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FOOD PRODUCTION TECHNOLOGY

ANALYSIS OF LIVING AND REPRODUCTIVE PARAMETERS
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Abstract: A probability correlation between various transitions and the number of microorganisms at different stages of
growth has been analyzed. Comparison of the given parameters with those of the environment (temperature, active acid-
ity, oxidation-reduction potential, etc.) allows defining the influence of each parameter. The obtained results and corre-
lations can be recommended for modeling the growth of microorganisms in different environments, cheese mass being

one of them.
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The ability of microorganisms to grow plays an im-
portant role in dairy production [1, 2]. The microorgan-
isms, owing to enzymes they produce, impact the tex-
ture, smell, and flavor of a dairy product. The probiotic
characteristics of such a product play an important role,
too. To ensure successful reproduction of microorgan-
isms, appropriate growth conditions must be provided.

Reproductive capacity is best assessed by using the
probability theory. In this case, the probability of divi-
sion of one cell living in specific conditions, character-
ized by the presence and concentration of a substrate,
water activity, active acidity, the salt weight fraction,
and a number of other parameters that influence the
cell’s life, is calculated [3, 5, 7].

This can be done on the basis of either special or
previously conducted experiments provided that the
conditions of such experiments were recorded. Both
methods require compiling a rather large database that
helps predict the behavior of bacteria in any given con-
ditions. As complicated as it may seem at first glance,
this task requires a strictly formalized approach to the
description of the properties of both microorganisms
and their environment. The present-day methods of
mathematical modeling make it possible to predict the
behavior of objects and their interaction with the envi-
ronment [6, 10].

As regards the growth of microorganisms, a distinc-
tion should be made between a closed (uncontrolled)
and controlled environment. Partially controlled systems
can also exist. An uncontrolled system is such that is not
exposed to external influences or when such exposure is
negligible. The ideal uncontrolled system is a thermally
insulated and hermetically sealed tub containing a sub-
strate with the original number of microorganisms.
Nominally, cheese mass at the ripening stage can be

considered such a system [11, 13]. The main physical
and chemical processes in cheese are influenced by fer-
ments, i.e., chemical components that make up the
cheese mass. Microorganisms are actively involved in
this process as they take up nutrients, release metabolic
products, and change the environment. Their activity
during cheese ripening can only be affected by changing
the temperature. A decrease in the temperature results in
the reduced reproductive rate; an increase in the temper-
ature accelerates the rate of cell division.

The majority of cheeses ripen within a temperature
range of 8-20°C. During cheese ripening, its moisture
content changes owing to water evaporation off the sur-
face. This content is not large as opposed to the total
cheese mass, but it can be of paramount importance as it
influences the life of microorganisms.

Therefore, cheese can be referred to a group of sys-
tems with partially controlled parameters. In practical
terms, it means that the living conditions of microorgan-
isms inside cheese mass can only be controlled by
changing its ripening and storage temperature.

The manufacture of fermented milk products is con-
trolled more easily. Fermented milk products are nor-
mally manufactured in tanks equipped with a tempera-
ture control system (cooling and heating) and agitators.
This setup makes it possible to stir the mass during pro-
duction and influence the temperature. Moreover, vari-
ous ingredients that influence the living conditions of
microorganisms can be added to the mixture. Such in-
gredients may be salt, sugar, flavoring agents, preserva-
tives, emulsifiers, stabilizers, etc. This system, although
isolated from external influences, can be controlled in a
wider context. However, the volume of this system and,
consequently, its resources are limited, which means
that only a certain number of microorganisms can be
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grown in this volume. Their maximum concentration is
limited not only by the nutrients in the substrate but also
by a variety of other factors.

A so-called flow-through fermenter that ensures
control over the living conditions of microorganisms
(bacteria) is used to produce various biopreparations. In
addition to agitators and temperature control tools, such
machines are also fitted with a waste products discharge
system, a nutrient supply system, and a system that reg-
ulates the gas-phase composition supplied to the sub-
strate. This fermenter must be equipped with special
tools to control the parameters of cultivation of micro-
organisms. The main output controlled parameter can be
either the volumetric number of microorganisms (bio-
mass volume) or the concentration of waste products
produced by microorganisms (ferment). These two indi-
cators do not always correlate with each other. In this
event, it is important to have information on how the
qualitative and quantitative parameters of the substrate
(environment) affect the output parameters (the number
of microorganisms and the concentration of the ferment
of interest). This information is obtained through special
tests by varying environmental parameters and measur-
ing the efficiency of separate and cumulative influence
of the environmental parameters. On the basis of the
obtained regularities, a cultivation control program is
formed to determine the main and supplementary algo-
rithms of cultivation optimization [14, 15].

By analyzing the capabilities of various systems, it is
possible to determine ranges of their controllability and
build a control algorithm focused on the optimization of
the output parameter.

In practical terms, there is a necessity to analyze the
dynamics of bacterial flora growth in a given environ-
ment. With a high microorganism concentration in a
volume unit, the population influence on the chemical
composition of the environment is very significant and
often plays a decisive role. Special chemostats that en-
sure steady cultivation conditions can be used for quite
an accurate study of the influence of environmental pa-
rameters on the growth of microorganisms [12, 13].

When cultivating in a changing environment, it is
more difficult to analyze the effect of individual factors,
which leads to the ambiguous interpretation of the ob-
tained results. A more detailed picture of the growth of
microorganisms in an environment can be obtained using
the living environment reconstruction method (LER).
Analysis of the dynamics of microflora growth in cheeses
is an example of the application of this method.

The growth of microflora in cheese is assessed by
the results analyzed at different production stages. As
cheese transitions from one stage to the next, it is very
difficult to take into account the influence of various
factors on both the cheese and its microflora. In reality,
as each factor is a time-dependent variable, it is a chal-
lenging task to measure a share of influence that each of
them exerts on the microflora growth.

Additional information relating to the influence of
such factors can be obtained on the basis of the dynam-
ics of changes in the microflora population. For this
purpose, time sampling of the microflora growth at giv-
en intervals must be conducted. The sampling interval
must be proportionate to the period of microorganism

generation, for instance, 0.5 h. A differential curve can
then be built, which, in its simplest form, is a difference
in the microflora population at the previous and the next
sampling interval:

D = Qi+1-Qi.
Ideally, each cell of microorganisms is divided in two:
Qi+1 = 2Qj;

i.e., the population of microorganisms doubles at every
interval.

In practical terms, not all microorganisms are capa-
ble of division.

The division capability is determined by a combina-
tion of factors and can be defined as follows:

Qi+l
Ki=—,
2Qi

where Qi+1 is the number of microorganisms in the
next generation; Qi is the number of microorganisms in
the previous generation; and Ki is a coefficient that
characterizes what portion of microorganisms achieves
their capacity to divide.

This coefficient can be interpreted as a cell division
probability at interval i. This helps calculate the proba-
bility of cell division at every division stage. In this
case, it is more accurate to speak not about the cell divi-
sion probability but about a cell division coefficient at a
given stage, which is a cumulative influence coefficient
embracing all factors affecting the microorganisms.

When the general influence regularities of each fac-
tor on the probability of MO cell division are known, it
is possible to determine the share of influence of each
factor at various stages.

When analyzing a population change as an elemen-
tary process of cell division, the approach based on the
assessment of division probability becomes appropriate.
As a matter of fact, the reproduction of microorganisms
is based on the division of individual microorganisms,
and the population growth, on the whole, depends on
what portions of the microorganisms will divide. In oth-
er words, the division process can be thought of as ran-
dom or stochastic. A cell transition from being undivid-
ed into being divided (two cells) is a discrete process.
The probability of division, in this case, is a function of
a whole number of factors, a time factor being one of
many.

In some cases, this factor can be of paramount im-
portance since normally the microflora growth is de-
scribed in “number”—“time” coordinates.

The use of random processes to describe microor-
ganism growth allows moving on to criterial assess-
ments, which are very important when studying regular-
ities based on the multistage influence of many factors.

When using deterministic functions, any indicator
can be calculated with a 100% certainty by changing its
functionally dependent argument; this, however, cannot
be applied to cell division. Even when dealing with
strictly defined parameters of reproduction environment
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and a strictly selected strain of microorganisms, it can-
not be stated with assurance that a cell will divide into
two cells at a strictly determined interval (for instance,
23.4 minutes). This only means that a cell division pro-
cess can occur within 22-25 minutes under specific
cultivation conditions. In other words, there is a high
probability that a cell will divide between the 22nd and
25th minutes of cultivation. In terms of the strict word-
ing, one should speak of the probability of cell division
within a given timeframe. A cell division probability
curve can be asymmetrical due to the different nature of
restrictions which accelerate or decelerate the division
process. Variations in the cultivation conditions change
both the coordinates of the curve maximum point and
the steepness of the ascending and descending slopes.
When the cultivation conditions move outside of an
optimal zone, the probability decreases; as the distance
grows, the probability value becomes more negligible.
The envelope of these curves represents a biokinetic
zone, i.e., a zone where the existence of microorganisms
with a specified probability is possible.

