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Abstract: The article presents the results of research into the biotechnological processing of collagen-
containing raw materials (bovine rumina) to create functional foods. The patterns of biotransformation of colla-
gen-containing raw materials by activated cultures of probiotic microorganisms (Bifidobacterium longum B379
M, Propionibacterium shermanii KM 186 and Lactobacillus helveticus H;;.1g) have been studied and theoreti-
cally substantiated. It is noted that bovine rumina, following preliminary heat treatment, comprise a good
nutrient medium for the development of probiotic cultures. It was revealed that low-molecular compounds
formed during the heat treatment of rumina possess prebiotic properties that stimulate the growth of
microorganisms. It was established that after 5—8 hours of cultivation, the number of viable cells of the studied
cultures in the collagen substrate increases to 10°-10"° CFU / g. It is noted that the biomodification of rumina
improves their organoleptic properties and consistency, causing it to become succulent, soft and ductile.
Biotransformation of collagen-containing raw materials by probiotic microorganisms leads to a significant
increase in amino acids in hydrolysates in comparison with the control sample. The greatest increase in amino
acids is observed during the fermentation of collagen Lactobacillus helveticus H;;.15, which indicates a higher
proteolytic activity of this culture. It was shown that the rumen microstructure undergoes changes under the action
of probiotic microorganisms in comparison with the initial state (the muscle carcass becomes thinner and looser, as
well as undergoing change in terms of the structure of its morphological elements). As a result of the research, a
fundamentally new scheme of biotechnological processing of collagen-containing raw materials was developed.
The obtained results open up broad prospects for the creation of BAA-synbiotics and food products intended for
functional nutrition.
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AnAa co3paHns PyHKUMOHANbHbIX NPOAYKTOB NUTaHUSA
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Pe3rome: B cmambe u3rnoxeHbl pe3ynbmambl uccriedosaHuli buomexHonoaudeckol obpabomku KosnazeH-
colepxxaue20 cbipbsi (Pybya KpyrnHo20 poeamozo ckoma) 0s1si co30aHusi (hyHKUUOHarbHbIX podyKmos numa-
Husi. MIsy4eHbl u meopemuyecku 060CHO8aHbI 3aKOHOMepHOocmu buompaHcgopmayuu KosnazeHcoodepxau,e2o
CbIpbSI @aKmueU3UupO8aHHbIMU Kyribmypamu npobuomuyeckux MukpoopeaaHu3dmos (Bifidobacterium longum
B379 M, Propionibacterium shermanii KM 186 u Lactobacillus helveticus H;7.15). OmmeyeHo, umo pybeuy rnocne
npedsapumenbHOU mepmuyeckoli obpabomku sensemcsi xopowel numamenbHoU cpedol Onsi pasgumusi
npobuomuyeckux Kynbmyp. BbisigrieHo, 4mo HU3KOMOJIEKYsipHble cOeOUHEeHUs, obpa3ogaswuecs npu mep-
muyeckol obpabomke pybya, obnadarom npebuomuyeckumu ceolicmeamu U CMUMYIUPYHOM POCm MUKPOOP-
2aHuU3Mo8. YcmaHoereHo, Ymo 4Yepe3 5-8 4 Kyrnbmueupo8aHUsi KOIUYECMBO XXU3HECIOCOOHbLIX K/1emoK uc-
cnedyembix Kynbmyp 8 cy6ecmpame KonnazeHa eosapacmaem 0o 10°—10" KOE/2. Ommeyero, ymo 6uomodu-
ukayusi pybuya ynydwaem e2o opeaHosienmuyeckue ceolicmea U KOHCUCMEeHUU0, Komopasi cmaHo8umcs
COYHoU, Msiekol u anacmuyHol. buompaHcgopmauusi KonnazeHcoOepxauieao Cbipbsi MpPobuomuyYyecKumu
MUKpOOpeaaHu3Mamu rnpueodum K 3HaqyumesibHOMY MO8bILEHU0 aMUHOKUC/IOM 8 eudporiu3amax 8 cpagHeHuu
€ KoHmporeM. Haubonbwee nosbiwieHUe aMuHoKuciom Habnodaemcs npu chepmMeHmayuu KosnnazeHa Lacto-
bacillus helveticus H,7.15, 4mo ceudemenscmeyem o 6onee 8bICOKOU MPOMEeOoIUMUYEecKol akmusHocmu OaH-
HoU Kynbmypsl. [Moka3aHo, 4mo Mukpocmpykmypa pybua nod delicmeuem npobuomu4yecKux MUKDPOOp2aHU3-
MO8 ripemepriegaem U3MEHEHUS 8 CPaBHEHUU C UCXOOHbLIM COCMOSIHUEM (MPpoucxXodum UCMOHYeHUE U paspbixsie-
HUE MbIWEYHO20 KapKaca, a makxe U3MEeHEeHUe CmpyKmypbl €20 MOpghorio2u4ecKux aremeHmos). B pesynsmame
nposedeHHbIx uccriedosaHuli paspabomaHa npuHYUNuUanbHO Hogasi cxema 6GuomexHonoa2u4Yeckol 0bpabomku
KonnazeHcodepkawezo chipbs. NonyYeHHbIe pe3yrnbmambel OMKPbIGAOM WUPOKUE rnepcriekmusasl Ot co30aHus
BA/[]-cunbuomukos u nuuesbix npolyKmos, rnpedHasHa4yeHHbIX 01151 (hyHKUUOHaIbHOZ0 MUMaHUsI.

