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PETIJUMA AKTUALITATE

Partikas rOpniecibas uzdevums ir nodroSinat iedzivotajus ar plasu
sortimentu augstas kvalitates bezalkoholiskajiem un alkoholiskajiem
dz@rieniem, tai skaita alu.

Tradicionali alu ieglist no Gidens, mieziem, apiniem un rauga, tas satur,
etanolu, augstakos spirtus, oglskabo gazi, ka arT citus savienojumus, kas veido
alus specifisko gar$u, aromatu, krasu un putas.

Alus razosana daudzas pasaules valstis ir nozimiga partikas riipniecibas
sastavdala. Alus daritavas iegadajas miusdienigas ickartas, kas nodroSina
modernu tehnologiju lietoSanu. Rezultata picaug alus kvalitate un realizacijas
laiks.

Alus ir viens no izplatitakajiem dz€rieniem ar zemu alkohola saturu, ta
sastava ir vairak neka 30 mineralvielu un mikroelementu (vars, fosfors, kalijs,
cinks, fluors, dzelzs u.c.). Alu parstavéti B grupas vitamini: By, B, Bg ka ari
organiskas skabes u.c. savienojumi. All sastopami augstakie alifatiskie un
aromatiskie spirti, karbonskabju esteri, karbonskabes, olbaltumvielas un séra
savienojumi, ka rezultata alt var rasties ¢etras pamatgarSas — sala, riigta, skaba
un salda. Alus var garSot ari péc zavétiem augliem, varitiem darzeniem,
karamelém, aboliem, bananiem, krustnaglinam, papira, metala, peléjuma u.c.

Alus v@sture ir sena. Lidz 1516. gadam nebija viennozimigi formuléts, kas
ir alus. Egiptiesi alum Iidzigu dzerienu gatavoja no maizes klaipiem,
aromatizgjot ar kadikiem, ingveru un safranu, afrikani to gatavoja no dazadu
Skirpu prosas, KkinieSi no prosas un risiem, Dienvidamerikas indiani no
sakoslatiem kukuriizas serdeniem, un tikai 9. gs. Vacijas un Francijas muki
pirmo reizi saka alus bravésana lietot apinus. Latvija ap 1227. gadu bija
iecientts divu veidu medalus (saldais un rigtais apinotais). 1516. gada Vacijas
hercogs Vilhelms IV Bavarija noteica, ka alu iegiist tikai no ¢etram izejvielam -
iesala, apiniem, rauga un tdens.

Laika gaita, attistoties razoSanas tehnologijam un zinatnei, mainijusies un
uzlabojusies alus kvalitate un sastavs. Misdienu alus stipri atSkiras no seno
laiku briivéjuma, jo galvenais uzsvars tiek likts uz alus kvalitati.Tradicionali
alus ir dzidrs ar patikamu apinu garSu un noturigam putam. Lielakas alus
daritavas razo ne tikai klasisko alu, bet mégina piedavat un piesaistit patérétajus
ar kaut ko jaunu. Tadg€] rada neparastas un interesantas jaunas alus skirnes, kas
biitiski atSkiras no standarta alus. Alus daritavu savstarpgja konkurence sekmé
ieglit pec iespgjas labakas kvalitates alu. Alus kvalitati raksturo gan sensorie,
gan fizikali kimiskie, gan mikrobiologiskie raditaji.

Pasaulg ir vairaki desmiti tikstosu alus Skirnu un katra no tam atskiras ar
gar$u, aromatu, krasu, blivumu un stiprumu. Alus daritavam, raZojot alu, katrai
ir atkirigas izejvielu proporcijas un kvalitate, tehnologijas, ka ari aldara
prasme un vinam tik zinamie alus darinasanas noslépumi.
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Promocijas darba literatiiras apskata analizEts alus kTmiskais sastavs, alus
razoSanas izejvielas, alus tehnologiskais process, augstako spirtu rasanas, ogu
un auglu kimiskais sastavs, ka arT apliikotas netradicionalas alus piedevas.

Pedgjos gados alus produktu klasts tiek paplasinats ar dz€rienu, kam
pievienotas dazadas limonades, ieglistot netradicionalus alus, bet praktiski nav
sastopami dati par misas razoSanas procesa apinu aizvietoSanu ar riugtvielam
bagatiem augiem.

Literatiras studijas glto atzigu izvert€§jums un Latvijas augu jaunu
izmantoSanas iesp&ju zinatniska pamatojuma nepiecieSamiba lauj definét
promocijas darba hipotézi: izv@loties iejavam par skabinataju atsevisku ogu
un auglu sulas p&c organisko skabju sastava, bet apinus aizvietojot ar
rigtvielam bagatiem augiem, var pagatavot kvalitativu alu no netradicionalam
Latvijas augu izejvielam.

Promocijas darba pétijuma objekts ir alus, kura iegiiSanas procesa iejavs
skabinats ar dz&rvenu, upenu, janogu, kriimcidoniju, abolu un citronu sulam,
bet apini aizvietoti ar vérmelu, ozolu mizas, zilu un pelasku augu piedevam.

Lai pieraditu izvirzito hipotézi, promocijas darba meérkis ir pétit
netradicionalas izejvielas alus raZoSanai: izverteét iejava skabinasanai
piemérotakas Latvijas ogu un auglu sulas un analiz&t rugtvielas saturoso augu
piedevu ietekmi uz alus kvalitati

Darba mérka sasniegS$anai izvirziti $adi uzdevumi:

1. peétit iejava pH izmainas, aizvietojot pienskabi vai fosforskabi ar ogu
un auglu sulam;

2. izvEleties misas ieghSanai piemérotakdas ogu un auglu sulas péc to
organisko skabju sastava;

3. noteikt ekstraktvielu un oglhidratu satura izmainas misa, iejavoSana
izmantojot ogu un auglu sulas;

4. péetit fumarskabes, hinskabes, abolskabes un citronskabes individualo
ietekmi uz glikozes un maltozes veidosanos misas iegliSanas procesa;

5. izstradat alus iegtSanas tehnologiju, variSanas procesa pilnigi
aizvietojot apinus ar riigtvielam bagatu augu piedevam;

6. péetit augstako spirtu dinamiku uzglabasanas laika alg;

7. noteikt 5—(hidroksimetil)furfurola (5-HMF) saturu misa un alii;

8. analizét rigtvielam bagatu augu piedevu ietekmi uz alus kvalitati.

Promocijas darba hipot€zi pierada ar $adam tézem:

1. auglu un ogu sulu kimiskais sastavs pamato piemérotako sulu ka
skabinataju izveli iejavosana;

2. auglu un ogu sulu kimiskais sastavs ietekmé ekstraktvielu saturu
iejava;



3. apinu aizvietoSana misas variSanas procesa ar netradicionalam
izejvielam — riigtvielam bagatiem augiem lauj iegit jaunas alus Skirnes;

4. dazadu rhgtvielam bagatu augu piedevas atSkirigi ietekmé alus
sensoras Tpasibas.

Promocijas darba novitate:

- lizstradata metode iejava vides pH regulé$ana izmantot ogu un auglu
sulas (LR Patents Nr.14087);

- lizstradata metode ragtvielam bagatu augu ekstraktu pievienoSanai
misas varisanas procesa (LR Patenta pieteikums Nr.P-13-226).

Promocijas darba zinatniskais nozimigums:

1. Pirmo reizi pétita fumarskabes, hinskabes, abolskabes un citronskabes
individuala ietekme uz glikozes un maltozes veidoSanos misas
iegliSanas procesa.

2. Petita alus kvalitate, razoSana izmantojot netradicionalas izejvielas:

- iejavoSanas procesa pienskabi vai fosforskabi aizvietojot ar ogu un
auglu sulam, kuras doming atklatas piemerotas organiskas skabes;

- misas iegliSanas procesa apinius aizstdjot ar ozola mizu, Zzilem,
pelaskiem un vérmelém.

Promocijas darba tautsaimnieciskd nozime - pé&tjjumu rezultati
paplaSina alus sortimentu, iegiistot jaunus alus ar atSkirfigdm sensoram
Ipasibam. Izstradatas jaunas iejavoSanas procesa un misas iegiiSanas metodes
alus razoSanas procesa izmantojot Latvija auguSus augus, ogas un auglus.
Izstradati ieteikumi razotajiem.

ZINATNISKA DARBA APROBACIJA

Pétijuma rezultati apkopoti un public€ti seSos recenzg€jamos zinatniskos
izdevumos, ka arT iegiits LR Patents un Patenta pieteikums / The study results
are summarized and publisched in six reviewed scientific publications, and
obtained one LR Patent and application of Patent:

Patents un patenta pieteikums / LR Patent and application of Patent — 2

1. Cinkmanis I., Cakste I., Vucane S. (2013) Misas iegiisanas metode no
netradicionalam izejvielam. LR Patenta pieteikums Nr.P-13-226.

2. Cinkmanis 1., Cakste I, Vucane S. (2010) Ogu un auglu sulu
izmanto$ana iejava vides pH regulésana, LR Patenta Nr. 1408. Patenti
un Precu Zimes: Latvijas Republikas Patentu valdes Oficialais
Vestnesis, Nr. 3, 431.1pp.



Publikacijas / Publications — 7

1. Cinkmanis 1., Vucane S., Cakste I. (2014) Berry and fruit juices as
potential untraditional acidity regulators in mashing. In: FOODBALT-
2014: 9th Baltic conference of Food Science and technoology ,,Food
for Consumer Well-being ”: conference proceedings, 8-9 May, Jelgava,
Latvia. LLU, p. 184-187. (SCOPUS)

2. Cinkmanis I., Straumite E., Cakste I. (2014) Alus dzérienu sensorais
noverte§jums. Latvijas Lauksaimniecibas  Universitates Raksti.,
Nr.31(326). Iesniegts publicésanai DOI:10.2478/plua-2014-003.

3. Cakste 1., Kika M., Augipole 1., Cinkmanis I., Kika P. (2014)
Bioactive compounds in Latvian wild berries juices. Rigas Tehniskas
Universitates Zindatniskie Raksti. Materialzinatne un lietiska kimija.
22.10.2013 ir pienemts un akceptéts publicésanai 30.s€¢juma.
Apstipringjums no redkolégijas galvena redaktora as.prof. M.Dzenis.
Apstipringjuma véstule 02.04.2014 Nr.14/020. (EBSCO)

4. Cinkmanis I., Vucane S., Magone L. (2008) Manufacture of beer
drinks with oak cortical and acorns. Maisto chemija ir technologija.
Food chemistry and technology, Kaunas: Technologija, T.42, Nr.2.
p.18-22. (EBSCO)

5. Cinkmanis 1., Cakste I. (2007) Untraditional beer drinks. In:
»Research for Rural Development”, International Scientific
Conference Proceedings, 16-17 May, Jelgava, Latvia. LLU, p. 130-
134. (EBSCO)

6. Cinkmanis 1. (2006) Changes of pH in beer during manufacture
process. In: ,Research for Rural Development” International
Scientific Conference Proceedings, 19-22 May, Jelgava, Latvia. LLU,
p. 242-245. (EBSCO)

7. Cinkmanis I., Vucane S. (2005) Determination of the highest spirits in
Latvian light beer. In: , Intradfood” Innovations in Traditional Foods.
International Scientific Conference Proceedings, 25-28
October.Valencia, Spain, London: Elsevier, Vol.1. p.281-284.

Par pétfjuma rezultatiem zinots 10 starptautiskas zinatniskajas un zinatniski
praktiskajas konferenc€s, kongresos un simpozijos Latvija, Lietuva,
Cehoslovakija, Vacija, Bulgarija un Spanija / The results of the research work
have been presented in 10 international scientific conferences, congresses and
symposiums in Latvia, Lithuania, Czechoslovakia, Germany, Bulgaria and
Spain:

1. Cinkmanis 1., Vucane S., Cakste I. (2014) Berry and fruit juices as
potential untraditional acidity regulators in mashing. FoodBalt-2014,
9th Baltic conference of Food Science and technoology, 8-9 May,
Jelgava, Latvia (stenda referats / poster presentation).
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2. Cakste 1., Kika M., Augipole 1., Cinkmanis I., Kika P. (2013)
Bioactive compounds in Latvian wild berries juices. RTU Starptautiska
zinatniska konference. Materialzinatne un lietiska kimija, 14-16.
Oktobris, Riga, Latvia (stenda referats / poster presentation).

3. Vucane S., Cinkmanis |., Magone L. (2009) Determination of
5-(hydroxymethyl)furfural in beer with HPLC, Friihjahrssymposium
2009, 11" young scientists' conference on chemistry, 11-14 March,
Essen, Germany (stenda referats / poster presentation).

4. Cinkmanis I., Vucane S., Magone L. (2008) Manufacture of beer
drinks with oak cortical and acorns International Scientific Conference,
Topicalities of food science and practice: tendencies, quality, market,
consumer, 14.November, Kaunas, Lithuania (stenda referats / poster
presentation).

5. Cinkmanis I., Cakste 1. (2007) Untraditional beer drinks, International
Scientific Conference: Research for rural development, 16-18 May,
Jelgava (referats / oral presentation).

6. Cinkmanis 1., Vucane S., Vjatere A., Cakste I. (2006) The
investigation of light beer. International Scientific Conference, Food
science problems and perspectives of food safety, quality and
competitiveness, 5.0ctober, Kaunas, Lithuania (stenda referats / poster
presentation).

7. Cinkmanis 1. (2006) Changes of pH in beer during manufacture
process, International Scientific Conference: Research for rural
development, 19-22 May, Jelgava, Latvia (referats / oral
presentation).

