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PETIJUMA AKTUALITATE

Latvija pirmo vietu auglu un ogu koprazas raditajos stabili ienem aboli. Latvija
tirgus vajadzibam tiek audzetas vairak neka 87 abelu Skirnes, no tam popularas ir
10 skirnes. Latvija 2012. gada saraZots ap 9,4 tiikstosiem tonnu abolu’, kuru lielaka
dala tiek realizéta svaiga veida. Latvija abolu parstrades tirgus nav nostabilizgjies un
piepildits. Neliela apjoma tiek razota abolu sula, sulas koncentrati, ievarjjumi, majas
vins, sidrs u.c. produkti. Latvijas auglkopibas nozarg trikst pardomatas skirgu abolu
audzesanas koncepcijas — Sobrid galvenokart tick audzetas lielauglu skirnes, kas tiek
realiz€tas svaiga veida, bet netiek audzgeti aboli, kas paredzeti dazadiem parstrades
veidiem. Nepietickama abolu Skirpu izv€le un mainigie agroklimatiskie apstakli
ierobezo iespgju attistit mazos alkoholisko dz&rienu razoSanas uznémumus. Latvija
pieaug interese par iesp&ju audzet kreba Skirnu abolus, kas pieméroti vina un sidra
razo3anai. Sobrid ir sarezgiti iegat datus par abolu parstrades apjomiem Latvija, t.sk.
sidra gatavoSanu, bet dati parada, ka 2012. gada mazie alkoholisko dz€rienu razotaji
sarazojusi tris reizes vairak alkoholisko dzerienu neka 2011. gada (Alkoholisko...,
2013), un tas liecina par interesi strauji attistit $o raZoSanas jomu.

Ar vardu ,sidrs” Eiropa saprot dzerienu, kura pamatsastavdala ir pilnigi vai
dalgji raudzéta abolu sula. Abolu sidra raZoSanas attisti§ana dotu iesp&ju Latvijas
abolu audzetdjiem realiz€t abolus, razotdjiem attistit jaunu tirgus jomu un
patérétajiem paplasinat viegli alkoholisko dz€rienu piedavajuma klastu.

Patérétaji abolu sidra kvalitati galvenokart verteé péc ta sensorajam TpaSibam
(garsa, smarza, ar¢jais izskats), kuras ietekm¢ fizikali kimiskie raditaji, ka cukuru,
skabju, fenolu, gaisto$o savienojumu saturs.

Aboli ir augli ar augstu fenolu savienojumu saturu (Boyer and Liu, 2004), kas
nedaudz zid sulas ieguves (Lachman et al., 2006) un raudzesanas (Picinelli Lobo
et al,, 2009) procesa. Fenola savienojumu saturu sidra ietekm& abolu Skirnes
(Alonso-Salces et al., 2005) un parstrades procesi (Lea, 1995). Fenoliem ir licla
nozime sidra kvalitate, to daudzums nosaka dz€riena garSas kopumu, jo fenoli
saistiti ar dz€riena krasu, rigto un savelkoSo garSu (Alonso-Salces et al., 2001).
Viens no galvenajiem sidra kvalitates raditdjiem ir gaistoSie aromatu veidojoSie
savienojumi, kas kopa ar cukuriem un skab&ém veido kopg€jo garSas buketi.
Kvantitativi svarigakie gaistoSie savienojumi abolu vina ir garo kézu spirti, esteri un
mazmolekularas taukskabes (Vidrih and Hribar, 1999). GaistoSo savienojumu
daudzums, kas veidojas raudz&Sanas laika, ir atkarigs no raudz&jamas sulas sastava,
raudz€Sanas apstakliem un no izmantota rauga celma (Regodon et al., 2006).

Sidra razosana neatkarigi no izve€létas Skirnes aboliem vai Skirpu kupazam
butiskak ir izveleties piemerotakos sidra raudzéSanas tehnologiskos procesus,
ieskaitot labako rauga tirkultiiras izveli un nogatavinasanas apstaklus, kas nodrosina
pamatu kvalitativam gala produktam ar vislabakajam sensorajam IpaSibam.

! Apples production [Skatits 01.02.2014.] Pieejams / Available:
http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&language=en&pcode=tag00036&plugi
n=0
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Izmantotais rauga celms bitiski ietekm& raudzétu dz€rienu garSu, smarzu, krasu un
kimisko sastavu (Bellon et al., 2011; Romano et al., 2003; Guth, 1997). Abolskabes
pienskaba riigsana bitiski ietekmé sidra sensoros raditajus, jo samazina vina skabo
garSu, mikstinot asas garSas nianses, vienlaikus samazinot abolskabes saturu un
paaugstinot pH un CO, saturu. Ari sidra izturéSana uz dazadas izcelsmes ozolkoka
skaidam un dazadi grauzdetam skaidam pozitivi ietekmeé gaistoso vielu daudzumu
sidra, ka arT dz€riena sensoros raditajus un fenolu saturu.

Petfjums ir aktuals, jo Latvija abolu parstrade dz&rienu gatavoSanai paslaik ir
neizmantots potencials. P&tnieciskie rezultati dos parskatu par Latvija audzeto abolu
skirpu kTmisko sastavu un to piemérotibu sidra razoSanai, ka ar1 tiks izpétita dazadu
tehnologisko procesu ietekme uz sidra kvalitati.

Promocijas darba hipotéze: Skirnes abolos eso$ie fenolu savienojumi un
gaistoSie savienojumi, kas rodas sidra gatavoSanas procesa, ietekm¢& gatava produkta
kvalitati.

Lai pieraditu izvirzito hipotézi, promocijas darba merkis ir izvertet izejvielu
sastava, raudz€Sanas, nogatavinasanas un kupazgéSanas procesu ietekmi uz abolu
sidra kvalitati.

Promocijas darba pétijuma objekts ir lielauglu un kreba $kirnes abolu sula un
sidrs.

Promocijas darba hipotgzi pierada ar $adam tézes:

1. izveleto skirnu abolu sulas sastavs nosaka gatava sidra kvalitati;

2. izveéletais rauga celms un raudzéSanas apstakli butiski ietekmé gaisto$o
savienojumu saturu sidra;

3. abolu sulas sastava optimiz&$anai un labaku sidra sensoro 1pasibu iegiiSanai
nepiecieSams veidot dazadu $kirpu abolu sulu vai sidru kupazas;

4. nogatavinasanas laika pievienotas pienskabes baktérijas un ozolkoka skaidas
ietekmé sidra fenolu un gaistoso savienojumu saturu;

5. pétijuma iegitajos sidros un komercialajos sidros fenolu un gaistoSo
savienojumu saturs biitiski atskiras.

Pé&tijuma uzdevumi:

1. salidzinat Latvija audzétu lielauglu un kreba Skirpu abolu sulu un no tiem
gatavota sidra fizikalos raditajus un ktmisko sastavu;

2. izpétit rauga celma un raudz&$anas apstaklu ietekmi uz sidra kvalitati;

3. pétit kupazgsanas ietekmi uz sidra gaistoSo savienojumu veidoSanos un
sensorajam Ipasibam;

4. pétit pienskabes baktériju Oenococcus oeni un ozolkoka skaidu ietekmi uz
sidra kvalitati;

5. Klasificgt pétijuma iegiitos un komercialos sidrus péc fenolu un gaistoso
savienojumu satura.


http://en.wikipedia.org/wiki/Oenococcus_oeni

Promocijas darba novitate un zinatniskais nozimigums.

1. Izpetits Latvija audz&to Skirpu abolu sidra gaistoSo un fenolu savienojumu
sastavs.

2. lzstradata uz p&tijuma datiem balstita zinatniski pamatota tehnologija Latvija
audzetu skirnu abolu piemérotibai sidra razosanai.

3. Ir pieradits, ka kvalitativa sidra ieguvei var izmantot lielauglu abolus.

Promocijas darba tautsaimnieciska nozime.

1. Petfjuma rezultati ir izmantojami auglkopjiem, izveloties komercdarzu
stadijumiem piemérotas abelu Skirnes, kas paredzetas sidra ieguvei.

2. Latvija audzetu lielauglu Skirpu abolus ir iesp&jams izmantot sidra raZoSanai.

3. Fenolu un gaistoSo savienojumu pétijumi palidz razotajiem izvéleties
izejvielas un atbilstoSus tehnologisko procesu parametrus kvalitativa sidra
razosanai.

Pétijums veikts Valsts pétijumu programmas "Vietéjo resursu (zemes dzilu,
meza, partikas un transporta) ilgtspéjiga izmanto$ana — jauni produkti un
tehnologijas" (,,NatRes”) ietvaros, ka ari izmantojot ESF grantu projekta
Nr.1.1.2.1.2. "Atbalsts doktora studiju programmu IstenoSanai", vienoSanas
Nr. 2009/0180/1DP/1.1.2.1.2/09/TPIA/VIAA/017, finansgjumu.

ZINATNISKA DARBA APROBACIJA

Pétijjumu rezultati apkopoti un publicéti 3 monografijas apaksnodalas,

10 recenzgjamos zinatniskajos izdevumos.

Monografijas apakSnodalas — 3

1. Krima Z., Kampuss K., Kampuse S., Riekstina-Dolge R., Rise K., Sné E.
(2012) Fenolu savienojumi ogas un auglos. No: Biologiski aktivas vielas
partikas produktos. Red.: Straumite E., Galoburda R., Kriima Z., Ciprovica I.,
Zagorska J. Jelgava: LLU, PTF, 189.-200. Ipp.

2. Krima Z., Riekstina-Dolge R., Dabina-Bicka I. (2012) Fenolu savienojumi
alkoholisko dzérienu razosana. No: Biologiski aktivas vielas partikas produktos.
Red.: Straumite E., Galoburda R., Krama Z., Ciprovica I., Zagorska J. Jelgava:
LLU, PTF, 213.-219. Ipp.

3. Krima Z., Riekstina-Dolge R. (2012) GaistoSo savienojumu izmainas
alkoholisko dz€rienu raudz&Sanas procesa. No: Biologiski aktivas vielas
partikas produktos. Red.: Straumite E., Galoburda R., Kriima Z., Ciprovica 1.,
Zagorska J., Jelgava: LLU, PTF, 260. Ipp.



10.

Publikacijas — 10

Riekstina-Dolge R., Kruma Z., Karklina D. (2014) Physical-chemical parameters
of latvian apple juices and their suitabiliyu for cider production. International
Journal of Agricultural, Biosystems Science and Engineering, Issue 8 (3),
p 61 - 65.

Riekstina-Dolge R., Kruma Z., Straumite E., Karklina D. (2013) The effect of
blending on sensory characterictics of apple cider. In: International Proceedings
of Chemical, Biological & Environmental Engineering, Nutrition and Food
Sciences I, Russia, Moscow, p. 39-43.

Riekstina-Dolge R., Kruma Z., Karklina D., Straumite E. (2012) Sensory
properties of cider depending on apple variety. In: Proceedings of Annual 18th
International conference Research for Rural Development 2012, Latvia, Jelgava,
p. 102-108 (Scopus datubaze / database).

Riekstina-Dolge R., Kruma Z., Karklina D., Straumite E. (2012) Sensory
properties of cider, depending on the added yeast strains. In: Proceedings of the
6th Central European Congress on Food, Serbia, Novi Sad, p. 1259-1264.

Riekstina-Dolge R., Kruma Z., Karklina D. (2012) Aroma composition and
polyphenol content of ciders available in Latvian market. World Academy of
Science, Engineering and Technology, Issue 67, p. 826-830.

Riekstina-Dolge R., Kruma Z., Karklina D., Seglina D. (2011) Composition of
aroma compounds in fermented apple juice: effect of apple variety, fermentation
temperature and inoculated yeast concentration. Procedia Food Science, vol. 1,
p. 1709-1716 (Sciencedirect datubaze / database).

Riekstina-Dolge R., Kruma Z., Karklina D., Seglina D. (2011) Influence of
different yeast strain on the production of volatile compounds in fermented apple
juice. In: Annual 17th International Proceedings of conference Research for
Rural Development 2011, Latvia, Jelgava, p.133-139 (Scopus datubaze /
database).

Riekstina-Dolge R., Kruma Z., Augspole I., Ungure E., Karklina D., Seglina D.
(2011) Phenolic compounds in fermented apple juice: effect of apple variety and
apple ripening index. In: Monography Selected Topics in Food Biotechnology.
Ed. Chrzanowska J., Zambrowicz A. Wroclaw, Poland, p. 176-180.

Riekstina-Dolge R., Kruma Z., Dimins F., Krasnova I., Karklina D. (2014)
Variation of phenolic compounds in Latvian apple juices and their suitability for
cider production (Akceptéts publicésanai konferences International Conference
on Biological and Life Sciences rakstu krajuma / Accepted for publication in
conference International Conference on Biological and Life Sciences
proceedings)

Riekstina-Dolge R., Kruma Z., Cinkmanis I., Straumite E., Sabovics M.,
Tomsone L. (2014) Influence of Oenococcous oeni and oak ships on the chemical
composition and sensory properties of cider. (Akceptéts publicésanai konferences
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FoodBalt 2014 rakstu krajuma / Accepted for publication in conference FoodBalt
2014 proceedings).

Par rezultatiem zinots 11 starptautiskajas zinatniskajas konferencés un

kongresos Latvija, Lietuva, Igaunija, Polija, Griekija, Serbija, Niderlandg, Francija,
ka arT1 V Eiropas zinatnu atvertaja foruma ESOF 2012 (Dublina, Irija), izstade
»Riga Food 20117, ,,Riga Food 2013”.

1.

Riekstina-Dolge R., Kruma Z., Karklina D. (2014) ,Physical-chemical
parameters of Latvian apple juices and their suitability for cider production”.
World Academy of Science, Engineering and Technology, Spanija, Madride,
2014. gada 27.—28. marta. (Mutiskais referats / oral presentation).

Riekstina-Dolge R., Kruma Z., Dimins F., Karklina D. ,,Phenolic composition
and sensory properties of ciders produced from Latvian apples”, International
conference in new knowledge on chemical reactions during food processing and
storage ,,Chemical Reactions in Foods VII”, Cehija, Praga, 2012. gada
14.-16. novembri. (Stenda referats / poster presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D. ,,Aroma composition and polyphenol
content of ciders available in Latvian market”, ICAFE 2012, International
Conference on Agricultural and Food Engineering, Niderlande, Amsterdama,
2012. gada 25.-26. julija. (Mutiskais referats / oral presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D., Straumite E. ,,Sensory properties of
cider, depending on the added yeast strains”, 6th Central European Congress on
Food, Serbija, Novi Sad, 2012. gada 23.-26. maija. (Stenda referats /
poster presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D., Straumite E. (2012) ,,Sensory
properties of cider depending on apple variety” Annual 18 International Scientific
Conference ,Research for Rural Development”, Jelgava, 2012.gada
18.—20. maija. (Mutiskais referats / oral presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D., Straumite E. ”Sensory properties of
cider made by blending of several variety apple juices”, 7th Baltic Conference on
Food Science and Technology, “Innovative and healthy food for consumers”,
Kauna, 2012. gada 17.—18. maija. (Stenda referats / poster presentation.)
Riekstina-Dolge R., Kruma Z., Galoburda R., Karklina D., Seglina D. (2011)
“Effect of pasteurization on the quality of fermented apple juice”, 6" Baltic
Conference on Food Science and Technology ,,Innovations for food science and
production” FOODBALT-2011, Jelgava, 2011. gada 5.-6. maija.
(Stenda referats / poster presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D., Seglina D. (2011) “Influence of
different yeast strains on the production of volatile compounds in fermented apple
juice”, Annual 17 International Scientific Conference Research for Rural
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11.

Development, Jelgava, 2011. gada 18.-20. maija. (Mutiskais referats /
oral presentation.)

Riekstina-Dolge R., Kruma Z., Karklina D., Seglina D. (2011) ,,Composition of
aroma compounds in fermented apple juice: effect of apple variety, fermentation
temperature and inoculated yeast concentration” ICEF 2011 11 th International
Congress on Engineering and Food (ICEF 11), Griekija, Aténas, 2011. gada
22.-26. maija. (Stenda referats / poster presentation.)

Riekstina-Dolge R., Kruma Z., Aug§pole 1., Ungure E., Karklina D., Seglina D.
(2011) ,,Phenolic compounds in fermented apple juice: effect of apple variety and
apple ripening index” 5th International Conference on ,,Quality and safety in food
production chain”, Polija, Vroclava, 2011. gada 19.-20. septembrT.
(Stenda referats / poster presentation.)

