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PROSPECTS FOR THE USE OF NEW YEAST STRAINS
IN NON-ALCOHOLIC BEER PRODUCTION
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Brewery production is currently one of the growing segments of the processing industry. Beer and beer drinks
have long established themselves as competitive products in the beverage production market. Modern beer producers
focus on creating traditional light and dark beers, birmix, and beer drinks with various fruit flavours. They also place
particular importance on producing non-alcoholic beer. The increase in demand for non-alcoholic beer is due to the
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partial transition to proper nutrition, the expansion of the assortment and the appearance of new flavours on the
shelves. Non-alcoholic beer is a foamy beverage prepared according to classical beer production technology but with
technological solutions for removing ethyl alcohol at the output. For the production of non-alcoholic beer, the
permissible concentration of ethyl alcohol, which does not exceed 0.5%, is used. Vacuum distillation and membrane
methods are used, and alcohol is removed by influencing the course of the technological process. One of these methods
is the use of unique yeast strains in fermentation. The purpose of the presented research is to select new yeast strains
for producing non-alcoholic beer. Four yeast strains were studied to determine their degree of digestion and influence
on the profile of the finished beer. It was determined that yeast strain W 34/70 has the lowest degree of digestion. By
technological and physicochemical parameters, the beer wort fermented by this yeast strain has suitable sensory
parameters, which are not inferior to the production sample. The use of yeast strain W 34/70 also reduces the
fermentation process and increases the shelf life of the finished beverage.

Keywords: beer production, non-alcoholic beer, yeast strain, ethyl alcohol, low digestion.

AJIKOT' OJIbCI3 CBIPA OHIIPICIHJE )KAHA AIIBITKBI IITAMJIAPBIH KOJIJIAHY
MEPCHEKTHUBAJIAPBI KOJIJIAHY HEPCIIEKTUBAJIAPDBI
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Kaszipzi yakeimma onoey onepKacioininy 0amvin Keie Hcamrkan cezmenmmepiniy 0ipi celpa Kaiinamy 60vin
maodwinadvl. Colpa men colpa cycvlHOapyl CycvlHOap OHOIpici HapbizbiHOa DaceKeze Kadinemmi onim peminoe y3ax
yaxpim 001ivl 03iH MAHBIMMbL. 3AMAHAYU CHIPA OHOIPICI CHIPAHBIY, 0ICMYPIII AUILIK HCIHE KYH2IPmM CYpPulnmapulii,
colpa KOCHAnNapovlH, MYpPJai dHceMic-dcudeKk Xowl uicmeHnoipziuimepin KOCAMbIH Cblpa CYCbIHOAPBLIH OHOIpyze
Hezi30e12eH, COHbBIMEH KAmap aaKo2oabcCi3 colpa oHOIpYOiH 0e MaAHbI3bl epeKute. AIK020NbCI3 Chlpaza cYpaHblCHblH
apmyst Oypvic MAMAKMAHY2A WIHAPA KOUWIYMEH, ACCOPMUMEHMMIN, KeHeloiMeH JHcaHe copenepoe Hcana 0IMOIK
wiewimoepoiyy, naitoa Ooayvimen Oainanvicmol. ANK020MbCI3  culpa-0yn  cvlpa OHOIPICIHIN  K1ACCUKATBIK
MeXHONI02UACHL OOUBIHUIA OAbIHOAIZAH, OIPAK Wby Ke3iH0e IMUl CRUPMIH Kemipyze apHai2aH MeXHON02UANbIK
wiewimoepoi Konoanamoln KOOIKmi cycvii. ANKo20abCi3 Colpansl OHOIpY Yuwiin Imun CRUpminiy pykcam eminzen
konyenmpayuscol 0,5% - oan acnaiimvii, 6axKyymMOblK, OUCUNIAYUA HCIHE MEMOPAHAIBIK d0icmep KOI0aHbl1aobvl,
COHBIMEN KAMap mexHon02UANbIK NPouecmiy OapuvicblHa acep emy apKblibl anK020ab0i anvin macmaiiovl. Ocwl
a0icmepoin, 0ipi awvbimy Ke3inoe QUILIMKBLIHBIY APHAUbLL WIMAMOAPBIH KOJA0aHy 00abin maovliadwvl. ¥cvlHblI2aH
3epmmeyoin MaKcamsl — AAK02016Ci3 ColPa OHOIPY YWiH QUIbIMKBLIAPObIY HCAHA WMAMMOapuln manoay. Auvimy
0apesncecin rHcane OailvlH CoIPAHBLIH, NPOuUine dcepin anbiKmay yuin aublmkbliapoviy 4 wimammol 3epmmendi. W
34/70 awbimKbl WMAMMBIHBIH, QUIBINLY 0Jperceci eH MOMEH eKeHOIZi JHcoHe MEXHOI0ZUANBIK JHCcIHe (u3uKa-
XUMUATBIK KOpcemKiuimepi GOUbIHWA OCbl AUILIMKDBL WIMAMMBIMEH AUILIMBLIZAH CbIPA CYCIOCBIHBIH, HCAKCH
CEeHCOPNIbIK Kacuemmepi Oap, oHimOinici douviHwa OHOipic yazicinen kem mychneimini anvikmanov.. W 34/70
AUIBIMKDBL WIMAMMBIH KONOAHY 0G AUiblHY BPOUECIH KbICKAPMAObL HCIHE OAUbIH CYCLIHHBLY HCAPAMObBLILIK MEP3iMIiH
apmmouipaosl.

