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CFU- colony forming units; LAB — lactic acid bacteria; MRS — De Man, Rogosa and Sharpe agar;
MPA — Meat Peptone Agar; BOD- biochemical oxygen demand; COD - chemical oxygen demand

The main reason for selecting whey as a substrate of research and raw material for alcohol pro-
duction is to reduce industrial waste that adversely impacts the environment, as well as to make
a profit on it. The environmental impact of whey is related to its biological oxygen demand (BOD
= 230 mg/ml) and chemical oxygen demand (COD = 70 mg / ml). Whey is mainly composed of
disaccharide lactose, and the activity of yeast strains plays an important role in its conversion to
bioethanol. Lactic acid bacteria, whey composition, and fermentation conditions also play an im-
portant role. In this work, the physicochemical properties of milk and cheese whey were studied,
and microbiological analysis was carried out. The results show the high quality of the whey of the
two selected producers of cottage cheese and cheese. The uniformity of consistency and normal
appearance, taste, and smell, corresponding to the whey, testify to the observance of all sanitary
norms and rules at the stage of whey collection. No significant differences were found between the
characteristics of two different whey samples. The cells of yeast strains isolated from whey had dif-
ferent natures. 4 strains of alcohol-resistant yeasts and 2 strain of lactic acid bacteria Lactobacillus
plantarum W1 and Leuconostocmesenteroides W1 were isolated, which could be promising bio-
catalysts for bioethanol production.

Key words: milk whey, fermentation, yeasts, whey microflora.

M.X. Koxxaxmetosa'*, H.LLl. Akumbekos', K.T. Tactambek'?

'9A-Dapabu atbiHAaFbl Kasak YATTbIK, yHUMBepcuTeTi, KasakcraH, AAmarbl K.
2Koxa AxmeT fccaym aTbliHAAFbI XaAblKapaAblK, Ka3ak-Typik yHuBepcuteTi, KasakcraH, TypKicTaH K.
*e-mail: marzhanur.7@mail.ru
IpiMiLik xoHe cy36e eHAipiciHAE aAbIHFaH CapbICYAbIH, (PYHKLIMOHAAADI
)KOoHEe MMKPOOTbIK NPoMAiHiH, cMnaTTamachbl

KbickapTyaap

KKB-koroHusikypaytubl GipaikTep; CKB-cyT Kblwkbiaabl 6GakTepusaap; MRS — arap Ae MaH, Poro-
3akoHe LLlapna; EMA — eT-nenToHabl arap; OBK — oTTerire 61oxmmMusiabik, kaxeTTiAik; OXK — oTTerire
XUMMSADBIK, KaXKeTTIAIK.

ITaHOA BHAIPICI YWiH 3epTTeyAep MeH LWMKi3aT yiliH cybCcTpaTt peTiHAE CapbiCyAbl TaHAQYAbIH
Herisri ce0ebi koplaraH opTaFa TepiC acep eTeTiH OHAIPICTIK KAAAbIKTapAblH a3ailobl, COHbl-
MeH Kartap nanaa Taby 60Abin TaObiraabl. CapbiCyAblH KoplaraH opTara acepi OHblH OTTeriHe
61MOAOTMAABbIK, KaxkeTTiAirimeH (OBK= 230 Mr / MA) X8He OTTeriHiH, XMMMUAABIK, KaKeTTiAiriMeH
(OXK = 70 mr / MA) GanaaHbiCTbl. CapbICy HEri3iHEH AMCAaXapUATI AaKTO3aAaH TypaAbl, COHAbIKTaH
alIbITKbl ITAMAAPbIHbIH OEACEHAIAITT OHbIH OMO3TAHOAFA alHaAyblHA aMTapPAbIKTal 8cep eTeAi.
CyT KbiIlKbIAbI 6aKTEpUsIAAPbI, CapbICYAbIH Kypambl >X8HE alubiTy WapTTapbl Ad MaHbI3Abl POA
atkapaabl. ByA XKymbicTa cy36e >koHe ipiMLLIK OHAIPICIHEH aAbIHFAH CapbICyAbIH (OU3MKA-XUMUSIABIK,
KacueTTepi 3epTTeAin, MUKPOOMOAOTUSAABIK, TaAAdy >KYPTi3iAAi. AAbIHFAH HOTMXEAEp TaHAAAFaH
ipiMwik neH cysbe eHAIpyLiAepAiH CapbICybIHbIH XOFapbl canacbiH kepceTeai. CapbicyFa carkec
KEAETIH KOHCUCTEHLMSIHbIH, BipKEAKIAITT )XOHEe KaAbINTbI CbIPTKbI TYPi, ASMi MEH MiCi CapbICyAbl >KM-
Hay Ke3eHiHAe OapAbIK CaHMTAPAbIK, HOPMAAAp MEH epeXkeAepAiH CakTaAybiH KepceTeai. Exi Typai
CapbICy YATIAEPiHiH cMnaTTamaAapbl apacbiHAQ alTapAbIKTan anblipMaLlbIAbIKTap TabbiAFraH xok,. Ca-
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pbiCyAaH GOAIHIN aAbIHFAH aAlbITKbI LWITAMAAPbIHBIH, XacyllaAapbl 8pTYPAI cunatTa 60AAbl. CnnpT-
Ke TO3iMAI allbITKbIAAPAbIH, 4 LUTaMMbl >X8He GMO3TAaHOA 6HAIPY YLIiH MepcrneKkTMBaAbl OGuMokKaTa-
AM3ATOPAAp GOAYbl MYMKiIH CYT KbIlKbIAbI GakTepusaapbiHbib 2 Lactobacillus plantarum W1 >kaHe
Leuconostocmesenteroides W1 wtammbl 6AIHAIL