Knrodeenie cnoega: konnazeHcodepxauwiee CcbipbE, ocmeornopos, pybeu, kanbyul, bugpudobakmepuu, rnpo-
ruoHoB8oKuUcsble bakmepuu, nakmobakmepuu
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OHnamH-pasmeLLeHuns 28 mnioHsa 2019 r.
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INTRODUCTION

Osteoporosis is referred to today as a "silent
epidemic". Epidemic — because at a certain age
more than a half of the population suffers from it;
and quiet — because the disease develops asymp-
tomatically over a long time period. The first
symptom of osteoporosis, as a rule, occurs in the
form of a fracture. Osteoporosis is a complex
problem, with a number of factors contributing to
its occurrence, starting with gastrointestinal tract
disorders and ending with failures in the immune
and endocrine systems. The main cause of the
disease is not only the "leaching" of calcium from
the inorganic component of the bone tissue, but
also collagen deficiency in these tissues. There-
fore, in order to increase the elasticity and strength
of bones, complex preparations, dietary supple-
ments and collagen-containing products are also
needed. Such products act to stimulate anabolic
processes in the bone matrix, increasing the
amount of collagen it contains [1].

Category 2 animal by-products are of particu-
lar interest as a source of collagen. In particular,
rumina derived from cattle contain 6.8% of colla-
gen by weight of raw tissue. However, despite its
high nutritional value, the use of bovine rumen for
food purposes is limited due to its low functional-
technological and organoleptic properties.

Data on the use of various methods for modi-
fying collagen-containing raw materials in order to
achieve optimal rumen properties are presented in
studies [2-13]. Chemical, thermal and enzymatic
methods of processing raw materials have been
developed and studied. It is noted that the targeted
use of biotechnological methods based on the use
of various types of microorganisms [2-13] is cur-
rently the most promising of existing approaches to
the processing collagen-containing raw materials.
Among the microorganisms used for this purpose,
various types of lactic acid bacteria are predomi-
nant. The use of these bacteria contributes to the
production of protein collagen-containing semi-
finished products having high organoleptic and
functional-technological properties. However, there
is currently insufficient data on the use of microor-
ganisms with probiotic properties for the biopro-
cessing of bovine rumen products.

Lactobacillus of the species Lactobacillus hel-
veticus, bifidobacteria of the species Bifidobacte-
rium longum and propionic acid bacteria of the spe-
cies Propionibacterium shermanii are promising in
this respect. Lactobacillus helveticus exhibit high
proteolytic activity, as well as the ability to inhibit
potential pathogens and bind Ca to maintain it in a
soluble state. This makes it very attractive for use
in the manufacture of products for the prevention
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of osteoporosis [14-17]. Bifidobacterium longum,
which have high antagonistic activity and the ability
to destroy toxic metabolites, grow under anaerobic
conditions, accumulating aromatic compounds and
reducing substances. Propionibacterium shermanii,
enriched into a product by a variety of biologically
active substances (vitamin Bj,, folic acid, amino
acids, enzymes, short chain fatty acids, and others),
produce propionic acid, which is capable of inhibiting
the growth of pathogenic microorganisms [15, 18].

