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PETIJUMA AKTUALITATE

Bezalkoholiskos dzgrienus cilveki uztura lieto visu savu dzivi. To izvéle ir
atkariga no produkta garSas, ta ietekmes uz veselibu, nacionalajam tradicijam
un tirgus tendencém. P&dgjos gados paterétaju vida strauji pieaugusi veseliga
dzivesveida tendence, tadel pieprasiti ir produkti ar augstu pievienoto vertibu.
Viens no $adiem produktiem ir raudzets rudzu maizes kvass.

Kvass ir bezalkoholisks dzgriens, ko iegiist, raudzgjot kvasa misu ar raugu
un pienskabes baktérijam. Raudz€Sanas procesa beigas tam var pievienot vai
nepievienot cukuru un citas sastavdalas, un partikas piedevas. Faktiskais spirta
daudzums raudz&ta kvasa neparsniedz 1.2 tilp.%. ST produkta strauja razo$anas
segmenta attistiba ir izskaidrojama ar raudzéta kvasa tonizgjoSu efektu,
kvalitativam garSas 1pasibam un labvéligu iedarbibu uz cilvéka organismu,
gremoSanas sistému un aizkunga dziedzeri. Ta iedarbiba tiek pielidzinata
kefiram (Feik et al., 2007, Costa et al., 2013).

Fermentéti dzerieni ir svariga globalas partikas produktu sastavdala.
Apvienoto Naciju Partikas un lauksaimniecibas organizacija (FAO) uzsver
fermentéto produktu kultiras un ekonomisko nozimi jaunattistibas valstu
kopienas (Soukand et al., 2015). Fermentacijas procesi ir ar salidzino§i zemam
izmaksam un viena no praktiskakajam partikas produktu raZoSanas un
uzglabasanas metodém (Egounlety, 2002).

Raudzéts kvass ir izteikti sezonals produkts, un tam ir ierobezots
uzglabasanas laiks, tade] jaapsver dazadu tehnologisko risinajumu sniegtas
iesp&jas no kvasa izstradat jaunus produktus. Samazinot Gidens saturu kvasa, ir
iespgjams ierobezot ta bojasanos un pagarinat deriguma terminu. Izvertgjot
dazadas kaltéSanas tehnologijas, izsmidzinasanas kaltéSanas metode ir
vispiemérotaka $adam risinajumam (Tontul et al., 2017) ar lielu ekonomisko
potencialu (Chauca et al., 2005). Produktus ar paaugstinatu cukuru un skabju
saturu ir problematiski izkaltét izsmidzinasanas kalté, tapéc tiem pievieno
dazadas nesgjvielas. Vairak neka 90% no auglu sulas sausnas ir cukuri un
organiskas skabes, kas veido lipigo konsistenci (Goula et al., 2010;
Oberoi et al., 2015). Augsta cukura satura dél kvasa kalt€Sanai, iesp&jams, biitu
nepiecieSams lietot nesgjvielas. Tapec nepiecieSami pétijumi par kalt€Sanas
iesp&jam ar un bez nes€jvielam un produkta kvalitati.

Ierobezota informacija ir pieejama par raudzéta kvasa iesp&jamajam
kaltesanas tehnologijam, tapéc ir nepiecieSams veikt pétijumus par raudzéta
kvasa piemérotibu sausa produkta ieguvei un izvertet ta izmantoSanas iesp&jas
partikas nozaré. Analiz€jot literatira pieejamos teor&tiskos un eksperimentalos
datus, ir izvirzita promocijas darba hipotéze: Rudzu maizes kvasu var izkaltét
horizontalaja izsmidzinasanas tipa kalt€ bez nesgjvielam.

Promocijas darba hipotéze ir aizstavama ar tézém:

1. raudzgjot rudzu maizes sausinu misu, raugu un pienskabes bakteriju
attistibas rezultata samazinas sausnas saturs un pH, veidojot atbilstosas
kvasa sensoras ipasibas;



laboratorija iegiito kvasu koncentrata kvalitates Tpasibas atskiras no
komercsisteéma pieejamiem analogiem;

dehidréta kvasa kvalitates parametrus bitiski ietekmé kaltéSanas panémiens;
piemérotakais dehidréta kvasa iegliSanas panémiens ir kalt€Sanai izmantot
horizontalo tipa izsmidzinasanas kalti;

Latvija sertificéti eksperti un sportisti atzinigi verte produktus ar pievienotu
dehidrétu kvasu.

Promocijas darba meérkis ir izpétit raudzeta rudzu maizes kvasa kvalitati

un izvertet dehidréta kvasa ieguves panémienus.

Darba mérka sasnieg$anai ir izvirziti §adi uzdevumi:

1.

2.

petit raudzéta rudzu maizes kvasa kvalitates parametrus un to izmainas
razoSanas procesa;

analiz8t laboratorija ieglita koncentréta kvasa kvalitates parametrus un
saltidzinat ar komercsistéma pieejamiem analogiem;

izvertet izsmidzinasanas kalt€ ar dazadiem pan€mieniem iegiita dehidréta
kvasa kvalitates raditajus;

pamatot péc daudzkriteriju integréta novertgjuma rezultatiem piemérotako
dehidreta kvasa iegiiSanas pané€mienu;

sensori izvertét dehidréta kvasa izmantoSanas iesp&jas dazados partikas
produktos garsas TpaSibu bagatinasanai.

Darba novitate:

»

»

»

pirmo reizi Latvija ir veikti pétjjumi par raudz&ta rudzu maizes kvasa
kalteSanu un sausa produkta praktisko izmantoSanu partikas razoSana;
izstradati tehnologiskie parametri sausa produkta ieguvei no rudzu maizes
kvasa, horizontalaja un vertikalaja izsmidzinasanas tipa kalt€ (iesniegts LR
patenta pieteikums Nr. P-17-79 “Dehidratéta pulvera ieguve no raudzéta
rudzu maizes kvasa”);

veikts daudzkrit€riju integrétais novertgjums, lai noteiktu piemerotako
kalteSanas panémienu dehidréta kvasa ieguvei izsmidzinasanas tipa kalte.

Darba tautsaimnieciska nozimiba:

»

»

»

kvasam ir Tss deriguma termin$ un sezonals patérin$, tadel dehidréta kvasa
razoSana radis iesp€jas to izmantot tautsaimnieciba visa gada garuma;
dehidréta kvasa izmantoSana partikas razotajiem dod iesp&ju paplasinat
jaunu produktu razosanu ar garsas un aromatu daudzveidibu;

kalteSanas panémienu bez nes€jvielam horizontalaja izsmidzinasanas kalte
var€s piemérot citu skidru partikas produktu dehidrésanai.

ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati ir apkopoti 7 zinatniskos izdevumos, ieskaitot 5
publikacijas, kas indeksétas starptautiski citgjamas datubazes SCOPUS un Web
of Science, ka arT iesniegts LR patenta pieteikums.
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MATERIALI UN METODES

Pétijuma laiks un vieta

Pétijums tika izstradats laika posma no 2013. lidz 2018. gadam Latvijas

Lauksaimniecibas universitates Partikas tehnologijas katedras laboratorijas,
Latvijas Universitates Biologijas institiita laboratorija, Polijas Warmia un
Mazury universitates Olstinas procesu un iekartu institta, Italijas Tecoma
Drying Technology S.r.I. Operating Headquarters and Laboratory Facilities
laboratorija.

Pétijuma struktiira

Pétijums tika stukturéts posmos un analizéti dazadi kvasa paraugi- kvass,

kvasa koncentrats un kaltéts kvass (1. att.).



ﬁ KVASS / KVASS h

IetvaicéSana / Evaporation | Kaltésana / Drying
Rotacijas ietvaicétajs / Vertikala izsmidzinasanas kalte /
Rotary evaporator Vertical spray-dryer

Horizontala izsmidzinasanas kalte /
Horizontal spray-dryer

Kvasa koncentrats /

Sausais kvass / Dry kvass
Kvass concentrate

Fizikali-kimiskie, sensorie un mikrobiologiskie raditaji /
Physical, chemical, sensory and microbiological parameters

Integrétais daudzfaktoru novert&jums /
Integrated multifactorial evaluation

1. att. Pétfjuma struktara / Fig.1. Structure of the research

Kvasa razoSanas tehnologiskie procesi sadaliti 8 posmos — no Sy lidz Sy
(1. tab.). Pirmajos tris posmos notieck produkta sagatavoSanas un
nogatavinasanas sakuma process. Ilgakais no posmiem ir kvasa uzglabasanas
laiks (posmi Sz — S7).

1. tabula/ Table 1
Kvasa razo$anas tehnologisko procesu posmi /
Stages of kvass technological process

Posms/ | Materiali un tehnologiskie procesi / Laiks / Vérféé:’:a?e/lgzlﬁ‘; Is’:sn;? II;?/LISS
Stage Materials and technological processes | Time, h for sensory evaluation
S Rudzu maizes sausini pirms mérceSanas / 0 _
0 Rye bread rusks before soaking
S Kvass p&c raudzesanas / 12 _
! Kvass after fermentation
S Kvass nogatavinasanas sakuma / 13 _
2 Kvass at the beginning of maturation
Ss 36 A
g: Kvass uzglabasanas laika / gg é
S Kvass during storage 132 —
Sr 156 C

Lai sagatavotu 1 litru kvasa misas, 200 g rudzu maizes sausinu un 2 g tumso
rudzu un miezu iesalu aplej ar 2 L karsta Gidens (2. att.). Maizes sausini tiek
mércéti 3 h, tad Gdens-maizes sausinu suspensiju nofiltre caur filtru (300




mikroni) un Skidro frakciju atdzesé un izmanto turpmakiem kvasa razoSanas
posmiem. 1 g maizes rauga, 2 vienibas pienskabes bakteriju ierauga un 1/3 no
aprékinata cukura daudzuma pievieno 1 L kvasa misai. Kopgjais cukura
daudzums kvasa razoSanai ir 30 g, tapéc 10 g cukura tiek pievienots pirms
fermentacijas. Kvasa misas riigsana ilgst 9 h 27+1 °C temperatura.

Maizes sausini / Rudzu un miezu iesals (1:2) /
Rve bread rusks Rve and barley malt (1:2)

\ /

Udens / Water lejava sagatavosana un izturéSana / = :
75-80°C Mash preparation and maturation —> Dzese;%rfl/otéoolmg
" 3 h +10 min =

/ Izmércétie sausini /

] Soaked rusks

| Filtracija / Filtration [ >
Cukura sirups / v Saccharomyces cerevi_siae
Sugar syrup Raudzesana / Fermentation < Leuconostoc mesentericus
I 9h,27+1°C

/ Cukura sirups /
Dzesgsana / Cooling _’I Kupaza / Blending Sugar syrup
3t1°C

v

Dzgriena noguldisana / Maturation
12h, 611 °C

Pildisana / Filling Ly Uzglabasana / Storage
12+1°C 156 h, 61 °C

2. att. Kvasa razoSanas tehnologiska shéma /
Fig. 2. Technological sheme of the kvass production

Kvasa koncentratu gatavosanai tika izmantots eksperimentalais kvass EK
un 2 komercsistéma pieejami Latvijas razotaju raudzetie kvasi: BA un BR.
Vispirms kvasa paraugos samazinats CO. saturs, lai ierobezotu putoSanos
vakuuma iztvaikoSanas laika. Kvasu koncentrati sagatavoti, izmantojot rotacijas
ietvaicétaju Heidolph Laborata 4000 Efficient: ietvaic€Sana veikta 50 °C
temperatiira visa ekstrakcijas procesa laika, ar 30 apgr. min™ pirmas 30 min,
50-60 apgr. min' aptuveni vienu stundu lidz sausnas saturam 32.4+0.2%.

Lai atrastu optimalo nes€jvielas piedevu sausa kvasa iegliSanai, izmantotas
dazadas maltodekstrina koncentracijas attieciba pret kvasa sausnu kaltgSanas
procesa vertikalaja un horizontalaja izsmidzinasanas tipa kalté (3. att.).
Nesgjviela tiek pievienota, lai samazinatu kvasa lipigumu un veicinatu
kaltésanas procesu bez cietu, karamelizétu aglomeratu veidoSanas. Iegttie
sausie kvasa paraugi tika apZiméti un tie apkopoti 2. tabula.



Kvass / Kvass

SamaisiSana ar maltodekstrinu / Mixing with maltodextrin

50% kvass + 50% maltodekstrins /
50% kvass + 50% maltodextrin*

60% kvass + 40% maltodekstrins /
60% kvass + 40% maltodextrin*

75% kvass + 25% maltodekstrins /
75% kvass + 25% maltodextrin®

Vertikala izsmidzinasanas kalte /
Vertical spray-dryer

v

75% kvass + 25% maltodekstrins /

| 75% kvass + 25% maltodextrin*

90% kvass + 10% maltodekstrins /
90% kvass + 10% maltodextrin*

bez maltodekstrina /
without maltodextrin

Horizontala izsmidzinasanas kalte /
Horizontal spray-dryer

v

Sausais kvass / Dry kvass

Sausais kvass / Dry kvass

4. att. Sausa kvasa eksperimentala razZoSanas shéma /
Fig. 4. Scheme of experimental dry kvass production
* kvasa sausnas attieciba pret maltodekstrinu / kvass dry matter ratio to maltodextrin

2. tabula / Table 2
Eksperimentali iegiito sauso kvasu paraugu raksturojums /
Characteristics of experimentally obtained dry kvass samples

Maltodekstrina Kvasa sausnas attieciba pret
N.p.k. | Izmantota kalte /| Apzim&jums / daudzums / Ii?ﬁgiiﬁ?‘;:é:‘;?;ggia
/'No. Used dryer Designation Magtn?gﬁ):trm ratio to maltodextrin in dried
kvass
1. rtikala / VMD50 50% 1:05
2, Vfle;tii ;I VMD40 40% 1:04
3. VMD25 25% 1:0.25
4. horizontala / HMD25 25% 1:0.25
5, orizonta’a HMD10 10% 1:0.10
horizontal
6. HMDO 0% 1:0

Pétijuma lietotas metodes
Lai noteiku dazadus fizikalos, kimiskos un mikrobiologiskos parametrus
kvasa paraugiem, lietotas metodes ir apkopotas 3. tabula.

Datu matematiska apstrade veikta ar MS Excel v13, aprékinatas vidgjas
vertibas un standartnovirzes. Merfjumi tika veikti ar tris atkartojumiem.
ANOVA un Tukey tests izmantots datu savstarp&ja salidzinasana. Par rezultatu

10




interpretaciju tiek pienemts, ka o= 0.05 ar 95% ticamibu. Galveno komponentu
analize (GKA) veikta, izmantojot Multibase 2015 statistikas programmu.

