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Abstract: According to numerous studies, lactic acid bacteria are characterised by the capability of reducing
their initial activity given an insufficient quantity of growth factors supplied by a nutrient medium. Conversely,
the introduction of additional sources of nutrient into the medium provides favourable conditions for the devel-
opment of lactic acid-producing microorganisms. The present study was aimed at examining the effect of
phosphorus-containing salts on the biosynthetic activity of a specially selected strain of lactic acid bacteria for
the biotransformation of acid whey lactose into lactate-containing ingredients. For this purpose, lactic acid
bacteria of the Lactobacillus acidophilus thermophilic bacilli subgroup applied in cheese and fermented dairy
production were used as a producer of lactic acid. In the obtained fermented solutions, the mass fractions of
lactose and calcium lactate were determined by the Bertrand method and complexometric techniques, respec-
tively. The variables in the biosynthetic activity study of lactic acid bacteria included the type of phosphorus-
containing salt (disodium phosphate dodecahydrate and disubstituted ammonium phosphate) and its mass
fraction, which ranged from 1.0 to 3.0 % in increments of 0.5 %. The amount of inoculum introduced for maxi-
mum production of lactic acid comprised 2.5 % vol. of the nutrient medium. The titratable acidity of the inocu-
lum ranged from 1.80 to 1.85 g/cms. In order to produce calcium lactate, the lactic acid accumulating during
biosynthesis was neutralised with chalk. The effect caused by the type of phosphorus-containing salt and its
mass fraction on the coefficient of whey bioconversion to lactic acid by L. acidophilus AT-1 lactic acid bacteria
was evaluated along with the rate of formation and yield of calcium lactate. The 2.0 % additive of sodium
phosphate disubstituted dodecahydrate was established to provide the highest values for the formation rate
and yield of the target product, comprising 0.78 g/(dm3-h) and 79.96 %, respectively.
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MccnepoBaHme OMOCUHTETUYECKOU aKTUBHOCTM
MOJIOYHOKUCHbIX 6akTepumn Lactobacillus acidophilus
npu copaxnBaHUM NakToO3bl MOJTOYHOMN CbIBOPOTKU

E.A. lLUnnoBckasn, B.B. EBeneBa, T.M. YepnanoBa

Bcepoccuiickuin Hay4HO-uccrnegoBaTeNbCKUM MHCTUTYT NULLEBLIX Ao0aBok — chunman ®reHY
«®HL| nuweBbIx cuctem um. B.M. Nopbatosa» PAH, r. CaHkT-lNeTepbypr, Poccuiickas ®enepauus

Pe3rome: MonoyHokucribie 6akmepuu Mo2ym mepsimb MepeoHavasibHyr akmueHOCmb npu Hedocmamke
gakmopoe pocma e numamersibHoU cpede. BeedeHue e numamernbHyro cpedy 00nosIHUMebHbIX UCMOYHU-
Ko8 numaHusi obecriequgaem 6ra2onpusimHbie ycrioeus 07151 pa3sumusi MUKPOOP2aHU3Mo8, rpodyuupyrouwux

DPU3UKO-XUMNYECKAA BUONOINA / PHYSICOCHEMICAL BIOLOGY =—— 635



E.A. Shipovskaya, V.V. Eveleva, T.M. Cherpalova Biosynthetic activity study...
E.A.lllunoeckas, B.B. Eeeneea, T.M. Yepnanoea. UccnedoeaHue 6uocuHmemuyeckoli aKmueHocmu...

MOIIOYHYt0 Kucriomy. Llenbto daHHOU pabombl S6/19710Ch U3ydeHuUe enusiHUsi gpocghopcodepkawjux conel Ha
buocuHmMemMuU4YecKyro akmueHocmb creyuanbHO ModobpaHHO20 wWmamMmMa MOJTIOYHOKUCIbIX Gaktepun 0Ons
buompaHcgopmayuu naKkmo3bl MEOPOXHOU CbIBOPOMKU 8 nakmamcoodepxauwue uHepedueHmeol. B kaue-
cmee npodyyeHma MOI0YHOU KUCIOMbI UCIMOb308asiu MOIOYHOKUCbIe bakmepuu u3 rnolepyrnbl mepmMo-
unbHbix nanodyek Lactobacillus acidophilus, komopbie rnPUMeHSIOMCcs 8 MPoOU3800CMEEe KUCITOMOJIOYHbIX
npodykmos u cbipodesniuu. B rnony4eHHbIx cOpOXeHHbIX pacmeopax ornpedesnsanu mMaccosyto 000 /1aKmo3bl
memodom bepmpaHa u lakmama Kanbyusi KOMIIIEKCOHOMempu4YecKuM memodom. Viccrnedosanu usMeHeHuUe
buocuHmemuy4eckoli aKmugHOCMU MOJTIOYHOKUC/IbIX bakmepul npu eapbuposaHuu suda ghocghopcodepxa-
wel conu (Hamput ¢bocghopHOKUCTIbIU d8y3ameu,eHHbIl 12-800HbIlU, aMMOHUU ¢hOCGhOPHOKUCIIbIL O8y3ame-
wWeHHbIl) u maccosoll donu (om 1,0 8o 3,0 % ¢ wazom 0,5 %). Konuyecmeo 8HOCUMO20 MOCEBHO20 Mamepu-
ana 0nsi MakcumMarsibHO20 HaKOMIeHUs MO/I0YHOU Kucriomsl cocmasuno 2,5 % k obbemy numamersibHoU cpe-
dbl. Tumpyemas KUCIOMHOCMb MOCE8HO020 Mamepuana cocmasnsna om 1,80 do 1,85 a/cm®. Hakannuearo-
wyrocsi 8 npouecce buocuHmMesa MOJIOYHYH Kuc/iomy Helmparnu3osanu MesfioM C rofyYeHueM fnakmama
Kanbyus. YcmaHoeneHbl 3agucumocmu KoaghgpuyueHma OUOKOH8EPCUU ChbIBOPOMKU 8 MOJIOHYHYHO Kucriomy
monoYHokucnbiMu 6bakmepusivu L. acidophilus AT-I, ckopocmu obpa3osaHusi u 8bixo0a nakmama KasnbUusi
om suda hocopcodepxkawieli conu u ee maccoeol 0onu. BbisgeneHo, Ymo Haubonbwue 8eiu4uUHbl CKOpPO-
cmu obpasoeaHusi U 8bixoda yeneeozo npodykma (0,78 2/(dm*-u)) u 79,96 % coomeemcmeeHHo) docmuaa-
tomcs ripu eHeceHuu 2,0 % 08y3ameuieHHO20 12-800H020 (hOCGhOPHOKUCITO20 Hampusi.