It is known that the strictly specific proteolytic
activity of microorganisms depends on many fac-
tors, including the raw materials used. Conse-
quently, the study of the effect of probiotic cultures
on the functional and technological properties of
collagen-containing raw materials is relevant for
their further use as starter cultures for biotreatment
of bovine rumen products.

The aim of the study is to research the pro-
cesses of biotechnological processing of collagen-
containing raw materials with probiotic microorgan-
isms in order to create functional foods.

EXPERIMENTAL PART

Experimental studies were carried out at the
Dairy Produce Technology. Commodity Research
and Examination of Goods department of the
FSBEI HE East Siberia State University of Tech-
nology and Management (ESSUTM).

The objects of research were the following pro-
biotic cultures: Bifidobacterium longum B379 M, Pro-
pionibacterium shermanii KM 186 and Lactobacillus
helveticus H,7.15. Cultures were provided by the Re-
search Institute of Genetics and Selection of Industri-
al Microorganisms (Moscow). The Bifidobacterium
longum B379 M and Propionibacterium shermanii
KM 186 strains were activated by a unique biotech-
nological method developed at ESSUTM [19].

A bovine rumen product meeting the require-
ments of GOST 32244-13 was used as a collagen-
containing raw material. Preparation of raw mate-
rials was carried out according to the method de-
scribed by L.V. Antipova [20]. Preliminary heat
treatment of the collagen-containing raw material
was carried out in order to reduce the negative
structural and compositional properties of the ru-
men. The rumen was cleaned, washed, cut into
pieces of 2.5 x 3 cm and cooked at 100 °C for
2-2.5 hours until softening (the ratio of raw materi-
als to water was 1:2). After boiling, the rumen was
minced in a grinder with a diameter of 2-3 mm at
room temperature in order to preserve the fibre-
forming ability of dispersed collagen. 5% whey was
added to the obtained rumen substrate as a
source of carbohydrates.

Probiotic microorganisms were introduced into
the prepared raw materials in the form of bacterial
concentrates [19, 21]. Biotechnological processing of
collagen-containing raw materials was carried out at
optimum cultivation temperatures: Lactobacillus hel-
veticus Hi715 — 4012 °C; Bifidobacterium longum B

379 M — 3712 °C, and Propionibacterium shermanii
KM 186 — 3042 °C.

Controlled parameters of collagen-containing
raw materials were determined by standard
methods: organoleptic indicators — according to
GOST 9959-2015; moisture-binding ability — accor-
ding to the method of L.V. Antipova [20]; active
acidity was determined by a potentiometric
method according to GOST R 51478-99 (ISO
2917-74); the mass moisture fraction — by drying
the sample in a drying cabinet according to
GOST 33319-2015.

The amino acid composition of collagen sub-
stances was determined according to the described
method (M-04-38-2009), using a Capel-105M capil-
lary electrophoresis system. This method is based on
the decomposition of samples by acid or alkaline
(only for tryptophan) hydrolysis with the conversion of
amino acids into free forms, obtaining FTC-deri-
vatives, as well as their further separation and quanti-
tative determination by capillary electrophoresis.

The changes occurring in the tissues under
the influence of biotechnological processing were
established by the method of histological examina-
tion of samples according to GOST 19496-2013
"Meat and meat products. Method of histological
examination".

Microbiological indicators were determined in
accordance with the regulatory base: the number
of lactobacillus cells was determined by limiting
dilution method on a dense agar medium MRS; the
number of cells of bifidobacteria and propionic acid
bacteria on a dense agar medium MMC [19, 21]. The
microstructure of the samples was examined on a
JSM-6510LV JEOL scanning electron microscope.

All experiments were repeated 3-5 times. The
obtained data were processed using the Excel sta-
tistical software package using the Mann-Whitney
test. Statistically significant differences are dis-
cussed where p<0,05.

RESULTS AND DISCUSSION

At the first stage of the research, the ability of
probiotic microorganisms to develop in collagen-
containing raw materials was studied. Fermenta-
tion was carried out after heat treatment of the
rumen by introducing the studied cultures to the
prepared whey and liquid bacterial concentrate
raw materials in the amounts of 3, 5 and 7%. The
fermentation process was controlled by the num-
ber of viable microbial cells in the substrate. The
growth of viable cells of microorganisms in the
substrate is represented in Table 1.