8. Cinkmanis I., Cakste I., Vucane S., Vjatere A. (2006) Research of
home beer quality, 3" Central European Congress on Food, 22-24
May, Sofija, Bulgaria (stenda referats / poster presentation).

9. Cinkmanis I., Vucane S. (2005) Changes of the highest spirits in beer.
2nd Symposium on Recent Advances in Food Analysis, reports, 2—4
November, Prague, Czechoslovakia (stenda referats / poster
presentation).

10. Cinkmanis I., Vucane S. (2005) Determination of the highest spirits in
Latvian light beer. ,Intradfood” Innovations in traditional foods,
International Scientific Conference 25-28 October, Valencia, Spain
(stenda referats / poster presentation).

P&tijuma rezultatu izstradate veikta 3 zinatnisko projektu ietvaros
- 2008 - LLU zinatniskas darbibas attistibas p&tniecibas projekta Lluzp
ieks&jais xp 109 “Partikas produktu kvalitates un funkcionalo izmainu
petjumi ar fizikali kimiskam analizes metodém”, zinatniskais
lidzstradnieks.



2007 - LLU zinatniskas darbibas attistibas p&tniecibas projekta Lluzp
07-15 (ieksgjais xp 52) “Partikas produktu kvalitates un funkcionalo
Ipasibu izmainu petijumi ar augstspiediena skidruma hromatografiju”,
zinatniskais lidzstradnieks.

2004 — Projekta Nr.1.1.2.1.2. "Atbalsts doktora studiju programmu
istenoSanai" finanse ESF. Vienosanas ESF 2004/0004/VPD1/
ESF/PIAA /04/ NP / 3.2.3.1/0005/ 0067, Nr.SD8 un SD8:

MATERIALI UN METODES

Laika posma no 2003. lidz 2014. gadam p&tijumi veikti:

Latvijas Lauksaimniecibas universitates (LLU) Kimijas katedras
laboratorijas (pH, oglhidratu, 5-HMF, organisko skabju noteik$ana),
Partikas tehnologijas katedra (sensora analize);

Valsts lepémuma dienesta Akcizes precu parvaldes Mobila
ekspreslaboratorija (augstako spirtu un organisko skabju analizes);
Valsts Ienémuma dienesta Galvenas muitas parvaldes Muitas
laboratorija (augstako spirtu, mikro— un makroelementu noteiksana);
AS Lacplesa alus daritavas laboratorija (rugtvielu, etanola, Plato gradu,
pH, krasas un vicinalo diketonu noteik$ana).

Materialu raksturojums ogu, auglu sulas un sauso augu piedevas:

Latvija audzétas ogas un augli: upenes (Ribes nigrum), janogas (Ribes
rubrum), krimcidonijas (Chaenomeles), dzérvenes (Vaccinium
microcarpum), aboli (Malus sylvestris; Skirne: Antonovka) un citroni
(Citrus x lemon). lejava paskabina$anai izmantotas no svaigam ogam
un augliem ar sulas spiedi Moulinex A7534K spiestas sulas, kas
pasterizétas Voran PA 90 pasteriz€Sanas iekarta.

Latvija audz€tu augu sausas izejvielas: ozolu mizas (Cortex quercus),
ozolu ziles (Quercus kerrii), pelaski (Achillea millefolium), vérmeles
(Artemisia absinthium). Augu izejvielas ievaktas un zavétas saskana ar
Dr. farm. H. Rubines un RSU asoc. prof.,, Dr. farm. V. Eninas
metodém, kas noraditas gramata ,,Arstniecibas augi” (Rubine, Enina,
2004).

Citas izejvielas:

Gaisais mieZu iesals (Brupaks, Anglija). 16™ EBC Analizes komitejas
gaisa miezu iesala standarts 2005.

Alus raugs (Saccharomyces pastorianus) (Lallemand, Kanada). Alus
raudz&Sana izmantots raugs, kas iegats skidinot 2 g rauga uz 1 L misas.
Dzeramais tidens (SIA ,,Grigis un Co”) atbilsto§s LR MK noteikumiem
Nr.235/29.04.2003. ,Dzerama iidens obligatas nekaitiguma un
kvalitates prasibas, monitoringa un kontroles kartiba”.
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Apini  (Humulus lupulus) ,Magnum” satur 10% a-skabes
(AS ,,Aldaris™).

Pienskabe, o-fosforskabe, fumarskabe, hinskabe, abolskabe,
citronskabe (Fluka, Vacija)

»Rimi’” un ,Maxima” lielveikalu tiklos (Latvija) pieejamie ali
AS ,,Aldaris” (,,Luksus”, ,Zelta”, ,Gaisais”, ,Pilzenes”),
AS ,Lacplesa alus” (,,GaiSais”, ,,3 iesalu”, ,,Tumsais”, ,,Premium”);
SIA ,,Grigis un Co” (,Livu alus”, ,Rubenis”, ,Kursu”),
AS ,Cesu alus” (,,Mitava”, ,Beer Shake colat+beer”, ,Light”,
»Special”, ,,Cuba”, ,,Bocmanis”, , Latvijas Pilzenes”) SIA ,,Bauskas
alus” (,,Bauskas gaiSais alus”, ,,Sencu”), SIA ,Piebalgas alus”
(,,Piebalga”), AS ,,Agrofirma Tervete” (,,Tervetes”).

PE&tTjumos izmantotas noteikSanas metodes

1.

e

9.

Augstako spirtu noteik$anai alt lietots gazu hromatografs Shimadzu
GC-17A (GH) ar liesmas jonizacijas detektoru. Metode dalgji
parveidota, p&c literatiira aprakstitas stipro alkoholisko dz@rienu
metodes (Matiseks et al., 1998).

Rigtvielu satura noteikSana ali (AOAC, 970.16, 1990;
EBC, 9.8, 2007).

Alus alkohola un misas ekstrakta saturs tika noteikts ar firmas Anton
Paar DMA48 un ,Alcolaizer analysis” digitaliem méritajiem
(EBC, 9.4, 2007).

Alus, misas, iejava, ogu un auglu sulu vides pH noteikts
potenciometriski ar pH metru (AOAC, 960.19, 17 th Ed; EBC, 1.5,
9.35,2007). NoteikSanas gaita izmantots elektrods Sen Tix 97T.

Alus krasa noteikta spektrofotometriski. Alus krasas noteikSana
pamatojas uz gaismas absorbciju, kas tick mérita, izmantojot 430 nm
un 700 nm vilpu garumus (AOAC, 956.02, 17 th Ed; EBC, 9.6, 2007).
Vicinalie diketoni noteikti spektrofotometriski (EBC, 9.24.1, 2007).
Oglhidratu un organisko skabju saturs misa, ogu un auglu sulas
noteikts ar augsti efektivo Skidruma hromatografiju (Schimadzu LC-20
Prominence, Shimadzu USA Manufacturing Inc, Canby, USA). Metode
izstradata LLU PTF Kimijas katedras Dabas vielu kimijas zinatniska
laboratorija, pamatojoties uz firmas Shimadzu ieteikumiem.
5—(Hidroksimetil)furfurola saturs misa, alii noteikts ar augsti efektivo
Skidruma hromatografiju (Schimadzu LC-20 Prominence, Shimadzu
USA Manufacturing Inc, Canby, USA). Metode izstradata LLU PTF
Kimijas katedras dabas vielu kimijas zinatniska laboratorija,
pamatojoties uz firmas Shimadzu ieteikumiem.

Alus sensora analize veikta LLU Partikas tehnologijas fakultate.

Alus raZosanas tehnologiska procesa shema
Alus no netradicionalam izejvielam razoSanas apstak]i veikti saskapa ar
tehnologiska procesa shemu (1. att).
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Fizikalie un kimiskie
. raditaji
l. Iejavosana

‘ Skabinataji, 2., 3.att. |—> 1) lesala iejavosana
(=20 min, t=35 °C,
. pH=5.20)
‘ Gaisais iesals, 2) Olbaltumvielu pauze
0.2kg (1=25 min, t=55 °C) - pH
3) Maltozes pauze
i (1=40 min, t=65 °C)
[ Casa, {1 — 4) Dekstrinu pauze

K (=40 mii, t=72 °C) /

II. Iejava filtracija
(t=1.5h)

l

-Ekstraktvielu
saturs

Rugtvielam bagati augi,

4.att. III. Misas variSana -Og]hidratu
Pievienoti 10. (0.10 g) un (=90 min, t=100 °C) saturs
60 minate (0.10 g) -5-HMF
i -Apinu
rigtvielas

IV. Misas dzeséSana
(t=15 min, t=5 °C)

v

Raugs V. Galvena rug8ana Y
(6 mL) (z=7 dienas, t=5.0-8.5 °C) -pH

-Etanols
VI. PécriigSana “Krasa
‘ (=30 dienas, t=1 °C) }_) S‘F;‘;tgi“akle
¥ -VDK
-Sensorais
VII. Gatavais alus ] novertgjums
el
)

VIII. Pildisana ’

v

‘ IX. Patérétajs ’

1.att. Alus raZoSanas tehnologiska shema
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Physical and chemical
/ I. Mashing \ parameters

‘ Acidulators, 2., 3.fig [—> 1) Mashing-in
(z=20 min, t=35 °C,
) pH=5.20)
‘ Light malt, 2) Protein pause
0.2kg (1=25 min, t=55 °C) - pH
3) Maltose pause
(t=40 min, t=65 °C)
[ ek b — 4) Dextrin pause

\ (=40 mli t=72 °C) /

1. Mash filtration VPSRN
(t=1.5h) - Content of
extract
‘L substances
Plants rich in bitter - Content of
substances, 4.fig. 5 I11. Wort boiling carbohydrate
Added after 10 (0.10 g) (t=90 min, t=100 °C) -5-HMF
and 60 minutes (0.10 g) - Content of
‘L bitter
‘ IV. Wort cooling ’ substances of
(t=15 min, t=5 °C) hops
v
Yeast V. Primary fermentation Y e
(6 mL) (x=7 dienas, t=5.0-8.5 °C) -pH
\lr - Ethanol
- - Colour
VI. After fermentation -Higher
(t=30 days, t=1 °C) spirits
¢ -VDK
- Sensory
[ VII. Beer ] evaluation
v
‘ VIII. Bottling ’
v
‘ I1X. Consumer ’

Fig. 1. The technological scheme of beer production
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Alus raZosanai izmantotie skabinataji

Tradicionalie skabinataji (kontrole) pienskabe un fosforskabe aizstati
iejavoSana ar pasteriz€tam janogu, upenu,
krimcidoniju, abolu auglu sulam (1. att, 2. att., 3. att.). Pievienoto skabinataju
tilpums mililitros uz 1 litru iejava aprékinats izmantojot vides pH un apkopots

dz€rvenu ogu un citronu,

3.attela.
Skabinataji /
Acidulants
e ¥ ™ e ¥ ™ =
B Fumarskabe,
Janogu, upenu, hinskabe,
Kontrole dz&rvenu ogu un abolskabe,
Pienskabe, k?:lmCId(jglJllla citronskabe /
fosforskabe / alfélrlfrsltlll’az /oRued fumaric,
Control and black quinic, malic,
Lactic, currants, citric acid
phosphoric cranberries and
acid quince, lemon,
apple fruit juices
e
Fizikalie un
Kimiskie
raditaji /
Physical and
chemical
parameters
Titrgjamais Oreaniskas Glikoze,
H skabums/ abos/ Fruktoze/
P Titratable Oraganic acids Glucose,
acidity g Fructose

2. att. Alus raZosanai izmantotie skabinataji
Fig. 2. Used acidulators for the beer production
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Skabinataji / Acidulants

P- pienskabe/lactic acid, F- fosforskabe/phosphoric acid, U- upenu sula/black currants juice,
J —janogu sula/red currants juice, Cit- citronu sula/lemon juice, Cid- krimcidoniju sula/
quince juice, Dz- dzérvenu sula/cranberries juice, A- abolu sula/apple juice.

3. att. Pievienoto skabinataju tilpums
Fig. 3. An volume of added acidulants

Alus raZosanai izmantotie rugtvielam bagatie augi

Eksperimentos tradicionalas misas variSanai izmantotas izejvielas (4. att.)
izmainitas, un apinu vieta uz 1 L misas pievienoti 0,2 g ar rigtvielam bagati
augi — zavetas ozola mizas, ziles, pelaski un vérmeles. Ka kontrole izmantoti
apini, kas pievienoti 0,2 g uz 1 litru misas, saskana ar 1.att€lu.

Riigtvielam bagatie augi /
Rich bitternes plants

v

Ozola miza un ziles,
Apini (kontrole) / pelaski, vérmeles /

Hops (control) Oak bark and acorn,
yarrow, wormwood

4.att. Alus raZoSanai izmantotie riigtvielam bagatie augi
Fig. 4. Used bitter substance riched plants for the beer production
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Sensora novertésana

Alus no netradicionalam izejvielam patikSanas pakapes noteikSanai
izmantota 9 punktu hédoniska skala (1 — arkartigi nepatik; 2 — Joti nepatik; 3 —
vidgji nepatik; 4 — mazliet nepatik; 5 — ne patik, ne nepatik; 6 — mazliet patik; 7
— vidgji patik; 8 — loti patik; 9 — arkartigi patik), un dz€rienu sensoro Ipasibu
(dzidrums, aromats, iesala aromats, brina krasa, rugtad un savelko$a garSa)
intensitate noteikta, izmantojot Iinijskalas metodi (ISO 4121:2003). Alus
sensoraja novertéSana piedalijas 25 apmaciti vertetaji (18 sievietes, 8 viriesi),
kuru vidgjais vecums bija 35 gadi. P&tijuma izmantoti sadi alus Sifri: A — ar
pelaskiem, B — ar ozolu mizu, C — ar ozolu zilém, un D — ar vérmelém un
salidzinasanai tika lietots apinu alus (kontrole). Sensoras analizes laika katrs
eksperts sanéma Cetrus alus paraugus (A, B, C, D) un vienu apinu alu (kontrole)
(katrs paraugs 30 mL), alus temperatiira bija +4 °C.
Datu matematiska analize

Datu apstrade veikta ar matematiskas statistikas metodém, iegiitajiem
rezultatiem aprékinati vidéjie aritmétiskie lielumi, standartnovirze, dispersijas
analize (ANOVA), Tjikija tests un korelacijas analize, lietojot Minitab 15
programmas paketi (Jansons E., Meija J., 2002; Arhipova I., Balipa S., 2003).