3. tabula/ Table 3

Kvasa paraugu analizei izmantotie standarti un metodes /
Standards and methods used for analysis of kvass samples

N.p.k.
/ No

Raditaji / Parameters

Standarti un metodes /
Standards and methods

Fizikalie raditaji/ Physical parameters

Struktiiras analizators DV-111 Ultra

1. | Skietama viskozitate / Viscosity, mPa-s Rheomether / Structure analyser
2. | Mitrums/ Moisture, % 1SO 6496: 1999

3. | Udens aktivitate / Water activity, ay 1S021807:2004

4. | Skidiba tideni / Solubility, % Jafari et al., 2017

5. | Dalinu izméri / Particle sizes, um ASEA S§319.2

6. | Sausna/ Dry matter, % 1SO 2173: 2003

7. | Tilpuma blivums / Bulk density, g mI* Tontul, Topuz, 2017

8. | Krasas komponentes / Colour components CIE L*a*b*

9. pH 1SO 10523: 2012

Kimiskie raditaji / Chemical parameters

10. | Aromatvielas, SLV / Aroma volatiles, PAU Sabovics et al., 2010; 2013
Aminoskabes, mg gtolbaltumvielu / }

1. Amino acids, mg g protein PB-53/HPLC 2008

12. | Kopgjas olbaltumvielas / Total protein, g 100 g* 1SO 5983-1:2005
Kopgjie un individualie cukuri / &

13. Total and individual sugars, g 100 g* AESH metode / HPLC method
Tauki, piesatinatas taukskabes / ”r

14. Fat, saturated fatty acids, g 100 g LVS EN 1SO 12966-4:2015
B grupas vitamini (B1; By; Bs) / .

15. B group vitamins (B;: By; B), mg kg g AOAC 970.65; AOAC 957.17

16. | Pelnvielas / Ash, g 100 g* PN-ISO 2171:2010

Sensorie raditaji / Sensory parameters

17. 5:p1‘1'nktu hed_oniské skala / 5-point hedonic scale 1SO 4121:2003
18. | Linijskala/ Line scale
19. | Raksturojosas metodes / Charasteristic methods ISO 8586:2012

Mikrobiologiskie raditaji / Microbiological parameters

MAFAmM mikroorganismu kopskaits, KVV g1/

20- | 1otal plate count, CFU g* IS0 4833-1:2013
21. sggsgt;l;‘;gﬁﬁfg; 'éI\:/L\J/ gj / 1SO 21527-1:2008
25 Mikroorganismu identifikacija / g;édéﬁlgﬁﬁ%ggsgﬁ It_é,TI;32C /

Identification of microorganisms

API identification system

Energétiska vertiba / Energy value

26.

Energgtiska vertiba / Energy value

ES Regula Nr. 1169/2011/
Regulation (EC) No 1169/2011
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REZULTATI UN DISKUSIJA

1. Rudzu maizes kvasa kvalitates novertéjums

Sakotngji MAFAm skaits maizes sausinos bija 4.18 1g KVV gt (5. att.).
Raudzéta kvasa razoSanas pirmaja posma (Sp) noteikts MAFAmM
pamatizejviela — rudzu maizes sausinos. Raudz&Sanas laika kvasa misa
MAFAm bija mainigs. Pirmo 13 stundu laika (S;) MAFAmM pieaugums bija
Iéns, salidzinot ar atlikusajiem vidé domingjoSajiem mikroorganismiem -
raugiem. Paaugstinata alkohola un pienskabes koncentracija kvasa raudzesanas
procesa beigas bija pietickama, lai kavétu aerobo un fakultativi anaerobo
mikroorganismu attistibu.

£ 6.5
2SS 60
S5
282 55
£50
iE—g 5.0
é“-‘mg 45
<28 40
2
= 35
v+
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Laiks / Time, h
So S; S S3 Sy S S¢Sy

5. att. MAFAM (A), pienskabes bakteriju (=) un raugu (e) skaita izmainas
kvasa raZoSanas laika / Fig. 5. Changes of total plate count (A), lactic acid
bacteria (m) and yeast (e) count during kvass production

Raugi un pienskabes bakterijas ir galvenie mikroorganismi kvasa
fermentacijas procesa (Salovaara et al., 2011), kas kvasam pieskir Tpasu garSu
un aromatu. Raudz&sanas laika tiek razots spirts un pienskabe, kas ir uzskatami
par dabigiem konservantiem, kas dalgji aizsargd kvasu no nevélamu
mikroorganismu attistibas. Turklat raugi un pienskabes baktrijas ir simbiotiki
(Ramos et al., 2011). Pienskabes baktérijas rada skabu vidi, kas ir optimala
raugiem, tikm&r raugi izmanto misa eso$as aminoskabes un vitaminus, kas ir
loti svarigi to darbibai un vairosanas procesiem. Taja pasa laika pienskabes
bakterijas un raugi konkure par baribas vielam.

Sausnas daudzuma samazinasanas un skabuma palielinasanas rada
labveligakus apstaklus pienskabes bakteriju augsanai. Parmeérigi skaba vide
nomac gan raugu, gan pienskabes bakteriju attistibu, tadel tas var veicinat
nevélamu mikroorganismu augsanu (Pomozova, 2006).
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Ar API sistému tika veikta raugu un pienskabes baktériju identifikacija. No
raudz&ta maizes kvasa izoléti 2 mikroorganismi — Saccharomyces cerevisiae un
Leuconostoc mesentericus spp. cremoris. Produkta razo$anas tehnologiskajos
procesos produkta piesarnos$anas ar nevélamajiem mikroorganismiem netika
konstatgta.

Skaitliska pH vertiba kvasa raudz&Sanas laika samazinajas par 10.1%,
sakotng&jais kvasa pH bija 4.12 un péc raudzésanas — 3.70. Turpmakajos kvasa
razoSanas posmos pH stabilizgjas un bija pH 3.85. Eksperimentali razota kvasa
pH vertiba atbilda MK noteikumu Nr. 926/2010 noraditajam vértibam. Neviena
kontrol&taja kvasa razoSanas posma pH vértiba nesamazinajas 1idz zemakajam
robezveértibu intervalam, noslédzoSaja razoSanas posma bija veérojama pH
vertibas palielinasanas. Kvasa razosanas beigu posmos pH vértibas picaugumu
varétu izskaidrot ar jaunu vielu veidoSanos kvasa, jo rauga un pienskabes
bakteriju Stinas pakapeniski iet boja.

Sausnas saturs samazinajas kvasa raudzeSanas laika, jo lielaka dala no
sausnas — cukurs — tika izmantots rauga un pienskabes bakteriju attistibai.
Normativajos dokumentos kvasa razosana nav stingri noteikti skabuma
parametri (ietekm€ garSu) un sausnas saturs (ietekmé& tumigumu), bet ir noraditi
ieteicamie kvasa kvalitates vertibu intervali. Tadel komercsistéma pieejamiem
analogiem iesp&jami dazadi varianti un sensoro Ipasibu kombinacijas.

Sensoro Tpasibu izmainu noveért€jums kvasa razoSanas tehnologiskajo
procesu posmos veikts 3 kvasa paraugiem péc dazada uzglabasanas laika — A
(pEc 36 h), B (pec 84 h) un C (pec 156 h). legiitie rezultati (6. att.) norada, ka
aromata intensitate visiem kvasa paraugiem bija vid&ja (5.7-6.0 vienibas) bez
bitiskam atskirtbam (p>0.05).

Aromats / Aroma

e A

Lo rSa+smarz
Skabums / Acidity Ga T:aIa\Slojr al B
et C

Krasa / Colour
6. att. Kvasa sensoro ipasibu intensitate /
Fig. 6. Intensity of kvass sensory properties

GarSas+smarzas intensitate novertéta ka videja (5.6-6.0 vienibas), neatkarigi
no izturéSanas laika. Kvasa paraugam C, kas tika uzglabats ilgaku laiku, bija
intensivaka krasa, jo ilgstosaka kvasa nogatavinasana sekmé&a nogulspu
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raSanos, kas radija dulkainu krasu. Skabuma intensitati ietekm&a kvasa
izturéSanas laiks, t.i., ilgak izturétam kvasa paraugam C novérots izteiktaks
skabums, jo, turpinoties atlikusa cukura fermentacijai, kvasa veidojas spirts un
pienskabe, kas veicina skabuma piecaugumu.

2. Kvasa koncentrata kvalitates raksturojums

Eksperimentalajam kvasam (EK) ietvaicgjot bitiski palielinajas sausnas
saturs: pirmajas 60 min butiskas sausnas satura izmainas nebija (p>0.05), tacu
laika no 80 Iidz 120 min ievérojami paaugstinajas sausna (p<0.05) no
18+0.2% 1lidz 35+0.1%. Eksperimentali iegiita kvasa koncentrata (EKC)
kvalitate salidzinata ar komercsistéma pieejamo kvasa koncentratu (IKC).

Sausnas saturs komercsistemas kvasa koncentrata (IKC) bija 69+0.1%, tas
tika atSkaidits ar destilétu Gideni Iidz sausnas saturam 32.4+0.2% - EKC sausnas
saturam. Aktivais skabums IKC koncentratam bija butiski zemaks (pH 2.86)
neka EKC koncentratam (pH 4.18) (p<0.05). IKC koncentrats satur skabuma
regulétaju — pienskabi, un tas butiski ietekme skabumu.

Skietama viskozitate EKC koncentratam bija 13.68+0.08 mPa s* un IKC
koncentrata — 15.22+0.05 mPa s. Viskozitati ietekmé gan produkta kimiskais
sastavs, gan sausnas saturs. Viskozaks produkts (ar augstaku Sskietamo
viskozitati) bija komercialais kvasa koncentrats (IKC).

Kopégjais cukuru saturs EKC koncentrata bija 207.29+1.84 g L? un
IKC koncentrata — 209.27+1.95 g L (7. att). Kop&ja cukuru satura biitisku
atSkirtbu nav, individualo cukuru koncentracijas ir dazadas. Bitiski palielinas
fruktozes saturs IKC koncentrata, bet mazaks saharozes un glikozes saturs.
Domingjosie cukuri EKC koncentrata bija fruktoze un glikoze, IKC koncentrata
- fruktoze. Komerciali pieejamais kvasa koncentrats ir gatavots no iesala
ekstrakta un ta fruktozes saturs ir gandriz 2 reizes augstaks neka eksperimentali
iegiitaja koncentrata.
180
160
140
120
100
80 T
60
40 -
20

0
Fruktoze / Fructose Glikoze / Glucose Saharoze / Sucrose Maltoze / Maltose

I EKC kvasa koncentrats / kvass contentrate

gL?

IKC kvasa koncentrats / kvass concentrate

Saturs / Content,

7. att. Cukuru saturs eksperimentalaja un komercialaja kvasa koncentrata /
Fig. 7. Sugar content in eksperimental and commercial kvass concentrate
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Komercsistemas kvasa koncentrats (IKC) nesatur saharozi, tomér cukurs ir
viena no galvenajam sastavdalam. Kvasa koncentrata razoSanas laika saharozes
hidrolize (sadaliSanas monosaharidos) var notikt skaba vidé (Saja gadijuma
pienskabe), kas rezultata kop&o summu veido no glikozes un fruktozes
(Brighenti et al., 2011).

EKC un IKC kvasa koncentratam veikta arl sensoro IpaSibu novértéSana.
Sensorajai vertéSanai sagatavoti kvasa dz€rieni ar sausnas saturu 6.0+0.1%,
izmantojot karbonizétu tdeni. Paraugus vertSja vertétaji no Latvijas un
Tadzikistanas. Starp kvasa paraugiem nebija biutiskas atskiribas (p>0.05),
paraugi novertéti ar “mazliet patik” (3.7-3.9) 5-punktu hedoniskaja skala.
Latvijas vertetaji deva priekSroku dz€rienam no eksperimentali iegita
koncentrata (EKC), savukart vertetaji no Tadzikistanas — dz€rienam no
komercsistema iegadata koncentrata (IKC), ko varétu skaidrot ar kultiiras
atSkiribam (House, 2016). Aromata, garSas un skabuma intensitate kvasa
dz@riena paraugam B bija ievérojami izteiktaka (p=0.012), un krasas intensitate
bija lidziga abiem kvasa dz&rieniem (p> 0.05) (8. att.).

Aromats / Aroma
10.0

Skabums /

Acidity Garsa / Taste

Krasa / Colour

8. att. Kvasa dzériena sensoro 1pasibu intensitate /
Fig. 8. Intensity of sensory properties of kvass drinks

Zemaku aromata intensitati parauga A var€tu izskaidrot ar tdens
iztvaikoSanu un aromatu zudumiem kvasa ietvaic€Sanas procesa laika
(120 min). Intensivaks skabums parauga B ir saistits ar skabuma regulatoru —
pienskabi, kas ir viena no sastavdalam komerciala kvasa koncentrata IKC
sastava. Izvertgjot, ka komerciali pieejamais kvasa koncentrata IKC sastavs un
parametri ir atSkirigi no eksperimentali ieglita parauga EKC, turpmakos kvasa
koncentrata pétijumos §is paraugs netiks izmantots.

Dazadas sastavdalas un termiska apstrade vai ta trikums var ietekmét
aromata sastavu kvasa un kvasa koncentrata. Aromatu veidojoSo savienojumu
saturu un sastavu analizgja tris kvasa paraugos, kas razoti no raudzetas kvasa
misas un to koncentratiem. Viens no pé&tamajiem kvasa paraugiem bija
eksperimentali iegiits (EK), bet pargjie 2 (BA un BR) komercsistema iegadati
paraugi. Tikai eksperimentalo kvasu razo no rudzu maizes sausiniem,
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izmantojot tradicionalo metodi kvasa razosanai, tadeél aromatu veidojosie
savienojumi EK kvasa un EKC kvasa koncentrata varétu bit [idzigaki raudzéetas
rudzu maizes garoza un mikstuma eso$ajam aromatvielam. Savukart kvasa
paraugiem BR un BA kvasa misas iegiiSanai izmanto ekstraktus, tos filtré un
pasterizg, kas skaidrojams ar ilgaku uzglabasanas laiku un daziem atskirigiem
aromatu veidojoSiem savienojumiem. Aromata veidojoSo savienojumu
daudzumu var ietekmét arT rauga daudzums un aktivitate, fermentacijas laiks un
fermentacijas temperatiira (Schieberle, 1996). Kopa identificgti divdesmit pieci
gaistoSie savienojumi: esteri, spirti, skabes, aldehidi un ketoni.

EK kvasa identificéti 17 gaistoSie savienojumi, savukart ta koncentrata— 13
savienojumi (4. tabula).

4. tabula/ Table 4

Gaistosie savienojumi (SLVx10”) EK kvasa un kvasa koncentrata EKC /
Volatile compounds (PAUx107) in EK kvass and kvass concentrate EKC

Aromatu savienojumi / s Kvass / Kvasa koncentrata /

Volatile compounds Smarza / Odour Kvass Kvass concentrate

Pent-4-gn-2-ols / .