The cell division probability describes an increment
or, rather, an increment rate over time. To complete the
picture, it is necessary to consider the duration of a cell
reproduction age, which can be quite lengthy but not
lead to the increase in cell population. Finally, an im-
portant element in the overall picture of the growth of
microorganisms is the end of their life or the cell death.

Depending on the environmental conditions, micro-
organisms can stay at each ‘stage of life’ for a different
period. On the whole, life cycle duration for a microor-
ganism can be assessed on the basis of the probabilities
for such microorganisms to stay in three main states.

In mathematical terms, it is not quite appropriate to
use the system of differential equations to describe the
reproduction of microorganisms as it can be used only
for continuous functions, whereas the division process
in itself, as it has been previously stated, is discrete, i.e.
discontinuous.

Speaking about the application of mathematical sys-
tems, it is worth noting that the queuing theory along
with the Markov chains is an effective method of ana-
lyzing the reproduction of microorganisms. [17]

Thus, transition from one state to another can be de-
scribed by calculating the probability or intensity of
transitions. The reproduction process can be represented
as a transition from one state to another.

All microorganisms (cells) can be conventionally
divided into three groups representing different states.
The first group includes microorganisms that are capa-
ble of dividing within the timeframe of one generation
(the productive category).

The second group includes microorganisms that are
presently nonproductive but have the potential to divide
at the next stages (the reversible category). This catego-
ry can be further divided into subcategories depending
on their previous history. This category must include
cells in an adaptation state after division, cells exposed
to mutation or antagonistic pressure from other cells, or
cells deprived of sufficient nutrition, etc. These factors
can be specified when modeling biochemical and bio-
physical processes. In any case, it is assumed that cells
that belong to this category maintain the potential for
future division.

A D i

w0 g DY

Fig. 1. Pattern of microorganism division.

The third group comprises microorganisms whose
reproductive capability is irreversibly lost (the irreversi-
ble group). This group cannot be identified by microbio-
logical tests such as inoculation of media but can distort
the interpretation of the dynamics of growth of microor-
ganisms when the population is measured by nephelo-
metric or turbidimetric analysis. This subtle detail of
using population data should be taken into consideration
as it plays an important role in building an accurate
model and interpreting test results. Regarding lactate
microflora, it is assumed that cells formed as a result of
mother-cell division are equal. Accumulation of defects
leading to infertility of cells happens with an equal de-
gree of probability for both branches that evolve in the
reproduction process. It does not mean a limitless num-

ber of cell divisions even when reproduction conditions
are favorable. Part of a cell population can be exposed
to mutation as a result of errors accumulated during
successive generations, and, consequently, take on new
properties; the other part loses the capability to repro-
duce owing to irreversible changes in the genetic appa-
ratus.

When building a mathematical model of population
development based on the Markov chains, an overall
schematic diagram can be represented by a marked
graph that includes all states of the system with the
specified transition intensities (Fig. 1). The number of
states depends on the complexity of the process model
under consideration.



ISSN 2310-9599 (Online). Foods and Raw Materials Vol.1 (No. 2) 2013

At the initial stage, there is a population containing
D, of microorganisms. Influenced by a combination of
internal and external factors, the population transits into
state V with a number of productive units equal to D,",
thus, distinguishing N (irreversible) and R (reversible)
categories with populations D;" and DR, respectively.
The transition intensity from state K into states V, N,

and R is described by coefficients Ay, (1), A,y U)

and Ay,,(t). The value of these coefficients depends

on the combination of factors that influence the popula-
tion. When there exists a probability of reverse transi-

tions, appropriate coefficientsA,,; can be used to de-

scribe the processes. Each transition may be character-
ized by certain intensities. In this case, based on the
given definitions, part of the reversible category can
replenish the productive category in the next reproduc-
tion period; the remaining part of the reversible category
may transit into the similar category during the future
reproduction process.

In terms of the formal approach, the part of the re-
versible category that transits into the similar category
of the next period can be considered as a part of the
irreversible category as it plays the same role in popula-
tion development as the irreversible group under the
steady process of changing environmental parameters.
However, for building an accurate model and for the
correct interpretation of its behavior during research, the
transition structure should be kept in the state as it is
shown in Fig. 1.

The pattern shown in Fig. 1 can be replaced with a
recursive pattern, i.e., repeating itself at every stage of
reproduction. Then, as was mentioned before, the repro-
duction pattern will have five groups of microorganisms
(five states). In reality, there are three groups involved
in the pattern: productive, reversible nonproductive, and
irreversible nonproductive (dying cells). The fourth and
fifth groups are made of a hypothetical part of microor-
ganisms consisting of microorganisms in a metastable
state and a group that represents a new generation, i.e., a
productive group from the previous generation doubled
in number.

The state graph for such system is shown in Fig. 2.
A group of microorganisms in state S; (the metastable
state) transits into states S, (the reversible group) and Ss
(the irreversible group). Part of microorganisms transits
from state S, into state S; (the productive group). The
intensity of transitions from one state to another is char-

acterized by appropriate coefficients A, .

Fig. 2. State graph of the system of microorganisms.

Based on the assumption that the number of micro-
organisms found in an environment in any state of sys-
tem S; is a random value with an exponential distribu-

tion function and transition intensity at this stage (A;),

the reproduction process corresponding to the flow
graph can be described by a system of equations:

B(1)=(hy — Ay, — A3 + 24, — M) R (D)
P (1) = (A, — AR (7);

R(D) =27;R (1) — A4, R(D);

P, (1) = Ay, Py (1) — 24, P, (7);

B (1) = AP (1),

where P.(1) is probability that a microorganism at time

T isin state S;.

By analyzing the correlation between various transi-
tion probabilities and the number of microorganisms at
different stages of growth and by measuring these pa-
rameters against those of the environment (temperature,
active acidity, oxidation-reduction potential, etc.), it is
possible to determine the degree of influence that each
of them exerts. The obtained results and correlations can
be used in further modeling the growth of microorgan-
isms in different environments, cheese mass being one
of them.

All probabilities can become permanent provided
the cultivation conditions remain invariable.

Trial experiments in modeling the growth of
microorganisms in a closed uncontrolled environment
with a limited supply of nutrients, have proved that a
suitable model created on the basis of the approach
suggested in this article, is quite possible.
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Abstract: The problem of preserving the viability, stability and activity of thermophilic lactic acid bacteria Lactobacil-
lus bulgaricus upon freezing is considered. The effect of different freezing conditions and low-temperature storage on
the biochemical and morphological properties and stability of the DNA of L. delbrueckii ssp. bulgaricus has been inves-
tigated. Sensory evaluation has been carried out for non-frozen bacterial starter cultures containing L. bulgaricus, and
their basic physical and chemical parameters (titratable and active acidity and relative viscosity) have been determined.
The influence of low temperature on these parameters has been investigated. The effect of freezing and low-temperature
storage on the antagonistic activity of L. delbrueckii ssp. bulgaricus strains has been elucidated. The optimum freezing
and storage temperatures for the starters containing L. bulgaricus have been determined.
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INTRODUCTION

The quality of cultured dairy foods depends directly
on their production technology and on proper selection,
preservation, and subsequent culturing of the starter
microflora. The microorganism conservation methods
known today consist in bringing the vegetative cells of
the microorganisms into an anabiotic state. Since these
cells are incapable of passing to the endogenous dor-
mancy state, immersing them into exogenous dormancy
(by drying, lyophilization, freezing, etc.) and bringing
them out of this state produce stressful situations that
cause death of a considerable part of the microorganism
population and lead to phenotypic and genotypic chang-
es. Bacterial cells are known to induce nuclease in re-
sponse to a cold shock, so the lethal effect of low tem-
peratures is due to DNA destruction [1, 2].

Advantages of freezing technologies and low-
temperature storage of bacterial starter cultures over the
other conservation methods are that they are simple and
convenient, require only a small amount of preparative
work, and allow rapid recovery of the stored material
from the frozen state. Compared to drying and lyophi-
lization, freezing causes less damage to microorganism
cultures and leaves them more viable [1, 3-5]. In addi-
tion, freezing rarely induces genetic changes [1, 3, 4, 6].

The purpose of this work was to study the effects of
various freezing temperatures and conditions and low-
temperature storage conditions on the biochemical
properties, enzymatic activity, morphology, and genetic
stability of thermophilic lactic acid microorganisms of
the L. bulgaricus genus.

EXPERIMENTAL

Bacterial starters were obtained from lyophilized
bacterial starter cultures produced by Barnaul’skaya
Biofabrika Co. (L. Bulgaricus; BBV = Bulgarian bacil-
lus, viscous; BBNV = Bulgarian bacillus, nonviscous)
and from the L. bulgaricus strains B-3964, B-6516,
B-3141, B-6543, and B-6515 from the Russian National
Collection of Industrial Microorganisms (RNCIM) at
the Institute of Genetics and Selection of Industrial Mi-
croorganisms.

The lactic acid bacteria culturing medium was re-
constituted nonfat dry milk (RF State Standard GOST R
52090-2003), which had no off-flavors or foreign odors
and did not contain inhibitors.

