Cepik 9ckepbekoBuy KapaeHoB — 1.f.k., C. CendynnuH atbiHaarbl Kasak arpoTexHukanblk 3epTrey
yHuBepcuTeTi, «TamakK XeHe KaWTa eHOey  OHAIpICTepiHiH  TexHomnorudacbl»  kadeapacblHblH,
KaybiMAacTbIpbinFaH npodeccop M.a., e-mail: serik.69@mail.ru.

Cepik AynceHranueBu4 TokaeB — T.f.k., C. CelidynnuH atbiHgarbl Kazak arpoTexHukanblk 3epTTey
yHUBepcuTeTi, « Tamak XeHe KarTa eHaey eHAipicTepiHiH TEXHONOrnACkI» KadeapachbiHbIH afFa OKbITYLLbICHI, e-
mail: tokaev_sd@mail.ru.

Caman MapatoBHa ToxTtapoBa — aokTopaHT, Liakapim yHuBepcuteTi, « TexHonoruanbIk xxababikrap»
kadegpacsl, e-mail: zhaiyk_samal@mail.ru.

Information about the authors

Bauyrzhan Myrzabekovich Iskakov'— PhD, Kazakh Agrotechnical Research University named after
S. Seyfullin, lecturer, Department of «Technology of food and processing industries», e-mail:
baissemey@bk.ru. ORCID: https://orcid.org/0000-0002-7939-0210.

Zarina Vladimirovna Kapshakbaeva — PhD, Toraigyrov University, ass. professor of department
«Biotechnology», e-mail: z.k.87@mail.ru.

Serik Askerbekovich Kardenov — candidate of technical sciences, Kazakh Agrotechnical Research
University named after S. Seyfullin, acting assistant professor of the department of «Technology of food and
processing industriesy, e-mail: serik.69@mail.ru.

Serik Dyusengalievich Tokaev — candidate of technical sciences., Kazakh agrotechnical research
university named after S. Seyfullin, senior lecturer of department «Technologies of food and processing
industries», e-mail: tokaev_sd@mail.ru.

Samal Maratovna Tokhtarova — doctoral student, Shakarim University, Department of
«Technological equipment», e-mail: zhaiyk_samal@mail.ru.

lNMocmynuna e pedakuuto 12.08.2024
lMocmynuna nocrne dopabomku 10.09.2024
lpuHsma k nybnukayuu 17.09.2024

https://doi.org/10.53360/2788-7995-2024-3(15)-27 (<o

W) Check for updates

MPHTW: 65.01.91

K. Bekbayev?®, A. Toleugazykyzy!, B. Bolkenov?, R. Iskakov?', N. Kazangapovat
1S, Seifullin Kazakh Agrotechnical Research University,
010000, Republic of Kazakhstan, Astana, Zhenis avenue, 62
2Magsut Narikbayev University,
010000, Republic of Kazakhstan, Astana, Korgalzhinskoe shosse, 8
*e-mail: K_bekbaev@mail.ru

VALORIZATION OF LIGNOCELLULOSIC BIOMASS BY DARK FERMENTATION:
DEVELOPMENT OF EFFECTIVE CONDITIONS FOR MOLECULAR HYDROGEN
BIOSYNTHESIS

Abstract: Valorization of lignocellulosic biomass (LB) is important to reduce their environmental
impact and reduce the risk to human health. Conventional methods for handling secondary raw materials
primarily focus on waste disposal, treating lignocellulosic biomass as waste rather than as a source of organic
substances for producing value-added products. As an alternative, processes should be developed to add
value to waste, producing value-added products with economic and environmental benefits. In this regard,
studies have focused on operating parameters, pretreatment, and microbial fermentation to enhance hydrogen
yield during dark fermentation. Upper (4%) and lower (20%) concentrations of distillery grain based substrates
for biohydrogen synthesis using wild-type E. coli have been established. Conditions for rational formation of
reducing sugars by varying feedstock and acid concentrations in distillery grain based substrates have been
established. During the study of the effect of acid-hydrothermal treatment of stillage on the total yield of
biohydrogen, it was found that the optimal concentration of sulfuric acid is 1,5%, while 10% of the raw material
is used. Under these conditions, the maximum yield of molecular hydrogen was achieved, equal to 116 £1,0
ml/I using wild-type E. coli.