Herisri ce3mep: cbipa eHaipici, aJKOroabCeis cbipa, albITKbI IITAMMBI, ITHJ CHUPTI, AIIBITYABIH
TOMeH Jdpeskeci.
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B nacmoswee epema o00HuUM u3 pazsuearduuxca cezZMeHmos nepepadamviéarouieil Ompaciu A6aAAemcs
nueogapennoe npouszeoocmeo. Ilueo u nuenvle HARUMUKU YXce OABHO 3APEKOMEHO06aNU cebdA KakK
KOHKYPEeHMOCHOCOOHAA npoOyKYUsa HA pPbIHKe npouszeoocmea Hanumkos. CoepeMmeHHOe RUBONPOU3EOO0CHIBO
OCHOBANHO HA GbINYCKE MPAOUWUOHHBIX CEEMbIX U MEMHBIX COPMOG NUBA, OUPMUKCO8, NUBHBLIX HANUMKOE C
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oobagnenuem pasHOOOPA3HbIX PPYKMOBHIX GKYCO6, a4 Mmakjce 0cobdoe 3HAUEHUe 3aAHUMAEH RPOU3EOOCHIGO
oezankozonvno2o nuea. Ilogviuenue cnpoca Ha 0e3a71K0201bHOE NUEBO CEA3AHO C YACMUYHBLIM NEPEX000M HA
npasuibHOe nUmManue, PACWIUPEHUEM ACCOPMUMEHMA U NOAGIEHEM HA NPUNAGKAX HOGLIX 6KYCOBLIX peuieHUil.
besankozonvnoe nueo — 3mo neHHblI HANUMOK, NPUSOMOGIEHHbIE NO KIACCUYECKOU MEeXHON02Uuu nue6o-
npOU3600CMEa, HO C NPUMEHEHUEM MEXHON02UHECKUX PeUIeHIIl NO YOaIeHUI0 IMUI06020 CRUpma Ha évixoode. /lna
npou3e00cmea 6e3anKo20/1bHO20 NUEA OONYCMUMAA KOHUCHMPAYUA IMUTI06020 CHUPMA 6 KOMOPOM He NPeeuluiaen
0,5%, npumenaiom 6aKyyMHYI0 OUCHUNIAUUIO U MEMOPAHHbBIE MEmOObl, MaKyce YOauAalom CRUPM C HOMOU[bIO
6IUAHUA HA X00 MEXHON02U1ecK020 npoyecca. OOHUM U3 OAGHHBIX CNOCODOE ABIACMCA NPUMEHEHUE CREUUATbHBIX
wmammos oposcceti npu opoxcenuu. Llenvio npedcmaenenno2o Ucc1e006anUs A6IAAEMCA ROOOODP HOBLIX WIMAMMOG
opodsicicell 0n1a nPou3zeoocmea 06e3anKkozonvnozo nueda. HMccnedosano 4 wimamma Oposcxceil Ha onpeodeneHue
cmenenu cOpaxcueanus u 6AUAHUA HA NPOPUIL 20moeozo nuea. Onpedeneno, umo wmamm opoxcceii \W 34/70
umMeem HAUMEHLULYIO CHMENeHb COPAdCUGAHUA U NO MEXHOI0ZUYECKUM U (QUIUKO-XUMUYECKUM ROKA3AMEAM.
Ilugnoe cycno, coposcennoe OaHHbLIM WIMAMMOM OPOHCIHCEll, 001a0aeH XOPOMUMU CEHCOPHBIMU NOKA3AMEIAMU, He
ycmynarouiee no HOKazamenam npou3soocmeenHnomy oopasuy. Illpumenenue wumamma oposxrcaceit W 34/70 makace
coKpawaem npoyecc OpoNCeHUA U YEeaUIUGAEeN CPOK XPAHECHUA 20M 06020 HANUMKA.

