produktu analizu laboratorija auglu salatos noteiktas
Skiedrvielas.

e Partikas drosibas, dzivnieku veselibas un vides zinatniskaja institita BI/OR
veiktas auglu salatu mikrobiologiskas analizes un noteikta fidens aktivitate.

Petijuma izmantotie materiali

Latvija audz€to komercskirnu aboli (Malus domestica) ‘Alesja’, ‘Antej’,
‘Auksis’, ‘Belorusskoje Malinovoje’, ‘Kori¢noje Novoje’, ‘Kovalenkovskoje’,
‘Orlik’, ‘Saltanat’, ‘Sinap Orlovskij’, ‘Zarja Alatau’.

Bumbieru (Pyrus communis) $kirnes ‘Suvenirs’ augli.

Pretbriiné$anas Iidzekli: dabigas sulas: smiltsérkS8ku, balto janogu,
kriimcidoniju.
—  NatureSeal® ASS.

Auglu salatu eksperimentalo paraugu razoSanai paredz&tas saldétas ogas:
upenes (Ribes nigrum L), zemenes (Fragaria % ananassa), lielogu dz€rvenes
(Vaccinium macrocarpon Ait.), smiltsérksku ogas (Hippohae rhamnoides L).

IepakoSanas materiali. Polipropiléna karbinas (PP) ar uzspiezamu PP vacinu,
DuniFORM PP karbinpas, mitruma absorbents LinPac PS (polistirols).
Konvencionalas poliméru pléves: Amcor Agrifresh, BOPP Propafilm™ P2GAF,
Biodegradgjamas INNOVIA NatureFlex™ NVS un VC999 BioPack PLA pléves.

NatureFlex™ NVS INNOVIA un VC999 BioPack PLA ar SiO, parklajumu un
uzlabotam barjeripasibam atskirigo kuSanas temperatiiru dél nevar piekausét pie
PP karbinam, tade] ieprieks no §Tm plevém tika izgatavoti maisini, kuros ievietoja
DuniFORM PP karbinas ar auglu salatiem un maisinus hermétiski aizkausgja.

DuniForm PP karbinas ar auglu salatiem hermétiski aizkausgja ar Amcor
Agrifresh un BOPP Propafresh™ P2GAF plevi. Ka kontroles iepakojums
izmantotas polipropiléna (PP) karbinas ar uzspiezamu vacinu. Ka viens no aktiva
iepakojuma paveidiem izmantots mitruma absorbents LinPac PS (polistirols), no
kura sagatavota mitruma absorb&josa loksne (138 x 98 mm), kas ievietota PP
karbinas.



Pétijumu struktira

Aboli/
Apple

4

II Griezti aboli/
Fresh-cut apple

l

Skirnu abolu integrétais novertgjums
salatu razos$anai/
Integrated evaluation of apple cultivars
for salad production

Abolu mikstuma kimiska sastava un
pretbrinésanas apstrades Iidzeklu
izvertejums/

Evaluation of apple flesh chemical
composition and anti-browning agents

Auglu salatu receptiiru izstrade un

111 Auglu salati / kimiska sastava noteikSana,
Eruit salads sensora verteéSana/
Development of fruit salad recipes
and determination of their chemical
ﬂ composition, sensory evaluation
IV Auglu salatu
uzglabasana / Realizacijas termina noteikSana un

Storage of fruit salads ieteicama iepakojuma veida izvertesana/
Determination of shelf life and evaluation

of recommended type of packag

1. att. Pétijjumu vispareja struktira
Fig. 1. General structure of the research

Petijumu pirmaja posma izpétes objekts ir Latvija audzeto komercskirnu aboli,
kurus analizg, lai noteiktu piemerotako Skirnu abolus auglu salatu razoSanai. Otraja
posma tiek pétiti pretbrinéSanas Iidzekli, lai noteiktu, kur§ no tiem ir
visefektivakais grieztu abolu mikstuma krasas saglabaSanai. TreSaja posma
izstradata auglu salatu receptiira un pétiti auglu salatu veidi, noteikts to kimiskais
sastavs un sensorie raditdji. Ceturtaja posma petita auglu salatu kvalitate
konvencionalajojos un biodegrad&jamos iepakojuma materialos uzglabasanas
laika, lai noteiktu realizacijas terminu.

Pétito Skirnu abolu izvértéjums auglu salatu raZoSanai

Analizéti abelu Skirpu ‘Alesja’, “‘Antej’, ‘Auksis’, ‘Belorusskoje Malinovoje’,
‘Kori¢noje Novoje’, ‘Kovalenkovskoje’, ‘Orlik’, ‘Saltanat’, ‘Sinap Orlovskij’,
‘Zarja Alatau’ 2010. un 2011. gada razas @boli atbilstosi pétijuma shémai (2. att.).
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Aboli/dpple
t+4+0,5°C

! '

Kimiskas analizes/ Sensoras analizes/
Chemical analysis Sensory analysis

!

Kopgjo skabju saturs/Total acid content

Krasa/Color Skistosa sausnas saturs/Soluble solids content Linijskala/
Cietiba/ Cukl_lru' saturs/Sugars content Line scale

Kopgjais fenolu saturs/Total phenols content Héedoniska

Taninu saturs/Tannins content skala/Hedonic

Polifenolu oksidaze/Polyphenol oxidase scale

Polifenolu peroksidaze/Polyphenol peroxidase

Antioksidantu aktivitate/Antioxidant activity

Hlorogenskabes saturs/Chlorogenic acid

content

Epikatehina saturs/Epichatechin content

Katehina saturs/Catechin content

Flavanolu saturs/Flavanol content

Floretina 2-O-D-ksiloglikozida saturs/

Phloretin-2-0-D-xyloglucoside content

Florodzina saturs/Phloridzin content

l

( Integrétais novert&jums/Integrated evaluation

Fizikalas analizes/
Physical analysis

Gatavibas pakapes
noteik$ana/
Determination of the
degree ripening

Joda cietes tests/ Firmness
Iodine starch test Vidgja masa/
Average mean
mass

2. att. Dazadu Skirpu abolu kvalitates izvérteSanas shema
Fig. 2. Scheme of quality evaluation of different apple varieties

Lai zinatniski pamatotu izveéletos auglu salatu razosanai piemérotako skirnu
abolus, veikts integrétais novert€jums. Integrétaja novertejuma Skirnpu abolu
analizétas pazimes sadalitas tris grupas: kimiska sastava, fizikalo un sensoro
ipasibu raditaji. Sensoras novértéSanas parametru grupai tika pieskirts augstakais
ieguldijuma koeficients (®; = 0,34), jo Sie raditaji ir batiski abolu izvertéSanai un
ietekmeé auglu salatu kvalitati, garSu un ar&jo izskatu. Sensoras novertéSanas
parametru grupas iekSien€ h&doniskajam vert§jumam pieskirts augstakais
ieguldijuma koeficients (o; = 0,3). Fizikalo raditaju grupai pieskirts ieguldijuma
koeficients (o; = 0,33). Sis grupas ieksiené augstakais ieguldijuma koeficients
(o; = 0,3) pieskirts cietibai un briingSanas indeksam. Kimiska sastava raditaju

grupai ieguldfjuma koeficients ir ®; = 0,33. Sis grupas ick$iené augstakais
ieguldijuma koeficients pieskirts antioksidantu aktivitatei un C vitamina saturam
((Di = 0,2)

Salatu gatavoSanai izmantots auglu mikstums, tap&c p&c integréta novert€§juma
noteikts piemé&rotako Skirnu abolu mikstuma kimiskais sastavs, un tam veiktas
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kimiskas analizes, kuras paraditas 2. attéla. Aboli 1idz analizéSanai tika uzglabati
glabatuve seSus ménesus +4 + 0,5 °C temperatiira, gaisa relativais mitrums 90%.

Griezto abolu pretbriinésanas lidzeklu izvértéjums

Griezto abolu mikstuma briiné$anas noveér$anai parbauditi $adi pretbrinéSanas
lidzekli: dabigo kriimcidoniju, balto janogu un smiltsérksku sulas/Gidens 20%
atSkaidijumi, un 4% un 5% NatureSeal® AS5 skidums tdeni. Pretbrin€$anas
apstrades shéma paradita 3. att€la. Péc pretbriinéSanas apstrades grieztie auglu
gabalini iepakoti gaisa vide polipropiléna karbinas (PP) pa 220 + 10 g, uzglabati
12 dienas ledusskapi +4 + 0,5 °C temperattira un 0; 3.; 6.; 9.; un 12. diena noteikta
lietoto pretbriingsanas lidzeklu ietekme uz griezto auglu kvalitati.

12



Auglu dezinfekcija/ Apzavésana

Auglu mizosana,

Aboli/ Mazgasgna/ Disinfection with 1% atmosferas gaisa/ gieSana/Fruit
Apple Washing NatureSeal® FS, t=16 Drying air peeling, cutting in
+0,5°C, T=30 min. ambience pieces, 1 X lem
Griezto auglu pretbriinéSanas apstrade/Fresh cut
fruit antibrowning treatment, t=16 + 0,5 °C
K Sulas idens atskaidfjums/ A _ NaturSseal® 4S5
— 20% watered juice ) d Skidums gatavosana/ —
AN t=10 min. ! Solution preparation, T=5 min.
7 Smiltserksku/ \77 ; ! 149 4S5 ' o
. Sea buckthorn ) | | ... .
o/ L s%AS5 e
N White currant /' _____________ .
/" Krameidoniju/ |\
\ Japanese quince AL
S Notecina$ana/Drainage
t=16 = 0,5°C, Produkta iepakosana
=10 min un uzglabasana/ PP(kir.bir,las
. aisa
e Packaging and atmosgtéra)/PP
( Kvalitates izvertgjums/ 4—‘—» storage of product [+,
Quality evaluation t=4£05°Ct=12 | | v mbience)
i I dienas/days
Fizikalie un kimiskie
raditaji /Physical and | |\ fikrobiologiskie raditaji/ _ Sensorais
chemical parameters Microbiological izvertéjums /
Krasa/Color Evaluation Sensory
Kopgjais skabju saturs/ MAFAM/Total plate eva}luation
Total acid content counts Heédoniska skala/
C vitamina saturs/ Raugj/Yeasts, Heallfmic scale
C vitamin content KOpgjais | |pio o o oo bakiErijas/ L'%mjskala/
fenolu saturs/ Total phenol | |y . oia pac teria, Linescale
content Antioksidantu Pseudomonas spp.
aktivitate/ Antioxidant J
activity

3.att. Griezto auglu pretbriinéSanas apstrades un kvalitates
izvertesanas shéma
Fig. 3. Scheme of the cut apple anti-browning treatment
and quality evaluation

Auglu salatu receptiiru izstrade un kvalitates novérteSana
Auglu salatu razo$anai no svaigiem augliem izstradata tehnologiska shéma,
noradot nepiecieSamo tehnologisko operaciju parametrus (4.att.).
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Aboli, Dezinfekcijas $kiduma 'q-++3  NatureSeal® FS
bumbieri / Mazgasana / gatavoSana/
fresh apples —} washing preparation of the Odens / Water
and pears solution <
A 4
Auglu dezinfekcija /
Disinfection with 1%
NatureSeal® FS,
t=16+0,5°C,
Auglu grieSana 7= 30min. )
gabalinos / Notecinasana /
Fruit Drainage
cutting in pieces, "— Auglu mizoSana / 4— t=16+0,5°C,
I-15cmt=16+0,5°C Fruit peeling =10 min
v
Griezto auglu pret- Apstrades skiduma . NatureSeal® AS5
brinésanas apstrade/ 4 gatavosana/
Fresh cut fruit Preparation of the Udens/ Cukurs/
antibrowning treatment solution 5% ‘< Water Sugar
T=5min NatureSeal® AS5 . .
* \ 4 \ 4
Griezto auglu 30% cukura sirupa
Auel tecinas saldinasana/ N varisana, atdzeséSana lidz
ugél;;;vg;rrl;jana, ’ The sweetening of fresh ¢ t=10=+0,5°C/
Fruit drain off cut fruit 30% syrup of sugar
t=16+0,5°C, boiling,
=15 min t=100°C. 1=3 min
© eg mqe - . . *
F 1zlka11_e un ~lf<1mlsk1e Augu notecinasana, Saldetu smiltserksku,
. raditaji / . e;piévééan a/ ’ upenu, zemenu un
Physical and chemical Fruit drain off g5 dzérvenu pievienosana /
parameters t=16+05 °C Adding of frozen
PH,; =15 min seabuckthorn,