TyiiHAI ce3Aep: CyT capbiCybl, allbITY, aLIbITKbI, CAPbICY MUKPOAOpPAChHI.
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XapakTtepucTrka pyHKUMOHAABHOTO U MUKPOOHOro NpodoMAs CbIBOPOTKH,
MOAYY€HHOH NpU NPOU3BOACTBE TBOPOra U cbipa

CokpallueHusi 1 0603Ha4YeHUs

KOE - koaoHneo6pasyioume eamHnLbl; MKB — moAouHokmcAble BakTepmmn; MRS — arap Ae Mat,
Porosa u LLiapna; MIMA — MsconenToHHbir arap; BINK — 6roxummyeckas noTpebHOCTb B KUCAOPOAE;
XMK — xrmuyeckas noTpe6HOCTb B KUCAOPOAE.

OcHoBHas npuunHa Bbibopa CbIBOPOTKM B KavecTBe cy6CTpaTta AAS UCCAEAOBAHMUIA U Cbipbs
AAS IPOU3BOACTBA 3TAaHOAQ 3aKAKOYAETCS B YTUAM3ALMU NMPOMbBILUAEHHbBIX OTXOAOB, KOTOpPbIE He-
raTMBHO BAMSIOT Ha OKPY>KaloWYylo CPeAy, a Tak>Ke B MOAyYeHUM Hamboabluen npubbian. Bos-
AENCTBME CbIBOPOTKM Ha OKPY>KalOLLylo CPeAy CBS3aHO C ee GMOAOrMYeckor noTpebHOCTbIo B
kncaopoae (BMK = 230 Mr/mMA) 1 xummnueckon notpebHoCTbio B knucaopoae (XK = 70 Mr/ma).
CblBOPOTKa B OCHOBHOM COCTOMT M3 AMCAXapUAHOM AAKTO3bl, MO3TOMY akKTUBHOCTb APOX>KEBbIX
LUTAaMMOB 3HAYUTEAbHO BAMSET B ee NpeBpalleHun B 6M03TaHOA. MOAOUYHOKUCAbIE GakTepuu,
COCTaB CbIBOPOTKWM M YCAOBMSI (DEPMEHTALMM TaKXe MIrpaloT Ba>KHYIO pPOAb. B aaHHon pabote
ObIAM M3y4UeHbl (PU3UKO-XMMUYECKME CBOMCTBA TBOPOXKHOM U MOACBIPHOWM CbIBOPOTKM, NMPOBEAEH
MUKPOOMOAOTMYECKMIA aHaAM3. Pe3yAbTaTbl MOKa3blBAOT BbICOKOE KAYeCTBO CbIBOPOTKU ABYX
BbIOpPaHHbIX MPOM3BOAUTEAEN TBOPOra M Cbipa. PaBHOMEPHOCTb KOHCUCTEHUMU U BU3YaAbHble
NPM3HaKM, BKYC U 3arax, COOTBETCTBYIOUME CbIBOPOTKE, CBUAETEALCTBYIOT O COOAIOAEHUMN BCEX
CaHUTApHbIX HOPM U MpPaBMA Ha 3Tane cbopa cbiBOPOTKU. He 6bIA0 06HAPY>KEHO 3HAUMTEAbHbIX
Pa3sAMUMI MEXAY XapaKTepucTMKamMu ABYX pasdHblX 06pa3LoB CbIBOPOTKU. KAETKM APOXKIKEBbIX
LUTAaMMOB, BbIAEAEHHbIX M3 CbIBOPOTKM, UMEAW PasHylo NpupoAy. BoiaeaeHo 4 wiTamma cnmpTo-
YCTOMUMBBIX APOXOKEN M 2 LITaMMa MOAOYHOKMCAbIX OGakTepuit Lactobacillus plantarum W1 n
Leuconostocmesenteroides W1, KoTopble MOTyT 6bITb NePCNeKTUBHbIMKN BMOKaTaAM3aTOPaMM AAS
NPoOu3BOACTBa 6MO3TAHOAA.