KurueBble c¢ji0Ba: NMBONPOU3BOACTBO, NMBO 0€3a/JKOr0JbHOE, IITAMM JIPOAKeH, ITHI0BbII
CIHMPT, HU3KAA cTeleHb cOpakKNBaHUs.

Introduction characteristics of yeast used for production
Non-alcoholic beer is by far the most determine the organoleptic profile of non-alcoholic
actively growing beer market segment. The growth beer [8].
of the non-alcoholic beer (NAB) market has In their research, T.I. Filimonova and O.A.
increased significantly in recent years due to strict Borisenko compared the quantitative ratio of using
alcohol policies and consumers adopting healthier different yeast strains in cold fermentation. They
lifestyles [1, 2]. Non-alcoholic beer is a beverage concluded that most Russian breweries prefer yeast
similar in taste to traditional beer but containing a strains 308 and 34 [9].
small amount of alcohol (0 to 0.5%). Due to the In his study, S.G. Davydenko and D.V.
complete exclusion of alcohol, the production of Afonin compared yeast strains 129 and 776 used in
non-alcoholic beer is a more complex process than cold fermentation. Yeast strain 129 showed better
the production of conventional beer [3]. consumer properties than non-alcoholic beer [10].
One way to produce beer with lower alcohol Therefore, when creating a new technology
content is to use a strain with the lowest of non-alcoholic beer, the organoleptic properties
fermentation activity. This results in a lower of which will be able to meet the consumer's
proportion of sugars used for ethanol formation. At requirements, it is necessary first to select yeast
the same time, it is necessary to consider the strains. For this purpose, four yeast strains were
significant role of brewer's yeast's genetic studied: W 34/70 (Finland), 34 (Belgium), 129
properties in forming beer's sensory profile [4-6]. (France), and 308 (Russia). These strains differ
The type of fermentation divides beer into significantly from each other, primarily in the rate
top (surface, warm) yeast fermentation and bottom of substrate utilization and biomass increase. Since
(deep, cold) fermentation. Top fermentation takes ethanol metabolism has similar rates, its synthesis
place at temperatures of 14-25°C, sometimes should occur in small amounts [11].
higher, and at the final stage of fermentation, the Materials and research methods
yeast forms a "foam" on the beer's surface. The inoculum for the experimental part of
Temperatures of 6-10°Coptimal for bottom the work was collected by growing a two-day yeast
fermentation, and the yeast settles at the bottom of culture from 50 cm3 mashed wort agar followed by
the wort. 500 cm?® of wort. The yeast was then centrifuged
Brewing strains synthesize higher alcohols, and added to the wort at 18-20 million cells per 1
organic acids, esters, sulfur compounds, and cm? with a dry matter mass fraction of 10.5% and
carbonyls, including critical  organoleptic an amine nitrogen concentration of 145 mg/cm?®,
components like acetaldehyde, diacetyl, and The medium'’s initial pH value was 5.2.
pentanedione [7]. The fermentation process was carried out at
These compounds can give the beer an 10+1°C and stopped when the final degree of
inappropriate flavour and non-specific odor at fermentation was reached. The absence of changes in
concentrations above the sensory threshold and a the C.P. content in the fermented wort evaluated it.