Knroyeebie crnosa: MOSIOYHOKUC/IbIE GaKmepuu, buocuHmMemu4eckasi akmueHOCmb, Jlakmo3a, MOJIoYHasi
Cbl8OPOMKa, naKmamcodepxatuue UHepec)ueHmb/

Ungpopmayus o cmamee: [Jama nocmyrnneHus 13 aszycma 2019 a.; 0ama npuHamus K nedamu 25 Hos16psi;
Oama oHnatH-pasmeweHuss 30 dekabps.

Ans yumupoeaHus: Wnnoeckas E.A., EBeneBa B.B., Yepnanoea T.M. NccnegoBaHne GUOCUMHTETUYECKON
aKTUBHOCTM MOMOYHOKMCNBIX GakTepuin Lactobacillus acidophilus npyn cbpaxmBaHuM NaKTO3bl MOJSIOYHOM
CbIBOPOTKU. M3secmusi 8y308. [lpuknadHass xumusi u buomexHosoaus. 2019. T. 9. N 4. C. 635-642.
https://doi.org/10.21285/2227-2925-2019-9-4-635-642

INTRODUCTION

With an increase in the production of curd
products, cheese and casein, the quantity of milk
whey, representing a waste product of the dairy
industry, significantly increases. A certain part of
the whey is used as feed for livestock and for
technical and food purposes, while the bulk is
drained into the sewer causing environmental pol-
lution [1-6]. For these reasons, whey processing
appears to be a significant problem.

Among the known methods of whey pro-
cessing, several main areas are distinguished.
These include the preparation of concentrates in
condensed and dry form, isolation of individual
components (protein and lactose hydrolysates, fat,
lactulose) and the biological conversion of lactose
and whey proteins for production of lactic acid,
lactates and probiotic products [5-7].

Whey possess a high biological value due to
the presence of soluble proteins, lactose, as well
as macro-, micro- and ultramicroelements [1, 8].
On average, 48-52 % of whey accounts for milk
solids with the main components presented by milk
sugar (70 %), nitrogenous substances (14.5 %), fat
(7.5 %) and mineral salts (8 %) [6, 9].

The presence of carbon sources easily digest-
ible by many types of microorganisms, as well as
various growth factors, identifies whey to be the
among of the most valuable nutrient media for the
production of microbial synthesis products. There-
fore, the most effective approach to whey pro-

cessing consists in its biotechnological treatment
based on the application of microorganisms in a
free or immobilised state [10].

For microbiological processing of whey,
homofermentative lactic acid streptococci (Strep-
tococcus lactis, Streptococcus cremoris) and lac-
tobacillus (Lactobacillus acidophilus, Lactobacillus
lactis, Lactobacillus casei, Lactobacillus plantarum,
Lactobacillus bulgaricus, Lactobacillus helveticus)
are of a particular interest. Streptococcus lactis are
considered to ferment lactose with the formation of
L(+) lactic acid in amount of 0.8-1.0 %, and some
strains of Streptococcus cremoris are believed to
form, along with lactic acid, a nisin antibiotic inhib-
iting the development of other species of lactic ac-
id bacteria, as well as bacilli and butyric acid bac-
teria. In lactose fermentation, Lactobacillus bulgar-
icus lactobacillus bacteria form up to 3% of lactic
acid, mainly of D(-)-form, while Lactobacillus aci-
dophilus accumulate the DL form of lactic acid,
having the ability to inhibit the development of bac-
teria of the dysenteric, paratyphoid and E. coli
group. L. acidophilus culture is resistant to adverse
environmental influences such as alkaline reaction
(pH = 8.0), as well as the presence of phenol,
bile (20 %) and sodium chloride (2 %) in the medium.