KAtoueBble cAOBa: MOAOUHAS CbIBOPOTKA, (hepMeHTaLmMs, APOXKKM, MUKPOAOPA CbIBOPOTKM.

Introduction

The rapid growth of industry, the development
of cities and megalopolises, and the improvement of
their amenities require solving problems associated
with the negative impact of human activities on the
environment. The food industry is one of the indus-
tries necessary to provide people with food. But at
the same time, the food industry brings great harm
to the environment. To reduce environmental dam-
age, manufacturing is now beginning to use closed
cycles, and in this new wave, the food industry has
proven that the future is zero-waste. Secondary
dairy raw materials are a good resource for the pro-
duction of new economically significant products.
Whey is the liquid that remains after the production
of milk and dairy products such as cheese, cottage
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cheese and casein. At the moment, there are various
ways of commercial uses of whey, as it is produced
in large quantities and causes significant harm to
the environment due to the content of many organic
compounds in it. Cheese whey is the biochemical
oxygen demand (BOD =230 mg/ml) and chemical
oxygen demand (COD = 70 mg / ml) [1]. For the
utilization of whey, more precisely for its chemi-
cal oxidation, about 50 g of oxygen is needed, in
comparison, data on the oxidation of wastewater are
given, for the oxidation of such waste 0.3 g of oxy-
gen is required. It is for this reason that the whey has
a deadly effect on the flora and fauna of the environ-
ment into which it will merge. Particular attention
should be paid to Lactose, it is she who is largely
responsible for the high level of BOD and COD.
Isolation of protein and its use in the other direc-
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tion reduces COD by only 12%. On the other hand,
whey is very rich in nutrients such as peptides, min-
erals and vitamins, this side of it offers a promising
possibility of using whey as a resource [2]. Whey is
currently considered as a material for ethanol pro-
duction based on the bioconversion of lactose.

Bioethanol is a renewable energy source without
greenhouse gas emissions obtained by fermenting
sugar-containing substances. Ethanol production is
an excellent approach to energy independence and
one of the best replacements for current polluting
fuels such as fuel oil and coal obtained from tradi-
tional methods. today ethanol is important product
on the fuel market [3]. Ethanol can be obtained in
two ways, the first is obtained chemically, the sec-
ond is enzymatic, using microorganisms that fer-
ment sugars. At the beginning of the 20th century,
the second method was used more often than the
chemical method, but soon the choice of entrepre-
neurs changed due to the rise in prices for sugar
and starch. In the chemical method for producing
ethanol, reactions are carried out to hydrate ethyl-
ene; in the case of a fermentation or microbiological
method, yeast is most often used to ferment sugars
[4-6]. The production of ethanol using the fermen-
tation process of sugar-rich materials is technically
feasible, and its use does not affect the environment.
In contrast to the production of ethanol using cellu-
losic materials, the use of whey is the most accept-
able from a financial point of view, since cellulosic
materials require additional manipulations, such as
hydrolysis in order to break down into simple sugar
molecules, which is expensive. Moreover, whey is
very readily available for ethanol production [7].

Currently, most of bioethanol from secondary
raw materials, in large-scale enterprises, is obtained
using yeast. The type of yeast is of no small im-
portance, since not all yeast can utilize lactose as
the main sugar of whey. For example, S. cerevisiae
yeast consume sugars such as glucose, fructose,
maltose and maltriose, S. diastaticus — dextrins, and
in turn Klueyveromyces fragilis and K. lactis con-
sume lactose. Also used are genetically modified
microorganisms such as Zymomonas mobilis and
Escherichia coli for use in alcohol production. the
use of such microorganisms doubles the efficiency
of lactose fermentation [8].