PETIJUMA REZULTATI UN DISKUSIJA

1. Janpogu, upenu, dzérvenu, kriimcidoniju, abolu un citronu sulu
kimiskais sastavs
Pétljumu meérka sasniegSanai izvélétas Latvijas daba plaSi sastopamas
(iznemot citronus) dz&rvenu, kriimcidoniju, abolu, janogu un upenu sulas.

1.1. pH un skabju saturs ogu un auglu sulas
Lai varétu izmantot ogu un auglu sulas ka alternativu skabinataju, bija
svarigi noteikt tajas esos$as organiskas skabes. Ka vienkarsaka, atraka un 1&taka
metode ir titr€jama skabuma noteikSana. Titréjamais skabums dots 1. tabula.
1. tabula/Table 1
Titréjamais skabums un pH ogu un auglu sulas
The titratable acidity and pH of berry and fruit juices

Ogu un auglu sulas / Titréjamais skabums/

Berry and fruit juices PH (20°C) Titratable a%idity
mmol L

Citronu / Lemons 2.40+0.02 5.80+0.05
Kriimcidoniju / Quince 3.66+0.02 5.71+0.05
Dzgervenu / Cranberries 4.35+0.02 2.70+0.02
Janogu / Red currants 4.45+0.02 3.01+0.03
Upenu / Black currants 4.68+0.02 2.22+0.02
Abolu / Apples 4.82+0.02 1.92+0.01
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Ka redzams, 1.tabula augstakais titrgjamais skabums ir konstatéts
kramcidoniju (5,71+0,05 mmol L™) un citronu sulas (5,80+0,05 mmol L™), bet
zemakais abolu sula (1,92+0,01 mmol L'l).

Otrs svarigakais raditajs ir pH. Ka redzams 1.tabula — zemakais pH ir
citronu 2,40+0,02, un krimcidoniju 3,66+0,02 sulam. Krimcidoniju sulas
titr§jamais skabums tika konstatéts visaugstakais un pH viszemakais.

Izvertgjot titrgjamo skabumu un pH ogu un auglu sulas, par piemérotako
alternativu skabinatajam pienskabei var€tu izmantot kriimcidoniju un citronu
sulu. Toméer citroni Latvija daba nav sastopami, [1dz ar to ka piemerotakais
skabinatajs tika izveléta kriimcidonija, kas ir plasi sastopams Latvija augoSs
auglaugs.

1.2. Glikozes un fruktozes saturs ogu un auglu sulas

Ta ka misas iegiiSana svariga nozime ir raudz&jamo oglhidratu saturam,
tade] petijuma tika noteikts glikozes un fruktozes saturs ogu un auglu sulas.

Fruktozes saturs upenu (4,29%), janogu (3,95%) un abolu (3,60%) sulas
bija lielaks, salidzinot ar citronu (1,62%), krimcidoniju (1,51%) un dz&rvenu
(1,64%) sulam. Ar1 glikozes saturs upenu un jagogu sulas bija lielaks
(3,80-3,69%), tomér abolu sula glikozes saturs bija mazaks (0,50%). Upenu un
janogu sulas saturja par 52-58% vairak glikozes, un 35-38% fruktozes neka
citronu, krimcidoniju un dzérvenu sulas. Péc kopg&ja glikozes un fruktozes
satura sulas var€ja sarindot $adi: upenu (8,09%) > janogu (7,64%) > abolu
(4,10%) > dzervenu (3,93%) > citronu (3,82%) > krimcidoniju (3,51%).

Apkopojot rezultatus, secinats, ka augstakais glikozes un fruktozes saturs
bija upenu un janogu sulas, bet vismazakais krtimcidoniju sula.

2. Netradicionalie skabinataji misas iegiiSanali

Darba tika pétita iesp&ja iejava pH reguléSanai pienskabi un fosforskabi
aizstat ar dzervenu, upenu, janogu, krimcidoniju, abolu un citronu sulam

2.1. Iejava pH izmainas iejavoSanas procesa un
ekstraktvielu satura izvértéjums misa

Lai samazinatu iejava pH no 6,20 Iidz 5,20, tika pievienoti dazadi
skabinataji. Tradicionalie skabinataji (kontrole) — pienskabe un fosforskabe —
aizstati ar pasteriz€tam jangogu, upenu, dz€rvenu, citronu, kramcidoniju un
abolu sulam. IemaisiSanas laika paskabinot ar tradicionaliem un
netradicionaliem skabinatajiem, iejava pH samazinats lidz 5,20+0,02.
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Visas turpmakajas iejavosSanas stadijas praktiski netika noverota vides pH
paaugstinasanas, un pH bija robezas no 5,19+0,02 Iidz 5,14+0,02

Eksperimentali noteiktais ekstraktvielu saturs misa ar tradicionaliem un
netradicionaliem skabinatajiem paradits 5. attela.

149 120
12 - - 105 10.7 10.6
o % 0 1%0 99 7 3
% 8 - \ —
o 6 \ —
4. \ —
2 - \ =
0 My —
P F U J Cit A

Skabinataji / Acidulants

P- pienskabe/lactic acid, F- fosforskabe/phosphoric acid, U- upenu sula/black currants juice,
J —janogu sula/red currants juice, Cit- citronu sula/lemon juice, Cid- kramcidoniju sula/ quince
juice, Dz- dzérvenu sula/cranberries juice, A- abolu sula/apple juice.

5.att. Ekstraktvielu saturs misa (Er), izmantojot daZadus skabinatajus
Fig. 5. The content of extract substances in wort (Er),
while using various acidulants

Augstaks ekstraktvielu iznakums iegiits lietojot dzérvenu (12,5 P1) un
krimcidoniju (12,5 P1) sulas, zemaks — citronu (10,7 PI’), abolu (10,6 PI’),
upenu (10,0 PI) un janogu 9,9 (P1) sulas. Ar tradicionaliem skabinatajiem
pienskabi un fosforskabi (kontrole) iegiitie rezultati ir 12,0 P1" un 10,5 PI’
(5. att.). Salidzinot krtimcidoniju un dz€rvenu sulas ar tradicionalo skabinataju
— pienskabi, ekstraktvielu iznakums ir par 4% lielaks. lejava paskabinasanai
izmantojot citronu, abolu, upenu un janogu sulas, ir ieglts 14,4-23,2 % mazaks
ekstraktvielu saturs neka ar kontroles, dzérvenu un krimcidoniju sulam.

Domingjosa skabe upenu, janogu un citronu sulas ir citronskabe. Dz&rvenu
un kriimcidoniju sulas satur ne tikai citronskabi, bet arT abolskabi, hinskabi, bet
kriimcidonijas ir vél sastopama fumarskabe. Iesp&ams, ka domingjosas
organiskas skabes, kas ietekmé maksimalu ekstraktvielu iznakumu, ir
abolskabe un hinskabe.

2.2. Oglhidratu satura izmainas misa

Lai konstatétu, kada no domingjosam skabém, kas ir sastopamas ogas un
auglos, ietekmé glikozes un maltozes saturu misa, iejavoSanas procesa tika
pievienotas individualas skabes iejavosanas procesa. legiitie rezultati paradija,
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ka pievienotas organiskas skabes (fumar-, hin-, abol- un citronskabe) biitiski
ietekmg@ glikozes un maltozes saturu misa (6. att.)

O Glikoze /Glucose
Maltoze / Maltose

=
o
)

mERY,

6.6

Glikozes un maltozes saturs, %
Glucose and maltose content, %

OFRP NWPKMOOIO N O
1

e

Pienskabe / Fumarskabe Hinskdbe/ Abolskabe/ Citronskabe
Lacticacid /Fumaric Quinic acid Malic acid / Citric acid
acid
Skabinataji / Acidulants
6.att. Skabinataju ietekme uz glikozes un maltozes saturu misa
Fig. 6. Acidulant influence on the content of glucose and maltose in wort

Augstakais maltozes un glikozes saturs tika iegilits, izmantojot par
skabinataju hinskabi un abolskabi, kop€jais minéto oglhidratu saturs misa bija
9,5-9,9+0,04%. Nedaudz mazaks oglhidratu saturs misa tika noteikts,
paskabinot iejavu ar fumarskabi (9,2+0,04%). legitais rezultats ir I1dzigs, ka
izmantojot tradicionalo skabinataju — pienskabi. Savstarpgji salidzinot
hinskabes, abolskabes un citronskabes lictoSanas efektivitati, var secinat, ka,
izmantojot citronskabi, tika iegiits par 26,7% mazaks kop&jo oglhidratu saturs
misd neka izmantojot hinsk@bi un abolskabi. Salidzinot tiro skabju un sulu
ietekmi uz glikozes un maltozes saturu var konstatét, ka, iejava paskabinasanai,
izmantojot citronu, upenu un janogu sulas, tika sasniegts mazaks ekstraktvielu
saturs neka ar dzérvenu, abolu un kramcidoniju sulam, jo domingjo$a skabe
upenu, janogu un citronu sulas ir citronskabe.

Iedarbojoties enzimiem o- un [-amilazém noteikta laika, pH un
temperatliras intervala, iesala esosa ciete iejavosanas procesa hidrolizgjas Iidz
dekstriniem, kas talak veido maltozi un glikozi, tadél tika noteikts oglhidratu
saturs misa (2. tab., 3. tab.), kas iegilita ar skabinatdjiem pienskabi un
fosforskabi (kontrole) un auglu, ogu sulam.

Ta ka iejavoSanas procesa, izmantojot dazadus skabinatajus, ekstraktvielu
saturs bija atSkirigs, tad arT maltozes un glikozes koncentracija butiski atskiras.
P&tfjuma gaita tika konstatéts ar neliels fruktozes (0,07-0,13%) un saharozes
(0,26-0,54%) saturs misa (2. un 3.tab.).
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2. tabula/ Table 2

Oglhidratu saturs misa, %
Content of carbohydrates in the wort, %

Skabinataji / Acidulants

Japogu sula

= Upenu sula /
Pienskabe / F;;forst!( ab_e/ Black R/ d
Oglhidrati / Lactic acid osphoric currants €

Carbohydrate — acid juice currants

(n=5) X; (n=5) X, _ juice
+SD% +SD% (1'55%0/):' (n=5) X,

+SD%
Fruktoze / Fructose - - 0.13+0.05 0,11+0.05
Glikoze / Glucose 1.36+0.03 1.17+0.03 1.08+0.03 0.91+0.03
Saharoze/Sucrose 0.40+0.06 0.34+0.06 0.32+0.06 0.26+0.06
Maltoze / Maltose 7.38+0.05 6.30+0.05 5.83+0.05 4.91+0.05

3.tabula/ Table 3
Oglhidratu saturs misa, %
Content of carbohydrates in the wort, %

Skabinataji / Acidulants

Cslflrlgr}u Kriamcidoniju Dzervenu Abolu sula

Oglhidrati / Lemon sula/ sula/ / Apple

Carbohydrate juice Quince juice Cranberries juice_
I~ -5y x.45p0,  Juice (n=5) X; (n=5) X;

(135%0/):' (n=5) X £SD% +5D% +SD%
Fruktoze / Fructose  0.08+0.05 0.07+0.05 0.07+0.05 0.11+0.05
Glikoze / Glucose 1.19+0.03 1.35+0.03 1.37+£0.03 1.00+0.03
Saharoze/Sucrose 0.34+0.06 0.39+0.06 0.37+0.06 0.54+0.06
Maltoze / Maltose 6.50+0.05 7.42+0.05 7.44+0.05 7.46+0.05

Misa, kas ieglita, izmantojot pienskabi un fosforskabi, netika konstatéta
fruktoze, kas liecina par to, ka skabinatdji — upenu, janogu, abolu, citronu,
kriimcidoniju un dz&rvenu sulas — ienes fruktozi misa.

2.3. Apinu rugtvielu saturs misa

Rugtvielu $kidiba misa ir atkariga no dazadiem faktoriem: misas pH — jo
baziskaka vide, jo labaka Skidiba, skabekla satura, misas variSanas ilguma,
iejavoSanas reZima, apinu daudzuma, alus Skirnes. No seSiem augstak mingtiem
faktoriem cetri bija nemainigi — alus Skirne, pievienotais apinu daudzums,
iejavoSanas rezims un misas varisanas ilgums.
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Lielakais ragtvielu saturs alii tika iegiits, izmantojot par skabinataju
kramcidoniju sulu (30,4 BU), bet zemakais — ar janogu sulu (20,7 BU) (7. att.).
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Skabinataji / Acidulants
P- pienskabe/lactic acid, F- fosforskabe/phosphoric acid, U- upenu sula/black currants juice,

J —janogu sula/red currants juice, Cit- citronu sula/lemon juice, Cid- kramcidoniju sula/ quince
juice, Dz- dz&rvenu sula/cranberries juice, A- abolu sula/apple juice.