At the same time, lactic acid bacteria cultures
are observed to lose their initial activity in the in-
sufficient amount of growth factors of the nutrient
medium. By introducing additional sources of nutri-
tion into the nutrient medium, favourable condi-
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tions are provided for the development of starter
microorganisms producing lactic acid [11]. Accord-
ing to the developers of a functional supplement
with pro- and prebiotic properties based on lactic
acid microflora cultivated on whey, the medium
must be enriched with germinated wheat grain in
an amount of 20 % of the total volume of [4]. In
order to provide the normal growth and develop-
ment of Lactobacterium juqurti bacteria during the
fermentation process of deproteinised acid whey,
corn extract is applied as an additional food source
in an amount ranging from 0.1 to 0.2 % [12]. It is
possible to intensify the process of obtaining the
combined B-galactosidase enzyme preparation
from whey through the mutually stimulating effect
of Kluyveromyces marxianus fungus, Candida
kefyr yeast and Streptococcus thermophilus ther-
mophilic lactic acid bacteria. In the work [13],
Streptococcus thermophilus was demonstrated to
acidify the medium, stimulating the growth of yeast
and releasing, in turn, additional amounts of vita-
mins and amino acids into the nutrient medium
during fermentation to create favourable conditions
for the growth of lactic acid bacteria.

The introduction of phosphorus-containing
substances into the nutrient medium demonstrates
a positive effect on the biosynthetic activity of lactic
acid bacteria. The most affordable sources of
phosphorus include ammonium phosphate salts
providing important nitrogen for the development
of bacteria® [14]. According to the patent [15], food
protein was obtained in the form of a whey con-
centrate or dry powder containing from 15 to 25 %
of solids by Propionibacterium freudenreichii VSB-
16 u Lactobacillus casei GSB-TB1B cultures with
an additional introduction of (NH;),SO,4, KH,POy,,
MgSO, and ZnSO..

In the present work, acid whey was fermented
by a specially selected probiotic strain of Lactoba-
cillus acidophilus lactic acid bacteria characterised
by a fairly high productivity and the ability to re-
lease exopolysaccharides (EPS) into the environ-
ment. Among the advantages of using strains of
lactic acid bacteria capable of producing EPS are
included increased time of refrigerated storage,
reduced syneresis, as well as the improved texture
and consistency of products. The fermentation of
whey by EPS-producing strains of Lactobacillus
acidophilus increases the nutritional value of the
target product, improving its organoleptic and
rheological characteristics [16—19].

Thus, the current study was aimed at the ef-
fect of phosphorus-containing salts on the biosyn-
thetic activity of a specially selected strain of lactic
acid bacteria for biotransformation of acid whey
lactose into lactate-containing ingredients.

! Kuznetsov A.E., Gradova N.B., Lushnikov S.V.,
Engelhart M., Weisser T. Applied Ecobiotechnolo-
gy: Textbook; in 2 V. Moscow: BINOM. Laboratori-
ya Znaniy, 2010. Vol. 1 — 629 p.; Vol. 2 — 485 p.

EXPERIMENTAL PART

The objects of study were:

— “Letnyaya” acid whey produced by Losevo
Dairy Plant LLC;

— Lactobacillus acidophilus AT-I lactic acid
bacteria (L. acidophilus AT-I — producer of lactate-
containing ingredients);

—sodium phosphate disubstituted dodecahy-
drate (Na,HPO,-12H,0) according to GOST 4172-
76;

—disubstituted =~ ammonium phosphate
((NH4)-,HPOQ,) according to GOST 3772-74.

Experimental studies were performed by the
laboratory equipment of the All-Russian Scientific
Research Institute of Food Additives (VNIIPD), a
branch of the Gorbatov Research Centre for Food
Systems RAS, using the methods adopted in re-
search practice and according to the current tech-
nical documentation.

In the experimental samples, the mass frac-
tions of both lactose and calcium lactate were de-
termined along with titratable acidity.

Three methods were applied to the evaluation
of the studied parameters including the Bertrand
method [20], complexometric technique and acid-
base titration for determination of mass fraction of
lactose and calcium lactate, as well as titratable
acidity, respectively.

RESULTS AND DISCUSSION

A change in the biosynthetic activity of lactic
acid bacteria was examined under varying type of
phosphorus-containing salt (Na,HPO,-12H,0 and
(NH4)>,HPO,) and its mass fraction (from 1.0 to
3.0 % in increments of 0.5 %).

The fermentation process of acid whey con-
taining from 3.9 to 4.3 % of lactose was performed
by L. acidophilus AT-l lactic acid bacteria in a
thermostat at a temperature of 371 °C.

A pure culture of lactic acid bacteria was
stored in freeze-dried form. The producer was
activated at a temperature of 37+1°C for
10-12 hours. Primary starter culture and inoculum
was prepared with sterilised skimmed milk and
acid whey, respectively.

The initial caseous whey was pasteurised in a
water bath at a temperature range of 70-75 °C for
1 h. The amount of inoculum introduced for maxi-
mum accumulation of lactic acid comprised 2.5 %
of the volume of the nutrient medium; further in-
creases in the amount were observed to be tech-
nologically ineffective. The titratable acidity of the
inoculum ranged from 1.80 to 1.85 g/cm®.

The lactic acid accumulating during biosyn-
thesis was regularly neutralised with chalk to pro-
duce calcium lactate.

Figures 1 and 2 demonstrate the effect of the
phosphorus-containing salt type and its mass frac-
tion on the coefficient of whey bioconversion into
lactic acid by L. acidophilus AT-I lactic acid bacte-
ria after 24 hours. The maximum efficiency in
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the biotransformation of lactose into lactic acid is
observed when 1.5 to 2.0 % sodium phosphate
and 2.0 % ammonium phosphate are added. An
increase in the mass fraction of phosphorus-
containing salts leads to a decrease in the biosyn-
thetic activity of lactic acid bacteria.

