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Abstract

The object of study was yeast waste from a brewery located in Shymkent. The amount of waste
produced from yeast of the species Saccharomyces cerevisiaecurrently ranks second in beer production.
When producing one dal of beer, on average, about 3 kg of residual yeast is formed, which, in modern
brewery capacities, results in hundreds of tons of waste per month. This waste has a short shelf life, which
is further shortened in summer due to the heat. The problem is compounded by the fact that to meet
consumer demand in the summer, manufacturers increase production. The application of spent yeast as
animal feed in the form in which it leaves production is complicated by the presence of a bitter taste.

In this work, yeast was used up to the 10th generation inclusive, similar to the generation numbers
directly in production. During the experiment, the initial bitterness of the yeast, with a value of 84.2 BU,
was completely eliminated through treatment with a complex of chemical and physical methods. During
the production process up to and including the 3rd generation, the number of surviving cells of the treated
yeast was 100-98%, but by the 10th generation this figure dropped to 30%. After treating the residual
yeast of 4-10 generations with ultrasound, the activity of the yeast cells completely stops. During the
experiment, a protein hydrolyzate was obtained, and data on its physicochemical parameters were
obtained. The protein content was 61.5%, including the essential amino acid of lysine 9.3%, and fat
content was 2.85%.
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In the modern world, one of the pressing problems is the effective use of production waste
as secondary resources. Many types of production in our country are accompanied by the
generation of waste, which has a negative impact on the environment [1]. One of the byproducts
of production is residual yeast generated in the course of beer production, primarily composed of
S. cerevisiae cells. These cells play a pivotal role in converting sugars present in the wort into
ethyl alcohol and carbon dioxide, as well as in the generation of secondary compounds
throughout the fermentation stages. [2].

Due to its composition, S. cerevisiae yeast can be used as animal feed, having a positive
effect on animal health and productivity [3-4]. In addition, the trend towards reducing and
stopping the use of antibiotics contributes to the active search for natural compounds that
improve the health and productivity of animals [5]. The yeast S. cerevisiae can be used in active,
inactive and enriched forms [6].Currently, the use of residual yeast formed during the brewing
process is widely used as a cheap source of protein, minerals and B vitamins in animal feed.
Residual yeast can be supplied as a liquid suspension or in dry form [7].

Nevertheless, a significant issue is linked to the restricted shelf life of residual yeast.
Simultaneously, the utilization of cells in their entirely native form may pose complications
when fully assimilated within the body [8].

Another noteworthy obstacle hindering the utilization of these byproducts as feed is the
apparent bitterness of residual yeast, which arises from the iso-alpha acids formed in hops when
added to the wort [9].
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To address these challenges, methodologies are employed with the objective of
deactivating cell membranes and extending the vitality of yeast cells. This facilitates an
enhancement in the concentration of nutritional components and an improvement in the
digestibility of cellular substances [10]. In this context, unconventional approaches are applied
for the elimination of residual brewer's yeast, specifically employing diverse techniques to
compromise the membranes of yeast cells [11].

The purpose of the work is to investigate the properties of residual yeast for use as a
secondary resource material.

Materials and methods of research

Materials of research

The material of investigation encompasses residual yeast byproducts derived from a
brewery situated in the city of Shymkent. The primary strain of dry yeast employed in beer
production is S.cerevisiae, constituting a living microorganism characterized as a non-
pathogenic, single-celled microscopic fungus. The residual yeast cells undergo separation at the
culmination of the bulk fermentation process, with a minor portion designated for re-
fermentation and the remainder classified as waste. In the course of beer production, yeast is
utilized for up to the 10th generation. Notably, the production of 550 hectoliters of beer results in
the generation of approximately 1600 kilograms of residual brewer's yeast.

Methods of research

The moisture content of residual yeast, mass fractions of ash, crude protein and lipids were
determined according to GOST 28178-89.

Staining of S.cerevisiae cells was carried out using the Gram method [13].

Determination of acidity of residual brewer's yeast.

To extract acidic substances, 10 ml of residual yeast, 1 ml of 3N hydrochloric acid and 20
ml of isooctane were added to a centrifuge flask with a capacity of 50 ml, after shaking on a
laboratory shaker for 10 minutes at 1250 rpm, shaken, then centrifuged at 3000 rpm for 4
minutes, kept in the dark for 30 minutes, and then the optical density of the clear extract was
measured using a spectrophotometer (Cary-50 dual beam scanning spectrophotometer (Varian))
at a wavelength of 275 nm relative to pure isooctane.

Throughout the course of the study, procedures were implemented to mitigate the bitter
taste of the yeast. This involved a sequence of steps, commencing with the washing of the yeast
using water, followed by centrifugation for a duration of 5 minutes at a velocity of 3000
revolutions per minute (rpm). Subsequently, homogenization was conducted under a pressure of
20 atmospheres utilizing an ultrasonic homogenizer (HD 410). Following the homogenization
process, the yeast underwent immersion in an alkaline solution for a duration of 10 minutes at a
temperature of 60 °C. Subsequent to this immersion, neutralization was achieved by employing
hydrochloric acid to adjust the pH to 7, and the yeast was subsequently subjected to drying
through a freeze-drying process, utilizing a freeze dryer model LGJ-1A-80 (refer to Figure 1).

Figure 1 - Driedyeasin freeze dryer
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The content of vitamins and amino acids in residual brewer's yeast was determined using a
high-performance liquid chromatograph (Varian ProStar (Varian, Australia).

Results and discussion

In the course of the brewing process, hops are introduced to the wort, imparting a bitter
taste to the beer attributed to the presence of alpha and beta isoacids in its composition.
Following fermentation, the discarded yeast retains this bitter taste, rendering it unsuitable for
utilization as feed for livestock.