The composition of whey, its microflora is of
great importance in the production of ethanol and
the isolation of the same strains from it for use in
fermentation. Therefore, it is an important to under-
stand and study the whey source prior to commenc-
ing industrial fermentation and whey distillation to

obtain ethanol. The composition and properties of
whey depends on many factors: the type of whey,
milk pretreatment and processing parameters such
as filtration, pasteurization, starter culture, rennet
and salting will influence the whey composition [9,
10]. Minor compositional variations are likely to
have little effect on the fermentation and distillation
process; however, this can be a problem when striv-
ing to produce a clean, quality product with high
yield. Criteria for the selection of microorganisms
for ethanol production are also taken into account
when creating a good technology. The tolerance of
microorganisms to high temperatures and high etha-
nol concentrations are important characteristics for
industrial use [11,12].

2. Materials and methods

Whey sampling

Two types of whey cottage cheese whey and
cheese whey were used in the study. For this pur-
pose, samples were taken from the LLP «Plant of
the Kazakh Academy of Nutrition Amiran» dairy
plant and the «Stella Alpina» cheese plant from the
Almaty region. Samples were freshly collected and
sterile packed. Organoleptic characteristics of the
used whey were characterized.

Whey characterization

Fat content (FT), protein (PR), carbohydrates
(CH) were evaluated using a scanner Lactoscan S.
Additionally, the mass of dry matter, density (DE)
and humidity by RADWAG MA 50.R Moisture An-
alyzer were pre-calibrated and validated, the mean
study error is, 025% with determinations performed
according to AOAC [13].

Determination of titratable acidity pH.

The method is based on titration of acidic salts,
proteins, carbon dioxide and other components of
whey samples with an alkali solution in the presence
of phenolphthalein indicator. The titratable acidity is
expressed in Turner degrees (° T). In a conical flask
with a capacity of 150 cm3, we measured 10 cm3 of
whey, and added three potassium phenolphthalein.
The resulting mixture is thoroughly mixed and ti-
trated with 0.1 N sodium (potassium) hydroxide so-
lution until a stable faint pink color is obtained[14].
The volume of whey used for titration is multiplied
by 10, since the titrated acidity in Turner’s degrees
is equal to the number of milliliters of 0.1 n alkali
solution used to neutralize 100 cm3 of whey [15].

It is calculated according to the formula (1) No
of ml. of 0.1 N NaOH solutions:

59



Characterization of functional and microbial profile of whey recovered from cottage cheese and ...

% Lactic acid = the amount of 0,1N NaOH used
for titration / Weight of sample x 100

i.e. Weight of sample = Volume of whey x spe-
cific gravity)

Study of the microflora

To determine the microflora of whey samples
and isolate pure cultures of yeast and lactic acid bac-
teria, the inoculation was carried out by the Koch
method in two repetitions. Dilutions of 10 2, 10 *
and 10 ° were selected. Inoculation was performed
on solid culture media such as MRS, Sabourand
Dextrose Agar and MPA. The cultivation lasted for
two days (48 hours) at a temperature of 30 C. The
average values of the number of colonies grown on
Petri dishes of two seeding were taken. Identifica-
tion based on physiological and biochemical char-
acteristics of whey microorganisms were carried
out on generally accepted in bacteriological practice
methods using determinants [16-18].

Alcohol resistance test

To determine the resistance of yeast strains to the
action of ethanol, nutrient media with the addition
of ethyl alcohol were prepared until a concentration
from 5 and 20 %. Collection strain Klyuveromyces
marxianus TD7 without alcohol addiction was used
as a control. After incubation of the 8 samples for
72 hours, yeast colonies grew in place of the prints
of the stamp-replicator. Alcohol resistance of the
strains was evaluated by the number and size of the
colonies [19].

Isolation of pure Ethanol Tolerant Yeast col-
onies and lactic acid bacteria.

Streak plate method. To obtain pure colonies of
yeast and bacteria, the depletion streak method was
used. Microorganisms were streaked into pre-pre-
pared petri dishes with Sabouraud and MRS media.
The cultures were incubated for two days at a tem-
perature of 30°C. Further, a quantitative and qualita-
tive analysis was carried out, as well as microscopy.
The finished cultures were transferred into a test
tube with an agar medium and kept in a refrigerator
until it was used in experiments.

Identification of LAB with Nucleotide Se-
quence Analysis

For sequencing, lactic acid bacteria were initially
cultured in liquid MRS medium at 37 © C for two days
to accumulate cell culture. Lactobacilli were desig-
nated LABI1 and lactococci were designated LAB2.
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Bacterial DNA was isolated using a special ge-
netic kit PureLink® Genomic DNA Kits (Invitro-
gene, USA). Using a Qubitfluorimeter (Invitrogen,
USA), the DNA concentration in samples was de-
termined using the HS dsDNA scale.