Table 1 presents data on the change in the
rate of formation and yield of calcium lactate de-
pending on the type and mass fraction of phospho-
rus-containing salt, subsequently characterising
the change in the biosynthetic activity of lactic acid

bacteria. With the addition of 1.0 and 3.0 % of so-
dium phosphate, the biosynthetic activity of bacte-
ria was established to be equal to 0.64 g/(dm3-h),
while, at introduced amount of 1.5-2.5 %, the value
of about 0.78 g/(dm3-h) was obtained. Depending on
the mass fraction of sodium phosphate equal to 1.0,
1.5 and 2.0 %, the fermentation rate of acid whey
lactose was 0.43, 0.47 and 0.53 g/(dms-h), respec-
tively. With 2.0 % of phosphorus-containing salts
added, the yield of calcium lactate reached the value
of about 80 %.
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Fig. 1. Relationship between the bioconversion coefficient of whey to lactic acid
by L. acidophilus AT-l and the mass concentration of Na,HPO,-12H,0 after 24 hours

Puc. 1. 3asucumocmsb KoaghgpuyueHma 6UOKOH8epCcUU CbI8BOPOMKU
8 MOJIOYHYIO KUCJIomy MOJIOYHOKUCbIMU 6akmepusimu L. acidophilus AT-|
om maccoeoli donu conu Na,HPO,-12H,0 yepe3 24 4
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Fig. 2. Relationship between the bioconversion coefficient of whey to lactic acid by
L. acidophilus AT-l and the mass concentration of (NH,),HPO, after 24 hours

Puc. 2. 3asucumocms Ko3aghgpuyueHma 6uokoHeepcuU CbiIBOPOMKU
€ MOJIOYHYIO KUCJIomy MOJIOYHOKUCbIMu 6akmepusimu L. acidophilus AT-I|
om maccoeol dosu conu (NH,),HPO, yepe3 24 4
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Table 1
Indicators of biosynthetic activity of lactic acid bacteria L. acidophilus
depending on the type of nutrient salt
and its mass concentration
Tabnuuya 1
lMokazamenu 6uocuHMemMu4ecKol akmueHOCMU MOJTIOYHOKUCIIbIX
6akmeput L. acidophilus e 3aeucumocmu om euda numamesibHOU coslu
u ee maccoeol donu
Mass Formation rate of calcium lactate, g/(dm® h) Calcium lactate yield, %
fraction of
phosphorus- NazHPO,-12H,0 (NH4)2HPO, NazHPO4 12H,0 (NH4)2HPO,
containing
salt, % 24 h 48h 24 h 48 h 24 h 48h 24 h 48 h
1.0 0.64+0.09 | 0.39+0.04 0.68+0.06 | 0.40+0.01 | 40.32+1.81 | 76.80+1.00 | 42.00+0.50 | 79.21+3.79
1.5 0.77+0.05 | 0.40+0.02 0.80+0.06 | 0.41+0.02 | 40.65+1.03 | 76.33+0.30 | 40.81+0.90 | 76.56+1.40
2.0 0.78+0.03 | 0.40+0.15 0.84+0.07 | 0.40+0.01 | 41.20+1.50 | 79.96+6.85 | 42.48+1.48 | 79.18+2.83
2.5 0.79+0.06 | 0.39+0.03 0.93+0.05 | 0.39+0.03 | 36.74+1.30 | 71.58+2.65 | 41.93+1.06 | 76.56+1.68
3.0 0.64+0.02 | 0.27+0.01 0.73£0.06 | 0.29+0.01 | 34.50£1.45 | 61.8+1.79 | 38.80+0.04 | 67.80%1.37

From the above, an increase in the mass frac-
tion of the phosphorus-containing salt introduced
up to 2.5 % contributes to an increase in the bio-
synthetic activity of lactic acid bacteria. A further
increase in the dosage of salt acts on the growth of
bacteria as an inhibitory factor.

Figure 3 presents the dynamics of the lac-

tose fermentation and the accumulation of calcium
lactate with varying mass fraction of sodium phos-
phate and fermentation time. As can be seen from
Fig. 3, the application of 2.0 % of Na,HPO,4- 12H,0
allows the highest values for the fermentation rate
of whey lactose and the accumulation of calcium
lactate to be achieved.

Mass fraction of lactose and calcium lactate, %

0 10

30 40 50

Fermentation time, h

——1

——-2

—&—3

Fig. 3. Mass concentration of calcium lactate and lactose
during whey fermentationby L. acidophilus AT-I
when varying the mass concentration of sodium phosphate, %:
1-10;2-15;3-20

Puc. 3. U3ameHeHue maccoeoli dosiu 1akmama KanbUuus U 1Jakmo3bl 8 npoyecce cépaxueaHusi
MmeopOoXXHOU CbI8OPOMKU MOJIOYHOKUCLIMU 6akmepusimu L. acidophilus AT-I
npu eapbupogaHuu maccoeoli dosiu hocghopHOKUCII020 Hampusi, %:
1-1,0;2-1,5;3-2,0
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CONCLUSION

According to the set of indicators character-
ising the biosynthetic activity of L. acidophilus
AT-I lactic acid bacteria, the application of sodi-
um phosphate disubstituted dodecahydrate in an
amount of 2.0 % increases the efficiency of

obtaining calcium lactate from acid whey. The
Lactobacillis acidophilus AT-I producer is speci-
fied by rather high formation rate for calcium lac-
tate and fermentation rate for lactose whey
equal to 0.78 g/(dm*®*h) and 0.53 g/(dm*-h), re-
spectively.