Key words: Valorization, distiller’s grains, pre-treatment, dark fermentation, sugars, molecular
hydrogen.
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Introduction

Lignocellulosic biomass is a common and cost-effective feedstock. It mainly consists of
cellulose (33-55 wt %), hemicellulose (20-40 wt %), and lignin (10-25 wt %) [1]. Using lignocellulosic
components as carbon and nutrient sources for the growth medium can reduce the cost of producing
value-added products, increasing their competitiveness. Dark fermentation is widely recognized as
an effective method for producing biohydrogen using biological processes [2]. Hydrogen is an
attractive energy carrier due to its high energy density and is used as a feedstock in various chemical
and food processes. In this regard, biohydrogen production has been actively researched by
advanced research centers around the world in the past decade.

A thorough and comprehensive understanding of dark fermentation of lignocellulosic waste
not only contributes to sustainable development and circular economy, but also opens up new
opportunities for more efficient and environmentally friendly processes. The main components of
polysaccharides, which make up a significant part of lignocellulosic biomass, are glucose and xylose.
The conversion of xylose and glucose during the pretreatment step results in the formation of various
compounds, including furfural and 5-hydroxymethylfurfural (HMF). Furfural and HMF are well known
for their inhibitory effects in the field of microbial conversion [3]. Therefore, they hinder the final
biohydrogen production process. In addition, pretreatment destroys hydrogenotrophic methanogenic
archaea, which are H2 consumers, in order to subsequently enrich the community with hydrogen-
producing organisms [4].

During dark fermentation, biohydrogen is formed by two mechanisms. One of them occurs
due to the catabolic transformation of formic acid, and the other is due to the re-oxidation of
nicotinamide adenine dinucleotide hydride (NADH), which is catalyzed by the hydrogenase pathway
[5]. Theoretically, the complete conversion of 1 mole of glucose leads to the formation of 12 moles
of hydrogen atoms.

CsH1206 + 6H,0 = 12H, + 6CO> (1)

However, it has been reported that the practical yield of hydrogen during dark fermentation
only reaches up to 4 mol [6]. In this case, the by-products of the reaction are organic acids [7]:

CeH1206 + 6H,0 = 2CH3COOH + 4H, + 2CO» (2)

Accordingly, this technology demonstrates the efficiency and ability to meet future needs for
valorization of lignocellulosic biomass by producing various value-added products. This is also
evidenced by the fact that biohydrogen produced by dark fermentation has a comparatively higher
rate and quantity than other methods. [8, 9].

In accordance with the UN strategy for sustainable development, one of the most serious
challenges related to environmental, economic and social aspects is the minimization and
valorization of agricultural processing waste [10].

According to statistics, there are 142 producers of ethyl alcohol and alcoholic beverages in
Kazakhstan, seven of which produce only ethyl alcohol: LLP «Gold Pegasus» (Shymkent), LLP
«Tau-Product» (Shymkent), LLP «ALPHA-2050» (Kostanay), LLP «Talgarspirt» (Talgar), LLP
«entaur» (Kandyagash), LLP «Maximus» (Aktobe), JSC «Aidabulsky alcohol plant» (Aidabul v.,
Zerendi district) and LLP «Alfa Organic» (Stepnogorsk) [11]. Most of these plants currently operate
on a “single-product” scheme, where only alcohol is obtained from the main raw material as a
commercial product. At the same time, other components of the raw material go to waste. In
Kazakhstan, with an average annual production of 18 million liters of ethyl alcohol, up to 2.43 million
tons of distillery grain are released. However, it is likely that the numerical values for such an
assumption vary depending on the production process used, although there is no special study
indicating these ranges. It should also be noted that these by-products are perishable products, the
shelf life of which is no more than 24 hours from the moment of production, after which the stillage
sours, loses its useful properties and toxins accumulate in it.