Kruma Z., Riekstina-Dolge R., Karklina D., Seglina D. Comparison of volatile
compounds of fresh and fermented aplle juice from different apple varieties. 1st
Euro-Mediterranean Symposium of Fruit and Vegetable Processing, Francija,
Avinjona, 2011. gada 18.-20. aprili, p.136 (Stenda referats / poster
presentation.).

MATERIALI UN METODES

Pétijuma laiks un vieta
Eksperimenti veikti no 2010. Iidz 2013. gadam:

1.

LLU Partikas tehnologijas fakultates Partikas tehnologijas katedras Partikas
produktu analizu laboratorija (sidru raudzg$ana un uzglabasana, spirta un sausnas
satura noteikSana), Iepakojuma materialu ipasibu izpétes laboratorija (Skistosas
sausnas saturs, blivums, pH, kop€jo skabju saturs, gaisto§o savienojumu saturs,
kopgjo fenolu saturs), Mikrobiologijas zinatniskaja laboratorija (rauga un
pienskabes $tnu skaita noteikSana), Partikas produktu sensoras novértéSanas
laboratorija (sidru sensora vérté$ana);

LLU Partikas tehnologijas fakultates Kimijas katedras Dabas vielu kimijas
zinatniskaja laboratorija (atsevi$ko fenolu savienojumu un cukuru satura
noteikSana);

Latvijas Valsts auglkopibas institita Eksperimentalas auglu parstrades
laboratorija (abolu sulas ieguve) un Biokimijas laboratorija (abolu Skistosas
sausnas satura, kopgjo skabju satura, stingribas, cietes indeksa, taninu satura
noteik$ana).

Pétijuma izmantotie materiali
Eksperimentiem tika izmantotas Latvijas Valsts auglkopibas institiita un

SIA Piires Darzkopibas pétijumu centra audz&ti aboli, kas novakti 2010., 2011. un
2012. gada septembri un oktobri (abolu raza, kura izmantota konkr&tajam
eksperimentam, noradita p&tijuma struktiiras apraksta). Aboli tika novakti un p&c tam
1-2 nedelas uzglabati noliktava +3+1 °C temperatiira ar gaisa relativo mitrumu
90-95%. Pétijuma izmantotas liclauglu (‘Auksis’, ‘Antonovka’, ‘Merry Gold’,
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‘Lietuvas Pepins’, ‘Remo’, DI-93-4-14 (Nr. 14)) un kreba abolu (‘Kerr’ ‘Kuku’,
‘Quaker Beauty’, ‘Riku’, ‘Hyslop’, ‘Cornelie’, ‘Ruti’ un K-8/9-24) skirnes.

Raudzesana tika veikta, izmantojot Cetrus komerciali pieejamus rauga celmus
(Saccharomyces bayanus rauga celms EC-1118, Saccharomyces bayanus raugs
,,Cider yeast”, Saccharomyces cerevisiae raugs 71B-1122, Saccharomyces cerevisiae
rauga celms ICV-K1 (V1116). Sulas sulfitéSanai un stabilizéSanai tika lietots
,»Tannisol” preparats (,,Enartis”, Italija).

Nogatavinasanas procesa sidram tika pievienotas pienskabes bakterijas (Bacchus
Malolactic Bacteria Culture Oenococcus oeni) (,,Lalvin”, Francija), negrauzdétas
ozolkoka skaidas ,,French Oak Chips” (,,Young’s Brew”, Lielbritanija) un vidgji
grauzd@tas ozolkoka skaidas ,,American oak chips” (,,Browland”, Belgija).

Pétijuma salidzinasanai tika izmantoti 11 dazadas valstis raZoti sidra paraugi.

Sidra gatavosanas tehnologija

Sidra gatavoSanas tehnologija ietver sulas ieguvi, tas raudzéSanu un
nogatavinasanu. Abolus sasmalcina vid&ji 7x5 mm skaidinas, izmantojot rivi. Abolu
sula iegiita ar hidraulisko spiedi ,,Basket press 60K” (,,Voran Maschinen” GmbH,
Austrija), kuras groza diametrs ir 400 mm, vienas kartas abolu masas biezums vid&ji
150 mm, cetras starplikas, spiediens 220-260 bar. Uzreiz p&c sulas ieguves tika
pievienots ,,Tanissol” (10 g 100 L'l), un sula izturéta 24 h.

Sidru raudz&$anai izmantoja Cetrus komercialos rauga veidus un divas
raudz€S$anas temperatiiras. Raudzesana tika veikta:

e 0,75 L stikla pudelgs piecos atkartojumos,

e 5 L stikla pudel@s trijos atkartojumos.

P&c raudzEsanas sidrs tika dekantéts no rauga nogulsném, pildits tumsas 0,75 L
stikla pudel@s un aizkorkéts.

Petijuma struktiira

P&tfjums veikts piecos posmos, kuros analizéti abolu, abolu sulas un sidra
fizikalie, kimiskie, mikrobiologiskie un sensorie raditaji. Kop€ja pétijuma strukttra
paradita 1. attela.

I posms: Abolu $kirnu izvertéjums

Pirmaja posma analiz&ta abolu $kirnes ietekme uz sidra kvalitati. Eksperimentam
izmantoti 14 skirnu aboli: lielauglu $kirnes ‘Auksis’, ‘Lietuvas Pepins’, DI-93-4-14,
‘Remo’, ‘Antonovka’, ‘Merry Gold’ un kreba Skirnes ‘Riku’, ‘Ruti’, K-8/9-24,
‘Cornelie’, ‘Hyslop’, ‘Kuku’, ‘Kerr’, ‘Quaker Beauty’ aboli, to sulas un sidri (2011.
gada razas aboli). RaudzeSanai izvéléts komercialais raugs Saccharomyces cerevisiae
71B-1122.

I1 posms: Rauga ietekmes izvertejums

Pétijuma analizéta raudz@Sanas procesa ietekme uz sidra kvalitati un parbaudita
rauga celma, raudz&Sanas temperattiras un rauga koncentracijas ietekme uz produkta
kvalitati. Petjuma izmantota Skirnes ‘Lietuvas Pepins’ abolu sula. Sulai pievienoti 4
veidu raugi: Saccharomyces bayanus rauga celms EC-1118, Saccharomyces bayanus
raugs “Cider yeast”, Saccharomyces cerevisiae rauga celms 71B-1122 un
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Saccharomyces cerevisiae rauga celms K1V-1116 (V1116). Rauga koncentracija —
7,3x10 rauga $iinas L™

Lai parbauditu raudz&$anas temperattiras un rauga koncentracijas ietekmi uz sidra
kvalitati, tika izmantota Skirnes ‘Lietuvas Pepins’ abolu sula. Raudz&$anai izvelets
Saccharomyces bayanus raugs EC-1118 tris dazadas koncentracijas. Raudz&S$ana
veikta divas temperatiiras: +16+1 °C un +23+1 °C. Pétijjuma izmantoti 2010. gada
razas aboli.

[V

111 posms: KupaZeSanas ietekmes izveértéjums

P&tfjuma izmantotas 5 skirnu abolu sulas, kupaza veikta sulam pirms raudz&Sanas,
ka arT jau gataviem sidriem, un salidzinati to kvalitates raditaji. PEtijuma izmantoti
2010. gada razas aboli. Peétjuma izmantoti sesi kupazu  veidi
(1. tab.), kuriem noteiktas fizikali kimiska sastava izmainas raudzé$anas laika (1., 3.,
7.,14.,21.,28.,35. un 42. diena).

1. tabula/ Table 1
Kupazeto paraugu raksturojums / Characterization of blended samples

Abolu $kirnpu sulas
Apziméjums / Abolu $kirnes / proporcija sidra /
Abbreviation Apple varieties Proportion of juices in
ciders
Kupazets—raudz&ts / Blended — fermented
R_1_BF ‘Auksis’:‘Remo’: ‘Kerr’ 1:1:1
R 2 BF ‘Auksis’:‘Remo’: ‘Kerr’ 2:1:2
DI 1 BF ‘Auksis’:DI-93-4-14:‘Kerr’ 1:1:1
DI 2 BF ‘Auksis’:DI-93-4-14:‘Kerr’ 2:1:2
LP_1_BF ‘Auksis’:‘Lietuvas Pepins’: ‘Kerr’ 1:1:1
LP_2 BF ‘Auksis’:‘Lietuvas Pepins’: ‘Kerr’ 2:1:2
Raudzets—kupazeéts / Fermented — blended
R 1 FB ‘Auksis’:‘Remo’: ‘Kerr’ 1:1:1
R_2_FB ‘Auksis’:‘Remo’: ‘Kerr’ 2:1:2
DI_1 FB ‘Auksis’:DI-93-4-14:‘Kerr’ 1:1:1
DI_2_FB ‘Auksis’:DI-93-4-14:‘Kerr’ 2:1:2
LP 1 FB ‘Auksis’:‘Lietuvas Pepin$’: ‘Kerr’ 1:1:1
LP 2 FB ‘Auksis’:‘Lietuvas Pepin$’: ‘Kerr’ 2:1:2

IV posms: Nogatavinasanas procesa ietekmes izvértéjums

Pétijumos analizéta pienskabes baktériju Oenococcus oeni un ozolkoka skaidu
ietekme uz sidra kvalitati. Gan pienskabes baktérijas, gan ozolkoka skaidas
pievienotas nogatavinasanas procesa. Eksperimentam tika izmantota kupaza no
skirnu ‘Auksis, ‘Lietuvas Pepins, ‘Kerr’ sulas attieciba 2:1:2. RaudzeSanai tika
izvéléts komercialais raugs Saccharomyces cerevisiae 71B-1122.

P&tfjuma izmantoti 2012. gada razas aboli.

V posms: Pétijuma iegiito un komercialo sidru salidzinajums
P&tfjuma analizéti 11 komercialie sidri, un to sastavs salidzinats ar 10 p&tfjuma
ieglitajiem sidra paraugiem (no katra p&tljumu posma tika izveleti labakie paraugi).
11
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I posms - ABOLU SKIRNU
IZVERTEJUMS /
I stage - EVALUATION OF
APPLE VARIETIES

Aboli (14 3kirnes) /
Apples (14 varieties)

Analysis of physical, chemical

|
l
|
: Fizikalo, kimisko raditaju analize /
|
| parameters

S

e

Abolu sula / Apple juice (14)
Fizikalo, kimisko raditaju analize /
Analysis of physical, chemical
parameters

o

e ———

" sidrs / Cider (14)
Fizikalo, kimisko un sensoro
raditaju analize /

sensory parameters

I
1
|
: Analysis of physical chemical and
I
1
1
1

4
/

e e e e e e e

i I e e

II posms - RAUGA
IETEKMES IZVERTEJUMS /
IT stage - EVALUATION OF
THE INFLUENCE OF YEAS
Rauga celmi (4 veidi) /
Yeast strains (4 types)

-

RaudzeSanas temperatiira /
Fermentation temperature
(+16+1 °C, +23+1 °C)

Pievienota rauga koncentracija
(3 veidi) /

Added yeast concentration

(3 types)

Analizétie raditaji /

Analysed parameters:

abolu sulai — fizikalie, kimiskie
raditaji / apple juice — physical,
chemical parameters;

raugi — mikrobiologiskie un
kimiskie raditaji /

yeasts — chemical and
microbiological parameters;
sidri — fizikali kimiskie un
sensorie raditaji / cider —
physical chemical and sensory

parameters parameters.

/111 posms - KUPAZEéANA“
IETEKMES IZVERTEJUMS /
III stage - EVALUATION OF
THE INFLUENCE OF BLENDING

7

4 N

Skirnu abolu sulu kupazas (12 h

veidi) /
Blendings of the different variety
apple juices (12 types)

KupaZesanas metodes
(2 metodes) / Blending methods
(2 methods)

Fizikali ktmisko un sensoro
raditaju analize / Analysis of
physical chemical and sensory
parameters

AtseviSkiem paraugiem noteiktas
fizikali kimisko un
mikrobiologisko raditaju izmainas
raudzeSanas laika

(1,3,7,14, 21, 28, 35, 42 dienas) /
For several samples changes of
the physical, chemical and
microbiological parameters were
determined during fermentation

e E E E E S S SN =======<

-

e

X (1,3,7,14, 21, 28, 35, 42 days) y/
\ /,
K -------- = /

IV posms - \
NOGATAVINASANAS
PROCESA IETEKMES
IZVERTEJUMS /
IV stage - EVALUATION OF
THE INFLUENCE OF
MATURATION PROCESS

———

Pienskabes bakterijas
Oenococcus oeni /
Lactic acid bacteria
Oenococcus oeni

Ozolkoka skaidas

(2 veidi) /

Oak chips (2 types)
Fizikalo un kimisko raditaju
analize /

Analysis of physical and
chemical parameters

V posms PETIJUMA IEGUTO KOMERCIALO SIDRU SALIDZINAJUMS /

V stage COMPARISON OF EXPERIMENTAL AND COMMERCIAL CIDERS
11 komercialie paraugi, 9 pétijumos iegiitie paraugi / 11 commercial samples and 9 experimental samples i
Fizikalo, kimisko un sensoro raditaju analize / Analysis of physical, chemical and sensory parameters !

1. att. Pétijjuma struktiira /
Fig. 1. Structure of the research
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Komercialo sidru paraugu saisinajumi:
K1 —,.,Cidre Bouche Brut De Normandie”, K2 — ,,Cidre Bouche Doux Lieblich”,
K3 - ,Cidre Bouche Pierre Huet”, K4 — ,Bulmers Original Irish Cider”,
K5 Lupcider apple cider natural”, K6 — ,Savanna dry premium cider”,
K7 —,,Abavas sidrs”, pussaldais, K8 — ,,Abavas sidrs”, pussausais, K9 — , Sabiles
sidrs”, K10 — ,,Lucky Dog Apple”, K11 — , Apple Garden”.
P&tfjuma iegito sidru saisinajumi:
e [ posms: ‘Auksis’un ‘Kerr’ Skirpu abolu sidri;
e Il posms: 71B-112 — ar 71B-112 rauga celmu raudzets sidrs, EC-1118 — ar
EC-1118 rauga celmu raudz&ts sidrs;

e Il posms:LP_2 BF - kupazéts—raudzets sidrs (Skirnes ‘Auksis’ :
‘Lietuvas Pepin$’ : ‘Kerr’ proporcija 2 :1:2); R_2_BF — kupazets—raudzets
sidra (8kirnes ‘Auksis’: ‘Remo’ : ‘Kerr’ proporcija 2:1:2), DI_1 BF -
kupazéts—raudzéts sidrs (Skirnes ‘Auksis’ : DI-9-4-14 : ‘Kerr’ proporcija
1:1:1);

e |V posms : P — sidrs, kam pievienotas pienskabes bakterijas; S — sidrs izturéts

ar negrauzdétam ozolkoka skaidam; GS — sidrs izturéts ar vidg€ji grauzdétam

ozolkoka skaidam.

_ Petijuma noteiktie raditaji un izmantotas metodes
Abolu, abolu sulas un sidra analizei izmantotas metodes apkopotas 2. tabula.