4-penten-2-ol auglu / fruity 3.6410.11 1.40+0.02

[zoamiliacetats / bananu / banana 0.2240.04 -

isoamy| acetate

Etilheksanoats / abolu mizu, auglu / }

ethyl hexanoate apple peel, fruit 0.13£0.01

3-metilbutan-1-ols / viskija, iesala, dedzinata /

3-methyl-1-butanol whiskey, malt, burnt 0.63+0.02 0.39+0.00

3-hidroksibutan-2-ons / sviesta, krgjuma / }

3-hydroxy-2-butanone butter, cream 0.010.00

Nonanals / nonanal aldehidveida . 0032001

aldehydic type T

Etiloktanoats / auglu, tauku / fruit, fat | 0.39+0.05 0.0240.00

ethyl octanoate ’

Etikskabe / acetic acid skaba / sour 0.37+0.06 0.48+0.03

maizes, mandelu, salda / R

Furfurols / furfural bread, almond, sweet 0.10£0.01

Furilspirts / furfuryl alcohol dedzinata / burnt 0.20+0.03 0.10+0.01

Karvons / carvone kimenu / caraway 2.03+0.06 -

Feniletilacetats / rozu, medus, takabas /

2-phenylethyl acetate rose, honey, tobacco 0.1040.02

Heksanskabe / hexanoic acid taukaina / fatty type 0.09+0.01 0.07+0.00

Feniletilspirts / :

phenylethylalcohol ziedu / floral type 0.16+0.01 0.69+0.02

L . sviedru, siera/
Oktanskabe / octanoic acid sweat, cheese 0.72+0.04 0.46+0.08
o S sasmakusi, tauku /

Dekanskabe / decanoic acid rancid, fat 0.25+0.00 0.19+0.00

Palmitinskabe / palmitic acid vaskaina / waxy type - 0.11+0.03
Kopégja smailu laukumu summa / The sum of peak area | 8.94+0.46 4.05+0.20

*Rezultati izteikti ka vidgjais rezultats ar standartnovirzi / results were expressed as average amount with

standard deviation
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Pent—-4—en—2-olam (spirts) tika konstatéta augstaka smailes laukuma
vienibas vértiba (3.64 x 107 SLV) EK kvasa (4. tabula), ta bija zemaka neka BR
kvasam, bet augstaka neka BA kvasam. EK kvasa karvonam konstatéta otra
augstaka smailes laukuma vienibas vértiba (2.03x107 SLV), bet tas netika
konstatéts eksperimentalaja kvasa koncentrata EKC. Rudzu maize, kas tiek
izmantota EK kvasa razoSana, satur kimenu se€klas, tas izskaidro karvona
klatbiitni EK kvasa aromata, jo karvons un limonéns kimengs veido galveno
gterisko ellu dalu (Sedlakova et al., 2003).

Gaistosie savienojumi tika noteikti visos tris kvasa paraugos. Galvenie
aromati kvasa veidoja auglu (pent—4—en—2-o0ls), bananu (izoamilacetats),
viskija, iesala, dedzinajuma (3—-metil-1-butanols), rozu, medus, tabakas
(2—feniletilacetats), ziedu (fenilmetilalkohols), sviedru, siera (dekanonskabe),
sasmakuma un tauku (kaprinskabe) aromatus.

BR kvasa identificeti 19 gaistosie savienojumi un kopga smailu laukuma
vienibu summa bija 14.15x107 SLV. Savienojumu skaits kvasa BR koncentrata
BRC bija aptuveni 3 reizes zemaks (5.14x10” SLV), kopuma kvasa koncentrata
atrasti 10 gaistoSie savienojumi. Vislielaka smailes laukuma vienibas vertiba no
visiem identificétajiem gaistoSiem savienojumiem bija pent—4—&n—2—o0lam
(6.81x107 SLV), kas dod auglu aromatu, bet BR kvasa koncentratats sastadija
tikai pusi no §1 daudzuma. Kaprinskabe (1.55x107 SLV) bija otrais gaistosais
aromata veidojoSais savienojums ar augsako smailes laukuma vienibas vértibu,
veidojot sviedru un siera aromatu. BR kvasam konstatéts augstakais aromata
veidojoSo savienojumu saturs un sastava dazadiba, kuru varétu skaidrot ar
ievérojami augstaku sausnas saturu (p = 0.011), tom&r sausnu var veidot arT tadi
savienojumi, kas neietekmé produkta aromatu — no kuriem gaistoSo vielu
aromats netiek sintezets (Lozano, 2011).

Kvasa koncentrata BAC smailes laukuma vienibas summa — (3.28x10’
SLV) ir aptuveni 1.6 reizes mazaka neka BA  kvasa
(5.54x10” SLV). Kopuma BA kvasa identificétas 10 gaistoSas vielas un
koncentrata 9 gaistosas vielas. Analiz€jot gaistoSus savienojumus BA kvasa,
pent4—-en—-2-olam bija augtadka smailu laukuma vienibu vertiba
(2.03x107 SLV), tatu ta bija zemaka neka BR kvasam. levérojams daudzums
3-metil-1-butanola (1.27x107 SLV) tika atrasts BA kvasa un koncentrata BAC,
veidojot abiem paraugiem dedzinata viskija un iesala smarzu. Koncentrata
BAC otra izteiktaka aromatviela péc pent—4—en—2-ola bija feniletilspirts
(0.93x107 SLV), veidojot ziedu smarZu.

Galvenie komponenti gaisto$o savienojumu analiz€ kvasa un kvasa
koncentratu paraugiem ir paraditi 9. att€la. Kvasa un kvasa koncentratu galveno
komponentu analizes (GKA) rezultati rada, ka paraugi sava starpa ir ciesi
saistiti viens ar otru. Paraugi, kas tuvu vienu otram, ir ar lidzigu gaistoso
savienojumu profilu. Paraugi, kas atrodas talu viens no otra, satur atSkirigu
gaistodo savienojumu profilu. 49% no apjoma (komponents 1) nozimég, ka 51%
no sakotngjas informacijas ir zaudeta un sastavdala 1 veido aptuveni pusi no
sakotngjiem datiem. No otras sastavdalas apjoms ir 21%, un akumul&tais
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komponentes 1 apjoms un komponente 2 tuvojas 69%. Tas nozimé, ka
izkliedétais lauks jeb apgabals starp PC1 un PC2 sniedz informaciju par 69%
no sakotn&jiem datiem.

o BA kvass / kvass

0.388
® Phenylethylbutyrate

3-methyl-1-butanol@

Decanoicacid g

Benzaldehvde . BAC koncentrats/ concentrat
Isoamylacetate =
@ Furfural \_@ ®Phenylethylalcohol
i 2-phenylethyl acetate L)
- 4 AN _ Ethyldecanoate _ Palmitic acid
x N\ o -
s .o.zso L~ e 0.143
o BR-kvass / kvass ..-.4= @ Ethyl hexanoate e
= R EKC koncentrats / concentrate
Octanoic acid — — Ethyloctanoate b @ 3. methylbutanal
.4-penlcn—z-ol e -
Carvone . __— 3-hydroxy-2-butanone

L3
@ gAceticacid
. @Furfurylalcohol

EK kvass / kvass i

Hexanoicacid @

BRC koncentrats / concentrate

PC1(48.8%)

9. att. GaistoSo savienojumu sadalijums kvasa un kvasa koncentratu
paraugos / Fig. 9. Distribution of volatile compunds in the kvass and kvass
concentrate samples

GKA redzams, ka gaistoSo savienojumu profils un augstaka vertiba ir
atskirigi katra kvasa parauga. Lielaks gaistoSo savienojumu apjoms novérojams
kvasa BR. Visos kvasa koncentrata paraugos aromata gaistoSo vielu profila
izmainas un smailes laukuma vienibas vértiba samazinajas, salidzinot ar kvasu.
Vertibu samazinasanos var izskaidrot ar Gidens iztvaikoSanu un gaistoso vielu
samazinasanos ietvaices procesa rezultata (120 min). IztvaikoSana, iesp&jams,
var koncentrét jaunus gaistoSos savienojumus, kurus nevargja identificét kvasa
paraugos, jo to koncentracija bija neliela, un tie var veicinat jaunu aromatu
veidojosSo vielu sintézi. Iztvaikosanas procesam ir biitiska ietekme (p=0.01) uz
gaistoso savienojumu profilu un smailes laukuma vienibas vertibu.

Tadi aromata savienojumi ka etilacetats (auglu aromats), heksilacetats
(auglu, garSaugu aromats) un etildekanoats (vinogu aromats) atrasti tikai BR
kvasa, butan—2,3—dions (sviesta aromats) un feniletilbutirats (ziedu aromats)
atrasti BA kvasa, un tris gaistoSie savienojumi identificeti tikai EK kvasa —
etikskabe (skabs aromats), furilspirts (dedzinats aromats) un karvons (kimenu
aromats). Visos tris kvasu paraugos tika identificéts 2—feniletilacetats un tikai
viena kvasa koncentrata BRC. Benzaldehids, kas dod mandelu un dedzinata
cukura aromatu identificéts tikai BA kvasa BAC koncentrata. EKC kvasa
koncentrata atrasti 3 gaistosie savienojumi, kas netika identificéti citos
koncentratos— nonanals (aldehida aromats), etiloktanoats (auglu, tauku aromats)
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un furfurols (maizes, mandelu, salds aromats). Tas skaidrojams ar rudzu maizes
izejvielas izmantoSanu. Furfurols un ta atvasinajumi ir Maillarda reakcijas
produkti, kas veidojas graudu atkartotas termiskas apstrades procesa—
apgrauzdgjot diedz€tus graudus un maizes cepSanas tehnologiskaja procesa
(Capuano, Fogliano, 2011).

Kvass satur vitaminus, un tie galvenokart varétu biit no iesala un rauga.
lesals ir bagatinats ar B grupas vitaminiem. Tiamins (Bi1) kvasa EK bija
0.71+0.07 g 100 g'sausna, bet kvasa koncentrata EKC - 0.28+0.03 pg 100 g*
sausna. Riboflavins (Bz) kvasa bija 1.28+0.13 ug 100 g, bet kvasa
koncentrata- 0.61+0.06 pg 100 g sausna. Niacina (Bs) saturs kvasa bija
18.14+1.81 pg 100 g, bet koncentrata- 6.82 pg 100 g sausna. Tiamins nav
stabils un mehaniskas- termiskas iedarbibas rezultata par 60% samazinajas ta
saturs kvasa koncentrata. Lidzigas izmainas novérojamas riboflavina
samazinajumam kvasa koncentrata par 52%, un niacina samazinajums
koncentrata pret kvasu bija par 62% mazaks. B grupas vitaminu termolabilitate
noradita vairakos zinatniskas literatiras avotos (Nisha et al., 2009;
Monajjemzadeh et al., 2014; Sheraz et al., 2014).

3. Kaltésanas raksturojums dehidréta kvasa iegiSanai

Pirmais eksperiments tika veikts ar 50% (VMDS50) maltodekstrina piedevu
(2. tabula) attieciba pret kvasa sausnu saskana ar Islam et al. (2016) pétijumu,
kur tika analizéta tada pati maltodekstrina attieciba pret apelsinu sulas sausnu.
Atsaucoties uz Shrestha et al. (2007) un Goula et al. (2010), maltodekstrinu
proporcija vélak tika samazinata Iidz 40% (VMD40) un 25% (VMD25), lai
ieglitu sausu produktu ar vismazako maltodekstrina attiecibu pret sausnu.
Maltodekstrina daudzums, kas pievienots mazak neka 25%, rezultata deva
lipigu kvasa strupu, kurs atri kristaliz&jas. Pirmo reizi tika iegliti sausi raudzgeta
kvasa paraugi ar dazadu pievienoto maltodekstrinu daudzumu, izmantojot
vertikalo izsmidzinasanas tipa kalti. Izkaltetais produkta daudzums ir atkarigs
no sausnas satura Skidraja produkta un nesgjvielas pievienota daudzuma.
Izkaltetais produkts bija ar izteiktu rudzu maizes, nedaudz iesala aromatu un
gaisi brina krasa, produkta mitruma saturs bija 6.5+0.2%.

Lai samazinatu pievienoto maltodekstrinu daudzumus Iidz minimumam vai
vispar tos neizmantotu, kvass tika kaltéts laboratorijas izsmidzinasanas
horizontala tipa kalté. Horizontalaja izsmidzinasanas kaltg tika iegiits dehidréts
produkts gaisi briina krasa ar sausnas saturu 98.2+0.2%, patikamu rudzu maizes
aromatu. Sekmigi tika izkaltéti 3 sausie kvasu paraugi HMD25, HMD10 un
HMDO (2. tabula), kuri analizéti un raksturoti pé&tijuma. Vertikalaja kalté
ieglitais sausais kvasa paraugs VMD?25 paraléli tiek salidzinats ar horizontalaja
kalte ieglitajiem 3 paraugiem, lai varétu izvertét, kur§ pan€miens ir
piemérotakais dehidréta kvasa ieguvei.

Bitiskas izmainas tika noverotas ar dazadiem panémieniem kalt&tos kvasa
paraugos, rezultati ir apkopoti 5. tabula. Tilpuma blivums ir svarigs parametrs
transportésSanas, uzglabasanas, pakoSanas un samaisiSanas procesos. Sausajam
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kvasa pulverim, kas kaltéts ar maltodekstrinu, tilpuma blivuma parametri bija
robezas no 0.415-0.459 g ml%, kas ir loti [idzigi ar literatira mingtajiem datiem
(Caliskan, Dirim, 2013).

No iegiitajiem rezultatiem var secinat, ka maltodekstrina pievienosana
ieglitaja sausaja kvasa bitiski neietekmé tilpuma blivumu (p>0.05). Tilpuma
blivuma izmainas varétu biit skaidrojamas ar mikrodalinu izmé&riem un vielas
higroskopiskumu. Parauga bez maltodekstrina sauso dalinu izmérs ir mazaks un
tas ir higroskopisks, ka rezultata palielinas produkta tilpuma blivums.
Palielinoties dalinu izméram un pievienojot kvasam maltodekstrinu,
higroskopiskums samazinas.

5. tabula / Table 5
Fizikalie parametri dazados sausa kvasa paraugos /
Physical parameters of differently dried kvass

Sausa kvasa paraugi / Dry kvass samples

Parametri / parameters

HMDO HMD10 HMD25 VMD25
Sausnas saturs / Dry matter, % 98.20+0.03 | 97.69+0.04 97.12+0.07 93.50+0.04
Tilpuma blivums / Bulk density, g ml™ | 0.459+0.07 | 0.415+0.011 | 0.447+0.005 | 0.439+0.009
Skidiba / Solubility, % 94.15+0.59 | 95.78+0.74 | 96.19+0.31 96.16+1.21
pH 4.55+0.25 4.61+0.17 4.78+0.27 4.69+0.34

Udens aktivitate / Water activity, aw 0.222+0.01 | 0.223+0.01 | 0.231+0.01 | 0.229+0.01

Mikrodaligu izméri / 3024010 | 432+016 | 553+0.12 | 562+023
Microparticle size, pm

Dehidréta kvasa tidens aktivitate (aw) ir 0.22-0.23, ta ir zema un norada uz
produkta mikrobialo un oksidativo stabilitati (Patil et al., 2014; Shishir, Chen,
2017).