During the experimental phase, the initial bitter taste of residual yeast, quantified at 84.2
Bitterness Units (BU), was completely eradicated, resulting in a measure of 0 BU. Post-
lyophilization, the integrity of the yeast cells was scrutinized employing a JSM-6490LM
scanning electron microscope equipped with an INCA Energy 350 -energy-dispersive
microanalysis system (refer to Figure 2).

20kV  X2,500 10um 11 54 30Pa
Figure 2 - Appearance of yeast after lyophilization

As can be seen, after processing and drying the residual yeast, the yeast cell membrane was
not damaged.

Optical microscope observations showed that residual yeast survived the treatment and
remained active afterwards (Figure 3). The number of living yeast cells from the 1st to the 10th
generation was studied separately. Living cells in 1 ml of a suspension of treated residual yeast
were detected using a Goryaev chamber. If the number of surviving cells after the 1st and 3rd
generations of treated yeast was 100-98%, then it can be observed that by the 10th generation
this figure dropped to 30%.

Figure 3- S.cerevisiae: a) colonies on Sabouraud agar;b) microphotography (magnification x 1000)
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On Sabouraud agar medium, S.cerevisiae manifests as diminutive circular colonies
exhibiting a white or grayish-white hue, characterized by smooth peripheries, convex
topography, and a soft consistency.

Adding live yeast S.cerevisiae to the feed ration improves nutrient and nitrogen absorption
[13], as this yeast strain accelerates the growth of fibrolytic bacteria in the rumen of animals
[14]. In this regard, in the future, the possibilities of using yeast cells of 1-3 generations as a
probiotic will be studied. The possibility of using protein hydrolysate as a source of biologically
active substances has been studied for yeast cells of 4-10 generations.

To increase the release of intracellular metabolites from generation 4-10 cells by damaging
their cell membrane, the ultrasonic disintegration method was used(200W ultrasonic device
UP200St). This method allows the release of intracellular components from the cell with the
least energy expenditure.

The viability of yeast after using the ultrasonic disintegration method was checked by
sowing them on Sabouraud agar medium. As a result, the vital activity of the cells was not
observed, which indicates the effectiveness of the method for destroying the cell membrane.

The chemical composition of residual brewer's yeast that has undergone decomposition has
been studied, the results are presented in Table 1. According to the results, liquid waste from
brewing production should be considered as a valuable secondary raw material, since it contains
a sufficient amount of nitrogenous compounds, carbohydrates, fats, minerals and vitamins [15].

Table 1 - Chemical and mineral composition of yeast after ultrasonic disintegration

Indicator name Content
Mass fraction of protein, % 62,3
Mass fraction of lipid, % 2,7
Sodium, mg /1009 1118
Potassium, mg /100g 8037
Calcium, mg /100g 26,1
Magnesium, mg /100g 259

One of the arguments in favor of processing beer waste into animal feed is its high content
of vitamins necessary for the organism. The composition of water-soluble vitamins in brewer's
yeast was studied using a Varian ProStar high-performance liquid chromatograph on a reverse-
phase column. The results of the study are presented in Table 2. As the number of generations
increased, a quantitative change in the content of a number of water-soluble vitamins was
observed, while their qualitative composition remained the same.

Table 2 - Vitamin composition of yeast after ultrasonic disintegration

Indicator name Generation number Average value
4 |51 6 [ 7 | 8 | 9 | 10
Content
Vitamin B1, mg/kg 1,14 | 1,12 | 1,11 | 1,11 | 1,08 1,08 1,06 1,1+0,03
Vitamin B2, mg/kg 10,2 | 10,2 | 10,5 | 105 | 11,0 11,0 11,0 10,63+0,37
Vitamin B3, mg/kg 45 45 45 43 43 43 43 43,86+1,07
Vitamin B6, mg/kg 2,5 2,5 25 | 26 2,6 2,6 2,6 2,66+0,05
Vitamin B12, mg/kg 0,6 0,6 06 | 059 | 059 0,59 0,59 0,59+0,005

To assess the protein value of the resulting hydrolysate, its amino acid composition was
studied on a Varian ProStar high-performance liquid chromatograph on a reverse-phase column.
The results of the study are presented in Table 3. As can be seen from the table, the hydrolysate
contains all the proteinogenic amino acids necessary for animals.
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Table 3 - Amino acid composition of residual brewer's yeast after ultrasonic disintegration

Amino acids Amino acids, g/100 g dry product Average
generation number value
4 5 6 7 8 9 10
Essential amino acid 35,1 341 | 349 | 345 | 353 | 355 | 35, | 34,96+1,54
3
Cysteine 18 1,7 18 1,6 1,8 19 | 18 1,77+0,1
Histidine 2,8 2,6 2,8 2,7 2,9 28 | 2,8 2,77+0,1
Arginine 4,9 4,9 4,8 4,7 5,0 48 | 49 4,85+0,1
Alanin 0,7 0,6 0,8 0,6 0,7 0,7 | 0,7 0,69+0,07
Asparticacid 0,7 0,7 0,8 0,8 0,6 0,7 | 08 0,73+0,74
Glutamicacid 13,5 13,4 | 135 | 13,3 | 134 | 13,5 | 13, | 13,44+0,08
5
Serin 1,3 1,2 1,1 1,3 1,3 14 |13 1,2740,1
Glycine 3,7 3,6 3,6 3,7 3,8 38 | 39 3,73+0,11
Tyrosine 5,7 54 5,7 5,8 5,8 59 | 56 5,7£0,16
Nonessential amino acids 26,6 26,4 | 26,2 | 26,2 | 26,5 | 26,7 | 26, | 26,49+0,49
8
Threonine 55 55 5,3 55 5,4 55 | 54 5,44+0,08
Methionine 2,3 2,3 2,2 2,1 2,3 23 | 24 2,27+0,1
Lysine 9,3 9,2 9,2 9,3 9,4 95 | 95 9,34+0,13
Valin 54 54 5,3 5,2 5,2 53 | 55 5,32+0,11
Phenylalanine 4,1 4,0 4,2 4,1 4,2 41 | 40 4,1+0,08

Based on the results of the research, the following stages have been identified in the
process of extracting protein hydrolysate from brewer's yeast residues:

- reception of raw materials;

- eliminating the bitterness of brewer's yeast residues;

- ultrasonic treatment;

- drying the hydrolysate in a spray dryer;

- packaging and storage.