The milk was sterilized in an autoclave (steam steri-
lizer, DGM-500 model) for 10-15 min at a pressure of
0.1 MPa and a temperature of 121 + 2°C.

The laboratory fermentation starter was prepared
under sterile conditions in an abacterial air environment
PCR box (Laminar-S). Lyophilized starter cultures were
introduced into sterile milk cooled to 38-39°C, which
was then thoroughly stirred. Fermentation was per-
formed in a TSO-1/80 SPU thermostat at 40-41°C until
the formation of a clot of desired quality.

The starter cultures were frozen at -45, -25,
or —10°C in air and in a liquid coolant (ethanol). Freez-
ing was carried out in special-purpose low-temperature
chambers.

The starter culture temperature during freezing was
measured with chromel-copel thermocouples, whose
signal was received by an MVA-8 analog input module
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and an AS-4 interface transformer and was recorded on
a personal computer.

The DNA of lactic acid bacteria was isolated using a
bacterial genomic DNA isolation kit (Sintol, Moscow)
[7]. The 16S rRNA gene was amplified on a Tertsik
amplifier (DNK-Tekhnologiya, Moscow) using thermo-
stable Taq polymerase (SibEnzim, Novosibirsk) accord-
ing to the manufacturer’s recommendations. The fol-
lowing species-specific primers were used in amplifica-
tion: 16SbulF: 5°- CAA CAG AAT CGC ATG ATT
CAA GTT TG (26) and 16SbulR: 5°- ACC GGA AAG
TCC CCA ACACCT A (22) [7].

The antagonistic activity of L. bulgaricus was de-
termined by perpendicular-stroke coculturing [8] on the
surface of dense nutrient medium no. 2. Experiments
were performed on 16- to 16-h-old bacterial cultures
grown in liquid nutrient medium no. 1.

Liquid nutrient medium no. 1 had the following
composition: skim milk hydrolysate (amine nitrogen,
200-250 mg%), 250.0 mL; concentrated yeast autoly-
sate (amine nitrogen, 200-250 mg%), 100.0 mL; agar,
0.8 g; distilled water, to 1 L; 20% NaOH solution, to pH
6.4 = 0.1. Dense nutrient medium no. 2 had the follow-
ing composition: skim milk hydrolysate (amine nitro-
gen, 200-250 mg%), 250.0 mL; concentrated yeast au-
tolysate (amine nitrogen, 200-250 mg%), 100.0 mL;
agar, 20.0 g; distilled water, to 1 L; 20% NaOH solu-
tion, to pH 6.4 £ 0.1.

The morphological properties of thermophilic lactic
acid bacterial cultures were studied by immersion mi-
croscopy using a Rathenow microscope with lens 90.
The specimens were stained by Gram’s method or with
methylene blue.

The following physical and chemical properties of
the laboratory fermentation starters were determined:
titratable and active acidity (pH), relative viscosity at
25°C (measured with Ostwald’s capillary viscometer),
number of viable lactic acid microorganisms (measured
by the limiting dilution analysis), and pathogenic micro-
flora content (quantified according to the USSR State
Standard GOST 9225-84).

RESULTS AND DISCUSSION

The most important properties characterizing the in-
dustrial applicability of a starter culture are its acid pro-
duction capacity and fermentation activity, the structural
and mechanical properties of its clot, the micropattern
and organoleptic properties of the resulting clot, and
viable microflora content.

The bacterial starter cultures obtained in this study
were characterized by a white, delicate, and uniform
clot with slight signs of whey separation. The fermented
milk clots were readily dividable and acquired a uni-
form texture upon stirring. All of the starters had a
pleasant odor, a fermented milk flavor, and no off-
flavors or off-odors. The color of the clot was milk
white and was uniform throughout the product bulk.
There was no pathogenic microflora in the laboratory
starters. The lactic acid microorganism content and
some physical and chemical properties of the fresh bac-
terial starter cultures are listed in Table 1.
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Table 1. Characteristics of the fresh bacterial starters

Bacterial I.‘aCt'C auq Relative
culture microorganism 3 pH viscosity
content, CFU/cm
BBV 6.0 - 10° 42 431
BBNV 3.0-10° 4.2 1.75
B-3964 45-10° 4.2 1.72
B-6516 5.0-10° 4.0 1.80
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Fig. 1. Titratable acidity as a function of fermentation

time: m, BBNV; A, BBV; ¢, B-6516; ¢, B-3964.

The variation of the titratable acidity of milk during
clotting is illustrated in Fig. 1.

All of the bacterial starters had the necessary acidity.
The relative viscosity of the bacterial starter obtained
using BBV was 2.6 times higher than that of the starters
from the nonviscous starter cultures.

The next step of our study was investigation of the
effect of low temperature on the viability of the starter
microorganisms.

The freezing resistance of microorganisms depends
on several factors, including the microorganisms’ genus
and species, the stage of their development, tempera-
ture, freezing rate, freezing medium, and storage time.
The effect of low temperature on microorganisms is
characterized in terms of intracellular and extracellular
changes. The heaviest damage is caused by intracellular
ice formation, which disrupts plasma membranes and
cell walls. In addition, ice formation increases the con-
centration of intracellular and extracellular solutions,
and this leads to protein denaturation and to the disrup-
tion of permeability barriers [2].

The fresh starters were poured into 10-mL test-tubes
under sterile conditions and were then frozen
at —45, 25, or —10°C in air or in the liquid coolant. Af-
ter freezing, the tubes with fermentation starters were
stored in heat-insulated containers at the temperature
equal to the freezing temperature. The frozen starters
were stored for 6 months.

The frozen starters were examined to determine their
microbiological, biochemical, and physicochemical
characteristics. Before being examined, the starters fro-
zen at —10°C were thawed in a refrigeration chamber at
4-8°C. The starters frozen at —25 or —45°C were thawed
in a water bath at 20°C.

The data characterizing the dependence of lactic acid
microorganism content of the laboratory starters on the



ISSN 2310-9599 (Online). Foods and Raw Materials Vol.1 (No. 2) 2013

freezing technique and storage time are presented in
Table 2.

Table 2. Number of L. bulgaricus cells in the starters
after freezing

ganisms in reconstituted dry skim milk. Table 3 lists
acid production activity data for the lactic acid bacterial
cultures frozen in the liquid coolant at —45°C.

Table 3. Acid production activity data for L. bulgaricus
bacteria

Storage | Number of microorganisms, CFU/cm® - 10~°
time, t=-10°C t=-25° t=-45°C Bacterial Fermentation time
days | 1* [ 2~ 1 [ 2 1 [ 2 starter for 100 mL milk + 1 mL starter, h
BBV before freezing after freezing
1 2.19 3.00 450 | 460 | 5.21 | 6.00 BBV 7-8 7-8
14 1.10 2.10 3.30 | 3.80 | 4.00 | 450 BBNV 15-16 16-17
30 0.50 1.30 250 | 3.00 | 3.50 | 3.60 B-3964 10-11 10-12
60 0.08 0.45 150 | 200 | 2.20 | 2.50 B-6516 10-11 10-12
90 0.03 0.12 0.60 | 1.10 | 150 | 1.70
180 |0.009 | 0.009 | 0.30 | 050 | 0.5 | 1.10 These data demonstrate that, after 6-month-long stor-
BBNV age, the starters retained their high biochemical activity;
1 110 | 120 | 1.90 | 2.00 | 250 | 2.70 the fermentation time increased, on the average, by 1 h.
14 1030 | 050 | 1.40 | 1.50 | 2.00 | 2.20 The growth dynamics of the thawed L. bulgaricus cul-
28 g-ég g-gg (1)-%8 (1)-58 11-610 i-gg tures that were frozen in the liquid coolant at —45°C and
50 o007 T0007 T 030 o025 o080 110 were stored for 6 months is illustrated in Fug. 2.
180 [0.003 | 0.005 | 0.12 | 0.20 | 0.30 | 0.50 10,00
* Freezing in air;"* freezing in the liquid coolant. 9,50 -
9,00 A
The freezing temperature and rate and the storage S 8501
temperature can significantly affect the survival of the S 800
microorganisms [9-11]. Throughout the storage period, 2 7,50
the highest survival rate of the microorganisms was ob- 7,00 8
served in the starters frozen and stored in the liquid cool- 6,50 -
ant at —45°C, i.e., at the minimum storage temperature 6,00 : : : : : : :
used in this study. This finding is in agreement with data 2 4 6 8 10 12 14 16 18

of other authors [9-11]. After 6-month-long storage, the
average survival rate of the microorganisms was 17% of
their initial number; that is, the microorganism content
decreased by less than one order of magnitude. The sur-
vival rate of the microorganisms in the starters frozen in
air at —45°C was somewhat lower: in 6 months: their
number was approximately 10 times smaller than their
initial number. The number of microorganisms in the
starters frozen at —25°C was, on the average, 5-10% of
their initial number, depending on the freezing regime.
The lowest survival rate was observed for the microor-
ganisms in the starters frozen at —10°C.