7.att. Apinu riigtvielu saturs misa ar netradicionaliem skabinatajiem
Fig.7. The content of bitter substances of hop in the wort,
with untraditional acidulants

Atkariba no misas pH izo-o-skabju skidiba mainas. Ja pH sasniedza 5,52,
tad ragtvielu koncentracija bija 36,5 mg L™, bet ja pH 5,85, tad 39,5 mg L™
Ja pH samazinas vai palielinas tikai par 0,33 vienibam, notiek bitiskas izo-o-
skabju §kidibas izmainas robezas +3,0 mg L. Augstakais misas pH ir iegiits,
izmantojot par skabinataju dzeérvenu sulu (5,19), bet zemakais — ar janogu sulu
(5,14). Misas pH atskiribas starp paraugiem bija 0,05 vienibu robezas, lidz ar
to, saskana ar literatiiras datiem, var secinat, ka $§ada pH intervala izo-a-skabju
daudzums varétu mainities par 0,45 mg L. Tomér pétijuma rezultati parada,
ka izo-a-skabju daudzums mainas nevis pH 0,33 robezas par £3 mg L™, ka ir
noteikts literatiira, bet gan jau pH 0,05 robezas par £13 mg L™. Tik niecigas pH
izmainas nevar bat iemesls tik ievérojamam 8kidibas atskiribam. Sadai
nesakritibai ir cits skaidrojums. Ka norada literatiras dati, ja pH 5,52,
maksimali ir iespéjams izskidinat 36,5 mg L7 izo-o-skabju. Eksperimenta
zemakais izo-a-skabju saturs ir 20,7 mg L™, bet augstakais — 30,4 mg L™, kas
liecina par to, ka rigtvielu saturu ietekm& ne tikai pH, bet arT oksidacijas
procesi, kas noris misas, kas satur ogu un auglu sulas, dzes€sanas laika.

3. Misas un alus ar ragtvielam bagatu augu piedevam
kvalitates izvértejums
Apini, pelaski, vermeles, ozolu mizas un ziles satur riigtvielas, bet to
kimiskais sastavs un sensoras pasibas atskiras.
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3.1. Ekstraktvielu un oglhidratu saturs misa

Misas iegliSanas procesa ir svarigi, lai pec iesp&jas vairak ekstraktvielu
parietu Gidens $kiduma, tade] tika noteikts to daudzums (4. tabula). Ka redzams
tabula, ekstraktvielu saturs misa péc rugtvielam bagato augu pievienosanas ir
robezas no 12,4 —12,6 PI’, kas atbilst raditajiem viegla alus misa.

4. tabula/ Table 4
Maltozes un glikozes saturs misa
The content of maltose and glucose in the wort

Rigtvielam bagati augi /

Parraudzejamie Plants containing lot of bitter substances
oglhidrati / Oz-m Oz-z Pel Ver Api
Fermentable - - - i v
+SD% +SD% +SD% +SD% +SD%
Maltoze / Maltose, %  7.20+0.05  7.30+0.05 7.60+0.05

7.32+£0.05  7.30+0.05

Glikoze / Glucose, %  1.34+0.03 1.35+0.03 1.37+0.03 1.38+0.03 1.20+0.03

Ekstraktvielu
saturs/The content of
extract substances,
PI’

12.4+0.2 12.5+0.2 12.6+0.2 12.5+0.2 12.6+0.2

0Oz-m — Ozola mizas / Oak Bark, Oz-z — Ozola ziles / Acorn, Pel — Pelaski / Yarrow,
Ver — Vérmeles / Wormwood, Api — apini (kontrole) / Hops (control)

Eksperimenta izmantotas rigtvielam bagato augu piedevas neietekme
maltozes un glikozes daudzumu (4. tab.), jo augi tiek pievienoti misas vari§anas
procesa péc iejava apcukurosanas.

3.2. 5-(Hidroksimetil)furfurola saturs misa

Peédgjo gadu laika zinatnieki ir pievérsusies dazadu karbonilsavienojumu,
kas ietekmé alus kvalitati, izp&tei. Ta, pieméram, zinatnieku grupa Bravo
vadiba pétija karbonilsavienojuma 5-HMF veidoSanos uzglabasanas procesa
gaisa Pilzenes tipa alt (Shmizu et al., 2001; Bravo et al., 2008).

Si savienojuma rasanas ir saistita ar Mailarda reakciju, iedarbojoties
savstarp&ji aminoskab&m un oglhidratiem. Ta ka iejava paskabinasanai tika
lietota krimcidoniju sula, kas satur fruktozi, kas tiesa veida ietekmé 5-HMF
rasanos, I1dz ar to bija svarigi noteikt ta daudzumu gan misa, gan gatava ald.

P&tfjuma procesa noskaidrots, ka pastav bitiska sakariba starp 5-HMF,
maltozes (R?=0,88) un glikozes (R?=0,71) daudzumu misa. Misas varisanas
laika tika noveérota maltozes un glikozes satura samazinaSanas un 5-HMF
koncentracijas pieaugsana (8. att.).
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8.att. Maltozes, glikozes un 5-HMF vidéjas satura izmainas
misas variSanas procesa
Fig.8. Changes of average maltose, glucose and 5-HMF content
in the wort during boiling process

Misas varisanas laika maltozes saturs izmainas no 8,9 mg L™ uz 7,2 mg L™,
glikozes — no 2,9 mg L™ lidz 1,3mg L™, bet 5-HMF koncentracija picaug no
1,4 mg L™ Iidz 2,5 mg L. Misas variSanas procesa maltozes saturs samazinas
par 12%, glikozes par 45%, bet 5-HMF koncentracija pieaug par 58% no
sakotngja satura. Petijuma iegitie dati parada, ka 5S-HMF koncentracija gatava
alii neparsniedz 2,60 mg L™ visos iegiitajos alus paraugos (9. att.).

Api RSSO RRNERNRANNRANRNANNNN - 260

Ver |7 P 251
ég Pel 252
Oz-z | -7 . . . .. —— 250

Oz-m [ITITITIIIIITH= 247

2.37 242 247 2.52 2.57 2.62

5-HMF, mg L™!
Api — apinu alus (kontrole) / hop beer (control), Ver — vérmelu alus / wormwood beer,
Pel — pelasku alus/ yarrow beer, Oz-z — ozola zilu alus / Acorn beer, Oz-m — ozola mizas alus /
oak bark beer
9. att. 5—(Hidroksimetil)furfurola saturs ali
ar rigtvielam bagatu augu piedevam
Fig. 9. The content of 5—-(hydroxymethyl)furfural in beer
with bitter substance riched plants
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Ta ka misa oglhidratu daudzums nav augsts — vidéji 8,8 %, tad
likumsakarigs ir neliels 5-HMF saturs misa un gatava alt. Lai gan 5S-HMF
saturs rugtvielu saturoSos alus paraugos nebija liels, tomér literatiira esosa
informacija norada uz to, ka $1 savienojuma koncentracija var pieaugt, un, jo
lielaka ta ir, jo vairak samazina alus kvalitati (Takashio, Shinotsuka, 2001).

Salidzinasanai tika izv€letas un analiz€tas tirdznieciba pieejamas alus
Skirnes (5. tab.).

5. tabula/ Table 5

5-HMF saturs dazadas komercialas alus Skirnés
Content of 5-HMF in various commercial beer sorts

5-HMF saturs /

Alus $kirne / Beer sort Content of 5-HMF, mg L

Aldaris Luksus 9.840,1
Térvetes sencu 6.8+0,1
Cesu alus Mitava 60.0+0,2
Cg@su alus BeerShake cola+tbeer 25.5+0,2
Livu alus 2.7£0,1
Bauskas gaiSais alus 7.5+0,1
Piebalgas Jubilejas 5.3+0,1
Lacplesa gaiSais 2.6+0,1
Lacplesa 3 iesalu 2.040,1
Lac¢plesa tumsais 7.3+0,1
Lacéplesa premium 2.79+0,1

Pétijumi norada, ka 5~HMF saturs nav vienads tirdznieciba nopérkamos
alos un var biitiski atskirties no miisu eksperimenta iegiitiem. Lielakais 5—-HMF
saturs tika konstatéts ,,Césu alus” ,,Mitava” alu un ,,BeerShake colatbeer” alus
kokteili, mazakais — ,,Lacplesa”,,3 iesalu”, ,,Premium” un ,,Livu alus” paraugos.

3.3. Netradicionalu izejvielu alus kvalitates izvertéjums

Etanola saturs ala tika konstatéts robeZas no 4,9 lidz 5,3%, kas atbilst gaisa
alus raditajiem (10. att.).

Visu veidu alus krasa ir novérota robezas no 5,8 lidz 7,5 (skat. 11. attgla)
EBC vientbam. Alus krasu veido vielas, ko satur iesals (flavini, karotini),
melanoidi, ka arT flobafeni, kas veidojas oksid&joties miecvielam un iekraso alu
sarkaniga krasa. Ozolu mizas un ziles satur ap 6-20% miecvielu
(Rubine, Enina, 2004), apini — 2-5%, pelaski — 1,2% (Spinarova, Petfikova,
2003) un vérmeles — 1% (Kalbermatter, Bodmer, 2005).
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10. att. Etanola saturs ali ar riigtvielam bagatu augu piedevam
Fig. 10. Ethanol content in beer with bitter substance riched plants
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11. att. Rigtvielam bagatu augu piedevu ietekme uz alus krasu
Fig. 11. Influence of bitter substance riched plants on the colour of beer

Eksperimentos iegiitajiem aliem krasas bija attiecigi: ozolu mizas alus
(7,3 EBC) un zilu alus (7,5 EBC) viegli sarkanigi, apinu alus gaisi zeltains
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(6,4 EBC), pelasku alus (6,2 EBC) un vérmelu alus (5,8 EBC) gaisi zeltaini —
zalgani.

050 1 045
0.45 - T 0.42 0.42
=, 040 - R A ¢
S 035 - ce T - 0.32
i_ 0.30 - =
A 0.25 4
2 0.20 -
% 015 -
> 0.10 -
0.05 -
0.00
0Ozolu mizasOzolu zilu / Pelasku / Vérmelu / Apigu / Hop
/ Oak Bark  Acorn Yarrow Wormwood
Alus / Beer

12. att.Vicinalo diketonu (VDK) saturs ala ar
riigtvielam bagatu augu piedevam
Fig. 12. Content of vicinal dicetons (VDC) in beer with
bitter substance riched plants

Zemikais kopgjo vicindlo diketonu saturs 0,32 mg L™ noteikts alum, kas
iegiits, misas variSanas procesa izmantojot apinus (12. att.), kas ir par aptuveni
0,12 mg L™ lielaks neka vicinalo diketonu saturs analiz&jamos alus paraugos.

Lietojot ka rugtvielu avotu ozolu mizas un ziles, pelaSkus un veérmeles,
vicinalo diketonu saturs svarstas no 0,37-0,45 mg L™, parsniedzot pielaujamo
normu 0,05-0,10 mg LY. Vicinalo diketonu veido$ands var biit saistita ar
dazadiem alus razoSanas tehnologiskajiem faktoriem: alus var bit inficéts ar
Lactobacillus vai Pediococcus spp., galvenaja riigSanas procesa nav pietiekami
novérsta propanona un butan-2,3-diola veidoSanas, ka arT novérojams augsts
diacetila saturs, ja ir nepietiekoss brivo a-aminoskabju saturs.

Ka viens no svarigakiem raditajiem, kas liecina par alus kvalitati ir pH.
Misas riig§anas procesa vides pH var mainities robezas no 5,0-5,6 lidz 4,2-4,6
gatava all. Ja pH saturs tiek konstatéts zemaks par 4,1 tas liecina par to, ka ir
notikusi oksidéSanas procesi, kuru rezultata ir veidojusas organiskas skabes, ka
arl alus raZoSanas procesa kada no posmiem alus varga but inficéts ar
mikrobiologisko piesarnojumu.

Visiem ar netradicionalo izejvielu piedevam iegiitajiem alus veidiem un
tradicionalajam apinu alum péc raudz€sanas pH bija robezas no 4,3 Iidz 4,5, kas
atbilst kvalitativa alus raditajiem (13. att.).
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13. att. Ragtvielam bagatu augu ietekme uz alus pH
Fig. 13. Influence of bitter substance riched plants on the pH of beer

3.4. Augstako spirtu satura izmainas alii uzglabasanas laika

Ali no netradicionalam izejvielam tika konstatéti pentan-2-ols un
propan-2-ols, kas nav sastopami apinu alii (6. tab.). Iesp&ams, ka tas bija
saistits ar parraudzg€jamas misas sastava eso$am aminoskab&m un izmantota
rauga veida. Augstako spirtu avots ir aminoskabes, kas transamingjas par
ketokarbonskabém, kuras péc dekarboksilgsanas ar NADH+H" parveidojas par
atbilstoSiem spirtiem (Baltess, 1998). Tomer, ka norada Branjiks (Branyk) ar
autoriem, ja augstakie spirti ir otr&jie spirti, tad tie neveidojas no aminoskab&m,
bet gan no taukskabém (Branyk et al., 2008). Lidz ar to var secinat, ka apinu
alus sastava nav taukskabju, kas sp&tu izveidot attiecigos spirtus pentan-2-olu
un propan-2-olu.

Vairaki zinatnieki savos pétijumos secina, ka optimalais kopg&jais augstako
spirtu saturs, kas veido raksturigo alus gar§u, ir robezas no 60-150 mg L™
(Nykénen, Suomalainen, 1983; Lea, Piggot, 2003).

