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V prispévku jsou prezentovany vysledky pilotnich pivovarskych experimentli zamérenych na produkci novych piv a pivu podobnych
napoji. Mladiny ze sladované pSenice ozimé (odrida Citrus s vysokym obsahem karotenoid(l), ovsa, jeémene a kombinace sladu
byly fermentovany kmeny kvasinek RIBM 163 a RIBM 164 (Saccharomyces cerevisiae) anebo bakterii mlé¢ného kvaseni RIBM 2-107
a RIBM 2-108 (Lactobacillus casei subsp. paracasei) izolovanymi z kefirovych zrn. Kazdy z téchto kmenU je charakteristicky specifickym
spektrem senzoricky aktivnich metabolitd. Ze sladované psenice Citrus mohou byt vyrobeny rizné napoje s velmi slibnymi senzorickymi
vlastnostmi. SmiSenou kvasni¢nou a bakterialni kulturou (RIBM 2-107 + RIBM 163) byly vyrobeny nechmelené nizkoalkoholické napoje
s osvézuijici citrusovou vini a nakyslou chuti. Ze 100 % sladu Citrus anebo smési s jeénym sladem byla vyrobena piva anebo nizko-
alkoholickd piva s lehkou a osvézujici vini a chuti. KvaSené napoje z ovesného sladu maji rovnéz zajimavé chutové vlastnosti. Pivo &i
nizkoalkoholické pivo ze smési ovsa a je€ného sladu, fermentované kvasniénym kmenem RIBM 164 se vyznacuje pfijemnym ovocnym
aroma s pfijemnymi silnymi obilnymi tény (oves).

Mikyska, A. — Matoulkova, D. — Slaby, M. — Kubizniakova, P. — Hartman, I.: Characterization of the strains isolated from kefir
grains and their use for the production of beer-based fermented beverages from nontraditional cereals. Kvasny Prum. 61, 2015,
No. 10-11, pp. 311-319

In this contribution, the results of the pilot brewing experiments aimed to new beers and beer-like beverages production are presented.
Wort of malted winter wheat (Citrus variety with a high content of carotenoids), oats, barley and combinations thereof were fermented by
yeast strains RIBM163 and RIBM 164 (Saccharomyces cerevisiae) and/or lactic acid bacteria RIBM2-107 and RIBM 2-108 (Lactobacil-
lus casei subsp. paracasei) isolated from kefir grains. Each of these strains is characterized by a specific spectrum of sensory active
metabolites. Using Citrus malt, number of beverages with very promising sensory properties can be produced. Non-hopped low alcohol
beverages with a fresh citrus aroma and acidic flavor could be made by mixed yeast and bacterial culture (RIBM 2-107+RIBM163) fer-
mentation. Beer/low alcohol beer with a light and refreshing aromas and flavors could be produced from Citrus malt and/or mixture with
barley malt. Fermented malt beverages from oats also have interesting taste characteristics. Beer/ low alcohol beer from a mixture of oats
and barley malt fermented by yeast strain RIBM164 is characterized by a pleasant fruity aroma with pleasant strong grainy notes (oats).

Mikys$ka, A. — Matoulkova, D. — Slaby, M. — Kubizniakova, P. — Hartman, I.: Die Charakteristik von den aus Kefirkérnen isolierten
Stammen und ihre Anwendung fiir die Herstellung der vergorenen Bier- und bierénlichen Getranken. Kvasny Prum. 61, 2015, Nr.
10-11, S.311-319

Im Artikel werden die Ergebnisse aus den Pilotbrauexperimenten, die auf die Herstellung der neuen Type des Bieres und der bierdhn-
lichen Getrdnken gezielt wurden, beschrieben. Aus dem Winterweizenmalz (Sorte Citrus mit einem hohem Gehalt an Karotinoide) und
aus dem Hafer, Gerste, und Malzkombination hergestellte Wirzen wurden unter Anwendung von Hefestdmmen RIBM 163 (Nr. der Hefe-
sammlung des Forschungsinstitutes fir Brauereien und Malzereien in Prag) und RIBM 164 (Saccharomyces cerevisiae) oder mittels aus
den Kefirkérnen isolierten Millchsaurebakterien RIBM 2-107 und RIBM 2-108 (Lactobacillus casei subsp. paracasei) vergoren. Jeder aus
den Stammen ist durch sein Spektrum von sensorisch aktiven Metaboliten spezifisch. Aus dem gemalzten Weizen Sorte Citrus kdnnen
verschiedene Getrénke mit sehr viel versprechenden sensorischen Eigenschaften hergestellt werden. Unter Anwendung einer gemisch-
ten Hefe - Bakterienkultur (RIBM 2-107 + RIBM 163) wurden hopfenfreie alkoholarme Getranke mit einem erfrischenden Zitrusduft und
sduerlichen Geruch hergestellt. Aus dem 100% Malz Citrus oder aus der Mischung mit Gerstenmalz wurden Bier und alkoholarme Biere
mit einem leichten und erfrischenden Aroma und Geschmack hergestellt. Die aus dem Hafermalz vergorenen Getrénke wiesen auch
eine interessante Geschmackseigenschaften auf. Das aus der Mischung Hafer und Gerstenmalz hergestellte Bier oder alkoholarmes
Bier, vergorene durch den Hefestamm RIBM 164, wiesen ein angenehmes Fruchtaroma mit schénen Ténen von Getreide (Hafer) auf.

Kli¢ova slova: kefirova zrna, oves, pohanka, psenice, pivo, pivni
napoje

1 UVOD

Pivo a pivni napoje se v Evropé a Americe bézné vyrabgji kvase-
nim obilnych substratl anebo smési obilnych a ovocnych substratl
fermentaci kvasinkami druhl Saccharomyces cerevisiae, Saccha-
romyces pastorianus a Saccharomyces bayanus. Volbou spravnych
surovin, produkénich kmenu a pivovarské technologie jsou pak do-
sazeny pozadované vlastnosti napoje. V souvislosti s trendem snizo-
vani alkoholu jsou hledany kmeny kvasinek, nebo dokonce baktérii
s jeho nizkou produkci. V pivovarstvi pak netradi¢ni obiloviny nabize-
ji dalsi moznosti obohaceni chuti fermentovanych napoji a obsahu
zdravotné prospésnych latek.

Keywords: kefir grains, oats, buckwheat, wheat, beer, beer-like
beverages

1 INTRODUCTION

Beer and beer-like beverages are commonly produced by a fer-
mentation of cereal substrates and/or by a mixture of cereal and fruit
substrates through the yeast species Saccharomyces cerevisiae,
Saccharomyces pastorianus and Saccharomyces bayanus in Eu-
rope and America. With the choice of the right raw materials, produc-
tion strains and brewing technology, the desired properties of the
beverages are then achieved. In connection with the trend of reduc-
ing the content of alcohol, yeast, or even bacterial strains with its low
production are searched. In brewing, a non-traditional cereal then
offers further possibilities for enriching the flavor of fermented bever-
ages and content of health beneficial substances are used.
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Netradi¢ni obiloviny jsou z pivovarského hlediska zajimavé z né-
kolika divodu. Ty, které neobsahuiji lepek, jsou vyuZivany pro vyrobu
piv a pivu podobnych népojt pro celiaky (Skach et al., 2013; Dezelak
et al., 2014). V recepturach téchto napojl jsou aplikovany pohanka
a quinoa. Oves ma v pivovarské vyrobé potencial jak nesladovany,
pouzity jako surogat (Schitzenbaumer et al., 2012), tak ve formé
ovesnych sladl (Hubner et al., 2009; Hanke et al., 2005). V zemich
tropického pasma probihd vyzkum sladovnickych a pivovarskych
vlastnosti Ciroku a aplikace nesladovaného/sladovaného ciroku ve
vyrobé piv (Adetunji et al., 2013; Agu et al., 2011).