Kopgjais skabju saturs/

Total acid content

Skistosds sausnas saturs /

v

Soluble solids content
Kopgjais fenolu saturs/
Total phenols content
Taninu saturs /
Tannins content
C vitamina saturs /
C vitamin content

Produkta iepakosana un
uzglabasana /

Flavanolu saturs /
Flavanol content
Antiksidantu aktivitate /
Antioxidant activity

Packaging and storage
of product
t=4+05°C,t=12

w
Kvalitates

izvertgjums /
Quality evaluation

—

blackcurrant, strawberry
and cranberry

Sensorais novertgjums /
Sensory evaluation
Hedoniska skala /
Hedonic scale
Linijskala / Linescale

4. att. Auglu salatu raZoSanas tehnologiska shéma
Fig. 4. Technological scheme of fruit salad proction
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Svaigu auglu salatu pamatsastava ir: 80 % mizoti, sagriezti aboli un 20 %
mizoti, griezti bumbieri. Svaigi auglu salati ar atlaidinatam saldétam ogam
(smiltserkski, upenes, zemenes un dzervenes) attiecigi satur 80 % svaigu auglu
salatu pamatsastavu un 20 % sald@tu ogu. Ir izstradatas piecas svaigu auglu salatu
receptiiras: abolu/bumbieriu auglu salati un auglu salati ar smiltsérkskiem,
upeném, dz€rvenm un zemeném. Visu veidu auglu salatiem veiktas kimiskas
analizes un sensorais vertéjums.

Auglu salatu realizacijas termina izvertéjums dazados iepakojuma materialos

Auglu salatus iepakoja gaisa vidé DuniForm polipropiléna karbinas (PP) pa
170 £ 10 g un tradicionali tirdznieciba lietotajas PP karbinas pa 220 + 10 g atbilstosi
5.attela paraditai shémai.

Iepakotie paraugi 10 dienas bija uzglabati ledusskapt +4 + 0,5 °C temperatiira.
Iepakojuma brivaja telpa virs auglu salatiem tika noteikts gazu sastavs (O, un CO,
koncentracija) un salatu virsmas krasa, ka arT veiktas kimiskas, mikrobiologiskas
un sensoras analizes uzglabasanas laika.
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| Auglu salatu iepakoS$ana / Fruit salad packaging

|

¢

L 4

Konvencionalais
iepakojums (PP karbinas)/
Conventional packaging

Ievieto biodegrad€jamo materialu
pléves maisinos / Placed in
pouches of biodegradable films

Iepakojums Duniform
PP karbinas /
PP containers

Aizkausg ar ,.elpojosam”
konvencionalo poliméru plévém /
Sealed by conventional breathable

polymer films
. . ._._”_ﬁ_.a._._ - A{I___________-_\.A ...... ,
e - yce9 _9 Bio P ‘.lc.k. | Nature Flex ]_V Vs i Amcor Agrifresh 1| BOPP Propafresh™ i
| Kontrole / | PLA pleves maisini/ INNOVIA pleves - 1 pleve / film '\ P2GAFpleve/ film |
Control film pouches [ maisini / film pouches | ! i !
l.;f;f;‘._._.ﬂ — e — N N 4
PP karbinas ar | Y
| mitruma absorbentu/ ! \ Uszelabas -
L Enclosed humidiy _ | s
Storage t — +4 £ 0.5 °C
v
Kvalitates izvertejums/ Quality
]
' | L
Fizikalie raditaji / Kimiskie raditaji/ AI/;/I 1krclil?1;)loglsl;1e raditji / Sensorais
Physical parameters _Chemical parameters icrobiological parameters novertgjums péc
i Skistosa sausna, °Brix / MAFAM / Total plate adoniska
Masas zudumi, % / > counts hedoniskas skalas

Mass losses, %, Krasa / Color
Cietiba, N / Firmness, N
Gazu sastava (O, un CO;)
analizé$ana / Gas composition: O,
and CO; analysis

Soluble solids, Brix°;
Kopgjais skabju saturs, % /
Total acid content, % 100g™; pH

Polyphenol oxidase, unit g min’

Polifenolu oksidaze, vienibas g 'min-'"/

Raugi / Yeast
Pienskabes bakterijas
/Lactic acid bacteria

Pseudomonas spp.

un linijskalas /
Sensory evaluation

by the hedonic
scale and line scale

5.att. Auglu salatu iepakosanas shéma/ Fig. 5. Scheme of salad packaging



Fizikalo un kimisko parametru noteikSanas metodes

Fizikalo un kimisko raditaju noteikSanas metodes apkopotas I.tabula.
tabula. Fizikalas un kimiskas analizes veiktas aboliem kopa ar mizu un
atseviski abolu mikstumam. Grieztie augli un auglu salati analiz&ti talit péc
pretbriinésanas apstrades un dazadu materialu iepakojumos uzglabasanas laika.

1.tabula/Table 1
Fizikalo un kimisko raditaju noteikS§anas metodes
Methods of determination of physical and chemical parameters

Nr.
S NoteikSanas metode, standarts/
p’.\llg./ Raditaji/Parameters Method for determining, standard
1 Auglu gatavibas pakape/ Joda cietes tests/lodine starch test
) Degree of fruit ripeness (Kaack un Pedersen, 2010)

2 Augla vid&ja masa/ Svara metode, elektroniskie svari
) Average mass of one fruit, g (£ 0,001 g) / Weighing method

3 Krasas komponentes L* a* b*/ CIE L*a*b* krasu sisteéma/
) Colour components L* a* b* CIE L*a*b* coulor system.

Texture analyser TMS PRO (Food

4. Cletiba / Firmness, N technology Corporation, USA)

Udens aktivitate/
5. Water activity, a,, ISO 21807:2004

Masas zudumi/Mass losses, % Svara metode, elektroniskie svari
(£ 0,0001 g)/Weighing method

7. Skistosa sausna/Soluble solids, ° Brix ISO 2137:2003

Kopgjo skabju saturs/
8. Total acid content, % AOAC942.15

C vitamina saturs/

Vitamin C content, mg 100 g’ LVS EN'14130:2003

Spektrofotometriska metode /
Spectrophotometric method
(Singleton et al., 1999)

10 Kopgjo fenolu saturs/ Total phenol
’ content, mg 100 g’

Spektrofotometriska metode/
Spectrophotometric method,
(Luetal., 2010; Rohman et al.,

Flavanolu saturs /
11. Total content of flavanols (expressed
as catechin), mgl00g™

2010)
Taninu saturs / Spektrofotometriska metode/
12. Tannin content expressed as tannin Spectrophotometric
acid, g 100 g method, (Paaver et al., 2010)
Polifenolu oksidazes aktivitate/
13. Polyphenol oxidase activity, vienibas Spektrofotometriska metode/
min g funits min g Spectrophotometric method,
Polifenolu peroksidazes (Rojas-Gratii et al., 2008)

14. aktivitate/Polyphenol peroxidase
activity, vienibas min g"'/ units min g’




1. tabulas turp./ Table cont. 1

Nr.

s aemss NoteikSanas metode, standarts/
le:)'/ Raditaji/Parameters Method for determining, standard
Antioksidantu aktivitate / Spektrofotometriska metode /

15. | Antioxidant activity, (DPPH) Spectrophotometric method,
mmol TE 100g-1 Brand-Williams et al. 1995
Antioksidantu aktivitate, dzelzs Spektrofotometriska metode /

16 reducésanas pakape (FRAP) / Spectrophotometric

* | Antioxidant activity Ferric reducing Method, (Benzie and Strain, 1996)
antioxidant power (FRAP)
Kopgjas digtiskas skiedrvielas /
17. Total dietary fiber, g 100 g”! AOAC 994.13, AACC 32-25
Augstefektivas Skidruma
18 Cukuru saturs/ hromotografijas metode/
" | Content of sugars,g 100 g”! Method of high-efficiency liquid
chromatography
Fenolu savienojumu: katehinu,
epikatehinu, hlorogenskabes, Augstefektiva Skidruma
kafijskabes, rutina, floridzina, floretina | hromotografija/

19 2-0-D-ksiloglikozida saturs/ Method of high-efficiency liquid

) Phenolyc compounds: catechin, chromatography
epicetechin, chlorogenic acids, caffeic (Iacopini et al., 2010; Carbone et
acid, rutin, Phloretin-2-O-D- al., 2011)
xyloglucoside

Mikrobiologisko raditaju noteik§anas metodes
Mezofili aerobo un fakultativi anaerobo mikroorganismu (MAFAM)

koloniju veidojosas vienibas (KVV) noteiktas atbilstosi standartam LVS EN
4833:2003, raugi — atbilstosi standartam ISO 21527-2:2008 un Pseudomonas
spp. — atbilstosi standartam LVS EN ISO 12780, pienskabes baktgrijas saskana
ar standartu ISO 9332:2003.

Sensoro analiZu metodes

Abolu un svaigu auglu salatu sensoro IpaSibu intensitte vértéta,
izmantojot Iinijskalu, bet patikSanas pakapes noteikSanai lietota h&doniska
skala (ISO 4121:2003). Griezto auglu raksturojoso Tpasibu novert€Sanai péc
pretbrinésanas apstrades izmantota piecpakapju skala (ISO 4121:2003).

Abolu un grieztu auglu péc pretbriingSanas apstrades patikSanas pakapes
un sensoro IpaSibu intensitates sensora vérteSana piedalfjas 25 apmaciti
VErtetaji.

Auglu salatu patikSanas pakape péc saldétu ogu pievienoSanas noteikta,
izmantojot h&donisko skalu. VeértéSana veikta LLU, un taja piedalijas 81
apmacits vertetajs. Lai noskaidrotu potencialo patérétaju viedokli par auglu
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salatu patikSanas pakapi, sensora vertéSana tika veikta starptautiskas partikas
izstades Riga Food 2012 laika. Sensoraja vertésana piedalijas 225 vertétaji, un
tai ieprieks bija sagatavota anketa, kura tika ieklauti arT jautajumi par optimalo
auglu salatu iepakojuma tilpumu.

Integrétais novertéjums

Ar integrétd novertg§juma metodi atrasti piemérotako Skirpu aboli ar
labakam kvalitates Tpasibam p&c pazimju kompleksa, grupas iekSieng pieskirot
katrai pazimju grupai un atseviski katrai pazimei savu ieguldijuma koeficientu.
(Maptunos, 1987).

Integréta novertejuma vertiba (IT) raksturo konkrétas Skirnes vertgjuma
novirzes no optimalajam veértibam, tapéc mazaka integréta novert§juma veértiba
atbilst labakajai Skirnei, kas auglu salatu razoSanai ir vispiem&rotaka. P&c
integréta novert§juma vértibas par piemérotakam atzitas Skirnes, kuru IT ir
mazaka neka vid&jas aritmétiskas integrétas novértéjuma veértibas un kuru
standartnovirzes starpiba (/T ,;;— s).