The rather high survival rate of the microorganisms
frozen in the liquid coolant can be explained as follows.
The efficiency of heat transfer in the freezing of the start-
ers in the liquid coolant is much higher than in their
freezing in air. As a consequence, the freezing time for
the starters frozen in the liquid coolant is much shorter
than for the starters frozen in air. Accordingly, the water
crystallization rate for the starters in the liquid coolant is
one order of magnitude higher. These freezing conditions
minimize the destructing factors associated with water
crystallization in the cells and intercellular space, which
cause death of a large number of microorganisms in the
starter.

The high survival rate of the lactic acid microorgan-
isms after freezing does not ensure that they completely
retain their properties and viability. The functional activi-
ty of the starter bacteria was judged from acid formation
intensity data.

The acid formation activity was determined from the
time required to reach pH 4.5 in culturing the microor-
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Time, h

Fig. 2. Growth dynamics of L. bulgaricus cells in milk
fermentation with the (m) BBNV and (A) BBV starter
cultures.

An important physicochemical property of a starter
culture is its viscosity. Fig. 3 shows how the relative
viscosity of BBV starter cultures as a result of freezing
and storage under different conditions.

Mk 4,5 -
40
35
3,0
25 8
2,0 \\lls\ [
15 \\\\.4 I ——
o L\ ST~
05 Nl i S
1
0,0
0 30 60 90 120 150 18¢
days

Fig. 3. Effect of freezing under different conditions on
the relative viscosity of the BBV starter culture.
Freezing in air: (1) —10°C, (3) —25°C, and (5) —45°C.
Freezing in the liquid coolant: (2) —10°C, (4) —25°C,
and (6) —45°C.

These data suggest that the strongest viscosity-
reducing effect is exerted by freezing as such: the rela-
tive viscosity decreases by a factor of 1.2-2.4, depend-
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ing on the kind of starter culture and freezing technique.
The largest, 2.4-fold decrease in relative viscosity was
observed for BBNV frozen in air at —10 C; the smallest
decrease in relative viscosity, for BBV frozen in the
liquid coolant at —45°C. The decrease in relative vis-
cosity of the bacterial starter cultures at —10°C is nearly
independent of whether they were frozen in air or in the
liquid coolant. In 14 days, the relative viscosity of the
bacterial cultures frozen in air decreased, on the aver-
age, by a factor of 4.6 and that of the cultures frozen in
the liquid coolant decreased by a factor of 3.7.

The marked decrease in the relative viscosity of the
bacterial starter cultures frozen in air or in the liquid
coolant at —10°C is due to the fact that slow freezing
yields large ice crystals outside the cells, thus changing
the initial ratio of the volumes of the intercellular and
intracellular spaces through water redistribution and
water-to-ice transition.

In extracellular ice formation, the growth of ice crys-
tals in the intercellular space reduces the cell size. This
leads to cell compression and to the formation of folds
in the cell wall, causing mechanical damage to the pro-
toplasm. The dehydration of the cell can lead to intimate
contact between protoplasm layers located opposite to
one another. As water enters the cell during thawing, the
joined walls separate. This is often accompanied by
protoplasm separation from the walls, with damage
happening to the protoplasm structure [2, 9, 10, 12]. The
disruption of the structure of the object being frozen
causes a dramatic decrease in its viscosity.

Long-term storage of the frozen starters at —10°C
leads to the growth of larger crystals through a decrease
in the size of smaller crystals (recrystallization). In turn,
this causes a still severer structural disruption in the
frozen object. The viscous starter cultures BBV dis-
played a larger decrease in relative viscosity than the
nonviscous ones. Upon 6-month-long storage, the rela-
tive viscosity of BBV frozen in air decreased by a factor
of 45, while that of the nonviscous cultures decreased
by a factor of 25 and 16, respectively.

The smallest decrease in viscosity was observed for
the starter cultures frozen at —45°C. Upon 6-month-long
storage, the relative viscosity of the starter cultures frozen
in air decreased by a factor 3.8 and that of the cultures
frozen in the liquid coolant decreased by a factor of 2.
This insignificant decrease in the liquid viscosity is due to
the high freezing rate. Rapid cooling (to —25°C or —45°C)
prevents considerable water and solute redistribution by
diffusion and favors the formation of small, uniformly
distributed ice crystals, thus causing the least possible
damage to the structure of the object.

The genetic stability of the lactic acid microorgan-
isms in the bacterial starter cultures frozen at different
temperatures and under different conditions was evalu-
ated in terms of preservation of morphological and bio-
chemical properties and antagonistic activity, as well as
in terms of the retention of the molecular weight of, and
the number of fragments in, the DNA of the bacteria—
information gained using genus-specific primers (16S
for-16S rev) [7].

Cell morphology depends on many factors, includ-
ing the culturing conditions, the age of the culture, and
the composition of the medium. In the culturing of L.

bulgaricus in the MRS Agar medium, the bacteria ap-
pear as bacilli, either separate or aggregated in chains.
Figure 4 shows the micrographs of the lactic acid starter
cultures recorded before their freezing and after their
freezing and 6-month-long storage.

(@) (b)

(c) (d)
Fig. 4. Morphology of L. bulgaricus cells: (a) nonfrozen
BBV, (b) nonfrozen BBNV, and (c, d) BBNV frozen
and stored for 6 months at (c) —10 and (d) —45°C.

Considerable morphological changes were observed
for all starter cultures frozen in air in all temperatures
regimes and for the cultures frozen at —10°C in the lig-
uid coolant. The microorganisms after freezing had
curved cell walls, and most of then were separate. The
BBNV starter cultures had lost their volutin granules,
which were retained only in rare cases (Fig. 4c).

After freezing in the liquid coolant at —25 or —45°C,
microorganisms with affected cell walls occurred
sparsely, mostly in viscous starter cultures, and were
separate or chained, and some of the bacilli had an
elongated shape. Cells without volutin granules were
observed in the BBNV cultures (Fig. 4f). Therefore, the
freezing and low-temperature storage conditions were
nondestructive.

We studied the antagonistic activity of L. delbrueckii
ssp. bulgaricus strains contained in the starter cultures
that had been frozen at —45°C in the liquid coolant and
had been stored for 6 months. All of the strains retained a
high antagonistic activity: the test bacteria growth sup-
pression zone changed, on the average, by only 1-2mm
(Table 4).

Table 4. Antagonistic activity of the L. bulgaricus cul-
tures before and after freezing

Growth suppression zone, mm (g + 1.0)

Sh. S. Proteus | Proteus
Flexneri | aureus | vulgaris | mirabilis
B-3964 | 22/20 -/- 26/24 | 23/20 19/16
B-6516 | 13/11 | 12/10 917 19/18 17/15

RNCIM
number | E. coli

In the study of the biochemical properties of the fro-
zen bacterial starter cultures, it was observed that the
saccharolytic activity of the lactic bacteria in the frozen
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cultures was unchanged (Table 5).

Table 5. Biochemical properties of L. delbrueckii ssp. bulgaricus strains

%ééaaé%%%;a%@é%éé
2 |58 |g|g|&|s|<s|e|ls|&|g|=|s|5|<c|3|F
s |3 || S| S| g|S|l2 | |8 |3|e|E|8|%|&|z
£ O O = a4 = < < S
[7p]
B-3964 - - + - - - - - - - - - - - - -
B-6516 — — + + — + — — — — — — — — — —
1 2 3 4 5 6 commercially valuable L. delbruesckii ssp. bulgaricus
strains (B-3964, B-6516, B-3141, B-6543, and B-6515).
Single-strain L. delbruesckii ssp. bulgaricus cultures
were poured into 10-mL glass test-tubes under sterile
conditions and were frozen at —45°C in the liquid cool-
ant. The frozen starter cultures were stored in heat-
S insulated containers at —45°C for 6 months.

The DNA of the five L. delbruesckii ssp.bulgaricus
600 strains was isolated via a procedure suggested by Be-
T spomestnykh et al. [7]. Figure 5 shows the electropho-
regram of the products of amplification of a DNA frag-
ment of the 16S rRNA gene with the species-specific
primers 16SbulF and 16SbulR for the five strains of the
lactic acid bacteria frozen and stored for 6 months.

The electrophoresis data indicate that the molecular
weight and the number of DNA fragments of the DNA
of the bacteria are not affected by freezing and 6-month-
long storage and, therefore, the lactic acid bacteria must
have retained their morphological and biochemical

Fig. 5. Electrophoregram of the products of amplifica-
tion of a DNA fragment of the 16S rRNA gene of
L. bulgaricus bacteria: (1) B-6543, (2) B-6515,
(3) B-6516, (4) B-3964, (5) B-3141, and (6) Medigene
molecular weight marker.

We investigated the effect of freezing and lowtem-
perature storage on the stability of the DNA of five

properties.