Dalinu izmérs ir viena no vissvarigakajam pulveru fizikalajam 1pasibam, jo
tas ietekm& produktu talako apstradi, ka ari uzglabasanas T1pasibas.
Izsmidzinasanas kaltes izkalt€tajiem sausajiem produktiem ir mazas dalinas
(<50 pm) (Tontul, Topuz, 2017). Sauso izkaltéta kvasa mikrodalinu izméru
sadalfjums norada, ka, kaltgjot vertikalaja un horizontalaja izsmidzinasanas tipa
kalte ar un bez nesgjvielas, bija loti mainigi lielumi no 1.72 pm lidz 11.48 pm.
Sauso mikro dalinu izméri, kas kaltéti bez maltodekstrina (HMDO), bija
robezas no 1.21+0.08 pm Iidz 4.58+0.11 um, vidgja veértiba 3.02+0.10 pm,
savukart ar maltodekstrinu kaltétiem paraugiem (HMD10; HMD25; VMD25)
no 1.72+0.21 pm lidz 11.48+0.16 pm, vidgja vertiba 5.16+0.14 um. Ar
maltodekstrinu nesgjvielu dalinu izmeéri bija par 13% lielaki neka bez
maltodekstrina pievienotajam paraugam (HMDO). Salidzinot ar literatiira
pieejamo informaciju, tie bija Iidzigi ka izkaltetam sulas ekstraktam— vidgjie
dalinu izméri bija no 4 — 13 um, tas bija atkarigs no pievienota maltodekstrina
daudzuma kalté$anas procesa (Fazaeli et al., 2012). Funkcionalas komponentes,
kuras ir jutigas un to stabilitate ir atkariga no vides apstakliem,batiski ietekmé
dalinu izm&rus (Shi et al., 2013). Kad dalinu izmérs ir mazaks, vides virsmas
laukums ir lielaks, un tadgjadi palielinas jutigo savienojumu degradacija
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(Tontul, Topuz, 2017). Iepludes temperattirai nav ietekmes uz dalinu virsmas
gludumu (Allamila et al., 2005). Vidgjais izkaltéto dalinu izmérs ir mazaks, ja
iepliistosa gaisa temperatiira ir augstaka (Mishra et al., 2014).

Skidiba sausa produkta pasibam ir svariga tidens faze. Partikas pulveriem
jabiit labai $kidibai, izmantojamibai un funkcionalitatei. Skidiba ir uzskatama
par noteicoSo faktoru vispar&jai sauso produktu atjaunosSanas kvalitatei (Chen,
Patel, 2008). Sausa kvasa $kidiba tideni ir atSkiriga, kvasu kalt&jot vertikalaja
un horizontalaja kalté. Bitiskas atSkiribas netika novérotas $kidibas rezultatos,
kur tika izmantota maltodekstrinu piedeva. Paraugos bez maltodekstriniem
skidiba bija 94.15%, ar 10% maltodekstrinu piedevu — 95.78%, ar 25%
maltodekstrinu piedevu 96.19%. Maltodekstrinu koncentracijas palielinasana
batiski palielina skidibu (p<0.05) un ir svarigs parametrs kaltetiem Skidriem
produktiem (Caliskan, Dirim, 2013; Calomeni et al., 2017).

Kvasa ekstraktam aktivais skabums pH 4.18+0.15, savukart izkaltétajam
kvasa pulverim bez maltodekstrina (HMDO) pH vértiba 4.55+0.25, sausajiem
paraugiem ar pievienotu maltodekstrinu ta nedaudz palielinajas pH robezas no
4.61+0.17 lidz 4.78+0.27, vidgji par 5 procentiem.

Iegiitais sausnas saturs sausaja kvasa bija 97.69+0.04% (HMD10) -
97.12+0.07 % (HMD25). Kvasa pulverim bez maltodekstrina (HMDO) sausnas
saturs — 98.20+0.03%. Paraugos ar pievienotu 25% (HMD25 un VMD25)
maltodekstrinu noveérots mitruma samazinajums. P&tfjumi rada, ka kopgjais
SkistoSo vielu saturs palielindjas un iztvaikotais Gidens daudzums samazinas
produkta ar maltodekstrinu atrak neka produktiem bez maltodekstrina (Quek et
al., 2007; Caliskan, Dirim, 2013).

legiitajam sausajam kvasam bez maltodekstrina HMDO pelnvielu saturs bija
1.16%, pievienojot maltodekstrinu tas neizmainijas (1.14% un 1.13%). Pelnu
daudzums samazinas, palielinoties maltodekstrina daudzumam, tacu tam nav
butiska ietekme (p<0.05) uz to kopgjo saturu (Caliskan, Dirim, 2013).

Pateretajiem produktu krasa ir viens no svarigakajiem atpazistamibas
faktoriem, tapéc velams minimalas krasas izmainas péc kalteSanas.
Maltodekstrina klatbiitne ietekmé&ja sausa kvasa paraugu krasu — jo vairak
pievienots maltodekstrins, jo gaiSaks bija sausais produkts (6. tabula). Sausaja
kvasa parauga bez maltodekstrina (HMDO) novérota tumsaka krasa ar izteiki
dzeltenbrtno toni.

6. tabula / Table 6
Sausa kvasa paraugu krasas komponentes/
Colour components of dried kvass samples

Krasas parametri / Sausa kvasa paraugi / Dry kvass samples

Colour parameters HMDO HMD10 HMD25 VMD25
L* 75.80+0.40 81.874+0.16 82.803+0.51 | 82.80+0.45
a* 1.75+0.12 -0.57+0.10 1.00+0.14 1.20+0.15
b* 27.75+0.74 23.38+0.98 22.06+0.37 | 22.00+0.27
AE* - 7.83+0.16 9.06+0.21 9.12+0.15

* paraugu apzimé&jumi apkopoti 2. tabula / sample codes are summarised in Table 2
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Starp produktiem, kas kalteti vertikalaja un horizontalaja izsmidzinasanas
tipa kalt€, nav bitisku krasu komponensu atskiribu. P&tamajam sausajam
produktam maltodekstrins samazinaja tumsas krasas intensitati. Maltodekstrina
koncentracija izkaltétaja produkta ietekme krasu vértibas (Mishra et al., 2014).
Paraugos, kur maltodekstrina koncentracija bija augstaka par 10%, pulveris

zaudgja ta specifisko krasu.
Kvasa tika noteikti galvenie cukuri — glikoze, fruktoze un maltoze, un to
saturs bitiski atskiras (p<0.05) skidraja un sausaja kvasa (7. tabula).

7. tabula / Table 7
Cukuru sastavs sausa kvasa paraugos (g 100 g™ sausnas) /
Sugar content in kvass and dried kvass (g 100 g dry matter)

. Kvass EK/

Cukuri / Sugars Kvass EK | VMD25 HMDO HMD10 | HMD25
Fruktoze / Fructose 25.13+0.19 | 15.83+0.12 | 24.85+0.10 | 19.8020.10 | 15.530.10
Glikoze / Glucose 21.76+0.14 | 14.3120.17 | 22.7020.13 | 16.22+0.15 | 14.25+0.13
Maltoze / Maltose 8.2620.11 | 6.12+0.07 | 7.49+0.15 | 6.8620.05 | 6.200.09
Saharoze / Sucrose n.i. n.i. n.i. n.i. n.i.
Kopgjais cukuru saturs / | g5 51 10 | 36.2640.09 | 55.0440.07 | 42.88+0.06 | 35.98+0.08
Total sum of sugars

*rezultati izteikti ka videja vertiba ar standartnovirzi / results were expressed as average amount with standard
deviation
** paraugu apzim&jumi apkopoti 2. tabula / sample codes are summarised in Table 2

Eksperimentalaja kvasa (EK) kopgjais cukuru saturs bija augstaks, un péc
kalteéSanas tas bitiski samazindjas (p<0.05). Barba et al. (2014) pétijumos
kaltésanas process biitiski samazinaja reducgjoso cukuru saturu, ko varétu
saistit ar Mailarda reakciju. Bet Grabowskia et al. (2008) secindja, ka
izsmidzinasanas tipa kalté pievienotais maltodekstrins saldo kartupelu sulas
pulverim uzradija zemaku cukura saturu, salidzinot ar svaigajiem kartupeliem.
Tas ir atkarigs no atSkaidijjumiem un pievienotajiem maltodekstrinu
daudzumiem. Tatad var secinat, ka samazinajums fruktozes, glikozes un
maltozes satura sausaja kvasa varétu biit saistits uz pievienoto maltodekstrinu
daudzumiem, kas palielina stiklainibas temperatiru un uzlabo produkta
stabilitati (Tonon et al., 2011; Oberoi, Sogi, 2015).

Lidzigi ka kvasa koncentrata, ari sausaja kvasa butiski samazinajas B
grupas vitaminu saturs, salidzinot ar Skidro kvasu. Tiamina koncentracija
samazinajas no 0.71-0.25 pg 100 g? sausnas, kas ir par 64% mazak. Sada
tendence tika novérota ari riboflavina un niacina gadijuma, kur savienojumu
koncentracijas samazinajas no 1.28-0.48 ug 100 g™ sausnas un 18.14— 4.36 pg
100 g? sausnas, kas attiecigi ir par 62% un 75% mazak neka $kidraja kvasa. Ka
iepriek$ noradijusi vairaki autori (Nisha et al., 2009; Monajjemzadeh et al.,
2014; Sheraz et al., 2014), B grupas vitamini termolabili, tade] kaltéSanas
rezultatd samazinas to saturs- sausaja kvasa to koncentracijas ir 2—4 reizes
zemakas neka raudzeta kvasa.
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Bitiskas izmainas tika noverotas aromatu veidojoSo savienojumu sastava
péc kaltésanas (8. tab.). Skidrajam kvasam (EK) pievienotais maltodekstrins ka
nesgjviela palidz saglabat (iekapsulét) atseviskus gaistoSos aromatiskos
savienojumus, tadus ka 3-metilbutanals, I—pentanols, benzaldehids, to
daudzums izkaltetaja produkta ir atSkirigs, kas ir atkarigs gan no pievienota
maltodekstrina daudzuma, gan kaltéSanas metodes. Horizontalaja kaltgSanas
metodé produkta kalt€Sanas laiks ir loti Tss, un tapéc atsevisku aromatu
veidojo3o savienojumu saturs ir lielaks, neka izmantojot vertikalo kalté$anas
metodi. Bitiski samazinas (p<0.05) kop€jais aromatu veidojoSo vielu saturs péc
kaltesanas, salidzinot ar $kidro kvasu.

8. tabula / Table 8
Gaistosie savienojumi (SLVx107) sausajos kvasa paraugos /
Volatile compounds (PAUx107) in dried kvass samples

Aromitu savienojumi / Sausa kvasa paraugi / Dry kvass samples
Volatile compounds VMD25 HMD25 HMD10 HMDO
Pent-4-gn-2-ols / 4-penten-2-ol 1.39+0.10 1.42+0.08 0.81+0.07 | 0.72+0.08
3-metilbutanals / 3-methylbutanal 0.10+0.03 0.11+0.03 - -
Heksanals / hexanal 3.04+0.13 3.11+0.02 1.04+0.04 | 1.01+0.10
2- pentilfurans / 2-pentylfuran 0.68+0.04 0.70+0.03 0.44+0.06 | 0.42+0.02
1-pentanols / 1-pentanol 0.17+0.03 0.19+0.02 0.05+0.01 -
S-hidroksibutan -2- ons / 022+0.01 | 0.23+0.02 | 0.19+0.01 | 0.14+0.04
3-hydroxy-2-butanone
1-oktén-3-ols / 1-octen-3-ol 0.50£0.02 0.40£0.04 0.35+0.03 | 0.32+0.03
Etikskabe / acetic acid 0.98+0.11 1.02+0.10 0.73+0.09 | 0.71+0.08
Furfurols / furfural 0.62+0.01 0.63+0.02 0.55+0.01 | 0.52+0.05
Butan-2,3-dions / 2,3-butanedione - - - 0.11+0.02
Benzaldehids / benzaldehyde 1.56+0.02 1.59+0.03 0.25+0.01 -
5-metil furfurals / 5-methyl furfural 0.05+0.00
Furilspirts / furfuryl alcohol 0.72+0.06 0.77+0.05 0.16+0.03 | 1.10+0.19
5-metil-2-furan-metanols /
5-methyl-2-furanmethanol - - - 0.06+0.00
Etilacetats / ethylacetate - - - 0.08+0.01
Heksanskabe / hexanoic acid 0.41+0.01 0.44+0.03 0.35+0.02 | 0.22+0.02
Benzols / benzylalcohol 0.66+0.04 0.75+0.03 0.44+0.04 | 0.37+0.11
Feniletanols / phenylethylalcohol 0.35+0.04 0.39+0.02 0.13+0.02 | 0.85+0.01
Maltols / maltol 0.21+0.03 0.24+0.03 0.17+0.02 | 0.28+0.02
Oktanskabe / octanoic acid 0.21+0.01 0.23+0.02 0.15+0.01 | 0.11+0.00
Hidroksidihidromaltols /
hydroxydihydromaltol B B B 0.3240.01
Kopeja sma;ﬂ'e'::r];“g‘f‘g:;&‘;’; g 11.81+0.56 | 12.20+1.05 | 8.90+0.34 | 7.400.74

Skidraja kvasa EK tika identificéti 20 gaistosie savienojumi un koncentrata
EKC- 13, savukart izmantojot vertikalo izsmidzinasanas kalti— 16 savienojumi.
Horizontalaja kalteé paraugam bez maltodekstrina HMDO identificéti 18
gaistoSie savienojumi. Augstaka koncentracija paraugos VMD25, HMDI10 un
HMD25 identificéts heksanals un benzaldehids, bet HMDO - heksanals,
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feniletanols, etikskabe, un pent-4—-&n—2—ols. Kopgjo smailu laukumu summa
norada, ka paraugos ar pievienotu maltodekstrina daudzumu aromatu veidojoso
vielu summa ir augstaka neka paraugos ar zemaku pievienoto maltodekstrina
koncentraciju. Tas varétu biit skaidrojams ar to, ka maltodekstrins darbojas ka
mikrokapsulators, aizsargajosa viela un rezultata aromatu zudumi ir mazaki. Ka
norada Vincenzetti et al. (2018), zemas molekulmasas savienojumi (mazaks par
300 Da) butiski samazinas un izgaist, ja temperatiira ir augstaka par 25 °C.

Sausaja kvasa, kas tika kaltéts horizontalaja izsmidzinasanas tipa kaltg,
identificétas 17 aminoskabes. Kopgjais neaizstajamo aminoskabju daudzums
sausaja kvasa ir 236.2 mg g protena, tomer janem vera, ka sausais kvass nav
olbaltumvielu avots, tapec aminoskabém nav bitiskas ietekmes uz organisma
notiekoSajiem procesiem. Aminoskabe glicins (50.8 mg g proteina), termiskas
apstrades rezultata ierobezo sausa produkta mikrodalinu sfériskuma veidosanos
(Lin et al., 2017).