PSenice obecna (Triticum aestivum L.) je vyuzivana jako surovina
pro vyrobu sladu a piva po dlouhou dobu. Arabinoxylany (pentosa-
ny) tvofici sou€ést dietni vlakniny se vyskytuji v pSenici a tim také
v pSeniném sladu a pivu. Dietni vlaknina je davana do souvislosti
s prevenci rakoviny tlustého stfeva, jejiz vyskyt se ve vyspélych ze-
mich zvySuje (Krahl et al., 2011). PSenice s purpurovym perikarpem
maji vysoky obsah anthokyanl zastoupenych predevsim ve formé
kyanidin 3-glukosidu a peonidin 3-glukosidu (Knievel et al., 2009),
pSenice s modrym aleuronem pak obsahuji hlavné delfinidin 3-glu-
kosid a delfinidin 3-rutinosid (Abdel-Aal et al., 2008). Odrlidy psenice
se zlutym endospermem obsahuji vice karotenoidd ze skupiny te-
traterpenoidu, pfedevsim lutein a zeaxantin (Hentschel et al., 2002).

Oves sety (Avena sativa L.) je plodina s prospéSnymi vyZivovymi
vlastnostmi. Je ovéfeno pfiznivé fyziologické plsobeni ovesnych diet
na organismus i jako prevence civilizacnich onemocnéni (Moudry,
2011). Roste také zajem o vyuziti nesladovaného ovsa nebo ovesné-
ho sladu v pivovarstvi. Je to dano jednak tim, ze oves byva tolerovan
vétSinou lidi trpicich celiakii a také tim, Zze ovesné pivo ma odlisny
charakter a mGze oslovit nové zakazniky (Klose et al., 2011, Kordia-
lik-Bogacka et al., 2014).

Pohanka obecna (Fagopyrum esculentum Moench) pochazi
z Ciny a je rozsifena jako minoritni plodina po celém svété. Radi
se do skupiny pseudoceredlii, coz jsou plodiny, které nepatfi do Ce-
ledi lipnicovitych, ale maji obdobné vyuziti jako obiloviny (Janovska
a Ké&$§, 2012). V sou€asné dobé je na trhu cela fada pohankovych
vyrobkU (kroupy, lamanka, krupice, mouka, téstoviny, vlocky, ¢aj, pe-
¢ivo, cukrarské vyrobky a fada polotovar(), které jsou vhodné kromé
béznych konzumentl i pro pacienty s bezlepkovou dietou (Pexova
Kalinova, 2011). Kromé pohankovych vyrobkl, je vyuzivan také
pohankovy slad pro vyrobu sladovych napojd (Prokes$ et al., 2008),
piva se snizenym obsahem glutenu (Skach et al., 2013) nebo jako
soucast bezlepkovych vyrobk( (Ouhrabkova et al., 2012). Pohanko-
vy slad ma vysokou antioxidacni aktivitu, ktera souvisi s obsahem
polyfenolll (Gabrovska et al., 2011).

Kefirova zrna, ktera se pouzivaji jako spoustéce pro vyrobu kefiru,
jsou jedine¢nym spolecenstvim riiznych mikroorganisma — kombina-
ci pfedevSim bakterii mlé€ného kvaseni, kvasinek a vlaknitych hub
a také bakterii octového kvaseni, zijiciho spoleéné v pfirodnim poly-
sacharidu (nazvaném ,kefiranu“) a proteinové matrici. Tato symbio-
ticka matrice tvofi elasticka, slizka, bila az svétle Zluta ,,obilna zrna“,
ktera se vzhledem podobaji kvétaku. Velikost kefirovych zrn je v roz-
mezi 1 az 3 cm v priméru (Farnworth, 2005).

Komplexni a velmi variabilni mikrobialni komunita kefirovych zrn
mUze byt silné ovlivnéna zemépisnym plvodem zrn, klimatickymi
podminkami, druhem mléka pouzivaného pro subkultivace zrn (pro
opakované pouziti ve vyrobé kefiru) (Altay et al, 2013.; Leite et al,,
2013) a metodou subkultivace (napfiklad teplota, zakvasna davka,
michani atd.). Nicméné nékteré druhy pfevladaji, napt. je vzdy pfi-
tomen Lactobacillus, zatimco bakterie octového kvadeni se vysky-
tuji jen pfilezitostné (Garofalo et al., 2015). Hlavni bakteridlni rody
pfitomné v kefirovych zrnech zahrnuji Lactobacillus, Leuconostoc,
Lactococcus a Acetobacter. Hlavnimi rody kvasinek jsou Kluyvero-
myces, Candida, Saccharomyces, Torulaspora, Kazachstania, La-
chancea a Yarrowia (Garofalo et al., 2015; Jianzhong et al., 2009;
Leite et al., 2012).

Kefir, klasifikovany jako funkéni potravina, je proménlivy napoj
s vyraznou viskozitou, chutovymi, fyzikalné-chemickymi, reologicky-
mi, a nutriénimi vlastnostmi. Kefir je ziskan mlé¢nym a alkoholovym
kvasenim mléka (s laktosou jako hlavnim cukrem), pfi kterém vzni-
ka smés kyselin mlééné a octové, rizné mnozstvi ethanolu, oxidu
uhli¢itého, acetaldehydu, acetoinu, diacetylu, atd. (Kabak a Dobson,
2011). Vzhledem k asociativnimu rstu rdznych mikroorganismu
v prGbéhu mlééného kvaseni se tvofi i dal$i organické slouceniny,
jako vitaminy, bioaktivni peptidy, exopolysacharidy a bakteriociny,
0 nichz se prfedpokladd, Ze maji probiotické Uc¢inky na lidské zdravi
(Garofalo et al., 2015).

Cilem nasi prace bylo experimentalni ovéfeni potencialu kment
kvasinek a mlé€nych baktérii izolovanych z kefirovych zrn v kombi-

Nontraditional cereals are, from a brewing point of view, interesting
for several reasons. Those that do not contain gluten are used for the
production of beer and beer-like beverages for people suffering from
celiac disease (Skach et al., 2013; DeZelak et al., 2014). Buckwheat
and quinoa are applied in the recipes of these beverages. Oats could
have a potential in brewing industry both un-malted, used as an ad-
juct (Schitzenbaumer et al., 2012) and in the form of oat malts (Hub-
ner et al., 2009; Hanke et al, 2005). In the countries of the tropical
zone, research on malting and brewing properties of sorghum and
applications of unmalted / malted sorghum in the production of beer
is being made (Adetunji et al., 2013; Agu et al., 2011).