2. tabula/ Table 2

Skirpu abolu, abolu sulas un sidra raditaju noteik§anas metodes un standarti /
Determination methods and standarts for apples, apple juices and ciders

Raditaji / Indices

Metode / Methods

Tekarta / Equipment

Saskana ar digitala

Digitalais penetrometrs

Skistoias sausnas saturs abolos /
Soluble solids content in apples

1SO 2173:2003

penetrometra ,,Penetrometer TR
Abolu stingriba / Penetrometer TR 53205” |53205”/ Digital
Apple firmness rokasgramatu / According | penetrometer
to ,, Penetrometer TR ,,Penetrometer TR
53205 manual 53205¢ip”’
Refraktometrs /

Refractometer, ,,ATAGO
N20”

Skisto§as sausnas saturs abolu sula /
Soluble solids content in apples
juices

LVS EN 12143:2001

Refraktometrs /
Refractometer, ,,KRUSS
HR18 Manual”

Kopgjais skabju saturs /

LVS EN 12147:2001

pH méritajs / pH meter,

Content of total acids Jenway 35107

pH LVS EN 1132:2001 p;::x;yt?g 1/0F3’H meter,
S e | -

- etal., 1997

Sueifindex Stei, 1996 -
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2. tabulas turpindjums / Table 2 continued

Raditaji / Indices

Metode / Methods

Tekarta / Equipment

Sulas iznakums / Juice yield

Gravimetrijas metode /
Method of gravimetric

Verificéti svari / Verified
scale, ,,CAS 150” (Digital
computing scale)

Skistodas sausnas saturs abolu
sula / Content of soluble solids
in apple juice

LVS EN 12143:2001

Refraktometrs /
Refractometer, ,,KRUSS
HR18 Manual”

Glikozes, fruktozes un saharozes
saturs abolu sula / Content of
glucose, fructose and sucrose in
apple juice

LVS EN 12630

Hromatografs /
Chromatograph, ,,Shimadzu
LC-20 Prominence”

Kopgjais fenolu saturs abolu

Spektrofotometrs /

sula un sidra / The total phenolic | Singleton, 1999 Spectrophotometer,
content in apple juice and cider ~JENWAY 6300”
Kopgjais taninu saturs abolu sula Spektrofotometrs /
/ The total tannins content in Paaver et al., 2010 Spectrophotometer,
apple juice LJENWAY 6300

Atsevisko fenolu saturs abolu
sula un sidra / Content of
individual phenolic compounds
in apple juice and cider

Skidruma hromatografijas
metode / Method of liquid
chromatography

Hromatografs /
Chromatograph, ,,Shimadzu
LC-20 Prominence”

GaistoSo vielu saturs abolu sula,
sidra, aktivéta rauga / Content of
volatile compounds in apple
juice, cider, activated yeast

Gazes hromatografijas
metode / Method of gas
chromatography

Hromatografs /
Chromatograph, ,,Perkin
Elmer Clarus 500”

Sulas blivums /
Density of juice

Aerometriska metode /
Method of areometry

X

Rauga $iinu skaits /
Count of yeast cells

Stinu skaita noteik8ana ar
Gorjajeva kameru / Cell
counting with Gorjajev
camera

Gaismas mikroskops ,,Leica
DM3000LED” ar digitalo
kameru / Light microscope
,,Leica DM3000LED ” with a
digital camera

Pienskabes bakteriju skaits /
Count of lactic acid bacteria

Stinu skaita noteik$ana ar
Gorjajeva kameru /

Cell counting with
Gorjajev camera

Gaismas mikroskops ,,Leica
DM3000LED” ar digitalo
kameru / Light microscope
,,Leica DM3000LED ” with a
digital camera

Sensora analize, Inijskalas
metode / Line scale method of
sensory analysis

1SO 4121:2003

X

Sensora novertésana, sidra
garSas identifikacija /
Identification of cider taste by
sensory evaluation

Williams, 1975

Sensora novertésana,
sarindoSanas tests / Ranking test
by sensory evaluation

I1SO 8587:2006
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Datu matematiska apstrade un interpretacija

Datu matematiska apstrade veikta ar matematiskas statistikas metodém. Aprekini
veikti ar MS Excel programmu, SPSS 17.0. un MultiBase 2014 statistikas
programmam. Visiem iegiitajiem rezultatiem aprekinati $adi raditaji: vid&jais
aritmétiskais, standartnovirze.

Izvirzitas hipotezes parbauditas ar p-vertibas metodi, un faktori novertéti ka
biitiski, ja p-vértiba <oggs. Rezultatu interpretacijai piepemts, ka 0=0,05 ar 95%
ticamibu, ja nav noradits citadi.

Izvertejot dazadu pazimju savstarp&jo kopsakaribu, izmanto korelacijas un
regresijas analizi. Ja korelacijas koeficienta vértiba ir 0,5<|r|<0,8, starp p&tamajam
pazimém ir vid&ji ciesa lineara sakariba. Ja [r[>0,8, tad starp petdmajam pazimém ir
cieSa lineara sakariba (Arhipova, Balina, 2003).

Darba izmantota hierarhijas klasteru metode, ar ko var klasificet datu kopu
apaksgrupas jeb klasteros. Katra klasterT tieck apvienoti savstarpgji viscieSak saistitie
objekti. Metode izmantota abolu sulu un sidru klasificesanai péc fizikalajiem un
kimiskajiem raditdjiem. GaistoSo vielu analizei tika izmantota principialo
komponentu analize. Principialo komponentu analize ir datu analizes un apstrades
metode (galveno komponentu analize), ko izmanto dazadu parametru lidzibas
atraSanai, lai spriestu par to izcelsmes lidzibu. Pamatojoties uz analizi, tiek
identifictas galvenas komponentes, kas sava starpa ir saistitas (Leech et al., 2005).

PETIJUMA REZULTATI UN DISKUSIJA
1. Abolu $kirnu izvértéjums

Dazadu $kirnu abolu sulas kvalitates raditaji

Katras skirnes aboliem iz8kir optimalo novakSanas un parstades laiku. Auglu
parstradatajiem ir svarigi zinat optimalo abolu gatavibu, kad var iegiit maksimalo
sulas iznakumu un parstradei atbilstosakos fizikali kimiskos raditajus. Abolu
gatavibu raksturo Streifa indekss, un p&tfjuma izmantotajiem Skirpu aboliem tas ir
robezas no 0,07 lidz 0,18. Lielauglu Skirnes aboliem augstakais sulas iznakums ir
hibridam DI-93-4-14 66,4% un $kirném ‘Lictuvas Pepin$’ un ‘Remo’ — attiecigi
65,8% un 64,6%. Savukart sulas iznakums no kreba $kirnu aboliem ir vidé&ji 48,8%,
kur augstakais 62,8% ir $kirnes ‘Kerr’ aboliem un zemakais 42,4% ‘Quaker Beauty’
Skirnes aboliem.

Sidra galvena izejviela ir abolu sula, tap&c ir svarigi izvertet tas fizikali kimiskos
raditajus. Lielauglu abolu sula kopgjais skabju saturs ir robezas no 4,1 gL™
(‘Auksis’) lidz 10,73 g L™ (‘Antonovka’). Savukart kreba abolos kopgjais skabju
saturs ir vidgji 10,8 g L™, augstakais saturs ir ‘Cornelie’ (19,6 g L-l) abolu sula un
zemakais ‘Kuku’ (7,87 g L™) abolu sula. Abolu sulas pH ir robezds no 2,96 $kirnes
‘Cornelie’ lidz 3,39 $kirnes ‘Ruti’ abolu sula. Sidra raudze$anai paredz&tajai sulai
ieteicamais pH ir 3,3-3,8 (Lea, 2003), lidz ar to var secinat, ka Latvijas abolu sula
pH ir loti zems, un dotajas robezas no pétitajam sulam ietilpst tikai Cetru Skirnu
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abolu sulas: ‘Auksis’, ‘Quaker Beauty’, ‘Kuku’ un ‘Ruti’. Sulas ar zemaku pH
ieteicams kupaZgt 1idz vélamajam pH. Abolu sula §kisto§as sausnas saturs ir robezas
10,50-17,58 Brix°. Lielauglu $kirnu abolu sula kopgjais cukuru saturs (glikozes,
fruktozes un saharozes kopsumma) ir no 87,14 g L™ (‘Antonovka’) Iidz 124,47 g L™
(DI1-93-4-14). Kopégjais cukuru saturs kreba abolu sula ir robezas no 103,70 g L™
(‘Kerr’) Iidz 163,08 g L* (‘Kuku’), un tas ir 1,3-1,8 reizes lielaks neka lielauglu
abolu sula. Galvenie cukuri pétitajas abolu sulas ir fruktoze (23,50-66,91 g LY un
saharoze (21,0-84,68 g L™). Lai iegitu vélamo dzériena salduma pakapi, var varict
ar sulu proporcijam kupaza un, izveloties rauga celmu, nemt véra ta piemérotibu
noteiktu cukuru parraudzesanai.

Lai sagrupétu dazadu Skirnu abolu sulas atkariba no $kistoSas sausnas, kopgjo
skabju un cukuru satura, tika izmantota hierarhijas klasteru analize. Abolu sulas tika
sagrupétas péc lidzigiem raditajiem 2 klasteros (2. att.). Pirmaja klaster icklautas
visas lielauglu kirnu abolu sulas un kreba $kirnes ‘Kerr’ un hibrida K-8/9-24 abolu
sula. Pirma klastera paraugi ir ar zemako kop&jo skabju, sausnas un kop&jo cukuru
saturu.

0 ; 10 15 iy 2
‘Lietuvas Pepms’ 1
‘Kerr’ T
“K-8/9-24° 14
“Bemo’ 2
“ Antonovlka’ 4
‘Mernry Gold’ 5
“Aulesis’ 13—
=
‘DI-93-4-14 3
“Cornelie’ 8
“Kukw’ 10
*Quaker Beauty’ & —|
“Buty’ 12
‘R’ 9 J
“Hyslop® 1"

2. att. Abolu sulu dalijums klasteros péc kop&ja skabju, sausnas un
kopéja cukuru satura /
Fig. 2. Division of apple juices in clusters based on content of total acids,
soluble solids and total sugars
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Otraja klasteri ir ieklautas kreba Skirnu sulas ar lidzigu un augstaku kopgjo
skabju saturu, lielakiem sausnas un kop&ja cukura satura raditajiem.

Abolu sulu pamatraditaju analize parada, ka atsevidku kreba $kirnu abolu sula ir
liclaks Skistosas sausnas, kopgjais cukuru un skabes saturs, tapec lielauglu skirnu
abolu sulas ir nepiecieSams kupazget, veidojot atbilstoSu cukuru un skabju attiecibu.

Dazadu Skirnu abolu sidra kvalitates raditaji

Izveleta abolu Skirne butiski ietekmé& gatava sidra kvalitati. [zvertgjot Skistosas
sausnas saturu abolu sula un sausnas saturu sidra, tika nove@rota vid&ji cieSa
korelacija starp Siem raditajiem (r=0,57). Spirta saturs sidra paraugos ir robezas
4,7-7,67 tilp. %.

Fenolu savienojumi. Fenolu saturs sidra ir atkarigs no abolu sulas kimiska
sastava un sidra gatavoSanas tehnologijas (Tsao et al., 2005). Pétjjuma konstateta
vidgji ciesa korelacija starp kop&jo fenolu saturu abolu sula un sidra (3. att.).

1800
1600 * +
1400 * o

1200 ‘

'S *
1000

800 y=04197x +264.81 ——
600 *e R*=0.5916

400 o

200

0 500 1000 1500 2000 2500 3000 3500 4000

CAE

appleciders,mg L 1

Kopéjo fenolu saturs abolu sidros /
Content of total phenolic compounds in

Kopéjo fenolu saturs abolu sulas /
Content of total phenolic compounds in apple juices, mg L 1
CAE

* CAE - hlorogénskabes ekvivanents / chlorogenic acis equivalent
3. att. Abolu sulas un sidra kopégjo fenolu korelacija /
Fig. 3. Correlation of total phenolic content of apple juices and ciders

Kopgjais fenolu saturs sidra ir robezas no 792,68 lidz 3399,78 mg L™, un to
butiski (p<0,05) ietekmé abolu Skirne. Augstakais kopé&jais fenolu saturs tika
identificéts sidra, kas gatavots no kreba aboliem ‘Hyslop’, savukart zemakais — no
hibrida DI-93-4-14 dboliem. Sie rezultati ir saskana ar Nogueira et al. (2008), kas
zinoja par fenolu koncentraciju abolu vina no 734,8 lidz 2463,4 mg L™

GaistoSie savienojumi. Analiz&tajos sidra paraugos tika identificétas septinas
gaistoSo savienojumu klases, proti, skabes, esteri, spirti, aldehidi, terpéni, &teri un
aromatiskie savienojumi, kuru saturs ir atkarigs no sidra veida. Bitiska atSkiriba
starp gaistoSo savienojumu grupam lielauglu un kreba Skirnu sidra netika
identificéta, bet butiska atskiriba (p<0,05) tika identificgta starp atseviskiem Skirnu
sidriem. Lielakais gaistoSo savienojumu saturs tika identificéts Skirnes ‘Ruti’ un
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‘Merry Gold” abolu sidra, savukart zemakais gaistoSo savienojumu saturs
identificéts Skirnes ‘Quaker Beauty’ abolu sidra. Laba vina garSa ir atkariga no
gaisto$o savienojumu — skabju, spirtu, aldehidu, ketonu un esteru — lidzsvara, ka ar1
rauga darbibas rezultata izveidoto gaisto$o vielu buketes, kas galvenokart ir garo
k&zu spirti un esteri (Swiegers et al., 2005). Nozimigakas gaisto$o savienojumu
grupas, kas tika identifictas abolu sidra, ir esteri un spirti (4. att.).

25000

20000

15000

10000 -+

GaistoSo savienojumu saturs, SLV x105/
Volatile compounds content ,PAU x10°

= Skabes/ Acids B Esteri/ Esters = Aldehidi/ Aldehydes
Spirti / Alcohols B Terpéni/ Terpenes

4. att. GaistoSie savienojumi sidra atkariba no izmantotas abolu Skirnes /
Fig. 4. Volatile compounds in ciders depending on used apple variety

Esteri sidra ir robezas no 17,8% (‘Cornelie’) lidz 87,5% (‘Hyslop’), savukart
gaistoSie spirti ir no 8,16% (‘Hyslop’) lidz 78,98% (‘Cornelie’) no identificéto
gaistoSo vielu savienojuma. Sidra identificéti Cetri etikskabes esteri — etilacetats,
butilacetats, 3-metilbutan-1-ola acetats (izoamilacetats), heksilacetats. Etilacetats ir
raksturojoais acetdts Astiirijas sidra un ir robezas no 17 mg L™ lidz 222 mg L™
(Swiegers et al., 2005).

Lielakais 3-metilbutan-1-ola acetata smailes laukums tika konstatéts Skirnes
‘Auksis’ sidra, un tas tiek raksturots ar bananu, bumbieru aromatu (Fenaroli, 2002).
Sis savienojums veido ‘Fuji’ abolu sulas aromatu, un ta saturs raudzé$anas laika
pieaug (Wang et al., 2004).

Sensoras ipasibas. Sensoro ipasibu (dzidribas, abolu, auglu un rauga aromata,
abolu un rauga garsas, skabuma, savelkoSas un riigtas garsas) intensitates veért€Sanas
rezultati ir paraditi 5. att€la. Saskanpa ar dispersijas analizes datiem abolu Skirne
butiski (p<0,05) ietekmé visas sidra sensoras 1pasibas. Visos sidra paraugos abolu
aromatu intensitate svarstas robezas no 5,3 Iidz 7,6 punktiem.
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Astringenttaste aroma

Skaba garsa /Sour taste Rauga aromats/ Yeast
aroma

Rauga garSa/ Yeast taste Abolu garsa/ Apple taste

= = 'Auksis’ e 'Lietuvas Pepins' 'Remo’

—+ -'D|-93-4-14'  -==="' Merry Gold' — - 'Antonovka'

Dzidriba/ Clarity
1

Riigta garsa / Bitter Abolu aromats / Apple

taste aroma

Savelkosa garsa /

Auglu aromats / Fruit
Astringent taste

aroma

Skaba gar$a / Sour taste Rauga aromats / Yeast

aroma
Rauga garsa / Yeast bolu garsa / Apple
taste taste
— —Quaker Beaty' — - 'Kerr' e ‘Cornelie’ —= 'Riku’
= = ~'Kuku' --®-- '"Hyslop' — 'Ruti’ — K-8/9-24

5. att. Dazadu $kirnu abolu sidra sensoro ipasibu staru diagrammas /
Fig. 5. Star diagrams of different variety cider sensory properties

Saskana ar vertétaju rezultatiem ir bitiskas atSkiribas (p<0,05) sidra skabas
garSas intensitateé, kur augstaka garSas intensitate tika uzradita ‘Cornelie’ un
‘Hyslop’ Skirnes sidram. Rezultati paradija, ka sidra skaba garSa vidgji ciesi korele
(r=0,63) ar kopgjo skabju saturu sidra. Bitiskas atSkiribas (p<0,05) bija rugtas un
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savelkosas garSas intensitate, kur augstakie rezultati bija kreba abolu skirpu ‘Riku’
un ‘Hyslop’ sidram. Augstakus abolu gar$as, abolu un auglu aromata kopsummas
raditajus uzradija Skirnes ‘Auksis’, ‘Kerr’, K-8/9-24 un ‘Antonovka’ $kirnes sidri.