Lactic acid bacteria were identified using special
primers 8F (5’-AGAGTTTGATCCTGGCTCAG-3
‘) and 806R (5’-GGACTACCAGGGGTATCTA-
AT-3’) based on the study of the 16S rRNA gene
sequence [20]. The sample for identification con-
sisted of a reaction liquid (30 pl) with the addition
of 3 ul of 10-fold reaction buffer (Fermentas), 2.5
mM MgCl2, 0.2 mM of each deoxyribonucleotide
(dNTP), 10 pmol of each primer, 1 unit of Taq poly-
merase Maxima Hot Start Taq DNA. Polymerase
(Fermentas). The polymerase chain reaction was
carried out in a MastercyclerproS thermal cycler
(Eppendorf).

PCR analysis was started by incubating the mix-
ture at 95 ° C for 7 minutes with thirty cycles, which
consisted of: 95 © C for 30 seconds, 55 ° C for 40
seconds, 72 °© C for 1 minute. The final extension
of the nucleotide chain was carried out at 72 ° C for
10 minutes. Then the amplified initial product was
separated in 1.2% agarosegel, stained with ethid-
ium bromide and visualized in INFINITY VX2 gel
(manufactured by VILBER LOURMAT, France).
In the analysis, 1xXTAE electrode buffer was used.
The PureLink® PCR Purification Kit was used in
the purification process.

DNA fragments of the 16S rRNA gene were se-
quenced using the BigDye® Terminator v3.1 Cycle
Sequencing Kit based on the manufacturer’s proto-
col [21].

The end products of sequencing, after the action
of the BidDye 3.1 terminator, were purified.

SeqA6 software was used to process the se-
quencing data. To search for similar nucleotide se-
quences of 16S rRNA genes, the BLAST database
(Basic Local Alignment Search Tool) was used, and
the search was also carried out in the Gene Bank In-
ternational Database of the US National Center for
Biotechnology Information [22]. The phylogenetic
tree was constructed based on the Neiighbor-Joining
(NJ) method.

3. Results and discussion

The data in Table 1 indicate the organolep-
tic characteristics of products of the selected two
manufacturers of and cheese whey. Whey samples
in terms of organoleptic indicators meet the require-
ments of the Customs Union [23].
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Table 1- Organoleptic characteristics

Indicator name

Characteristics

Amiran (cottage cheese whey)

Stella Alpina (cheese whey)

Taste and smell

Pure milky taste and milky smell

Salty taste cheesy smell

Appearance and consistency Homogeneous  non-transparent  liquid | Homogeneous non-transparent  liquid
without precipitation without precipitation
Color Beige Yellowish or pale green

B) |

Figure 1 — Whey samples from two different manufacturers:A) LLP «Plant of the
Kazakh Academy of Nutrition Amiran» dairy plant B) «Stella Alpina» cheese plant.

All indicators of physical and chemical charac-

teristics of whey samples comply with
of the Customs Union [24]. According

Table 2 — Physical and chemical indicators

the standards
to the results

(Table 2), it can be seen that the amount of sugars
prevails in the composition of the whey, which plays
an important role in the production of ethanol.

Whey Indicator
Fat % | Protein % | Carbohydrates % | Energy value, ki- | Moisture con-|Dry mat- | Density kg/m?
localories tent % ter (g)
Amiran (cottage cheese | 0.2 0.8 32 20 kcal., 83.6 kJ. {92.067 8 1018
whey)
Stella Alpina (cheese 0.2 0,8 3,5 20 kcal., 83.6 kJ. [93.001 7 1022
whey)
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Table 3 shows titratable acidity values at dif-
ferent pH levels. It was found that the initial ti-
tratable acidity in the whey from cottage cheese
manufacture was 98 T° at pH 5, while the titrat-

Table 3 — Titratable acidity and pH of whey

able acidity of cheese whey was 19 T° at pH 5.6.
Within three days, the titratable acidity of the
samples increased, while the pH decreased in both
cases.