Wheat (Triticum aestivum L.) have been used as a raw material
for production of malt and beer for a long time. Arabinoxylans (pen-
tosans), forming part of the dietary fiber, found in wheat and thus
also in the wheat malt and beer. Dietary fiber has been associated
with the prevention of colon cancer, whose incidence is increasing in
developed countries (Krahl et al., 2011). Wheat with purple pericarp
have a high content of anthocyanins represented primarily as cyani-
din 3-glucoside and peonidin-3 glucoside (Knievel et al., 2009), wheat
with blue aleurone then mainly contain delphinidin 3-glucoside and
delphinidin 3-rutinoside (Abdel-Aal et al., 2008). Wheat cultivars with
yellow endosperm contain more carotenoids from tetraterpenoidd,
especially lutein and zeaxanthin (Hentschel et al., 2002).

Oats (Avena sativa L.) is a crop with beneficial nutritional proper-
ties. Beneficial physiological effects of oat diets on the body, as well
as on the prevention of lifestyle diseases, is proved (Moudry, 2011).
In brewing industry, there is growing interest in the use of unmalted
oats or oat malt. This is both due to the fact that oats is tolerated by
most people suffering from celiac disease and that oat beer has a dif-
ferent character and can reach out to new customers (Klose et al.,
2011; Kordialik-Bogacka et al., 2014).

Buckwheat (Fagopyrum esculentum Moench) originating from
China is extended as a minor crop worldwide. It belongs to group
pseudocereals, which are crops that do not belong to the family
of graminaceous, but have similar uses as cereals (Janovska and
Kas, 2012). Currently, numerous buckwheat products (hail, semo-
lina, flour, pasta, flakes, tea, pastry, cakes and many semifinished
products), which are suitable in addition to ordinary consumers
and patients on gluten free diet, is on the market (Pexova Kalinova,
2011). Besides buckwheat products, buckwheat malt is also used
for the production of malt beverages (Prokes$ et al., 2008), beers
with reduced gluten content (Skach et al., 2013) or as part of gluten-
free products (Ouhrabkova et al., 2012). Buckwheat malt has a high
antioxidant activity which relates to the content of polyphenols (Ga-
brovska et al., 2011).

Kefir grains, used as starters for kefir production, are unique as-
sociations of various microorganisms — combination of mainly lac-
tic acid bacteria, yeasts and filamentous fungi and also acetic acid
bacteria, cohabiting in a natural polysaccharide (called “kefiran”) and
protein matrix. This symbiotic matrix forms elastic, slimy and white to
light yellow “grains” that resemble cauliflowers. The size of kefir grains
is ranging from 1 to 3 cm in diameter (Farnworth, 2005). A complex
and extremely variable microbial community of kefir grains can be
strongly influenced by the geographical origin of the grains, the cli-
matic conditions, type of milk used for sub-culturing of grains (for re-
peated use in kefir production) and by the sub-culturing method (e.g.
temperature, pitching rate, agitation etc.) (Altay et al., 2013; Leite et
al., 2013). Nevertheless, some species predominate, e.g. Lactoba-
cillus species are always present, while acetic acid bacteria occur
only occasionally (Garofalo et al., 2015). The main bacterial genera
present in kefir grains include Lactobacillus, Leuconostoc, Lactococ-
cus, and Acetobacter. The main yeast genera are Kluyveromyces,
Candida, Saccharomyces, Torulaspora, Kazachstania, Lachancea
and Yarrowia (Garofalo et al., 2015; Jianzhong et al., 2009; Leite et
al., 2012).

Kefir, classified as a functional food, is a variable beverage with
distinctive viscosity, flavour and physicochemical, rheological, and
nutritional properties. It is obtained through a lactic/alcoholic fermen-
tation of milk (with lactose as a main sugar) giving a rise to a mixture
of lactic and acetic acid, various amounts of ethanol, carbon dioxide,
acetaldehyde, acetoin, diacetyl, etc. (Kabak and Dobson, 2011). Be-
cause of associative growth of the variety of microorganisms during
milk fermentation other organic compounds are also formed, like vi-
tamins, bioactive peptides, exopolysaccharides, bacteriocins, which
are presumed to have a probiotic effect on human health (Garofalo
et al., 2015).

The aim of our study was an experimental verification of the po-
tential of yeasts and lactic bacteria strains isolated from kefir grains
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naci se slady z netradi¢nich obilovin pro vyrobu piv a pivu podobnych
fermentovanych napojl.

I 2 MATERIAL A METODY

2.1 Mikrobialni kultury izolované z kefirovych zrn

Kmeny kvasinek a bakterii byly izolovany z kefirovych zrn postu-
pem popsanym Witthuhnem et al. (2004). Izolované kmeny byly poté
charakterizovany biochemickymi testy a druhové specifickou PCR.
Bakteridlni kmeny byly identifikovdny a charakterizovany pomoci
biochemického testu API 50CH (BioMérieux); identifikace byla ové-
fena pomoci PCR podle Warda a Timminse (1999). Pro identifikaci
kvasinek byl pouzit biochemicky test ID32C (bioMérieux). Pfesnost
biochemickych testd byla ovéfena pomoci PCR postupem podle Jo-
sepa et al. (2000).

Na zakladé predbéznych laboratornich fermentacénich testt byly
vybrany pro pivovarské zkouSky dva kmeny Saccharomyces ce-
revisiae (RIBM 163 a RIBM 164) a Lactobacillus sp. (RIBM 2-107
a RIBM 2-108). Kmeny byly zafazeny do mezinarodné kodifikované
sbirky mikroorganisml Vyzkumného Ustavu pivovarského a sladar-
ského v Praze (k6dovy nazev RIBM 655).

Charakteristika kmen(:

RIBM 163 and RIBM 164 (obr. 1, 1a): Kmeny kvasinek Saccha-
romyces cerevisiae, které fermentuji glukosu, sacharosu, maltosu
a rafinosu a které nejsou schopny fermentovat galaktosu, laktosu,
trehalosu a melibiosu. Buriky jsou elipsoidni a kulovité o velikosti 6

in combination with malted non-traditional for the beer and beer-like
fermented beverages production.

% 2 MATERIAL AND METHODS

2.1 Microbial cultures isolated from kefir grains

Strains of yeast and bacteria were isolated from kefir grains as
described by Witthuhn et al. (2004). Isolated strains were then char-
acterized by biochemical tests and species-specific PCR. Bacterial
strains were identified and characterized using biochemical test API
50CH (bioMérieux); the identification was verified with PCR accord-
ing to Ward and Timmins (1999). Biochemical test ID32C (bioMé-
rieux) was used for identification of yeasts. The accuracy of biocheni-
cal tests was verified using PCR according to Josepa et al. (2000).

Based on preliminary laboratory fermentations tests, two strains of
Saccharomyces cerevisiae (RIBM 163 and RIBM 164) and Lactoba-
cillus sp. (RIBM 2-107 and RIBM 2-108) were selected for brewing
trials. Strains were included in the internationally codified Collection
of Microorganisms of the Research Institute of Brewing and Malting
in Prague (codename RIBM 655).