The physicochemical characteristics of the proposed product in the form of a protein
hydrolysate are given in Table 4.

Table 4 - Physico-chemical characteristics of the product offered in the form of protein hydrolysate
Product Mass fraction, %

moisture minerals protein fat
Proteinhydrolysate 7,5 5,4 61,5 2,85

The protein hydrolysate derived from residual brewer's yeast byproducts may subsequently
serve as a comprehensive animal feed, distinguished by its elevated protein content and vitamin
composition.

Conclusion

Based on the results obtained, the following conclusions can be drawn: when processing
yeast waste, the bitterness of yeast was completely eliminated.When processing and drying yeast
residues in a lyophilizer after the 1st and 3rd generations, the survival rate of yeast remained at
the level of 100-98%, and after the 10th generation this figure decreased to 30%.After the 4th
and 10th generation, when residual yeast is treated with ultrasound, the activity of yeast cells
completely stops. The content of individual vitamins changes as the number of generations
increases, while the qualitative vitamin composition is maintained.The protein content in the
product offered in the form of protein hydrolysis is 61.5%, including the essential amino acid
lysine 9.3%
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A3BIKTBIK KOCIA PETIHJIE KOJJAHYFA APHAJIFAH AKYBI3
I'UJI0JIM3ATHIH KAJJIBIK CBhIPA AIIBITKBLIAPBIHAH AJTY

Tyidin

3eprrey HbicaHbl peTiHae [IIBIMKEHT KamachlHa OpHAIACKAH Chipa KalHATY 3ayBITBIHBIH KAJIJIBIK
aIIBITKBUIAPEI KOJAAHBIIABL. Saccharomyces cerevisiae amibITKpl TYpJICPIHEH OHJEIIM MIBIFATHIH KaJIbIK
Meutiepi, OYTiHTI TaHAa, ChIpa OHIIPICIHIE CKIHI OophIHFa Me. bip man chipa KalHATY VIIiH, opTalia
€CeIeH 3 Kr KaJAbIK aIlbITKBIIAphl TY3UIedi, ajl 3aMaHayHl chblpa KalHaTy 3aybITTapIblH KeJeMiHe
OaiimaHbICTBI OYIT KANIBIK Oip aiiia >Ky37ereH TOHHaFa JeHiH xkeTell. byl KalnIbIKThl cakTay Mep3iMi eTe
KBICKA, aJl JKa3Fbl YaKBITTHIH BICTHIFbIHA OaiiJIaHBICTHI KOCHIMIIIA KBICKapaasl. MyHAa TybIHAAIN TYPFaH
Mocelie, TYTHIHYNIBUIBIK CYpPaHBICTHI KaHAFATTAHIBIPY YIIIH, >Ka3Fbl yaKbITTa OHMAIPIC KyaTThUIBIFBI
skorapiaiinbel. Kanaplk chipa amibITKBUIAPBIH, TIKENeW OHIIIPICTeH MIBIKKAH KYWiHAEe MajFa a3blK PeTiHAe
KOJIJIaHY/1a, OHBIH OTKIip JKaFbIMCBI3 JIoMiHe OallIaHbICTHI KYPJIEICHE TYCTI.

JKymeicta 10-1m6I TeHEpanysaFa AeHiHTa alibITKBUIAD KOJNIAHBUIIGI, TIKETICH OHIIPICTIH reHeparys
HOMipiHe colikec. 3epTTey OaphIChIHAA KATABIK ChIpa alllbITKbLIAPIBIH 0ACTAIIKEI OTKIp JOMiHIH MoHI 84,2
BU 0onnbl, OHBI XUMUSUIBIK JKOHE (DM3HMKAIBIK OMICTEPMEH KEIICHII OHIEY apKbUIBI TOJBIFBIMCH
KOUBUIABL. OHIIPIC OpBIHAAPBIHAAFEI 3-TIi TeHepaIusra JIEeHIHT1 OHIENTECH aIlbITKBI JKacyajaap.IbIH
emipmeniri 100-98% kypaiinsl, nereniMen 10-msl renepanmsira neifin Oyn kepcetkim 30%-ra neiin
tycemi. 4-10 reHepanusgaH KeHiHTI KaNIbIK AallbITKbLIIAPABl YIBTPAIbIOBICIICH OHJICTCHHEH KEiiH,
JKacyInaiapablH OCJICEHALIIT TOJBIFBIMEH TOKTaiIbl. 3epTTey OapbhIChIHAA aKybl3 THIPOIM3AThl aJIbIHIbI
JKOHE OHBIH (PM3MKa-XUMHSIIBIK KOPCETKIIITEpl Typabl MOJIMETTEep allbIHJABL: aKybl3 Memepi 61,5%,
COHBIH 1IIiH/IE aTMACTHIPBLIMANTEIH aMUH KBIIIKBUTEI 9,3%, Mait memepi 2,85 %.