Misu eksperimenta iegttie dati liecina, ka alus paraugos, kas iegiiti,
izmantojot ragtvielam bagatus augus, neparsniedz literatiira noradito
pielaujamo daudzumu (p>0,05) un ir robezas no 138,82-139,29 mg L*
(6. tab.). Kopgjais augstako spirtu saturs uzglabasanas laika 1idz deriguma
termina beigam samazinas (7. tab.) — apinu alum — par 62% un alus paraugiem
ar rugtvielam bagatu augu piedevam — par 81%. Augstako spirtu zudumi ir
izskaidrojami ar oksidéSanas procesiem, veidojoties aldehidiem, ketoniem un
skabem.
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6. tabula / Table 6
Augstako spirtu saturs svaiga aliai ar riigtvielam bagatu augu piedevam
Content of higher spirits in fresh beer with bitter substance riched plants

Riigtvielam bagati augi / Rich bitternes plants

Augstakie spirti / Oz-m Oz-z Pel Ver Api
Higher spirits, - - - - -
mg Lt (n=5) X (n=5) X (n=5) X (n=5) X (n=5) Xi
+SD% +SD% +SD% +SD% +SD%
Propan-2-ols 0.12+0.01 0.13+0.01 0.12+0.01 0.14+0.01 -
Propan-1-ols 17.50+£0.10  17.30+0.10 17.50+0.10 17.40+0.10 19.80+0.10
2-Metilpropan-1-ols  15.90+0.10  15.80+0.10 15.80+0.10 15.90+0.10 14.90+0.10
Butan-1-ols 0.16+0.010  0.16+0.01 0.15+0.010 0.16+0.010 0.12+0.01

2-Metilbutan-1-ols ~ 27.00+0.10  27.30+0.10 27.10+0.10 27.00+0.10 24.00+0.10

3-Metilbutan-1-ols ~ 73.60+0.30  73.50+0.30 73.40+0.30 73.50+0.30 71.90+0.30

Pentan-1-ols 0.24+0.03 0.23+0.03 0.23+0.03 0.25+0.030 0.84+0.03

Pentan-2-ols 4.30+0.10 4.20+0.10 4.30+0.10 4.50+0.10 -
Kopgja

koncentracija/ 138.82 139.06 138.95 139.29 131.56

Total concentration

Oz-m — Ozolu mizas alus / Oak Bark beer, Oz-z — Ozou zilu alus / Acorn beer, Pel — Pelasku alus |
Yarrow beer, Ver — Vérmelu alus / Wormwood beer, Api — Apinu alus / Hop beer

7. tabula / Table 7
Augstako spirtu saturs alus paraugos péc deriguma termina beigam
The content of higher spirits in beer samples after expiry date

Riigtvielam bagati augi / Rich bitternes plants

Augstakie spirti / Oz-m Oz-z Pel Ver Api
Higher spirits, - - - - -
mg L* (n=5) X; (n=5) X; (n=5) X; (n=5) X; (n=5) X;
+SD% +SD% +SD% +SD% +SD%
Propan-2-ols - - - - -
Propan-1-ols 5.60+0.10 5.40+0.10 5.60+0.10 5.50+0.10 5.80+0.10
2-Metilpropan-1-ols 3.80+0.10 3.60+0.10 3.70+0.10 3.70+0.10 4.20+0.10
Butan-1-ols - - - - 0.06+0.01

2-Metilbutan-1-ols 3.20+0.10 3.10+0.10 3.30+0.10 2.90+0.10 3.60+0.10

3-Metilbutan-1-ols ~ 14.20+0.30  13.90+0.30 14.30+0.30 14.00+0.30 18.80+0.30

Pentan-1-ols 0.12+0.03 0.12+0.03 0.13+0.03 0.11+0.03 0.16+0.03

Pentan-2-ols 0.36+0.10 0.34+0.10 0.35+0.10 0.36+0.10 -
Kopgja

koncentracija/ 27.28 26.46 27.38 26.57 32.62

Total concentration

0Oz-m — Ozolu mizas alus / Oak Bark beer, Oz-z — Ozolu zilu alus / Acorn beer, Pel — Pelasku alus /
Yarrow beer, Ver — Vérmelu alus / Wormwood beer, Api — Apinu alus / Hop beer

Skabeklis (O,) alt ir diezgan inerts un nav viegli ierosinams reaggét ar ala
eso§am organiskam vielam. Tomér dzelzs (Fe®*/ Fe**) un vara (Cu*/ Cu?*) joni
oksidacijas procesos ar spirtiem, polifenoliem, cukuriem un izohumuloniem
darbojas ka elektronu donori (Kaneda et al.,1989, 1992). P&tijuma tika noteikts,
ka dzelzs saturs apinu alii un alus paraugos ar ragtvielam bagatu augu
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piedevam (0,3 mg kg™) neatbilst literatiira noraditam alus ripnieciba atlautam
normam (0,1 mg kg™) un ir lielaks par 0,2 mg kg™, lidz ar to uzglabasanas
procesa dzelzs (I1) jons (Fe®") katalizé peroksida anjona (O,) un Fe*" jona
veido$anos (Kaneda et al., 1991, 1999). Lidzigas reakcijas kataliz€ vara joni,
kuras Cu® oksidgjas par Cu®*. Nevienam no esodiem paraugiem netika
konstatéta lielaka vara jonu koncentracija par alus riipnieciba noteiktam
normam (0,1 mg kg™).

3.5. Alus ar rugtvielam bagatu augu piedevam sensorais noveértéjums

Lai novertétu alus paraugu ar pelaskiem (A), ar ozolu mizam (B), ar ozolu
zilém (C) un ar vérmeleém (D) patikSanas pakapi, izmantota 9 punktu hédoniska
skala un iegitie rezultati apkopoti 14. attéla.

Hedoniskas vértésanas rezultata vargja secinat, ka apmacttajiem vertétajiem
vienlidz labi patika paraugi A, B un C, un starp tiem patikSanas zina
nepastavéja bitiska atSkirtba (p>0,05). PatikSanas zina bitiski atSkirigs
(p<0,05) bija vérmelu alus. Vertétaji to raksturoja ka loti ragtu, ar izteiktu
vermelu garsu, kas ir neraksturiga tradicionalajam alum.

Alus patiksanas pakape bija robezas no 4,12 (mazliet nepatik) lidz 6,19
(mazliet patik).
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Heédoniskas skalas veértibas / Values of hedonic scale
A — Pelasku alus / Yarrow beer, B — Ozolu mizas alus / Oak Bark beer,
C — Ozolu zilu alus / Acorn beer, D — Vérmelu alus / Wormwood beer
14. att. Alus ar riigtvielam bagatu augu piedevam
hedoniskais novertejums
Fig. 14. The results of the overall acceptance of beer
with bitter substance riched plants

Alus sensoro IpaSibu intensitates noteikSanai izmantota Iinijskala, un
iegutie rezultati apkopoti 15. attéla.
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Dzidrgms / Clarity

Savelkosa garSa/

Astringent taste Aromats / Aroma

Riigta garsa /|, lesala aromats /
Bitter taste Malt aroma
Briina krasa /
Brown colour
A B C e a= D

A — Pelasku alus / Yarrow beer, B — Ozolu mizas alus / Oak Bark beer,
C — Ozolu zilu alus / Acorn beer, D — Vérmelu alus / Wormwood beer

15. att. Alus paraugu ar riugtvielam bagatu augu piedevam
sensora noveértéjuma staru diagramma
Fig. 15. The star diagram of the sensory evaluation of beer with bitter
substance riched plants

Statistiski izvertgjot iegiitos datus, var secinat, ka butiskas atSkiribas
(p>0,05) starp alus aromatiem nepastavéja. Lidz ar to var teikt, ka pievienotas
augu dalas neietekm&ja alus aromatu veidojoSo vielu saturu, kas bija radies
galvenas riigSanas laika rauga metabolisma procesa.

Iegtitais brinas krasas intensitates statistiskais izvért€jums rada, ka starp
aliem briinas krasas intensitates zina nebija bitiska (p>0,05) atskiriba. Brtno
krasu veido dazadi Mailarda reakcijas produkti (mazmolekulari [LMW]
hromofori (<1 kDa) un augstmolekulari [HMW] melanoidini [>100 kDa])
(Ames & Nursten, 1989; Hofmann, 1998), tadel var secinat, ka pievienotas
dazadas rugtvielas saturo$o augu dalas neietekmgja iegtito alu krasu. Savukart
izmantotie apinu aizvietotaji — pelaski, ozolu mizas, ozolu ziles un vérmeles —
batiski ietekmgja (p<0,05) alus dzidrumu, iesala aromatu un riigto un savelkoso
garsu (8. tabula).

Pelasku alus (A) un ozolu mizas alus (B) bija dzidraki neka ozolu zilu alus
(C) un vérmelu alus (D), tomér batiska (p>0,05) atSkiriba starp tiem dzidruma
zina nepastaveéja (16. att.). Viens no svarigakajiem faktoriem, lai iegtitu dzidru
alu, ir iesala un pievienota auga kopg&jo polifenolu saturs, jo, ka norada Kunze
(1998), tiesi apinu polifenoli reakcija ar olbaltumvielam veido sarezgitus
kompleksus savienojumus, kuri sp€j ietekmét gatava alus dzidrumu. Ta ka
misu pétljuma pievienotais iesala daudzums visiem alus paraugiem bija
nemainigs, tad var pienemt, ka dzidrumu bitiski ietekmé&josie faktori bija augu
dalu dazadie polifenoli. Iesp&jams, misas variSanas procesa pievienotas ozolu
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ziles un vermeles, Iidzigi apiniem, labak spgj saistit un nogulsnét
olbaltumvielu—polifenolu kompleksos savienojumus.

8. tabula / Table 8
Alus paraugu ar riigtvielam bagatu augu piedevam
sensoro ipasibu savstarpéja korelacija
Correlation among the sensory properties of beer samples
with bitter substance riched plants

Sensoras lesala Briina Riigta Savelkosa
ipasibas / Dzidrums Aromats/ aromats krasa/ garsa / garsa /

Sensory / Clarity Aroma / Malt Brown Bitter Astringent
properties aroma colour taste taste

Dzidrums / 1 3 3 B 3 B
Clarity

Aromats /

Aroma 0711 1 B B - B

lesala
aromats / 0.895 -0.714 1 — - —
Malt aroma

Bruna krasa
/ Brown -0.772 0.865 -0.546 1 - -
colour

Riigta garSa
/ Bitter -0.531 0.973 -0.578 0.781 1 -
taste

Savelkosa
garSa /
Astringent
taste

-0.553 0.973 -0.537 0.849 0.990 1

Visintensivakais iesala aromats tika konstatets alum ar pelaskiem (A), un
tas butiski atskiras (p<0,05) no pargjiem alus paraugiem ar rugtvielam bagatu
augu piedevam.

Rugtas garSas intensitates zina paraugi A un C (ar pelaskiem un ozolu
zilém) viens no otra neatskiras (p>0,05), tacu tie abi butiski at$kiras (p<0,05)
no B parauga (ar ozolu mizam). Alum ar vérmelu piedevu (0,2 g L™) bija
izteikti rugta garSa, kas ne visiem vertetajiem patika. Alum ar pelasku piedevu
netika konstatéta riigta garsa, bet paraugiem ar ozolu mizas un zilu piedevu bija
izteiktaka savelkos$a tanninu garsa.

Savelkosa garsa visizteiktaka bija D paraugam (ar vérmelém), un ta batiski
atskiras (p<0,05) no A, Bun C paraugu savelkosas garSas. Savukart A (ar
pelaskiem), B (ar ozolu mizam) un C (ar ozolu zilém) paraugu savelkos$as
garsas intensitate butiski neatskiras (p>0,05).
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No iegiitajiem datiem var secinat, ja alum ir riigta garsa, tad tam bds arT
savelko$a garSa (r=0,990). Tas janem v&ra, izstradajot alus receptliras ar
rigtvielam bagatu augu piedevam, jo parak izteikta savelkoSa gar$a vertetajiem
(potencialajiem paterétajiem) nebija pienemama. Tapat pastavéja ciesa
korelacija (r=0,900) starp riigto, savelkoSo gar§u un aromatu: jo izteiktaka bija
alus parauga rugta vai savelkosa garsa, jo izteiktaks bija ta aromats.

Ka noradija apmacitie vertetaji, hedoniskas verteSanas lapas nebija biitisku
atskiribu apinu alum (kontrole) starp ozola mizas, ozola zilu un pelasku alu.

3.6. Ekonomiskais izvértéjums

Cetru jaunu alus veidu — ar 0zolu mizas, ozolu zilu, pelagku un vérmelu
piedevam — izmaksas var prognozEt, attiecinot uz sarazota alus daudzumu
menesi.

Galvenie alus cenu veidojosie faktori ir izejvielu un razosanas izmaksas, ka
ar iekartu un paligmaterialu u.c. izmaksas. Ar riigtvielam bagatu augu ka
izejvielas izmaksas alus razoSanai apkopotas 9. tabula.