Izvertgjot gaistoSo un sensoro Tpasibu raditajus, tika atrasta korelacija starp abolu
aromatu un $adiem raditajiem: vidgji ciesa (r=0,71) ar 3-metilbutan-1-ola acetatu
(auglu, bananu aromats), vidgji cie$a (r=0,61) ar etilbutanoatu (salds, auglu, zemenu
aromats), vidgji ciesa (r=0,64) ar heksilacetatu (svaigs, auglu, vinogu aromats).

P&tfjumu rezultati parada, ka abolu sulas un sidra kimisko sastavu ietekmé abolu
skirne, nevis veids — lielauglu vai kreba aboli.

2. Rauga celma un raudzésanas apstaklu ietekme uz sidra kvalitati

Rauga celma ietekme uz sidra kvalitati

Fenolu savienojumi. P&tijuma izmantotas abolu $kirnes ‘Lietuvas Pepin$’ sula
fenolu saturs bija 1020 mg L™, un tas bitiski neatikiras no fenolu satura parauga
EC-1118. Ar S. cerevisiae rauga celmiem raudzetajos paraugos fenolu saturs ir
bitiski (p<0,05) augstaks.

GaistoSie savienojumi. Rauga celms bitiski ietekmé gaistoSo savienojumu
veidosanos un transformesanos raudzesanas procesa. Rauga vielmaina dod nozimigu
ieguldijumu raudzeétu dz€rienu garSas veidosana. Visos sidra paraugos ir iespgjams
identificet trls savienojumus, kas iepriek§ konstatéti abolos, proti,
2-metilbutilacetats, heksilacetats un heksan-1-ols. Sidra tika noteikti Cetri aktivizéta
rauga gaistoSie savienojumi: etikskabe, etanols, feniletilspirts un 3-metilbutilacetats.
Literatras dati liecina, ka rauga celmi raZzo 3-metilbutan-1-olu, un tas ir galvenais
spirts vina (Romano et al., 2008; Garde-Cerdan and Anczn-Azpilicueta, 2007), un
arT visos sidra paraugos tas tika identificéts. Spirti ir visvairak parstavéta gaistoso
savienojumu grupa raudz&to dz€rienu paraugos, kas veido 56—68% kopéja gaistoso
savienojumu daudzuma (6. att.). Galvenie identificétie spirti ir etanols, heksan-1-ols
un feniletilspirts. Sulas, kas raudzetas ar S. cerevisiae sugu celmiem, uzradija
augstaku spirtu saturu, lidziga tendence novérota vina (Mateo et al., 2001). Esteri
veido vairak neka 30-42% kopgjo gaistoSo aromata savienojumu. Galvenie
identificétie  esteri  raudzEtajos paraugos ir etilacetats, etiloktanoats,
heksilheksanoats, 2-metilbutilacetats. C4-C10 organisko skabju etilesteri, taukskabju
etilesteri un garo virknu spirtu acetati ir liela mera atbildigi par auglu aromatu vina
(Ebeler, 2001). Etilacetats, kas pastiprina etikaino sidra garSu (Campo et al., 2008),
tika identificéts visos raudzEtajos paraugos, ar lielako smailu laukumu
ICV-K1 (V1116) parauga. Visos paraugos tika identific€tas tiTs skabes: etikskabe,
oktanskabe un heksanskabe. Etikskabes veidoSanas biezi ir saistita ar intensivaku
etilacetata veidoSanos (Campo et al.,, 2008), tomér Saja eksperimenta tas
neapstiprinajas. Heksanskabe mazas koncentracijas tika konstatéta divos paraugos
(EC-1118 un ICV-K1 (V1116)). ST savienojuma sintéze galvenokart saistita ar raugu
darbibu, un tas koncentracija samazinas, kad kultivéto raugu daudzums palielinas
(Mateo et al., 2001).
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Rezultati parada, ka kopgo gaistoso savienojumu laukumu lielumu un
individualo savienojumu veidu raudzEtajos dzErienos ietekmé&ja lietotais rauga
celms, un nav iesp&jams izdalit biitiskas atskiribas starp sidriem, kas raudzeti ar
S.cerevisiae un S.bayanus rauga sugam.

ICV-K1 (V1116) |

71B-1122 B

"Cider yeast" |
EC-1118 B

Sula/ Juice 'Lietuvas Pepins'

4000 8000 12000 16000 20000

o

GaistoSo savienojumu saturs SLVx105/
Volatile compounds content, PAUx10%

™ Esteri / Esters Spirti / Alcohols ™ Skabes/ Acids B Terpéni / Terpenes

6. att. GaistoSie savienojumi sidra atkariba no izmantota rauga celma /
Fig. 6. Volatile compounds in ciders depending on used yeast strain

Sidra smarZzas un garSas raksturojums. Visos analiz&tajos paraugos eksperti
identificgja Sadas garSas: etika skabumu, citrusauglu skabumu, esteru (ka abolu un
bumbieru), savelkoSo un piesatinatu kop&jo garSu. Bitiskas atskiribas starp sidriem,
kas raudzgeti ar S. bayanus un S. cerevisiae rauga sugam tika identificétas tikai divos
raksturlielumos — citrusauglu un rigtuma gar$a. Eksperti identific€ja asu skabumu
paraugos, kas raudzeti ar EC-1118 un ICV-K1 (V1116) rauga celmu, un vieglu
(maigu) skabumu, kas raksturigs pienskabei, paraugos ,,Cider yeast” un 71B-1122.

Sidra sensoro ipasibu intensitates vertéjums. Bitiskas atSkiribas (p<0,05)
starp sidra paraugiem, kas raudz&ti ar dazadiem rauga celmiem, eksperti identificgja
sados sensorajos raditajos: dzidriba, rauga aromats, abolu garSa un skaba garsa.
Augstakais abolu garSas intensitates vértgjums bija sidram 71B-1122. Ka galvenie
gaistoSie savienojumi abolu sula tika identific€ti 2-metibulitacetats, heksilgrupas
acetati, heksan-1-ols. Pamatojoties uz Siem rezultatiem, tika veikta korelacijas
analize starp sidra sastava esoS$ajam gaistoSajam vielam un auglu aromata, abolu
garSas un smarzas intensitates raditajiem (3. tabula).

Abolu aromata intensitate ciesi korele ar 2-metilbutilacetatu (r=0,92) un ar
gaistoSo savienojumu kopsummu, ko veido 2-metilbutilacetats, heksilacetats un
heksan-1-ols (r=0,99). Datu analizé cieSa korelacija tika nove€rota starp analiz€to
abolu aromatu raksturojoSo gaistoSo savienojumu kopsummu un sensorajam
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Tpasibam, un tas liecina, ka gaistoSo savienojumu kopsumma butiskak ietekmé sidra
sensoros raditajus.
3. tabula / Table 3.
Korelacijas koeficienti starp paraugu sensorajiem raditajiem un
gaistoSo savienojumu sastavu /
Correlation coefficients between sensory properties and content of volatile

compounds
Tris vielu

Raditaji / 2-metilbutilacetats / Heksilacetats / | Heksan-1-ols/ | kopsumma/

Parameters 2-methylbutyl acetate Hexyl acetate Hexan-1-ol Sum of three
_ compounds*
Abolu aromats / 0.92 0.15 0.50 0.99
IApple aroma
Auglu aromats / 0.49 0.63 0.40 0.72
Fruit aroma
(Abolu garsa / 0.59 0.60 0.51 0.82
Apple taste

* 2-metilbutilacetata, heksilacetata un heksan-1-ola kopsumma /
The sum of 2-methylbutyl acetate, hexyl acetate, hexan-1-ol

RaudzeSanas apstaklu ietekme uz sidra kvalitati.

Raudzesanai tika izvéléts komerciali piemérotais S.bayanus rauga celms
EC-1118 tris dazadas koncentracijas, raudzesana veikta divas dazadas temperatiiras,
un rezultati tika salidzinati péc astonam un 28 raudzésanas dienam.

Paraugos ar mazako pievienota rauga daudzumu tika identificéts lielaks abolu
sulas gaisto$o savienojumu daudzums. Etikskabe, butan-1-ols, 3-metilbutan-1-ols un
feniletilspirts, kas tika identificeti sidra, ir tipiskie aktivizéta rauga gaistoSo
aromatvielu savienojumi. Citas aromatvielas veidojas raudz€Sanas procesa.
Etikskabes saturs palielinajas raudzeSanas procesda, un augstakais saturs tika
identificéts sidra ar zemako pievietota rauga koncentraciju. Augstakais gaistoSo
aromatvielu savienojumu saturs tika konstatéts parauga ar zemaku rauga
koncentraciju, kas raudzéts +23 °C. Heksilacetats un heksan-1-ols ir tipiski abolu
aromata savienojumi, kas tika identificéti sidros, kas raudz&ti ar zemaku rauga
koncentraciju un zemaka temperatiira. Etilacetata un butilacetata koncentracija sidra
bija augstaka paraugos, kas raudzeti augstaka temperatiira. Citas esteru grupas
(oktanskabes un dekanskabes etilesteri), kas veidojas raudzéS$anas procesa, paradija
augstako koncentraciju paraugos, kas raudzeti zemaka temperatiira.

V=¥

3. KupaZzesanas ietekme uz sidra kvalitati

Kupazgésana var nodrosinat augstveértigaka produkta ieguvi, jo iesp&ams
kombingt sulas un sidrus ar atSkirigu skabumu, saldumu, aromatu u.c., ta panakot
optimalu kvalitati. P&tjjuma kupaZz&Sanai izmantota viena saldo abolu Sskirne
‘Auksis’, viena kreba abolu Skirne ‘Kerr’ un tris skabo abolu Skirnes ‘Remo’,
DI1-93-4-14 un ‘Lietuvas Pepins’. KupazéSana veikta gan sulam, gan jau gataviem
sidriem dazadas attiecibas, lai var€tu salidzinat abu metozu ietekmi uz gatava
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produkta gaistoSo savienojumu sastavu un sensorajam Ipasibam. Principialo
komponentu analize parada kupaz€$anas veida ietekmi uz domingjoSo gaistoSo
savienojumu izkliedi paraugos (7. att.). GaistoSie savienojumi tiek skaidroti ar tris
faktoriem, no kuriem pirmie divi skaidro 81,2 % kopgjas variansu kopas.

Etildekanoats/
° Ethyldecanoate
Ethanols/Ethanol

P 1B Etil-9-dekanoats/
Heptadekan-8-ols/ o Ethyl-g-dec?noate
Heptadecan-8-ol ® Butilacetats/

; . . LP_2 FB Butylacetate

Di-sec- butileteris/ o ® R_1 BF

Di-sec-butylether ) BE

Etilkaprolats/ Ethylcaprylate

Etilacetats/ Ethyl acetate

Oktanskabe/
Octanoicacid
LIPS R_1FB R_2_B® Feniletilspirts/
Phenylethyl alcohol
(]
- P L)
L Etilheksanoats/
DI_2 BF o Ethylhexanoate

DI_1 BF @
000 L

R 2 FB o 00
DIL1FB ~—

PC2 (14.9%)

DI_2.fB

3— metilbutil acetats
LP_1_BF /3-methylbutyl acetate

@ DI 2 BF Heksilacetats/
40 Hexylacetate

PC1(66.3%) 3-metilbutan-1-ols/

3methylbutan-1-ol

7. att. KupaZétu sidru principialo komponentu analize /
Fig. 7. Principial component analysis of blended ciders

Analize parada, ka domingjosie savienojumi sidros, kas kupazgti péc
raudzesanas, ir etilacetats, heptadekan-8-ols un di-sec-butiléteris. Savukart paraugos,
kas ir kupazgeti pirms raudzgSanas, galvenie savienojumi ir butilacetats, heksilacetats
(zales, augu, auglu un vinogu aromats), 3-metilbutilacetats (bananu, auglu aromats),
3-metilbutan-1-ols, etilheksan-1-ols (auglu, zemenu, zalu abolu, anisa aromats),
oktanskabe (sasmacis aromats), feniletilspirts (pattkams rozém Iidzigs aromats
(Cometto-Muniz and Cain, 1995) un butilacetats. Sidra kvalitatei ir batiska katra
gaistosa savienojuma saturs un mijiedarbiba ar citiem gaistoSajiem savienojumiem.

Sidru sensoro ipasibu noveértgjums atspogulots 8. att€la. Saskana ar dispersijas
analizi kupazas metodes ietekme bija bitiska (p<0,05) attieciba uz visam sensorajam
Ipasibam. Pétijuma ka velamas sidra ipaSibas noteica abolu aromatu un garSu un
auglu aromatu, ka nev€lamas — rauga garSu un rauga aromatu. Sidriem R 2 BF un
DI 1 BF ir intensivaks abolu aromats un gar$a un auglu aromats. Siem paraugiem ir
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arT neizteiktaka rauga smarza un garSa. Paraugiem DI_2_FB un DI_2_BF bija
mazaka abolu aromata un garsas un auglu aromata intensitate un rugta garsa.

—RIBF R_1_FB ——DI1BF e DI_1FB
- - -R2BF —R2FB - - -DI_2BF —— DI_2FB

Sensoras ipasibas / Sensory properties :
DZ — dzidriba / clarity;

AA — abolu aromats / apple aroma;
AUA — auglu aromats / fruit aroma;
RA — rauga aromats / yeast aroma;
AG- abolu garsa / apple taste;

RG — rauga garsa / yeast taste;

SG — skaba garsa / sour taste;

SG — savelko$a gar$a / astringent taste;
RG — riigta rgarsa / bitter taste.

——LP_1BF e LP_1FB
---LP 2 BF —— P2 FB

* Apziméjumu atSifréjumi 1 tabula / Abbreviations transcription in Table 1

8. att. Kupazétu sidru sensoro ipasibu staru diagrammas /
Fig. 8. Star diagrams for sensory properties of blended cider samples

Mijiedarbiba starp diviem faktoriem — kupazas veidu un abolu $kirni — bija
nozimiga visam sensorajam Tpa§ibam, izpemot abolu garSu. Sensoro pasibu
noveértéjums paradija, ka paraugi, kas gatavoti no $kirnes ‘Remo’ abolu sulas, bija
dzidraki un ar izteiktaku abolu aromatu, bet paraugiem, kas gatavoti no hibrida
D1-93-4-14 aboliem, ir neizteiktaka rauga smarza.

Abolu sulas kupazu fizikalo un kimisko raditaju dinamika riig§anas procesa

Abolu sulas kupazu fizikalo raditaju un kimiska sastava izmainas riigSanas
procesu ietekmé tika analiz€tas seSu veidu kupazam. pH vertiba p&c rauga
pievienoSanas palielinas, tresaja raudz€Sanas diena strauji krit, un tad pakapeniski
notiek pH vertibas palielinaSanas. Ar1 p&tijuma par vina raudz€Sanu iegiti 11dzigi
rezultati. pH samazinas pirmas 50 raudz€Sanas stundas, un p&€c tam nakamas
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100 stundas tas atkal aug. pH samazinajums saistits ar to, ka raugi, izmantojot
slapekli, veido H+ jonus (Akin et al., 2008), un Hernandez-Orte et al. (2006)
pétijums parada, ka slapeklis galvenokart tiek izmantots pirmajas 50 raudze$anas
stundas.
4. tabula / Table 4
Nozimigako gaisto$o savienojumu izmainas riig§anas procesa /
Changes of the main volatile compounds during fermentation, %

Savienojumi / Raudzesanas dienas / Days of fermentation

Sula
Compounds 1 3 7 14 21 28 35 42

Etanols / Ethanol | 0.0 0.0 14 2.3 29 5.3 7.6 106 | 18.0

Butilacetats /

Butyl acetate 8.8 8.5 5.4 2.7 11 0.6 0.0 0.0 0.0

2-metilbutan-1-
ola acetats /

2 methyl butan-1-
ol acetate

189 | 17.6 8.5 7.9 3.3 2.7 2.4 0.2 0.0

3-metilbutan-1-
ols / 3-methyl 0.0 0.0 5.8 6.5 6.1 0.0 0.0 0.0 0.0
butan-1-ol

Butilbutanoats /

Butyl butanoate 106 | 13.2 6.0 2.7 0.0 0.0 0.0 0.0 0.0

Heksilacetats /

Hexyl acetate 247 | 259 | 380 | 316 | 133 9.3 2.5 7.3 0.0

Heksan-1-ols /

1.7 12.3 7.5 7.1 5.8 0.0 0.0 0.0 0.0
Hexan-1-ol

Etiloktanoats /

Ethyl octanoate 0.0 0.0 8.9 18.6 | 451 | 442 | 295 | 326 | 343

Etildekanoats /

Ethyl decanoate 0,0 0,0 3.1 2.6 5.6 153 | 247 | 332 | 379

Feniletilspirts /
Phenylethyl 0.0 0.0 0.8 3.1 3.0 3.8 10.1 0.0 0.0
alcohol

Kopgja skabju satura izmainas paraugos ir nelielas, bet p&tijumi par viniem
parada, ka raudz&Sanas procesa kopgjas skabes pieaug (Gonzalez-Marco et al.,
2008). Kopgjais fenolu saturs raudzg€Sanas laika bitiski nemainas. Analizgjot
nozimigo gaistoSo savienojumu izmainas, redzams, ka sula esoSie savienojumi
(butilacetats, 1-butanol-2-metilacetats, 2-metil-2-etilpropilpropionats, pentilacetats,
heksilacetats, heksan-1-ols, heksilbutanoats) riigSanas laika samazinas. Raudz&sanas
treSaja diena ir intensificgjies rigSanas process, un viena no identificeétajam
aromatvielam ir 3-metil-1-butanols, kas ir arT viena no aktivizéta rauga galvenajam
gaistoSajam vielam (4. tabula).