Analysis of the data presented in Table 1
showed that the studied cultures actively devel-
op in the substrate of the rumen. It is known
that, during heat treatment, long-term heating
and mincing, low molecular weight collagen dis-
aggregation products are formed, which proba-
bly stimulate the growth of probiotic micro-
organisms.
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Table 1
Counting of microorganisms during the fermentation of collagen-containing raw materials
Tabnuuya 1
KonuyecmeeHHbIlU y4em MUKpoop2aHU3Moe 8 rnpouyecce pepmMeHmayuu
KonnazeHcodepxauie20 cbipbs
Type of Dose of Duration of fermentation, h
0,
cultures used ferment, % 1 > 3 2 5 6 7 8
L helveticus 3 2:10" 6-10" 3-10° 4-10° 6-10° | 7.10° | 2-10° 5-10™°
H 5 6-10* 3-10° 4-10’ 4-10° 2:10* | 3-10" | 6:10"° | 810"
1718 7 9-10* 1-10° 8:10° 2:10° 310 | 510 | 710 | 9-10%
B. lonaum 3 7-10° 2:107 2-10° 7-10° 2-10° | 810° | 2:10° 7-10°
éng 5 5-10° 7-10* 4-10° 3-10° 110 | 710 | 6-10° 8-10°
7 3-10* 2-10° 1-10° 2108 3-10° | 6-10° | 4-10° | 7-10%
b shermanii 3 3-10° 2:10° 9-10° 2:107 8-10° | 7-10° | 5-10° 4-10°
"KM 186 5 8-10° 7-10° 5-107 4-10° 4-10° | 3-10° | 210 | 6:10"
7 5-10* 3-10° 410" 2:10° 5-10° | 8-10° | 3:10° | 810"
It should be noted that, following 7—8 hours this, the number of lactobacilli cells reaches

of cultivation on a collagen substrate, the num-
ber of viable cells is Bifidobacterium longum
B379M and Progionibacterium shermanii KM 186
reaches 10°-10" CEUs, which confirms the prebi-
otic properties of low molecular weight com-
pounds in the collagen hydrolysate. As well as
being resistant to hydrolysis in the upper gastro-
intestinal tract, these prebiotic fibres are not
sensitive to proteases of the gastrointestinal
tract, making them similar to prebiotic dietary
fibres such as oligosaccharides [22]. The presence
of low molecular weight compounds in the colla-
gen hydrolysate provides a synbiotic effect by
means of creating favourable conditions for the
development of bifidobacteria and propionic acid
bacteria when it is used.

In contrast to bifidobacteria and propionic
acid bacteria, Lactobacillus helveticus Hq7.15is a
strong acid-forming agent [14, 16, 17] and more
actively ferments in the substrate. Along with

10°-10'° CFU/g after 5 hours of cultivation. Re-
search results showed that increasing the dose
of bacterial concentrates up to 7% does not lead
to a noticeable growth of microorganism cells
(see Table 1).

The combination of the research indicates
that the optimal dose of bacterial concentrates ap-
plied is 5%. The duration of the fermentation of
collagen-containing raw materials is: when using
Lactobacillus helveticus Lactobacillus helveticus
Hi7.48 — 5 h, B. longum B379 M and P. shermanii
KM 186 — 7-8 h.

According to the published data [3-11], the
fermentation process can have a positive effect on
the organoleptic properties and physicochemical
properties of collagen-containing raw materials. In
this regard, in further experiments, the organolep-
tic and basic physicochemical properties of the
samples studied were evaluated before and after
biotreatment (Table 2).

Table 2

Evaluation of organoleptic and physical-chemical properties
of fermented collagen containing raw material

Tabnuya 2

OueHka opa2aHosienmMuYecKux U ¢husuKo-xumMu4yeckux ceolicme
ghepmeHMuUposaHHO20 KoJsl/lazeHcodepKallie20 Chipbsi

Indicator Control

Test specimen, fermented

Bifidobacterium
longum B379M

Lactobacillus
helveticus Hi7.18

Propionibacterium
shermanii KM 186

Outward appearance

Ho

mogeneous fine fibre mass

Colour, taste, smell

Inherentto this product, with
a pronounced specific smell

Colour and taste inherent to this product
slight lactic acid smell

Consistency Elastic, hard
Moisture-binding ability, % 58 +0.70
Active acidity, pH 6.7 £ 0.08
Moisture content, % 70 £ 0.50