The current industrialization model is insufficient to maintain a safe and clean environment.
Therefore, there is a need to create waste valorization systems in industry [12]. In accordance with
the principles of bioeconomics, stillage should be converted into value-added products, including a
unique product — biohydrogen. It should be noted that a small part of domestic plants process post-
alcohol stillage into dry feed or fertilizer. Direct use of stillage as a feed additive for farm animals is
carried out only partially through its purchase in its native form by entrepreneurs working in rural
areas or private owners. However, such use is not effective, since it requires additional processing
and is seasonal, which creates problems with storage and transportation costs.

ISSN 2788-7995 (Print) [IokopiM yHHBEpCUTETIHIH Xabapiibichl. TexHUKaIbIK FhibiMaap Ne 3(15) 2024 198
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(15) 2024



Materials and methods

The mass fraction of carbohydrates in the raw material was determined by the permanganate
method, based on the ability of reducing sugars to reduce copper oxide to copper oxide in an alkaline
solution. Sugars were determined by reducing iron (Ill) with copper (I) and subsequent titration of
iron (1) with potassium permanganate [13]. The analysis of total dry matter (TS) and volatile solids
(VS) was carried out in accordance with the work [14].

The carbohydrate composition of the distillery grain and its substrates was determined by
high-performance liquid chromatography (HPLC) [15]. Organic acids in the distillery dregs and its
substrates were determined by capillary electrophoresis [16]. The presence of furfural in the
substrates was determined according to GOST 32013-2012. Furfural in the substrates was
determined by the HDR method based on the reaction of furfural with hydroxylamine hydrochloride.
Oxymethylfurfural in the substrates was determined according to GOST 19792-2001 [17].

To perform preliminary treatment and microbial fermentation, the following operations were
performed:

— Preparation of the distillery grain solution by mixing it with distilled water and treating it with sulfuric
acid with a fraction for 5+1 minutes;

— Carrying out acid-hydrothermal treatment using an autoclave at a temperature of 121 ° C (1.1
atm) and with a duration of 20 minutes;

— Filtration of solid residues from the hydrolyzate by separation using a set of sieves with hole
diameters of 0,01+1,0 mm;

— Neutralization of the hydrolyzate using KOH to pH 7,5;

— Mechanical purification of hydrolyzate from colloidal impurities by centrifugation at g=3782,
w=4200 rpm; t=4°C; Tcenter. =15 MWUH;

— Final processing of hydrolyzate using an autoclave at a temperature of 121°C (1,1 atm) and with
a duration of 20 minutes;

— Preparation of inoculum (bacterial culture) with the composition: peptone — 20 g/I; potassium
hydrogen phosphate — 2 g/I; sodium chloride — 5 g/l. The temperature of bacterial culture
cultivation is t=37 °C for 18+20 h.

— Introduction of inoculum into hydrolyzate prepared from stillage with a volume fraction of 3%;

— Synthesis and production of biohydrogen by anaerobic fermentation with E. coli strains at a
temperature of 37 °C.

Results and discussions

As part of the study, an analysis of the biochemical composition of the distillery grains (Table
1) obtained from the «Alfa Organic» Malt Distillery LLC (Akmola Region, Stepnogorsk) was
conducted.

Table 1 — Biochemical composition of distillery grains

Regulatory documentation

Name of indicators, units of measurement Actual results
on test methods

Physicochemical parameters:

— moisture content, % 90,57 GOST 13496.3-92
— carbohydrate content, % 10,25 Permanganate method
— protein content, % 4,045 GOST 13496.4-93
— ash content, % 0,21 GOST 26226-95
Carbohydrate composition, %:
— maltose content 3,82 GOST 13496.3-92
— glucose content 4,53
— fructose content 4,09
Organic acids, mg/l

oxalic acid 0,395

lactic acid 0,850 M 04-47-2007

succinic acid 0,215

- acetic acid 0,055

Due to its high carbohydrate content, distillery grain is the most suitable raw material for the
production of bioproducts using dark fermentation. The efficiency of dark fermentation of
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carbohydrate-containing waste in the process of biohydrogen production depends on several key
factors: the composition of the substrate, microorganisms, parameters and conditions of pre-
treatment (temperature, pressure, duration of hydrolysis, pH,) and microbial synthesis, etc. The
composition of carbohydrate substrates can be more or less suitable for bacteria involved in the dark
fermentation process. Therefore, in order to achieve maximum efficiency of dark fermentation of
carbohydrate waste, it is necessary to study the conditions for effective biohydrogen synthesis.

In this regard, the effect of acid-hydrothermal treatment of distillery grain on the efficiency of
microbial fermentation was studied. The concentrations of raw materials and sulfuric acid, and the
duration of acid hydrolysis were determined as variable factors of acid-hydrothermal treatment of
distillery grain. In accordance with this, experiments were conducted to determine the smallest and
largest values of the variable factors in the release of biohydrogen. In particular, the minimum and
maximum values were established: the concentration of distillery grain (4+20%) and sulfuric acid
(0,75+3%), the duration of acid hydrolysis (120+240 minutes). The efficiency of biohydrogen
synthesis was assessed by measuring the following parameters: (1) the oxidation-reduction potential
of the substrate using an ion meter with a platinum electrode, which allows measuring the oxidation
power of hydrogen ions; (2) the cumulative yield of biohydrogen.

The results of the study of dark fermentation of a substrate based on a 4% fraction of distillery
grain using wild-type E. coli showed that when using sulfuric acid with a fraction of: (i) 0,75%,
biohydrogen molecules are synthesized in the period from 3 (£0,05) to 6 (£0,05) hours of
fermentation; (ii) 1,5%, biohydrogen molecules are synthesized only at 6 (+0,05) hours of
fermentation; (iii) 3%, biohydrogen molecules are synthesized in the period from 6 (x0,05) to 24
(£0,05) hours of fermentation.

The results of the study of dark fermentation of a substrate based on a 20% fraction of
distillery grain using wild-type E. coli showed that when using sulfuric acid with a fraction of: (i) 0,75%,
biohydrogen molecules were not detected during the fermentation period; (ii) 1,5%, biohydrogen
molecules were synthesized in the period from 3 to 6 hours of fermentation; (iii) 3%, biohydrogen
molecules were synthesized only at 6 (£0.05) hours of fermentation.

Thus, the maximum and minimum values of the proportion of raw materials and acid in the
substrate based on stillage for the synthesis of biohydrogen using wild-type E. coli were determined:

— In the case of using a substrate based on a 4% fraction of distillery grain, the longest
synthesis (6-24 (x0,05) hours) of biohydrogen was achieved in a sample where the treatment was
carried out with sulfuric acid with a fraction of 3%. In this case, the pH of this sample during the
biohydrogen synthesis period changed from 5,88 +0,1 to 5,79 £0,1. However, the proportion of acid
in the substrate in such an amount is quite high.

— In the case of using a substrate based on 20% of distillery grain, the longest release of
hydrogen in the period from 3 (£0,05) to 6 (x0,05) hours of fermentation was achieved in the sample
where the treatment was carried out with acid with a share of 1,5%. In this case, the pH of this
sample during the synthesis of biohydrogen changed from 6,01 £0,1 to 5,48 0.1, which is the most
favorable for hydrogen-producing bacteria. However, the share of raw materials in such an amount
creates technological difficulties in obtaining the supernatant at the stage of preliminary processing
and conditions for an excessive increase in producers during microbial fermentation.

The total yield of biohydrogen (V1y) was analyzed during the fermentation of hydrolysates
with minimum (4%) and maximum (20%) fractions of distillery grain, at which biohydrogen synthesis
occurred in accordance with Figure 1.

45
40 35

LT

.

%Y

88
Patole!

: ¥ e sl
2 e S8
> 28 SoseseTe 3R
X3
'

14.0'4.¢!