Matematiska datu apstrade

Eksperimentali iegiito datu matematiska apstrade veikta ar matematiskas
statistikas metodém, lietojot Microsoft Excel for Windows 7.0 un SPSS
programmas SPSS 15 paketi. legiitajiem rezultatiem aprékinati $adi raditaji:
vidgja aritmetiska vertiba, standartnovirze. Datu interpretacijai izmantota
vienfaktora un divfaktoru dispersijas analize (ANOVA) un General Linear
Model (GLM) un mazako kvadratu metode. Atskiribu noskaidroSanai starp
atseviskiem paraugiem lietots Scheffe kritérijs. Sensora vért€juma rezultati
analizEti ar statistiskajam metodém: divfaktoru dispersijas analizi, Tjukija,
Fridmena testu. Abolu nozimigako sensoro Ipa§ibu rezultdtu izvertg3anai
papildus izmantota hierarhiju analizes metode (AHP — The Analytic Hierarchy
Process). Pazimju sakaribu cieSums starp analiz€tajiem raditajiem noteikts,
lietojot regresijas un korelacijas analizi. Ja sakariba starp pazimém ir lineara,
determinacijas koeficients sakrit ar korelacijas koeficientu: R’ vienads ar . Ja
korelacijas koeficienta vertiba ir 0,5 <| r | < 0,8, starp petamajam pazimém ir
vidgji ciesa lineara sakariba. Ja | r | > 0,8, tad starp pé€tamajam pazimeém ir cieSa
lineara sakariba (Arhipova, Balina, 2006).

REZULTATI UN DISKUSIJA

Pétito abolu masa, diametrs un cietiba bija biitiski atSkirigi starp Skirneém

(p = 0,002, n = 10). Abolu cietiba ir svarigs kvalitates raditajs, kur§ janem

vera, lai noteiktu abolu novaksanas laiku. No cietibas ir atkarigs to realizacijas

veids: tulitgjs paterin$ svaiga veida, parstrade vai ilgstosa uzglabaSana.

Izvertejot divu gadu rezultatus bitiski mazaka cietiba (p < 0,05, n = 10) bija
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‘Kovalenkovskoje’ $kirnes aboliem (8,4 N) (2. tab.). Sis $kirnes aboli
analize€Sanas bridi bija visgatavakie, gatavibas indekss 0,19 un gatavibas
pakape péc joda cietes testa 8,2. Augstaka cietiba bija ‘Antej’ (15,3 N) ‘Sinap
Orlovskij® $kirnes aboliem (15,4 N). So abolu gatavibas indekss un gatavibas
pakape bija attiecigi zemaka (0,16 un 0,17; Joda cietes tests 6,0 un 5,5).

2. tabula/Table 2

Abolu $kirnu cietibas un gatavibas pakapes raditaji
Firmness and degree of ripeness parameters of apple cultivars

Skirnes/Cultivars FCirlr?’ltilbeas/s Joda cietes tests/ | Gatavibas indekss/
’ N ' lodine Starch test| Ripening indekss
‘Alesja’ 8.81 +1,61°" 6.80 +0.42% 0.16 +0.02%®
‘Antej’ 1529 +£2,32° 6.00 £ 0.67° 0.16 +0.04®
‘Auksis’ 11.61 £1.37% 6.70 +0.48° 0.19 +0.04%®
ﬁzll‘i)g‘ésvs;‘;{e 13.18 £2,12 6.70 + 0.48° 0.16 +0.03%
‘Kori¢noje Novoje’ 13.01 +2,04° 7.00 + 0.67% 0.15 £0.02*
‘Kovalenkovskoje’ 8.39+1,78° 8.15+0.83¢ 0.19 +0.04%
‘Orlik’ 8.97 £ 1,25° 6.80 +0.42° 0.19 +0.02%
‘Saltanat’ 13.28 +3,54° 6.75 +0.42° 0.15 +0.04°
‘Sinaps Orlovskij’ 15.14 +2,01° 5.50 +0,53" 0.17 +£0.04%
‘Zarja Alataw’ 13.27 £1,25° 6.10 = 0.74% 0.15 +0.03*

* Vertibas, kas atzimétas ar vienu un to pasu burtu, buitiski neatskiras (p > 0,05)/
Values, marked with the same letter, are not significantly different (p > 0.05).

Abolu mikstuma kriasas komponentes analiz&tajam Skirném biitiski
atskiras (p < 0,05, n = 20). Gaisakais mikstums bija ‘Kovalenkovskoje’ Skirnes
aboliem — krasas komponentes L* veértiba 81,11; b* 15,68, bet tumsakais
mikstums — Auksis’ — L* 76,83 un b* 22,53. Uz abolu mikstuma briinéSanas
intensitati norada bringSanas indeksa (BI) vértiba. Augstakais BI bija ‘Auksis’
(44,22) un “Sinap Orlovskij” §kirnes aboliem (43,99), bet zemakais BI novérots
‘Alesja’ 8kirnes aboliem (25,66). Abolu $kirnpu mikstuma BI paradits 6.attela
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6. att. Abolu $kirnu mikstuma briinéSanas indekss/
Fig. 6. Flesh browning index of apple cultivars

Skirnu abolu kimiska satava raditaji ir apkopoti 3.tabula. Abolos esosie
cukuri un organiskas skabes ir svarigakie abolu sabalansétas, saldskabas garsas
veidotaji. Skirpu abolu kimiska sastava raditaji analizétajos abolos biitiski
atskiras (p = 0,000). Zemakais kopgjo skabju saturs ‘Kovalenkovkoje’ skirnes
abolos — 0,15%, bet ‘Sinap Orlovskij’ Skirnes abolos tas bija Cetras reizes
augstaks — 0,64%. Augstakais Skistosas sausnas saturs noteikts ‘Auksis’ (13,10
°Brix) un ‘Zarja Alatau’ Skirnes auglos (12,9 °Brix).
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Kimiska sastava raditaju saturs abolu Skirném

Chemical composition of apple cultivars

3. tabula/Table 3

Kopaiais Flavanolu PPO/ POD/
i Ko_pé'jo Skistosa c felr: o]Iu saturs Taninu Poly_phenol Polyphenol
Suver | s | el | taming | sawrs | Eel || o | perde
- - Vitamin C, | Total phenol 1 o oo
Total acid Solld_s, mg 100 g content mg 100 g content, vu;mbas v1em_bas
content, % °Brix ma 100 oL mg 100g™ min g/ g min-Y/
g1%09 unitsming® | unitsmin™g*
‘Alesja’ 0.60° 12.86° 12.62" 106.75" 33.30™ 1.459 3.05™ 2.61°
‘Antej’ 0.66° 11.35° 18.37" 129.41¢ 67.22° 2.90 4.14% 2.03¢
‘Auksis’ 0.53¢ 13.10° 10.79° 101.51° 36.52° 0.86" 3.15%¢ 1.70°
ﬁ:llﬁlrgj:‘?e 0.60° 10.28" 15.36° 70.76% 29.72° 121 2.72% 2.00%
I\Iﬁ)‘féj‘.’;‘”e 0.61¢ 11.53™ 14.15% 46.44° 33.80" 1.53¢ 1.49° 2.83°
klzssvlf(l)j: 0.15° 11.95¢ 10.56° 73.924 18.79° L1 1.99% 1.40°
‘Orlik’ 0.39° 11.72 13.39% 86.93° 59.96° 1.98° 3.20% 1.75"
‘Saltanat’ 0.47° 11.78% 11.53® 72.55% 20.18° 0.69* 2.71% 2.02¢
()S:lr(‘)iikij, 0.79" 11.36° 12.95%4 66.57" 36.54° 1.59¢ 4.32¢ 2.19¢
‘Zarja Alatau’ 0.64" 12.91° 11.72% 59.98° 28.97° 0.90° 221% 2.23¢

* Ar vienadi apzimétiem burtiem nav noverotas bitiskas atSkiribas, p = 0.05/
Values, marked with the same letter, are not significantly different (p > 0.05).
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Augstikais kopgjais cukuru saturs bija ‘Zarja Alatau’ (12,17 g 100 g™),
bet vismazakais — ‘Belorusskoje Malinovoje’ (8,13 g 100 g') abolos.
Izvertgjot Skistosas sausnas un skabes attiecibu analizétajos abolos,
patikamakas un sabalansétakas garSas TipaSibas bija ‘Alesja’, ‘Antej’,
‘Auksis’, ‘Kori¢noje Novoje’, ‘Sinap Orlovskij” un ‘Belorusskoje
Malinovoje’ aboliem, kuros sausnas un skabes attieciba bija 10:20.

C vitamins (askorbinskabe) auglos ir nozimigs komponents, kuram
piemit antioksidativas Tpasibas. C vitamina saturs pétitajos abolos bija 10,6—
18,4 mg 100 g'. Fenolu savienojumi ir spécigi antioksidanti, kas @bolos
nosaka antioksidantu aktivitates lielako dalu. Augstakais kopg@jais fenolu
saturs bija ‘Antej’ Skirnes (129,41 mg 100 g") un zemakais — ‘Kori¢noje
Novoje’ abolos (46,44 mg 100 g"). Flavanolu saturs abolos bija 18,79—
67,20 mg 100 g'. Dazadu 3kirpu auglu raksturigis un at3kirigas garSas
nianses veido fenolu savienojumi: katehini un proantocianidins (tanini), kas
nosaka Skirnes specifisko gar§u. Augstakais taninu, katehinu (2,9 un
44,5 mg 100 g') un hloregénskabes (117,56 mg kg) saturs bija ‘Antej’.
abolos, rutina (11,64 mg kg') saturs — ‘Sinap Orlovskij’, kafijskabes
(0,62 64 mg kg™ saturs — ‘Bekorusskoje Malinovoje’ 8kirnes @bolos.

Aboli satur enzimus (polifenolu oksidazes (PPO)) un polifenolu
peroksidazes (POD), kas p&c mizoSanas vai grieSanas izdalas no auglu
Sunam, izraisot mikstuma virsmas brunéSanu. Zemaka PPO aktivitate
konstatéta agro ziemas $kirpu ‘Kovalenkovskoje’ (1,4 vienibas g min™) un
‘Kori¢noje Novoje’ dbolos (1,49 vienibas g' min™), bet augstika PPO
aktivitate — vélas ziemas Skirnes ‘Sinap Orlovskij’ abolos (4,32 vienibas
¢! min™). Péc statistikas datiem, vid&ji cieSa sakariba konstatéta kopgjo
fenolu saturam (» = 0,487) un flavanolu saturam (» = 0, 492) ar PPO aktivitati
abolos. Augstakais POD saturs (2,83 vienibas g' min") bija ‘Kori¢noje
Novoje’ $kirnes abolos, bet zemidkais (1,40 vienibas g' min') —
‘Kovalenkovskoje’ abolos.

Floridzins un floretins ir specigi antioksidanti. Floridzina, floretina
2-O-D-ksiloglikozida saturs pétitajos abolos ir bitiski atskirigs. legitie
analizu rezultati liecina, ka mazakais floridzina saturs (4,03 mg kg') bija
‘Belorusskoje Malinovoje’ skirnes, bet augstakais (14,05 mg kg™) — ‘Alesja’
abolos. Savukart floretina 2-O-D-ksiloglikozida saturs pétitajos abolos bija
1,41-10,17 mg kg™

Petitajos abolos augstaka antioksidantu aktivitate (AOA) pec DPPH
bija ‘Sinap Orlovskij’ $kirnes abolos (408,37mmol TE 100 g™), bet péc
FRAP - ‘Antej’ abolos (16,00 mmol TE 100 g). Savukart mazaka AOA péc
DPPH bija ‘Kori¢noje Novoje’ abolos (194,65 mmol TE 100 g™), bet péc
FRAP — “Saltanat’ abolos (5,04 mmol TE 100 g"). Péc statistikas datiem,
AOA pec FRAP ciesi korele ar C vitamina saturu (» = 0,703), flavanolu
saturu (7 = 0,803), tantnu saturu (» = 0,794) un epikatehina saturu (» = 0,814).
AOA péc DPPH vidgji ciesi korele ar kopgjiem fenoliem (r = 0,560),



hlorogénskabi (r = 0,538) un floridzinu (r = 0,427). Auglu salatiem
izmantojami aboli ar augstako AOA.