Soft, gentle Soft Soft
89 +0.40 87 £ 0.30 86 + 0.50
59+ 0.03 6.4 +£0.01 6.1+0.03
76 £ 0.70 78 £0.20 77 £0.30
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The data in Table 2 shows that the biotechno-
logical treatment of the rumen helps to improve the
flavouring characteristics of the test samples com-
pared to the control: the consistency of the sample
has changed, the specific smell has almost disap-
peared; instead, it has a pleasant lactic acid smell.
Probably, the improvement in organoleptic proper-
ties is associated with the accumulation of fermen-
tation products of probiotic cultures (in particular,
lactic or propionic acids). The biomaodification of
the rumen allowed the main functional and techno-
logical parameters of the collagen-containing raw
material to be improved. The moisture-binding ca-
pacity in products increased, which affected the
moisture content of fermented samples. The in-
crease in moisture binding ability has a positive
effect on the consistency of collagen-containing
raw materials making it more succulent, soft and
ductile. The marked increase in the moisture
binding capacity of collagen during fermentation
is associated both with its preliminary heat treat-
ment and with the effect of proteolytic enzymes of
starter microorganisms. A decrease in the pH of
the medium and swelling of the collagen led to a
disintegration of polypeptide chains with the for-
mation of a large number of hydrophilic groups
and the binding of additional water molecules.

At the next stage of the study, structural
changes in collagen substances in the biomodified
rumen were studied.

According to the published data [23-26], the
unusual mechanical properties of collagens are
associated with their primary and spatial struc-
tures. Collagen molecules consist of three poly-
peptide chains, called a-chains. The composition
of collagens can include three identical or differ-
ent chains. The primary structure of a-chains of

collagen is unusual, since every third amino acid
in the polypeptide chain is represented by gly-
cine, about %4 of amino acid residues are proline
or 4-hydroxyproline and about 11% is alanine.
Collagen lacks such amino acids as cysteine
and tryptophan. Histidine, methionine and tyro-
sine are found only in very small amounts [23-26].

Comparative characteristics of the amino acid
composition of the samples before and after fer-
mentation are presented in Table 3.

The analysis of data in Table 3 showed that,
following fermentation, the content of almost all
amino acids (except arginine) in collagen sub-
stances increased 2—4 times; this indicates a ra-
ther high proteolytic activity of microorganisms. It
should be noted that the studied fermented sam-
ples are characterised by varying contents of indi-
vidual amino acids. This indicates differences in
the structure, and, consequently, in the properties
of the resulting collagen substances.

A characteristic feature of collagen proteins is
the presence and high content of amino acids such
as proline and glycine [25, 26]. These particular
amino acids provide the formation of a specific
secondary structure of collagens in the form of tri-
ple-stranded helix [26]. The highest value of these
amino acids in the sample fermented by Lactoba-
cillus helveticus Hy7.15 (see Table 3) is noted, which
indicates a deeper hydrolysis of proteins. It should
be noted that Lactobacillus helveticus H,;.1g has a
higher proteolytic system and has a developed
complex of peptidases and proteases [14, 16, 17].

It is believed that amino acids such as ala-
nine, serine, and tyrosine may be involved in the
synthesis of collagen [23—-26]. A significant content
of these amino acids is observed in all studied
samples (see Table 3).

Table 3

Comparative characteristics of the amino acid composition
of collagen substances before and after fermentation

Tabnuya 3

CpaeHumersnbHasi xapakmepucmuKka aMUHOKUCJ/IOMHO20 cOCmaea KoJsi/la2eHo8bIX
cyb6cmaHyul do u nocne ¢ghepmeHmayuu