REFERENCES

1. Gorlov IF, Mosolova NI, Serova OP, Lev-
ina YaO, Lopaeva EA. Innovative Technology of
Whey Processing Using Modified Starch. Khra-
nenie i pererabotka sel’khozsyr'ya = Storage and
Processing of Farm Products. 2018;2:58-61. (In
Russian)

2. Asnovin MA. Zarubezhnyi opyt povysheni-
ya effektivnosti ispol’zovaniya syvorotki = Foreign
experience of increase of dairy whey use efficien-
cy. In: Formirovanie organizatsionnoeko-
nomicheskikh uslovii effektivnogo funktsionirovani-
ya APK: Sbornik nauchnykh statei 9-i Mezhdu-
narodnoi nauchno-prakticheskoi konferentsii =
Formation of organizational and economic condi-
tions for the effective functioning of agriculture:
Proceedings of the 9th International Scientific and
Practical Conference, 25-26 May 2017, Minsk:
Belarusian State Agrarian Technical University,
2017, p. 85-89. (In Russian)

3. Volodin DN, Zolotoreva MS, Topalov VK,
Evdokimov IA, Chablin BV. Features of cheese
whey processing. Pererabotka moloka = Milk pro-
cessing. 2017;3:6-8. (In Russian)

4. Lysenko YuA, Khusid SB, Volkova SA, Ni-
kolaenko SN, Luneva AV, Nosenko AV. Develop-
ment of a functional feed additive. Politematich-
eskii setevoi elektronnyi nauchnyi zhurnal Ku-
banskogo gosudarstvennogo agrarnogo universi-
teta = Polythematic online scientific journal of Ku-
ban State Agrarian University. 2016;115:643—-664.
Available from: http://ej.kubagro.ru/archive.asp?n=
115 [Accessed 21th May 2019]. (In Russian)

5. Grigorash Al, Maklanov Al, Yurova EA.
Complex utilization of whey — new opportunities to
improve the efficiency of milk processing. Available
from:  https://rtpp.ru/old/news/2007/st07_007.htm
115 [Accessed 21th May 2019]. (In Russian)

6. Mel'nikova El, Stanislavskaya EB. Whey
ingredients: prospects of production and directions
of use. Molochnaya reka = Milk river. 2019;2:52-56.
(In Russian)

7. Gavrilov GB, Kravchenko EF. Ways of the
efficient application of milk whey. Syrodelie i
maslodelie = Cheesemaking and buttermaking.
2013;2:10-13. (In Russian)

8. Bologa MK, Vrabie EG, Stepurina TG.
The peculiarities of mineralization of protein-
mineral concentrates by electrophysical treatment
of whey. Elektronnaya obrabotka materialov = Sur-
face Engineering and Applied Electrochemistry.
2013;49:61-65. (In Russian)

9. Jelen P. Whey Processing: Utilization and
Products. In: Fuquay JF., Fox PF., McSweeney PLH.

(eds.) Encyclopedia of Dairy Sciences, vol. 4, 2nd ed.
Academic, Oxford; p.731-737. https://doi.org/10.
1016/B978-0-12-374407-4.00495-7

10. Zipaev DV, Zimichev AV. Whey is a valu-
able raw material for recycling. lzvestiya vuzov.
Pishchevaya tekhnologiya = News of institutes of
higher education. Food technology. 2007;2:14-16.
(In Russian)

11. Grunskaya VA, Gabrielyan DS. Microbio-
logical Aspects of Enriched Fermented Milk Prod-
ucts Manufacture with Use of Whey. Mo-
lochnokhozyaistvenny Vestnik. 2018;3:91-103. (In
Russian)

12. Polyanskii KK,  Shuvaeva GP, Yakov-
lev VF, Demenko NA. Membrane Technology in
Calcium Lactate Producing from Whey. Bio-
tekhnologiya = Biotechnology. 2000;2:37-41. (In
Russian)

13. Khramtsov AG, Abilov BT, Lodygin DN,
Lodygin AD, Kryuchkov PG. Method of producing
combined feed concentrate. Patent RF, no.
2352138, 2007. (In Russian)

14. Ryabtseva SA, Skripnyuk AA, Koto-
va AA, Khramtsov AG, Rodnaya AB, Lodygin AD,
et al. Novyi sposob polucheniya fermentnogo
preperata beta-galaktozidaz drozhzhei i mo-
lochnokislykh bakterii = A new method for produc-
ing the enzyme preparation of yeast beta-
galactosidase and lactic acid bacteria. In: Mole-
kulyarno-geneticheskie i biotekhnologicheskie os-
novy polucheniya i primeneniya sinteticheskikh i
prirodnykh biologicheski aktivhykh veshchestv:
Materialy Mezhdunarodnoi nauchno-prakticheskoi
konferentsii = Molecular-genetic and biotechnolog-
ical bases of production and application of synthet-
ic and natural biologically active substances: Pro-
ceedings of the International Scientific and Practi-
cal Conference, 20-23 September 2017, Minsk —
Stavropol', Stavropol: North-Caucasus Federal
University, 2017, p. 257-261. (In Russian)