KinrTi ce3nep: KanapkTap, KaaablK alITHIKbUIAP, TeHEpalys, S. Cerevisiae, topymeHzep.
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HOJYYEHHUE BEJIKOBOTI'O I'MAPOJIU3ATA U3 OCTATOYHBIX IMBHBIX
JAPOXIKEN V1A IPUMEHEHUSA B KAYECTBE KOPMOBOU TOBABKH
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AHHOTANUA
B kauectBe 00ObeKTa HCCIEAOBAHUS OBLIM HCIIOIB30BAHBI OTXOIbI JAPOXIKEH MHBOBAPECHHOIO
3aBoj1a, pacnoiokeHHoro B ropoje IlsiMkenT. KoaudecTBO MPOU3BOIUMBIX OTXOMIOB M3 JPOXIKEH BUIA
Saccharomyces cerevisiae Ha CeromHAIIHUN JeHb 3aHUMAlOT BTOPOE MECTO B IPOM3BOACTBE IHBa. IIpu
IPOU3BOJICTBE OJHOIO Jlajia MKBa, B CPEIAHEM, 00pasyeTcsi OKOJIO 3 KT OCTATOYHBIX APOXIKEH, YTO, TIPU
COBPEMEHHBIX MOIIHOCTSX MMMBOBAPEHHBIX 3aBOJIOB, COTHH TOHH OTXOJIOB B MECAI. DTH OTXOJbI HMEIOT
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MaJbIl CPOK XpaHEHUsS, KOTOPBIM B JIETHUH MEPUOJa JOIMOJHUTEIHLHO COKpaIlaeTcs H3-3a JKapebl.
IIpo6nema ycyryOmsercs TeMm, 4UYTO JJIsS YAOBIETBOPEHUS MOTPEOUTEIHCKOTO CIpoca JIETOM
MIPOM3BOANTENH HAPAIIWBAIOT MPON3BOACTBO. [IprMenenne oTpabOTaHHBIX APOXKKEH B KauecTBE KOpMa
JUTSL KUBOTHBIX B TOM BHJI€, B KAKOM OHH BBIXOJST C TPOHM3BOJICTBA, OCIOKHEHO HAIMYHEM Yy HHX
TOPBKOTO BKYCa.

B pabote ucmonmb3oBaiich Mpoxku A0 10-i reHepamuyl BKIIOYHUTEIHHO, aHAJIOTUYHO HOMEpam
reHepaluil HeMmoCPEACTBEHHO Ha MPOM3BOJICTBE. B X0/e KCcIIeprMeHTa HaYalIbHYI0 ropedb APOXOKEH, B
3HaueHun 84,2 BU, ynanoch MONHOCTBIO YCTPAaHUTH MyTeM OOpaOOTKH KOMIUIEKCOM XUMHYECKHUX H
(u3MuecKuX METOA0B. B mpoliecce MNpoOM3BOACTBA A0 3-H T'€HEpalM BKIIFOYUTEIBHO KOJIUYECTBO
BBDKHBIIIUX KJIETOK 00paboTaHHBIX Jpoxoked coctaBisuio 100-98%, omnako k 10-if reHepamuu 3TOT
nokazarens cHu3mics 10 30%. Ilocie 00paboTku ocTaTouHbIX Apoxckeid 4—10 reHepanuii yabTpasByKoM
aKTUBHOCTh JIPOMOKEBBIX KIIETOK TIIOJIHOCTBIO OCTaHABIMBaeTCsa. B Xolle 3KCHepuMeHTa IOydeH
OCJIKOBBIM THAPOJU3aT, M JaHHBIE O €ro (U3MKO-XUMHYECKHMX IIOKa3aTesaX: COJAep)KaHue Oelka
coctaBuio 61,5%, ToM dnciIe He3aMeHUMOW aMUHOKHCIIOTHE Tu3uHa - 9,3%, conepkanue xupa - 2,85%.

KaioueBble cj10Ba: 0TXO/IbI, OCTATOYHBIC APOXKIKH, TCHEpaIys, S.Cerevisiae, BUTaMUHBI.

B mHactosmiee BpeMss OIHOW W3 aKTyaJbHBIX TIPOOJIEM BCETO MHUpA  SBISETCS
UCIIOJIb30BAHUE OTXOJOB CHUPTOBOIO IPOU3BOJCTBA B KAa4eCTBE BTOPHUYHOIO PECYPCHOIO
Marepuana. OTX0 bl MHOTHUX MMPOU3BOJICTB HAILIEW CTPaHbl OKA3bIBAIOT HETATUBHOE BO3/CHCTBUE
Ha okpyxaromyro cpeny[l]. OnHUM U3 BUAOB TaKUX OTXOJIOB SIBJISIFOTCS OCTATOYHBIC MUBHBIE
TPOAOKH, 00pa3yIoNIrecs: B MPOIecce MPOU3BOJICTBA MHMBA U COCTOSAIINE B OCHOBHOM M3 KJIETOK
S. cerevisiae, oTBeyaONIMX 332 TPAHCHOPMAIIMIO COMEPKAIIMXCI B CYClIe CaxapoB B ITHIIOBBIH
CIHPT, YIJIEKUCIIBIN ra3 U 00pa30BaHMe BTOPHYHBIX COCTMHEHUN Ha CTaausAX OpoxkeHus [2].