Sensora vértésana veikta, lai noskaidrotu, kuri aboli p&c garsas
Ipasibam ir piemérotaki svaigu auglu salatu razosSanai. Vertetaji atzina, ka
labakie ir ‘Sinap Orlovskij’, ‘Auksis’ un ‘Antej’ Skirnes aboli; vert€juma
rezultati attiecigi ir 6,89, 6,7 un 6,4 punkti (skat.7.att.).

Patik§anas pakape/
Degree of likining

§l,{irnes/Cultivars

7. att. Skirpu abolu sensorais noveértéjums péc hedoniskas skalas/
Fig. 7. Sensory evaluation of apple cultivars by hedonic scale

Izmantojot integréto novertgjumu (IT), noteikti piemérotakie analizgto
Skirpu aboli svaigu auglu salatu razoSanai. Mazaka IT vértiba norada, ka
abolu skirne ‘Kori¢noje Novoje’ (118), un ari ‘Antej’ Skirne (124) péc
izvertétajiem raditajiem atbilst piemérotakajam Skirném svaigu auglu salatu
razoSanai (8. att.). Péc sensora veért€juma, So Skirnu aboli bija atziti par
piem&rotiem svaigu auglu salatu razoSanai. ‘Kori¢noje Novoje’ aboliem auglu
cietiba 13,7 N, kopgjais skabju saturs 0,61%, polifenolu oksidaze 2,2 vienibas
g' min’', kopgjais fenolu saturs 46,4 mg 100 g', C vitamina saturs
14,2 mg 100 g un baltuma indekss 72,4, bet ‘Antej’ ar auglu cietiba 14,4 N,
kopgjo skabju saturs 0,7% un baltuma indekss 70,4. P&c iegiitajiem IT
rezultatiem svaigu auglu salatu razoSanai izmantojamas ari Skirnes, kuru IT
vertiba ietilpst vidgja integréta novertejuma diapazona 125-166. Tas ir
‘Auksis’, ‘Sinap Orlovskij’ un ‘Zarja Alatau’ Skirnes augli, kuri ietilpst vidgja
novertgjuma robezas (125-166). Turklat So abolu antioksidantu aktivitate bija
augsta (381-408,4 mmol 100 g) un mikstuma cietiba bija piemérota salatu
razosanai (14,4-16,4 N). Savukart ‘Kovalenkovskoje’ Skirne pé&c IT
novert§juma nav piemérota auglu salatu razoSanai (neietilpst vidgja IT
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novertgjuma robezas). So abolu mikstuma struktiira un sensoras Ipasibas bija
novertetas ka nepiemerotas.
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8. att. Abolu $kirnu integrétais novertéjums/
Fig. 8. Integrated evaluation of apple cultivars

— e Vid = IT=125; = = = Vid+IT =166

Biologiski aktivo savienojumu daudzums ir at$kirigs gan dazadu skirpu
abolos, gan to sastavdalas. Analiz€jot piecu Skirpu —Kori¢noje Novoje’,
‘Auksis’, ‘Antej’, ‘Sinap Orlovskij’, ‘Zarja Alatau’ — abolu mikstuma
kimisko sastavu, tas butiski atskiras Skirpu starpa (p < 0,05). Salidzinot ar
nemizotu abolu kimisko sastavu, biologiski aktivo vielu saturs abolos
samazinajies vidgji par 45 %. Veicot respondentu aptauju, prieksroka tika
dota svaigu auglu salatiem, kas gatavoti no mizotiem augliem.

Grieztu abolu pretbriiné$anas apstrade

Salatu gatavoSanai izveletie Skirnes ‘Antej’ aboli mizoti, griezti
gabalinos un veikta to pretbriinéSanas apstrade. Griezto abolu prebriinésanas
apstradei izvertets smiltseérksku, balto janogu un krimcidoniju 20%
sulas/tidens atSkaidijums un NatureSeal® AS5 4% un 5% Skidums tdeni.
Izvertgjot petijuma rezultatus, secinams, ka apstrade ar 5% NatureSeal® ASS
Skidumu nover§ griezto auglu brungSanu lidz divpadsmit dienam. Turklat
apstrade ar preparatu uzradija pozitivu ietekmi uz griezto abolu kvalitati un
biologiski aktivo savienojumu saglabasanu. Uzglabasanas beigas
antioksidantu aktivitate griezto abolu paraugos pé&c apstrades ar 5%
NatureSeal® ASS5 skidumu ir vidgji par 70% augstaka salidzinot ar kontroles
paraugu. Kopgjo fenolu satura un antioksidantu aktivitates dinamika svaigi
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grieztajos abolos péc pretbriingsanas apstrades uzglabasanas laika paradita
9.attela.
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9. att. Kopéja fenolu satura(A) un AOA (DPPH) (B) dinamika ar
pretbranésanas lidzekli apstradatos grieztajos abolos/
Fig. 9. Dynamics of total phenol (A)and of AOA (DPPH )
(B) content in fresh-cut apples
1) kontrole/control; 2) 20% atskaidita smiltsérksku sula / water /20% sea buckthorn juice
dilution; 3) 20% atskaidita krimcidoniju sula/ water /20% Japanese quince juice dilution;
4) 20% atskaidita janogu sula/ water /20% white currants juicedilution; 5) 4% NatureSeal® AS5

skidums/ 4% NatureSeal® solution; 6) 5% NatureSeal® ASS skidums/ 5 % NatureSeal®
solution.

Salidzinajuma ar kontroles paraugu abolu gabalinu apstrade ar
NatureSeal® ASS5 biitiski paaugstina C vitamina saturu (attiecigi 7,4 un 20,34
mg 100 g™') kopgjo fenolu saturu (attiecigi 34,44 un 138,15 mg 100 g) un
antioksidantu aktivitati (DPPH attiecigi 5,87 un 18,09 mg TE 100 g) tajos
(» = 0,00). Apstradatajos abolos paaugstinasanos izraisa NatureSeal® AS5
kimiskais sastavs (C vitamins un dabas vielas). Apstrade ar 20%
kriimcidoniju, smilts€rksku un balto janogu atSkaidita sula novérs briinéSanu
un paaugstina kop&jo fenolu saturu grieztajos auglos pirmajas tris dienas, bet
uzglabasanas beigas griezto abolu virsmas krasa kluva tums$aka un
antioksidantu aktivitate biitiski samazinajas (p < 0,05).

MAFAM  skaits grieztajos abolos kontroles parauga un péc
pretbrinéSanas apstrades ar 20% smiltsérksku sulu/ Gdens atSkaidijumu
uzglabasanas devitaja diena parsniedza Partikas un veterinara dienesta
ieteiktos kriterijus (Npex = < 10 ° KVV g Maréenkova, 2010). Savukart
grieztie aboli p&c apstrades ar 20% balto janogu sulu/ Gidens atskaidijumu bija
bojati un netika analizéti (10. att.). Uzglabasanas laika beigas MAFAM KVV
skaits grieztajos abolos péc apstrades ar 20% atSkaiditu krumcidoniju sulu,
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un NatureSeal® AS5 4% un 5% Udens $kidumiem neparsniedza ieteiktas
mikrobiologiska piesarpojuma normas.

Uzglabasanas laiks, dienas/Storagetime, days

MAFAM,Jg KVV g1/
Total plate counts, Ig CFU g/

] =32 — A= 3 —-W--4 —k— 5 ——

10. att. MAFAM KVV dinamika grieztos abolos uzglabasanas laika péc
apstradates ar pretbriinésanas lidzekliem/
Fig 10. Dynamics of MAFAM CFU in fresh cut apples during storage after
anti-browning treatment

1) kontrole/control; 2) 20% atskaidita smiltsérksku sula/ water /20% sea buckthorn juice dilution;
3) 20% atskaidita krimcidoniju sula/ water /20% Japanese quince juice dilution;

4) 20% atskaidita janogu sula/ water /20% white currants juicedilution; 5) 4% NatureSeal® AS5
skidums/ 4% NatureSeal® solution; 6) 5% NatureSeal® ASS5 skidums/ 5 % NatureSeal®
solution.

— — —- Pielaujama mikroorganismu KVV g skaita norma p&c PVD ieteiktajiem
mikrobiologiskas kvalitates kriterijiem gatavajiem &dieniem < 10° KVV g /permissible number
of microorganisms CFU g”' by FVS recommended microbiological quality criteria for ready to
eat food < 10° CFU g

Salidzinot ar kontroles paraugu grieztajos abolos péc apstrades ar 20%
atskaidttu krimcidoniju sulu un p&c apstrades ar 4% un 5% NatureSeal® AS5
Skidumu ir butiski mazaks mikroorganismu (raugu, pienskabes bakt€riju un
Pseudomona spp.) KVV g skaits (p = 0,00).

Apkopojot h&doniska vertejuma rezultatus, konstatts, ka vertetaji
paraugus novertgjusi diapazona no ,,Joti patik” 11dz ,,vid€ji nepatik”. P&tijjuma
pirmaja diena augstakais novertgjums pieskirts kontroles paraugam
(vert§jums 7,8) un paraugam, kas apstradats ar 5% NatureSeal® ASS
Skidumu (vertgjums 7,0). Uzglabasanas laika auglu kvalitates Tpasibas butiski
pazeminajas (p = 0,00), un p&tijuma sestaja diena vertétajiem vislabak patika
grieztie aboli, kas apstradati ar 5% NatureSeal® ASS5 skidumu (vertjums
5,2), bet ar 20% smiltseérksku sulu/ tdens atskaidijumu patika mazak
(vertgjums 3,3). Izvertgjot sensoro Tpasibu intensitati peéc piecpakapju skalas,
vertetajiem vislabak patika griezto abolu krasa un cietiba p&c apstrades ar 5%
NatureSeal® AS5 $Skidumu (attiecigi vertejums 3,95 un 3,37), garSa un
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smarza pec apstrades ar 4% NatureSeal® ASS5 skidumu (vértgjums 2,32) un
smarza péc apstrades ar 20% smiltseérksku sulu/ tdens atskaidjjumu
(vertgjums 2,37).

Auglu salati
Laboratorijas apstaklos saskana ar izstradato receptiiru izvertéti auglu
salati, svaigu auglu un saldétu ogu optimala sastava noteikSanai. Svaigu
auglu salatu optimala attieciba pamatsastavdalas ir: aboli 80 % un bumbieri
20%. Auglu salati ar saldétam ogam satur attiecigi 80 % auglu salatu

pamatsastavdalu un 20 % saldétu ogu.
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11. att. Kopéja fenolu (A) saturs un AOA (DPPH) (B) auglu salatos/
Fig. 11. 7otal phenol content (A)and AOA (DPPH ) (B) in fruit salads

1)Auglu salati/fruit salad; 2) Auglu salati ar smiltsérkskiem/fruit salad with sea buckthorn;
3) Auglu salati ar dz&rveném/fruit salad with cranberries; 4) Auglu salati ar zemeném/fruit salad
with strawberries; 5) Auglu salati ar upeném/fruit salad with black currants.

Saldétu ogu pievienoSana auglu salatiem izmainija ne tikai to argjo
izskatu un garSas ipaSibas, bet arT paaugstinaja uzturvertibu.