15. Zlotnikov KM,  Zlotnikov AK, Kaparulli-
na EV, Kazakov AV, Kazakova ML. Phosphate
solubilization activity of lactic acid bacteria. Vladi-
mirskii zemledelets = Vladimir agricolist. 2012;
4(62):20-21. (In Russian)

16. Vinarov AYu, BelYakov Yul, Sidoren-
ko TE, Karavatskii Al. Method of whey processing.
Patent RF, no. 2154386, 2000. (In Russian)

17. Artyukhova SlI, Motornaya EV. Actuality
of the using lactic acid bacteria synthesizing ex-
opolysaccharides in the production of bioproducts
for functional nutrition. Mezhdunarodnyi zhurnal
eksperimental'nogo obrazovaniya = International

640 =———— O®U3SNKO-XUMNYECKASA BUONTOIUA / PHYSICOCHEMICAL BIOLOGY



E.A. Shipovskaya, V.V. Eveleva, T.M. Cherpalova Biosynthetic activity study...
E.A.lllunoeckas, B.B. Eeeneea, T.M. Yepnanoea. UccnedoeaHue 6uocuHmemuyeckoli aKmueHocmu...

Journal of Experimental Education. 2015;5-1:76.
(In Russian)

18. Markelova VV, Krasnikova LV. Synthesis of
exopolysaccharides by the strains of L. acidophilus
in milk whey. lzvestiya vuzov. Pishchevaya
tekhnologiya = News of institutes of higher educa-
tion. Food technology. 2013;4:26-29. (In Russian)

19. Botina SG, Rozhkova IV, Semenikhina VF.
Use of strains produced EPS in manufacture of
the sour-milk products. Khranenie i pererabotka
sel'skokhozsyr'ya = Storage and Processing of Farm

Products. 2010;1:38—40. (In Russian)

20. Krasnikova LV, Markelova VV, Verbitska-
ya NB, Dobrolezh OV. Functional whey products
using antagonistically active strains of acidophilic
lactobacilli. Izvestiya  vuzov. Pishchevaya
tekhnologiya = News of institutes of higher educa-
tion. Food technology. 2012:1:41-43. (In Russian)

21. Sinel’nikov BM, Khramtsov AG, Evdo-
kimov IA, Ryabtsev SA, Serov VA. Lactose and its
derivatives. St. Petersburg: Professiya, 2007. (In
Russian)

BUBJIMOrPA®UYECKUA CMTUCOK

1. NlopnoBN.®., Moconoea H.N., Ceposa O.IM.,
NeBuHa A.O., Jlonaesa E.A. VMIHHOBaUWOHHas Tex-
Hororus nepepaboTkn MOMOYHOWN CbIBOPOTKU C MUC-
nonb3oBaHWeM MOAMMULMPOBAHHOIO kpaxmana //
XpaHeHve un nepepaboTka cenbxoscbipbs. 2018.
N 2. C. 58-61.

2. AcHoBuH M.A. 3apybexHbIin onbIT NOBbILIE-
HUS  9P(PEKTUBHOCTM MCNOMb30BAHUSI MOMOYHOM
CbIBOPOTKM [/ dopMUpOBaHWE OpraHn3aunoHHO-
3KOHOMWYECKMX YCNOBUI 3EKTUBHOIO OYHKLIMO-
HupoBaHust AlK: c6. Hayy. cT. 9-n MexagyHap.
HayJ.-nmpakT. KoHd. (MwuHck, 25-26 masa 2017 r.).
MwuHck: WMN3p-Bo Benopycckoro rocyaapCTBEHHOMO
arpapHoro TexHW4eckoro yHmeepcuteTa, 2017.
C. 85-89.

3. BoroanH .H., 3onotopésa M.C., Tona-
nos B.K., EeBgokumoB N.A., YabnuH B.B. OcobeH-
HOCTU nepepaboTkM TBOPOXHOW CbiBOpOTKY // TMe-
pepaboTka monoka. 2017. N 3 (209). C. 6-9.

4. NbiceHko HO.A., Xycug C.B., Bonkosa C.A.,
Hukonaenko C.H., JlyHeBa A.B., HoceHko A.B. Pas-
paboTka (yHKUMOHaNbHOW kopmoBon pobasku //
MonutemaTuyecknin ceTeBON SMNEKTPOHHbIN Hayy-
HbI >XypHan KyGaHcKoro rocygapcTBEHHOro arpap-
Horo yHuBepcuTeTa. 2016. N 115. C. 643-664. URL:
http://ej.kubagro.ru/archive.asp?n=115 (21.05.2019).

5. Mpuropaw A.XA., MaknaHos A.., KOpo-
Ba E.A. KomnnekcHas ytunusaums MOSOYHOW Cbl-
BOPOTKM — HOBblE BO3MOXHOCTWU MOBbILLEHUSA 3¢0-
EeKTUBHOCTN nepepaboTkM Morioka [OnekTpoH-
HbIn pecypc] // PeyToBckas TOProBO-NpOMbILLINIEH-
Haa nanata. URL: https://rtpp.ru/old/news/2007/
st07_007.htm (21.05.2019).