These data suggest that temperatures of —25 to —
45°C are optimal for freezing and storage of the starter
cultures of the thermopbhilic lactic acid bacteria L. bul-
garicus. After thawing, the starters that were stored un-
der these conditions afford fermented milk products
with a sufficiently dense clot, good organoleptic proper-
ties, and a high concentration of viable microorganisms.
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Abstract: A method for determining the stress resistance of slaughter animals by measuring the electric conductivity of
the Tan-Fu biologically active point has been developed. The possibility of preventing the formation of signs of PSE
and DFD properties in meat of stress-sensitive animals through the inclusion of succinic acid and a motherwort extract
into their diet has been explored. A method for predicting the quality of meat of slaughter animals while they are alive
has been developed. The possibility of using electrochemically activated water for proving consumer properties of meat
products from feedstocks exhibiting an anomalous autolysis behavior has been explored.
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INTRODUCTION

At present, the problem of identification, prevention,
and processing of meat feedstock exhibiting an anoma-
lous autolysis behavior—the so-called meat with PSE
(pale, soft, and exudative; pH < 5.2), DFD (dark, firm,
and dry; pH > 6.4), and RSE properties (red, soft, and
exudative; pH = 5.5)—is of high priority [1].

According to calculations of scientists, about
800 000 tons of DFD beef and 1 125 000 tons of PSE
pork are used annually at domestic enterprises (the data
are based on calculations of the NP Konsalting). It is
obvious that the major portion of this meat makes the
production of quality products problematic. For exam-
ple, the use of PSE meat leads to an increase in the
moisture loss during heat treatments and to the occur-
rence of a pale color, a sour taste, and an unusual tex-
ture of this type of product. Although DFD meat exhib-
its high moisture-retaining capacity (MRC) and water
binding capacity (WBC), the use of this meat results in
an increase in the duration of salting and the formation
of a harsh texture of the product. Therefore, it is rec-
ommended that meat with signs of PSE properties in
combination with DFD meat, plant protein preparations,
and alkaline phosphates should be used in the uncooked
smoked sausage technology. Meat with DFD properties
is used in the production of cooked sausages, frozen
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ready-to-cook foods, and meat products with high
yields.

The formation of meat with anomalies in autolysis is
caused by a variety of factors and can occur during both
production and processing [2, 3].

A significant effect on the probability of occurrence
of defects is exerted by the fat content in the feedstock,
which is true for both pork and beef. The probability of
occurrence of DFD properties is high in beef containing
less than 4% of muscle fat. Selective breeding of meat-
type pigs aimed at changing the ratio between the muscle
and fat tissues (from 1 : 1to 1 : 0.5) has led to an increase
in the amount of exudative and dense dry pork [4].

Another case of the formation of meat with a non-
conventional quality is the violation of hormonal home-
ostasis of animals owing to hormonal stimulants (repro-
ductive hormones and their counterparts in the form of
synthetic hormone-like compounds) that are used to
accelerate the growth and development processes and
improve the digestibility of the feeding stuff.

One of the factors of the formation of meat with an
abnormal quality is the lack of protein and minerals in
the diet and physical inactivity in the case of an inten-
sive technology of breeding and feeding of farm ani-
mals.

Meat with defects is largely determined by the geno-
type of the animal. The quality of meat significantly
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varies depending on the breed and species of slaughter
animals.

One of the main causes of the formation of meat ex-
hibiting an anomalous autolysis behavior is the effect of
stress factors on the body of slaughter animals. There
are the following stress factors:

- Physical (temperature, humidity, solar and ionizing
radiation, noise, air motion).

- Chemical (an increase in the concentration of am-
monia, hydrogen sulfide, carbon dioxide, and other gas-
es in the air; chemicals used in livestock breeding and
crop production).

- Psychic (ranking stresses in the struggle for domi-
nance in a group of animals kept in loose housing sys-
tems to establish a hierarchical order and determine the
leader of the group).

- Transport (loading and unloading, transportation of
animals by various means of transport).

- Technological (weighing, weaning young stock
from their mothers, crowded housing, small fronts of
feeding and watering, mistreatment of animals, in-
creased noise from the operation of machinery, long-
term drives, sharp changes in housing conditions, etc.).

The above stress factors, or stressors, can be de-
scribed as unfavorable housing conditions that can
cause a stress under which the hormonal homeostasis of
animals changes [5]. Farm animals of the same breed
and species respond differently to the effects of stress
factors. Animals are divided into sensitive and resistant
to stress factors [5, 6]. Stress-sensitive animals are char-
acterized by meat with PSE and DFD properties.

In view of the above, the current focus of research in
the field of quality of meat products is the development
of methods for determining the stress resistance of ani-
mals, the prevention and reduction of the negative ef-
fects of stresses on stress-sensitive animals, the devel-
opment of reliable methods for identifying meat into
groups with PSE and DFD properties, and, accordingly,
quality assurance for meat products from feedstocks
exhibiting an anomalous autolysis behavior.

The aim of this study is to prevent the formation of
meat feedstock with defects in stress-sensitive animals,
to identify meat with an anomalous autolysis behavior,
and to improve the processing characteristics of meat
systems.

To implement this objective, it is necessary to solve
the following problems:

- To develop a method for determining the stress re-
sistance of slaughter animals.

- To prevent the formation of meat with signs of
PSE and DFD properties under the action of stress fac-
tors on stress-sensitive animals.

- To develop a method for identifying meat with an
anomalous autolysis behavior.

- To explore the possibility of using electrochemical-
ly activated (ECA) water to provide a high quality of
products from feedstocks exhibiting an anomalous au-
tolysis behavior.

MATERIALS AND METHODS
The following objects were studied:
- slaughter animals (bull-calves of a black-and-white
breed);
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- beef (the shoulder portion of the carcass and
longissimus dorsi muscle after aging for 24 h);

- ECA water (anolyte);

- "Russkaya" cooked sausage samples.

Organoleptic, physicochemical, biochemical, micro-
biological, and instrumental methods of research were
used.

The blood glucose level was determined by an ortho-
toluidine method based on the interaction between the
aldehyde group of glucose and the amino group of ortho-
toluidine in an acid environment with the appearance of a
blue-green color.

The sampling was conducted according to GOST
(State Standard) R 51447-99 (ISO 3100-1-91) "Meat and
meat products: Sampling methods."

The organoleptic analysis was conducted in accord-
ance with GOST (State Standard) 7269-79 "Meat: Sam-
pling methods and organoleptic methods for determining
the freshness."

The pH value was determined by the potentiometric
method according to GOST (State Standard) R 51478-99
(ISO 2917-74) "Meat and meat products: A test method
for determining the hydrogen ion concentration (pH)."

The glycogen content was determined from the color
reaction with anthrone, which is based on the hydrolysis
of proteins with an alkali, the isolation of glycogen from
the solution with ethyl alcohol, its washing and dissolv-
ing, reaction with anthrone, and the development of
color with the subsequent measurement of its intensity.

The content of lactic acid was determined through
the sedimentation of proteins and carbohydrates, heating
with sulfuric acid, the development of a color reaction
with veratrole, and measurement of the color intensity.

The WBC of meat was studied from the amount of
bound water by the Grau—Hamm press-method in the
modification of the All-Russia Research Institute of
Meat Industry (VNIIMP).

The safety of the product was estimated in accord-
ance with SanPin 2.3.2.1078-01 "Hygienic requirements
for the safety and nutritional value of food products."

RESULTS AND DISCUSSION

A few methods for determining the stress resistance
of farm animals are currently used. Thus, the stress re-
sistance of cows is estimated from the pattern of milk
ejection during machine milking; this parameter for pigs
is determined according to the response of the animals
after subcutaneous injection of turpentine. In addition,
the stress resistance of cattle is determined under load-
ing with adrenocorticotropic hormone (Thorn test). Pre-
liminarily, the amount of eosinophils in the blood is
counted; after that, adrenocorticotropic hormone is in-
tramuscularly injected in a dose of 25 units per 100 kg
of live weight, and the amount of eosinophils in the
blood is counted again after 2 and 4 h. A decrease in the
number of cells by more than 50% and the failure to
return to the initial state after 4 h suggest that the animal
is highly sensitive to stresses.

A generally accepted method for determining the
stress resistance of bull-calves is based on the level of
cortisol in the blood. Animals with high stress resistance
exhibit a rapid normalization of homeostasis: even in
30 min after the occurrence of stress reaction, the
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amount of cortisol returns to the initial level; for ani-
mals with low stress resistance, a high content of plasma
cortisol is observed for a long time.

We have developed a method for determining the
stress resistance according to the electric conductivity of
the Tan-Fu biologically active point (BAT) responsible
for the activities of the cardiovascular system, because it
is the most sensitive to the impact of stress factors.

Animals with a difference of potentials in the BAT
of less than 5 pA are regarded as stress-resistant. Ani-
mals exhibiting a difference of potentials in the Tan-Fu
BAT of 2-4 pA are stress-adaptable. Animals having
this parameter at a level of more than 4 pA are stress-
sensitive.

Tests of 95 bull-calves of a black-and-white breed at
the age of 18 months have revealed that 46 animals
(48%) are stress-sensitive, 28 animals (30%) are stress-
adaptable, and 21 animals (22%) are stress-resistant.
The novelty of the engineering solution is protected by
RF patent no. 2 292 197 "A method for determining the
stress resistance of bull-calves” [6].

The next stage of our studies was the prevention of
the formation of meat with an anomalous autolysis be-
havior caused by a transport stress of stress-sensitive
animals.

For the experiment, two groups of ten stress-
sensitive slaughter animals in each were formed (bull-
calves of a black-and-white breed at the age of
16 months).

