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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PROSPECTS OF GRAPE MARC APPLICATION IN BREWING

Abstract. The paper presents studies results of practical aspects of dry grape marc use in brewing with hu-
midity of 8.5%, obtained in laboratory on horizontal type dryer. In course of research work performed in laboratory,
samples of unfiltered top-fermented beer were obtained, both without using and using dry grape marc. Finished beer
was analyzed using standard methods, adopted in brewing, as well as using modern methods of high-performance
liquid and gas chromatography for organic acids, carbohydrates and glycerin, volatile components, phenolic and
furan compounds determination, that determine fermented drinks organoleptic profile. The potential of expanding
special varieties range of brewing products with high consumer properties with the addition of raw material in the
form of dry grape marc was revealed. Analysis of presented experimental data allows to conclude, that the techno-
logy of special beer sorts does not require additional production costs, since it can be carried out on existing produc-
tion lines. The article makes assumptions about additional motivation of lean manufacturing system development in
wine industry through grape marc use in brewing.

Key words: grape marc, special beer varieties, organoleptic profile, organic acids, sugars, glycerin, volatile
components, phenolic and furan compounds.

Introduction. At the present stage of food market saturation with new food products, including
alcoholic and non-alcoholic drinks, following areas should be highlighted:

- satisfaction (expansion) of consumer demand, taking into account product quality requirements
[1-4].

- creation of new products and products with use of food components not previously used in them [5-8];

- accounting of food intake in the diet and at the same time in-depth study of basic technological
processes influence on product quality, etc. [9, 10].

At the same time, it should be noted, that the development trend of new innovative technologies
application in food production, based on use of secondary products [11].

Currently, wine industry has developed technological and production issues for wine waste
processing and secondary winemaking products (SWP) production. This problem has not lost its relevance
and finds new application aspects.

According to the experts of Russian National Research Institute of Viticulture and Winemaking
"Magarach" of RAS, the use of secondary winemaking resources is of great importance both in terms of
economic feasibility in obtaining a number of new and useful natural products for national economy
needs, and to solve the problem of complex winemaking waste processing and safe disposal [12, 13].

The idea of grape marc use in brewing was formulated in works of N.I. Razuvaeva and Z.N. Kish-
kovsky in 80s of XX century, in which it was stated, that grape marcs freed from seeds could be used for
grape beer production [14-16].

— 46 ——
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According to the works of A.O. Chursina data, grape marcs by their mass take largest part of the
secondary raw materials of winemaking from 7 to 17% [12].

With average annual volume of processed grapes by winemakers in our country at the level of 540
thousand tons, there is reason to believe that grape marcs can become a full-fledged product, used in beer
industry with additional technological processing.

Due to the currently insufficient use of secondary resources of wine industry processing enterprises,
search for directions and ways of researching, developing and creating new products from secondary
winemaking raw materials is of particular relevance.

Such direction could be the use of non-fermented grape marc as a raw material in special beer
varieties and beer drinks production with high consumer properties.

The grape marc contains 1.2-3.6 % minerals of mass. Potassium and phosphorus predominate among
the ash elements. Mass fraction of sugars in sweet grape juice ranges from 5 to 10%, tartrate compounds -
0.5 to 2.0%. At the same time, tartrate compounds mainly consist of free tartaric acid (40%) and
potassium bitartrate (10-12%), as well as malic acid. In addition to the listed chemical compounds, marcs
contain pentosans (1.0-4.5%), pectin (0.5-3.8%) and phenolic (up to 11%) substances. The extract from
grape marcs isolated and identified lupeol, oleanolic acid, quercetin and glucoside b-sitosterol, as well as
dietary fibers [17, 18].

Given the seasonality of obtaining sweet grape marc with humidity of at least 80%, it is necessary to
process it by drying or extraction to preserve useful substances.

The use of dried grape marc or extracts from it will expand beer drinks and special beer varieties
range.

Currently known beer varieties with use of grape juice, such as Italian grape ale, as well as drinks in
the form of beer and grape juice mixes. Let us give some examples to illustrate the individual charac-
teristics of such drinks.