content that is too low. The technology and strain
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During fermentation, fermented wort
samples were taken daily, and the amount of
extract and yeast concentration was determined. At
the end of the fermentation process, the amount of
yeast and the concentration of diacetyl in beer, as
the main indicator of secondary fermentation
products, were determined using an HP-6890-Plas
gas analyzer (Germany, 2010). The LPS method
(USA, 2015) was used to evaluate the carbohydrate
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Figure 1. Kinetics of wort dry matters
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Figure 2. Concentration of wort yeast biomass

As shown in Figures 1 and 2, strain W 34/70
showed the lowest degree of wort fermentation,
consuming only 45% of fermented carbohydrates
after 12 days. This fact can be explained by the high
flocculation capacity of yeast strain W 34/70,
resulting in a biomass concentration of 2.5 g
D.M/dm3 compared to 1.3 g of strain 34.

6

spectrum of beer (certificate of metrological
certification of the method for determination of
enzymatic carbohydrates Ne 56-09-03).

The exact degree of fermentation and mass
fraction of ethanol was determined on an Anton
Paar instrument (Austria, 2006). Beer color was
analyzed at 440 nm, and isohumulone was
analyzed at 275 nm.

Duration, days

6

Duration, days
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The amount of accumulated yeast in strain
W 34/70 was at the same level as the other strains
D.M/dm3 (Figure 3). The high flocculation ability
of the cells of strain W 34/70 and their low
fermentation activity may be of interest in
producing non-alcoholic or low-alcoholic beer.
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Figure 3. Accumulation of yeast biomass at the end of fermentation

In addition to fermentation activity, one of
the essential fermentation characteristics is beer
yeasts, which contain acids, higher alcohols, esters,
carbonyls, and sulphur compounds. Although the
sensory level is shallow, beer yeasts determine the
organoleptic profile of beer, carbonyls, and fatty
acids and the stability of beer flavour during
storage.

Therefore, secondary product synthesis was
performed in addition to evaluating indicators
characterizing yeast enzymatic activity, and strains
were compared for their ability to synthesize
secondary metabolic products.

Figure 4. Concentration of diacetyl in young beer

-
g
m .
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Results and discussion

One of the main carbonyls, namely diacetyl
(2,3-butanedione), is crucial in the choice of
fermentation process regime. The intermediate
metabolite in the biosynthesis of diacetyl valine is
formed from a-acetolactate. The chemical
conversion of a-acetolactate to diacetyl is an
oxidative decarboxylation reaction, the rate of
which depends on yeast genetic characteristics,
fermentation temperature and pH value. The odour
of diacetyl, comparable to that of fat and burnt
sugar, appeared at concentrations above 0.05
mg/dm?. The concentration of diacetyl in open-
lager beers must not exceed 0.05 mg/dm?, while
0.20 mg/dm? is allowed in quality fermented beer.

W 34/70 129

Yeast stain
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According to the studies (Figure 3), yeast
strain W 34/70 (0.09 mg/dm3) showed the
maximum diacetyl in beer. Meanwhile, it is known
that diacetyl reduction to acetoin occurs on the
yeast cell surface [12].

Thus, yeast strain W 34/70 is particularly
interesting for producing non-alcoholic beer due to its
low fermentation activity. However, the low
concentration of organoleptic components in the
fermented wort may result in the absence of beer's
characteristic flavour and aroma. Therefore, the
following experiments used this yeast strain to
produce non-alcoholic beer. Nonalcoholic beer
"Baltika O" was used as a control to produce yeast of
lower fermentation and remove ethyl alcohol from
beer with a mass fraction of 12% by dialysis [13].