Pievienojot auglu salatiem atlaidinatas iepriek$ saldétas ogas, kopgjais
skabju saturs auglu salatos ir robezas no 0,17 lidz 0,34%. Skisto§as sausnas
saturs biitiski nemainas pec saldétu ogu pievienoSanas. Cukuru (saharozes,
glikozes un fruktozes) saturs auglu salatos ir 12,0 g 100 g, bet p&c saldtu
ogu pievienosanas tas nedaudz samazinas lidz 10,2 g 100 g™') Auglu salatos
ar saldétam upeném ir augstaks C vitamina, kopgjo fenolu, flavanolu, taninu
saturs un antioksidantu aktivitate (11.att€ls). Saldeétu upenu pievienoSana
auglu salatiem butiski paaugstina ar1 Skiedrvielu saturu Iidz 16,3%.
Salidzinajuma auglu salatu kontroles parauga tas ir tikai 13,7%.

P&c auglu salatu sensoras veértéSanas rezultatiem (vert€ja paterétaji Riga
Food 2012 izstad€) secinams, ka veértetajiem labak patik auglu salati ar
dz&rvenem (7,54), tie butiski atSkiras no auglu salatiem ar zemeném (7,03) un
auglu salatiem ar smiltsérkskiem (7,0).

Apkopojot apmacitu vertetaju heédoniska vert€juma rezultatus, konstatets,
ka auglu salatu paraugi patikSanas zina butiski atSkiras (p < 0,05). Visaugstak
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novertets auglu salatu kontroles paraugs (6,9), bet viszemak — auglu salati ar
upeném (6,0).

P&c linijskalas vertéSanas rezultatiem secinams, ka veértétajiem auglu
salatiem ir butiski atSkiriga garSa (p = 0,003), izskats, saldums un skabums
(p < 0,05), bet nav noverota biitiska atSkiriba starp auglu salatu konsistenci
un suligumu (p > 0,05).

Auglu salatu kvalitates novértéjums uzglabasanas laika daZados
iepakojuma materialos

Biodegradgjama iepakojuma VC999 BioPack PLA film maisinos brivaja
telpa virs auglu salatiem p&c Cetram uzglabasanas dienam iestajas nemainigs
gazu sastavs (O, no 15,4 1idz 15,7%; CO, no 9,3 lidz 8,4%), bet NatureFlex™
NVS INNOVIA pléves maisinos nemainigs gazu sastavs (O, no 14,7 lidz
13,7%; CO, no 14,7 lidz 14,5%) veidojas péc se$am uzglabasanas dienam.
Auglu salatu virsmas krasa vislabak saglabajas konvencionalo ,,elpojoso”
poliméru Amcor AgriFresh-US film un BOOPP Propafresh™ iepakojumos
(baltuma indekss attiecigi 64,4 un 63,3). Mazaka auglu salatu krasas kopgja
diference AE* p&c desmit uzglabasanas dienam ir iepakojuma Duniform
karbinas, kas hermetizétas ar BOOPP Propafresh™ P2GAF plévi.
Augstakais kopgjo skabju saturs (0,46%) uzglabasanas laika beigas noteikts
auglu salatos, kas iepakoti Duniform karbinas, kuras hermetiz€tas ar
,elpojosam” konvencionalo poliméru pleveém (Amcor AgriFresh-US film un
BOOPP film PropafreshTM P2GAF), ka arT ievietotas biodegradgjama
materiala VC999 BioPack PLA film maisinos. Salatu struktira desmit
uzglabasanas dienu laikda vismazak izmainijusies biodegradgjamo materialu
VC999 BioPack PLA film (no 19,2 + 0,8 1idz 17,1 £ 0,5 N) un NatureFlex™
NVS INNOVIA film iepakojumos (no 19,2 £ 1,0 lidz 16,3 £ 0,9 N).
Uzglabasanas beigas mazaka PPO bija auglu salatos VC999 BioPack PLA
film iepakojuma — 2,46 vienibas g 'min g .

Svaigos auglu salatos mikroorganismu augSanu uzglabasanas laika
ietekmé iepakoSanas materiali un to IpasSibas (p = 0,01). Péc desmit
uzglabasanas dienam +4 °C temperatira auglu salatos mazakais MAFAM
KVV, rauga stnu, ka arT pienskabes baktériju un Pseudomona spp. skaits
konstatets salatos Duniform PP karbinas, kas ievietotas hermétiski
aizkaus€tos biodegrad&jamas V(999 BioPack PLA pléves maisinos.
Izvertgjot MAFAM KVV skaitu pétitajos paraugos uzglabaSanas laika,
redzams, ka tas neparsniedz Partikas veterinara dienesta (PVD) ieteiktos
mikrobiologiskos kritérijus (N < 10° KVV g, ). Auglu salati uzglabasanas
laika beigas pec hédoniskas skalas butiski augstak (p < 0,05) noverteti Amcor
AgriFresh-US film (6,6) un VC999 BioPack PLA (6,4) iepakojumos.

Auglu salatu konsistenci eksperti visaugstak novertgjusi biodegradéjamo
materialu VC999 BioPack PLA un NatureFlex™ NVS INNOVIA film
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iepakojuma, bet viszemak — kontroles iepakojumos PP karbinas ar
uzspieZamu vacinu gan ar mitruma absorbentu, gan bez ta.

Auglu salatu pasizmaksa

Auglu salatu razo$anas izmaksu lielako dalu veido pamatizejvielu (abolu
un bumbieru) izmaksas, kas ir mainigas atkariba no to cenas tirgi.
Apreékinata auglu salatu 120 g produkta paSizmaksa polipropiléna
iepakojuma: auglu salati bez piedevam maksa Ls 0,40, bet auglu salati ar
saldetam ogam — lidz Ls 0,51. Minétas cenas ir konkurgtsp&jigas tirgi un
pienemamas aptaujatajiem respondentiem.

SECINAJUMI

1. Svaigu auglu salatu razoSanai ka piemerotakie atziti Skirnes ‘Koricnoje
Novoje’ aboli ar auglu ciettbu 13,7 N, kop&jo skabju saturu 0,61%,
polifenolu oksidazes aktivitati 2,2 vienibas g min™', kopgjo fenolu saturu
46,4 mg 100 g, C vitamina saturu 14,2 mg 100 g™ un baltuma indeksu
72,4 un Skirnes ‘Antej’ aboli ar nedaudz zemakam raksturojo$am
Tpasibam.

2. Salidzinot ar nemizotu abolu kimisko sastavu, biologiski aktivo vielu
saturs abolu mikstuma, ko izmantoja salatu gatavoSanai, samazinajas
vidgji par 45%.

3. Ka efektivakais pretbriin€sanas lidzeklis tika atzits 5% Nature Seal® AS5
Skidums tdeni, kas nover§ grieztu auglu brungSanu lidz divpadsmit
dienam un, salidzinot ar kontroli, paaugstina antioksidantu aktivitati par
70 %. Novertgjot svaigu auglu salatu sensoras IpasSibas péc apstrades ar
pretbrinésSanas Iidzekliem, ka labakie tika atziti ar NatureSeal® AS5
$kidumu tidenT apstradatie paraugi.

4. Svaigu auglu salatu pamatsastavam, pievienojot atlaidinatas saldetas ogas,
butiski palielinajas kopgjais fenolu un C vitamina saturs un antioksidantu
aktivitate.

5. Izvertgjot iepakojumus, bitiskas auglu salatu krasas izmainas konstatetas
kontroles iepakojuma polipropiléna karbinds ar un bez mitruma
absorbentu (baltuma indekss (WI) 59,5 un 60,30). Savukart konvencionalo
poliméru iepakojumi Amcor AgriFresh-US film un BOOPP film
PropafreshTM nodroSina vismazakas auglu salatu virsmas krasas
izmainas uzglabasanas laika (WI 64,41 un 63,45), bet biodegradgjamos
iepakojumos konstatétas nedaudz lielaka krasu samazinasanas (WI 61,16
un 59,79).

6. Vislabak svaigu auglu salatu kvalitati nodrosina biodegrad&jamo materialu
VC999 BioPack PLA un konvencionalo poliméru BOOPP film
Propafresh™ iepakojumi, kuros konstatéts zemdkais (p = 0,001)
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MAFAM, kas neparsniedz pielaujamo KVV g"'< 10’ skaitu auglu salatos
desmit dienu uzglabasanas laika. Iepakojumos Amcor AgriFresh-US film,
NatureFlex™ NVS INNOVIA film un polipropiléna karbinas ar mitruma
absorbentu un bez td pielaujamais MAFAM KVV g' auglu salatos
neparsniedza noteikto robezu.

7. Svaigu auglu salatu paSizmaksa polipropiléna iepakojuma (120 g) bez
saldetam ogam ir Ls 0,45, bet ar saldetam ogam — no 0,40 Iidz Ls 0,51.

8. Petfjuma izvirzita hipotéze ir apstiprinajusies: Latvija audzgeti
komercskirnpu aboli, efektivi pretbrinéSanas Iidzekli un atbilstoss
iepakojums garante labas sensoras Ipasibas un paaugstinatu uzturvertibu
svaigu auglu salatiem par atbilstigu tirgus cenu.

TOPICALITY OF THE RESEARCH

Today people are more and more aware of the importance of taking care of
their health and keeping healthy. The chosen diet is one of its influencing factors.
That is why consumers need a healthy and fresh product that is ready to eat.
Fresh-cut fruit and vegetable salads are one of opportunities how to enlarge the
amount of this product consumption in everyday diet. Recently, this diet has
become favourable resulting in reduction of the food cooking time.

In Latvia, by developing a commercial fruit growing and increasing fruit
production amount, one of the possible fruit processing ways could be a fresh
fruit salad production using the local raw material thus allowing to use rationally
the obtained fruit harvest and expand variety of fruit products in commercial
network as well as in public catering enterprises.

Apples must meet certain quality requirements: firm and dense flesh
consistence, high content of soluble solids, balanced flavour properties, and
appropriate ripeness degree. Each region has its own apple cultivars which differ
by their quality parameters. A correct selection of apple variety grown in Latvia
might ensure a fresh-cut apple salad product of high quality.

When processing apples into different products, peeling and cutting them,
fruit particles become brown quickly. Browning is caused by enzymes present in
fruit — polyphenoloxidase — which is possible to prevent applying various product
processing technologies and anti-browning agents. Fresh-cut fruit salad
browning, which causes changes of appearance of the cut fruit pieces, is one of
the basic problems to be solved in order to preserve the fruit nutritive value
during the processing and selling of the product.

Packaging has an important role in the process of fresh fruit salad
production, storage, distribution, and marketing.

The packaging industry has developed innovative packaging materials for
fresh-cut fruit product packaging to ensure appropriate quality of fresh-cut fruit
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salad during the shelf life. To make sure that the new packaging technology is
economic for fresh-cut fruit salad packaging, every new packaging material and
technology should be inspected in each enterprise individually, and technological
parameters should be determined for the storage and shelf life expiration term
inspection of the product.

The survey of the situation allows formulating the hypothesis of the
doctoral thesis — some commercial apple cultivars grown in Latvia, effective
browning inhibitors and appropriate packaging ensure good sensory properties
and elevated nutritive value for fresh-cut fruit salads at a reasonable market price.

Object of the research — apple cultivars commercially grown in Latvia:
Antey, Alesya, Auksis, Belorusskoye Malinovoye, Korichnoye Novoye,
Kavalenkovskoye, Orlyk, Saltanat, Sinap Orlovsky, Zarya Alatau, and cut apples
and fruit salads.

To prove the hypothesis, the aim of the thesis is to evaluate the suitability of
commercial apple cultivar grown in Latvia and anti-browning agents for fresh-cut
fruit salad production and a proper selection of packaging for quality
preservation.