Characterization:

RIBM 163 and RIBM 164 (Fig. 1, 1a): Strains of Saccharomyces
cerevisiae yeasts, which ferments glucose, saccharose, maltose
and rafinose, and which does not ferment galactose, lactose tre-
halose and melibiose. Cells are ellipsoidal and spherical with size
6—10 microns x 5-8 microns, which does not form mycelium and

Obr. 1 Kmen kvasinek Saccharomyces cerevisiae RIBM 163 / Fig. 1
Yeast strain Saccharomyces cerevisiae RIBM 163

Obr. 2 Kmen baktérii Lactobacillus paracasei RIBM 2-107 / Fig. 2
Bacteria strain Lactobacillus paracasei RIBM 2-107
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Tab. 1 Vysledky analyzy sladll pfipravenych pro varni experimenty /
Table 1 Results of analyzes of malts prepared for brewing experi-
ments

Tab. 2 Vysledky analyzy mladin |. Série / Table 2 Results of wort
analyzes |. Series

az 10 um x 5-8 um, netvofi mycelium a jen zfidka tvofi pseudomyce-
lium. V kapalném prostfedi buriky tvofi sediment.

RIBM 2-107 and RIBM 2-108 (obr. 2, 2a): Kmeny bakterii Lac-
tobacillus paracasei, které fermentuji glukosu, fruktosu, sacharosu,
maltosu, galaktosu, melezitosu, rafinosu a glukonat za tvorby mléc-
né kyseliny nebo smési mlécné kyseliny, octové kyseliny a ethanolu,
a které nejsou schopny fermentovat sorbosu, manitol, sorbitol, glyce-
rol a N-acetylglukosamin. Kmeny se lii v tvorbé senzoricky aktivnich
sekundarnich metabolitd.

2.2 Slady

Zrno psSenice Citrus (nové odrlidy s vysokym obsahem karote-
noidu), ovsa, pohanky a je¢émene bylo sladovano v mikrosladovné
s pouzitim rezimu sladovani optimalizovaného pro kazdy druh obi-
loviny. Popis sladovani je uveden nize. Kvalitativni parametry slad
jsou uvedeny v tab. 1.

Psenice oziméa (6 dnti)

Méaceni: Voda 1. den 4 hodiny, 2. den 6 hodin. Treti den byl obsah
vody v zrnu upraven namocenim nebo dokropenim na 45 %. Teplota
vody a teplota vzduchu v pribéhu vzdusnych prestavek byla 14 °C.

Kli¢eni: Kli¢eni probihalo pfi teploté 14 °C, celkovy ¢as maceni
a kliceni byl 6 dnu.

Oves sety (7 dnu)

Maceni: Voda 1. den 4 hodiny, 2. den 4 hodiny. Treti den byl obsah
vody v zrnu upraven dokropenim na 45 %. Teplota vody a teplota
vzduchu v prabéhu vzdusnych prestavek byla 14 °C.

Kli¢eni: Kli¢eni probihalo pfi teploté 14 °C, celkovy ¢as maceni
a kliceni byl 7 dnu.

Slad / Malt PSenice/| Oves/ Pohanka
Slad / Malt PSenice | Oves / |Pohanka /{Jeémen / Wheat Oat + jeémen /
| Wheat| Oat |Buckwheat| Barley Buckwheat +
- Barley
Sladovani / dny / 6 7 4 5
Malting days Extrakt / Extract % w. 10.36 10.15 10.37
Voda / Moisture % 5.8 4.6 3.6 4.3 Dosazitelné
Zoukieni / min prokvaseni / Y% 74.2 74.2 63.8
Saccharization 10 28 - 10 (L:’rT: atltenua tion
. 5 elkové
Zakal / Haze 15 EBC 1.10 3.36 9.90 0.90 polyfenoly / Total mg/! 38 58 055
Zakal / Haze 90° EBC 0.75 4.27 5.10 0.79 polyphenols
Barva / Colour EBC 3.2 4.3 2.9 2.7 ,F:Ilavanogy/ mg/l 6,03 57 57.62
pH / pH 6.17 | 597 | 6.19 6.00 avanoias
Viscosity mPas| 167 | 1585 | 210 | 148 Barva/ Colour JEBC| 8.04 47.8 11.85
S . -
Extrakt / Extract Yo 83.1 59.1 79.9 83.3 ,ﬁ/rqn”odusm/ mg/! 145 171 193
Rozdil extraktt /
Extract difference % 1.4 0.2 - 1.5 Celkovy dusik /
DLFU Total nitrogen mg/| 976 881 1007
Relativni extrakt
/ Relative extract % 30.9 29.7 - 34.5
45 rarely forms pseudomycelium. In a liquid medium, cells forming
Prokvaseni / Limit % 80.2 80.4 _ 796 sediment.
attenuation ’ ' ’ RIBM 2-107 and RIBM 2-108 (Fig. 2, 2a): Strains of Lactobacillus
Diastaticka paracasei bacteria, which ferments glucose, fructose, saccharose,
mohutnost / WK 342 35 _ 302 maltose, galactose, melezitose, rafinose and gluconate under forma-
Diastatic power tion of lactic acid or a mixture of lactic acid, acetic acid and ethanol,
- - - and which does not ferment sorbose, mannitol, sorbitol, glycerol and
Bilkoviny / Protein % 12.7 | 103 14.5 9.2 N-acetylglucosamine. Strains differ in the formation of sensory active
Rozpustny dusik / mg/L secondary metabolites.
Soluble nitrogen 86 61 99 2
Kolbach sislo /% 2.2 Malts
Ko/bachqvct)jmso ° 38.5 32.2 36.3 411 Grain of Citrus wheat (new variety with a high content of carot-
olbach inaex enoids), oat, buckwheat and barley have been malted on laboratory
Friabilita / Friability % 28.6 79.3 - 90.1 malthouse using malting process regime optimized for each type of
cereal. Description of malting process is given below. Qualitative pa-
g‘:ttz gllzlégzy/ mg/! 38 107 - 284 rameters of malts are given in Table 1.

Winter wheat (6 Days)

Steeping: Water 1st day 4 hours, 2nd day 6 hours. The third day
the water content in the grain was adjusted by dipping or sprinkling
at 45%. During the air breaks the temperature of both water and air
was 14 °C.

Germination: Germination was carried out at 14 °C, the total time
of steeping and germination was 6 days.

Oat (7 Days)

Steeping: Water 1st day 4 hours second day 4 hours. The third
day the water content in the grain was adjusted to 45% by sprin-
kling. During the air breaks the temperature of both water and air
was 14 °C.

Germination: Germination was carried out at 14 °C, the total time
of steeping and germination was 7 days.

Buckwheat (4 Days)

Mechanically hulled buckwheat (Fagopyrum esculentum Moench),
free of debris, achenes and dust was used as a raw material.

Steeping: Water 1st day 1 hour, dipping is carried out with slow
relief water to remove impurities floating on the surface. The next day,
the water content was adjusted to 45% by sprinkling. During the air
breaks the temperature of both water and air was 18 °C.

Germination: Germination was carried out at 18 °C, the total time
of steeping and germination was four days.

Kilning was identical for all crops and it was carried out on one ha-
zel electrically heated kiln 1 x 22 hours, pre-drying at a temperature
of 55 ° C for 12 hours and at kilning at 80 °C for 4 hours.