braromapst cBoeMy cocTaBy JAPOXOKH S. CErevisiae MCroib3yloTcsl B KauecTBe KopMma JUis
JKUBOTHBIX, YTO TMIOJOXKUTEIBbHO BIHSIET Ha 3I0POBbE CKOTAa W, COOTBETCTBEHHO, Ha
NpoAyKTUBHOCTh [3-4]. Kpome Toro, TEHAEHUHS K COKpPAIICHUI0O U MPEKPAIICHUIO
UCIIONIb30BAaHUsI AHTHUOMOTHUKOB CIOCOOCTBYET AKTHBHOMY MOWCKY TPHUPOJIHBIX COCIUHCHHIA,
YAYYIIARIUX 30POBbE U MPOAYKTUBHOCTH JKUBOTHBIX [5].S. Cerevisiae Mo>kHO MCIOJIb30BaTh B
AKTUBHOM, HEaKTHMBHOW M oOoramieHHoi ¢opme [6].B HacTosimiee BpeMsi M3BECTHO U IIUPOKO
MPUMEHSIETCS UCIIOJIb30BAHUE OCTATOUHBIX JIPOAOKEH, 00pa3yrommxcs B Mpoliecce MTUBOBAPEHUS,
B KayecTBe JENIEBOIO0 MCTOYHWKA Oellka, MUHEpPaIbHBIX BEIIECTB M BUTAMUHOB TPYMIbl BB
KOpMax ISl )KUBOTHBIX. OCTaTOYHBIE IPOXIKH MOTYT MOCTABIIATHCS B BUJAE KUJIKOW CYCIIEH3UU
WJIM B CyllIeHOM Buje [7].

OnHako Cepbe3HBIM HEAOCTaTKOM HCIIOJIB30BAaHUSI OCTAaTOYHBIX MHBHBIX JPOXOKEH
SIBJISIETCS. TO, YTO OHU MMEIOT Majblii CPOK XPaHEHHUs], U B TO K€ BPEMs HUCIOJIb30BAHHE KIETOK
LEJIUKOM B HATMBHOM BHUJE MOXXET NMPUBOJIUTH K HEKOTOPBIM OCJIOXKHEHUSM IMPU HUX IMOJIHOM
YCBOEHHUHU B opranusme [8].

Hpyroii BaxkHOU MpoOJIEMOH, TPEMSATCTBYIONIEH UCITOIB30BAHUIO ATHX OTXOJIOB B KAUeCTBE
KOpMa, SIBIISIETCS OLyTUMasi TOPeYh OCTATOYHBIX JAPOXKIKEH, BOSHUKAIOIIAS M3-32 00pa3yIOIIHUXCS
B XMeJIe u30-alib(a KUCIO0T Npu A00aBiIeHUH B cycio [9].

Jnst  ycTpaHeHHMs yKa3aHHBIX HEJOCTAaTKOB MNPUMEHSIOT METO/bl, BbI3bIBAIOIINE
MHAKTUBALMIO KJIETOYHOH MeMOpaHbl M OCTAHABIMBAIOLIUE XU3Hb KJIETOK, YTO YBEIMYUBAET
KOJIMYECTBO MHUTATEJIbHBIX KOMIIOHEHTOB B 3alace M YBEJIMYMBAET YCBOSEMOCTb KJIETOYHBIX
BemectB [10]. B cBsi3m ¢ 3TUM ISl yHalleHUs] OCTATOYHBIX MUBHBIX JPOXOKEH MPUMEHSIOT
HETPATUIIMOHHBIE METOJbl, B YACTHOCTH, pa3lIMYHbIE METOJbI TMOBPEXKICHUS MeMOpaH
JPOXOKEBBIX KIETOK [11].

Lenp paboThl — HWCCIEAOBAaTH CBONCTBA OCTATOYHBIX IPOXOKEW ISl MCIOIH30BAHUS B
KaueCcTBE BTOPUYHOI'O PECYPCHOTO MaTepuraa.

MarepuaJjbl 1 MeTOAbI HCCJIETOBAHUS

Marepuainsl ucciie10BaHUs

Marepuan ucciaeAoBaHUS — OCTATOYHBIE APOMKKEBBIE OTXOJbl MMBOBAPEHHOI'O 3aBOJA,
pacnosioxkeHHoro B ropojae LlIsiMkeHT. B OCHOBHOM NpH IPOU3BOJACTBE NMHBA HCIOJIB3YIOTCS
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cyxue Ipoxoku S. cerevisiae. OcraTouHble IPOKIKEBbIC KIETKU OTACISIOTCS B KOHIIE Mpolecca
MaccoBoro OposkeHusi. HeGopIoe nx KOJIWYECTBO UCIIONB3YETCS ISl IOBTOPHOTO OPOXKEHUS, a
ocTaJbHas 4acTh ABIAIOTCA OTXOoAamu. [Ipu mpom3BOACTBE MUBa APOKKHU UCHOIB3YOTCS A0 10-
ol renepauuu. Ilpu npurorosnennn 550 panm mnuBa 3a OAWH MPOU3BOACTBEHHBIN UK
obpa3zyercs okosio 1600 Kr OCTaTOYHBIX MUBHBIX JPOAIKEH.

MeTtoap! nccnenoBanus

BnaxxHOCTh OCTATOYHBIX JIPOXOKEH, MacCOBBIE JIOJIM 30JIbI, CHIPOTO MPOTEUHA U JIUIH]IOB
onpenensiu mo 'OCT 28178-89[12].

OkparmmBaHue KIETOK S. Cerevisiaenpooaminock mo meroxny I'pamma [13].

Omnpenenenne KUCIOTHOCTH OCTATOYHBIX MUBHBIX IPOAOKEH.

Jlnist ¥3BII€UEHUST KUCTIBIX BEIIECTB B HEHTPUPYKHYIO KOOy eMKOCThI0 50 M 100aBIIsiiIu
10 M ocrtaTouHblX aApoxcoxed, 1 mu 3H. constHOM KUCIOThI M 20 MJI HM300KTaHa, MOCIHE
BCTpSAXMBaHUA Ha JaboparopHoMm Iuelikepe B TeyennelO0 wmmH mnpu 1250 o6/mun
nentpudyruposanu npu 3000 o6/MuH B TeueHne 4 MUHYT, BbiAepkuBasid 30 MUHYT B TEMHOTE,
a 3aTeM M3MEpsUIM ONTUYECKYIO IUIOTHOCTh IMPO3PAYHOTO 3KCTpPaKTa Ha CHEKTPOPOTOMETpe
(nByxmyueBol ckanupytomuid criekrpodoromerp Cary-50 (Varian)) mpu jyiMHE BOJHBI 275 HM
OTHOCHUTEJIBHO YUCTOTO N300KTaHa.