In the description of the Italian grape ale (red and white), production of which uses different grape
varieties, the following characteristics of drink aroma, color and taste are indicated:

- aroma with noticeable aromatic characteristics of a certain grape variety, but they should not
overshadow other flavors. The malt character is usually restrained, and the hop character can vary from
medium-low to absent.

- color from gold to dark brown. Ruby reddish color is usually due to red grapes use. Beer foam from
white to reddish.

- many interpretations of taste are permissible. As in aroma, must be present grape character
(resembling grape mash or wine), it can vary from delicate to medium-intensive. Grape varieties can affect
taste sensations in different ways.

Typical ingredients of Italian grape ale:

The base is light malt or pils with a small amount of special malts or unmalted raw materials. Grape
can be up to 40% of milled. Grape or wine mash (sometimes additionally boiled) can be used at various
stages - during cooking, primary/secondary fermentation or aging. Ale or wine yeast may produce neutral
character (more common) or fruit profile (English and Belgian strains). A wide range of hop varieties can
be used, but in small quantities, so as not to give the beer an excessive character [19].

Experimental beer drinks made with grape juice addition have widest distribution geography - from
European countries to China, including Russia. According to Czech Republic specialist’s opinion, due to
fresh grape juice added to beer, it acquires a reddish tint and has refreshing taste and pleasant sourness
[20].

Research methods. The main organoleptic and physicochemical indicators of unfiltered beer using
grape marc were made according to GOST 31711-2012. The mass concentration of organic acids was
determined according to GOST 33410-2015. The mass concentration of sugars and glycerol was
determined according to GOST 33409. The mass concentration of volatile components was determined
according to GOST R 57893-2017. Determination of phenolic and furan compounds was carried out
according to GOST 33407-2015.

Research results. To study grape marc influence on quality of finished beer in brewing technology
department of All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine Industry at
the BRUMAS (Germany) micro-brewery, samples of control and experimental beer were prepared using
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grape marc from Moldova grapes variety. The original grape marc was pre-dried at a temperature of 60-80
°C for 12 hours on a horizontal dryer to a moisture content of 8.5%. Dried marc was made by mashing
malted barley malt with water in infusion method in amount of 20% by weight of mashed malt. The
hopped 11% wort was fermented with use of dry, pure culture of top-fermenting yeast of race S-04
(France). After ripening, finished unfiltered beer was analyzed by standard methods. Results are presented
in table 1.

Table 1 — Organoleptic and physicochemical indicators of control and experimental unfiltered beer with use of grape marc

Indicator name Control sample Experimental sample with use of grape marc
Transparenc nontransparent foaming liquid without nontransparent foaming liquid without foreign
P y foreign inclusions not inherent in beer inclusions not inherent in beer

Aroma Fermented malt, with yeast-flavored Fermented malt, with yeast-flavored hop aroma
hop aroma and grape aroma

Taste Fermented malt, with hop bitterness, Fermented malt, with hop bitterness, yeast
yeast flavor flavor and wine tones

Volume fraction of alcohol, % 4,4 49

Acidity, a.u. 2,3 2,5

pH 4,0 4,2

Color, c.u. 2,0 2,4 (with reddish tint)

Finished beer analysis allows to conclude, that researched beer samples corresponded to requirements
of current standards for main organoleptic and physicochemical parameters.

Currently, additional research methods are used to identify and assess the quality of brewing
products, such as organic acids content, differential sugars composition, glycerin, volatile components,
phenolic and furan compounds, that have significant effect on organoleptic fermentation product. In this
regard, prepared beer samples were analyzed by above indicators (tables 2-5).

Table 2 — Organic acids mass concentration in control and experimental samples of unfiltered beer

Organic acids mass concentration, g/dm’
Organic acid
Control Sample Experimental sample with use of grape marc
Oxalic 0,1 0,2
Tartaric 0,3 0,9
Malic 0,4 0,4
Lactic 0,6 0,5
Citric 0,8 0,6
Succinic 0,4 0,8

Obtained experimental data indicate, that in unfiltered beer samples under study, the range of organic
acids is identical. In unfiltered beer using grape marc, the content of oxalic, tartaric and succinic acids is
2-3 times higher than level of their content in control sample.