PE&tTjumi par viniem parada, ka pieci gaistosie savienojumi, kas veidojas riigSanas
procesa (etillaktats, oktanskabe, etilheksanoats, izoamilacetats un etiloktanoats) ir
nozimigi aromatu veidojosi savienojumi ‘Menia’ vinos (Afon et al., 2013). Sakot ar
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tresSo raudze€sanas dienu, tvaika faz€ var identificét etanolu, un riigSanas procesa ta
saturs palielinas. Ar1 feniletilspirts ir viena no rauga raksturigam aromatvielam, un
to var identificét paraugos, sakot ar treSo dienu. RiigS8anas procesa ka galvenie
savienojumi veidojas esteri, no tiem nozimigakie ir etiloktanoats un etildekanoats.

4. Nogatavinasanas procesa ietekme uz sidra kvalitati

Sidra sensoras IpaSibas iesp&jams uzlabot nogatavinasanas procesa, izmantojot
papildu tehnologiskos procesus. P&tijuma péc pamatriigianas sidram pievienotas
pienskabes bakterijas Oenococcus oeni (turpmak — pienskabes baktérijas) un
ozolkoka skaidas, lai parbauditu to ietekmi uz gala produkta kvalitati. Petijuma
izmantots abolu sidrs, kas iegiits, raudzgjot kupazétu abolu sulu (Skirnpu ‘Auksis’,
‘Lietuvas Pepins’, ‘Kerr’ abolu sulu attieciba 2:1:2). Nogatavinato sidru
pamatraditaji paraditi 5. tab.

Rezultati paradija, ka paraugam, kam pievienotas pienskabes baktérijas, ir
butiski (p<0,05) zemakas kopgjas skabes un augstaks pH, ka ari $aja parauga
sausnas saturs ir biitiski zemaks neka citos pétitajos paraugos

5. tabula/ Table 5

Nogatavinata sidra kvalitates raditaji / Quality parameters of matured ciders
i 1 0,
Paraugs / Kopéjas skabes / Sausna / Spl;\tlzct)lrllpc)).l wl H
Sample Total acids, g L™ Solids, g L™ ' P
vol %
K* 7.85+0.319" 0.87+0.06° 5.58+0.23 2P 3.42+0.062
3.99+0.212 0.65+0.082 5.60+0.21° 3.72+0.02°
S 7.16£0.25°¢ 0.85+0.05° 5.5240.25° 3.39+0.01°
GS 6.97+0.19° 0.84+0.06° 5.54+0.202° 3.36+0.012

* K — kontroles paraugs / control sample;

P — paraugs, kam pievienotas pienskabes baktérijas / sample with addded lactic acid bacteria;

S — paraugs izturéts ar negrauzdétam ozolkoka skaidam / sample matured with unroasted oak chips;

GS - paraugs izturéts ar vidgji grauzdétam skaidam / sample matured with a medium roasted chips.

** Dazadie burti viena kolonna apzime biitiski nozimigas atskiribas starp vértibam (Tjikija tests, p<0,05) /
The different letters in the same column represents significant differences between values (Tukey's test,
p<0.05).

Spirta saturs un pH ir batiski faktori, kas ietekmé pienskabes baktériju augsanu
un aktivitati. Solieri et al. (2010) p&tijumi parada, ka zems pH vina biitiski (p<0,05)
negativi ietekme pienskabo riigsanu. Ozolkoka skaidu pievienoSana nogatavinasanas
procesa biitiski (p<0,05) ietekmé kop&jo skabju saturu.

Analizétajos sidros kop&jais fenolu saturs ir robezas no 1028 mg L™ parauga P
lidz 1526 mg L™ parauga GS, un batiski (p<0,05) augstaks kopgjais fenolu saturs ir
paraugos, kas izturéti ar ozolkoka skaidam.

Hlorogeénskabe ir nozimigakais identificétais fenolu savienojums visos sidra
paraugos (6. tabula). Lielakais hlorogénskabes saturs tika identificéts K parauga,
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savukart mazakais P parauga. Cabrita et al. (2008) pétijuma par viniem p&c
abolskabes pienskabas rigSanas gallusskabes, ferulskabes, kafijskabes saturs
palielingjas, bet vanilinskabes un cerinskabes saturs saglabajas gandriz nemainiga
limeni. Paraugos S un GS tas bitiski samazinajas. Ar1 Figueiredo-Gonzalez et al.
(2014) pétijuma vina nogatavinasanas laika ozolkoka mucas katehina un epikatehina
saturs samazinas.

GS parauga bija butiski augstaks kafijskabes, epikatehina, ferulskabes un
vanilina saturs. Skaidu grauzdé$anas pamata lignins un celulozes poliméri, ko satur
skaidas, augsta temperatara veido aldehidus, fenolus, furfurola atvasindjumus,
laktonus un citus savienojumus (Nonier et al., 2006). ArT Bozalongo et al. (2007)
petijumi parada, ka ozolkoka grauzdesana palielina lignina termiskas noardiSanas
savienojumu (vanilina, eugenola u.c.) saturu.

6. tabula/ Table 6
Fenolu savienojumu saturs nogatavinata sidra /
Content of phenolic compounds in matured ciders, mg L™

Savienojumi / Compounds K P S GS
Hlorogenskabe / Chlorogenic acid| 191.25+9.56™ [167.08+7.96%190.69+9.08™|188.41:6.28"
Kafijskabe / b a b c
Caffeic acid 6.10+0.29 4.55+0.23% | 6.96+0.33° | 23.83+0.88
Cerinskabe / 7.03£0.25° | 6.38£0.24% | 8.20+0.30° | 6.20+0.312
Syringic acid
Vanilins / Vanillin 0.44£0.02% ] 0.82+0.03" | 0.86£0.04" | 1.61£0.07°¢
4-hidroksibenzoskabe / b a d ¢
4-hydroxybenzoic acid 0.30+0.02 0.17£0.01% | 0.8620.03% | 0.35+0.01
Katehins / Catechin 2.82+0.12% [ 3.26+0.13° | 0.78+£0.03% | 1.18+0.06"
Epikatehins / Epicatechin 0.27£0.019 [ 0.08+£0.01° | 0.05+0.012 [ 3.16+0.14°

* n.i. —nav identificéts / not identified.

** Dazadie burti viena rinda apzimé batiski nozimigas atskiribas starp vértibam (Tjukija tests, p<0,05) /
The different letters in the same row represents significant differences between values (Tukey's test,
p<0.05)

Parauga S tika identificéts vislielakais 4-hidrobenzoskabes saturs, kas sakrit ar
Cadahia et al. (2009) pétijumu, kur hidrobenzoskabes un tas atvasinajumu saturs
palielinajas, nogatavinot vinus ar francu ozolkoka skaidam.

Dispersijas analizes rezultati parada butisku (p<0.05) atskiribu visos sensorajos
raditajos, iznemot auglu aromata intensitati. Ar pienskabes bakteriju pievienosanu
nogatavinatais sidrs ir nedzidrakais, ar intensivako abolu aromatu un garSu, ar
mazako savelkosas, rauga un skabas garSas intensitati. Ar negrauzdétam un vidgji
grauzdétam ozolkoka skaidam nogatavinatais sidra paraugs uzradija lielaku riigtas
gar$as un mazaku skabas garsas intensitati.

Veicot principialo komponentu analizi gaisto$ajiem un sensorajiem raditajiem,
rezultati parada, ka gaistoSo savienojumu satura atSkiribas var skaidrot ar tris
faktoriem, no kuriem pirmie divi parada 82,3 % kopgjas varian$u kopas (9. att.).
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9. att. Nogatavinata sidra gaistoso savienojumu un sensoro ipasibu principialo
komponentu analize /
Fig. 9. Principal component analysis of volatile compounds and sensory properties
in matured ciders

Rezultati parada, ka atSkirigas sidra nogatavinaSanas tehnologijas ietekmé
gaisto$o savienojumu sastavu sidra. Paraugs K tiek raksturots ar intensivako skabo
gar$u un intensivako rauga aromatu. Paraugs P tiek raksturots ar intensivako auglu,
abolu aromatu un intensivako abolu garSu. Parauga P domingjosas gaistosas vielas ir
etikskabe, etil-9-dekanoats, etildekanoats, oktanskabe, etilheksanoats, un kopuma
$aja parauga dominé attiecigi salds, ellas, auglu (vinogu), ziedu aromats, mazak —
sasmacis, riigtens, ziepju, vaska aromats. SarindoSanas testa sensorie rezultati
parada, ka vislabak tiek novertéts paraugs, kas nogatavinats, pievienojot pienskabes
baktérijas Oenococcus oeni.

5. Pétijjuma iegiito un komercialo sidru salidzinajums

Petijuma iegiito sidru kvalitates raditajus ir butiski salidzinat ar tirdznieciba
pieejamo komercialo sidru raditajiem. P&tjjuma salidzinats sidru fenolu un gaistoso
savienojumu kvalitativais un kvantitativais saturs.

Fenolu savienojumi. Kopgjo fenolu saturs komercialajos sidros ir robezas no
324,24 mg L (K10) lidz 3831,33 mg L™ (K2). Eksperimentalajos sidros kop&jais
fenolu saturs bija lidzigs — 793 lidz 3399 mg L™. Kopé&jais fenolu saturs Francija
razotajos sidros (K1, K2, K3) bija lielakais, kas sakrit ar Alonso-Salces et al. (2005)
pétijumu, kur kopgjais fenolu saturs francu sidra bija 143-2488 mg L™ un biitiski
mazaks tas bija basku sidra 24-331 mg L. Fenolu saturs sidra galvenokart atkarigs
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no izmantotajam abolu $kirn€m un sidra gatavosanas tehnologijas. Hierarhijas
klasteru analize izmantota, lai sagrupétu komercialos un pétijuma iegitos sidrus
(10. att.).
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10. att. Komercialo un pétijuma iegiito sidru dalijums klasteros péc
fenolu satura /
Fig. 10. Division of the commercial and experimental ciders in clusters
based on phenolic content

Pirmais klasteris ietver riipnieciski raZotos sidra dz€rienus, Skirnes ‘Auksis’,
kupaZzgtos, ar dazadiem raugiem raudzetos, nogatavinatos sidrus un Latvijas mazo
vina daritavu sidrus, kas liecina par Iidzigo fenolu saturu. Otrais klasteris ietver
ripnieciski razotos sidrus K5 (,,Upcider apple cider natural”), K (,,Savanna dry
Premium cider”’) un K10 (,,Lucky Dog Apple”), kas tirgli pazistami ka gazeti sidri ar
izteiktu aromatu un saldu garSu. TreSais un ceturtais klasteris ietver sidrus ar
visaugstako fenolu saturu, un tie ir Francija razoti sidri K2 (,,Cidre Bouche Doux
Lieblich™) un K3 (,,Cidre Bouche Pierre Huet”), kuriem ir lielakais fenolu saturs.
Savukart ceturtais klasteris ietver K1 (,,Cidre Bouche Brut De Normandie") sidru un
petijuma iegito ‘Kerr’ skirnes abolu sidru. No rezultatiem var secinat, ka fenolu
saturs gan komercialajiem sidriem, gan petijuma iegttajiem sidriem ir lidzigs, kas
pamatojas uz izmantotajiem $kirnes aboliem un razoSanas tehnologijam. Francijas
sidri satur lielaku fenolu saturu, un lidzigu fenolu daudzumu satur ’Kerr’ kreba
Skirnes sidrs.

GaistoSie savienojumi. Izvértéjot komercialo sidru gaisto$o savienojumu saturu,
tika identificéti 33 gaistoSie savienojumi. Francu sidros tika identificéts mazakais
gaistoSo vielu saturs. Lielakais gaistoSo aromatvielu saturs tika identificeéts K11.
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Nozimigakie gaistoSie savienojumi visos paraugos ir spirti un esteri. GaistoSo spirtu
procentualais saturs ir robezas no 6,53% (K10) Iidz 74,05% (K9). Etanols, 3-
metibutan-1-ols un feniletilspirts ir raksturigakie gaistoSie spirti komercialajos
sidros, Iidzigi savienojumi tika identific€ti arT p&tjjumos iegiitajos sidros.

Esteru savienojumu saturs procentos no kop&jiem gaistosajiem savienojumiem
sidra paraugos ir robezas no 18,81% (K3) lidz 73,61% (K5). Raksturigakie sidra
esteri ir acetati un etilesteri, kas veido auglaino sidra aromatu. Etilakaprolats,
heksilacetats, etilheksanoats, 3-metilbutilacetats un etildekanoats ir galvenie
savienojumi, kas raksturigi komercialajiem sidriem un kas raksturigi arT pétijumos
iegitajiem sidriem. Principialo komponentu analize p&c summaras dispersijas
rezultatiem — pirmie divi faktori izskaidro attiecigi ar 24,8 % un 18,5% kopgjas
variansu kopas (11. att.).
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11. att. Pétijjuma iegiito un komercialo sidru gaisto$o savienojumu raditaju
principialo komponentu analize /
Fig. 11. Principal component analysis of volatile compounds properties of
experimental and commercial ciders

Petijuma iegiito ar dazadiem raugiem raudzeto sidru, kupaz@to sidru un
komercialo sidru paraugu liela izkliede liecina par atSkirigo gaistoSo savienojumu
profilu analizétajos sidros. Ar pienskabes baktérijam Oenococcus oeni un ozolkoka
skaidam nogatavinatie sidri uzrada lidzigu gaistoSo vielu saturu ar Francijas sidriem.
Francijas sidriem ir raksturiga pienskaba riigSana, kas norisinas raudz€Sanas un
nogatavinasanas laika ozolkoka mucas (Swaffield et al., 1997). Savukart kreba
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Skirnes ‘Kerr’ sidra paraugs uzrada Iidzigu gaistoSo savienojumu profilu ar Latvija
razotajiem sidriem K7 (,,Abavas sidrs”, pussaldais) un K9 (,,Sabiles sidrs™).

SECINAJUMI

1. Dazadu skirnu abolu sulas péc $kistosas sausnas, kop&ja cukuru un skabes satura
iedalas divos klasteros. Pirmais klasteris ietver kreba Skirnu abolu sulas ar lielako
Skisto$as sausnas, kop€jo cukuru un skabes saturu. Savukart otrais klasteris ietver
gan lielauglu kirpu abolu, gan kreba $kirpu abolu sulas. Abolu sulu kimisko
sastavu ietekmé abolu $kirne, nevis veids — lielauglu vai kreba aboli.

2. Dazadu skirnu abolu sidriem fizikali kimiskie raditaji ir butiski (p<0,05) atskirigi.
Abolu sulu fizikali-ktmiskie raditaji ietekmée sidra gaisto$o savienojumu sastavu.
Fenolu saturu ietekmé abolu veids — kreba vai lielauglu Skirnes aboli. Augstakie
abolu gar$as, abolu un auglu aromata intensitates raditaji bija gan lielauglu Skirpu
abolu sidriem (‘Auksis’ un ‘Antonovka’), gan kreba Skirnes sidriem (‘Kerr’ un
K-8/9-24).