20 ¥
15 ]
10 ¥
s ¥
0 -

XA
000
KL

XXX

OO0

%

R

g«'

%% %%
AR

CAXKXXARK

A\ A\

o

%
DO >

K2
%

%
KR
K
QKK
RS
,;F’

XXX ARXXNR

R
‘0
&

v
%
S
R3S
&

4% 20%
=0,75 % H2504 11,5 % H2S04 E13% H2S04
Figure 1 — Total hydrogen yield (ml/l) when using dilute sulfuric acid with fractions of 0,75%, 1,5%
and 3% and wild-type E. coli for the treatment of substrates based on 4% and 20% fractions of
distillery grain
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Based on Figure 1, it can be stated that in the cases under consideration, the most effective
treatment of the distillery grain was also with sulfuric acid at a concentration of 1,5%, where the
maximum yield was 45+1,0 ml/l.

In this regard, the conditions for obtaining a hydrolyzate with a rational ratio of sugars were
further studied by selecting the most suitable indicators for acid-hydrothermal treatment of distillery
grain using wild-type E. coli for fermentation. In accordance with Figure 2, the dependence of the
change in oxidation-reduction potential (ORP) and pH on the duration (=) of fermentation (at t = 37
°C, pH 7.5) of the substrate based on 10% of stillage using wild-type E. coli is presented.
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Figure 2 — Dependence of the change in oxidation-reduction potential (ORP) and pH on the

duration (=) of microbial fermentation (at t=37°C, pH 7.5) of a substrate based on 10% of the
fraction of distillery grain using wild-type E. Coli

As can be seen from Figure 2, the use of the established parameters of substrate
pretreatment allowed us to significantly improve the results of exploratory experiments on
biohydrogen synthesis. In particular, biohydrogen synthesis began at 3 o'clock and was prolonged
to 48 hours of fermentation, while the total yield of biohydrogen was 116+1,0 ml / I. The principle
underlying the use of acid-hydrothermal treatment is also that some bacteria are able to form spores
under harsh conditions of temperature, pH, etc., and the formed endospores survive under extreme
conditions of pretreatment, unlike non-spore-forming bacteria, which are suppressed.

Conclusions

When studying the effect of acid-hydrothermal treatment of distillery grain on the total yield
of biohydrogen, it was found that the most effective proportion of sulfuric acid is 1,5% when using
10% of the raw material, where the highest yield of molecular hydrogen corresponded to 116+1,0
ml/l. Thus, the established conditions of acid-hydrothermal treatment of distillery grain contributed to
an increase in H2 producers while suppressing H2 consumers during dark fermentation, and
stimulating the yield of biohydrogen.
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KAPAHF bl ALLLITY APKblJTbl IMTHOLIENNIONO3AJIbl BAOMACCACBIHbI BANTOPU3ALIUANAY:
MONEKYNAJIbIK CYTEIN BUOCUHTE3OEYAIH TUIMAI XKAFOAUNAPBIH XXACAY