Table 3 — Sugars and glycerin mass concentration in control and experimental samples of unfiltered beer

Sugars and glycerin mass concentration, g/dm’
Sugars and glycerin
Control Sample Experimental sample with use of grape marc
Glycerin 2,6 2,8
Fructose — 0,9
Glucose 1,1 0,7
Maltose 1,0 0,5

—— 48 ——
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The data, presented in table 3 shows, that content of glycerin formed in the process of wort
fermentation is almost at the same level. The content of fructose in control sample is absent, and the
content of glucose and maltose is 1.5-2.0 times higher than in experimental sample. The fructose content
in experimental beer sample can be explained by its presence in original grape marc.

Table 4 — Volatile components mass concentration in control and experimental samples of unfiltered beer

. Volatile components mass concentration, mg/dm3
Volatile components name - -
Control sample Experimental sample with use of grape marc
Acetaldehyde 24,5 543
Formosol 1,0 1,3
ethyl acetate 6,9 8,0
2-propanol 0,3 0,4
Diacetyl 0,1 0,4
2-butanol 1,9 3,8
Isobutanol 6,6 19,0
Isoamyl acetate 0,2 0,4
1-butanol 0,1 0,2
Isoamilol 33,1 61,6
Phenethyl alcohol 11,9 29,2

It should be noted, that the volatile components nomenclature, presented in Table 4 is characteristic
for beer and fermented drinks. However, in experimental beer sample, obtained using grape marc, an
increased content of acetaldehyde, ethyl acetate, diacetyl, 2-butanol, isobutanol, isoamylol, and
phenylethyl alcohol is typical, which is typical to grape-based fermented drinks.

Table 5 — Phenolic and furan compounds determination in control and experimental samples of unfiltered beer

) Phenolic and furan compounds mass concentration, mg/dm’
Phenolic and furan compounds - -
Control sample Experimental sample with use of grape marc

Gallic acid 0,9 3,3

5- hydroxymethylfurfural - 1,2

Furfural 0,5 3,7

Vanillic acid 2,2 3,3

5- methylfurfural 0,6 -

Syringic acid 0,9 7,0

Vanillin 0,4 0,4

Syringic aldehyde - 0,2

Sinapic acid 0,6 0,7

Coniferyl aldehyde 0,3 0,5

Obtained experimental data on phenolic and furan compounds content in studied samples of
unfiltered beer indicate, that there is no content in the control sample 5-hydroxymethylfurfurol, as well as
syringic aldehyde.

No content of 5-methylfurfural was detected in experimental beer sample. At the same time, it noted
an increased, compared with control sample, content of gallic acid, furfural and syringic acid. In our
opinion, this is due to fermentation of extract from dried grape juice with top yeast during drink
production.

Analysis of presented experimental data allows to conclude, that use of dried grape marc in brewing
allows to expand the range of finished products with original organoleptic properties.
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However, in connection with the adoption of Eurasian Economic Union Technical Regulations "On
safety of alcoholic products" (EAEU TR 047/2018), these beers can be classified as special beer or beer
drinks. The list of raw materials standards for these products will need to take into account the use of
grape marc, as well as develop on them all the necessary regulatory documentation. Currently, studies are
underway on grape marc drying modes selection for calculating the cost of its production.

Production technology of special beer varieties and beer drinks based on grape marc does not require
additional production costs, since it can be carried out on existing production lines.

Organization of such production in traditional winemaking regions of Russia will ensure demand
growth for grape marc as secondary winemaking product and will be additional motive for application of
lean production management system at enterprises.