The experiments were conducted at the
brewery of the "Educational and Scientific Centre
of Fermentation Products Production” of the
Almaty Technological University.

The hoped wort with a mass fraction of 5.5%
CB was cooled to 9°C and pumped into a cone-
bottom fermentation tank (CCT). Yeast was dosed

at 3 million cells per 1 cm?®of wort per wort stream.
The fermented wort was stirred once daily for 30
minutes by carbon dioxide bubbling. After
reaching an ethyl alcohol concentration of 0.45-0.5
vol.%, the beer was filtered and saturated with
carbon dioxide.

During this process, the maximum number
of cells was recorded on the fifth day of
fermentation (6 million/cm3), but this does not
mean that the yeast biomass growth factor is 2.
Each day, the yeast settled into the cone of the
apparatus before the bubble was removed from the
CKT, which caused cell autolysis and prevented
the accumulation of unpleasant aromas in the beer.

On the fifth day of fermentation, the
temperature of the fermented beer decreased to 3°C
for 24 h, and the pressure above the liquid layer
increased to 1 bar when the mass fraction of CP
reached 4.9%. The development of the young beer
lasted for five days.

The table presents the analyses of non-
alcoholic beer produced by yeast strain W 34/70
and “Baltika 0” non-alcoholic beer.

Table 1. Analyses of the results of experimental non-alcoholic beer and Baltika 0 beer produced by yeast strain W 34/70

Indicator Beer
experimental | Baltika 0
Real extract, % 4,48 7,5
Apparent extract, % 4,22 2,8
Ethyl alcohol content, wt. % 0,38 0,32
pH 45 42
Titratable acidity, NaOH/100 cm3 1,9 2,1
Isohumulone, bitterness units (EBC) 17,6 17,0
Colour, colour units 0,6 0,5
Oligosaccharides, g/dm?® 23,0 42,5
Including:
Trisaccharidter 5,4 5,2
Maltose 7,5 18,8
Glucose 0,5 8,0
Fructose 0,3 0,1
Dimethyl sulphide, pg/dm® 14 4
Diacetyl, pg/dm?® 35 20
Pentanedione, pg/dm® 28 18

Based on the data analysis in the table, it can
be concluded that the control beer sample
significantly differs from the experimental sample
in terms of the mass fraction of the residual extract
and its carbohydrate content.

The amount of vicinal diketones (diacetyl
and pentamidine) and dimethyl sulfide (DMS) in
the experimental sample is higher than in the
control but does not exceed the detection limit (40
ug/L) in both samples [14,15].

83

Physicochemical parameters cannot give a
complete picture of beer, which contains more than
800 components, each of which determines the
organoleptic properties of the individual and
overall product. Therefore, the tasting was
conducted with the participation of qualified
specialists. Specialists-tasters of the brewing
company "Carlsberg Kazakhstan™ LLP took part in
the tasting.

To analyze the beverage's taste and aroma,
we conducted a descriptive test to characterize its
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organoleptic properties. After the tasting, we
documented the protocol and processed the data
from each taster using a specific computer

Fullness of
flavour
2,5
Sweetness wort
) Dimethyl
Bitterness sulphide
Grain Ethereal

Carbonic acid
saturation

Figure 5. Tasting evaluation of “Baltika 0 beer

The profilograms show that sweetness and
fullness of flavour increased in the control samples
compared to the experimental variants due to
higher values of fermentable carbohydrate
concentration. The main disadvantage of the
experimental non-alcoholic beer is the presence of
wort and grain aromas, which are practically
imperceptible in the control. It is not due to the
peculiarities of the yeast strain. However, it is
caused by the fermentation process technology,
which is interrupted when a specific ethanol
concentration is reached.

Conclusion

Thus, non-alcoholic beer obtained using
yeast strain W 34/70 corresponds to non-alcoholic
beer produced by the best domestic samples in
terms of its physicochemical and organoleptic
properties. In addition, when using strain W 34/70,
it is easier to control the fermentation process until
the desired ethyl alcohol concentration, which is in
the range of 0.3-0.5 vol.%, unlike strains with high
fermentation activity.
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