The animals were transported to a distance of
110 km. Before the transportation, the bull-calves of the
first group received their basic diet; the basic diet of the
animals of the second group was enriched in succinic
acid a dose of 100 mg/kg, and a motherwort herb extract
in an amount of 50 mg/kg in the form of a 10% aqueous
solution was injected into these animals during 10 days
prior to transportation. The motherwort extract was
manufactured at the OOO NPP Erakond-Ural according
to the technology for producing extracts from plant raw
materials (RF patent no. 2 456 825).

During transportation, the animals were in a state of
stress: the body temperature, respiratory rate, and cardiac
rate were increased. Table 1 shows the clinical data for
the animals subjected to tests.

The results of examination of the clinical data under
stress are consistent with the results of foreign authors
[7-9].

It is evident from Table 2 that the introduction of a
motherwort extract and succinic acid into the diet of
slaughter animals reduces the live weight losses under
transport stresses (Table 2).

The results of studying the quality of meat of the
stress-sensitive bull-calves of the control group and the
group treated with succinic acid and a motherwort extract
are shown in Table 3.

The deep brown color of the meat of the stress-
sensitive animals of the first group is caused by the
mechanism of stress development. Thus, at the stage of
anxiety, or the stage of mobilization (this is the first short-
term phase of the stress), the secretion of adrenaline in
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creases, which enhances the heart activity. Red blood
cells are released into the bloodstream to help the respira-
tory system to absorb oxygen. Therefore, if animals are in
a state of stress during slaughter, then a higher amount of
hemoglobin remains in their meat, which subsequently
leads to the formation of a dark color.

Table 1. Clinical and physiological data of stress-
sensitive bull-calves of the control group and the group
treated with succinic acid and a motherwort extract
(X £ mx; n =10)

G Temperature, |Pulse, beats per| Respiratory rate
roup o . -
C minute per minute
Before transportation
1 37.70 £0.02 68.5+2.2 294+ 1.5
2 37.70 £0.05 673+2.5 28.7+1.3
In 1 h after transportation
1 3830+£0.04 | 76.3+2.1% 353 4+ 1.0%*
2 37.90 +£0.03 75.0 £2.4%* 322+1.8
In 24 h after transportation
1 38.2+£0.02 | 75.1£1.9%* 30.5 1.6
2 37.70 £ 0.04 684+£2.5 28.0+1.5

Hereinafter, the value is significant: " at P < 0.05; " at P <
0.01;and  at P <0.001.

Table 2. Losses of live weight of bull-calves of the con-
trol group and the group treated with succinic acid and a
motherwort extract (X + Sx; n = 10)

parameter 1Group of anlmals2
Body weight of animals
before transportation, kg 341.0+25 3403+21
Body weight of gnimals 318.2 £ 3.1%%% | 3094 = 3.2%*
after transportation, kg ) ) ' )
Live weight losses during 228 10.9
transportation, kg ) '
Live weight losses, % 6.7 3.2

A motherwort extract regulates the functional state of
the central nervous system, decreases the secretion of
adrenaline and thereby has a calming effect and reduces
the nervous irritability during stress. Therefore, the ani-
mals of the second group were less susceptible to the
effects of stress factors; their hormonal status was nor-
mal; this subsequently had a positive impact on the or-
ganoleptic parameters.

During stress, the functional activity of the anterior
pituitary and adrenal cortex increases and the secretion of
adrenocorticotropic hormone (ACTH) increases mani-
fold; under the action of thereof, the incretory activity of
the adrenal cortex enhances, which contributes to a rapid
arrival of corticosteroid hormones in the bloodstream.
Glucocorticoids and mineralocorticoids (they are also
referred to as adaptive hormones) complement each other
and are involved in the organization of a protective re-
sponse. During stress, glucocorticoids increase the blood
glucose level. However, the stores of carbohydrates in the
body are limited and rapidly consumed. Therefore, before
transportation, the animals received succinic acid as a
source of energy.
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Table 3. Quality of meat of the stress-sensitive bull-
calves of the control group and the group treated with
succinic acid and a motherwort extract (X = Sx; n = 10)

Group of animals

finger levels out
slowly.

Parameter 1 >
Color Deep brown Red-pink
Elastic, dense. A | Elastic, dense. A
pit formed under | pit formed under
Texture pressing with a pressing with a

finger levels out
rapidly.

Flavor of meat

Specific, charac-
teristic of fresh

Specific, charac-
teristic of fresh

meat meat
Cooking test
- flavor of broth Aromatic Aromatic
- transparency Turbid Transparent
- flocculation Significant Insignificant
o f?)fgggfng Satisfactory Good
pH 6.5+0.1 58+0.1%
Glycogen, mg% 12.1 £2.7 860.1 £ 15.7%**
Lactic acid, mg% 1184 +12.0 948.1 +£10.1*
WBC, % 67.9+3.5 61.1+£2.0

It has been found that the amount of the energetic
material—glycogen—in the meat of the bull-calves of
the second group was significantly higher. The decom-
position of glycogen during anaerobic glycolysis yields
lactic acid, which leads to a shift of pH to the acidic
side. The content of lactic acid in the meat samples of
the first and second groups was at a level of 118.4 and
948.1 mg%, respectively.

The pH value characterizes the level of ionization of
the amino groups of the protein molecule and predeter-
mines the ratio between charged and uncharged groups,
which affects the amount of hydrophilic centers and,
accordingly, the WBC value. The last-mentioned quan-
tity changes the rheological properties, organoleptic
parameters, structure, and degree of stability of meat
products during storage.

The results of the studies have shown that, in 24 h
after slaughter, the pH value of the meat was 6.5 for the
bull-calves of the first group and 5.8 for the animals of
the second group against the background of the use of
succinic acid and a motherwort extract. The beef sam-
ples obtained from the first group of bull-calves had a
high WBC (67.9%), which is characteristic of meat
feedstocks with DFD properties.

Thus, the treatment of stress-sensitive slaughter an-
imals with succinic acid and a motherwort extract hin-
ders the formation of meat with anomalies in autolysis.

The most important criteria for estimating the meat
exhibiting an anomalous autolysis behavior are organo-
leptic biochemical parameters and processing proper-
ties.

A significant contribution to the identification of
meat feedstocks into quality groups was made by for-
eign scientists Eikelenboom, Smuldes, Ruderus,
Hawrysh, Shand, Wolfe [10, 11], etc.

One of the methods for controlling the nutritional
value of meat involves the butchering of animals, the
sampling of the test specimen, and the subsequent con-
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trol of the nutritional value of meat by sorting carcasses
into groups of meat with a normal nutritional value
(NOR) and PSE and DFD properties. The gist of this
method is that, after the bleeding of carcasses (during
butchering), the free activity of tissue proteinase—
cathepsin D—is determined in the muscle tissue; meat
with the cathepsin D activity of less than 0.05 uM/h ¢ g of
protein is regarded as meat with a normal nutritional val-
ue; the cathepsin D activity of 0.05-0.075 uM/h * g of
protein is characteristic of meat with DFD properties; and
the cathepsin D activity of more than 0.075 uM/h « g of
protein is typical for meat with PSE properties [12].

Another method consists in the exposure to an elec-
tric current and the measurement of the pH value. Yet
another method is based on the sampling of the test
specimen, the exposure to electromagnetic radiation of a
given wavelength range, and the measurement of the
parameter that correlates with the quality of meat, i.e.,
the ratio between reflection intensities of the test speci-
men and the reference, which are measured using a col-
or comparator (KTsSh). In this case, the quality of meat
is controlled with allowance for the derived values of
this ratio. The ratio of 1.05-1.0 characterizes NOR
meat; the ratio of 1.2-1.25 is typical for DFD meat; and
the ratio of 0.9-0.95 is characteristic of PSE meat [12].

The generally accepted method for classifying meat
feedstocks into groups of PSE, DFD, and NOR quality
is based on the measurement of pH values in 1 and 24 h
after the slaughter of the animal [13].

The method developed in the United Kingdom
makes it possible to classify meat into quality groups
according to the scattering of light passing through the
probe placed in the meat.

Canadian researchers use a portable spectropho-
tometer to derive reflection spectra in a wavelength
range of 400-700 nm. The measurement data correlate
with the quality factors for meat with DFD and PSE
properties.

Polish specialists have developed a method for de-
termining the quality of beef in slaughter lines, which is
based on the rapid glycolysis of meat. In this case, 3 ¢
of the muscle tissue is mixed with 20 mL of calcium
chloride and 20 mL of magnesium chloride; after that,
the pH value is measured to classify meat into quality
groups [3].

Another method for identifying meat with a noncon-
ventional quality is based on the measurement of the
electric conductivity of biologically active points of
animals while they are alive [14].

Each of the above methods has certain disad-
vantages, and their practical use is fairly limited. There-
fore, the development of reliable and affordable meth-
ods is an urgent problem.