B mpomecce paboTel mpoBoamiiack o0paboTKa C IENbI0 yAalleHus TOPHKOrO0 BKyca y
posxokei. st 3Toro Ipox Ku MPOMBIBAIMCH BOJOW U IIEHTPU(DYTHPOBANIKCEH B TEUCHHE 5 MUHYT
co ckopocthto 3000 oO0/mMuH. 3aTeM MPOBOAWIM HX TOMOreHu3anui npu 20 arM.
(ynbrpa3BykoBoil romorenuzatop HD 410). [Tocne romoreHu3anuu IposkKH BBIACPKUBAIH B
IIIEJIOYHOM pacTBOpe B TedeHWe 10 MuHYT mpu Temmeparype +60°C, HeHTpaan30Baan COISTHOM
kucnoroir 10 pH 7 u BeicymmBanu B moduibHol cymmike (moduibHas cymka LGJ-1A-80)

(pucynok 1).

Pucynok 1 - JIposxu, BEICYIIIEHHBIE B THOQWIBHON CYIIUIIKE

Conep:kanue BUTAMUHOB M aMHHOKHCIIOT B OCTATOYHBIX MUBHBIX JIPOKIKAX ONPEIEIIsUIN Ha
BBICOK03()(hEeKTUBHOM XKHJIKOCTHOM xpomarorpade (Varian ProStar (Varian, ABcTpanus).

Pe3yabTaTsl U 00Cy:KIeHUE

B mpouecce mnuBOBapeHHS B Cyclo JOOaBISIOT XMeJb, KOTOpBIA, Omarogaps
MPHUCYTCTBYIOIIMUM B €ro cocTaBe anb(da- u OeTa-W30KHCIOTaM, MPUAACT MUBY TOPHKOBATHIN
npuBkyc. [locne Gpoxenust orOpackiBaeMble APOXIKHA COXPAHSIOT BKYC TOpPEUH, 4TO AENAeT UX
HENPUTOTHBIMH JIJIsl TIPUMEHEHHSI B KAY€CTBE KOpPMa TSI CeITbCKOXO3SIICTBEHHBIX KUBOTHBIX.

B xone skcnepuMeHTa ropbKHil BKYC OCTATOYHBIX JIPOXOKEH, MPU HAYAJIbHOM 3HAYCHHH
84,2 BU, ynanocs nonnocteio ycrpanuts (0 BU) .

[Tocne nuodumM3anuu LEIOCTHOCTD IPOXOIKEBBIX KIETOK MCCIENOBATM C IOMOIIbIO
CKaHUPYIOLIEro 3IeKTPOHHOr0 MHUKpockona JSM-6490LM ¢ cucteMoit 3HEproAuCinepCuOHHOTO
mukpoananusa INCA Energy 350 (pucyHok?2).
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20kV  X2,500 10pm 11 54 30Pa
Pucynok 2- Buennuit BuJ ApoxoKeit mocie THoQuin3aniu

Kak BumHo, mocne 00pabOTKM ¥ BBICYIIMBAaHHS OCTATOYHBIX JPOXKEH MemOpaHa
JPOACGKEBBIX KJIIETOK HE MOCTpajaa.

MUKpOCKONIMYECKUE HUCCIEIOBAHMS TOKAa3alld, YTO OCTATOYHbBIE IPOXKHU BBDKUBAIOT B
nporecce 0OpabOTKM W COXPAHSIOT aKTHBHOCTH (PUCYHOK3). UMCIIEHHOCTh KHUBBIX KJICTOK
npoxoxedt ¢ 1-if mo 10-t0 reHepanuio u3ydanu otaenbHO. JKuBbIE KIETKH B | MII CcycnieH3UH
00pabOTaHHBIX OCTATOYHBIX JPOXOKEH BBIIBISUIM C TIOMOIIbIO Kamepbl [opsieBa. Ecmu
KOJIMYECTBO BBDKUBIIUX KJIETOK mocie 1-i u 3-if reHepanmuud oOpaOOTaHHBIX JIPONOKEH
coctaBisuio 100-98%, To MOXHO HAOMIOAATH, 4TO K 10-i TeHEpaluu 3TOT MOKa3aTelb CHUMJIICS

10 30%.

Pucynok 3 - S.cerevisiae: a) kononuu Ha arape ¢ Cabypo; 6) muxpodororpadus(ysir. x 1000)

Ha arape Cabypo S.cerevisiae oOpa3yer MelIKHe KPyTJble KOJIOHHH OEI0ro Wik cepoBaTo-
0eIoro MBeTa ¢ POBHBIMH KPasiMH, BBITYKIIbIC, MATKONH KOHCHCTEHIIUH.

JlobGaBiieHHEe B KOPMOBOWM pAallMOH JKMBBIX JPOXOKEH —S.cerevisiae crmocoOCTByeT
YIAYYIICHUIO YCBOCHHS THMTATENIbHBIX BEIIECTB W a30Ta [14], MOCKONBbKY JaHHBIM IITaMM
JPOKKEH yCKOpsieT pocT pubponnTHaecKux OakTepuii B pyoie :xkuBoTHBIX[15]. B cBs3u ¢ aTuMm,
B Oynymem OyaeT MpOBEACHO M3YYCHHE BO3MOKHOCTEH HCIOIH30BAHUS KIETOK Apoxoked 1-3
TeHepaluid B KadecTBe NpoOMOTHKA. BO3MOXHOCTH WCHOJB30BaHUS B KA4eCTBE HCTOYHHKA
OMOJOTUYECKH aKTUBHBIX BEUIECTB, TO €CTh TMAPONM3aTa OenKa, u3ydeHa Uik KIETOK IPOXOKen
4-10 reHepanuid.