9. tabula / Table 9
Izejvielu izmaksas alus raZosanai (Eur L)
The costs of raw materials for beer production (Eur L™)

Apini

Izejvielas / (kontrole) / O.ZOIU O_ZOIU Pelaski / Vérmeles /
8 mizas / ziles /
Raw materials Hop Yarrow Wormwood
Oak bark Acorn
(control)
Udens/Water 0.1138 0.1138 0.1138 0.1138 0.1138
MieZu iesals / 0.3414 03414 03414 0.3414 0.3414
Barley malt
Alus raugs / 0.1366 01366  0.1366 0.1366 0.1366
Brewer's yeast
Kriimeidoniju
sula/ 0.0111 0.0111 0.0111 0.0111 0.0111
Quinic juice
Apini / Hop 0.0011 — — — —
Ozolu mizas /
Oak bark B 0.0498 B B B
Ozolu ziles / B B 0.0142 3 B
Acorns
Pelaski / Yarrow — — — 0.0085 —
Vérmeles /
Wormwood B - - B 0.0092
Kopa / Total, Eur 0.6040 0.6528 0.6172 0.6115 0.6123

Apinus aizvietojot ar rugtvielas saturoSiem augiem, viena litra dz€riena
razoSanas cena palielinasies par 0,0075-0,0488 Eur L. Salidzinot ar kontroles
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alus paraugu, redzams, ka izmaksas visvairak palielinasies, pievienojot ozola
mizas 0,6528 Eur L. Pelagku alus izmaksas at3kiras tikai par 0,0075 Eur LY
salidzinot ar kontroles paraugu. Tomér So izmaksu palielindgjums vai
samazinajums ir atkarigs no izejvielu cenu svarstibam dotaja gada.

Lai gan izejvielu izmaksas alus razoSanai ar rigtvielam bagatu augu
piedevam ir apmierinosas, tomér faktisko cenu veido alus razoSanas izmaksas.
Apinu alus un alus ar rigtvielam bagatu augu piedevam razoSanas izmaksas
(Eur L") redzamas 16. attéla.

1.7000 -
1.6900 -
1.6800 -

1.6700 - 1.6626
1,657
16600 1 16569  1.6576

1.6494
1.6500 -
1.6400 - -
1.6300 -
1.6200 -

Ozolu  Ozoluzilu Pelasku/ Vérmelu /Apingu /
mizas / /Oakacorn Yarrow Wormwood Hop
Oak Bark

Eur L

Alus razo$anas izmaksas /
The production coasts of beer,

Alus paraugi / Beer samples

16. att. Tradicionala un alus ar riagtvielam bagatu augu piedevam
razosanas izmaksu salidzinajums (Eur LY

Fig. 16. The production cost comparison of traditional beer and beer
with bitter substance riched plants (Eur L™)

Izveértgjot apinu alus un alus ar riigtvielam bagatu augu piedevam raZoSanas
izmaksas redzams, ka ozolu mizas alus cena, salidzinot ar apinu alu (kontrole)
palielindjusies par 0,0488 Eur L™, bet ozolu zilu, pelasku un vérmelu alus
ra¥o3anas izmaksu palielinajums ir robezas no 0,0075-0,0132 Eur L™

Lai gan paslaik $adi alus veidi netiek piedavati, to galvenie konkurgjosie
produkti ir dazadi alus kokteili, kas plasi tiek izplatiti mazumtirdznieciba.
Tomeér, neskatoties uz to, ar augu rugtvielam bagatie jaunie alus veidi paplasina
pasreiz piedavato alus sortimentu.
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SECINAJUMI

Aizvietojot tradicionalos skabinatajus (pienskabi, fosforskabi) ar
organiskas skabes saturoSu ogu un auglu sulam, ir iesp&jams
nodro§inat nepiecie$amo iejava pH robezas no 5,14 Iidz 5,19.

Ogu un auglu sulas butiski ietekmé ekstraktvielu un oglhidratu saturu
misa. Ekstraktvielu un oglhidratu saturs, izmantojot janogu, upenu,
abolu un citronu sulas, ir par 14,4-23,2% zemaks neka ar dzervenu un
krimcidoniju sulu.

Fumarskabe, hinskabe, abolskabe un citronskabe misas iegiiSanas
procesa atSkirigi ietekmé glikozes un maltozes veidoSanos iejava.
Augstakais kopgjais maltozes un glikozes saturs misa (9,9-9,5)+0,04%
tika iegiits, izmantojot par skabinatajiem hinskabi un abolskabi.
Nedaudz mazaks — paskabinot ar fumarskabi (9,2+0,04%), bet,
izmantojot citronskabi, misa tika iegiits par 26,7% mazaks kopgjo
oglhidratu saturs neka izmantojot hinskabi un abolskabi.

Misas variSanas procesa pH reguléSanai lietojot ogu un auglu sulas,
apstiprinas atSkiriga individualo skabju ietekme. Ogu un auglu sulu
piedevas, kas satur domin&joso skabi citronskabi (citronu, upenu, un
janogu sulas) misa samazinaja ekstraktvielu, glikozes, un maltozes
saturu, salidzinot ar dz€rvenu un krimcidoniju sulam, kas bez
citronskabes satur arT abolskabi un hinskabi.

Optimalie gatava alus kvalitates raditaji, iejavoSanai lietojot
krimcidoniju un dz€rvenu sulas, atbilda kontroles paraugam ar
pienskabi, bet bija labaki ka kontrolparaugam ar fosforskabi.

Izstradata alus ieglSanas metode, misas variSanas procesa apinus
pilnigi aizvietojot ar riigtvielam bagatu augu piedevam. Alus razoSana
misas variSanas procesa apinus var aizvietot ar riigtvielam bagatu augu
piedevam.

Noteikts, ka augstako spirtu saturs alii uzglabaSanas laika lidz
deriguma termina beigam mainas un samazinas pat par 80%.

Misas varisanas procesa, samazinoties maltozes un glikozes saturam,
pieaug 5—(hidroksimetil)furfurola (5-HMF) saturs.

Sensoras novértésanas rezultati rada, ka alus paraugi ar rigtvielam
bagatu augu piedevam savstarpgji atSkiras galvenokart ar dzidruma,
iesala aromata, riigtds un savelkos$as garSas intensitati. Apinu alus
(kontrole) butiski neatskiras no ozola mizas, ozola zilu un pelasku alus
paraugiem.
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TOPICALITY OF THE RESEARCH

The aim of the food industry is to provide people with a wide range of high
quality non-alcoholic and alcoholic beverages, including beer.

Traditionally beer is made of water, barley, hop and yeast; it comprises
ethanol, higher spirits, carbon dioxide as well as other compounds creating
specific taste, aroma, colour and beer foam.

Beer production is a significant component of food industry in many
countries worldwide. Beer breweries purchase modern equipment ensuring
application of cutting edge technologies with the aim of improving beer quality
and the length of its expiry date.

Beer is one of the most common beverages with low alcohol content
comprising more than 30 mineral substances and trace elements (copper,
phosphorus, potassium, zinc, fluorine, iron, etc). Beer contains B vitamins By,
B,, B as well as organic acids and other compounds.

Beer contains higher aliphatic and aromatic spirits, carboxylic acid esters,
carboxylic acids, proteins, and sulfur compounds providing four basic tastes:
salty, bitter, sour and sweet. In addition, beer can have a taste of dry fruit,
boiled vegetables, caramels, apples, bananas, cloves, paper, metal, mold.

Beer has a long history. Until 1516 no definition existed of what beer was
like. Egyptians made a drink similar to beer from bread loafs flavouring the
drink with juniper, ginger and saffron, people in Africa used different varieties
of millet, Chinese produced beer from millet and rice, while South American
Indians used chewed corn cores. Only in the 9th century the use of hops in beer
was introduced by German and French monks. As regards Latvia, two types of
mead (sweet and bitter from hop) were used already around 1227. In 1516
German Duke Wilhelm IV of Bavaria stated that ingredients of beer should be
restricted to four raw materials — malt, hop, yeast and water.

In the course of time the quality and content of beer have changed along
with the development of production technologies and science. Beer today
differs significantly from beer in ancient times since now the focus is on the
quality of beer.

Traditionally beer is clear with a pleasant taste of hops and consistent foam
at the top. The leading breweries not only produce classical beer, but also offer
new sorts of beer in order to attract new consumers. Therefore new
unconventional and interesting beer varieties differing significantly from a
standard beer are being created.

The competition among breweries enhances improvement of the quality of
beer. The quality of beer is characterized by sensory, physicochemical and
microbiological indicators.

There are tens of thousands of beer varieties all over the world, each of
them having a different taste, aroma, colour, density and strength. Beer
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breweries differ from each other in terms of proportions and quality of applied
raw material, technologies, as well as a brewer’s skill and beer brewing secrets.

The literature review of the doctoral thesis presents the analysis of the
chemical composition of beer, raw materials used in beer production, beer
technological process, formation of higher spirits, the chemical composition of
berries and fruit, as well as the description of untraditional beer additives.

In recent years a range of beers has been diversified by beer-based mixed
drinks made by mixing beer with various lemonades thus obtaining
untraditional beer; however, there are no data on substitution of hop in the
process of the wort production with plants rich in bitter substances.

The review of the scientific literature and the necessity of the scientifically
grounded analysis of new ways of using plants available in Latvia allow to
define the hypothesis of the doctoral thesis: by selecting juices of certain
berries and fruit depending on their composition of organic acids as acidulants
for mash and by substituting hop with plants rich in bitter substances, it is
possible to produce beer of good quality from untraditional raw materials of
plant origin found in Latvia.

The object of the doctoral thesis is beer, in the production process of
which mash is acidified with cranberry, black currant, red currant, quince, apple
and lemon juices, but hop is substituted with wormwood, oak bark, oak acorn
and yarrow additives.

The aim of the doctoral thesis is to investigate untraditional raw materials
for beer production: evaluate the juices made of Latvian berries and fruit most
suitable for acidifying mash and analyze the influence of plant additives
containing bitter substances on the quality of beer.

To achieve the aim, the following objectives have been set:

1. to study pH changes in mash when replacing lactic or phosphoric acid
with berries and fruit juices;

2. to select the most suitable berries and fruit juices for obtaining the wort
on the basis of their composition of organic acids;

3. to determine the changes in content of extract substances and
carbohydrates in the wort, using berries and fruit juices during
mashing;

4. to research an influence of fumaric acid, quinic acid, malic acid, citric
acid, respectively, on the formation of glucose and maltose in the wort
making process;

5. to work out beer production technology envisaging a complete
substitution of hops with plant additives rich in bitter substances;

6. to research dynamics of long row spirits during their storage in beer;
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to determine the content of 5—(hydroxymethyl)furfural (5-HMF) in the
wort and beer;
to analyze the influence of plants rich in bitter substances on the
quality of beer.

The following theses verify the hypothesis of the doctoral thesis:

1.

2.

the chemical composition of fruit and berries substantiates the choice
of the most suitable juice as an acidulant during mashing;

the chemical composition of fruit and berries influences the content of
extract substances in mash;

substitution of hop during the wort boiling process with untraditional
raw materials, i.e., plants rich in bitter substances, allows to obtain new
varieties of beer;

plant additives rich in various bitter substances have a varied influence
on beer sensory properties.

Novelty of the doctoral thesis:

the method of using berries and fruit juices for regulating mash pH has
been worked out (LR Patent N0.14087);

the method of adding plant extracts rich in bitter substances to the wort
boiling process has been worked out (LR Patent application
No.P-13-226).

Scientific significance of the doctoral thesis:

1.

an individual influence of fumaric acid, quinic acid, malic acid and
citric acid on the formation of glucose and maltose in the the wort
making process has been researched for the first time.

the quality of beer has been studied, when using untraditional raw
material in the production process by:

replacing lactic or phosphoric acid during mashing process with berries
and fruit juices with dominating discovered suitable organic acids;
substituting hop with oak bark, oak acorns, yarrow and wormwood
during the wort obtaining process.

Economic significance of the doctoral thesis:

The research findings provide an opportunity to diversify a range of beers
with new beers having different sensory properties. New mashing and wort
making methods for beer production process using plants, berries and fruit from
Latvia have been worked out. Recommendations for producers have been
suggested.
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APPROBATION OF THE RESEARCH

The study results were summarized and published in seven reviewed
scientific publications, one LR Patent and an application of Patent were
obtained:

The results of the research work have been presented in 10 international
scientific conferences, congresses and symposiums in Latvia, Lithuania, Czech
Republic, Germany, Bulgaria and Spain:

MATERIALS AND METHODS

The research was carried out in the time period from 2003 to 2014 at:

the Latvia University of Agriculture, the laboratories of the
Department of Chemistry (pH, carbohydrates, 5-HMF, organic acids),
Department of Food Technology (the sensory analysis);

the Mobile express laboratory of Excise Goods Department of the State
Revenue Service, (the analysis of higher spirits and organic acids);

the laboratory of the Chief Customs Department of the State Revenue
Service (ethanol, higher spirits, trace and macro elements);

the laboratory of the company “Lacplesa alus”, plc (bitter substances,
spirits, density, Plato degrees, pH, colours, vicinal diketons).

Materials used in the research: additives of berries, fruit and dry plants:

Berries and fruit grown in Latvia: black currants (Ribes nigrum), red
currants  (Ribes rubrum), quince (Chaenomeles), cranberries
(Vaccinium  microcarpum), apples (Malus sylvestris; variety:
Antonovka) and lemons (Citrus x lemon). Juices from fresh berries and
fruit made by the juice squeezer Moulinex A7534K, pasteurized in the
Voran PA 90 equipment, were used for acidifying mash;

Dry raw materials from plants grown in Latvia: oak bark (Cortex
quercus), oak acorns (Quercus kerrii), yarrow (Achillea millefolium),
wormwood (Artemisia absinthium). Raw materials were collected and
dried according to the methods Dr. farm. H. Rubine and asoc. prof., Dr.
farm. V. Enipa (Riga Stradina University), indicated in the book
”Arstniecibas augi”.

Other raw materials:

Light barley malt (Brupaks, Anglija). 16" EBC Light barley malt
standard 2005 of the Analysis Committee.