Sausajiem kvasa paraugiem, kas sagatavoti vertikalaja izsmidzinasanas
kalte, netika noverotas butiskas mikroorganismu kopskaita atskirtbas: VMD50
- 7.58x10* KVV g?, VMD40 - 7.62x10* KVV g!, un VMD25 -
7.8x10* KVV gl. Visos tris sausa kvasa paraugos konstatéta pienskabes
bakteriju klatbitne (2-3x10' KVV g?). Pelgjumu klatbiitne netika konstatéta.
Sausajos raudzéta kvasa paraugos tika atrasti mikroorganismi ar lidzigam
morfologiskajam pazimém. Izmantojot Grama krasosanas metodi, noteikts, ka
paraugos atrodas Bacillus spp. grampozitivas, katalazes pozitivas endosporu
veidojosas bakterijas. API biokimiska identifikacija uzradija Bacillus
amyloliquefaciens klatbutni. Tas izskaidrojams ar iespgamu kaltéta kvasa
kontaminaciju no izsmidzinasanas kaltes virsmam, paliginstrumentiem.
Enterobaktériju klatbiitne tika konstatéta visos paraugos, tacu ta neparsniedza
100 KVV gl Izmantojot izkaltétu raudzetu kvasu garSas bagatinaSanai dazados
produktos, butiski ir tehnologiskie apstrades procesi péc ta pievienosanas.
Enterobaktgrijas, kas tika konstatétas vertikalaja kalte izkaltetaja kvasa, sporas
neveido, un, ja produkti ar pievienoto izkalteto kvasu tiks paklauti termiskajai
apstradei, baktériju vegetativas $tnas tiks iznicinatas un neradis kait§jumu
patérétaju veselibai.

Sausajam kvasam, kas kaltéts horizontalaja kalteé bez maltodekstrinu
klatbiitnes — HMDO - kopgjais mikroorganismu daudzums sasniedza
4.40x10°KVV gt Paraugam HMD10 — 4.45x10° KVV g7, bet paraugam
HMD25 — 4.52x10° KVV g1. Péc 7 ménesu uzglabasanas laminéta daudzslanu
polietilena maisina mikroorganismu kopskaitam netika konstatétas izmainas
(p>0.05). Pienskabes baktériju, pelgjumu un Enterobacteriacae klatbitne
horizontali kaltgtos kvasa paraugos netika konstateta.

Sausais kvass, kas kaltéts horizontalaja izsmidzinasanas kalte, ir
mikrobiologiski tiraks, salidzinot ar sauso kvasu, kas kaltéts vertikalaja
izsmidzinasanas kalt€. Viens no iemesliem vargtu but kaltes izmérs un
konfiguracija — eksperimentala horizontala izsmidzinasanas kalte ir vairakas
reizes mazaka, ta ir mobila un vieglak to ir uzturét tiru. Sausa kvasa paraugi
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HMD25, HMDI10 un HMDO var tikt izmantoti ka piedeva ari tadiem
produktiem, kuriem nav paredz&ta atkartota termiska apstrade, jo tie nesatur
Enterobacteriacae mikroorganismus.

Mikrostruktiiras analize paradija, ka izsmidzinaSanas kalté kalt&ts kvass bija
ar neregulari sferiskas formas dalinam, kuram ir daudz bojajumu un iespiedumu
uz virsmas (10. att.). KaltéSanas temperatiira un maltodekstrinu klatbiitne var
ietekmét iegiita pulvera dalinu izmeérus. Paaugstinot apstrades temperattiras un
pievienojot vairak maltodekstrina, dalinu izméri palielinas. KaltéSanas procesa
veidojas neregularas, sferiskas formas dalinas ar daudzam lauztam virsmam un
iedobumiem.

10. att. Mikrostruktiiras attéls vertikalaja kalté dehidréta raudzéta kvasa
(VMD25) dalinas palielinajuma (a) 200 un (b) 400x%. /
Fig. 10. Micrographs for dehydrated (in vertical spray-drier) naturally
fermented kvass (VMD?25) particles at magnifications of (a) 200x and (b)
400x.

Tas skaidrojams ar atraku kalt€Sanas procesu pie augstakas temperatiiras,
taliteju dalinu veidoSanos un izvairiSanos no to sarausanas, ka ar esoSo cukuru
stikloSanas deformé dalinas. Lidzigi rezultati tika iegiti citos pétjjumos ar
dazadam sulam (Souza et al., 2014; Calomeni et al., 2017). Izkaltétajam
paraugam bez nesgjvielas klatbiitnes ir uzskatami bojats mikrodalinu
sferiskums, ar asam Skautném, neregulars. Tas skaidrojams ar eso$o cukuru un
aminoskabju kristalizacijas procesu termiskas iedarbibas rezultata (Lin et al.,
2017). Kaltgjot produktus ar augstu cukura saturu, ir problematiski atdalit
sausas dalinas, tapéc nepiecieSams novérst to aglomeraciju (Bayram et al.,
2005). Jo mazaka produkta porainiba, jo zemaks tilpuma blivums. Pastav
iesp€ja izsmidzinasanas sprauslam kontrolét pilienu geometriskos izmérus,
izmantojot ultra skanas frekvences diapazonus (Ishwarya et al., 2015).
Pievienojot paraugiem maltodekstrinus, sausas dalinas kluva gludakas un
sferiskakas, dalinu vidgjais lielums palielinajas. legltie rezultati ir Iidzigi ar
Fazaeli et al. (2012) pétijumu, kura apelsinu sulas pulverim ar 70%
maltodekstriniem tika noveérota lidzena produkta virsma bez deformacijam.
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Kaltes augstas temperatiiras un straujas iidens iztvaikoSanas rezultata rodas
dalinu deformacija (Rajabi et al., 2015).

Eksperti vert€ja piena proteinu dzerienu ar sauso kvasu. Piena proteina
dzérienam MPC8S5, pievienojot sauso kvasu ir iesp&jams uzlabot ar¢jo izskatu —
no apmierinosas kvalitates (3.8) kontroles parauga Iidz labas kvalitates (4.8)
paraugiem ar sausa kvasa piedevu (9. tabula). Pievienojot dehidrétu raudzétu
kvasu, paraugi ir gaisi briina krasa, salidzinot ar proteina dz€riena paraugu.
Kontroles paraugs piena proteina dzeériens (MDO) raksturots ka vizuali
nepievilcigs, ar biezu konsistenci, bez izteiktas garSas un smarzas. Peéc
kvalitates skaitla paraugi sarindojas $ada kartiba: MD9 (4.50) > MD2 = MD3 =
MD7 = MD8 (4.0) > MD4 (3.94) > MD1 = MD?5 (3.88) > MDO (3.69). Paraugs
MD9 ir labas kvalitates, bet kontroles paraugs bez kaltéta kvasa piedevas
raksturots ka neapmierinosas kvalitates. P&c ekspertu vért€juma par labako
kalteta kvasa koncentraciju piena proteina koncentratam (MPC85) atzita sausa
kvasa piedeva 3% (MD9) bez maltodekstrina.

Izvertjot ekspertu vertgjumu piena proteina koncentrata dzerieniem ar
kvasu, potencialajiem patérétajiem — sportistiem — sensoro ipasibu patik$anas
pakapes izvertésanai (5 punktu hedoniska skala) doti tikai tris paraugi — MDO
(kontrole), MD3 (sausa kvasa piedeva HMD25), MD6 (sausa kvasa piedeva
HMDI10) un MD9 (sausa kvasa piedeva HMDO), ka ari paraugs ar kvasa
piedevu VMD?25, kurs tika atzits par labako sausa kvasa paraugu, kaltjot to
vertikalaja izsmidzinasanas kaltg.

9. tabula / Table 9
Piena proteina koncentrata dzériena kvalitates izvérteéjums ar pievienotu
sauso kvasu /
Quiality evaluation of milk protein concentrate drink with dehydrated kvass

Paraugs / _ Sensoras Tpasibas / Sensory parameters

sample Argjais izskats / Konsistence / Smarza / Garsa, p&cgarsa /
overall apperance mouthfeel aroma flavour, aftertaste

MDO 38 43 3.0 38

MD1 4.8 4.3 3.3 3.3

MD2 4.8 4.3 3.3 3.8

MD3 438 45 38 3.0

MD4 4.8 4.3 3.3 3.5

MD5 48 40 33 35

MD6 48 40 33 33

MD7 4.8 4.0 3.8 35

MD8 4.8 38 38 38

MD9 48 45 45 43

* MDO- kontroles paraugs, piena proteina koncentrats MPC85 / control sample, milk protein concentrate;
MD1- 1% HMD25; MD2- 2% HMD25; MD3- 3% HMD25; MD4- 1% HMD10; MD5- 2% HMD10;
MD6- 3% HMD10; MD7- 1% HMDO; MD8- 2% HMDO; MD9- 3% HMDO

Proteina dzerieni bez garSas piedevam nav iecientti, tade] tiem nepieciesams
veidot dazadas garSas. Péc sporta aktivitatem vai to laika optimals uzturvielu
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avots bitu &rti un atri norijams Skidrums ar vieglu pécgarSu. Kontroles paraugu
MDO sportisti raksturoja ka ne parak patikamu, bez izteiktas gar§as un smarzas
(11. att.). Piena proteina koncentrats ar sausa kvasa piedevu, kam kalteSanas
veicinasanai pievienots maltodekstrins (MD3), raksturots ka nepietiekosi salds
un $kidrs, ar neizteiktu, pliekanu garSu un, salidzinot ar Zeleju, grutak norijams.

Konsistence / Mouthfeel

Krasa / Colour

Gar3a/ Taste

Aromats / Aroma

0.00 050 1.00 150 200 250 3.00 350 4.00
@VMD25 OMD9 COMD6 mMD3 oOMDO

11. att. Piena proteina koncentrata ar sauso kvasu hedoniskais vértéjums /
Fig. 11. Hedonic evaluation of milk protein concentrate with dry kvass

* VMD25 apzim&jums atsifits 2. tabula / abbreviation VMD25 is decoded in Table 2, MDO- kontroles
paraugs, piena proteina koncentrats MPC85 / control sample, milk protein concentrate;
MD3- 3% HMD25; MD6- 3% HMD10; MD9- 3% HMDO

Paraugu MD6 (sausa kvasa piedeva HMD10) raksturoja lidzigi ka paraugu
MD3 ar neizteiktu pliekanu garSu. Piena proteina dzerienam ar vertikalaja kalte
kaltétu kvasu VMD?25 triika salduma un izteiktas kvasa garsas.

Maltodekstrins veicina gaisto$o savienojumu saglabasanu kvasa (paraugi
VMD25 un HMD2S), bet patérétaji nespgja sajust atskiribas un intensivaku
aromatu atzimgja paraugam MDY, kuram gaistoS0 aromatisko savienojumu
kopsumma bija mazaka.

Salidzinot dazadas kvasa piedevas, redzams, ka MD9 un MD6 paraugs
bitiski uzlabo piena proteina koncentrata garSas un krasas 1pasibas (p<0.05),
tau neviens no kvasa paraugiem bitiski neietekm& gatava dzeriena
konsistenci. Jebkura sausa kvasa piedeva ievérojami uzlaboja piena proteina
koncentrata aromatu (p < 0.05) bez butiskam atSkirtbam starp sauso kvasu, kas
kaltéts horizontalaja un vertikalaja kaltg, ar vai bez maltodekstrina klatbatnes.

Sausa kvasa izmantoSanas konditoreja tika parbauditas, veicot bez€ cepumu
sensoro vertéSanu. BezE€ cepumu ar sauso kvasu sensorai vértéSanai tika
sagatavoti 2 paraugi — kontroles paraugs bez sausa kvasa un eksperimentalais
paraugs ar 3% HMDO sauso kvasu. Bezé cepumu hedoniskais vertgjums bija
4.2, savukart bez€ cepumu ar sauso kvasu — 4.5. Starp paraugiem nebija
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butiskas atSkiribas (p>0.05). Patérétaji noradija, ka bez€ cepumu
eksperimentalie paraugi ir ar pattkamu cigorinu un rudzu maizes smarzu un
pEcgarsu, dazi respondenti atzZimé&ja iesala aromatu.

4. Kvasa energétiska vertiba un ekonomiskais novértéjums

Sausa kvasa energgtiska vertiba, salidzinot ar $kidro kvasu, bija lielaka
(10. tab.), savukart, parrékinot uz sausnu, energetiska vertiba butiski neatskiras,
t.i., ta ir 332 kcal 100 mL? $kidrajam kvasam. Sausais kvass salidzinajuma ar
raudzetu kvasu satur tikai etanola paliekas, jo kalt€Sanas procesa spirts iztvaiko.

10. tabula / Table 10

Energétiska vértiba raudzétam un dehidrétam kvasam /
Energy value of naturally fermented and dry kvass

TesteéSanas raditaji /Parameters

Skidrs kvass /
Liquid kvass, EK

Sausais kvass /
Dry kvass, HMDO

Tauki / Fat <0.1g100 mL? <0.1g100g?
Piesatinatas taukskabes / Saturated fat <0.01g100 mL?* <0.19g100g*
Cukurs / Sugar 4.7+0.02 g 100mL* 61.30+0.15 g 100 g*
Oglhidrati / Carbohydrates 5.940.02 g 100 mL? 75.20+0.21 g 100 g*
Sals / Salt 0.16+0.01 g 100 mL 2.10+0.05 g 100 g

Olbaltumvielas / Protein

0.15+0.02 g 100 mL*!

1.90+0.10 g 100 g*

Energgtiska vertiba / Energy value

25 kcal 100 mL*!
105 kJ 100 mL!

309 kcal 100 g*
1292 kJ 100 g*

Alkohola saturs /Ethanol content

1.20 tilpuma %

< 0.1 tilpuma %

Ekonomiskajam izmaksu aprékinam ir nepiecieSami $adi parametri:
» energijas daudzums 1 kg fidens izkalteSanai —1200 kcal L?;
» produkta pliismas atrums uz izsmidzinasanas kalti — 150 kg h;
» produkta sausnas saturs pirms kalt€Sanas — 6.0+0.2%;
» {dens ietvaices jauda analiz€jamajai iekartai — 142 kg h;
» Sausnas saturs pec kaltéSanas — 94.0+0.2%;
» izkalteta produkta daudzums 1 stunda — 8 kg h™.

Sausa kvasa pasizmaksas parrekins uz 1 kg izkaltéta produkta horizontalaja
izsmidzinaanas kaltg ir ~13.7 EUR kg™ (HMD25) savukart kalt&jot vertikalaja
izsmidzinaSanas kalté (VMD25) — ~14.6 EUR kg™, kas ir par 6% vairak. Tas
skaidrojams ar papildus energijas izmaksam un lielakiem produktu zudumiem.
Horizontalaja izsmidzinasanas kalté izkaltéta kvasa (HMD10) aprékinata
paSizmaksa ir ~12.4 EUR kg, un HMDO ~11.3 EUR kg, kas ir par 18% letak
neka HMD?25, tas skaidrojams ar maltodekstrinu daudzuma samazinajumu
kaltéSanas procesa, ka arT razo$anai nepiecieSamas energijas apjoma izmainam.
Pavisam neliels maltodekstrina daudzums izmaina produktu Tpasibas un
palielina kopgjas izmaksas (Caliskan, Dirim, 2013).

Izejvielas izmaksas ietver aptuveni 60% no kopgjas pasizmaksas, tapec tas
optimizg. Palielinot sausnas saturu Skidrajam produktam pirms kaltéSanas,
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izmantojot ietvaices vai iebiezinaSanas tehnologijas, ir iesp&ams samazinat
energijas izmaksas un palielinat izsmidzinaSanas kaltes razibu, bet tad aromatu
veidojoSo savienojumu daudzums samazinas. Izkaltetd produkta pasizmaksa
1 kg bez nesgjvielas bija par 18% zemaka neka ar pievienotu nesgjvielu —
maltodekstrinu.