Whey type Indicators It day 2" day 3 day
Cottage cheese whey pH 5 4.8 4.6
T 98 100 110
Cheese whey pH 5.6 5.5 53
T 19 21 23
Study of the microflora Colonies of lactococci grown on MRS medi-

Microbiological analysis of the obtained samples
did not reveal the presence of extraneous microflora.
The microflora of products is mainly represented by
colonies of yeast, mold fungi, lactococci, as well as
colonies of lactobacilli. On solid nutrient media of
Sabouraud, most yeast cultures grew on Petri dishes
as round, large colonies, the relief of colonies with
a convex nipple-like white center and a roller along
the periphery, the surface is shiny with a gloss, beige
or white, pasty or curdled-granular consistency.

um were varied, mainly punctate colonies: small
brown and white round colonies with transparent
edges. There are colonies of lactobacilli — round,
white, flat, shiny colonies with smooth edges of
medium size. The number of live bacteria in 1 dose
(0,05 ml) growing on MRS is 4.1x 105 CFU / mg,
the number of live bacteria in 1 dose when growing
on SDA is 5x 105 CFU / mg, the number of live
bacteria in 1 dose when growing on MPA is 0, 8 x
105 CFU / mg.

Figure 2 — The composition of microflora cottage cheese whey: Lactic acid bacteria (a, b); Yeasts (c, d and f)
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Figure 3 — The composition of the microflora of cheese whey (Stella Alpina): lactic acid
bacteria — a, b) heat fixing b) gram staining; yeast colonies are d and f.

Basically, small colonies of lactic acid bacteria
in the form of cocci grew on MRS media. Yeast of
various forms grew on agar media of Sabouraud.
Yeast cells have a cylindrical, ovoid, rounded, ob-
long shape with various sizes from 1.5 * 10 microns
to 2.5-30 microns.

Ethanol Tolerance Test

The ability to be resistant to various environ-
mental conditions such as ethanol resistance is one
of the main criteria for selecting strains for an ef-
ficient ethanol yield. It is ethanol resistant strains
that are used in the production of ethanol during fer-
mentation, where the high resistance of the strains is
very important. To determine the ethanol tolerance,

Table 4 — Ethanol tolerance of the isolated strains.

the strains isolated from the whey were inoculated
into TGY medium containing various concentra-
tions of ethanol (5, 7, 9, 10, 12, 14, 16, and 20%).

Table 4 shows the concentration of ethanol
added to the growth medium of various strains
compared to Kluveromyces marxianus TD7 as a
reference. The results showed that all strains grew
at an ethanol concentration of 5, 7, 9, 10%. Above
this concentration, growth was observed only in
some strains; ethanol acts on yeast cells and there-
fore we see suppression of yeast growth, decrease
in cell volume, and high concentrations kill cells
[25]. From different 8 strains of yeasts only 4
strains (Table 4) were tolerant to high ethanol con-
centrations.

Ethanol concen- Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Kluveromyces
tration (%) marxianus TD7
1 2 3 4 5 6 7 8 9 10
5 + + + + + + + + +
7 + + + + + + + + +
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1 2 3 4 5 6 7 8 9 10
9 + + + + + + + + +
10 + + + + + + + + +
12 - + + + + + + + +
14 - + - + + + - + +
16 - - - + + + - + +
20 - - - + - - - + +

Isolation of pure Ethanol Tolerant Yeast col-
onies and lactic acid bacteria.

1) Y4 — the yeast is cylindrical, elongated, about
1.5 * 12 pm in size — the colonies grew on petri dish-
es as round, large colonies (4-5 mm), the relief of
the colonies with a convex nipple-like white center
and a roller along the periphery, the surface is shiny
with gloss, white, smooth edges, with a curdled-
grainy consistency.

2) Y5- ovoid yeast, in the form of grains about
1.6 * 10 microns in size — the colonies grew on petri
dishes as round, large colonies (4-5 mm), the relief
of the colonies with a convex nipple-like white cen-
ter and a roller along the periphery, the surface is
shiny with glossy, white, with smooth edges, cur-
dled-grainy consistency.

4) Y6- round yeast, about 1.8 * 18 um in size —
the colonies grew on petri dishes as round, medium

colonies (3 mm), the relief of colonies with a con-
vex top, the surface is matte, pale pink, with smooth
edges, pasty consistency.

5) Y8-ovoid yeast, about 1.6 * 10 microns in
size — the colonies grew on petri dishes as round,
large colonies (4-5 mm), the relief of colonies with
a convex nipple-like white center and a roller along
the periphery, the surface is shiny with a gloss, white
color, and curdled-grainy consistency.

6) Lactobacilli, rods 1.2 wm long. Colonies are small
(1 mm), cream-colored with smooth edges, convex.