To reach the aim of the research, the following objectives have been advanced:

e determine physical, chemical and sensory parameters of apple cultivars
commercially grown in Latvia;

o evaluate the content of biologically active substances and activity of enzymes
— polyphenoloxidase and peroxidase — in apples;

e carry out the integrated quality evaluation of the analyzed apple cultivars
selecting the best ones for fruit salad production;

o evaluate the effect of different browning inhibitors on the cut apple physical
properties, changes of biologically active substance content in apples and
microbiological parameters during storage;

o cvaluate the effect of anti-browning treatment on the cut apple sensory
properties and their changes during storage;

e ecstimate the content of biologically active substances and activity of
antioxidants in fruit salads;

e determine the changes of physical, chemical and microbiological parameters
of fresh-cut apple salads packaged in some conventional and biodegradable
packaging materials during storage;

e “predict” production costs of fresh fruit salads.

The hypothesis of the research is proved by the following theses:
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ed

the quality integrated evaluation of different apple cultivars, based on the
apple physical, chemical and sensory parameters, substantiates selection of
more suitable apple varieties for fresh-cut fruit salad production;

selection of effective browning inhibitors ensures the fresh fruit salad quality;
frozen berries in the recipes of fresh fruit salads diversify their assortment and
enhance their nutritive value;

the selected packaging influences the fresh fruit salad quality during the
storage time;

the calculated retail price for fresh fruit salads is competitive with other
market price of similar products.

Research novelty and scientific importance

. Most suitable apple cultivars commercially grown in Latvia for fresh fruit

salad production have been estimated.

Antioxidant NatureSeal® ASS5 and 20% natural fruit juice water solution have
been approved as effective apple anti-browning agents.

New apple processing products — fresh fruit salads — have been developed.
Selected the best packaging material for fruit salad storage; determined most
suitable biologically degradable materials for fresh fruit salad packaging.

Research economic significance

Production of fresh fruit salads enables gardeners to use apples obtained in
Latvian commercial gardens more rational, and at the same time to expand
variety of fruit products offered on the local market.

The obtained data of chemical composition of apples and apple salads
supplement the content of Latvian foodstuff database (available:
www.partikasdb.lv/partikas-sastava-datubaze/par-datubazi/).

. Selection of most suitable apple cultivars, recommended cut fruit anti-

browning agents and experimentally approved packaging materials will
enable producers in Latvia to start production of a new product more
successfully.

APPROBATION OF THE SCIENTIFIC WORK

Research results have been reported at 11 international scientific,

scientific and practical conferences, congresses and symposia in Latvia,
Estonia, France, Rumania, Serbia, Italy and Lithuania, as well as at the
International Food Exhibition Riga Food 2012, harvest festival Vecauce
2012, and practical seminar in Dobele.
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evaluation of sensory physical and chemical properties of pears grown in
Latvia. The 16th Internatiomnal Scientific Conference Research for Rural
Development 2010. Jelgava, Latvia, May 19-21, 2010 (oral presentation).

. Krasnova 1., Seglina D., Karklina D., Kviesis J., Juhnevica J. Quality
changes of fresh cut pear slices after freezing depending on the used
inhibitors. The 5th Baltic Food Science and Tehnology Conference
Foodbalt-2010. Tallinn, Estonia, 29-30 October 2010 (poster
presentation).

. Krasnova ., Aboltins A., Seglina D., Karklina D., Suraka V. The practical
and theoretical investigations of the quality changes in fresh pear salad
depending on the storage time and inhibitors. The 6th International CIGR
Technical Symposium Towards a Sustainable Food Chain. Nante, France,
18-21 April 2011 (poster presentation).
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. Krasnova 1., Karklina D., Seglina D., Juhnevica K., Kviesis J. Assessment
of apple cultivar quality and selection of the most suitable apple cultivars
for fresh-cut salad production. International Scientific Conference of
Latvia University of Agriculture Research for Rural Development 2011.
Jelgava, Latvia, 18-20 May 2011 (oral presentation).

. Krasnova 1., Seglina D., Kviesis J., Karklina D. Polyphenolic, Vitamin C
and Sugar Profile of Apple Cultivars Grown in Latvia. Second Balkan
Symposium on Fruit Growing, Fruit quality, Health and Environment.
Pitesti, Rumania, 5—7 September 2011 (poster presentation).

. Krasnova I., Aboltins A., Seglina D., Karklina D., Juhnevica K. Quality
maintenance of fresh-cut apple salad using different anti-browning agents.
II International Conference on Quality Management of Fresh Cut Produce:
Convenience Food for a Tasteful Life. Turina, Italy, 17-21 July 2011
(poster presentation).

. Krasnova 1., Suraka V., Seglina D., Karklina D. Quality of fresh cut pear
slices treated by different combinations of antibrowning inhibitors. The
3rd International Conference on Laboratory Diagnostics in Veterinary
Medicine, Food and Environmental Safety. Riga, Latvia, 15-16
September 2011 (poster presentation).

. Krasnova 1., Seglina D., Karklina D., Juhnevica K., Gailite 1. Effect of
different antibrowning agents on microbiology of the fresh-cut fruit during
storage. The 7th Baltic Food science and Technology Conference
Foodbalt-2012. Kaunas, Lithuania, 17-18 May 2012 (poster
presentation).
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10. Krasnova 1., Seglina D., Juhnevica K., Karklina D. The effect of browning
inhibitors treatment on the microbiology of fresh-cut apple salad. Central
European Congress on Food. CE Food 2012. Novi Sad, Serbia, 23-26
May 2012 (poster presentation).

11.Krasnova 1., Seglina D., Misina 1., Karklina D. Effects of anti-browning
treatments on the storage quality of fresh-cut pears. The 2nd International
Scientific Conference Sustainable Fruit Growing: From Plant to Product.
Riga, Latvia, 22—24 August 2012 (poster presentation).

12. Pracical seminar Fresh fruit salads and their production opportunities.
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13. International Food Exhibition Riga Food 2012. Riga, Latvia, 5-8
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apple cultivars for fresh cut salad production. International Scientific
Conference Proceedings Research for Rural Development, pp. 126—133.
(EBSCO; Academic Search Complete, CAB Abstracts).

3.Krasnova 1., Aboltins A., Seglina D., Karklina D., Suraka V. (2011)
Changes of vitamin C and polyphenols during the storage time in
minimally processed pear salads with various anti-browning additions. 6th
International CIGR Technical Symposium, Toward a Sustainable Food
Chain-Food Process, Bioprocessing & Food quality management. Nantes:
Oniris, Francija, CD formata, pp. 118—121. (Scopus.)

4 Krasnova I., Dukalska L., Seglina D., Juhnevica K., Sne E., Karklina D.
(2012) Effect of Passive Modified Atmosphere in Different Packaging
Materials on Fresh-Cut Mixed Fruit Salad Quality During Storage. World
Academy of Science, Engineering and Technology, 67, pp. 1095-1104.

5.Krasnova I. (2012) Quality evaluation of pear autumn varieties. Harvest
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Scientific Seminar, pp. 28-32.
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6.Krasnova 1., Seglina D., Kviesis J., Surikova V., Karklina D. (2013)
Polyphenolic, vitamin C and sugar profile of apple cultivars grown in
Latvia. Proceedings Il Balkan Symposium on Fruit Growing, Acta
Horticulturae 981, Vol.(1), pp. 613-619.

7. Krasnova 1., Dukalska L., Seglina D., Misina I., Karklipa D. (2013)
Influence of anti-browning inhibitors and biodegradable packaging on the
quality of fresh-cut pears.Proeedings of the Latvian Akademy of
sciencesVol.67, (2), 167-174.

Monograph

Augspole 1., Krasnova 1., Dukalska L., Rakcejeva T., Muizniece S., Sabovics
M. Fresh fruit and vegetables in biologically degradable packaging.
Progressive Packaging Technologies in Food Industry. Ed. Dukalska L.,
Muizniece-Brasava S. Jelgava: LLU, 2012, pp. 163.—168.

Submitted for publication

Dukalska Lija, Ungure Eva, Krasnova Inta, Augspole Ingrida, Muizniece
Brasava Sandra, Levkane Vita, Rakcejeva Tatjana. (2013) Evaluation of the
influence of various biodegradable packaging materials on the quality and
shelf life of different food products. LUA Proceedings. (Submitted, reviewed,
accepted for publication).

MATERIALS AND METHODS

Research time and place

The research was carried out during the period from 2009 to 2012.

e In Experimental Processing and Biochemistry Laboratory, Fruit and
Berries Experimental Processing Department, Latvian State Institute of
Fruit Growing, chemical and physical analyses were carried out for the
apple cultivars and fruit salads, experimental samples of fruit salads were
developed; fruit salads were packaged.

e In Laboratory of Foodstuffs Sensory Evaluation, Department of Food
Technology, Latvia University of Agriculture (LUA), sensory evaluation
of fruit salads was carried out; in Laboratory of Food Analyses, dietary
fiber was estimated for fruit salads.

e In Scientific Institute of Food Safety, Animal Health and Environment
BIOR, microbiological analyses of fruit salads were carried out and water
activity was determined.
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Materials used for the research
Apple (Malus domestica) cultivars grown commercially in Latvia: Alesya,
Antey, Auksis, Belorusskoye Malinovoye, Korichnoye Novoye,
Kovalenkovskoye, Orlik, Saltanat, Sinap Orlovsky, Zarya Alatau.
Pears (Pyrus communis) cultivar Suvenirs.
Natural juices: sea buckthorn, white currants, Japanese quinces.
Anti-browning substance NatureSeal® AS5.
Frozen berries for experimental samples of fruit salads: blackcurrant (Ribes
nigrum L), strawberries (Fragaria ™ ananassa), large cranberries (Vaccinium
macrocarpon Ait.), sea buckthorn berries (Hippohae rhamnoides L).

Packaging materials

Polypropylene boxes (PP) with a PP flip-off cap, DuniFORM PP boxes,
humidity absorbents LinPac PS (polystirol). Conventional polymer films:
Amcor Agrifresh, BOPP Propafilm™ P2GAF. Biodegradable INNOVIA
NatureFlex™ NVS and VC999 BioPack PLA films.

NatureFlex™ NVS INNOVIA and VC999 BioPack PLAS with SiO,
coating and with improved barrier properties due to different melting
temperatures are impossible to seal to PP containers; therefore, bags were pre-
pared of these films, where DuniFORM PP boxes with fruit salad were
placed, and then the bags were hermetically sealed.

DuniFORM PP boxes with fruit salad were hermetically sealed with
Amcor Agrifresh and BOPP Propafresh™ P2GAF film. As a control
packaging, polypropylene (PP) boxes with a flip-off caps were used. As one
of the active packaging types, humidity absorbent LinPack PS (polystirol)
was used from which a humidity absorbing sheet was prepared (138 x
98 mm), and then placed into PP boxes.

Structure of the research

At the first stage of the investigation, the object of the research is apple
cultivars commercially grown in Latvia, which are analyzed to determine the
most suitable apple variety for fruit salad production. At the second stage,
anti-browning agents are investigated to determine which of them is the most
effective for the colour maintenance of cut apple flesh. At the third stage, a
recipe of fruit salads is worked out and fruit salad types are investigated, their
chemical composition and sensory parameters are established. At the fourth
stage, the quality of fruit salads packaged in conventional and biodegradable
— environmentally friendly — packaging materials are studied in order to
determine shelf life (see Fig. 1).
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Quality evaluation of the investigated apple cultivars for fruit salad
production

The following apple cultivars Alesya, Auksis, Belorusskoye Malinovoye,
Korichnoye Novoye, Kavalenkovskoye, Orlyk, Saltanat, Sinap Orlovsky,
Zarya Alatau of 2010 and 2011 harvest were analyzed according to the
research scheme (Fig.2).