2.3 Brewing trials

Worts were prepared in the pilot brewery (50 1), using the infusion
mashing procedure. Then worts were boiled for 70 minuntes for the
exclusion of thermolabile substances. The main fermentation was
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Tab. 3 Vysledky analyzy piva |. Série / Table 3 Results of beer analyzes |. Series

Slad / Malt PSenice / Wheat Oves / Oat Pohanka+jeémen /
Buckwheat+Barley

Kmen / Strain RIBM2-107 RIBM164 RIBM2-107 RIBM 164 RIBM2-107 RIBM164

RIBM163 RIBM2-108 RIBM2-108

Extrakt plvodni mladiny /

Original extract % W 10.2 10.2 10.0 9.9 10.2 10.2

Zdanlivé prokvaseni / Apparent o

attenuation %o 65.6 60.6 55.6 56.4 40.7 39.4

Skutec¢né prokvaseni / Real o

attenuation Yo 52.9 48.8 44.8 45.4 32.8 31.7

Dosazitelné prokvaseni / Limit o

attenuation Yo 74.2 74.2 74.2 74.2 63.8 63.8

Alkohol / Alcohol % v 3.52 3.26 2.95 2.96 2.2 2.13

pH/ pH 3.40 3.32 3.50 3.43 3.45 3.52

Barva / Colour EBC 8.9 7.8 23.6 25.9 11.8 15.2

Celkové polyfenoly / Total

polyphenols mg/l 43 43 48 49 239 237

Flavanoidy / Flavanoids mg/I 38.9 33.2 4.0 8.4 36.9 37.2

DPPH-ARP % 26 27 26 26 52 53

RIBM2-107, RIBM2-108: Lactobacillus casei subsp. Paracasei kmeny/strains

RIBM163, RIBM164: Saccharomyces cerevisiae kmeny/strains
DPPH-ARP: Antiradikalova aktivita/Antiradical activity

Pohanka (4 dny)

Jako surovina byla pouzita mechanicky loupana pohanka seta
(Fagopyrum esculentum Moench.), zbavena zlomku nazek a prachu.

Maceni: Délka naméacek 1. den 1 hodina, maceni se provadi s po-
malym pfepousténim vody, aby se odstranily na hladiné plovouci
necistoty. Druhy den byl obsah vody upraven dokropenim tak, aby
pohanka obsahovala 45 % vody. Teplota vody a teplota vzduchu
v pribéhu vzdu$né prestavky byla 18 °C.

Kli¢eni: Kli¢eni probihalo pfi teploté 18 °C, celkovy ¢as maceni
a kli¢eni byl 4 dny.

Hvozdéni bylo u vSech plodin shodné a probihalo na jednolisko-
vém, elektricky vyhfivaném hvozdé 1 x 22 hodin, pfi teploté pred-
souseni 55 °C po dobu 12 hodin a pfi dotahovaci teploté 80 °C po
dobu 4 hodin.

2.3 Pivovarské zkousky

Sladiny byly pfipraveny v pilotnim pivovaru (50 I) infuznim postupem
rmutovani. Sladiny byly poté vareny po dobu 70 min pro vylouceni ter-
molabilnich latek. Hlavni kvaseni probihalo pfi teploté 15 °C po dobu
12 dn0. Dokva$ovani bylo po dobu 4 tydn( pfi teploté 2 °C. Zakvasna
davka kvasinek Saccharomyces cerevisiae (RIBM 163, RIBM 164)
byla 15 miliond bunék/ml, zakvasna davka bakterii Lactobacillus sp.
(RIBM 2-107, RIBM 2-108) byla 15 az 20 miliont bunék/ml. V prvé
sérii byla ¢ast kazdé varky ve sklepé chmelena komerénim prepara-
tem iso-alfa kyselin. Ve druhé sérii fermentované kvasinkami (RIBM
163, RIBM 164) byla piva se snizenym obsahem alkoholu chmelena
chmelovym granulatem. Piva byla Zfiltrovana, pinéna do lahvi a pas-
terovana. Rozbory byly provedeny podle Analytiky EBC (EBC, 2010).
Senzorické hodnoceni bylo provedeno certifikovanym panelem VUPS.

3 VYSLEDKY A DISKUSE

Analytické parametry sladll (tab. 1) ukazuji, ze ovesny slad ma niz-
kou diastatickou mohutnost, ale pfi prodlouzené dobé zcukfi uspokoiji-
vé. Pohankovy slad neni mozno zpracovat bez dodatku hydrolytickych
enzymd. Pfi laboratorni analyze je pohankovy slad misen s jeCnym
sladem. Sladiny z ovesného a pohankového sladu se vyznacuiji relativ-
né vysokym jemnym, koloidnim zékalem (4,3 a 5,1 j. EBC). Barva sla-
din z pSenice Citrus, ovsa a pohanky byla v rozmezi plzefiskych slad(i.

Pokusné 10% sladiny (povafené sladiny) z pSenice Citrus a ovsa
mely dosazitelné prokvaseni 74 %, sladina ze smeési pohanka + jec-
men méla hodnotu jesté nizsi (64 %). Dosazitelné prokvaseni sladin
z je€nych sladl je bézné v rozmezi 75-80 %. Obsah aminodusiku ve
vSech sladinach byl na vyhovujici Urovni, 145 az 193 mg/l. Sladina
z ovsa byla zakalena (tab. 2).

carried out at 15 °C for 12 days. Secondary fermentation was car-
ried out at 2 °C for 4 weeks. Pitching dose of yeast Saccharomyces
cerevisiae (RIBM 163, RIBM 164) and bacteria - Lactobacillus sp.
(RIBM 2-107, 2-108 RIBM) was 15 million cells/ml and 15-20 million
cells/ml respectively.

In a first series, part of each brew was hopped by commercial iso-
alpha-acid preparation in lager cellar. In the second series fermented
by yeast strains (RIBM 163, RIBM 164), beers with reduced alcohol
content were hopped by hop granulate. Beers were filtered, bottled
and pasteurized.

Analyses were performed according to Analytics EBC (EBC, 2010).
Sensory evaluation was carried out by a certified panel of RIBM.

3 RESULTS AND DISCUSSION

Analytical parameters of malts (Table 1) indicate that oat malt has
a low diastatic power, but at the extended time, saccharification is
satisfactional. Buckwheat malt cannot be processed without the ad-
dition of hydrolytic enzymes. In the laboratory analysis, this malt is
mixed with barley malt. Wort from oat or buckwheat malt is character-
ized by a relatively high fine, colloidal haze (4.3 and 5.1 EBC units).
Color of worts from Citrus wheat, oats and buckwheat was in the
range of Pilsner malt.

Limit attenuation of experimental 10 °P wort (boiled wort) from Cit-
rus wheat and oats had reached 74%, value of wort from a mixture of
buckwheat+barley was even lower (64%). Limit attenuation of worts
from barley malt is typically in the range 75-80%. The content of
amino nitrogen in all worts was on satisfactory level from 145 to 193
mg / |. Wort from oats was opaque (Table 2).

In a first series of experiments, beer was made of malted wheat,
oat and a mixture of buckwheat + barley malt (1:1). Original extract
was of about 10%. Fermentation either by yeast strain RIBM 164,
mixed bacterial culture RIBM 2-107 +RIBM 2-108 (oats, buckwheat)
or mixed bacterial / yeast culture RIBM 2-107 + RIBM 163 was car-
ried out. The selection of strains was based on preliminary labora-
tory fermentation tests. Attenuation decreased in a number of wheat
(65%), oat (55%) + buckwheat barley (40%). pH of beers moved from
3.3 to 3.5. Beer from oat malt was hazy (Table 4).