JlueHouennonosansl 6uomaccaca (/1b) eanopusayusinay onapObiH KopularaH opmara 9CepiH XoHe
adam OeHcaynbifblHa KayniH asaumy ywiH maHbi30bl. Kalima eHOeydiH Oacmypni adicmepi, eH andbiMeH,
nueHouenmonosanel buomaccaHbl op2aHuKalblK 3ammapobiH KyHbl XofapbliambiiiraH eHiM eHOIpy Keasi
pemiHOe emec, KanlblK pemiHOe Kapacmbipa ombipbir, Kandbikmapdbl xotra 6arsimmarsiraH. COHbIMEH
Kamap, 3KOHOMUKASIbIK XXOHE 3KO02usfiblK apmblKWbIIbiKmapbl 6ap KyHbl XOofapbliambliifaH 6HiMoep
eHOipemiH ydepicmepdi a3iprey kKaxem. OcbifaH balinaHbicmbl, 3epmmeyriep KapaHfbl auwlbimy Ke3iHoe
CymeKmiH WhbIfbIMbIH apmmblpy MakcambiHOa XyMbIC rapamempriepiHe, andbiH ana eHOeyee XeHe
MukpobmnbiK awbimyra barbimmarnraH. bapOara HeeizdenzeH cybcmpammapdaH xabalibi munmi E. coli
KemezimMeH buocymek CuHme3i XypemiH wWukizammbiH memeHai (4%) xoHe Jxoraprbl  (20%)
KOHUeHmpauusnapbi aHbikmanobi. CrupmmeH KeliHei acmbik 6apdacbiHa Heziz0enzeH cybcmpammapoarbl
WuKisam rneH KbIWKbIT KOHUEeHmMpauyusiCbiHbIH 632epyi apKbliibi memMeHdememiH KaHmmapObiH ymbiMObi
KanbinmacybiHblH muimOi xardalinapbl acandbl. baplOaHbl KbiWKbIT-2uOpPOMePMUsIIbIK  6HOeyidiH
buocymekmiH annbl eHimOiniziHe ocepiH 3epmmey 6apbiCbiHOa KyKipm  KbIWKbIIbIHBIH — MuiMOi
KoHueHmpauusicsl 1,5%, wukizammeiH 10% yneci natidanaHblnamsiHbl aHbiIkmandbl. MyHdal xardalnapda
xabalibl munmi E. coli kemeziMeH Monekynarnsik cymekmiH Makcumanobl wbiFbiMbl 116 £1,0 mnln-ee xemmi.

Tyluin ce30ep: Banopusayusi, cnupmmeH keliHei 6apda, andbiH ana eHOoey, KapaHfbl
epmeHmayusinay, KaHmmap, MoneKynarnbiK Cymex.
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BAJTIOPU3ALIUA NTUTHOLIENONO3HOWU BUOMACCbI C MOMOLLbIO TEMHOBOW ®EPMEHTALIUMU:
BbIPABOTKA 3®®EKTUBHbLIX YCITOBUUA BUOCUHTE3A MOJIEKYJNIAPHOIO BOOAOPOOA

Barnopu3sauyusi nueHoyenmonosHol buomaccol (f16) umeem gaxHoe 3HadeHue Orisi CHUXEeHUS UX
g8030elicmausi Ha OKpyXatowyto cpedy U CHUXeHUs ornacHocmu Onsi 300poebsi Yesiogeka. TpaduyuUoHHbIe
no0xodbi kK 06pabomke 8MOPUYHBIX ChbiPbEBbIX Mamepuasrog 8 OCHOBHOM COCPedOMOYEHb! Ha ymusnu3ayuu,
paccMampueasi JIU2HOUes/IIoNo3Hyo buomaccy Kak omxod, a He KaK UEHHbIU pecypc Onsi co3daHusi
npodykmoe ¢ 0obasneHHOU cmouMocmsio. B kauecmee anbmepHamusebi criedyem paspabomame npoyeccsl
OobasrneHusi cmoumocmu omxodam, rMpou3eodsIWUM MPodyKmMbl ¢ 0obasrieHHOU CMouMOCMbio, UMeujue
9KOHOMUYECKUE U 3KosioaudecKkue npeumyuwecmsa. B amot cessu, uccnedogaHus 6biriu cocpedomoyeHbl Ha
paboyux napamempax, npedeapumesibHol obpabomke u MUKpPOB6HOU hepmMeHmayuu € Uesnbio yeenudeHus
ebixoda eo0opoda 80 epemsi meMHOU bepmeHmauyuu. YcmaHoeneHbl gepxHue (4%) u HuxHue (20%)
KOHUeHmpayuu cybcmpamoe Ha ocHoge bapdbi, nmpu KOMOPOM rnpoucxodum cuHme3 buosodopoda c
npumeHeHuem E. coli dukozo muna. YcmaHoerneHbl ycrogusi Ons payuoHarbHO20 (hopMUpO8aHUs
pedyyupyroujux caxapoe 3a cyem sapuayuu KOHUeHmpayul Cbipbs U KUCITOMbI 8 cybcmpamax Ha ocHogse
riocnecriupmosoll 3epHoeoli 6apdbl. B xode uccrnedosaHusi 803delicmausi KUCIOMHO-2udpomepmMasibHoU
obpabomku 6ap0obi Ha 0bwull 8b1xo0 6uosodopoda bbIIo ycmaHO8/1eHO, YMOo onMmuMalibHasi KOHUeHmpauusi
cepHol kucnomsl cocmasrnssem 1,5%, npu amom ucnons3yemcsi 10% dorns cbipbs. [pu makux ycriosusix 6bis
docmueHym MakcumaribHbIl 8bIX00 MOJIEKYISIPHO20 8000poda, paeHbit 116 1,0 mn/n ¢ npumeHeHuem E.
coli dukozo muna.