6. MenbHukosa E.U., CraHucnasckas E.B.
CbIBOPOTOYHbIE WHIPEAMEHTbI: NEepPCnekTBbl Npo-
M3BOACTBA M HarnpaBneHus ucnonb3oBaHus // Mo-
nouyHas peka. 2019. N 2 (74). C. 52-56.

7. Maspunosl.b., KpaBueHko 3.®. MyTn paumo-
HanbHOMO WUCMONb30BAHNUSA MOJIOYHOW CbIBOPOTKM //
Cbipogenve n macnogenue. 2013. N 2. C. 10-13.

8. bonoraMK, Bpabue E.[., CrenypuHa T.I.
OcobeHHOCTM MUHepanu3aumMm OenKkoBbIX KOHLIEH-
TpaToB Npu 3nekTpodusnyeckorn obpaboTtke Mo-
TNOYHOW CbIBOPOTKM // DneKkTpoHHas obpaboTka ma-
Tepuanos. 2013. N 49 (6). C. 61-65.

9. Jelen P. Whey Processing: Utilization and
Products. In: Fuquay J.F., FoxP.F., McSweeney P.L.H.
(eds) Encyclopedia of Dairy Sciences, vol 4, 2nd

edn. Academic, Oxford. P. 731-737. https://doi.org/
10.1016/B978-0-12-374407-4.00495-7

10. Sunaes O.B., 3umnuyes A.B. MonouyHas
CbIBOPOTKa — LEHHOE Cbipbe AJ19 BTOPUYHOW nepe-
paboTku // 3BecTns By30B. NuiieBast TeXHOMNOrnA.
2007. N 2 (297). C. 14-16.

11. I'pyHckasa B.A., TabpuensH 4.C. Mwukpo-
Buonornyeckne acrnekTbl NPoM3BOACTBa oboralleH-
HbIX KMCITOMOJSIOYHbIX MPOAYKTOB C WCMONb30BaHW-
€M MOJIOYHOW CbIBOPOTKN // MONOYHOXO3SINCTBEH-
HbI BecTHMK. 2018. N 3 (31). C. 91-103.

12. MNonsHckun KK.,  Wysaesa I'.I1.,, Akos-
neB B.®., OemeHko H.A. MembpaHHble MeTodbl B
NPOV3BOACTBE fakTaTta KanbLusi U3 MOJIOYHOW Cbl-
BopoTku // BuotexHonorus. 2000. N 2. C. 37-41.

13. PsabueBa C.A.,,  CkpunHiok A.A,, KoTo-
Ba AA., Xpamuos A.l'., PogHasa A.B., JlogbirH A 1.
[v op.]. HoBbin cnoco6 nonyveHns epMeHTHOro
npenapata 6eTa-ranakro3ngas gpoXokenh U MOrioy-
HokucrbIx 6akTepun // MonekynsapHo-reHeTu4eckne
N OMOTEXHONMOMMYECKNE OCHOBBI MOMyYEHUS U
NPUMEHEHMNS CUHTETUYECKMX U NPUPOLHBIX Buono-
TMYECKM akTuBHbIX BellecTB (HapouaHckue udte-
HMa — 11): matepuansl MexagyHap. Hayd.-npakT.
KoHd. (MuHck — CrtaBpononb, 20-23 ceHTabps
2017 r.). CtaBpononb: /3a-8o0 CeBepo-KaBkasckoro
denepanbHoro yHnsepcuteta, 2017. C. 257-261.

14. 3notHukoB K.M., 3notHukoB A.K., Kana-
pynnuHa E.B., Kasakos A.B., Kasakosa M.J1. ®oc-
daTconodnnmanpytoLLas akTMBHOCTb MOJSTOYHOKMC-
neix OGaktepui /[ Brnagumupckuii  3emnegene.
2012. N 4 (62). C. 20-21.

15. Mar. Ne 2154386, Poccuiickas ®enepaums,
A23C 21/02. Cnocob nepepaboTky MOMOYHON CbIBO-
potkn / A.KO.BuHapos, FO.U. bensikos, T.E.Cwu-
popeHko, A.U. Kapaeaukuin; Ne 99126250/13. 3a-
aBn. 14.12.1999; onybn. 20.08.2000.

16. AptioxoBa C.A., MoTopHasa E.B. O6 akTy-
anbHOCTM WCMONb30BaHUA MNpU MNPOU3BOACTBE
6rnonpoaykToB Anst (PyHKUMOHANBbHOrO NUTaHUS
MOJIOYHOKUCTIbIX OaKTEepPUn, CUHTEIMPYIOLNX IK-
3ononucaxapuabl // MexgyHapoaHbI KypHan
akcnepumeHTansHoro obpasosanus. 2015. N 5-1.
C. 76.

17. MapkenoBa B.B., KpacHukoBa J1.B. CuHTes
ak3ononucaxapugos wtammamu L. acidophilus B
MOroYHoOW ceiBopoTke // N3BecTus By30B. [nwesas
TexHonorus. 2013. N 4 (334). C. 26-29.

OUN3NKO-XUMNYECKAA BUOJIOIUA / PHYSICOCHEMICAL BIOLOGY = 641



E.A. Shipovskaya, V.V. Eveleva, T.M. Cherpalova Biosynthetic activity study...
E.A.lllunoeckas, B.B. Eeeneea, T.M. Yepnanoea. UccnedoeaHue 6uocuHmemuyeckoli aKmueHocmu...