K. B. KoﬁeﬂeBl, A. B. )lalm.ﬂsml, A. H. Bapl,mmll, H. B. Ce.mmal,
M. C. Cosunosa', JI. E. Hypmyxan6erosa®, 3. K. Ceiizaxmerona’

'Bykinpeceiinik chipa KaiiHaTy, aTKOroIbCi3 XKOHE IapaI eHePKACi6i FUIBIMU-3epTTey HHCTHTYTH — DMBFM
¢wmmanel B. M. I'opbaToB aTbiHIarbl « A3BIK-TYJIK @HIMAEPiHIH (eaepaiablK FhUIBIMA OPTaIbIFbDy PFA,
Mackey, Pecei,

*HAPXO3 yuugepcureri, Anmatsr, Kasakcran

CbIPA KAMHATYJIA KY3IM CBIFbIHABICBIH KOJJIAHY IbIH BOJAIIAFBI

AnnHotanus. JKyMmpicTa 3epTXaHaJbIK JKaFJaia KeJeHeH TYpAeTi KeNTipTilTe aJblHFaH bUFaIIbUIBIFE 8,5%
KYpFaK Y3IM CHIFBIHIBICBIH ChIpa KalHATy Ke3iHIe KOJAaHYIBIH TKIpHEOEeNiK acleKTiiepiH 3epTTeyIiH HOTH-
JKeNepi KenTipiiareH. 3epTXaHaaa KarJalbIH/a )KYPTi3UIreH FRUIBIMU-3epTTEY KYMBICTAPBIHBIH OapBICBIHIA KOFAPFBI
aIIBITY Ke3iHe KYPFaK *Y3iM CBIFBIHIIBICHI KOCBUIFAH OHE KOCBUIMAaFaH Cy3UIMEreH ChIpa yJrinepi ainbHAbL. JJalibiH
ChIpa OHBI KalHATy Ke3iHIe KaObUIJaHFaH CTaHAAPTTHI OAICTEPMEH TalgaHalbl, COHAAN-aK (epMEHTTENIIeH CybIH-
JapIblH OPraHOJENTHKAIBIK KOPCETKIIITEePiH aHBIKTAHTBIH, OPraHUKAJbIK KHIIIKBUIAAPABL, KeMipCyaapIsl >KoHE
TJIMLEPUH, YIIKBII KOCBUIBICTApAbI, (heHOI koHe (QypaH KOCBUIBICTAPBIH aHBIKTAY YILIIH XKOFapbl camajbl CYHbIK
’KOHE ra3 XxpoMaTorpadusCbIHbIH 3aMaHayy dicTepi KoianaHbuabl. Kyprak jKy3iM CHIFBIHIBICHI TYPIHIET] IIMKI3aTThI
KOCBIII, )KOFapbl TYTHIHYIIBUIBIK KacHeTTepi 0ap chipa KallHaTy ©HIMJEpiHIH apHalbl CYphINTapblH KEHEHTY MOTEeH-
LMajbl aHBIKTAIABL. ¥ CHIHBUIFAH TOXKIpUEOeNiK JepeKTepal Tajjay apHailbl ChbIpa CYpPBHINTAPBIHBIH TEXHOJOTHACHI
KOCBHIMIIIA OHAIPICTIK IIBIFBIHIAPABI KAXET eTneli, cede0i OHbl KOJIJaHbICTaFbl OH/AIpIC JKENJIepiHe Ky3ere achl-
pyfa Oomamel. Makamaga *y3iM CBHIFBIHIBICHIH ChIpa KalfHAaTyna KOJJaHy ¢ceOiHEeH Iapar eHEpKICiOiHIe yHEeMIi
OHJIipic KYHECIH JAMBITYABIH KOCBIMIIIA MOTHBAIHSCH TYPaJbl OoImKamMIap xKacaiapl.

Tyiiin ce3mep: >y3iM CHIFBIHABICH], CHIPAaHBIH apHANBI CYPBIIbI, OPraHOJIENTHKAIBIK NPOQHIb, OPraHHKAIBIK
KBILIKBIIIAP, KaHT, TIIMLEPUH, YIIKBII KOCBUIBICTap, (EHOI jxoHe QypaH KOCBUIBICTAPHIL.