The content and composition of sensory active volatile compounds,
higher alcohols and esters, depended increasingly on grains (malt),
rather than on the used production strain (yeasts, bacteria). In wheat
beers, the high content of higher alcohols and esters was determined
(Table 3). Beers from oats and buckwheat malts was characterized
by low content of esters. High levels of dimethyl sulfide, reaching
almost 500 pg/l was found in the beers of oat malt. Sensory thresh-
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Tab. 4 Obsah senzoricky aktivnich tékavych latek v pivu I. série (mg/l) / Table 4 Content of sensory active volatiles in beer I. Series (mg/l)

Slad / Malt PSenice / Wheat Oves / Oat Pohanka+jeémen / Jeémen /
Buckwheat+Barley Barley
Kmen / Strain RIBM2-107 | RIBM164 | RIBM2-107 | RIBM 164 | RIBM2-107 | RIBM164 | RIBM 95
RIBM163 RIBM2-108 RIBM2-108

Altaldehyd / Acetaldehyde 11.53 12.44 2.24 1.36 0.84 6.48 4.20
Dimethylsulfid / Dimethyl sulphide (ug/l) 111 114 484 462 16 41 23
Mravenéan ethylnaty / Ethyl formiate 0.02 0.00 0.01 0.01 0.00 0.00 0.60
Octan ethylnaty / Ethyl acetate 30.50 32.66 8.23 7.16 7.55 7.63 20.50
Octan propylnaty / Propyl acetate 0.10 0.12 0.00 0.00 0.01 0.00 0.02
Octan isobutylnaty / Iso-butyl acetate 0.18 0.20 0.03 0.03 0.05 0.06 0.07
Maselnan ethylnaty / Ethyl butyrate 0.11 0.09 0.03 0.02 0.05 0.05 0.07
Propanol / Propanol 47.0 48.0 12.2 16.8 9.7 10.0 13.5
Octan butylnaty / Butyl acetate 0.01 0.02 0.01 0.00 0.01 0.00 0.70
Isobutanol / Iso-butanol 20.6 21.8 13.4 10.9 6.6 7.3 9.1
Octan isoamylnaty / Iso-amyl acetate 3.04 3.20 0.25 0.21 0.95 1.10 1.14
2 a 3-methyl-butanol / 2- and 5-methyl 74.1 79.6 31.3 355 26.5 30.3 425
Kapronan ethylnaty / Ethyl hexanoate 0.43 0.32 0.05 0.05 0.14 0.22 0.08
Mlé¢nan ethylnaty / Ethyl lactate 2.91 2.23 1.51 2.44 1.38 1.06 0.06
Kaprylan ethylnaty / Ethyl octoate 0.18 0.20 0.09 0.06 0.08 0.08 0.91
Ethyl-hexanol / Ethyl hexanol 0.63 0.51 0.34 0.48 0.24 0.26 0.20
Octan fenylnaty / Phenyl acetate 0.01 0.01 0.05 0.03 0.01 0.02 0.02
Kaprinan ethylnaty / Ethyl decanoate 0.00 0.01 0.03 0.02 0.02 0.03 <0.01
Furfural / Furfural 0.01 0.01 0.03 0.02 0.04 0.04 0.02
Octan fenyl-ethylnaty / Phenyl-ethyl acetate 1.61 1.54 0.20 0.16 0.25 0.27 0.44
Lauran ethylnaty / Ethyl dodecanoate 0.01 0.00 0.04 0.01 0.02 0.02 0.01
B-fenyl-alkohol / B-phenyl alcohol 26.1 25.5 16.6 17.0 8.9 8.7 12.3
Myristan ethylnaty / Ethyl myristate 0.00 0.00 0.01 0.00 0.03 0.02 0.02
Palmitan ethylnaty / Ethyl palmitate 0.01 0.00 0.11 0.08 0.07 0.04 <0.01
Alkoholy / Alcohols 168.5 175.4 73.8 80.6 52.1 56.6 775
Estery / Esters 39.1 40.6 10.6 10.3 10.6 10.6 24.6
A/ E Pomér/Ratio 4.31 4.32 6.95 7.85 4.91 5.34 3.15

RIBM2-107, RIBM2-108: Lactobacillus casei subsp. Paracasei kmeny/strains
RIBM163, RIBM164: Saccharomyces cerevisiae kmeny/strains
RIBM 95: Bézny kmen spodnich kvasnic/Common lager yeast strain

Tab. 5 Senzoricka kvalita piv |. série / Table 5 Sensory quality of beers I. Series

Slad / Malt PSenice / Wheat Oves / Oat Pohanka + jeémen /
Buckwheat + Barley
Kmen / Strain RIBM2-107 RIBM164 RIBM2-107 RIBM 164 RIBM2-107 RIBM164
RIBM163 RIBM2-108 RIBM2-108
Chmeleno / Hopped (h) h h h h h
Riz / Carbonation 3 3 3 3 3 3 3 3 3 3 3 3
Plnost / Body-fulness 2.5 2.5 2.5 2.5 3 3 3 3 2.5 2.5 2.5 2.5
Horkost / Bitterness 1 2 1 3 1 2 1 2 2 3 2 3
Trpkost / Astringency 1 1 1 1 2 2 1.5 2 1 1 1 1
Sladkost / Sweetness 2 2 1 2 0.5 0.5 0.5 0.5 3.5 4 2.5 3
Kyselost / Sourness 2 2 2 2 3 3 2.5 2.5 2 2 2 2
Ovocna-esterova / Fruity-esteric 2 2 2 2 2 2 2 2 2 2 2 2
Kvasniéna / Yeasty 1 1 2 2 1 1 2 1.5 1 1 1 1
Obilna / Grainy - - - - 2 2 2 2 2 2 2 2
Kovova / Metal - - - - - - - - 1.5 2 1 1
Celkovy dojem / Overall impression 3.2 3.5 3.4 3.9 5.6 6 6.4 5.9 5.6 6 5 5.5

Deskriptory: rostouci $kéla 0-5 / Descriptors: ascending scale of 0 (imperceptible) to 5 (very strong)
Celkovy dojem: sestupna Skala 1-9 / Overall impression: descending scale of 1-9
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Tab. 6 Obsah senzoricky aktivnich tékavych latek v pivu Il. série (mg/l) / Table 6 Content of sensory

active volatiles in beer Il. Series (mg/l)