Beer yeast (Saccharomyces pastorianus) (Lallemand, Canada). Yeast
used in beer fermentation obtained by dissolving 2g per 1 L wort.
Drinking water (”Grigis and Co”, Ltd) according to the regulation of
the Cabinet of Ministers of the Republic of Latvia N0.235/29.04.2003.
”Compulsory Safety and Quality Requirements, Monitoring and
Control procedure for Drinking Water”.
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- Hop (Humulus lupulus) "Magnum” - 10% a-acid (”Aldaris”, plc).

- Lactic acid, o-phosphoric acid, fumaric acid, quinic acid, malic acid,
citric acid (Fluka, Germany)

- Beer available in ”Rimi’’ and ”Maxima” chain stores (Latvia) for
comparing experimental data obtained during the research: ”Aldaris”,
plc (“Luksus”, ”Zelta”, ”GaiSais”, “Pilzenes”), "Lacplesa alus”, plc
("Gaiais”, ’3 iesalu”, "Tumsais”, "Premium”); ”Grigis and Co”, Ltd
(’Ltvu alus”, ”Rubenis”, "Kur$u”), ”Cesu alus”, plc ("Mitava”, ”Beer
Shake colat+beer”, "Light”, ”Special”, ”Cuba”, "Bocmanis”, “Latvijas
Pilzenes”), “Bauskas alus”, Ltd (”Bauskas light beer”, ”Sencu”),
“Piebalgas alus”, Ltd, (“Piebalga™), “Agrofirma Tervete”, plc,
(’Tervetes™).

The methods of determination during the research

1. A gas chromatograph Shimadzu GC-17A (GH) with flame ionization
detector was used for identification of higher spirits in beer. The
method had been partly modified according to the method of strong
alcoholic drinks described in the scientific literature (Matiseks et al.,
1998).

2. Determination of content of bitter substances in beer (AOAC, 970.16,
1990; EBC, 9.8, 2007).

3. The content of spirit in beer and wort extract were determined with the
digital meters of the company Anton Paar DMA48 and ”Alcolaizer
analysis” (EBC, 9.4, 2007).

4. pH level of beer, wort, mash, berries and fruit juices was identified
with the potentiometric method with pH meter (AOAC, 960.19, 17 th
Ed; EBC, 1.5, 9.35, 2007). The electrode Sen Tix 97T was used.

5. The colour of beer was determined with the spectrophotometric
method. The determination of beer colour was based on the absorption
of light measured using 430 nm and 700 nm wave length (AOAC,
956.02, 17 th Ed; EBC, 9.6, 2007).

6. Vicinal diketons were determined with the spectrophotometric method
(EBC, 9.24.1, 2007).

7. Content of carbohydrates and organic acids in wort, berries and fruit
juices was determined with high efficiency liquid chromatography
(Schimadzu LC-20 Prominence, Shimadzu USA Manufacturing Inc,
Canby, USA). The method was worked out in the Scientific Laboratory
of Chemistry of Natural Substances, the Department of Chemistry, the
Faculty of Food Technology of the Latvia University of Agriculture,
on the basis of the recommendations of the company “Shimadzu”.

8. Content of 5-(hydroxymethyl)furfural in wort, beer was determined
with the high efficiency chromatography method (Schimadzu LC-20
Prominence, Shimadzu USA Manufacturing Inc, Canby, USA). The
method was worked out in the Scientific Laboratory of Chemistry of

39



Natural Substances, the Department of Chemistry, the Faculty of Food
Technology of the Latvia University of Agriculture, on the basis of the
recommendations of the company “Shimadzu”.

9. The sensory analysis of beer was carried out at the Faculty of Food
Technology, the Latvia University of Agriculture.

The scheme of the beer production technological process
The production conditions of beer from untraditional raw materials were
standardized according to the technological process scheme (Fig.1).

Acidulants used for beer production

Traditional acidulants (control) lactic acid and phosphoric acid were
replaced during mashing with pasteurized red currant, black currant, cranberry,
lemon, quince and apple juices (Fig. 1, Fig. 2, Fig. 3). Figure 3 shows the
calculations of volume of added acidulants in mililiters per 1 liter of mash.

Plants rich in bitter substances used for beer production

Traditional raw materials (Fig. 4) used for wort boiling were substituted
during the experiments, thus plants rich in bitter substances: 0.2 g of dried oak
bark, oak acorns, yarrow and wormwood were added to | liter of the wort
instead of hop. Hop was used for the control: 0.2 g of hops were added to 1 liter
of wort, see Fig. 1.

Sensory evaluation

The 9-point hedonic scale was used to measure beer preferences from
untraditional raw materials (1 — dislike extremely; 2 — dislike very much; 3 —
dislike moderately; 4 — dislike slightly; 5 — neither like nor dislike; 6 — like
slightly; 7 — like moderately; 8 — like very much; 9 — like extremely); the
intensity of beer sensory properties (clarity, aroma, malt aroma, brown colour,
bitter and astringent taste) was determined by means of the line scale
(1SO 4121:2003). 25 trained experts (18 women and 8 men) participated in the
beer sensory evaluation, their average age was 35 years. The following tags
were used: A — yarrow, B — oak bark, C — oak acorns, D — wormwood; hop beer
(control) was used for the comparison. During the sensory analysis each expert
received four beer samples (A, B, C, D) and one hop beer sample (control)
(each sample — 30 mL); beer temperature was +4 °C.
Mathematical analysis of the data

The data processing was done by means of mathematical statistical
methods, arithmetical means, standard deviation, dispersion analysis
(ANOVA), Tukey test and the correlation analysis, using Minitab 15 software
(Jansons E., Meija J., 2002; Arhipova I., Balina S., 2003).
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RESEACH RESULTS AND DISCUSSION

1. Chemical composition of red currant, black currant, cranberry,
quince, apple and lemon juices

To achieve the aim of the research, juices of cranberries, quince, apples,
red currants and black currants common in Latvia (except lemons) were used.

1.1. Content of pH and acids in berries and fruit juices

In order to use berries and fruit juices as alternative acidulants, it was
important to identify organic acids present in them. The identification of
titratable acidity is the simplest, fastest and cheapest method. The results of
titratable acidity are shown in Table 1.

Table 1 reflects that quince juice (5,7140,05 mmol L™) and lemon juice
(5,80+0,05 mmol L™) had the highest titratable acidity, but apple juice
(1,9240,01 mmol L™) had the lowest titratable acidity.

The second most important indicator was pH. As Table 1 shows, lemon
juice 2,40+0,02 and quince juice 3,66+0,02 had the lowest pH. Quince juice
had the highest titratable acidity and the lowest pH.

The analysis of titratable acidity and pH level shows that quince and lemon
juices could be used as the most suitable acidulant alternatives for lactic acid.
However, lemons are not suitable for Latvia’s nature conditions thus quince,
which is grown in Latvia, was chosen as the most appropriate acidulant.

1.2. Content of glucose and fructose in berries and fruit juices

Since content of fermented carbohydrates is important for obtaining the
wort, content of glucose and fructose in berries and fruit juices were identified
during the research.

Content of fructose was higher in the juices of black currants (4,29%), red
currants (3,95%) and apples (3,60%) comparing to the juices of lemons
(1,62%), quince fruit (1,51%) and cranberries (1,64%). As regards content of
glucose, it was higher in black and red currant juices (3,80-3,69%), however, it
was lower in apple juice (0,50%). The juices of black and red currants
contained by 52-58% more glucose and by 35-38% more fructose than lemon,
quince and cranberry juices. In relation to the total content of glucose and
fructose, juices could be ranged in the following order: black currant (8,09%)
> red currant (7,64%) > apple (4,10%) > cranberry (3,93%) > lemon (3,82%)
> quince (3,51%).
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The research findings leads to the conclusion that black currant and red
currant juices had the highest content of glucose and fructose, but quince juice
had the lowest content.

2. Untraditional acidulants for obtaining wort

The research focused on the substitution of lactic acid and phosphoric acid
with cranberry, black currant, red currant, quince, apple and lemon juices for
the purpose of regulating pH level of mash.

2.1. Analysis of mash pH changes in the mashing process and content of
extract substances in wort

Various acidulants were added in order to reduce mash pH to 5,20. The
traditional acidulants (control) — lactic acid and phosphoric acid — were
substituted with pasteurized black currant, red currant, cranberry, lemon,
quince, apple juices. Mash pH was reduced to 5,20+0,02 by acidifying it with
traditional and untraditional acidulants during mashing.

The pH increase was not observed in all further mashing stages; pH scale
was from 5,19+0,02 to 5,14+0,02.

The content of extract substances in the wort, determined during the
experiment with traditional and untraditional acidulants, is depicted in Fig. 5.

The highest results of extract substances were obtained using cranberry
(12,5 PI) and quince (12,5 PI") juices, the lowest result — lemon (10,7 PI°),
apple (10,6 PI), black currant (10,0 PI") and red currant (9,9 PI') juices. The
results obtained using lactic acid and phosphoric acid (control) were 12,0 PI
and 10,5 PI', respectively (Fig.5). Comparing quince and cranberry juices with
a traditional acidulant — lactic acid, the result of extract substances was by 4%
higher. The content of extract substances obtained by using apple, lemon, black
currant, red currant juices as mash acidulants was by 14,4-23,2 % less than that
using control, cranberry and quince juices.

The dominating acid in lemon, black currant and red currant juices was
citric acid. Cranberry and quince juices contained not only citric acid, but also
malic acid and quinic acid; quince juice contained also fumaric acid.
Hypothetically, malic acid and quinic acid are dominating organic acids
influencing maximum result of extract substances.

2.2. Changes of carbohydrates in wort

In order to find out which of the dominating acids found in berries and fruit
influence content of glucose and maltose in the wort, separate acids were added
in the mashing process. The research findings show that added organic acids
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(fumaric, quinic, malic and citric acids) influence significantly the content of
glucose and maltose in the wort (Fig.6).

The highest content of maltose and glucose was obtained using quinic acid
and malic acid as acidulants, the total content of the mentioned carbohydrates
was 9,5-9,9+0,04%. Slightly less content of carbohydrates in the wort was
determined by acidifying mash with fumaric acid (9,2+0,04%). The findings
are similar to the result by using a traditional acidulant — lactic acid. The mutual
comparison of effectiveness of using quinic acid, malic acid and citric acid
permits to conclude that the content of the total carbohydrates in the wort was
by 26,7% less by using citric acid than by using quinic acid and malic acid. The
comparison of the influence of pure acids and juices on the content of glucose
and maltose shows that the content of extract substances using lemon, black
currant and red currant juices for acidifying mash was less than that using
cranberry, apple and quince juices due to the fact that the dominating acid in
black currant, red currant and lemon juices is citric acid.

Starch in malt, affected by enzymes o- and B-amylases at the exact time,
pH and temperature interval, hydrolyzes to dextrins during the mashing
process; dextrins, in turn, form maltose and glucose, therefore content of
carbohydrates was determined in the wort (Table 2, Table 3) obtained by using
acidulants: lactic acid and phosphoric acid (control) and berries and fruit juices.

Since the content of extract substances was different during the mashing
process by using different acidulants, the concentration of maltose and glucose
differed significantly. A negligible content of fructose (0,07-0,13%) and
sucrose (0,26-0,54%) was found in the wort during the research process (Table
2 and 3). No fructose was found in the wort, obtained by using lactic acid and
phosphoric acid. It means that acidulants, i.e., black currant, red currant, apple,
lemon, quince and cranberry juices, bring fructose to wort.

2.3. Content of bitter substances of hop in wort

The solubility of bitter substances depends on various factors: the wort pH
(the more alkaline, the better solubility), the content of oxygen, the wort boiling
duration, mashing mode, the amount of hop, beer variety. Four factors from the
six above mentioned were invariable — beer variety, the amount of the added
hop, mashing mode and the wort boiling duration.

The highest content of bitter substances in beer was obtained by using
quince juice as an acidulant (30,4 BU), but the lowest content was obtained by
using red currant juice (20,7 BU) (Fig. 7).

The solubility of iso-a-acids varies depending on the wort pH. If pH
reached 5,52, the concentration of bitter substances was 36,5 mg L™, but if pH
reached 5,85, then — 39,5 mg L™. If pH decreased or increased only by 0,33
units, significant changes of iso-a-acids’ solubility occurred within 3,0 mg L™.
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The highest wort pH was obtained by using cranberry juice as an acidulant
(5,19), but the lowest — using red currant juice (5,14). Differences of the wort
pH among samples were within 0,05 units, thus on the basis of the theoretical
literature, the conclusion can be made that the amount of iso-a-acids in such a
pH interval might vary by +0,45 mg L. However, the research finding show
that the amount of iso-o-acids varied not in pH 0,33 limits by 3 mg L™, as it is
stated in theoretical sources, but in pH 0,05 limits by £13 mg L™ Such
negligent changes cannot be the reason for so noticeable solubility differences.
There is another explanation to such a mismatch. According to the data of the
theoretical sources, if pH is 5,52, maximum amount of iso-a-acids to be
dissolved is 36,5 mg L™ The lowest content of iso-a-acids during the
experiment was 20,7 mg L™, but the highest content — 30,4 mg L™, giving
evidence that not only pH influenced the content of bitter substances, but also
oxidation processes that occurred during cooling process of the wort from
berries and fruit juices.

3. Quality evaluation of wort and beer with plant additive
rich in bitter substances

Hop, yarrow, oak bark and acorns contain bitter substances but their
chemical composition and sensory properties differ.