In order to substantiate scientifically the selected most suitable apple
cultivars for fruit salad production, integrated evaluation was carried out. In
the integrated evaluation, the analyzed qualities of apple varieties were
divided into three groups: parameters of chemical composition, physical and
sensory properties. The sensory evaluation parameters group was allocated
the highest contribution coefficient (@; = 0.34) because these parameters are
significant for apple evaluation and influence the fruit salad quality and
appearance. Within the sensory evaluation parameter group, hedonic
evaluation was allocated the highest contribution coefficient (o; = 0.3). The
physical parameter group was allocated contribution coefficient ®; = 0.33.
Within this group, the highest contribution coefficient (0; = 0.3) was
allocated to firmness and browning index. For the chemical composition
parameters the allocated contribution coefficient was ®; = 0.33. Within this
group, the highest contribution coefficient was allocated to antioxidant
activity and vitamin C content (; = 0.2).

For salads, fruit flesh was used; therefore, after integrated evaluation, the
chemical composition of apple flesh of most suitable varieties was determined
(see Fig. 2). Prior to analysis, apples were stored in storage for six months at
temperature +4 = 0.5 °C, relative air humidity 90%.

Evaluation of anti-browning agents for cut apples

For prevention of apple flesh browning, the following anti-browning
agents were tested: Japanese quince, white currant and sea buckthorn natural
juice/water 20% dilution, and 4% and 5% NatureSeal® AS5 water solution.
Anti-browning treatment scheme is shown in Figure 3. After anti-browning
treatment the cut apple pieces were packaged in polypropylene boxes (PP) in
air ambience by 220 + 10g and stored in refrigerator at temperature +4 + 5 °C,
but on day 0, 3, 6, 9 and 12, the effect of applied anti-browning agents on the
cut fruit quality was determined.

Development of fruit salad recipes and quality evaluation

A technological scheme for fresh fruit salad production was worked out
indicating the needed parameters of technological operations (Fig. 4).

Basic components of fresh fruit salads are 80% of peeled, cut into pieces
apples and 20% of peeled, cut into pieces pears. Fresh fruit salads with
thawed frozen berries (sea buckthorn, blackcurrants, strawberries and
cranberries) contain 80% of basic components and 20% of frozen berries.
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There are five recipes of fresh fruit salads developed: apple/pear fruit salad
and fruit salads with sea buckthorns, blackcurrants, cranberries and
strawberries. All types of salads were chemically analyzed and sensory
evaluated.

Shelf life evaluation of fruit salads in different packaging materials

Fruit salads were packaged in DuniForm polypropylene (PP) boxes by
170 + 10g and in traditional PP boxes used in trade by 220 = 10g in air
ambience as it is shown in Figure 5.

The packaged samples were stored in refrigerator for 10 days at
temperature +4 + 0.5 °C. In the headspace of the packaging, the gas content
(O, and CO, concentration) and colour of salad surface were determined, as
well as chemical, microbiological and sensory analyses were performed
during the storage time.

Determination methods of physical and chemical parameters

Determination methods of physical and chemical parameters are
summarized in Table 1. Physical and chemical analyses were performed in
apples with skin and separately in apple flesh. The cut fruit and fruit salads
were analyzed immediately after anti-browning treatment and in different
packaging during storage.

Methods applied for determination of microbiological parameters

Mesophilic aerobic and facultative anaerobic microorganism (MAFAM)
colony forming units (CFU) were determined in compliance with the standard
LVS EN4833:2003, yeasts — in compliance with the standard ISO 21527-
2:2008, Pseudomonas spp. — in compliance with the standard LVS EN ISO
12527-2:2008, lactic acid bacteria — in compliance with the standard ISO
9332:2003.

Methods of sensory analyses

The intensity of sensory properties of apples and fruit salads were
evaluated by using a line scale, but for determination of the degree of liking a
hedonic scale was used (ISO 4121:2003). For determination of the cut fruit
characteristic features after anti-browning treatment a five-stage scale was
applied (ISO 4121:2003).

Twenty-five trained experts participated in evaluation of liking degree
and intensity of sensory properties of apples and cut fruit after anti-browning
treatment.

The degree of liking of fruit salads after adding frozen berries was
determined by using a hedonic scale. Evaluation was carried out at the LUA,
and 81 trained experts participated in it. In order to find out the potential
consumers’ opinion about fruit salads, the sensory evaluation was carried out
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during the International Food Exhibition Riga Food 2012. There were 225
participants of sensory evaluation. A questionnaire was prepared in which
there were included questions dealing with the optimum volume of the fruit
salad package.

The integrated evaluation

The most suitable apple cultivars were established by integrated
evaluation method according to the quality complex allocating within the
group the contribution coefficient for each group and for each quality
(MaptuHOB, 1987).

The integrated evaluation value (IT) characterizes deviations from the
optimum ones of the particular cultivar therefore the least value of integrated
evaluation corresponds to the best cultivar that suits best for fruit salad
production. By the value of integrated evaluation, as most suitable cultivars
are considered those the IT of which is less than arithmetic mean value of
integrated evaluation and standard deviation difference (/7,;,— S).

The experimentally obtained data were mathematically processed
applying mathematical statistical methods Microsoft Excel for Windows 7.0
and SPSS program packetl5. The mean arithmetic value and standard
deviation were calculated for the obtained results. For data interpretation, a
one-way and two—way variance analyses (ANOVA) were performed and
General Linear Model (GLM) and the smallest quadrate method was used.
Scheffe criterion was used for establishing differences between samples.
Results of sensory evaluation were analyzed by statistical methods: two-way
variance analysis, Tukey’s and Friedman’s test. For assessment of more
important results of sensory properties the hierarchy analysis method was
applied (AHP — The Analytic Hierarchy Process). Correlation between
variables of the analyzed parameters was determined applying regression and
correlation analysis. If the correlation between variables is linear, the
determination coefficient agrees with the correlation coefficient: R’ equals 7.
If the value of correlation coefficient is 0.5< | r | < 0.8, there is a medium
close linear agreement between the analyzed variables. If | r | > 0.8, there is a
close linear agreement between the analyzed variables (Arhipova, Balina,
2006).

RESULTS AND DISCUSSION

The apple mass, diameter and firmness differed significantly between the
cultivars (p = 0.002, n = 10). The apple firmness is an important quality
parameter that should be taken into account to determine the harvesting time.
The way of uses of apples is dependent on their firmness: immediate fresh
eating, processing or long term storage. Evaluating a two-year results, a
significantly less firmness (p < 0.05, n = 10) was in Kovalenkovskoye
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cultivar apples (8.4 N) (Table 2). Apples of this variety were most ripened at
the moment of analysis, the ripeness index was 0.19 and the ripeness degree
by starch-iodine test was 8.2. The highest firmness was in Antey (15.4 N) and
Sinap Orlovsky (15.4 N) varieties of apples. The ripeness index and ripeness
degree was lower (0.16 and 0.17; starch-iodine test 6.0 and 5.5, respectively).

Components of the apple flesh colour in analyzed varieties differed
significantly (p < 0.05, n = 20). Kovalenkovskoye variety apples had the
lightest flesh colour — colour component L* value vas 81.11; b" 15.68, but the
darkest flesh had Auksis — L™ 76.83 and b" 22.53. The apple flesh browning
intensity is indicated by the value of browning index (BI). The highest BI had
Auksis (44.22) and Sinap Orlovsky (25.66) variety apples. BI in apple
cultivars is shown in Figure 6.

Chemical composition parameters of apple cultivars are presented in
Table 3. Sugars and organic acids present in apples are most important
substances responsible for the well-balanced flavour. The parameters of
chemical composition of apple cultivars in analyzed apples differed
significantly (p = 0.000). The lowest total acidity content of
Kovalenkovskoye variety apples was 0.15%, but that of Sinap Orlovsky
variety apples four times higher 0.64%. The highest soluble solid content was
determined in Auksis (13.12 °Brix) and Zarya Alatau variety fruit (12.9
Brix®).

The highest total sugar content was in apples of Zarya Alatau cultivar
(12.17g/100g™), but the lowest — in Belorusskoye Malinovoye (8.13g/100g™).
Evaluation of the soluble solids and acid ratio in the analyzed apples showed
that more pleasant and well-balanced flavour had Alesya, Antey, Auksis,
Korichnoye Novoye, Sinap Orlovsky and Belorusskoye Malinovoye fruit in
which the dry matter and acid ratio was 10:20.

Vitamin C (ascorbic acid) in fruit is an important component which
possesses anti-oxidative qualities. The vitamin C content in the analyzed
apples was 10.6-18.4mg/100g”. Phenolic compounds are strong anti-
oxidants, which refer to the largest part of anti-oxidant activity. The highest
total phenol content was in Antey variety apples (129.41mg/100g™) and the
lowest — in Korichnoye Novoye cultivar apples (46.44mg/100g™). The
content of flavanols in apples was 18.79-67.20mg/100g™". The typical and
different flavour nuances of various fruit varieties are made by phenolic
compounds: catechines and proanthocyanidin (tannins) that determine the
specific flavour of the cultivar. The highest content of tannins, catechines (2.9
and 44.5mg/100g™") and chloregenic acid (117.56mg/kg”) content was in
Antey apples, rutin content (11.64mg/kg™") — in Sinap Orlovsky, caffeic acid
content (0.62 mg/kg™") — in Belorusskoye Malinovoye variety apples.

Apples contain enzymes polyphenol oxidases (PPO) and polyphenol
peroxidases (POD), which are released from the fruit cells, causing browning
of the flesh surface. The lowest PPO activity was established in early winter
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cultivars Kovalenovskoye (1.4 units g/min™) and Korichnoye Novoye apples
(1.49 units g'/min™"), but the highest PPO activity — in late winter cultivar
Sinap Orlovsky apples (4.32 units g"'/min™). According to statistical data, a
medium close correlation was established for phenolic content (» = 0.487) and
for flavanol content (r = 0.492) with PPO activity in apples. The highest POD
content (2.83 units g"'/min™') was in Korichnoye Novoye variety apples, but
the lowest (1.40 units g"'/min") — in Kovalenkovskoye apples.

Phloridzin and phloretin are strong antioxidants. Phloridzin, phloretin
and 2-O-D-xiloglucoside content in the examined apples was significantly
different. The obtained results show evidence that the smallest phloridzin
content (4.03mg/kg™) was in Belorusskoye Malinovoye cultivar apples, but
the highest (14.05mg/kg™) — in Alesya variety apples. In turn, 2-O-D-
xiloglucoside content in the examined apples was 1.41-10.17mg/kg™.

In the examined apples, the highest anti-oxidant activity (AOA) by
DPPH was in apples of Sinap Orlovsky cultivar (408.37mmol TE/100g™),
but by FRAP — in Antey apples (16.00mmol TE/100g™). In turn, the
smallest AOA by DPPH was in Korichnoye Novoye apples (194.65mmol
TE 100g™") while by FRAP — in Saltanat apples (5.04mmol TE/100g™).
According to statistical data, AOA by FRAP had a close correlation with
vitamin C content (» = 0.703), flavanol content (r = 0.803), tannin content
(r = 0.794) and epicatechin content (r = 0.814). AOA by DPPH closely
correlated with total phenols (r = 0.566), chloregenic acid (r = 0.538) and
phloridzin (r = 0.427). For fruit salads, apples with the highest AOA
should be used.

The sensory evaluation was carried out to find the most suitable
apples by their flavour properties for fruit salad production. Experts have
recognized that the best apple varieties are Sinap Orlovsky, Auksis and
Antey; results of evaluation are 6.89, 6.7 and 6.4 points, respectively (see
Fig. 7).