old is 35-40 pg/l, the dimethyl sulfide
concentration of 100 pg/l, gives the

Slad / Malt Psenice+jeémen / Oves+jeémen / \t/’eeg;tapgg‘éatg%_fg%? (ggga%?/%k'ﬁ
Wheat+Barley Kol Baniay al., 2010). However, dimethylsulfide
Kmen / Strain RIBM164 RIBM95 RIBM164 RIBM95 showed no impact in the sensory
Actaldehyd / Acetaldehyde 2.4 25 5.31 25 evijlllJaglon- o | eat mal
- . ; 3 eers made from wheat mal
Dimethylsulfid / Dimethyl sulphide (1g/l) 12 9 3 5 had the best results of sensory eval-
Mravencan ethylnaty / Ethyl formiate 0.04 0.07 0.08 0.06 uation. For beers produced from oat
Octan ethylnaty / Ethyl acetate 31.90 1770 | 39.30 19.33 o buckwheat and fermented with
- acterial culture, non-hopped variant
Octan propylnaty / Propyl acetate 0.02 0.01 0.02 0.01 was assessed better than bitter vari-
Octan isobutylnaty / Iso-butyl acetate 0.18 0.09 0.12 0.12 ant, hopping of finished beer by iso-
- . alpha extract. Beer made from buck-
Maselnan ethylnaty / Ethyl butyrate 0.06 0.02 0.05 0.05 wheat had unpleasant “non-hoppy”
Propanol / Propanol 12.12 11.60 8.33 6.07 bitterness (Table 5).
. Although sensory descriptive
Octan butylnaty / Butyl acetate 0.01 0.01 0.02 0.01 analysis describes the individual
Isobutanol / Iso-butanol 23.25 23.29 11.22 14.62 tastes and aromas, the readers
Octan isoamylnaty / Iso-amyl acetate 1.58 1.22 3.59 1.46 rather tend to the ,sommelier’ de-
scription of the character of the
2a3-methyl-butanol / 2- and 3-methyl butanol 95.70 67.70 94.98 61.47 beer(drink). In the following list,
Kapronan ethylnaty / Ethy! hexanoate 0.10 0.05 0.13 0.07 SUChd descrl]'ipt]ion of a dfiff\kS pre-
- ; pared in the first series of experi-
Mléc¢nan ethylnaty / Ethyl lactate 0.27 0.19 0.10 0.18 ments is shown.
Kaprylan ethylnaty / Ethyl octoate 0.23 0.10 0.17 0.05
Ethyl-hexanol / Ethyl hexanol 0.59 0.80 0.62 0.62 Wheat. RIBM 2-107 + RIBM 163
Beverage with a fruity aroma with
Octan fenylnaty / Phenyl acetate 0.15 0.03 0.06 0.02 grapefruit overtones. In aromas,
Kaprinan ethylnaty / Ethyl decanoate 0.02 0.03 0.03 0.03 flfﬁcefs of yeast ?rit recggnlfzablr(]e.
e fragrance is light and refresh-
Furfural / Furfural 0.04 0.15 0.04 0.04 ing. Acidity does not interfere with
Octan fenyl-ethylnaty / Phenyl-ethyl acetate 1.23 0.87 2.94 0.94 the taste. Flavor profile is harmo-
Lauran ethylnaty / Ethyl dodecanoate 0.01 0.01 0.00 0.00 nized, pleasantly refreshing.
B-fenyl-alkohol / B-phenyl alcohol 25.91 19.15 32.83 19.94 Wheat. RIBM 164
Myristan ethylnaty / Ethyl myristate 0.00 0.00 0.00 0.00 Beverage with a fruity aroma
. . . with grapefruit overtones. In aro-
Palmitan ethylnaty / Ethyl palmitate 0.36 0.33 0.29 0.03 mas, traces of yeast are more pro-
Alkoholy / Alcohols 157.6 122.7 148.0 102.8 nounced. The fragrance is light and
refreshing. Acidity does not interfere
Estery / Esters - 36.2 20.7 46.9 22.4 with the taste. The flavor profile is
A/ E Pomér/ Ratio 4.36 5.92 3.16 4.60 fairly harmonized, pleasantly re-

V prvni sérii pokusl byla piva vyrobena ze sladované ps$enice,
ovsa a smési pohanky + je¢ného sladu (1: 1). PGvodni extrakt mladi-
ny byl asi 10 %. Fermentace byla provedena bud kmenem kvasinek
VUPS 164, smésnou bakterialni kulturou VUPS 2-107 + VUPS 2-108
(oves, pohanka), nebo smésnou bakterialni / kvasni€nou kulturou
VUPS 2-107 + VUPS 163. Vybér kmen( byl zaloZen na pfedbéznych
laboratornich fermentaénich testech. Prokvaseni piv klesalo v fadé
pSenice (65 %), oves (55 %) pohanka + je€men (40 %). pH piva se
pohybovalo od 3,3-5,3. Pivo z ovesného sladu bylo zakalené (tab. 4).

Obsah a slozeni senzoricky aktivnich tékavych sloucenin, vyssich
alkoholll a ester(l, zavisel vétsi mérou na obiloviné (sladu), nez na
pouzitém produkénim kmenu (kvasinky, bakterie). V pSeniénych pi-
vech byl stanoven vysoky obsah vy$Sich alkoholl a ester( (tab. 3).
Piva z ovesného a pohankového sladu se vyznacovala nizkym ob-
sahem esterd. V pivech z ovesného sladu byl nalezen vysoky obsah
dimethylsulfidu, dosahujici téméf 500 pg/l. Senzoricka prahova hod-
nota je 35-40 pg/l, v koncentraci 100 pg/ dava dimethylsulfid pivu
prokazatelné pfichut mladinovou a po vafené zeleniné (Basarova et
al., 2010). V senzorickém hodnoceni se dopad dimethylsulfidu ne-
projevil.

VSechna piva vyrobena z pSeni¢ného sladu meéla nejlepsi vysled-
ky senzorického hodnoceni. Nechmelena varianta ,piv”, vyrobenych
z ovsa nebo pohanky a fermentovanych bakterialni kulturou, byla
hodnocena Iépe nez horka varianta, chmeleni hotovych piv iso-alfa
extraktem. Pivo z pohanky mélo nepfijemnou, ,nechmelovou” hof-
kost (tab. 5).

Senzoricka deskriptivni analyza sice popisuje jednotlivé chuti
a vuné, celkovy charakter piva (napoje) vSak ¢tenafi priblizuje spis
~sommeliérsky” popis. V nasledujicim prehledu je uveden takovy po-
pis napoju pripravenych v I. sérii experiment.

freshing.

Oat. RIBM 2-107 + RIBM 2-108

Beverage with a fruity aroma, strong, pleasant tones of grain (oats)
and a sour smell. In aromas, traces of yeast are recognizable. Acid-
ity is a moderate to pungent. In a hopped variant, bitterness collides
with the overall sensory profile.

Oat. RIBM 164

Beverage with a fruity aroma, strong, pleasant tones of grain (oats)
and a sour smell. In aromas are recognizable traces of yeast. Acidity
is a moderate to pungent. In a hopped variant bitterness collides with
the overall sensory profile.

Buckwheat + barley. RIBM 2-107 + RIBM 2-108

Beverage with a fruity aroma and a strong, pleasant tones of corn
(sweet cereal). Acidity is moderately strong and acrid. Very unpleas-
ant astringency passing through into a metal. In a hopped variant,
bitterness collides with the overall sensory profile.

Buckwheat. RIBM 164

Beverage with a fruity aroma a strong, pleasant tones of corn
(sweet cereal). Acidity is moderately strong and acrid. Unpleasant
astringency passing through into a metal. In a hopped variant bitter-
ness collides with the overall sensory profile.

In a second series of experiments, low alcohol commonly hopped
beer (alcohol to 2% by volume) was made from wheat or oat malt,
both mixed with barley malt 1:1. RIBM 164 strain was compared with
common lager strain RIBM 95. The higher levels of flavor active com-
pounds (T7able 6) and better results of sensory evaluation (Table 7)
for beer fermented with RIBM 164 strain were accessed.Sommelier
evaluation of beers is shown below.
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Psenice. RIBM 2-107 + RIBM 163

Napoj s ovocnou vini s grepovymi podtény. Ve viini jsou rozezna-
telné stopy kvasnic. Viiné je lehké a osvézujici. Kyselost nenarusuje
celkovou chut. Chutovy profil je sladény, pfijemné osvézuijici.