3.1. Content of extract substances and carbohydrates in wort

It is important that extract substances would turn to water solution as much
as possible during the wort obtaining process, therefore their amount was
determined (Table 4). According to Table 4, the content of extract substances in
the wort after adding plants rich in bitter substances is within the range of
12,4 — 12,6 PI', corresponding to the indicators of the wort characteristic of
light beer.

The additives rich in bitter substances used in the experiment did not
influence the amount of maltose and glucose (Table 4), since plants were added
during the wort boiling process after mash converting to sugar.

3.2. Content of 5-(Hydroxymethyl)furfural in the wort

In recent years scientists have focused on the research of various carbonyl
compounds that influence beer quality. Thus, for example, a group of
researchers, supervised by Bravo, studied the formation of the carbonyl
compound 5-HMF during the storage process of light Pilzen beer (Shmizu et
al., 2001; Bravo et al., 2008). The formation of this compound is related to the
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Maillard reaction between amino acids and carbohydrates. Since quince juice,
which contains fructose directly influencing the formation of 5-HMF, was used
for mash acidifying, it was important to determine its amount both in the wort
and finished beer.

The research found that there is a significant correlation among the amount
of 5-HMF, maltose (R*=0,88) and glucose (R?=0,71) in the wort. The decrease
of the amount of maltose and glucose was observed and the increase of 5-HMF
concentration during the wort boiling (Fig. 8).

The content of maltose changed from 8,9 mg L™ to 7,2 mg L™, the content
of glucose — from 2,9 mg L™ to 1,3mg L™, but 5-HMF concentration increased
from 1,4 mg L™ to 2,5 mg L™ during the wort boiling process. The content of
maltose decreased by 12%, the content of glucose — by 45%, but the
concentration of 5-HMF increased by 58%.

According to the research findings, 5-HMF concentration in the ready beer
did not exceed 2,60 mg L™ in all samples of the obtained beer (Fig. 9). Since
the amount of carbohydrates in the wort is not high — 8,8 % on average, it is
logical to have a slight content of 5-HMF in the wort and beer. Although the
content of 5-HMF in the samples containing bitter substances was not big, the
information in theoretical literature reflects that the concentration of this
compound might increase, and the higher the concentration is, the more it
reduces the quality of beer (Takashio, Shinotsuka, 2001).

The sorts of commercial beer available in retailing were selected and
analyzed for the comparison (Table 5).

The research findings depicted that the content of 5-HMF was not equal in
commercial beers available in retailing and might have a significant difference
from the beer obtained during the present experiment. The highest content of
5-HMF was found in the beers ”C&su alus”, “Mitava” and beer cocktail
”BeerShake colat+beer”, the lowest content of 5-HMF was found in the beer
samples of ”La¢plesa”, 3 iesalu”, "Premium” and “’Livu alus”.

3.3. Quality analysis of beer made of untraditional raw materials

It was found that the content of ethanol in beer ranges from 4,9 to 5,3%,
which corresponds to the parameters of light beer (Fig.10).

The range of colour of all types of beer varied from 5,8 to 7,5 (see Fig. 11)
of EBC units. The colour of beer depends on the substances included in malt
(flavones, carotenes), melanoids, as well as phlobaphenes that are formed by
oxidizing tannins thus dyeing beer in the reddish colour. Oak bark and acorns
contain approximately 6-20% of tannin (Rubine, Enina, 2004), hop — 2-5%,
yarrow — 1.2% (Spinarova, Petfikova, 2003) and wormwood - 1%
(Kalbermatter, Bodmer, 2005).
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The colour of beer samples, obtained during the experiments, was the
following: beer from oak bark (7,3 EBC) and beer from acorns (7,5 EBC) were
slightly reddish, hop beer was light golden (6,4 EBC), yarrow beer (6,2 EBC)
and wormwood beer (5,8 EBC) were light golden — greenish.

The lowest total content of vicinal diketons, 0,32 mg L™, was determined
in beer that was obtained using hop in the wort boiling process (Fig. 12),
which was by approximately 0,12 mg L™ higher than content of vicinal
diketons in the analyzed samples of beer.

Content of vicinal diketons varied from 0,37-0,45 mg L™, exceeding the
acceptable norm 0,05-0,10 mg L™ when using oak bark and acorns, yarrow and
wormwood as the source of bitter substances. The formation of vicinal diketons
might be related to different technological factors of beer production: beer can
be infected by Lactobacillus or Pediococcus spp., the formation of propanone
and butan-2,3-diol has not been avoided in the main fermentation process, high
content of diacetyl is possible if there is not sufficient amount of free a-amino
acids.

pH ranged from 4,3 to 4,5 in all sorts of beer obtained from untraditional
raw material additives as well as traditional hop beer corresponding to
indicators of good quality beer (Fig.13).

3.4. Content changes of higher spirits in beer during storage

As regards beer made of untraditional raw materials, pentane-2-ol and
propan-2-ol was found which is not present in hop beer (Table 6). It is possible
that it was related to the existence of amino acids in the content of the
refermentable wort, the type of the applied yeast. The source of higher spirits is
amino acids that transaminate into keto carboxylic acids that after
decarboxylation with NADH+H" transform into the corresponding spirits
(Baltess, 1998). However, Branjiks (Branyk) with authors state that if higher
spirits are the secondary spirits, they are not formed from amino acids but from
fatty acids (Branyk et al., 2008). Thus it is possible to conclude that there are
no fatty acids in the content of hop beer capable of forming the corresponding
spirits pentane-2-ol and propan-2-ol.

Several researchers conclude in their research that the optimum total
content of higher spirits creating a typical beer taste varies from 60-150 mg L™
(Nykénen, Suomalainen, 1983; Lea, Piggot, 2003).

Oxygen (Oy) in beer is rather inert and it is not easily encouraged to react
with organic substances present in beer. However, iron (Fe®*/ Fe**) and copper
(Cu*/ Cu?") ions during the oxidation processes with spirits, polyphenols,
sugars and isohumulones act as donors of electrons (Kaneda et al.,1989, 1992).
The research results revealed that content of iron in hop beer and beer samples
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with plant additives rich in bitter substances (0,3 mg kg™) did not correspond to
permissible norms (0,1 mg kg™) for beer production stated in theoretical
literature, it was higher than 0,2 mg kg™, consequently, during the storage, iron
(11) ion (Fe?*) catalyzes the formation of peroxide anion (O,) and Fe*" ion
(Kaneda et al., 1991, 1999). Similar reactions are catalyzed by copper ions
where Cu* oxidizes into Cu**. None of the samples had higher copper ion
concentration than it is stated in the norms of beer production (0,1 mg kg™).

3.5. Sensory evaluation of beer with plant additives rich in bitter
substances

The 9-point hedonic scale was used to measure beer preferences for the
beer samples from yarrow (A), oak bark (B), oak acorns (C) and wormwood
(D); the obtained results are presented in Figure 14. The hedonic evaluation
permits to conclude that trained experts equally liked samples A,B, and C, and
there was not a significant difference among them (p>0,05). However, there
was a significant difference (p<0,05) regarding liking of wormwood beer. The
experts considered it to be very bitter with a strong taste of wormwood which
was not typical of traditional beer.

The level of liking ranged from 4,12 (dislike slightly) to 6,19 (like
slightly).

The star diagram was used to determine the intensity of beer sensory
properties, and the obtained results are reflected in Figure 15.

The statistical analysis of the obtained data shows that there were not
significant differences (p>0,05) among aromas of beers, therefore it is possible
to conclude that added plants did not influence the content of aroma forming
substances created during fermentation process of yeast metabolism. The
statistical analysis of the intensity of the brown colour shows that the difference
among beer was not significant (p>0,05). The brown colour is created by
different products of the Maillard reaction (low molecular weight [LMW)]
chromophores (<1 kDa) and high molecular weight [HMW] melanoidins [>100
kDa]) (Ames & Nursten, 1989; Hofmann, 1998), thus it is possible to conclude
that added plants containing different bitter substances did not influence the
colour of obtained beers. As regards hop supplements, i.e., yarrow, oak bark,
oak acorn and wormwood, they influenced beer clarity, malt aroma, bitter and
astringent taste significantly (p<0,05) (Table 8).

Beer samples made of yarrow (A) and oak bark (B) were clearer than beer
samples made of oak acorns (C) and wormwood (D), however, regarding
clarity, there was not a significant difference (Fig.16). One of the most
important factors for obtaining clear beer is the total content of polyphenols in
added plants, since, according to Kunze (1998), these are hop polyphenols
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which in the reaction with proteins form complicated complex compounds
capable of influencing clarity of ready beer. Since the amount of malt added to
all beer samples during the experiment was equal, it can be concluded that
various polyphenols of different parts of plants could significantly influence
clarity. It is possible, that oak acorns and wormwood similarly to hop, can
better attract and deposit complex compounds of protein—polyphenols during
the wort boiling process.

It was found that yarrow (A) had the most intensive aroma, it differed
significantly (p<0.05) from other beer samples with plant additives rich in bitter
substances.

As regards the intensity of bitter taste, the samples A and C (yarrow and
oak acorns) did not differ significantly (p>0,05), however, they both differed
significantly (p<0,05) from the sample B (oak bark). Beer with wormwood
additive (0,2 g L™ had a distinct bitter taste, which was not appreciated by
many experts. The beer sample with yarrow additives did not have a bitter taste,
but the samples with oak bark and acorn additives had more distinct astringent
tannin taste.

The sample D (wormwood) had the most distinct astringent taste, and it
differed significantly (p<0,05) from the astringent taste of the samples A, B,
and C. As concerns the samples A (yarrow), B (oak bark) and C (acorns), the
intensity of astringent taste did not differ significantly (p<0,05).

The research results leads to the conclusion that, if beer has a bitter taste, it
will also have an astringent taste (r=0,990). It should be taken into account,
working out beer recipes with plant additives rich in bitter substances, because
too distinct astringent taste was not acceptable for experts (potential
customers). In addition, there was a close correlation (r=0,900) between a bitter
taste, astringent taste and aroma: the more distinct bitter or astringent taste was
in the sample, the more distinct its aroma was.

As the trained experts pointed out, there were not significant differences
between the samples of hop beer (control) and the samples of beer with oak
bark, oak acorn and yarrow on the hedonic scale sheets.

3.6. Economic evaluation

It is possible to forecast the costs of four new types of beer with oak bark,
oak acorn, yarrow and wormwood additives on the basis of the produced
amount of beer per month.

The main beer pricing factors include the costs of raw materials and
production costs, equipment and materials etc. The costs of plants rich in bitter
substances as raw materials for beer production are presented in Table 9.

The production costs of one liter drink will increase by
0,0075-0,0488 EUR L™ if hop is substituted with plants rich in bitter
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substances. Comparing with the control sample, it can be concluded that the
costs will increase more in case of oak bark 0,6528 EUR L™ The costs of
yarrow will differ only by 0,0075 EUR L™, comparing with the control sample.
However, the increase or decrease of the price depends in the price fluctuations
of raw materials in the given year.

Although the costs of raw materials for producing beer with plants rich in
bitter substances are satisfactory, the actual price depends on the beer
production costs. The production costs (EUR L™) of hop beer and beer with
plant additives rich in bitter substances are shown in Figure 16.

The cost analysis of hop beer and beer with plant additives rich in bitter
substances shows that oak bark beer price in comparison with hop beer is
higher by 0,0488 EUR L™, but the increase of oak acorn, yarrow and
wormwood beer production costs range within 0,0075-0,0132 Eur L™.

Although such beers are not on offer now, their main competitors could be
various beer cocktails that are widely offered in retailing. However, new sorts
of beer with plant additives rich in bitter substances diversify a range of beer
products.

CONCLUSIONS

1. It is possible to provide the necessary mash pH ranging from 5,14 to
5,19 by substituting traditional acidifiers (lactic acid, phosphoric acid)
with berries and fruit juices containing organic acids.

2. Berries and fruit juices influence significantly the content of extract
substances and carbohydrates in the wort. The content of extract
substances and carbohydrate using black currant and red currant, apple
and lemon juices is by 14,4-23,2% less than using cranberry and
quince juices.

3. Fumaric, quinic, malic and citric acids have a different influence on the
formation of glucose and maltose during the wort obtaining process.
The highest total content of maltose and glucose in the wort
(9,9-9,5)+0,04% was obtained by using quinic acid and malic acid as
acidulants. Slightly less content (9,2+0,04%) was obtained by using
fumaric acid, but the total content of carbohydrates in the wort was by
26,7% less when using citric acid than when using quinic acid and
malic acid.

4. Different effect of individual acids of berries and fruit juices used for
pH control during the wort boiling process was verified. Berries and
fruit juices, comprising the dominating acid, i.e., citric acid (lemon,
black currant and red currant juices), in the wort reduced the content of
extract substances, glucose and maltose comparing with cranberry and
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quince juices which, apart from citric acid, contained also malic acid
and quinic acid.

The quality indicators of ready beer, made by using quince and
cranberry juices for mashing, corresponded to the control sample with
malic acid, but the quality indicators were better than the control
sample with phosphoric acid.

The technological method of producing beer by fully substituting hop
with plants rich in bitter substances during the wort boiling process has
been worked out. It is possible to substitute hops with plant additives
rich in bitter substances during the wort boiling process.

The research findings give evidence that the content of higher spirits
have changed until the end of the expiry date decreasing by 80%.

The content of maltose and glucose decreased, but
5—(hydrokxymethyl)furfurol (5-HMF) increased during the wort
boiling process.

Sensory evaluation shows that beer samples of plant additives rich in
bitter substances differ among each other mostly by clarity, malt
aroma, bitter and astringent taste. The sample of hop beer (control) did
not have a significant difference from the samples of oak bark, oak
acorns and yarrow beer.
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