Jis  yBenuyeHHWs  BBICBOOOXKICHUSBHYTPUKIETOUYHBIX MeTabonmutoB kierok 4-10
TeHepalui IMyTeM MOBPEXKICHHSI MX KIETOYHOH MEeMOpPaHbI IPUMEHSIJICSI METOJT YIIbTPa3BYKOBOM
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nesunTerpanuu (ynbTpa3BykoBoe ycrpoiictBo UP200St mommuocteio 200 Bt). DToT Meroa
MO3BOJIIET BBICBOOOJUTh BHYTPUKJIETOYHBIE KOMIIOHEHTHI W3 KIETKM C HauMEHBIIUMU
3aTpaTamMmu SHEPTUH.

JKuznecrmocoOHOCT,  APOMOKEW — MOciae  MPUMEHEHUS ~ METoJa  YJIBTPa3BYKOBOM
JE3WHTErpaIliiy MPOBEPSsUIH ITyTEM MOCEeBaMX Ha arapu3oBaHHylo cpexy Cabypo. B pesymbrare
YKU3HEHHAsl aKTUBHOCTDH KJIETOK HE HaOJI0/1aj0Ch, UTO YKA3bIBAET HA PE3yIbTATUBHOCTh METO/IA
JUTSL pa3pylIeHUs KJIETOYHONH MeMOpaHHbI.

M3y4yeH XMMHYECKHI COCTaB OCTATOYHBIX MUBHBIX APOXIKEH, MOABEPIIIMXCS pachamuy,
pe3ynbrarthl TpenacTaBieHbl B Tabnmme 1. CormacHo pe3yabTaTaM  JKHIKHE  OTXOJBI
MUBOBAapEHHOTO IMPOM3BOJCTBA CJENYyeT paccMaTpuBaTh Kak IIEHHOE BTOPUYHOE ChIPbHE,
MOCKOJIBKY OHHU COJAEpXaT JOCTaTOYHOE KOJIMYECTBO Aa30THUCTBIX COCAMHECHUM, YTIIEBOJOB,
JKHPOB, MUHEPAIIbHBIX BEIIECCTB U BHUTaMUHOB [16].

OpHUM W3 apryMEHTOB B TOJIB3Y NepepaboTKH OTXOJ0B MUBHOTO MPOM3BOJICTBA B KOpMa
JUIsL JKUBOTHBIX fBJIETCS OOJIBIIOE COJEp)KaHHE B HHUX HEOOXOJUMBIX IJIsi OpraHu3Ma
BUTaMUHOB.

Tabmuua 1 - XuMuveckuii 1 MEHEPaJIbHBIA COCTAaB APOIKEH MOCIe YIbTPa3BYKOBOH Je3UHTErpalvu

HanmenoBanwe rmokasaTens ConepxkaHue
MaccoBas fons 6enka, % 62,3
Maccosas gons nunuaa, % 2,7
Hatpwuii, mr/100r 1118
Kamnuii, mr/100r 8037
Kanermii, mr/100r 26,1
Marnwii, mr/100r 259

HccnenoBanue coctaBa BOJAOPACTBOPHUMBIX BUTAMUHOB B IIMBHBIX JAPOMOKAX MPOBOIUIOCH
Ha BBICOKOA(DPEKTUBHOM KHAKOCTHOM Xpomartorpade Varian ProStar Ha komoHke ¢
oOpamieHHoi (a3oit. Pe3ymbraThl uccnenoBaHus mpenctaBieHsl B Tabiuue 2.0I1o mepe
YBEJIMUYCHUS YHCIa TeHEpalii HaOII0AaIoCh KOJIMYECTBEHHOE M3MEHEHHE COACpKaHMs psna
BOJIOPACTBOPUMBIX BUTAMUHOB, ITPU 3TOM MX KQUECTBEHHBIH COCTaB OCTABAJICS MPEKHUM.

Tabnuua 2 - BUTaMUHHBIN COCTaB IPOXKEH MOCIE YIbTPa3BYKOBOH JIE3UHTErpallii

HaumenoBanue Howmep reneparn Cpennee
noKasaTeist 4 | 5 | 6 | 7 | 8 ] 9 ] 10 3HA4YCHUE
COJICpIKaHue
Buramun B1, mr/xr 1,14 1,12 1,11 1,11 1,08 1,08 1,06 1,1+0,03
Buramun B2, Mr/kr 10,2 10,2 10,5 10,5 11,0 11,0 11,0 | 10,63+0,37
Butamun B, Mr/kr 45 45 45 43 43 43 43 43,86+1,07
Buramun B6, mr/xr 25 25 25 2,6 2,6 2,6 2,6 2,66%0,05
Buramun B12, mr/kr 0,6 0,6 0,6 0,59 0,59 0,59 0,59 | 0,59+0,005

Jnist onieHKH O€NKOBOM IIEHHOCTH IMOJyYEHHOTO THAPOIN3aTa MPOBEIN UCCICIOBAHHUE €TO
AMUHOKHUCIIOTHOTO COCTaBa Ha BBICOKOI(P(HEKTUBHOM IKUAKOCTHOM xpomatorpade Varian
ProStar na xonoHke ¢ oOpamieHHOM ¢a3oi. Pe3yapTaThl HCCclieI0BaHUS MPEACTaBICHBI B TA0IHUIIE
3. Kak BuaHO U3 TaOMUIBI, TUAPONM3AT COICPKUT BCE HEOOXOAMMBIC I >KUBOTHBIX
IPOTEHHOTEHHBIE AMUHOKHCIIOTHI.
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Tabmura 3 - AMHHOKHCIIOTHBIH COCTaB OCTATOYHBIX JAPOXIKEH MOCIE Ie3UHTETPaIlui