Concentration, mg/|
. . Test specimen, fermented
Amino acid Control Lactobacillus Bifidobacterium Propionibacterium
helveticus Hi7.18 longum B379M shermanii KM 186
Arginine 22.50 + 0.004 11.60 £ 0.001 18.10 + 0.009 15.60 + 0.001
Lysine 24.40 £ 0.010 48.90 £ 0.004 37.00 £ 0.001 39.20 £ 0.002
Tyrosine 1.36 £ 0.005 4.39 + 0.001 2.06 + 0.005 3.06 £ 0.004
Phenylalanine 2.33+0.001 6.52 + 0.002 3.35+0.007 4.47 + 0.005
Histidine 1.63 £ 0.004 2.12 £ 0.007 4.21 +0.001 3.76 £ 0.002
Leucine + isoleucine 10.50 + 0.006 20.70 £ 0.005 19.10 + 0.002 19.80 + 0.009
Methionine 1.13 £ 0.009 2.54 £ 0.001 2.15 £ 0.004 2.45 +0.001
Valin 2.27 £ 0.002 6.43 £ 0.007 8.20 £ 0.009 9.65 + 0.002
Proline 4.15 £ 0.005 7.51 £0.002 4.73 £ 0.001 5.12 £ 0.005
Threonine 2.70 £ 0.001 7.05 £ 0.007 3.26 £ 0.004 4.66 + 0.001
Serine 2.71 £ 0.007 9.92 £ 0.009 6.99 + 0.002 7.11+£ 0.004
Alanine 11.40 + 0.004 24.80 + 0.002 16.90 + 0.009 18.30 + 0.002
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Fig. Microstructure of collagen-containing raw material (CCRM):
a—control; b — CCRM, fermented with L. helveticus H 17-18,
¢ — CCRM, fermented with B. longum B379M,

d — CCRM, fermented with P. shermanii KM 186

Puc. Mukpocmpykmypa kosnnaz2eHcodepixaujez2o cbipbsi (KCC):
a— koHmporsb; b — KCC, gpepmenmupoeaHHbie L. helveticus Hy;. s,
¢ — KCC, ¢pepmernmupoeaHHbie B. longum B379M,

d — KCC, pepmenmupoeaHHsbie P. shermanii KM 186

Further, the effect of fermentation on the
change in the histological structure of the rumen was
studied. Histosections stained with haematoxylin-
eosin revealed changes following biomaodification of
individual structural elements with a magnification
of x 700 and x 600. The microstructure of the studied
samples is presented in Figure.

In the control sample of the rumen (image a),
the mucous membrane is represented by the papil-
lae of various shapes, covered with multi-layered
epithelium. On the histosections of the rumen frag-
ments following treatment of the samples with the
starters of probiotic cultures (images b — d) it can be
clearly seen that the collagen fibres and mucous
elastin layer have been stretched and in the longi-
tudinal section have a pronounced striated striation.
The intermuscular space of bioprocessing speci-
mens is also stretched; in some places the surface

layer is thinned; in others, some loosening of its
structure is also noticeable. All this indicates that
the rumen biotreatment with bacterial concentrates
of probiotic cultures leads to changes in the struc-
ture of its morphological elements. The distribution
profile of the elemental composition of the studied
samples (see Figure) is presented in Table 4.

From the data presented in Table 4, it can be
seen that, following fermentation, the elemental
composition of the collagen-containing raw material
is replenished with calcium and potassium.
Evidently, these elements were introduced into the
collagen-containing raw material preparation along
with the whey. The presented research results
confirm the fact that probiotic cultures are able to
accumulate a significant quantity of calcium ions on
their surface in various forms [15], thereby creating
a kind of "depot" of this cation.
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Table 4

Elemental composition of collagen-containing raw materials before and after fermentation