We have developed a method for predicting the
quality of meat of slaughter animals while they are
alive. The method consists in the following. The blood
glucose content of animals is determined at the begin-
ning of the preslaughter holding; after that, they are
given to drink a 10% glucose solution in a dose of 2 L
per 100 kg of live weight, and the analysis is repeated
after 24 h. If the measured value is higher than the ini-
tial one, then it is concluded that the animal is prone to
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the formation of meat with anomalies in autolysis.

To verify the method, an experiment was conducted.
Two groups of 20 slaughter animals in each were
formed (bull-calves of a black-and-white breed at the
age of 16 months). The first group was a control group.
At the beginning of the preslaughter holding, the ani-
mals of the second group were given to drink a 10%
glucose solution in the above dose. Within 24 h of the
preslaughter holding, the glucose content in the control
group significantly decreased to 2.7 mmol/L compared
to a value of 3.1 mmol/L at the beginning of the pres-
laughter holding; this is attributed to the fact that the
animals were not fed. In the test group, the glucose con-
tent returned to the initial level of 2.3-3.9 mmol/L for
ten animals, became higher—3.9-4.13 mmol/L—for six
animals, and became lower than the initial level for four
animals.

The results of the post-slaughter measurement of pH
in the longissimus dorsi muscle are shown in Table 4.

Table 4. Classification of meat into quality groups

Number Blood glu- pH of meat in Quality
of cose content, 45 min after group of

animals mmol/L slaughter meat
4 2.14-2.2 5.3-5.7 PSE
10 2.3-3.9 5.3-6.2 NOR
6 3.9-4.13 6.4-6.6 DFD

After 45 min, the pH of the meat of the slaughter an-
imals with a low glucose content (2.14-2.2 mmol/L)
was 5.3-5.7, which is indicative of meat with PSE
properties; six animals had a pH value of more than
6.4 (meat with DFD properties), and only ten animals
had a normal pH value.

Thus, the use of the proposed engineering solution
makes it possible to classify the quality of meat of
slaughter animals while they are alive into three
groups—PSE, DFD, and NOR—Dby treating the slaugh-
ter animals with a 10% solution of glucose and measur-
ing its content in their blood.

It is recommended that meat with DFD properties
should be used in the production of cooked sausages. It
should be noted that meat products from this meat feed-
stock are unstable to microbiological spoilage because
of high WBC and pH values.

To provide a high quality of meat products, phos-
phates of different brands are used, in particular, "Al-
bright," "Puromix," and "Puron," which give the possi-
bility to compensate for the defects of meat feedstock
(PSE and DFD).

Therefore, the providing of a high quality of meat
products during storage is of current concern.

The shelf life of cooked sausages in natural casings
is up to 5 days at a storage temperature of 0—6°C and a
relative air humidity of no high than 75%.

Studies on the use of ECA water for the production
of cooked sausages from meat feedstock with signs of
DFD properties were conducted.

For the experiment, an experimental batch of the
"Russkaya" cooked sausage was produced according to
GOST (State Standard) R 52196-03. The shelf life of
the sausage is 5 days. The first group (control) was pro-
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duced according to the conventional technology and
formulation, while the second group of the sausage
samples was prepared using ECA water.

The sausage samples were placed in a storage room
(t° of 0—-4°C; relative air humidity of 75%).

The storage ability of the sausage was determined
from organoleptic and microbiological parameters, per-
oxide value, pH value, and the results of microscopic
studies.

ECA water (anolyte with a pH value of 2.5 from
drinking water) was used for the preparation of the
cooked sausages. The use of the anolyte in the produc-
tion of cooked sausages is attributed to a high pH value
of the meat feedstock.

Figure 1 shows the results of the organoleptic esti-
mate of the control and test samples of the cooked sau-
sages after storage for 5 days (in points).

g » Appearance

8

texture ¢

7.8 > color
Y

flavor” “taste

s cONLTO|
test

Fig. 1. Organoleptic estimate of the cooked sausages
after storage for 5 days (in points).

It is evident from Fig. 1 that the test samples of the
cooked sausages were superior to the control samples in
color and texture.

After storage for 5 days, the sausage samples of the
control and test groups met the requirements
of SanPiN 2.3.2 1078-01.

Table 5 shows the organoleptic parameters of the
cooked sausages after storage for 10 days.

The organoleptic studies have revealed that, after 10
days, the sausage samples of the control group had an
unpleasant taste and odor and a gray-green color. The
sausage filling of the product was softened and loose. All
the examined organoleptic parameters of the sausage of
the test group were within normal limits.

One of the important criteria of the freshness of meat
products is the pH value.

It has been found that the sausages of the first group,
after storage for 3 and 5 days, have a pH value of 5.2 and
5.8, while the normal value for a fresh product is 5.0-6.8;
after 10 days, their pH is 7.0, which corresponds to sau-
sages of dubious freshness. This is probably attributed to
the accumulation of metabolic products of microorgan-
isms that cause the breakdown of proteins (amines, nitro-
gen bases, ammonia). After storage for 10 days, the me-
dium’s reaction of the test cooked sausage samples is at a
level of 6.4.
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Table 5. Organoleptic parameters of the cooked sausages after storage for 10 days

tened and loose.

. Group
Parameter Requirements of GOST R 52196- 1 (control) | 2 (tesh)
2003
Actual
Loaves with a clean dry surface free Loaves with a clean dry surface
Outward from stains, slips, casing damage, | Loaves with a moist surface and sticky |free from stains, slips, casing dam-
appearance | sausage filling overflows, broth and casing age, sausage filling overflows,
fat pockets broth and fat pockets
Texture elastic The sausage filling of the product is sof- elastic

Cross sectional
view of the
sausage filling

The sausage filling is light pink to
dark pink in color with no gray
stains; it is homogeneous, uniformly
mixed and has inclusions of lard no
larger than 6 mm.

of the loaf is light pink to greenish in

uniformly mixed and has inclusions of
lard no larger than 6 mm.

The sausage filling taken from the surface| The sausage filling is light pink to

dark pink in color with no gray

color with gray stains; it is homogeneous, |stains; it is homogeneous, uniform-

ly mixed and has inclusions of lard
no larger than 6 mm.

Pleasant, characteristic of this type

of product, free from foreign flavor

and odor, with a pronounced flavor
of spices.

Taste and
flavor

Unpleasant odor, slightly sour taste

Pleasant, characteristic of this type

of product, free from foreign flavor

and odor, with a pronounced flavor
of spices.

An increase in the peroxide and acid values of the
sausages during storage was not observed.

One of the main causes of spoilage of meat products
is the development of residual microflora in sausage

products during storage.
Table 6 shows the microbiological parameters of the
cooked sausages after storage for 10 days.

Table 6. Microbiological parameters of the cooked sausages after storage for 10 days

Norm according to SanPuN Group
Parameter 2.3.21078-01 1 (control) 2 (test)
QMAFANnM, CFU/g, no more 1x10° 15 x 10° 15 x 10!
CGB (coliforms) in 1.0 g not allowed not detected not detected
sulfite-reducing clostridia in 0.01 g not allowed not detected not detected
S.aureusin1.0g not allowed not detected not detected
Pathogenic, particularly salmonellas, in 25 g not allowed not detected not detected

After storage for 10 days, the control cooked sau-
sage samples do not meet the regulatory requirements.
Thus, the amount of QMAFANM is 15 x 10° CFU/g,
while the norm is no more than 1 x 10° CFU/g; hence,
the studied product is unfit for sale and consumption. At
the same time, the test cooked sausage samples do not
exhibit deviations in the microbiological parameters.

Analysis of the microbiological studies suggests that
the use of ECA water in the production of cooked sau-
sages constrains the development of pathogenic micro-
flora in the product.

Fig. 2. Microstructure of the cooked sausage samples
after storage for 5 days (control).

Fig. 3. Microstructure of the cooked sausage samples
after storage for 10 days (control).

The microstructure of the cooked sausage during
storage was studied. Microscopically, the sausage is a
homogeneous amorphous finely grained mass with large
particles of fat, dispersed inclusions of fibers of the
transversely striated muscle tissue, and fragments of
loose and dense connective tissue.

Figure 2 shows the cooked sausage of the control
group after storage for 5 days.

A cluster of cocci and colonies of yeast fungi are ev-
ident in Fig. 3.
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Fig. 4. Microstructure of the cooked sausage samples
after storage for 5 days (test).

Thus, on the basis of the studies, a method for de-
termining the stress resistance of slaughter animals has
been developed. It has been shown that the meat of
stress-sensitive bull-calves under transport stress is
characterized by DFD defects. The use of succinic acid
and a motherwort extract in the diet of slaughter animals
before transportation makes it possible to hinder the
formation of meat with a nonconventional quality. A
method for predicting meat with PSE, DFD, and NOR
properties has been described. It has been shown that
ECA water can be used in the production of meat prod-

Fig. 5. Microstructure of the cooked sausage samples
after storage for 10 days (test).

All the studied pieces (Figs. 4, 5) contain individual
colonies of cocci. The fragments of the connective tis-
sue exhibit the monotony of perception of histological
stains; however, the nuclei are clearly visible.