AMUHOKUCIOTHI Awmunkucnotsl, 1/ 100 r cyXxoro npoaykra Cpennee
HOMED TCHEPAITNH 3HAYCHHUE
4 5 6 7 8 9 10
Hezamenumeie AK 351 (34,1349 | 345 | 353 35,5 35,3 34,96+1,54
Iuctun 1,8 1,7 | 1,8 1,6 1,8 1,9 1,8 1,77+0,1
T'uctuaun 2,8 26 | 28 2,7 2,9 2,8 2,8 2,77+0,1
ApruHuH 49 49 | 48 4.7 5,0 48 49 4.85+0,1
Ananuna 0,7 06 | 0,8 0,6 0,7 0,7 0,7 0,69+0,07
AcmaparuHoBasi KWJiIo0Ta 0,7 0,7 | 0,8 0,8 0,6 0,7 0,8 0,73+0,74
I'mytamuHoOBast KHCITIOTA 13,5 134|135 | 13,3 | 134 13,5 13,5 13,44+0,08
CepuH 1,3 12 | 11 1,3 1,3 14 1,3 1,2740,1
JRiE%0047051 3,7 36 | 3,6 3,7 3,8 3,8 3,9 3,73+0,11
Tupozun 5,7 54 | 57 5,8 5,8 59 5,6 5,7+0,16
3amennmeie AK 266 |264|262| 26,2 | 26,5 26,7 26,8 26,49+0,49
Tpeonunn 55 55 | 5,3 55 54 55 54 5,44+0,08
MeTHoHuH 2,3 23 | 2,2 2,1 2,3 2,3 2,4 2,27+0,1
JIusuH 9,3 92 | 9,2 9,3 9,4 9,5 9,5 9,34+0,13
Bamun 5,4 54 | 5,3 5,2 5,2 5,3 55 5,32+0,11
dennnagaHuH 41 40 | 4,2 41 4,2 41 4,0 4,1+0,08

[To pesymbTaTaM HCCICIOBAaHUILIANIPOLIECCA W3BJICUCHUSI OCJIKOBOIO THIPOJIHM3aTa M3
OCTAaTKOB ITMBHBIX I[pO)K)KeI\/'I OIMPCACIICHLI CICAYIOMHNEC STAIIbI:

- TIPHEM CBIPbS;

- YyCTpaHEHUE TOPEYH OCTATKOB IMUBHBIX JIPOIOKEH;

- yIBTpa3ByKoBasi 00paboTKa;

- CyIIKa THJPOJIN3aTa B PACHBUTUTEILHOM CYIIUIIKE;

- yIIaKOBKA ¥ XpaHCHUE.

®u3nKo-XMMUYECKHE TIOKa3aTeNld Ipe[JlaraéMoro IpOAyKTa B BHAE OEIKOBOrO
THJIPOJIM3aTa, MOJYYEHHOTO TI0 TpesiaraeéMoi TeXHOJIOTHH, TIPUBEACHBI B Tabu1e 4.

Tabmuia 4 — @OU3UKO--XUMHUYCCKHE TMMOKA3aTeld MPOAyKTa, MPEAIaracMoro B BHIC OCIKOBOTO
THIPOJTA3aTa
IIpoxykt Maccosas o, %
BIKHOCTh MUHEpaJIbHbIE BENIeCTBa 0enok KHUP
FE;;‘;?;‘;ZT 75 5.4 61,5 2,85

benkoBbIli rHApONM3AT, MOJTYYEHHBIM W3 OCTATKOB MHUBHBIX JPOXOKEH, B JaJbHEUIIEM
MOXKET GBITB HUCIIOJIB30BAH B KAQUYECTBEC ITOJITHOLICHHOI'O KOpMa JJI JKUBOTHBIX, 60I‘aTOFO 6€J'IKOM n
BUTaAaMHHAMH.

3akiroueHue

Ha ocHOBaHMM MOJY4YEHHBIX PE3YIbTATOB MOXHO CHEIaTh CIEAYIOIIHE BBIBOABL: IMPHU
nepepadoTKe OTXOAOB JIPOXOKEH Topeub IOpOXOKeH ynaloch MOJHOCThIO YycTpaHuThb.Ilpu
00paboTKe W CyIIKE OCTaTKOB JIpoxoked B nuoduiauszatope mocie 1-it m 3-if reHepanuit
BBDKMBAEMOCTh JpOAOKENW coxpaHsuiack Ha ypoBHe 100-98%, a mocie 10-ii reHepanuu 3TOT
nokazarenb cHusmics 10 30%.11ocne 4 u 10 renepanuii npu 06paboTKe OCTATOYHBIX IPOAOKEN
VIBTPAa3BYKOM AaKTUBHOCTb JAPOMOKEBBIX KJIETOK IMOJHOCTBbIO ocTaHaBiuBaercs. CojaepkaHue
OTJIeIbHBIX BUTAMUHOB 10 MEpE POCTa YUCIIAa TeHepalfil N3MEHSEeTCs, PU 3TOM KaueCTBEHHBIN
BUTAMHUHHBIA cocTaB coxpansiercs.Coaepkanue Oenka B IMPOAYKTE, IMpeiaraeMoM B BHJE
ruaponn3a Oenka, coctaBiseT 61,5%, B TOM 4YuCiie HE3aMEHUMON aMHUHOKHCIIOTHI JIM3WHA -
9,3%.
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