18. botnHa C.I'., Poxkoa U.B., CemeHuxu-
Ha B.®. Mcnonb3oBaHWe LTaMMOB MOJTIOMHOKUCTIbIX
OaKTepun, CUHTE3MPYIOLLMX 3K30Monmcaxapuapl, B
NPOW3BOACTBE KUCITOMOJTOYHbIX NPOAYKTOB NUTAHUS
/I XpaHeHune n nepepaboTka cenbCKoX03ANCTBEHHO-
ro ceipbs. 2010. N 1. C. 38-40.

19. KpacHukosa J1.B., Mapkenosa B.B., Bep-
buukaa H.b., [Oobponex O.B. ®DyHKUMOHAmNbHbIE

Contribution

Elena A. Shipovskaya, Vera V. Eveleva, Tatyana
M. Cherpalova carried out the experimental work,
analyzed the experimental results and prepared the
text of the manuscript. Elena A. Shipovskaya, Vera
V. Eveleva, Tatyana M. Cherpalova have equal
author’s rights and bear equal responsibility for pla-
giarism.

Conflict of interests

The authors declare no conflict of interests regar-
ding the publication of this article.

The final manuscript has been read and approved
by all the co-authors.

CBE[JEHUS1 Ob ABTOPAX

Elena A. Shipovskaya,

Junior Researcher,

All-Russian Research Institute of Food Additives,
Federal Research Center of Food Systems named
after V.M. Gorbatov, RAS,

55, Liteinyi Ave., St. Petersburg 191014,

Russian Federation,

><le-mail: alena.shipovskaja@yandex.ru

Vera V. Eveleva,

Cand. Sci. (Engineering), Associate Professor,
Senior Researcher,

All-Russian Research Institute of Food Additives,
Federal Research Center of Food Systems
named after V.M. Gorbatov, RAS,

55, Liteinyi Ave., St. Petersburg 191014,

Russian Federation,

e-mail: v.eveleva@yandex.ru

Tatyana M. Cherpalova,

Cand. Sci. (Engineering), Researcher,

All-Russian Research Institute of Food Additives,
Federal Research Center of Food Systems
named after V.M. Gorbatov, RAS,

55, Liteinyi Ave., St. Petersburg 191014,

Russian Federation,

e-mail: t.cherpalova@mail.ru

NPOAYKTbl M3 MOJIOYHOW CbIBOPOTKWU C MUCMOMb30-
BaHWEM aHTarOHUCTUYECKM aKTUBHbIX LUTAMMOB
aungodunbHblix naktobaktepun // N3BecTtus By-
30B. [NuweBas TexHonorus. 2012. N1 (325).
C. 41-43.

20. CuHenbHukoB b.M., Xpamuos A.l'., EBgo-
knmoB UN.A., Psabuesa C.A. Cepos A.B. Jlaktoza wu
ee npoussogHble. Cl6.: Npodeccus, 2007. 768 c.

Kpumepuu aemopcmea

Wnnosckasa E.A., EBenesa B.B., Yepnanosa T.M.
BbIMOSTHWMM 3KCMEPUMEHTanbHYI0 paboTy, Ha OCHO-
BaHWM MONyYEHHbIX pe3ynbTaToB nposenu 0606-
lweHne m Hanucanu pykonucbh. Lunosckas E.A.,
Esenesa B.B., Yepnanosa T.M. nmeloT Ha ctaTbio
paBHble aBTOPCKME TMpaBa M HECYT pPaBHYIO
OTBETCTBEHHOCTb 3a nnaruar.

KoHcpbniukm unmepecoe

ABTOpbI 3aABNAIOT 00 OTCYTCTBMU KOHMPRIMKTa WH-
Tepecos.

Bce aemopbi npodumanu u 0006pusiu OKOHYa-
merbHbIl 8apuaHm PyKomnucu.

AUTHORS’ INDEX

LUnnoBckas EneHa AnekceeBHa,

MIIaALWnn HayvHbIN COTPYOHWK,

BHUW nnwesbix fobaBok — domnuan

OIBHY «®HL| nuieBbIx cucTem

um. B.M. Topb6artosa» PAH,

191014, r. Cankr-lNeTepOypr, JIntenHbin np-1, 55,
Poccuinckas degepaums,

<le-mail: alena.shipovskaja@yandex.ru

EBeneBa Bepa BacunbeBHa,

K.T.H., OOLEHT, CTapLUMI HAay4YHbIA COTPYOHNK,
BHNW nuwesbix gobaBok — coununan

OIBHY «®HL nuieBbIx cucTem

um. B.M. Topb6artoea» PAH,

191014, r. Cankr-leTepOypr, JIutenHbin np-1, 55,
Poccuiickas ®epepauyus,

e-mail: v.eveleva@yandex.ru

YepnanoBa TatbsiHa MuxannoBHa,

K.T.H., HQYYHbIA COTPYAHMK,

BHNW nuwesbix gobaBok — counuan

OIBHY «®HL nuweBbIxX cuctem

um. B.M. l'opbatosa» PAH

191014, r. Cankr-NeTepbypr, JlutenHsin np-1, 55,
Poccuiickas ®epepauyus,

e-mail: t.cherpalova@mail.ru

642 =—————— O®USNKO-XUMNYECKASA BUONTOIUA / PHYSICOCHEMICAL BIOLOGY