Knro4deeblie cnoea: Banopusauus, nocnecriupmosasi bapda, npedesapumersnbHas obpabomka,
memHo8asi hepmeHmauyus, caxapa, MoeKynspHbIl 6000p0o0.
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HACCP KAFUOATTAPbI HETI3IHAE TYUE CYTIHEH XXACANFAH CYTKbIWKbINQbI
©HIMHIH CANACbI MEH KAYINCI3AINH BACKAPY

AHOamna: Kasipai yakbimma omaHObIK Cym XoHe cym 6HIMOepiH 6HOIpywi KocinopbiHOapbIHbIH
b6acmbi Makcambl mymbiHyWhbira 6acekeze Kabinemmi, xXofapbl carnarsibl XoHe Kayirci3 cym eHimMOepiH yCbiHy
6onbin mabeinadsl. Ockl opalida Kayinci3 eHim eHOipydiH 6acmbi kenini kacinopbiHlapda XACCII xyleciH
eHei3y 6onbIn mabbinadsl.

HACCP xyueciHiH 6acmbl apmbIKWbIbifbl — a3biK-mysik eHOIpiciHIH 6ykin misbeai 60lbIHWa Ke3eH-
Ke3eHMeH bakbliay apkbliibl KamersikmepOi aHbikmay, amarn alimkaHoa andbIH-ary XoHe ecKepmy.

3epmmey xymbicol KP CT 1179-2003 «Cana xytienepi. HACCP KarudammapbiHa Heaiz0erizeH mamak
6HiMOepiHiH canacbiH 6ackapy. XKannsl mananmapy» ynmmeik cmaHlapmsbl HeeidiHOe Xypaidindi. bipiHwi
Ke3eHiHOe mylie cymiHeH acasnraH CymKbIWKbIIObI 6HiM myparnbl 6acmarkbl akrnapammap (Kypamsl,
opeaHosienmuKarnblK  Kepcemkiumepi, canacbl MeH KayinciddigciH cunammalimbiH Kepcemkiwmep,
KondaHbinybl, Kanmama mypi, cakmay XoHe Xemki3y wapmmapbi) curnammarsndbl XoHe OHbl 6HOIpYy
rpouyecciHiH br10K-cxemacshi KypacmblpbiniObl. EKiHWI Ke3eHiHOe XUMUSbIK, 6UOI02USIbIK XoHe (hu3uUKasbIK
moayekendepdi manday ywiH myde cymi MeH o0aH xacarnfaH eHiMOepdiH canacbli MeH KayircisdieiHe
Kambicmbl HOpMamuemi Kyxammap, fbiiibiMu 3epmmeyrnep xypeisindi. OdaH KeliH aHbiKmarnfaH Kayinmi
mayekendepdi icke acbipblnly bIKmumarnlbisbiH 6aranay Xy3seze acbipbindbl. OdaH opi, «lllewim Kabbinday
arawbl» KyparsbiHbIH KeMmeziMeH 3epmmey 06beKmiCiHiH mexHonoausceiHOa Kayincisoikmi 6ackapyra xoHe
canacbIH apmmbipyra MyMKiHOIK 6epemiH cbiHU 6akKbinay Hykmersepi aHbiKmarobl.
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