3. Rauga celmi, kas izmantoti raudz&$anai, butiski (p<0,05) ietekmé sidra kimisko
sastavu. P&tijumos par ‘Lietuvas Pepins’ abolu sidriem par vislabako tika atzits
paraugs, kas raudzgets ar 71B-1122 rauga celmu, jo tam bija augstakais gaisto$o
vielu saturs, intensivaka abolu un auglu smarza, ka ar7 abolu garsa.

4. Paraugos ar mazako pievienota rauga daudzumu tika identificéts lielaks abolu
sulas gaistoSo savienojumu daudzums. Augstakais gaistoso aromatvielu
savienojumu saturs tika konstatéts parauga ar zemaku rauga koncentraciju, kas
raudzets +23 °C temperatiira. Heksilacetats un heksan-1-ols ir tipiski abolu
aromata savienojumi, kas tika identificéti sidros, kas raudzgti ar zemaku rauga
koncentraciju un zemaka temperatiira.

5. Sidriem, kas kupazgeti péc raudz&sanas, tika noteikts lielaks gaistoo savienojumu
saturs, savukart sidra paraugiem, kas kupaZz&ti pirms raudz&sanas, bija intensivaks
auglu aromats, abolu aromats un garsa, ka art lielaks auglu aromatu veidojosSo
esteru saturs.

6. RaudzeSanas procesa, sakot ar ceturto dienu, sak sintez&ties raugu metaboliti,
savukart abolu sulas raksturigie gaistosie savienojumi zid péc 21-35 raudzesanas
dienam, un tas arT nosaka gatava produkta fizikali kTmiskos raditajus un sensoras
pasibas.

7. Pienskabes baktériju Oenococcus oeni pievienoSana sidra nogatavinasanas laika
samazina kopg&jo skabju, sausnas, kop&jo fenolu un gaistoSo savienojumu saturu
un palielina pH. Ar pienskabes baktériju Oenococcus oeni pievienosanu
nogatavinatais sidrs ir ar intensivako abolu aromatu un garSu, ar mazako
savelkosas, rauga un skabas garSas intensitati.

8. Sidra, kas nogatavinats ar negrauzdetam ozolkoka skaidam un vidgji grauzdétam
skaidam, samazinas kopgjais skabju saturs un palielinas kopgjais fenolu saturs.
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IzturéSana uz ozolkoka skaidam, ietekmé gaistoSo vielu attiecibu, proti, esteru
saturs un gaistoSo skabju saturs palielinas, savukart spirtu saturs samazinas. Ar
negrauzdétam un vidgji grauzdétam ozolkoka skaidam nogatavinatais sidra
paraugs uzradija lielaku rugtas garSas un mazaku skabas garSas intensitati.

9. Fenolu un gaisto$o savienojumu satura zipa pétfjuma iegitie sidri ir I1dzigi
petitajiem komercialajiem sidriem. Augstakais fenolu saturs ir Francija razotajos
sidros un ‘Kerr’ $kirnes sidra. Ar pienskabes bakterijam Oenococcus oeni un
ozolkoka skaidam nogatavinatie sidri uzrada lidzigu gaistoSo vielu saturu ar
Francijas sidriem. Savukart kreba Skirnes ‘Kerr’ sidra paraugs uzrada lidzigu
gaistoSo savienojumu profilu ar Latvija razotajiem sidriem K7 (,,Abavas sidrs”,
pussaldais) un K9 (,,Sabiles sidrs”).

10. Petijuma iegiitie dati apstiprina izvirzito hipot€zi — Skirnes abolos esosie fenolu
savienojumi un gaistoSie savienojumi, kas rodas sidra gatavoS$anas procesa,
ietekmé gatava produkta kvalitati.

IETEIKUMI RAZOTAJIEM

1. Kvalitativa sidra iegliSanai nepiecieSams veidot kupazas, ietverot lielauglu abolu
Skirnes ar augstu cukura un $kisto$as sausnas saturu (‘Lietuvas Pepins’, ‘Remo’,
DI1-93-4-14), kreba skirnes ar augstu fenolu saturu (‘Riku’, ‘Cornelie’) un
savelko$u garSu (‘Cornelie’, ‘Hyslop’), ka ari $kirnes ar izteiktu abolu garSu un
aromatu: lielauglu Skirnes ‘Auksis’, ‘Antonovka’ un kreba Skirnes ‘Kerr’,
K-8/9-24.

2. Kupazu veidosana nozimigs faktors ir ne tikai izmantotas Skirnes sulas, bet arT to
proporcijas. Labaka proporcija atkariga no izmantotajam abolu skirném. Kupazas
ar ‘Auksis’, ‘Remo’, ‘Kerr’ un ‘Auksis’, ‘Lietuvas Pepins’, ‘Kerr’ abolu sulu
labakos rezultatus paradija sidri ar proporciju 2:1:2, bet ‘Auksis’, DI-93-4-14,
‘Kerr’ proporcija 1:1:1. Kopuma labakus rezultatus paradija sidri, kas gatavoti,
izmantojot ‘Remo’ $kirnes abolu sulu.
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TOPICALITY OF THE RESEARCH

In Latvia, apples take the first place in the total production volume of fruits and
berries. More than 87 apple tree varieties are grown in Latvia for market needs,
among which 10 varieties are the most popular. In 2012, approximately
9.4 thousand tons of apples were produced in Latvia?, most of which were sold
fresh. The apple processing market in Latvia has not stabilized and it is not
saturated. Apple juice, juice concentrates, jams, homemade wine, cider and other
products are produced in small quantities. The orchard industry of Latvia lacks a
thought-out concept for growing of apple varieties suited for various processing
methods; at present, mainly dessert apple are grown, which are sold fresh, whereas
apples intended for processing are not being produced. The insufficient selection of
apple varieties and the variable agroclimatic conditions limits the possibilities of
developing small alcoholic beverage manufacturing companies. There is an
increasing interest in Latvia in the possibility of growing crab apples suitable for
wine and cider production. At present it is difficult to obtain data regarding the
volume of apple processing in Latvia, including the production of cider, but the data
show that in 2012 the small producers of alcoholic beverages produced thrice as
much alcoholic beverages as in 2011 (Alkoholisko..., 2013), which gives an
evidence to rapidly-growing interest in developing this niche.

The term “cider” in Europe refers to a beverage whose main component is fully
or partially fermented apple juice. Development of apple cider production would
give Latvian apple growers an opportunity to sell apples, give producers the
opportunity to develop a new market niche, and would expand the selection of light
alcoholic beverages for consumers.

Consumers judge the quality of apple cider mainly by its sensory characteristics
(taste, smell, appearance), which are affected by physical and chemical
characteristics, such as the content of sugar, acid, phenolic, volatile compounds.

Apples are fruits with a high content of phenolic compounds (Boyer and Liu,
2004), which are slightly lost in the process of juice extraction (Lachman et al.,
2006) and fermentation (Picinelli Lobo et al., 2009). The content of phenolic
compounds in cider is affected by the apple variety (Alonso-Salces etal., 2005) and
the processing methods (Lea, 1995). Phenols have a significant effect on the quality
of cider; their amount determines the overall taste of the beverage, as they are
associated with its colour and bitter taste (Alonso-Salces et al., 2001). Among the
main cider quality indicators are volatile aroma compounds, which together with
sugars and acids form an overall taste bouquet. The quantitatively most important
volatile compounds in apple wine are long-chain alcohols, esters, and low molecular
weight fatty acids (Vidrih and Hribar, 1999). The amount of volatile compounds
formed during fermentation depends on the cmposition of the fermented juice, the
fermentation conditions and the yeast strain used (Regodon et al, 2006).

2 Apples production [Skatits 01.02.2014.] Pieejams / Available:
http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&language=en&pcode=tag00036&plugi
n=0
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In cider production, regardless the selected variety of apples or blends, it is more
important to select the most suitable technological methods of cider fermentation,
including the selection of the best yeast culture and maturation conditions, which
ensures a basis for a high-quality end product with the best sensory characteristics.
The applied yeast strain significantly affects the taste, aroma, colour and chemical
composition of fermented beverages (Guth 1997; Romano et al., 2003; Bellon et al.,
2011). Malolactic fermentation significantly affects the sensory characteristics of
cider, as it reduces the bitter taste of wine, softening sharp taste nuances,
simultaneously reducing the content of malic acid and increasing pH and CO,
content. Holding cider on oak chips of various origins and roasted in various ways
positively affects the amount of volatile substances in beverages, as well as the
beverage’s sensory characteristics and polyphenol content.

The study is topical, because of currently unrealized potential in apple
processing for beverage production in Latvia. The research results will give an
overview of chemical composition of apple varieties grown in Latvia and their
suitability for cider production; in addition, the effect of various technological
processes on cider quality will be examined.

The hypothesis of the doctoral thesis: phenolic compounds of variety apples and
volatile compounds formed in the cider production process affect the quality of the
finished product.

In order to prove tha advanced hypothesis the aim of the doctoral thesis is to
evaluate the effect of the ingredient content, fermentation, maturation and blending
processes on the quality of apple cider.

The research object of the thesis is dessert apple and crab apple juice and
cider.

Research objectives.

1. To compare the physical parameters and chemical composition of the juice
of dessert apples and crab apples grown in Latvia and ciders produced from
them.

2. To determine the effect of the yeast strain and the fermentation conditions
on the quality of cider.

3. To investigate the effect of blending on the formation of cider volatile
compounds and sensory properties.

4. To investigate the effect of lactic acid bacteria Oenococcus oeni and oak
chips on the quality of cider.

5. To classify the ciders obtained during the research and commercial ciders
according to the content of phenolic and volatile compounds.

The hypothesis is supported by following theses:

1. The apple juice composition of the selected varieties determines the quality
of the cider.

2. The selected yeast strain and fermentation conditions significantly affect the
content of volatile compounds in cider.
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3. For optimization of the composition of apple juice and obtaining of better
sensory characteristics of cider, it is necessary to create blends of different
variety apple juices or ciders.

4. Lactic acid bacteria and oak chips added during maturation process affect the
content of phenolic and volatile compounds in cider.

5. The content of phenolic and volatile compounds significantly differs in the
ciders obtained during the research and commercial ciders.

The novelty and scientific significance of the doctoral thesis.

1. The phenolic and volatile compound composition of cider of apple varieties
grown in Latvia has been researched.

2. A scientifically grounded technology based on research data has been
developed for the suitability of apple varieties grown in Latvia for production
of ciders.

3. It has been proven that dessert apples can be used to obtain high-quality cider.

The economic significance of the dissertation.

1. The results of the study can be used by fruit growers for selection of apple
varieties suitable for commercial plantations for cider production.

2. Dessert apple varieties grown in Latvia can be used for cider production.

3. Research of phenolic and volatile compounds helps manufacturers select
ingredients and suitable parameters of technological processes for the
production of high-quality cider.

This research has been done within the State Research Programme “Sustainable
use of local resources (earth, food, and transport) — new products and technologies
(NatRes)” (2010-2013) Project no. 3. ,,Sustainable use of local agricultural resources
for development of high nutritive value food products (Food)”, and ESF project
“Support for the implementation of LLU doctoral studies” contract
No. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.

APPROBATION OF THE RESEARCH

The results of the research were summarized and published in 3 subchapters of a
monograph, and 11 peer reviewed scientific publications.

The results of the research have been presented in 11 international scientific
conferences and congresses in Latvia, Lithuania, Estonia, Poland, Greece, Serbia,
the Netherlands, as well as in V European Scientific Open Forum ESOF 2012
(Dubin, Ireland), the exhibitions “Riga Food 20117, ”Riga Food 2013 (the list of
publications and attended conferences see on pages 6-9).
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MATERIALS AND METHODS

Time and place of the research

The experiments were carried out from 2010 until 2013 at:

1. Latvia University of Agriculture, the Faculty of Food Technology, the
Department of Food Technology, the Laboratory of Food Product Analysis, (cider
fermentation and storing, determination of the content of alcohol and soluble
solids), the Research Laboratory of Packaging Material Properties (content of
soluble solids, density, pH, content of total acids, content of volatile compounds,
content of total phenols), the Scientific Laboratory of Microbiology
(determination of yeast and lactic acid bacteria cells count), the Laboratory of
Food Product Sensory Evaluation (sensory evaluation of ciders);

2. Latvia University of Agriculture, the Faculty of Food Technology, the
Department of Chemistry, the Scientific Laboratory of Natural Substances
Chemistry (determination of individual phenolic compounds and sugars);

3. Experimental Fruit Processing Laboratory of the Latvia State Institute of Fruit-
Growing (extraction of apple juice) and the Biochemical Laboratory
(determination of content of apple soluble solids, total amount of acids, firmness,
starch index, content of tannins).

Materials used for the research

Apples grown in the Latvia State Fruit-Growing Institute and Pure Horticultural
Research Centre, harvested in September and October of 2010, 2011, 2012. Apples
were harvested and then stored in the storeroom for 1-2 weeks at +3+1 °C with
relative air humidity 90-95%. The varieties of dessert apples (‘Auksis’, ‘Antonovka’,
‘Merry Gold’, ‘Lietuvas Pepins’, ‘Remo’, DI-93-4-14 (No. 14)) and crab apples
(‘Kerr” ‘Kukuw’, ‘Quaker Beauty’, ‘Riku’, ‘Hyslop’, ‘Cornelie’, ‘Ruti’ and K-8/9-24)
were used in the research.

Fermentation was performed using four commercially available yeast strains
(Saccharomyces bayanus yeast strain EC-1118, Saccharomyces bayanus yeast “Cider
yeast”, Saccharomyces cerevisiae yeast 71B-1122, Saccharomyces cerevisiae yeast
strain ICV-K1 (V1116). For juice sulfitation and stabilization the agent “Tannisol”
(“Enartis”, Italy) was used.

During maturing process lactic acid bacteria (Bacchus Malolactic Bacteria
Culture Oenococcus oeni) (“Lalvin”, France), unroasted oak chips “French Oak
Chips” (“Young’s Brew”, Great Britain) and medium-roasted oak chips “American
oak chips” (“Browland”, Belgium) were added to ciders.

The 11 comercial ciders produced in various countries were compared with
experimental samples.

Cider production technology

Cider production technology included extraction of juice, its fermentation and
maturation. Apples were grated into chips of 7x5 mm on average, using a grate.
Apple juice was obtained by a hydraulic juice press ”Basket Press 60K” (“Voran
Maschinen” GmbH, Austria); the basket diameter of it was 400 mm, the average
thickness of one layer apple mass was 150 mm with four shims, the pressure was

36


http://en.wikipedia.org/wiki/Oenococcus_oeni

220-260 bar. “Tanissol” (10 g 100 L™) was added right after the juice extraction
process, and the juice was let to stand for 24 hours.

The ciders were fermented using four commercial yeast types and two fermenting
temperatures. Fermentation was carried out

e in0.75 L glass bottles in 5 repetitions,

e in5.00 L glass bottles in 3 repetitions.

After fermentation cider was decanted from yeast sediments, poured in dark
0.75 L glass bottles and corked.

Research structure

The research analysis was carried out in five stages and physical, chemical,
microbiological and sensory properties were tested. The overall research structure is
shown in Figure 1.

Stage |: Evaluation of apple varieties

In the first stage the influence of an apple variety on the cider quality was
analyzed. Fourteen varieties of apples were used: dessert apple varieties ‘Auksis’,
‘Lietuvas Pepins’, DI-93-4-14, ‘Remo’, ‘Antonovka’, ‘Merry Gold’ and crab apple
varieties ‘Riku’, ‘Ruti’, K-8/9-24, ‘Cornelie’, ‘Hyslop’, ‘Kuku’, ‘Kerr’, ‘Quaker
Beauty’, their juices and ciders (harvest of 2011). Commercial yeast Saccharomyces
cerevisiae 71B-1122 was used for fermentation.

Stage Il Evaluation of the influence of yeast

The effect of fermentation process on cider quality and the effect of tested yeast
strain, fermentation temperature and yeast concentration on the product quality was
analyzed. The apple juice of the variety ‘Lietuvas Pepin$’ was used in the research.
Four types of yeast were added to the juice: Saccharomyces bayanus yeast strain
EC-1118, Saccharomyces bayanus yeast “Cider yeast”, Saccharomyces cerevisiae
yeast strain 71B-1122 and Saccharomyces cerevisiae yeast strain K1V -1116
(V1116). Yeast concentration — 7.3x10" of yeast strain L™

The apple juice of the variety ‘Lietuvas Pepin$’ was used in order to test the
effect of fermentation temperature and yeast concentration on cider quality. Yeast
Saccharomyces bayanus EC-1118 in three different concentrations was chosen.
Fermentation was carried out at two temperatures: +16+1 °C and +23+1 °C. Apples
harvested in 2010 were used in the research.