7) lactococci colony had medium size (1-2mm),
bright white color, was smooth, convex and round
shaped.

Yeast cells of the genus Saccharomyces of vari-
ous shapes, usually round, oval or elliptical, while
yeast cells of the genus Schizosaccharomyces are
cylindrical with rounded ends

Figure 4 — Growth of colonies isolated from whey on SDA and MRS medium
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Identification based on phenotypic, physiologi-  cal practice methods using determinants [16-18].
cal and biochemical characteristics of cultures of  Genotypic identification of LAB was performed
yeasts and lactic acid bacteria were carried out  with using amplification fragment of 16S rRNA
according to generally accepted in microbiologi-  gene [26].

)

h’n}_‘
M
0 "4

~ ‘\’ = .
a) LABI (bacilli) b) LAB2 (cocci)

Figure 5 — Microscopic images of chosen bacteria

Identification of LAB After amplification with special primers for the
Concentration of DNA in the samples were:  16S rRNA the PCR product with a size near 650 bp
sample # 1 — 12,8 pg/ul; # 2 — 2KG — 33,8 pg/ul. was obtained, as presented on the Figure 6.

Figure 6 — PCR product obtained after amplification with universal primers

After the purification process sample contain The data taken with the 3500 DNA Analyzer for
PCR product #1 — 62.6 per ng/ul and in the sample  capillary electrophoresis was processed using the
#2 —70,26ng/ul. SeqA6 software. Ultimately, the following nucleo-

tide sequences were obtained:

65



Characterization of functional and microbial profile of whey recovered from cottage cheese and ...

The nucleotide sequence of the strain 1:

GAGTTGAGCTCCGGGCTTTCACAT-
CAGACTTAATAAACCGTCTGCGCTCGCTT-
TACGCCCAATAAATCCGGATAACGCTC-
GGGACATACGTATTACCGCGGCTGCTG-
GCACGTATTTAGCCGTCCCTTTCTGGTATG-
GTACCGTCAAACTAAAATCATTTCCTATTC-
TAGCTGTTCTTCCCATACAACAGTGCTT-
TACGACCCGAAAGCCTTCATCACACACGC-
GGCGTTGCTCCATCAGGCTTTCGCCCATT-
GTGGAAGATTCCCTACTGCAGCCTCCCG-
TAGGAGTTTGGGCCGTGTCTCAGTCCCAAT-
GTGGCCGATCAGTCTCTCAACTCGGC-
TATGCATCATTGTCTTGGTAGGCCTT-
TACCCCACCAACTAACTAATGCACCGC-
GGATCCATCTCTAGGTGACGCCGAAAC-

1

GCCTTTTAACTTTGTGTCATGCGACACTA-
AGTTTTATTCGGTATTAGCATCTGTTTC-
CAAATGTTATCCCCAGCCTTGAGGCAGGTT-
GTCCACGTGTTACTCACCCGTTCGCCACT-
CACTTGAAAGGTGCAAGCACCTTTCGCTGT-
GCGTTCGACTTGCAT

Alignment of nucleotide sequences was carried out
to search for homologous nucleotide sequences of 16S
TRNA genes using the BLAST program (Basic Lo-
cal Alignment Search Tool) in the International Gene
Bank database of the US National Center for Biotech-
nology Information, which showed that the strain un-
der study belongs to the Leuconostocmesenteroides
species (homology is 99%). ) as shown in Figure 6.

The strain was named as Leuconostoc mesen-
teroides W1.

—KX185680.1 Leuconostoc mesenteroides strain PM1B 16S ribosomal RNA gene partial sequence
——KU317782.1 Leuconostoc mesenteroides strain BS5 16S ibosomal RNA gene partial sequence
KT952372.1 Leuconostoc mesenteroides strain L12203 16S ribosomal RNA gene partial sequence
—KT952389.1 Leuconostoc sp. L10127 16S ribosomal RNA gene partial sequence
——KT952371.1 Leuconostoc mesenteroides strain L10262 16S ribosomal RNA gene partal sequence
— KXB86793.1 Leuconostoc mesenteroides strain ATCC 8293T 16S ribosomal RNA gene partial sequence
——KU361186.1 Leuconostoc mesenteroides strain TA 16S ribosomal RNA gene partial sequence

LC160270.1 Leuconostoc mesenteroides gene for 16S ribosomal RNA partal sequence strain: Rubing-L3

Figure 7 — Microbial cladogram of Leuconostocmesenteroides W1

Nucleotide sequence of the strain 2:

GGGGATAACACCTGGAAACAGAT-
GCTAATACCGCATAACAACTTGGACCG-
CATGGTCCGAGTTTGAAAGATGGCTTCG-
GCTATCACTTTTGGATGGTCCCGCGGCG-
TATTAGCTAGATGGTGGGGTAACGGCT-
CACCATGGCAATGATACGTAGCCGACCT-
GAGAGGGTAATCGGCCACATTGGGACT-
GAGACACGGCCCAAACTCCTACGGGAG-
GCAGCAGTAGGGAATCTTCCACAATGGAC-
GAAAGTCTGATGGAGCAACGCCGCGTGAGT-
GAAGAAGGGTTTCGGCTCGTAAAACTCT-
GTTGTTAAAGAAGAACATATCTGAGAG-
TAACTGTTCAGGTATTGACGGTATTTAAC-
CAGAAAGCCACGGCTAACTACGTGCCAG-
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CAGCCGCGGTAATACGTAGGTGGCAAGC-
GTTGTCCGGATTTATTGGGCGTAAAGC-
GAGCGCAGGCGGTTTTTTAAGTCTGATGT-
GAAAGCCTTCGGCTCAACCGAAGAAGT-
GCATCGGAAACTGGGAAACTTGAGTG-
CAGAAGAGGACAGTGGAACTCCATGTGTAGC-
GGTGAAATGCGTAGATATATGGAAGAACAC-
CAGTGGCGAAGGCGGCTGTCTGGTCTGTA-
ACTGACGCTGAGGCTCGAAAGTATGGGTAG-
CAAACAGGATTAGATACCCTGGTAGTC
Alignment of nucleotide sequences was carried out
to search for homologous nucleotide sequences of 16S
rRNA genes using the BLAST program (Basic Local
Alignment Search Tool) in the International Gene Bank
database of the US National Center for Biotechnology
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Information, which showed that the strain under study
belongs to the Lactobacillus plantarum HUMBO7393.

This strain was named as Lactobacillus planta-
rum W1.

— KX499348.1 Lactobacillus sp. strain 5-1 168 ribosomal RNA gene partial sequence

———— KUT28705.1 Lactobacillus pentosus strain ZTC-1 16S ribosomal RNA gene partial sequence

—— LC177235.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence strain: NGRI 0101

——— KUT28703.1 Lactobacillus pentosus strain ZTC4 16S ribosomal RNA gene partial sequence
—— KX851561.1 Lactobacillus plantarum strain HUMB07438 16S ribosomal RNA gene partial sequence
——— KX851545.1 Lactobacillus plantarum strain HUMB07410 16S ribosomal RNA gene partial sequence

— KX943030.1 Lactobacillus plantarum strain IPhp-GM10 16S ribosomal RNA gene partial sequence
——— KX851569.1 Lactobacillus plantarum strain HUMB07449 16S ribosomal RNA gene partial sequence

—— KX815880.1 Lactobacillus plantarum strain 27208 16S ribosomal RNA gene partial sequence
——— KX851573.1 Lactobacillus plantarum strain HUMB07453 16S ribosomal RNA gene partial sequence
— KX851536.1 Lactobacillus plantarum strain HUMB07393 16S ribosomal RNA gene partial sequence

—2

Figure 8 — Microbial cladogram of Lactobacillus plantarum W1.

Conclusion

The research has shown that uniformity of con-
sistency and normal appearance, taste and smell
corresponding to whey indicate compliance with all
sanitary norms and rules at the stage of whey col-
lection in the LLP «Plant of the Kazakh Academy
of Nutrition Amiran» dairy plant and the «Stella Al-
pina» cheese plant. All physicochemical parameters
of whey correspond to the required rules. It indicates
that, through the process of fermentation, it will be
possible to obtain a good quality ethanol in high
yield. Moreover microbiological values within
the referencenorms, can be the main moving force
to bioconversion of lactose. Since the microflora of
both whey is rich in yeast and lactic acid bacteria,
which in tandem utilize lactose very well rather than

separately. As a result, 4 different strains of yeasts
Y4,Y5, Y6,Y8 were isolated, which are tolerant to
the alcohol and 2 lactic acid bacteria strains Lac-
tobacillus plantarum W1 and Leuconostocmesen-
teroides W1 which is perspective for further use in
ethanol production.
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framework of project No. AP09258285 “Production
of bioethanol by continuous fermentation of milk
whey using immobilized cells of yeasts” funded by
the Ministry of Education and Science of the Repub-
lic of Kazakhstan.
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