Tabnuuya 4

AnemeHmHbIli cocmae KosuazeHcodepKauie2o cbipbsi 30 u nocsie ghepmeHmayuu

Investigated The elemental composition, in weight %
specimen range [@ | o | Na | P s [ c | ca | K | Total
Control
Spectrum 1 64.40 34.66 0.14 0.15 0.57 0.08 - - 100.00
Spectrum 2 61.61 37.17 0.26 0.13 0.67 0.17 - - 100.00
Spectrum 3 73.71 25.29 0.26 0.26 0.93 0.09 - - 100.00
Average value 66.39 32.37 0.22 0.18 0.73 0.011 - - 100.00
Standard deviation 6.04 6.26 0.07 0.07 0.18 0.05 - - -
Max. 73.17 37.17 0.26 0.26 0.93 0.17 — - -
CCRMM, fermented L. helveticus Hi7.1s
Spectrum 1 40.68 57.25 0.35 0.34 0.87 0.15 0.26 0,10 | 100.00
Spectrum 2 44.56 48.24 0.61 0.94 2.58 1.44 0.53 1,10 | 100.00
Spectrum 3 40.99 54.25 0.74 0.36 2.47 0.17 0.33 0,69 | 100.00
Average value 42.08 53.25 0.57 0.55 1.97 0.59 0.37 0,63 | 100.00
Standard deviation 2.15 4.59 0.20 0.34 0.96 0.74 0.14 0,50 -
Max. 44.56 57.25 0.74 0.94 2.58 1.44 0.53 1,10 -
CCRMM, fermented B. longum B379M
Spectrum 1 63.32 35.35 0.19 0.18 0.69 0.12 0.10 - 100.00
Spectrum 2 74.16 22.58 0.31 0.12 2.09 0.27 0.30 - 100.00
Spectrum 3 76.36 21.33 0.30 0.71 0.84 0.02 0.09 - 100.00
Average value 71.28 26.42 0.27 0.19 1.20 0.14 0.16 - 100.00
Standard deviation 6.98 7.76 0.07 0.32 0.77 0.13 0.12 - -
Max. 76.36 35.35 0.31 0.71 2.09 0.27 0.30 - -
CCRMM, fermented P. shermanii KM 186
Spectrum 1 58.68 39.25 0.37 0.28 0.92 0.19 0.15 0.16 | 100.00
Spectrum 2 57.79 38.58 1.26 0.30 1.41 0.14 0.12 0.40 100.00
Spectrum 3 48.31 48.56 1.00 0.71 0.81 0.29 0.18 0.14 100.00
Average 54.93 42.13 0.88 0.43 1.05 0.21 0.15 0.23 | 100.00
Standard deviation 5.75 5.58 0.46 0.24 0.32 0.08 0.03 0.14 -
Max. 58.68 48.56 1.26 0.71 1.41 0.29 0.18 0.40 -
Thus, as a result of the research, a technologi- It is established that, following preliminary

cal scheme for the production of collagen hydrolysate
has been developed, which includes: preparation of
raw materials; thermal hydrolysis at a temperature of
100 °C for 2 hours; mincing and adding 5% whey;
cooling to fermentation temperature; biotechnological
processing of bacterial concentrates of probiotic
microorganisms. The duration of fermentation for
bifidobacteria and propionic acid bacteria was
7-8 hours; for lactobacteria — 5 hours. Collagen hy-
drolysate had good organoleptic properties and con-
tained a high number of viable cells of probiotic mi-
croorganisms (10°~10'° CFU/1g).

The proposed biotechnological methods of
processing secondary collagen-containing raw ma-
terials not only allowed its organoleptic and func-
tional-technological properties to be improved, but
also opened up broad prospects for creating a
number of useful collagen-and calcium-containing
products for various purposes, including the pre-
vention of osteoporosis.

CONCLUSION

As a result of the research, a fundamentally new
scheme for the biotechnological processing of colla-
gen-containing raw materials has been developed,
allowing a collagen hydrolysate with synbiotic proper-
ties to be obtained.

DPU3UKO-XUMUNYECKAA BUONOInA / PHYSICOCHEMICAL BIOLOGY

heat treatment, bovine rumen comprises a good
nutrient medium for the development of probiotic
cultures. It is revealed that low molecular weight
products of collagen disaggregation have prebiotic
properties and thus stimulate the growth of micro-
organisms.

In the process of biotransformation of the ru-
men, the flavouring characteristics are improved,
the specific smell of the rumen disappears, it ac-
quires a pleasant lactic acid taste, and the con-
sistency becomes more succulent, soft and ductile.

Fermentation of collagen-containing raw ma-
terials with probiotic microorganisms increases the
content of amino acids in hydrolysates. This is es-
pecially true for Lactobacillus helveticus, which is
characterised by high proteolytic activity. It is noted
that fermentation changes the structure of the ru-
men and its morphological elements.

Biotechnological treatment of the rumen follow-
ing thermal hydrolysis by activated cultures of probi-
otic microorganisms significantly reduces the process
of obtaining collagen hydrolysate and improves the
quality of the finished product. The total duration of
the described rumen treatment, including thermal
and biotechnological, is 10-11 hours, which increa-
ses the economic efficiency of biotechnological pro-
cessing in comparison with known analogues.
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