Stage I11: Evaluation of the effect of the blending
In the research juices of 5 variety apples were used and blending was performed
before fermentation and also for fermented ciders, and the quality indicators were
compared. Apples harvested in 2010 were used in the research. Changes in physical
properties and chemical compaosition during fermentation (on the 1st, 3rd, 7th, 14th,
21st, 28th, 35th and 42nd day) for six blended samples (Table 1) were determined.
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Stage 1V: Evaluation of maturation process effect

The effect of lactic acid bacteria Oenococcus oeni and oak chips on cider quality
was analyzed. Both lactic acid bacteria and oak chips were added during maturation.
For experiment a blend from juices of varieties ‘Auksis, ‘Lietuvas Pepins’, ‘Kerr’ in
proportion of 2 : 1: 2 were used. Commercial yeast Saccharomyces cerevisiae 71B-
1122 was used for fermentation. Apples harvested in 2012 were used in the research.

Stage V: Comparison of experimental and commercial ciders

In the research composition of 11 commercial ciders was compared with
experimental ciders produced during the research (from each stage the best samples
were selected for comparison with commercial cider samples).

Abbreviations of commercial ciders:

K1 —,,Cidre Bouche Brut De Normandie”, K2 — ,,Cidre Bouche Doux Lieblich”,
K3 - ,,Cidre Bouche Pierre Huet”, K4 — ,Bulmers Original Irish Cider”, K5 —
,upcider apple cider natural”, K6 — ,,Savanna dry premium cider”, K7 — ,,Abavas
sidrs” semi sweet, K8 — ,,Abavas sidrs”, semi dry, K9 — ,Sabiles sidrs”, K10 —
,Lucky Dog Apple”, K11 —, Apple Garden”.

Abbreviations of experimental ciders:

o | stage: ciders of apple varieties ‘Auksis’; ‘Kerr’;

e |l stage: 71B-112 — cider fermented with 71B-112 yeast strains; EC-1118 —

cider fermented with EC-1118 yeast strains;

e |l stage: LP_2 BF — blended—fermented (varieties — ‘Auksis’ : ‘Lietuvas
Pepins’ : ‘Kerr’, proportion — 2:1:2); R_2 BF — blended — fermented
(varieties — ‘Auksis’ : ‘Remo’ : ‘Kerr’, proportion — 2:1:2), DI_1_BF -
blended—fermented (varieties — ‘Auksis’ : DI-9-4-14 :‘Kerr’, proportion —
1:1:1);

e |V stage: P — cider with added lactic acid bacteria; S — cider matured with
unroasted oak chips; GS —cider matured with medium roasted chips.

Parameters analysed and methods used in the research
The methods used in the analysis of apples, apple juices and ciders are
summarized in Table 2.

Mathematical processing and interpretation of data

Mathematical processing of data was performed with mathematical statistical
methods. The calculations were carried out with software MS Excel , SPSS 17.0.
and statistical software programme MultiBase 2014. The following indicators were
calculated for all of the results: the arithmetic average, the standard deviation. The
hypothesis was tested with p-value method and factors were considered to be
significant, if p-value <aggs. For the result interpretation it was accepted that o is
0.05 (a=0.05) with 95% credibility if not stated otherwise.

Analyzing correlation of different parameters, the regression and correlation
analysis was used. If the correlation coefficient value is 0.5<|r|<0.8, there is
moderate linear correlation between researched parameters. If |r|>0.8, there is close
linear correlation (Arhipova, Balina, 2003).
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The method of hierarchical clusters was used in the research to classify data in
subgroups or clusters. Each cluster unites objects that are mutually closely
connected. The method was used for classifying apple juices and ciders according to
their physical and chemical properties. The principial component analysis was used
for the analysis of volatile substances and sensory properties. The principial
component analysis is the method of analyzing and processing data (principial
component analysis) to explain the pattern of similarity of different parameters
within a set of observed variables. The analysis identified the main mutually
connected components (Leech et al., 2005).

RESULTS AND DISCUSSION
1. Evaluation of apple varieties

Quality parameters of various apple variety juices

Each apple variety has the optimum time for harvesting and for processing. It is
of high importance for juice producers to know when it is possible to obtain the
maximum juice yield and the most appropriate physical and chemical properties for
processing. The optimum harvest conditions of apples are evaluated by the Streif
Index and it varied between 0.07 lidz 0.18 in apple varieties used in the study. The
highest juice yields of dessert apple varieties was 66.4% for hybrid DI-93-4-14,
65.8% and 64.6% for varieties ‘Lietuvas Pepins’ and ‘Remo’, respectively. The
average juice yield of crab apple varieties was 48.8%, the apple variety ‘Kerr’ having
the highest juice yield of 62.8% and the apple variety ‘Quaker Beauty’ having the
lowest juice yield of 42.4%.

The main raw material of ciders is apple juice therefore it is necessary to
determine its physical and chemical properties. The content of total acid in dessert
apple juice varied from 4.1 g L™ (‘Auksis’) to 10.73 g L™ (‘Antonovka’). The total
content of acids in crab apples was on average 10.8 g L, the apple juice of the apple
variety ‘Cornelie’ (19.6 g L™) having the highest acid content and the apple variety
‘Kuku’ (7.87 g L™) having the lowest one. The apple juice pH varied from 2.96 in the
apple juice of the variety ‘Cornelie’ to 3.39 of the variety ‘Ruti’. The recommended
pH of the juice for cider fermentation is 3.3-3.8 (Lea, 2003), thus it is possible to
conclude that pH in the juice of Latvian apples was very low and only the juice of
four apple varieties ‘Auksis’, ‘Quaker Beauty’, ‘Kuku’ and ‘Ruti’ corresponded to
the given parameters. The juices with lower pH should be blended until the required
pH is achieved. The content of soluble solids in the apple juice varied from
10.50-17.58 °Brix. The total sugars in the juice of dessert apple varieties (the total
amunt of glucose, fructose and saccharose) varied from 87.14 g L™ (‘Antonovka®) to
124.47 g L™ (‘DI-93-4-14"). The total amount of sugars in the juice of crab apples
varied from 103.70 g L™ (‘Kerr’) to 163.08 g L™ (‘Kuku’), which was 1.3-1.8 times
higher than in the juice of dessert apples. The major sugars in the researched apple
juices were fructose (23.50-66.91 g L™) and saccharose (21.0-84.68 g L™). In order
to obtain the neccesary level of sweetness, it is possible to change the juice
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proportions in the blend and select the yeast strain on the basis of its suitability to
fermentation of certain sugars.

The analysis of hierarchical clustering was used in order to group juices of
different apple varieties with regard to soluble solids, total content of acids and
sugars. Apple juices were divided into two clusters on the basis of similar features
(Fig. 2). The first cluster comprised juices of all dessert apple varieties and juices of
crab variety ‘Kerr’ and hybrid ‘K-8/9-24". The samples of the first cluster had the
lowest total content of acids, soluble solids and sugars. The second cluster comprised
juices of crab variety apples with similar and higher total content of acid, soluble
solids and sugars.

The analysis of the basic indicators of apple juices showed that some juices of
crab variety apples comprised higher content of soluble solids, total sugars and acids,
therefore it is neccessary to blend juices of dessert apple varieties, forming a proper
ratio between sugars and acids.

Quality parameters of various apple variety ciders

The chosen apple variety influences significantly the quality of the cider. The
analysis of the content of soluble solids in apple juices and the content of soluble
solids in cider showed moderate correlation (r=0.57). The content of alcohol in cider
samples varied between 4.7—7.67 vol.%.

Phenolic compounds. Phenolic content depends on the chemical composition of
apple juice and cider making technology (Tsao et al., 2005). The study showed
moderate correlation between total phenolic content in apple juices and ciders
(Fig. 3).

Total phenolic content in ciders ranged from 792.68 to 3399.78 mg L™, and it was
significantly influenced (p<0.05) by an apple variety. The highest total phenolic
content was identified in ciders that were made from crab apples ‘Hyslop’, but the
lowest total phenolic content - from the hybrid apples DI-93-4-14. The obtained
results correspond to the findings of Nogueira et al. (2008), reporting the phenolic
concentration in apple wine from 734.8 to 2463.4 mg L™.

Volatile compounds. In the analyzed cider samples seven classes of volatile
compounds, i.e., acids, esters, alcohols, aldehydes, terpenes, ethers and aromatic
compounds were detected and the content depended on the type of cider. There was
not a statistically significant difference between volatile compound classes in ciders
made of dessert and crab apple varieties, but there was a significant difference
(p<0.05) between individual variety apple ciders. The highest content of volatile
compounds was identified in ciders of the variety ‘Ruti’ and ciders of the apple
variety ‘Merry Gold’, but the lowest content of volatile compounds was identified in
ciders of the apple variety ‘Quaker Beauty’. A good taste of wine depends on the
balance of volatile compounds - acids, alcohols, aldehydes, ketones and esters, as
well as yeast activity resulting in the bouquet of volatile substances that mostly are
long chain alcohols and esters (Swiegers et al., 2005). The most significant volatile
compound classes detected in ciders were esters and alcohols (Fig. 4).

Esters in ciders varied from 17.8% (‘Cornelie’) to 87.5% (‘Hyslop’), but volatile
alcohols varied from 8.16% (‘Hyslop’) to 78.98% (‘Cornelie’). Four acetic acid
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esters were identified in ciders — ethylacetate, butylacetate, 3-methylbutan-1-ol
acetate (isoamyl acetate), hexyl acetate. Ethylacetate is a characteristic acetate in
Asturian ciders and varies from 17 mg L ™ to 222 mg L™ (Swiegers et al., 2005).

The highest peak area of 3-methylbutan-1-ol acetate was detected in ciders of the
variety ‘Auksis’ and it is characterized by banana, pear aroma (Fenaroli, 2002). It is
one of the main compounds forming ‘Fuji’ apple juice aroma, and its content grows
during fermentation (Wang et al., 2004).

Sensory properties. Results of intensity of sensory properties (clarity, aroma of
apples, fruit and yeast, taste of apples and yeast, sour taste, astringent taste, bitter
taste) are shown in Figure 5. Accoding to ANOVA data analysis, an apple variety
influenced significantly (p<0.05) the whole range of ciders’ sensory properties.
Apple aroma intensity in all cider samples varied from 5.3 to 7.6 points.

According to the evaluation results, there was a statistically significant difference
(p<0.05) in the sour taste intensity; the highest sour taste intensity was detected in
ciders of varieties ‘Cornelie’ un ‘Hyslop’ apples. The results showed that sour taste
of ciders had a moderate correlation (r=0.63) with the total acid content in ciders.
There was a statistically significant difference (p<0.05) in the intensity of bitter and
astringent taste; the highest results were detected in ciders of crab apple varieties
‘Riki” and ‘Hyslop’. The higher intensity of three prameters — apple taste, apple and
fruit aroma sum were found in ciders of varieties ‘Auksis’, ‘Kerr’, ‘K-8/9-24° and
‘Antonovka’. The analysis of volatile and sensory properties revealed the correlation
between apple aroma and the following indices: moderate correlation (r=0.71) with
3-methylbutan-1-ol acetate (fruit, banana aroma), moderate correlation (r=0.61) with
ethyl butyrate (sweet, fruit, strawberry aroma), moderate correlation (r=0.64) with
hexyl acetate (fresh, fruit, grape aroma).

The research findings showed that a chemical composition of apple juices and
ciders was influenced by apple variety, not the type of apples — either dessert or crab
apples.

2. Influence of the yeast strain and fermentation conditions on the cider quality

Influence of yeast strain on the cider quality

Phenolic compounds. Phenolic content in apple juice of the variety ‘Lietuvas
Pepins’ used in the study was 1020 mg L™, and it was not statistically different from
sample EC-1118. Phenolic content in samples fermented with yeast genus
S. cerevisiae was significantly higher (p<0.05).

Volatile compounds. The yeast strain significantly influenced formation of
volatile compounds and their transformation during fermentation process. Yeast
metabolism provided an important contribution to formation of fermented beverage
taste. Three compunds, which previously had been found in apples, i.e., 2-methyl
butyl acetate, hexyl acetate and hexan-1-ol, were detected in all cider samples. Four
activated yeast volatile compounds were identified in ciders: acetic acid, ethanol,
phenylethylalcohol and 3-methyl butyl acetate. The analysis of literature available
gives evidence that yeast produces 3-methylbutyl-1-ol, and it is the main alcohol in
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wine (Romano et al., 2008; Garde-Cerdan and Anczn-Azpilicueta, 2007); it was
detetcted in all researched cider samples. Alcohols were the mostly represented
group of volatile compounds in the samples of fermented drinks accounting for
56-68% of the total amount of volatile compounds (Fig. 6). The main identified
alcohols were ethanol, hexan-1-ol and phenylethylalcohol. Juices fermented with
S. cerevisiae yeasts showed higher content of alcohols; the similar tendency was
observed in wine (Mateo et al., 2001). Esters accounted for more than 30-42% of the
total amount of volatile aroma compounds. The main identified esters in samples
were ethylacetate, ethyloctanoate, hexylhexanoate, 2-methyl butyl acetate. C4-C10
ethyl esters of organic acids, fatty acid ethyl esters and long chain alcohol acetates
determine fruit aroma in wine (Ebeler, 2001). Ethyl acetate that strengthens the
vinegar taste in cider (Campo et al., 2008) was found in all fermented samples with
the biggest peak area in the ICV-K1 (V1116) sample. Three acids were detected in
all samples: acetic acid, octanoic acid and hexanoic acid. Formation of acetic acid
often is related to more intensive creation of ethyl acetate (Campo et al., 2008),
however, it was not confirmed in this experiment. Hexanoic acid in small
concentration was found in two samples (EC-1118 and ICV- K1 (V1116)). The
sythesis of this compound is mostly connected with yeast activity, and its
concentration decreases, if the amount of cultivated yeast increases (Mateo et al.,
2001).

The results showed that the total peak area of volatile compounds and the type of
individual compounds in fermented drinks were influenced by the used yeast strain,
and that there was not a significant difference between ciders fermented with yeasts
S. cerevisiae and S. bayanus.

The characteristics of cider aroma and taste. The experts detected the
following tastes in all analyzed samples: vinegar acidity, citrus fruit acidity, ester (as
apples and pears), astringent and full taste. Statistically significant differences
between yeasts S. bayanus and S. cerevisiae were identified only in two parameters —
in the taste of citrus fruit and in bitter taste. The experts identified sharp acidity in
samples that were fermented with yeast strain EC-1118 and ICV-K1 (V1116), and
light (soft) acidity that was characteristic to lactic acid in the samples “Cider yeast”
and 71B-1122.

The analysis of intensity of cider sensory properties. Statistically significant
difference (p<0.05) between cider samples fermented with various yeast strains was
identified by experts in the following sensory properties: clarity, yeast aroma, apple
taste and sour taste. Ciders 71B-1122 had the highest apple taste intensity score.
2-methyl butyl acetate, hexyl group acetate, hexan-1-ol were detected as the main
volatile compounds in apple juice. On the basis of these results the correlation
analysis was carried out between typical apple volatile substances in the cider and
intensity of fruit aroma, apple taste and aroma (Table 3).

Intensity of apple aroma had a close correlation with 2-methyl butyl acetate
(r=0.92) and with the total amount of volatile compounds made of 2-methyl butyl
acetate, hexyl acetate and hexan-1-ol (r=0.99). The data analysis proved close
correlation between the total amount of volatile compounds characterizing the
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analyzed apple aroma and sensory properties, giving evidence to the fact that the
total amount of volatile compounds influenced sensory properties of cider more
significantly.

Influence of fermentation conditions on cider quality

Commercially available S.bayanus yeast strain EC-1118 was chosen for
fermentation in three different concentrations; fermentation was carried out at two
different temperatures, the results were compared after eight and twenty-eight
fermentation days.