5. Dehidreta kvasa integrétais daudzfaktoru novertéjums

leprieks aprakstitie un analizétie fizikalie, kimiskie, sensorie un
ekonomiskie parametri tika izmantoti, lai veiktu integréto novertgjumu
(12. att.).
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582 39.13 39.55
g=ge 30 —
L A R I S I
tty
Lw o
g~ 10 16.26

0 T T T 1
HMDO HMD10 HMD25 VMD25
Sausa kvasa paraugi / Samples of dry kvass
———SDvig+s=47.94  ---SDyig-s=22.17

12. att. Sausa kvasa integrétais novértéjums /
Fig. 12. Dried kvass integrated evaluation

* paraugu apzim&umi doti 2. tabula / samples code are given in Table 2

Lai noteiktu piemérotako kaltéSanas veidu sausa kvasa ieguvei, tika izverteti
dazadi raditaji un augsts pazimes ieguldijuma koficients (wi) pieskirts
aromatam (SLV), mikrodalinu izméram (pum), hedoniskajam vert€jumam -
garsai. zemaks vert€jums— kop€jo cukuru saturam (g), krasas komponentém L*
vertibai un b* vertibai, ka ar razoSanas pasizmaksai (EUR kg™).

Zemaka integréta novertgjuma vertiba norada uz piemerotaku metodi
paredzamajam mérkim, savukart augstdka— uz vismazak piemérotu metodi
kvasa kalteSanai, balstoties uz fizikaliem, Kkimiskiem, sensoriem un
ekonomiskiem raditajiem. P&tot kaltéSanas veidu piemérotibu, var secinat, ka
dehidréta kvasa ieguvei no vertikalas un horizontalas izsmidzinaSanas
kaltésanas veidiem vispiemerotaka ir kalt€Sana horizontala izsmidzinasanas
kaltg bez maltodekstrina piedevas (HMDO).
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SECINAJUMI

Rudzu maizes kvasa razoSanas laika bitiski samazinajas sausnas un pH
vertiba rauga un pienskabes bakteriju darbibas rezultata, nodrosinot kvasam
atbilstosas sensoras 1pasibas.

Ietvaices procesam ir butiska ietekme (p = 0,01) uz gaistoSo savienojumu
profilu un smailu laukumu vienibu vértibam. Kvasa koncentratos gaistoSie
savienojumi tika identificéti par 50% mazak neka kvasa. Kvasa koncentrata
smailu laukumu vienibu vértibas bija butiski zemakas neka
eksperimentalajam kvasam (p<0.05).

Dehidréta kvasa mikrodalinu forma bez nesgjvielas ir neregulara un izteikti
deforméta, dalinu izméru vidga vertiba ir 3.02+0.10 um. Kvasam
pievienojot nesgjvielu maltodekstrinu, iegita sausas produkta dalinas
ir nederformétas, sfériskas, ar gludu virsmu, dalinu vidgjais izmérs ir
5.16+0.14 um.

Skidru produktu dehidrésanai galvenokart lieto izsmidzina$anas tipa kaltes.
Misdienas dehidrétu kvasu var iegiit vertikalaja izsmidzinaSanas tipa kaltg,
ja pievieno nesg€jvielu maltodekstrinu ne mazak ka 25% no kvasa sausnas.
Péc daudzkritériju integréta noveértg§juma rezultatiem par piemérotako
panémienu dehidréta kvasa bez maltodekstrina pievienosas atzita
horizontala izsmidzinasanas tipa kalte.

Dehidrétu kvasu var izmantot dazadu partikas produktu garSas ipasibu
bagatinasanai. Sauso kvasu pievienojot piena proteina dzerienam, eksperti
un sportisti atzinigi novértéja produktu, kam pievienots 3% dehidréta
kvasa.

Promocijas darba pétijumos iegiitie rezultati apstiprina izvirzito hipotézi —
rudzu maizes kvasu var izkaltet horizontalaja izsmidzinasanas tipa kalté bez
nesgjvielam.
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TOPICALITY OF THE RESEARCH

People use non-alcoholic beverages throughout their lives, and their
beverage choice depends on the taste of the product, its impact on health,
national traditions and market trends. In recent years, healthy lifestyle choices
have grown rapidly among consumers, and products with high added value are
in demand. One such products is naturally fermented bread kvass.

Kvass is a non-alcoholic beverage, produced by fermenting kvass mash
with yeast and lactic acid bacteria. At the end of fermentation sugar and other
ingredients (incl. food additives) can be added to kvass. The alcohol content of
fermented kvass must be less than 1.2% abv. The rapid development of kvass
production segment is due to the tonic effect of fermented kvass, its qualitative
taste properties and beneficial effects on the human body, the digestive system
and the pancreas. Its effect is similar to kefir (Feik et al., 2007, Costa et al.,
2013).

Fermented beverages are an important part in global foods. The United
Nations Food and Agriculture Organization (FAO) emphasizes the cultural and
economic importance of fermented products in the communities of developing
countries (Soukand et al. 2015). Fermentation processes are relatively
inexpensive and are one of the most practical methods of producing and storing
food (Egounlety, 2002).

Fermented kvass is a highly seasonal product and has a limited storage life;
therefore, the possibilities offered by various technological solutions to develop
new products from kvass should be considered. Reducing water content in
kvass can limit its deterioration and extend the shelf life. When evaluating
various drying technologies, spray drying method is most suitable for such a
solution (Tontul et al., 2017) with high economic potential (Chauca et al.,
2005). It is problematic to dehydrate products with high sugar and acid content
in spray dryer, therefore, different carrier agents are added. More than 90% of
dry matter in fruit juice is sugars and organic acids that form a sticky
consistency (Goula et al., 2010; Oberoi et al. 2015). Due to the high content of
sugar, it may be necessary to use carrier agents to dehydrate kvass. Therefore,
studies are required on the possibilities of drying with and without carrier
agents and the quality of the product.

Limited information is available on the possible drying technologies of
fermented kvass; therefore, it is necessary to conduct studies on the suitability
of fermented kvass to obtain dry product and to evaluate its potential for use in
the food industry.

Analyzing the theoretical and experimental data available in the literature,
the hypothesis of the doctoral dissertation is stated: rye bread kvass can be
dehydrated in a horizontal spray-dryer without the use of carried agents.
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The hypothesis of the doctoral dissertation is supported by the following

theses:

1.

during the mash fermentation of rye bread rusks, a decrease in dry matter
and pH is observed by growth of yeast and lactic acid bacteria, forming
sensory characteristics of kvass;

quality properties of kvass concentrate produced in laboratory conditions
differ from commercially available analogues;

the quality parameters of dehydrated kvass are significantly affected by the
drying process;

the most suitable method for obtaining dehydrated kvass is to use a
horizontal spray gun for drying;

Latvian expert and athlete panellists give positive feedback on products
with added dehydrated kvass.

The aim of the dissertation was to investigate the quality of fermented rye

bread kvass and evaluate the methods to obtain dehydrated kvass.

To achieve the aim, the following tasks were set:

to study the quality parameters of fermented rye bread kvass and their
changes during the production process;

to analyze the quality parameters of concentrated kvass obtained in the
laboratory and compare it with the analogues available in the commercial
system;

to evaluate the quality parameters of dehydrated kvass obtained by spray-
drying with different methods;

to substantiate the most suitable method for dehydrated kvass production
according to the results of the integrated multifactorial evaluation;

to conduct sensory assessment in order to evaluate the possibilities of using
dehydrated kvass in various food products for flavor enrichment.

Novelty of doctoral dissertation:

»

»

»

for the first time studies on drying of fermented rye bread kvass and the
practical use of the dehydrated product in food inductry have been carried
out in Latvia;

technological parameters for the production of dehydrated product from rye
bread kvass in horizontal and vertical spray dryer have been defined
(LR Patent Application No. P-17-79 "Production of dehydrated powder
from fermented rye bread kvass" has been submitted);

an integrated multifactorial assessment to determine the most suitable
drying method for the production of dehydrated kvass in spray-dryer has
been performed.

Economic importance of doctoral dissertation:

»

kvass has a short shelf life and seasonal consumption, therefore the
production of dehydrated kvass will allow it to be used throughout the year;
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» the use of dehydrated kvass enables food producers to expand the
production of new products with a variety of flavors and aroma;

» the method of spray-drying without carried agents in the horizontal spray
dryer will applyable for dehydration of other liquid food products.

APPROBATION OF THE RESEARCH

Research results have been summarised and published in 7 scientific
issues, including 5 publications indexed in the international citation databases
SCOPUS and Web of Science, also application for Latvian Republic Patent.

Submission for Republic of Latvia patent: Dehydrated kvass powder
from naturally fermented rye bread kvass. P-17-79 / 04.12.2017.

Research results have been presented at 10 international scientific
conferences in Czech Republic, Italy, Latvia, Lithuania and in the international
food industry fair “Riga Food” in 2014 and 2015 (list of publications and
presentations is given on pages 6-7).

MATERIALS AND METHODS

Time and place of the research

The research was conducted during the period from 2013 to 2018 at
laboratories of Department of Food Technology, Latvia University of Life
Sciences and Technologies, the Laboratory of the Institute of Biology,
University of Latvia, the Olsten Processes and Equipment Institute at the
University of Warmia and Tecoma Drying Technology Srl Operating
Headquarters and Laboratory Facilities Laboratory in Italy.

Structure of the research

The study was structured in stages and various kvass samples were
analyzed- kvass, kvass concentrate and dehydrated kvass (Fig. 1).

The technological processes of kvass production are divided into 8 stages —
from So to Sy (Table 1). The first three stages are the process of kvass
preparation and maturation of the product. The longest of the steps is the
storage time of the kvass (steps Ss - Sy).

To prepare 1 litre of kvass mash, 200 g of rye bread rusks and 2 g dark rye
and barley malt were mixed in 2 litres of hot water (Fig. 2). Bread rusks were
left to soak for 3 hours, then the water-bread rusk suspension was filtered
(300 microns) and the liquid fraction was cooled down and used in further
kvass production stages. 1 g baker’s yeast, 2 units of lactic acid starter and Y5 of
the estimated quantity of sugar were added to 1 litre of kvass mash. The total
quantity of sugar for kvass production is 30 g; therefore 10 g of sugar were
added prior to fermentation. The fermentation of kvass mash took 9 h at
27+1 °C.
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Kvass concentrate was prepared using experimental kvass EK and 2
commercially available kvass samples from Latvian producers: BA and BR.
First, the CO, content was reduced in kvass samples to limit foaming during
vacuum evaporation. Kvass concentrates were prepared using rotary evaporator
Heidolph Laboratoire 4000 Efficient: evaporation was conducted at 50 °C
during the entire extraction process, 30 rpm min for the first 30 min and 50-60
rpm min? for approx. one hour to 32.4 + 0.2%. dry matter content.

Different concentrations of maltodextrin in relation to kvass dry matter
drying process in vertical and horizontal spray dryers were used to find the
optimal amount of carrier agent for dehydrated kvass (Fig. 3). The carrier
agent is added to reduce the stickiness of kvass and promote the drying process
without the formation of solid, caramelized agglomerates. The obtained
dehydrated kvass samples were coded and are summarized in Table 2.

Methods used in the research
The methods used to determine various physical, chemical and
microbiological parameters in kvass samples are summarized in Table 3.

Data mathematical processing was performed with MS Excel v13, mean
values and standard deviations were calculated. Measurements were made with
three repetitions. ANOVA and Tukey test were used to compare data. For the
interpretation of the results it was assumed that a = 0.05 with 95% confidence.
Principal Component Analysis (PCA) was conducted using Multibase 2015
statistical program.

RESULTS AND DISCUSSION
1. Quality evaluation of rye bread kvass

Initially, the number of MAFAm in bread rusks was 4.18 log CFU g*
(Fig. 5). During the first stage of fermented kvass production (Sg) MAFAm in
the basic raw material - rye bread rusks was determined. MAFAmM levels were
fluctuating during fermentation of kvass mash. Within the first 13 hours (Sy),
the increase in MAFAmM was slow compared to the rest of the predominant
microorganisms - yeasts. The increased alcohol and lactic acid concentration at
the end of the kvass fermentation was sufficient to inhibit the development of
aerobic and facultative anaerobic microorganisms.

Yeasts and lactic acid bacteria are the main microorganisms in kvass
fermentation process (Salovaara et al., 2011), which gives kvass a special
flavour and aroma. Fermentation produces alcohol and lactic acid, which are
considered natural preservatives that partially protects kvass from the
development of unwanted microorganisms. In addition, yeasts and lactic acid
bacteria are symbiotic organisms (Ramos et al., 2011). Lactic acid bacteria
create an acidic environment that is optimal for yeasts, while yeasts use amino
acids and vitamins in the mash, which are very important for their activity and
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reproductive processes. At the same time, lactic acid bacteria and yeasts
compete for nutrients.

The reduction of dry matter and increase of acidity creates more favourable
conditions for the growth of lactic acid bacteria. Excessively acidic
environments inhibit both yeasts and lactic acid bacteria, which can contribute
to the growth of unwanted microorganisms (Pomozova, 2006).

API system was used to identify yeasts and lactic acid bacteria in kvass. 2
microorganisms were isolated from the fermented bread kvass -
Saccharomyces cerevisiae and Leuconostoc mesentericus spp. cremoris. During
the technological production processes contamination of kvass with the
unwanted microorganisms was not detected.

pH value decreased by 10.1% during kvass fermentation, the initial pH in
kvass was 4.12 and after fermentation — 3.70. In subsequent kvass production
steps, pH stabilized and was approx. 3.85. pH value of the experimentally
produced kvass was in compliance with the Regulation No 926/2010 of the
Cabinet of Ministers of Latvia. pH value did not decrease to interval lower limit
value in any of the controlled production stages; at the end a trend in pH
increase was observed. The increase of pH in kvass at the end of production
stages could be explained by the formation of new substances as yeast and
lactic acid bacteria cells gradually die.

Dry matter decreased during the fermentation of kvass, as most of the dry
matter - sugar - was used for the development of yeasts and lactic acid bacteria.
The normative documents for the production of kvass do not have strictly
defined acidity parameters (which affect taste) and dry matter content (which
affect product mouthfeel), however, recommended intervals for kvass quality
are indicated. Therefore, there are several variants and sensory combinations
possible for the analogues available in the commercial system.

Changes in sensory properties during the technological processes of kvass
production were evaluated using 3 kvass samples with different storage times -
A (after 36 h), B (after 84 h) and C (after 156 h). The results obtained (Fig. 6)
indicate that the intensity of flavour was moderate (5.7-6.0 units) for all
samples of the kvass without significant differences (p> 0.05).

Intensity of flavour was average (5.6-6.0 units), irrespective of the
maturation time. Kvass sample C, which was stored for the longest time period,
had the most intense colour, as prolonged ripening of the kvass contributed to
the formation of sediments that created turbid colour. The intensity of acidity
was affected by the kvass maturation time, i.e., kvass sample C had a higher
acidity, as ethanol and lactic acid, which contribute to the increase in acidity,
are formed in kvass as a result of the residual sugar fermentation.
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2. Characterisation of kvass concentrate quality

During evaporation of experimental kvass (EK) dry matter content
increased significantly: there was an insignificant change in dry matter content
within the first 60 min (p>0.05), but dry matter significantly increased
(p<0.05) from 80 to 120 min from 18+0.2% to 35+0.1%. The quality of
experimentally obtained kvass concentrate (EKC) was compared to
commercially available kvass concentrate (IKC).