Psenice. RIBM 164

Napoj s ovocnou vlini s grepovymi podtény. Ve vuni jsou vyraznéjsi
stopy kvasnic. Viiné je lehka a osvézujici. Kyselost nenarusuje cel-
kovou chut. Chutovy profil je pomérné sladény, pfijemné osvézuijici.

Oves. RIBM 2-107 + RIBM 2-108

Napoj s ovocnou vini se silnymi, pfijemnymi obilnymi tény (oves)
a nakyslou vani. Ve vlni jsou rozeznatelné stopy kvasnic. Kyselost
je stfedné silna az Stiplava. Ve chmelené varianté horkost koliduje
s celkovym senzorickym profilem.

Oves. RIBM 164

Napoj s ovocnou vuni se silnymi, pfijemnymi obilnymi tény (oves)
a nakyslou vuni. Silnéjsi kvasni¢né tony. Kyselost je stfedné silna
a az Stiplava. Ve chmelené varianté horkost koliduje s celkovym sen-
zorickym profilem.

Pohanka + jecmen. RIBM 2-107 + RIBM 2-108

Napoj s ovocnou vini a silnymi obilnymi tény (sladkd, obilnd).
Kyselost je stfedné silnad a Stiplava. Velmi nepfijemna trpkost pre-
chazejici az do kovové chuti. Ve chmelené varianté horkost koliduje
s celkovym senzorickym profilem.

Pohanka. RIBM 164

Napoj s ovocnou vini a silnymi obilnymi tény (sladka, obilnd). Ve
vuni jsou vyraznéjsi stopy kvasnic. Kyselost je stfedné silna az Stipla-
va. Nepfijemna trpkost pfechazejici az do kovové chuti. V dohof¢ené
varianté horkost koliduje s celkovym senzorickym profilem.

Ve druhé sérii pokust byla z pSeni¢ného nebo ovesného sladu ve
smési s je€nym sladem 1:1 vyrobena nizkoalkoholicka, bézné chme-
lend piva (alkohol do 2 % objemovych). Pro pivo kvasené kmenem
RIBM 164 byl stanoven vy3Si obsah senzoricky aktivnich latek (tab.
6) a lepsi vysledky senzorického hodnoceni (tab. 7). Sommelierské
hodnoceni piv je uvedeno nize.

Psenice + jecmen. RIBM 164

Napoj s ovocnou vlni s obilnymi podtény. Ve vini jsou vyraznéjsi
stopy kvasnic. Vineé je lehka a osvézujici. Kyselost nenarusuje celko-
vou chut. Chutovy profil je pomérné sladény.

Oves + Jecmen. RIBM 164

Napoj s ovocnou vlni s pfijemnymi obilnymi tény (oves) a na-
kyslou vlni. Ve vuni jsou rozeznatelné kvasni¢né tény. Kyselost je
stfedné silna, horkost je pfijemna.

4 ZAVERY A VYHLEDY

Vysledky ukazaly, Ze pouZitim nové izolovanych kmenu kvasinek
a nebo bakterii muze byt vyrobena fada napoju s velmi slibnymi sen-
zorickymi profily a dobrym pfijetim spotfebiteli. Nechmelené nizko-
alkoholické napoje s ¢erstvymi citrusovymi viinémi a nakyslou chuti
mohou byt vyrobeny ze sladu Citrus fermentaci smésnou kulturou
kvasinek a bakterii (RIBM 2-107+RIBM 163). Pivo nebo nizkoalko-
holické pivo s lehkou a osvézujici vani a chuti mGze byt vyrobeno ze
sladu Citrus a nebo smési s jeénym sladem. Také fermentované na-
poje z ovesného sladu maji zajimavé chutové vlastnosti. Pivo nebo
nizkoalkoholické pivo ze smési ovsa a je€ného sladu, fermentované
kvasniénym kmenem RIBM 164 se vyznacuje pfijemnym ovocnym
aroma s pfijemnymi silnymi obilnymi tény (oves). Piva fermentova-
na kvasniénym kmenem RIBM 164 méla podstatné lepSi senzoric-
ké vlastnosti ve srovnani s pivem fermentovanym béznym kmenem
pivovarskych kvasinek. Byly podany Zadosti o patentovou ochranu
novych kmenU. Dal$i prace bude zamérena na optimalizaci receptur
piva a napoju z hlediska poméru sladt z rdznych obilovin, parametry
fermentace, zakal, koloidni a senzorickou stabilitu.
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ty ¢ QI111B053 a RO1914.

Tab. 7 Analyticka a senzorické kvalita piv Il. série / Table 7 Analytical
and sensory quality of beers Il. Series

Slad / Malt PSenice+je€men | Oves+jeémen/
| Wheat+Barley Oat+Barley
Kmen / Strain RIBM164| RIBM95 |RIBM164| RIBM95
S povodimeans | | ao | o7 | o | o
Alkohol / Alcohol (% v) 2.02 1.98 1.88 1.85
Horkost / Bitterness (I1BU) 18 16 16 18
Riz / Carbonation 1.9 1.8 2 1.9
Plnost / Body-fulness 2.7 2.5 2.5 2.1
Horkost / Bitterness 1.8 1.9 1.7 1.8
Trpkost / Astringency 0.3 1 0.4 0.5
Sladkost / Sweetness 1.3 1 1.4 0.9
Kyselost / Sourness 1.1 1.7 1.7 2.1
(_)e\éc;g;g-esterové / Fruity- o5 4 o5 18
Kvasni¢na / Yeasty 1.1 1.4 1.1 1.4
Obilna / Grainy 2.1 2.3 1.8 2.1
%alljl;g?sfiggjem / Overalf 3.6 5.2 3.4 5.4

Wheat + Barley. RIBM 164

Beer with a fruity aroma and grainy overtones. In aromas, traces
of yeast are more pronounced. The fragrance is light and refreshing.
Acidity does not interfere with the taste. The flavor profile is fairly
harmonized.

Oat + Barley. RIBM 164

Beer with a fruity aroma and pleasant grainy tones (oats) and
a sour smell. In aromas, traces of yeast are recognizable. Acidity is
moderate, bitterness is pleasant.

4 CONCLUSIONS AND OUTLOOK

The results showed a range of beverages with very promising sen-
sory profiles and that a beverage with a good consumer acceptance
can be produced using newly isolated yeast and/or bacterial strains.
Non-hopped low alcohol beverages with a fresh citrus aroma and
acidic flavor could be made from Citrus malt, by mixed yeast/bacte-
rial culture(RIBM 2-107+RIBM163) fermentation. Beer/low alcohol
beer with a light and refreshing aromas and flavors could be pro-
duced from Citrus malt and/or mixture with barley malt.

Fermented drinks from oat malt also have interesting taste char-
acteristics. Beer/ low alcohol beer from a mixture of oats and barley
malt fermented by yeast strain RIBM164 is characterized by a pleas-
ant fruity aroma with pleasant, strong grainy tones (oats). Beers fer-
mented by yeast strain RIBM164 had a significantly better sensory
quality, compared to beers fermented by conventional brewing yeast
strain.Applications for patent protection of new strains were submit-
ted.

Further work will be focused on optimization of the beer / beverage
recipes in terms of the ratio of malts from different cereals, fermenta-
tion parameters, haze and colloidal/sensory stability.
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