K. B. KoGeaes', A. B. lanunasn’, A. H. Bapumml, M. B. Cennna’,
M. C. Cosunosa', /I. E. Hypmyxan6erosa’, 3. K. Ceiizaxmerona’

'Bcepoccniickoro Hay4HO-HCCIe0BaTENbCKOr0 HHCTHTYTA TMBOBAPEHHOI, Ge3a/IKOrOIbHOI H BUHOAEIbYECKO#H
MIPOMBIIIUICHHOCTH — (hrtnainia denepaabHOro rocy1apCTBEHHOTO OFOKETHOTO HAYyYHOT'O YUPEKICHHS
«®DenepalbHBIA HaydHBIH HEHTp NHUIIEBbIX cucteM M. B. M. I'opbarosa» PAH, Mocksa, Poccus,
ZYHI/IBepCI/ITeT HAPXO3, Anmarsl, Kazaxcran

HNEPCINEKTUBbI IPUMEHEHUSI BUHOI' PAJTHOM BHIXKUMKHU B IMBOBAPEHUU

AnHoTanus. B pabote npencraBieHs! pe3yabTaThl HCCASJOBAaHUH NPAKTHYECKUX aCIIEKTOB NPUMEHEHHUS CyXOH
BHUHOTPAJIHOM BBDKUMKH B IIMBOBAPSHUH C BIAKHOCTBIO 8,5%, MOIyYeHHOH B 1a0OpaTOPHBIX yCIOBUAX Ha CYILIHMIIKE
TOPU30HTAJILHOTO THIA. B X0/ie BBIOJHEHHBIX HAyYHO-HCCIIEOBATENBCKUX paboT B 1aDOPaTOPHBIX YCIOBUSAX ObUIN
NoJy4eHbl 00pasipl He(UILTPOBAHHOTO MHBA BEPXOBOTO OPOXKEHHUSI Kak 0e3 MCIOJIB30BaHUS, TaK M C UCIIOJB30-
BaHHEM CYXOll BUHOTPAJHOW BBDKMMKH. ['OTOBOE IMMBO aHAIM3MPOBAIN CTaHIAAPTHBIMH METOJAMH, IPUHATHIMH B
NIMBOBapEHNH, a TAKXKE C HCIIOJIH30BAHHEM COBPEMEHHBIX METOJOB BBHICOKOI((EKTUBHOM >KUAKOCTHON W ra30BOH
Xpomarorpaduu AJsl ONpefesieHne OPraHMYeCKUX KHCIIOT, YIJIEBOJIOB M TIIMIEPHHA, JIETYYUX KOMIIOHEHTOB, Qe-
HOJIBHBIX U (ypaHOBBIX COEANHEHUH, ONPEACISIONINX OPTaHOJICNTHYECKIH TPO(WIIb HAMUTKOB OposkeHus. BeisaBien
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MOTEHIMA PACIIMPEHHsI ACCOPTHMEHTA CIICIHUAIBHBIX COPTOB MMBOBAapEHHON NMPOAYKIHMH C BBICOKMMH ITOTPEOH-
TEJILCKUMU CBOWCTBAMH C JOOABICHHEM HECOJIOKEHOTO CBHIPbS B BHAE CYXMX BHHOTPAJHBIX BBDKUMOK. AHAIN3
MIPEACTAaBICHHBIX 3KCICPUMEHTAIBHBIX JAaHHBIX MO3BOJISIET CHAENAaTh BBHIBOA O TOM, YTO TEXHOJOTHS CHEIHAIbHBIX
COPTOB NMBa HE TPEOYET IONMOJHUTEIBHBIX IPOU3BOACTBEHHBIX H3JIEPKEK, TOCKOIBKY €€ MOJKHO OCYILECTBIATh Ha
JIEUCTBYIOIINX TEXHOJOTHYECKHUX JIMHUAX. B cTaThe BBIIBUHYTHI MPEIIIONOKEHNS O JOMOJHUTEILHON MOTHBAIMN
pasBUTHSL CHCTEMbI OEPEXIIMBOTO IPOW3BOJACTBA B BHHOJEIBYECKON MPOMBIIUICHHOCTH 3@ CYET HCIIOJIb30BaHMS
BUHOT'PAJHOI BEDKMMKH B TUBOBapEHUU.

KaioueBble ciioBa: BUHOrpajHash BEDKMMKA, ClIEHMAIBHBIE COPTA MHMBa, OPraHOJIENTHYECKUI TpoQuib, opra-
HUYECKHE KHCJIOTHI, caxapa, TIIMIEPHH, JIETy4re KOMIIOHEHTHI, peHOIbHbIE U (hypaHOBbIE COCTMHEHHSI.
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