Dry matter content in the commercial kvass concentrate (IKC) was
69+0.1%, therefore it was diluted to dry matter content of 32.4 £ 0.2% with
distilled water — to the dry matter content of EKC. The active acidity of IKC
concentrate was significantly lower (pH 2.86) than EKC concentrate (pH 4.18)
(p<0.05). IKC concentrate contains acidity regulator - lactic acid, which greatly
affects acidity.

The apparent viscosity of EKC concentrate was 13.68+0.08 mPa s and
IKC concentrate - 15.22+0.05 mPa s?. Viscosity is affected both by the
chemical composition of the product and the dry matter content. Commercial
kvass concentrate (IKC) was a more viscose product (with a higher apparent
viscosity).

The total sugar content in EKC concentrate was 207.29+1.84 g L and
IKC concentrate — 209.27+1.95 g L (Fig. 7). There was not a significant
difference in the content of total sugars, but the concentrations of individual
sugars were different. Fructose content of IKC concentrate was substantially
higher, but the content of sucrose and glucose was lower. The dominant sugars
in EKC concentrate were fructose and glucose, in IKC concentrate - fructose.
Commercially available kvass concentrate is made from malt extract and its
fructose content is almost 2 times higher than in the experimentally obtained
concentrate.

Commercial kvass concentrate (IKC) does not contain sucrose, but sugar is
one of the main ingredients. During the production of kvass concentrate,
sucrose hydrolysis (degradation in monosaccharides) can occur in an acidic
environment (in this case, lactic acid), resulting in glucose and fructose
(Brighenti et al., 2011).

Evaluation of sensory properties was also carried out for EKC and IKC
kvass concentrates. For the sensory evaluation, kvass drinks with a dry matter
content of 6.0+0.1% were prepared using carbonated water. Samples were
evaluated by panellists from Latvia and Tajikistan. There were no significant
differences between the kvass samples (p> 0.05), the samples were rated "like a
little” (3.7-3.9) on 5-point hedonic scale. Latvian panellists preferred the
beverage from experimental concentrate (EKC), while Tajik panellists — the
beverage from a commercial concentrate (IKC), which could be explained by
cultural differences (House, 2016). The intensity of aroma, taste and acidity of
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kvass beverage sample B was significantly more pronounced (p = 0.012), and
the colour intensity was similar in both kvass beverages (p>0.05) (Fig. 8).

Lower flavour intensity in sample A could be explained by evaporation of
water and loss of aroma compounds during kvass evaporation process
(120 min). A more intense acidity in sample B is associated with acidity
regulator - lactic acid, which is one of the components of commercial kvass
concentrate IKC. Based on the fact that commercially available kvass
concentrate IKC has a loti of differences in ingredients and several quality
parameters compared to experimental kvass concentrate EKC, IKC kvass
concentrate will not be used in subsequent kvass concentrate studies.

Various ingredients and thermal treatment or lack thereof can affect the
composition of the aroma in kvass and kvass concentrate. The content and
composition of the aroma forming compounds were analysed in three kvass
samples, which were fermented using kvass mash, and their concentrates. One
of the samples of experimental kvass (EK), while the other 2 (BA and BR)
samples were purchased at a grocery store. Solely experimental kvass is
produced from rye bread rusks using the traditional kvass production method,
which means that aroma compounds in EK kvass and EKC kvass concentrate
could be more similar to aroma compounds in fermented rye bread crust and
crumb. In contrast, in order to obtain BR and BA kvass, kvass mash is made
using malt extracts, kvass is then filtered and pasteurized, therefore having a
longer shelf life and different aroma compounds composition. The number of
aroma forming compounds may also be affected by the amount and activity of
yeast, the fermentation time and fermentation temperature (Schieberle, 1996).
A total of twenty-five aroma volatile compounds were identified in kvass and
kvass concentrate samples: esters, alcohols, acids, aldehydes and ketones.

17 volatile compounds were identified in EK kvass and 13 in EKC kvass
concentrate (Table 4). Alcohol 4-penten-2-ol had the highest peak area value
(3.64x107 PAU) in EK kvass (Table 4) and it was lower compared to BR kvass
but higher compared to BA kvass.

Peak area of carvone is the second highest (2.03x107 PAU) in EK kvass, but
it was not detected in EKC kvass concentrate. Rye bread which is used in EK
kvass production contains caraway seeds which explains carvone in EK kvass
aroma profile as carvone and limonene form the main portion of essential oils
in caraway (Sedlakova et al., 2003).

Volatile compounds found in all three kvass samples forms base aroma
profile which includes fruity (4-penten-2-ol), banana (isoamyl acetate),
whiskey, malt, burnt (3-methyl-1-butanol), rose, honey, tobacco (2-phenylethyl
acetate), floral (phenylethylalcohol), sweat, cheese (octanoic acid) rancid and
fat (decanoic acid) aroma.

19 volatile compounds identified in BR kvass and the total sum of peak area
was 14.15x10” PAU. The number of compounds in kvass concentrate was
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about 3 times lower (5.14x107 PAU), a total of 10 volatiles were found in BR
kvass concentrate. The highest value of peak area (6.81x10” PAU) among all
detected volatile compounds was detected for 4-penten-2-ol (alcohol), which
gives fruity aroma, but in BR kvass concentrate it was only half of the amount.
Fatty acid — octanoic acid (1.55x107) had the second highest peak area value,
thus giving odours of sweat and cheese. A more various volatile compounds
profile and higher total sum of peak area BR kvass compared to other two
kvass samples could possibly be explained by significantly higher dry matter
content (p=0.011), however, dry matter can also consist of compounds that do
not affect the aroma or compounds from which aroma volatiles are not
synthesized (Lozano, 2011).

The total sum of peak area in BAC kvass concentrate (3.28x107 PAU) is
about 1.6 times lower than in kvass (5.54x107 PAU). Totally there were 10
volatiles identified in BA kvass and 9 volatiles in BA kvass concentrate.
Analysing the volatile compounds in BA kvass, alcohol 4-penten-2-ol had the
highest peak area value (2.03x107 PAU) as well, but it was lower comparing to
BR kvass. A significant amount of 3-methyl-1-butanol (1.27x107 PAU) was be
found in BA kvass and smaller amounts in BAC kvass concentrate, giving
whiskey and malt burnt odour to both samples. In BAC kvass concentrate
phenylethylalcohol had the second highest peak area value (0.93x10” PAU)
after 4-penten-2-ol, forming floral type odour.

The principal component analysis (PCA) of aroma volatile compounds in
samples of kvass and kvass concentrate are shown in Fig. 9. The samples of
kvass and kvass concentrate in the score plot show how the samples relate to
each other. Samples close to each other have a similar volatile compound
profile, whereas samples far from each other have dissimilar volatile compound
profile. 49% of contribution (component 1) means that 51% of original
information is lost and component 1 represents about half of original data. The
contribution of second component is 21% and accumulated contribution of
component 1 and component 2 consists of 69%, which means that the scatter
plot between PC1 and PC2 covers 69% of original data.

In principal component analysis it can be seen that the volatile compound
profile and value of peak areas are dissimilar in each sample of kvass, where
the highest number of volatile compounds is in BR kvass. In kvass concentrate
samples profile of aroma volatiles changed and value of peak areas decreased
compared to kvass. It can be explained by evaporation of water and volatiles
during concentration process (120 min). Evaporation can concentrate new
volatile compounds which cannot be detected in kvass samples because of their
small amount, and it can also promote the synthesis of new aroma volatiles.
Evaporation process has a significant influence (p=0.01) on the volatile
compound profile and value of peak areas in kvass.
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Such aroma compounds as ethylacetate (fruity flavour), hexyl acetate (fruit,
herb odour) and ethyl decanoate (grape odour) were only found in BR kvass,
2,3-butanedione (butter odour) and phenethyl butyrate (floral odour) were only
found in BA kvass and three volatile compounds were only identified in EK
kvass — acetic acid (sour odour), furfuryl alcohol (burnt odour) and carvone
(caraway aroma). 2-phenylethyl acetate can be found in all kvass samples, but
only in BRC kvass concentrate. Benzaldehyde which gives almond and burnt
sugar flavour was only identified in BA kvass BAC kvass concentrate. EKC
kvass concentrate had 3 volatile compounds which were not identified in other
concentrates — nonanal (aldehydic odour), ethyl octanoate (fruit, fat odour) and
furfural (bread, almond and sweet odour). This can be explained by the use of
rye bread as the raw material. Furfural and its derivatives are Maillard reaction
products resulting from the repeated thermal treatment of grains — roasting of
geminated grains and during bread baking (Capuano, Fogliano, 2011).

Kvass contains vitamins, and they can mainly be from malt and yeast. Malt
is rich in B group vitamins. Content of thiamine (B:) in EC kvass was
0.71+0.07 ug 100 g DW, but in EKC kvass concentrate- 0.28+0.03 pg 100 g*
DW. Riboflavin (B2) in EK kvass was in the amount of 1.28+0.13 pg 100 g*
DW, but in EKC kvass concentrate- 0.61+0.06 g 100 g DW. The content of
niacin (Bs) in kvass was 18.14+1.81 ug 100 g DW and 6.82 pg 100 g DW in
EKC kvass concentrate. Thiamine is not stable and mechanical-thermal
processing reduced its content in kvass concentrate by 60%. Similar changes
were observed in the reduction of riboflavin in the kvass concentrate by 52%
and the reduction of niacin by 62%. Thermolability of B group vitamins is
indicated in several scientific research papers (Nisha et al., 2009;
Monajjemzadeh et al., 2014; Sheraz et al., 2014).

3. Drying characterisation for dehydrated kvass production

The first experiment was performed with 50% (VMD50) maltodextrin
addition (Table 2) in relation to kvass dry matter according to the study of
Islam et al. (2016) that analysed the same ratio of maltodextrin to orange juice
dry matter. Referring to Shrestha et al. (2007) and Goula et al. (2010), the
proportion of maltodextrins was later reduced to 40% (VMD40) and 25%
(VMD25) to obtain a dry product with the lowest ratio of maltodextrin to dry
matter. The amount of maltodextrins under 25% in ratio to kvass dry matter
resulted in a sticky kvass syrup that quickly crystallized. For the first time
dehydrated fermented kvass samples were obtained with a different amount of
added maltodextrins using vertical spray dryer. The quantity of dry product
depends on the dry matter content of the liquid product and the amount of
carrier agent added. The obtained dry product was with a pronounced rye bread
and slightly malty flavour and light brown colour, moisture content of the
product was 6.5+0.2%.

39



To minimize the amount of added maltodextrins or possibly not to use them
at all, kvass was dried in a pilot scale horizontal spray dryer. The dehydrated
product obtained in the horizontal spray dryer had a light brown colour with
98.2+0.2%, dry matter and a pleasant rye bread aroma. Three dehydrated kvass
samples HMD25, HMD10 and HMDO (Table 2) were successfully obtained
and analysed in the study. Dry kvass sample VMD25 obtained in vertical spray
dryer is compared to the 3 samples obtained in the horizontal spray dryer to
evaluate which method is most suitable for the dehydrated kvass production.

Significant changes were observed in variously dried kvass samples, the
results are summarized in Table 5. Volume density is an important parameter
during transportation, storage, packaging and mixing processes. Volume
density of dehydrated kvass powder, which was dried with maltodextrin,
ranged from 0.415-0.459 g ml?, which is very similar to the literature data
(Caliskan, Dirim, 2013).

It can be concluded that the addition of maltodextrin does not significantly
affect volume density (p>0.05). Changes in volume density could be explained
by the size of the microscopic particles and the hygroscopicity of the substance.
In sample without maltodextrin, the particle size is smaller and it is more
hygroscopic, resulting in increased volume density of the product. With
increasing particle size and adding maltodextrin to kvass, hygroscopicity
decreases.

Water activity (aw) of dehydrated kvass was 0.22-0.23, it is low and
indicates the microbial and oxidative stability of the product (Patil et al., 2014;
Shishir, Chen, 2017).

Particle size is one of the most important physical properties of powders, as
it affects further processing of the product as well as its storage properties.
Spray dried products have small particles (<50 um) (Tontul, Topuz, 2017).
Particle size distribution of dehydrated kvass microparticles indicates that,
when dried in a vertical and horizontal spray dryer with and without carrier
agent, there were highly variable values — from 1.72 pum to 11.48 um. The size
of dry particles without maltodextrin (HMDO) ranged from 1.21+0.08 pm to
4.58+0.11 ym with an average value of 3.02+0.10 um, and with maltodextrin
addition (HMD10; HMD25; VMD25) — from 1.724+0.21 pum to 11.48+0.16 pm,
mean value 5.16+£0.14 um. For samples with carrier agent maltodextrin
particles ere 13% larger compared to maltodextrin-free sample (HMDO).
Compared to literature data, particle size was similar to the dry extracted juice
powder - the average particle size ranged from 4 to 13 um, depending on the
amount of added maltodextrin in the drying process (Fazaeli et al., 2012).
Functional components that are susceptible and their stability depend on the
environmental conditions have a significant effect on the particle size (Shi et
al., 2013). When particle size is smaller, the surface area is larger, and thus the
degradation of sensitive compounds increases (Tontul, Topuz, 2017). Inlet
temperature does not affect the smoothness of the particles (Allamila et al.,
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2005), however, the average size of the particles is smaller when the inlet air
temperature is higher (Mishra et al., 2014).

Solubility is important for the properties of the dry product in water phase.
Food powders must have good solubility, usability and functionality. Solubility
is considered the determining factor for the overall quality of dry product
regeneration (Chen, Patel, 2008). Solubility in water of dry kvass is differs by
the chosen drying method — drying in the vertical and horizontal dryer.
Significant differences were not observed in the solubility results where
maltodextrin additive was used. In sample without maltodextrins the solubility
was 94.15%, with the addition of 10% maltodextrin - 95.78%, with the addition
of 25% maltodextrin 96.19%. Increasing maltodextrins concentration
significantly increases solubility (p<0.05) and it is an important parameter for
dried liquid products (Caliskan, Dirim, 2013; Calomeni et al., 2017).

The pH of kvass was 4.18+0.15, while the pH of dehydrated kvass powder
without maltodextrin (HMDO) was 4.55+0.25, it increased slightly from
4.61+0.17 to 4.78+0.27 on average by 5% in samples with added maltodextrin.

Dry matter content of dehydrated kvass was 97.69+0.04% (HMD210) and
97.12+0.07% (HMD25). In kvass sample without maltodextrins (HMDO) dry
matter content was higher — 98.20+0.03%. In samples with 25% maltodextrin
addition (HMD25 and VMD?25), a decrease in moisture was observed. Studies
have shown that total soluble matter increases and amount of evaporated water
decreases in product with maltodextrin faster than in products with no
maltodextrin (Quek et al., 2007; Caliskan, Dirim, 2013).

Dehydrated kvass samples HMDO without maltodextrin had the ash content
of 1.16%, the addition of maltodextrin did not have an influence of ash content
(1.14% and 1.13%). The content of ash decreases with an increase of
maltodextrin but does not have a significant effect (p<0.05) on total ash content
(Caliskan, Dirim, 2013).