Using integrated evaluation (IT) most suitable analyzed apple
varieties were determined for fresh fruit salad production. The least IT
value indicates that apple cultivars Korichnoye Novoye (118) and Antey
(124) were most suitable for fresh fruit salad production (Figure 8). The
obtained IT results show that other apple varieties also could be used for
production of fresh fruit salads the IT value of which was within the range
of average IT evaluation 125-166; these were Auksis, Sinap Orlovsky and
Zarya Alatau. According to the sensory evaluation apples of these
cultivars were considered as suitable for fresh fruit salad production.
Furthermore, the activity of anti-oxidants was high (381-408.4mmol/100g’
') and flesh firmness was adequate to salad production (14.4-16.4 N). In
turn, Kovalenkovskoye variety by IT evaluation did not fit to fruit salad
production (it was outside the range of average IT evaluation). The flesh
texture of these apples and sensory properties were estimated as
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unsuitable. For fresh fruit salad production, most suitable apple variety
was accepted Korichnoye Novoye — a typical fruit firmness 13.7 N, total
acid content 0.61%, polyphenol oxidase 2.2 units g”'/min’, total phenol
content 46.4mg/100g™', vitamin C content 14.2mg/100g™" and whiteness
index 72.4. Second suitable apple cultivar was Antey with fruit firmness
14.4 N, total acid content 0.7% and whiteness index 70.4.

The amount of biologically active compounds was different in both
apples of various cultivars and their components. Analyzing the chemical
composition of apple flesh in five cultivars — Korichnoye Novoye, Auksis,
Antey, Sinap Orlovsky, Zarya Alatau, it differed significantly between the
cultivars (p<0.05). Biologically active substance content was reduced on
average by 45% in comparison with unpeeled apple chemical
composition. The inquired respondents gave preference to fresh fruit
salads made of peeled fruit.

Anti-browning treatment of fresh cut apples

Antey apples, chosen for salad preparation, were peeled, cut into pieces
and treated for browning. For anti-browning treatment of the fresh-cut apples
the following inhibitors were evaluated: 20% juice/water dilution of sea
buckthorn, white currants, and Japanese quinces, as well as NatureSeal® AS5
4% and 5% water solution. The obtained results allow drawing a conclusion
that treatment with 5% NatureSeal® AS5 solution prevents the cut fruit
browning to 12 days. Furthermore, treatment with this substance showed a
positive effect on the quality of fresh-cut apples and preservation of
biologically active compounds. At the end of the storage, activity of anti-
oxidants in the cut apple samples after treatment with 5% NatureSeal® AS5
solution was on average by 70% higher compared to the control sample. The
dynamics of total phenol content and anti-oxidant activity in fresh-cut apples
after anti-browning treatment during the storage period is shown in Figure 9.

Treatment of apple pieces with NatureSeal® AS5, compared to that of
control sample, significantly increases vitamin C content (7.4 and
20.34mg/100g”, respectively) and total phenol content (34.4 and
138.15mg/100g™", respectively) and anti-oxidant activity (DPPH, 5.87 and
18.09mg TE/100g™), p = 0.00. Treatment with 20% juice/water dilution of
Japanese quinces, sea buckthorn and white currants prevented browning and
increased the total phenol content in the cut fruit during the first three days,
but at the end of storage the surface colour became darker and anti-oxidant
activity decreased significantly (p<0.05).

The number of MAFAM in the cut apples of control sample and after
anti-browning treatment with 20% juice/water dilution of sea buckthorn on
day 9 of storage exceeded criteria recommended by Food and Veterinary
Service (FVS) (Npax = < 10° CFU/g"'; Mar&enkova, 2010); while the cut
apples after treatment with 20% juice/water dilution of white currants were
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rotten and were not analyzed (Fig.10). At the end of the storage time, the
number of MAFAM CFU in cut apples after treatment with 20% juice/water
dilution of sea buckthorn and 4% and 5% NatureSeal® AS5 did not exceed
recommended norms of microbiological contamination.

After treatment of the cut apples with 20% of sea buckthorn juice/water
dilution and after treatment with 4% and 5% NatureSeal® ASS5 solution, in
comparison with that of control sample, the number of microorganisms
(veasts, lactic acid bacteria and Pseudomonas spp.) CFU g was significantly
lower (p = 0.00).

Summarizing results of hedonic evaluation, it was established that
estimators had estimated samples within the range from like very much to
medium dislike. On the first day of investigation, the highest estimation
received control sample (estimation 7.8) and sample treated with 5%
NatureSeal® AS5 solution (estimation 7.0). During the storage time, the fruit
quality properties decreased significantly (p = 0.00), and on day 6, experts
liked best of all the cut apples treated with 5% NatureSeal® AS5 solution
(estimation 5.2), but apples treated with 20% sea buckthorn juice/water
dilution experts liked less (estimation 3.3). Evaluating the intensity of sensory
properties by a five-stage scale, the estimators liked best of all the cut apple
colour and firmness after treatment with 5% NatureSeal® AS5 solution
(estimation 3.95 and 3.37, respectively), flavour and aroma after treatment
with 4% NatureSeal® AS5 solution (estimation 2.32) and aroma after
treatment with 20% sea buckthorn juice/water dilution (estimation 2.37).

Fruit salads

Under laboratory conditions, complying with developed recipes fruit
salads were evaluated to estimate the optimum composition of fresh fruit and
frozen berries. The studies show that the optimum ratios of basic components
of fresh fruit salads were as follows: apples 80% and pears 20%. Fruit salad
with frozen berries contained 80% of basic components and 20% of frozen
berries.

Addition of frozen berries to fruit salads had changed not only the
appearance and flavour properties but had also increased their nutritional
value.

Supplementing fruit salad with thawed previously frozen berries, the total
acid content in fruit salad was within the range from 0.17 to 0.34%. The
soluble solids did not change significantly after adding frozen berries. The
sugar content in fruit salad was 12.0g/100g™, but after adding frozen berries
that decreased a little to 10.2g/100g™. Fruit salad with frozen blackcurrants
had higher content of vitamin C, total phenols, flavanols, tannins and anti-
oxidant activity (Fig. 11). Addition of frozen blackcurrants to fruit salad also
increased the content of fibers to 16.3%; in control salad sample that was only
13.7%.
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According to the results of sensory evaluation of salads (consumers
evaluated them in the exhibition Riga Food 2012) a conclusion can be drawn
that consumers liked best salads with cranberries (7.54), they differed
significantly from salad with strawberries (7.03) and fruit salad with sea
buckthorn (7.0).

Summarizing results of hedonic evaluation of trained evaluators it was
established that the fruit salad samples in regard to liking differed
significantly (p<<0.05). The highest estimation was given to the control sample
of fruit salad (6.9), but the lowest — fruit salad with blackcurrants.

A conclusion can be drawn by the results of a line scale evaluation that
the evaluated fruit salads had a significantly different flavour (p<0.003),
appearance, sweetness and acidity (p<0.05), but there was insignificant
difference between the fruit salad consistence and juiciness (p<0.05).

Quality evaluation of fruit salads during storage in different packaging
materials

After four days of storage, in the headspace over the fruit salads in bags
of biodegradable VC999 BioPack PLA film a constant gas composition set in
(0, from 15.4 to 15.7%; CO, from 9.3 to 8.4%), but in NatureFlex™ NVS
INNOVIA film bags a constant gas composition (O, from 14.7 to 13.7%; CO,
from 14.7 to 14.5%) developed after six days of storage. The colour of fruit
surface preserved best in conventional “breathable” polymer Amcor
AgriFresh-US film and BOOPP Propafresh™ packaging (whiteness index
64.4 and 63.3, respectively). The least colour total difference A E” after 10
days of storage was in packaging Duniform boxes hermetically sealed by
BOOPP Propafiresh™ P2GAF film. The highest total acid content (0.46%) at
the end of the storage time was determined in fruit salads packaged in
Duniform boxes hermetically sealed with “breathable” conventional polymer
films (Amcor AgriFresh-US and BOOPPP film Propafiesh™ P2GAF) as well
as placed into bags of biodegradable material V'C999 BioPack PLA film. The
salad texture during ten days of storage was least changed in packaging of
biodegradable materials V'C999 BioPack PLA film (from19.2 £ 0.8 to 17.1 £
+ 0.5 N) and in NatureFlex™ NVS INNOVIA film (from 19.2 + 1.0 to 16.3 +
+ 0.9 N). At the end of storage, the least PPO was in fruit salads packaged in
VC999 BioPack PLA film — 2.46 units g”'/min g™

The growth of microorganisms in fresh fruit salads during the storage
time was influenced by the packaging materials and their qualities (p = 0.01).
After 10 days of storage at temperature +4 °C, the least number of MAFAM
CFU, yeast cells as well as lactic acid bacteria and Pseudomonas spp. were
found in salads packaged in Duniform PP boxes placed into hermetically
sealed bags of biodegradable materials VC999 BioPack PLA film and VC999
BioPack PLA film. Analyzing the number of MAFAM CFU in the
investigated samples during the storage time it was evident that their number
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did not exceed the Food and Veterinary Service recommended
microbiological criteria (N < 10° CFU/g™). Food salads at the end of the
storage time, were estimated significantly higher (p<0.05) packaged in Amcor
AgriFresh-US film (6.6) and in VC999 BioPack PLA (6.4). Experts had
estimated the consistence of fruit salads the highest in biodegradable
materials VC999 BioPack PLA and NatureFlex™ NVS INNOVIA film
packaging, but the lowest — control samples in boxes of PP packaging with
flip-off caps both with and without a humidity absorbent.

Prime cost of fruit salads

The major part of the salad production costs makes the basic raw material
(apples, pears) which are changing depending on the market price. Prime cost
of 120g of fruit salad in polypropylene packaging has been calculated: fruit
salads without additives cost 0.40 LVL, but fruit salads with frozen berries —
up to 0.51 LVL. The above mentioned prices are competitive on the market
and acceptable for the inquired respondents.

CONCLUSIONS

1. As most suitable varieties of apples for fresh fruit salad production are
accepted Korichnoye Novoye with fruit firmness 13.7 N, total acid
content 0.61%, polyphenol oxidase activity 2.2 units g-'/min”', total
phenol content 46.4mg/100g™" and whiteness index 72.4, and the cultivar
Antey with slightly lower characteristic features.

2. Comparing with unpeeled apple chemical composition, content of
biologically active substances in the apple flesh used for salad preparation
decreases by 45%.

3. As most effective anti-browning agent is considered 5% NatureSeal® ASS
water solution that prevents browning of fresh-cut fruit to 12 days and
compared to the control increases activity of anti-oxidants by 70%.
Evaluating fresh fruit salad sensory parameters after anti-browning
treatment, as the best are accepted samples treated with NatureSeal® AS5
water solution.

4. After adding thawed frozen berries to the basic components of fresh fruit
salad, the total phenol and vitamin C content, and anti-oxidant activity
increase significantly.

5. Evaluating the packaging, significant changes of fruit salad colour is
observed in packaging of polypropylene boxes with humidity absorbent
and in control packaging (whiteness index (WI) 59.5 and 60.30). In turn,
the conventional polymer packaging Amcor AgriFresh-US film and
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BOOPP film Propafiesh™ provide the least colour changes of fruit salad
surface during the storage time (WI 64.41 and 63.45), but in
biodegradable packaging a slightly greater colour changes are observed
(WI 61.16 and 59.79).

. The quality of fresh fruit salads is best provided by biodegradable material
VC999 BioPack PLA and conventional polymer BOOPP film
Propafresh™  packaging where the lowest (p<0.001) MAFAM is
established not exceeding the permissible CFU g™ < 10° number in fruit
salads during ten days of the storage time. In packaging Amcor AgriFresh-
US film, NatureFlex™ NVS INNOVIA film and in polypropylene boxes
with and without a humidity absorbent MAFAM CFU g™ in fruit salads
do not exceed the stated limit.

. The prime cost of fresh fruit salads in polypropylene packaging (120g)
without frozen berries is 0.45 LVL, but with frozen berries — from 0.40 to
0.51 LVL.

. The hypothesis advanced in the research has proved to be true: apples of
some cultivars commercially grown in Latvia, effective anti-browning
agents and a suitable packaging provide good sensory properties and
increase nutritional value in fruit salads at a reasonable market price.
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