Higher amount of typical apple juice volatile compounds was identified in the
ciders with less added amount of yeast. Acetic acid, butan-1-ol, 3-methylbutan-1-ol
and phenylethylalcohol identified in cider are typical volatile compounds of activated
yeast. Other aroma substances were formed during fermentation process. The content
of acetic acid increased during fermentation process; the highest content was
identified in cider with the lowest concentration of added yeast. The highest content
of volatile compounds of aroma substances was found in the sample with lower yeast
concentration, fermented at +23 °C. Hexyl acetate and hexan-1-ol are typical
compounds of apple aroma found in ciders that were fermented with lower yeast
concentration and at the lower temperature. The concentration of ethyl acetate and
butyl acetate in ciders was higher in the samples that were fermented at higher
temperature. Other classes of esters (octanoic acid and decanoic acid ethyl esters),
formed during fermentation process, showed higher concentration in the samples
fermented at lower temperature.

3. Influence of blending on the quality parameters of cider

Blending can ensure production of higher quality product, because it is possible
to combine juices and ciders with different acidity, sweetness, aroma etc., thus
achieving an optimal quality. One sweet apple variety ‘Auksis’, one crab apple
variety ‘Kerr’ and three sour apple varieties ‘Remo’, DI-93-4-14 and ‘Lietuvas
Pepins’ were used for the blending. Blending was applied both for juices and for
ciders in various ratios in order to compare the influence of both methods on the
chemical composition and sensory properties of ciders. The principial component
analysis shows the influence of blending type on the dispersion of dominating
volatile compounds in the samples (Fig. 7). In the principial component analysis
volatile compounds are described with three factors; two of them explained 81,2 %
of the total set of variables.

The analysis showed that dominating compounds in ciders blended after
fermentation were ethyl acetate, heptadecanoic-8-ol and di-sec-butyl ether. On the
other hand, the main compounds in the samples blended before fermetation were
butyl acetate, hexyl acetate (aroma of grass, plants, fruit and grapes),
3 - methylbutan - 1-ol, ethyl hexanol (aroma of fruit, strawberries, green apples,
anise), octanoic acid (stale aroma) phenylethyl alcohol (pleasant aroma similar to
roses (Cometto-Muniz and Cain, 1995) and buthyl acetate. The content of each
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volatile compound and its interaction with other volatile compounds were significant
in the sensory evaluation of ciders.

The intensity of ciders’ sensory properties is shown in Fig. 8. The ANOVA
analysis shows that blending method was significant (p<0.05) to all sensory
properties. Apple aroma and taste and fruit aroma were determined as the desired
cider properties, but yeast taste and yeast aroma were determined as undesirable cider
properties. Ciders R_2 BF and DI_1 BF had more intensive apple aroma and taste
and fruit aroma. These samples had less distinct yeast odour and taste. The samples
DI_2 FB and DI_2_BF proved the lowest intensity of apple aroma and taste and fruit
aroma, and bitter taste.

An interaction between two factors — the type of blending and apple variety was
significant for all sensory properties, except for apple taste. Evaluation of sensory
properties showed that samples prepared of apple juice from the variety ‘Remo’ had
more pronounced clarity and they were with more distinct apple aroma, but the
samples prepared of hybrid ‘DI-93-4-14" apples had less distinct yeast odour.

Dynamics of physical and chemical properties of apple juice blends in
fermentation process

The changes in physical and chemical properties of apple juice blending affected
by fermentation process were analysed in six types of blends. pH value increased
after adding yeast, then it fell rapidly on the third day of fermentation and then again
pH value grew gradually. The same results were obtained in the study on wine
fermentation. pH decreased in the first 50 hours of fermentation, then it grew in the
next 100 hours. The fall of pH can be explained by the fact that yeasts form H+ ions
using nitrogen (Akin et al., 2008). The research done by Hernandez-Orte et al. (2006)
shows that nitrogen is mostly used in the first 50 hours of fermentation. The changes
in content of total acids in samples were negligible; the research on wines show that
the total conent if acids increase during fermentation process (Gonzalez-Marco et al.,
2008). Total phenolic content did not change significantly during fermentation
process. The analysis of changes in significant volatile compounds showed that
compounds presented in juices (butyl acetate, 1-butanol-2methyl acetate, 2-methyl-2-
ethylpropyl propanoate, pentyl acetate, hexyl acetate, hexanol, hexyl butanoate)
decreased during fermentation. On the third day of fermentation the brewing process
was more intensive and one of the identified main aroma substances was
3-methyl-1-butanol that is also one of the main volatile substances in activated yeast
(Tab. 4).

The research on wines shows that five volatile compounds being formed during
fermentation process (ethyl lactate, octanoic acid, ethyl hexanoate, isoamyl acetate
and ethyl octanoate) are significant aroma forming compounds in ‘Menia’ wines
(Anodn et al., 2013). Ethanol may be identified in the headspace starting from the
third fermentation day, and its content in the fermentation process increases.
Likewise, phenylethyl alcohol is one of the most characteristic aroma substances of
yeast, and it can be identified in samples starting from the third day. The main
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compounds, created during fermentation process, were esters; the most significant of
them were ethyl octanoate and ethyl decanoate.

4. Influence of maturation process on the quality of cider

The sensory properties of ciders can be improved during maturation process using
additional technological processes. After basic fermentation lactic acid bacteria
Oenococcus oeni (further in the text “lactic acid bacteria”) and oak chips were added
to cider to test their influence on the end product quality. Apple cider obtained by
fermentation of blended apple juices (varieties ‘Auksis’, ‘Lietuvas Pepins’, ‘Kerr’ in
proportions 2: 1: 2) was used in the study. The quality parameters of the matured
ciders are summerized in Table 5.

The results showed that the sample with added lactic acid bacteria had
significantly (p<0.05) lower total acids and higher pH; the content of solids in this
sample was significantly lower than in other researched samples.

The content of alcohol and pH are significant factors that influence growth of
lactic acid bacteria and their activity. Solieri et al. (2010) research reported that low
pH in wine had a significant (p<0.05) negative effect on lactic acid fermentation.
Addition of oak chips during maturing process significantly (p<0.05) influenced the
content of total acids.

The total phenolic content in the analyzed ciders varied from 1028 mg L™ in the
sample P to 1526 mg L™ in the sample GS; the total phenolic content in the samples
matured with oak chip was significantly (p<0.05) higher.

Chlorogenic acid was the most important identified phenolic compound in all
cider samples (Tab. 6). The highest content of chlorogenic acid was identified in the
sample K, but the lowest content was identified in the sample P. Cabrita et al. (2008)
research of wines revealed that the content of gallic acid, ferulic acid and caffeic acid
increased after malolactic fermentation, but vanillin and syringic acid content
remained stable. In the samples S and GS it significantly decreased. Likewise, the
research of Figueiredo-Gonzjlez et al. (2014) showed that the content of catechin and
epicatechin decreased during wine maturing in oak barrels.

The sample GS had significantly higher content of caffeic acid, epicatechin,
ferulic acid, and vanillin. Lignin and cellulose polymers contained in chips, form
aldehydes, phenols, furfural derivatives, lactones and other compounds at high
temperature during roasting process (Nonier et al., 2006). Similarly, Bozalongo et al.
(2007) investigations found that oak roasting increased the content of compounds
created by lignin thermal degradation (vanillin, eugenol etc.)

The highest content of 4-hydroxybenzoic acid was identified in the sample S that
corresponded to the findings of Cadahia et al. (2009) where the content of
4-hydroxybenzoic acid and its derivatives increased when wines were matured on
French oak chips. The analysis of variance showed a significant difference (p<0.05)
for all sensory properties except for the intensity of fruit aroma. The addition of lactic
acid bacteria caused less distinct clarity in matured ciders with the most intensive
apple aroma and taste, but with the least astringent, yeast and sour taste intensity. The
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cider samples matured with unroasted and medium-roasted oak chips showed higher
bitter taste intensity and lower sour taste intensity.

The principal component analysis of volatile and sensory properties showed that
differences of can be explained by three factors: the first two of them accounted for
82,3 % of the total variable set (Fig. 9).

The results showed that different cider maturing technologies influenced the
content of volatile compounds in ciders. The sample K was characterized by the most
intensive acid taste and yeast aroma. The sample P was characterized by the most
intensive fruit, apple aroma and the most intensive apple taste. The dominating
volatile substances in the sample P were acetic acid, ethyl-9-decanoate, ethyl
decanoate, octanoic acid, ethyl hexanoate; on the whole sweet, oily, fruit (grape),
flower aromas, dominated in this sample; less dominant aromas were stale, bitter,
soapy and waxy. The ranking test of sensory results showed that the highest rank was
given to the sample matured by adding lactic acid bacteria Oenococcus oeni.

5. Comparison of experimental and commercial ciders

It is important to compare the cider quality parameters obtained in the study with
the parameters of commercial ciders available in market. The qualitative and
quantitave content of phenolic and volatile compounds were compared in the
research.

Phenolic compounds

The total phenolic content in commercial ciders varied from 324.24 mg L™ (K10)
to 3831.33mg L™ in the sample K2. The total phenolic content in experimental
ciders was similar - from 793 to 3399 mg L™. The total phenolic content in the ciders
produced in France (K1, K2, K3) was higher that corresponded to the findings of
Alonso-Salces et al. (2005), where the total phenolic content in French ciders was
143-2488 mg L™ ; it was much less in Basque ciders, namely 24-331 mg L™
Phenolic content in ciders mostly depended on the used apple varieties and cider
making technology. Hierarchial cluster analysis was performed to clasify commercial
and experimental ciders (Fig. 10).

The first cluster includes several commercial ciders, varieties ‘Auksis’, blended,
fermented with various yeasts, matured ciders and ciders made in small Latvian
wineries providing similar phenolic content (abbreviation of samples are described
on page 39). The second cluster includes commercial ciders (K5 ("Upcider apple
cider natural”), K (”Savanna dry Premium cider”) and K10 (*Lucky Dog Apple”)
that are known as sparkling ciders with distinct aroma and sweet taste. The third and
fourth clusters comprise ciders produced in France K2 (,,Cidre Bouche Doux
Lieblich") and K3 (,,Cidre Bouche Pierre Huet”) with the highest phenolic content.
The fourth cluster comprises K1 (,,Cidre Bouche Brut De Normandie") cider and
cider of experimental apple variety ‘Kerr’. It is possible to conclude that phenolic
contents both of commercial ciders and experimental ciders were similar due to the
used apple varieties and producing technologies. The French ciders contained higher
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phenolic contents and ciders made of crab variety apples contained a similar amount
of phenolics.

Volatile compounds. The analysis of the content of volatile compounds in
commercial ciders identified 33 volatile compunds. The French ciders contained
smaller amount of volatile substances. The highest content of volatile aroma
substances was identified in K11. The most significant volatile compounds in all
samples were alcohols and esters. The proportion of volatile alcohols content varied
from 6.53% (K10) to 74.05% (K9). Ethanol, 3-methylbutan-1-ol and
phenylethylalcohol were the most characteristic volatile alcohols in commercial
ciders; similar compounds were identified in experimental ciders.

The proportion of ester compounds varied from 18.81% (K3) to 73.61% (K5)
from total amount of volatile compounds in cider samples. The most characteristic
cider esters were acetates and ethyl esters which form fruity cider aroma. Ethyl
caprylate, hexyl acetate, ethyl hexanoate, 3-methylbutyl acetate and ethyl decanoate
were the main compounds charasteristic to commercial ciders as well as to
experimental ciders. Principal component analysis following summative variation
results suggested that the first two factors explained 24.8%, and 18.5%, of total set of
variables (Fig. 11).

The great variation of ciders fermented with various yeasts during the research,
blended ciders and commercial ciders revealed various profiles of volatile
compounds in the analyzed ciders. Ciders matured with lactic acid bacteria
Oenococcus oeni and oak chips had similar content of volatile substances with those
of French ciders. French ciders are characterized by lactic acid fermentation that
occurs during maturing in oak barrels (Swaffield et al., 1997). The sample of crab
variety ‘Kerr’ presented a similar profile of volatile compounds with that of the
samples from ciders produced in Latvia - K7 (“Abavas sidrs”, semi sweet) and K9
(”Sabiles sidrs”™).

CONCLUSIONS

1. Different variety apple juices could be divided into two clusters according to the
content of soluble solids, total sugars and acids. The first cluster includes juices
of crab apple varieties with higher content of soluble solids, total sugars and
acids. The second cluster includes juices of dessert apple varieties and crab apple
varieties. The chemical composition of apple juices is influenced by the apple
variety, not by the type — either dessert or crab type.

2. The physical and chemical properties of ciders of various variety apples had
statistically significant (p<0.05) differences. Physical chemical parameters of
apple juices influenced composition of the volatile compounds in cider. Phenolic
content was influenced by the type of apples — either dessert or crab variety
apples. The highest intensity of apple taste, apple and fruit aroma was for both
ciders of dessert apple varieties (‘Auksis’ and ‘Antonovka’), and for ciders of
crab apple varieties (‘Kerr’ and K-8/9-24).
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. Yeast strains used for fermentation had a significant influence (p<0.05) on the
chemical composition of ciders. In the study about ‘Lietuvas Pepins’ apple ciders
as the best was evaluated cider fermented with 71B-1122 yeast strain due to
higher content of volatile substances and higher intensity of apple taste and odour
as well as fruit aroma.

. The highest amount of apple juice volatile compounds was identified in the
samples with the lowest added yeast amount. The highest content of volatile
aroma substances’ compounds was found in the sample with the lower yeast
concentration, fermented at +23 °C temperature. Hexyl acetate and hexanoic-1-ol
are typical apple aroma compounds that were detected in ciders fermented with
lower yeast concentration and at a lower temperature.

. Ciders blended after fermentation had higher content of volatile compounds, but
cider samples blended before fermentation had more intensive fruit aroma, apple
aroma and taste, as well as higher fruit aroma forming ester content.

. Yeast metabolites started to synthesize on the the fourth day of fermentation, but
the most characteristic volatile compounds of apple juices disappeared after
21-35 fermentation days determining physical, chemical and sensory properties
of the final product.

. Addition of lactic acid bacteria Oenococcus oeni during cider maturation process
reduced the total content of acid, soluble solids, total phenols, content of volatile
compounds and simultaneously increasing pH. Ciders matured by adding lactic
acid bacteria Oenococcus oeni had the most intensive apple aroma and taste, the
lowest astringent, yeast and sour taste intensity.

. Ciders matured with unroasted chips and medium-roasted chips decreased the
total content of acids and increased the total phenolic content. Maturing with oak
influenced the ratio of volatile substances, i.e., content of esters and volatile acids
increased, but content of alcohols decreased. The cider sample matured by
unroasted and medium-roasted oak chips showed higher intensity of bitter taste
and lower intensity of sour taste.

. The results showed that in terms of phenolic content and the content of volatile
compounds, experimental ciders and commercial ciders were similar. The highest
phenolic content was in French ciders and ciders of ‘Kerr’ variety apples. Ciders
matured by adding lactic acid bacteria Oenococcus oeni and oak chips revealed
similar content of volatile compounds as French ciders. But the sample of crab
variety ‘Kerr’ ciders had a similar profile of volatile compounds with ciders K7
(”Abavas sidrs”, semi sweet) and K9 (”Sabiles sidrs”) produced in Latvia.

10. The research findings verify the hypothesis — phenolic compounds found in

variety apples and volatile compounds produced during cider making process
influenced the quality of matured product.
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1.

RECOMMENDATIONS FOR MANUFACTURERS

It is necessary to form blends for obtaining ciders of good quality, including
dessert apple varieties with high content of sugar and soluble solids (‘Lietuvas
Pepind’, ‘Remo’, DI-93-4-14), crab apple varieties with high phenolic content
(‘Riku’, “Cornelie’) and astringent taste (‘Cornelie’, ‘Hyslop’), as well as
varieties with distinct apple taste and aroma: dessert apple varieties *Auksis’,
‘Antonovka’ and crab apple varieties Kerr’, K-8/9-24.

In blends not only apple juices, but also their proportions play an important role
in making ciders. Apple varieties determine the best proportions. Ciders with
proportion 2: 1: 2 showed the best results in blends with juices of apple varieties
‘Auksis’, ‘Remo’ ‘Kerr’ and ‘Auksis’ ‘Lietuvas Pepins’, ‘Kerr’. The proportion
1:1:1 was the best for ‘Auksis’, DI-93-4-14, ‘Kerr’. Generally the best results
were for ciders made of ‘Remo’ variety apples juice.
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