Product colour is one of the most important recognizable factors for
consumers, hence minimal colour changes after drying are desirable. The
presence of maltodextrins affected colour of dehydrated kvass samples - the
more maltodextrin was added, the lighter the dry product (Table 6). A darker
colour with a yellowish-brown tint was observed for dehydrated kvass sample
without maltodextrin (HMDO). There were no significant differences in colour
components between products dried in the vertical and horizontal spray dryer.

Maltodextrin reduced dark colour intensity of the product. Maltodextrin
concentration in the dried product affects colour values (Mishra et al., 2014). In
samples where the concentration of maltodextrin was higher than 10%, the
powder lost its specific kvass like colour.

The main sugars — glucose, fructose and maltose — were determined in
kvass, and their content significantly differed (p<0.05) in liquid and dry kvass
(Table 7).

In experimental kvass (EK) total sugar content was higher, and after drying
it decreased significantly (p<0.05). Barba et al. (2014) showed that drying
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process significantly reduced the amount of reducing sugars that could be
associated with Maillard reaction. Grabowskia et al. (2008) concluded that
maltodextrins added to sweet potato juice before spray drying showed reduced
values of sugar content compared to fresh sweet potato. It depends on the
dilutions and the added amount of maltodextrins. Thus, it can be concluded that
the reduction in the content of fructose, glucose and maltose in dry kvass could
be due to the addition of added maltodextrins, which increases the glass
transition temperature and improves stability of the product (Tonon et al., 2011;
Oberoi, Sogi, 2015).

Similar to kvass concentrate, the content of B group vitamins significantly
decreased in dry kvass in comparison to liquid kvass. Thiamine concentration
decreased from 0.71 to 0.25 ug per 100 g DW, which is a 64% reduction. This
trend was also observed for riboflavin and niacin, where the concentration of
compounds decreased from 1.28 to 0.48 pg per 100 g DW and 18.14 to
4.36 pg of 100 g DW, decrease by 62% and 75%, respectively. As several
authors have pointed out (Nisha et al., 2009; Monajjemzadeh et al., 2014;
Sheraz et al., 2014), B group vitamins are thermolabile, which, as a result of
drying, decreases their content - in dry kvass B group vitamin concentrations
are 2-4 times lower than in fermented kvass.

Substantial changes in the composition of aroma volatiles after drying were
observed (Table 8). Maltodextrin, as a carrier agent, added to liquid kvass (EK)
helps to preserve (encapsulate) certain volatile aromatic compounds such as 3-
methylbutanal, 1-pentanol, benzaldehyde and their amount in the dried product
depends on both the amount of added maltodextrin and the drying method. In
the horizontal drying method, the drying time of the product is very short, and
therefore the content of the individual flavour compounds is higher than with
the vertical drying method. The total content of aroma compounds after drying
is significantly lower (p <0.05) compared to liquid kvass.

20 volatile compounds were identified in liquid kvass EK and 13 — in its
concentrate (EKC), while using the vertical spray dryer 16 compounds were
found. 18 volatile compounds were identified in sample HMDO - dried using
the horizontal spray dryer without maltodextrin.

Higher concentrations of hexanal and benzaldehyde were identified in
VMD25, HMD10 and HMD25, but hexanal, phenylethanol, acetic acid and
pent-4-ene-2-ol had higher peak area values in HMDO. The total sum of peak
area units shows that the amount of aroma-forming compounds in dry kvass
samples with maltodextrin was higher than in samples with lower maltodextrin
concentrations. This may be due to the fact that maltodextrin acts as a
microencapsulation agent — a protective agent and consequently shows a lower
loss of aroma. According to Vincenzetti et al. (2018), the amount of low
molecular weight compounds (less than 300 Da) significantly decreases and
will fade if the temperature is above 25 °C.

17 amino acids were identified in dehydrated kvass dried in a horizontal
spray dryer. The total amount of essential amino acids in dry kvass was
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236.2 mg g protein, however, it should be noted that dry kvass is not a source
of protein, thus amino acids do not have a significant effect on the processes
occurring in the body. Amino acid glycine (50.8 mg g* protein), as a result of
heat treatment, contributes to the formation of microparticle sphericity of the
dry product (Lin et al., 2017).

For dehydrates kvass samples dried in a vertical spray dryer no significant
differences in the total count of microorganisms were observed: VMD50 -
7.58x10*CFU g1, VMD40 - 7.62x10* CFU g%, un VMD25 - 7.8x10* CFU g™.
The presence of lactic acid bacteria (2-3x10* CFU g) was detected in all three
dry kvass samples. The presence of moulds was not detected. Microorganisms
found in dry kvass samples showed similar morphological features. Gram
staining defined the microorganisms as Gram-positive, catalase-positive
endospore-forming Bacillus spp. bacteria. API biochemical identification
showed the presence of Bacillus amyloliquefaciens. This can be explained by
the possible contamination of dry kvass from spray dryer surfaces and auxiliary
tools. The presence of enterobacteria was detected in all samples, but it did not
exceed 100 CFU g™ In order to use of fermented dry kvass for flavour
enrichment of various products, the processing of the final product after dry
kvass addition is essential. Enterobacteria that were detected in vertically dried
kvass do not form spores and if the products with added dry kvass are subjected
to thermal treatment, the vegetative cells of bacteria will be destroyed and will
not cause harm to the health of consumers.

For dehydrated kvass dried in a horizontal spray dryer without
maltodextrins — HMDO - the total count of microorganisms reached
4.40x10°CFU g. For sample HMD10 - 4.45x10° CFU g%, but for sample
HMD25 - 4.52x10° CFU g. After 7-month storage in laminated multilayer
polyethylene pouch, there were no changes in the count of microorganisms.
The presence of lactic acid bacteria, moulds and Enterobacteriaceae in
horizontally dried kvass samples was not detected.

Dehydrated kvass dried in a horizontal spray dryer is microbiologically
safer compared to dehydrated kvass dried in a vertical spray dryer. One of the
reasons for this could be the size of the dryer itself - the experimental
horizontal spray dryer is several times smaller, it is mobile and easier to keep it
clean. Dry kvass samples HMD25, HMD10 and HMDO can be used as flavour
enrichers also for products where additional thermal treatment is not intended
after kvass addition because they do not contain Enterobacteriaceae.

Microstructure analysis showed that spray-dried fermented kvass had
irregularly spherical shaped particles, having many shrinkages, breakages and
dents on the surface (Fig. 10). Drying temperature and the presence of
maltodextrins can affect the size of particles obtained. By increasing treatment
temperature and adding more maltodextrin, particle size increases. During
drying process, irregular spherical particles with many broken surfaces and
recesses are produced. This is explained by a faster drying process at higher
temperatures, instant formation of particles and avoiding their shrinkage, as
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well as the glass transition of sugars which deforms particles. Similar results
were obtained in other studies with different juices (Souza et al., 2014;
Calomeni et al., 2017). Dry kvass samples without the presence of maltodextrin
have a defective microsphere sphericity, with sharp and irregular edges. This
can be explained by thermal effect on sugar and amino acid crystallisation
process (Lin et al., 2017). When drying high-sugar products, it is problematic
to remove the already dry particles, therefore agglomeration must be prevented
(Bayram et al., 2005). The lower the porosity of the product, the lower the
volume density. It is possible to control the geometric dimensions of droplets
within spray nozzles using ultra sound frequencies (Ishwarya et al., 2015).
When maltodextrins were added to samples, dry particles became smoother and
more spherical, and particle size increased. The results agree with Fazaeli et al.
(2012), in which orange juice powder produced with 70% maltodextrin addition
had the smoothest surface with smaller spherical shapes and no shrinkage. The
high temperature of the dryer and the rapid evaporation of water result in
particle deformation (Rajabi et al., 2015).

Experts evaluated milk protein drink with dry kvass. It is possible to
improve the appearance of milk protein drink MPC85 with the addition of dry
kvass — from a satisfactory quality (3.8) in control sample to good quality (4.8)
in samples with a dry kvass additive (Table 9). When adding dehydrated
fermented kvass, the samples are light brown in comparison to protein drink
sample. Control sample milk protein drink (MDO) was described as visually
unattractive, with a thick consistency, without distinct taste and smell. Samples
are arranged in the following order according to the calculated quality number:
MD9 (4.50) > MD2 = MD3 = MD7 = MD8 (4.0) > MD4 (3.94) > MD1 =
MD5 (3.88) > MDO (3.69). MD9 sample is of good quality, but control sample
without a dry kvass is described as unsatisfactory. According to experts, the
drink (MD9) with 3% dry kvass additive without maltodextrin (HMDO) is
recognized as the best concentration of dried kvass for milk protein concentrate
(MPC85).

Based on the evaluation by experts on milk protein concentrate drinks with
kvass, only three samples with dry kvass - MDO (control), MD3 (with dry kvass
HMD25), MD6 (with dry kvass HMD10), MD9 (with dry kvass HMDO) - were
given to potential consumers — athletes — for assessment of sensory properties
(on 5-point hedonic scale), in addition to milk protein drink with dry kvass
VMD?25, which was the best dry kvass sample dried in vertical spray dryer.

Protein flavoured drinks are not popular among athletes, therefore different
flavours are needed. After or during sports activities, the optimum nutrient
source should be a liquid which can be convenient and fast to swallow with a
mild aftertaste. Control sample MDO was described by athletes as not very
pleasing, without distinct flavour and aroma (Fig. 11). Milk protein concentrate
with dry kvass with maltodextrins (MD3) was characterized as insufficiently
sweet and fluid, with a weak and flaky flavour, and it was said to be more
difficult to swallow compared to a gel. Sample MD6 (with dry kvass HMD10)
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was characterised similar to sample MD3 — with a weak flavour. Milk protein
drink with dry kvass VMD25 (dried in vertical spray dryer) was lacking in
sweetness and pronounced kvass.

Maltodextrin contributes to the preservation of aroma volatile compounds in
kvass (samples VMD25 and HMD25), but consumers did not feel the
difference and a more intense aroma was noted for sample MD9, which had a
lower total amount of aroma volatiles (dry kvass HMDO).

The comparison of different kvass additions shows that samples MD9 and
MD6 significantly improved the taste and colour of milk protein concentrate
(p<0.05), but none of the kvass samples was able to significantly affect
consistency of the finished drink. Any addition of dry kvass significantly
improved milk protein concentrate flavour (p<0.05) without significant
differences between dehydrated kvass dried in horizontal and vertical spray
dryer, with or without the presence of maltodextrins.

The use of dehydrated kvass in confectionary was tested by conducting a
sensory evaluation of meringue cookies. Two samples - a control sample
without dehydrated kvass and an experimental sample with 3% HMDO
dehydrated kvass were prepared for sensory evaluation. The hedonic score of
meringue cookies was 4.2 points, and of meringue cookies with dehydrated
kvass — 4.5 points. There were no significant differences between the samples
(p>0.05). Consumers noticed that experimental meringue cookie samples had a
pleasant chicory and rye bread aroma and aftertaste, some respondents noted
malt aroma.

4. Energy value and economic assessment of kvass

Energy value of dehydrated kvass was higher in comparison with liquid
kvass (Table 10), whereas on dry weight basis energy value did not differ
significantly, i.e., it is 332 kcal per 100 mL? liquid kvass. Dehydrated kvass
contains only trace of ethanol compared to fermented kvass, as the alcohol
evaporates during the drying process.

The following parameters are required for the calculation of economic
costs:

» the amount of energy to evaporate 1 kg of water — 1200 kcal L?;
» product flow speed to spray dryer — 150 kg h?;

» dry matter content of the product before drying — 6.0+0.2%;

» water evaporation power for the equipment — 142 kg h%;

» dry matter content after drying — 94.0+0.2%;

» the quantity of the dehydrated product in 1 hour — 8 kg h™.

The first cost of dehydrated kvass par 1 kg of dried product obtained in
horizontal spray dryer is ~13.7 EUR kg* (HMD25) while drying in a vertical
spray dryer (VMD25) accounts to ~ 14.6 EUR kg, which is 6% more. This is
due to additional energy costs and higher product losses. The estimated cost of
dehydrated kvass in horizontal spray dryer (HMD10) is ~12.4 EUR kg, and of
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HMDO ~11.3 EUR kg, which is 18% cheaper than HMD25, due to reduced
maltodextrin amount in the drying process and also changes in the amount of
energy needed for production. A very small amount of maltodextrin changes
product properties and increases total costs (Caliskan, Dirim, 2013).

The cost of raw materials is about 60% of the total cost, therefore such costs
are optimized. By increasing dry matter content of the liquid product before
drying, using evaporation or condensation technology, it is possible to reduce
energy costs and increase productivity of spray dryer, however, then the
amount of aroma forming compounds decreases. The first costs of 1 kg
dehydrated product without carrier agent was 18% lower than with the addition
of carrier agent — maltodextrin.

5. Dehydrated kvass integrated multifactorial evaluation

Physical, chemical, sensory and economic parameters described and
analysed previously were used to conduct an integrated evaluation (Fig. 12). In
order to determine the most suitable drying method for dehydrated kvass,
various parameters were assessed and high contribution coefficients (wi) were
assigned to the amount of aroma volatiles (PAU), the size of the microscopic
particles (um), hedonic evaluation of taste, and lower coefficients — to the total
sugar content (g), the colour components L* and b* value, as well as the cost of
production (EUR kg™).

The lowest integrated evaluation value indicates a more appropriate method
for the foreseen purpose, while a higher one is the least suitable method for
kvass drying based on physical, chemical, sensory and economic parameters.
By studying the suitability of drying methods, it can be concluded that
dehydration in a horizontal spray dryer without adding maltodextrin (HMDO) is
best suited for the production of dehydrated kvass, comparing vertical and
horizontal spray drying methods.
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CONCLUSIONS

During the production of rye bread kvass, dry matter content and pH value
significantly decreased due to yeast and lactic acid bacteria growth,
providing sensory properties corresponding to kvass.

Evaporation process has a significant effect (p=0.01) on the aroma volatile
compound profile and the peak area unit values. The identified aroma
volatile compounds in kvass concentrates constituted only 50% of the
compounds indentified in kvass. Total sum of peak area units in kvass
concentrate was significantly lower than in the experimental kvass
(p<0.05).

The form of the dehydrated kvass microparticles, which was dried without
carrier agent, is irregular and deformed, the average size of particles is
3.02+0.10 um. When adding maltodextrin to kvass, the resulting dry
product particles are undeformed, spherical, with a smooth surface, the
average particle size is 5.16+0.14 pm.

Dehydration of liquid products is mainly carried out using spray-dryers.
Today, dehydrated kvass can be obtained in a vertical spray dryer if
carrier agent maltodextrin is added in quantity at least 25% of the kvass
dry matter. According to integrated multifactorial evaluation results, the
best suited method to obtain dehydrated kvass without the use of
maltodextrin is the horizontal spray-dryer.

Dehydrated kvass can be used in various foods to enrich their taste.
Dehydrated kvass was added to milk protein drink, and experts and
consumer panellists (athletes) approved of the samples with
3% dehydrated kvass addition.

The results obtained in the doctoral thesis confirm the hypothesis: rye
bread kvass can be dehydrated in a horizontal spray-dryer without the use
of carried agents.
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