Thus, the use of ECA water in the production of
cooked sausages has a positive effect on the shelf life of
products from feedstocks with DFD properties.
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Abstract: The existing patented technologies of the production of lactulose were analyzed, and leading producers were
defined. Crystalline lactulose was produced via the spray drying of lactulose solutions with various mass fractions of
solids. The principal dependences of the finished product output on the drying temperature, the solution flow rate, the
air flow rate generated by an aspirator, and the gas spray rate were studied. The results of analyzing the presented de-
pendences allowed us to determine the optimal mass fraction of solids in a solution for spray drying. The results of
studying the quantitative parameters of dry lactulose, including hygroscopicity, particle size, moisture content, and fin-
ished product solubility index, were presented.
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international quality standard [5].

INTRODUCTION The leading company in the world market of lactu-
Lactulose is a carbohydrate that belongs to the class lose is Morinaga Milk Industry (Japan) dealing with the
of oligosaccharides and the subclass of disaccharides. problems of studying the properties of lactulose and the
Its molecule consists of the galactose and fructose moie- development of methods for its production since 1953,
ties. Lactulose is obtained from milk sugar (lactose) via i.e., for more than 60 years.
the deep processing of milk. Lactulose is a white odor- The market of lactulose in the Russian Federation
less sweet crystalline substance, which is well soluble in has generally been represented by the pharmaceutical
water [1]. preparations of foreign production until now. OO0
Lactulose is a carbohydrate, which is indigestible in Shekhon-Laktuloze that produces lactulose syrup with a
the gastrointestinal tract, but usable by beneficial micro- mass fraction of solids of no less than 66% is recog-
flora as a nutritious substrate [2]. nized to be the only large-capacity producer of lactulose
The bifidogenic properties of lactulose were first re- in the Russian Federation.
vealed and studied by F. Petuely, a British pediatrician, It is considered that dry lactulose powders are more
who has succeeded in separating lactulose from human technological in use [5]. However, the problem of the
breast milk and also in establishing its beneficial effect production of crystalline lactulose has not completely
on the destroyed microbiocenosis of the gastrointestinal been solved in Russia until now. However, a number of
tract of artificially fed babies and their general health technologies have already been patented.
[3]. According to patent data, the key problem in the ex-
Lactulose is currently classified as a classic prebi- isting technologies of the spray drying of lactulose solu-
otic. The general principle of its effect consists in reduc- tions is the presence of binders, and the amorphous
ing the amount of pathogenic bacteria, such as powder obtained at the outlet has high hygroscopicity.
Escherichia coli and Staphylococcus. Moreover, lactu- The analysis of the existing patented technologies and
lose stimulates the growth of probiotic bacteria, such as parameters of the drying of lactulose solutions is given
Bifidobacterium, which are known to produce a positive in Table 1.
effect [4]. The analysis of the performed patent studies shows
According to research data, the world production of that among the disadvantages of the production of dry
lactulose preparations is currently 20 000 t/year, and lactulose preparations by spray drying is a lowered con-
over 5% of produced lactulose is used for this purpose. tent of lactulose in a product due to different catalysts
The assortment of lactulose preparations includes over and binders that are added to reduce hygroscopicity and
ten items. Japan alone produces three types of syrups accelerate the process. The growth of price due to the
and two types of crystalline lactulose that satisfy the incorporation  of  fillers is also  noteworthy.
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Table 1. Technologies and parameters of the drying of lactulose solutions with various mass fractions of solids

Drying parameters

Patent name technology temperature, °C | time, h auxiliary
components
A process for the production of lactulose powder . 0.3-% cOPPUAKY
(United States) [6] Spray drying 80-150 B solution
A method for the production of lactulose-
containing powder and its application in fodders. . 3 B Potassium
A method for the production of lactulose- Spray drying 95-140 3 hydroxide
containing powder (Japan, Great Britain) [7, 8]
A method for the purification of lactulose syrup - .
(Japan) [9] Lyophilic drying 90-120 4-5 -
A method for the separation of lactulose.
A method for t_he_ production of non-hygroscqplc Vacuum drying below 80 1 Ethanol
lactulose-containing powder (Japan, United
States) [10, 11]
A composition on the basis of plant fibers and . .
lactulose (United States) [12, 13] Spray drying 60-90 6 Alginates
A method for the production of solid lactulose Solution inspissation, 80-100 57 B
(United States) [14] milling, crushing
A method for the production of crystalline Vaporization, cooling, .
lactulose (Unites States) [15] crystallization >0-60 100-120 | Lactulose trihydrate

The methods of the production of crystalline lactu-
lose forms are very laborious, so the prices of prepara-
tions grow by 1-2 orders of magnitude in comparison
with syrups. For the reason of the abovesaid, it is topical
to study the spray drying of lactulose solutions with the
purpose of establishing the optimal parameters, which
will help us to obtain a product with high qualitative
characteristics without fillers. The fact that import prep-
arations have a rather high price in addition to “nature-
identical” ingredients will provide the competitiveness
of a product.

In this connection, we have studied the spray drying
of lactulose solutions.

OBJECTS AND METHODS OF STUDY

At different stages of our work, the objects of study
were (1) solutions with a mass fraction of lactulose of
20-60%; and (2) dry lactulose with a mass fraction of
lactulose of 40%.

They were prepared from a solution with a mass
fraction of lactulose of 50% via its dilution to 20—40%
and additional inspissation to obtain a solution with a
mass fraction of lactulose of 60%.

The solutions were dried on a Mini Spray Dryer B-290
setup (BUCHI Labortechnick AG) with the possibility of
adjusting the flow rate of a working solution and the veloc-
ity of a spraying flow. The setup allows the production of a
finished product with a particle size of 1-25 um. The mate-
rials that come into contact with a product are acid-proof
stainless steel, borosilicate glass, and silicone. The tech-
nical characteristics of the drier are given in Table 2.

The directions of the sprayed sample and the drying
air coincide in the standard operational mode of the dry-
er. The pressure in the system is subatmospheric to pre-
vent the contamination of a product in the case of leaks.

The spray drying setup is schematized in Fig. 1. The
heating of the supplied gas and two-flow nozzle 1 are
controlled by Fuzzy-Logic microprocessor automatic
device 2 with a digital display and a PT-100 tempera-
ture detector, which provides a high accuracy of tem-
perature adjustment. The solution is passed through the
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nozzle spraying it into smallest drops and enters cham-
ber 3, in which the process of drying occurs. The parti-
cles entrained by the gas flow move into cyclone 4,
where they are separated under gravity. The setup is
equipped by filter 5 that rejects small particles and aspi-
rator 6 that creates the air flow. The view of the setup is
shown in Fig. 2.

Table 2. Technical characteristics of the experimental
spray drying setup

Characteristic Value
Voltage 200/230 V; 50-60 Hz
Maximum air flow rate 35 m’h
Motor control Frequency transducer
Maximum inlet temperature 220°C
Heating power 2300 W

PT-100; Fuzzy
Logic; temperature
control accuracy,
+3°C

Heating control

RS-232 for the
transmission of all
parameters

Serial interface

Compressed air,

Sprayed gas 200-1000 dm*/h,
5-8 bar

Nozzle hole diameter 0.7 mm

Nozzle cap diameter 1.4and 1.5 mm

Average residence time 1.0-15s

Dimensions, width x length x height | 60 x 50 x 110 cm

Weight 48 kg

The mass fraction of solids in lactulose solutions
was determined refractometrically according to GOST
(State Standard) 24908-84.

The mass fraction of lactulose and other carbohy-
drates in solutions and dry lactulose was determined by
gas-liquid chromatography (GLC), as it is an available
and well-proven technique of the analysis for carbohy-
drates. It is based on the conversion of saccharides into
volatile trimethylsilyl derivatives and their subsequent
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separation on a GLC column and analysis with a flame
ionization detector.
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Fig. 1. Scheme of the spray drying setup: (1) nozzle,
(2) heater, (3) spray chamber (cylinder), (4) cyclone,
(5) filter, (6) aspirator.

Fig. 2. Spray drying setup.

The essence of the methods consists in the follow-
ing. An analyzed sample after preliminary drying and
skimming is treated with N-trimethylsilylimidazole at a
temperature of 60-70°C for 1-2 h. A precisely dosed
volume of hexane, the excess of which is hydrolyzed
with water, is then added to the mixture, thereupon a
hexane phase aliquot is injected into a chromatograph.
Carbohydrates are separated on a packed column with a
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polar phase in the isothermal regime. Monosaccharides
go out with solvent background, lactose goes out in the
form of two peaks corresponding to o- and S-anomers,
and lactulose goes out in the form of a single peak.

The content of lactulose and lactose was calculated
by the inner standard method with precalibration.

The quality of the finished product was estimated by
such characteristics as particle size, moisture content,
solubility index, and hygroscopicity.

The solubility index was determined in compliance
with GOST (State Standard) 30305.4.95.

The particle size was determined via the microscopy
of a lactulose sample on an AxioVert.Al inverted mi-
croscope (Carl Zeiss AG) with a magnification of X40.

The moisture content was determined using a Chi-
zhova instrument.

The operating principle of the instrument consists in
exsiccation via the vaporization of a raw material sam-
ple by its heating at a required temperature for a speci-
fied period of time. The exsiccation of samples is per-
formed in special packages of loosely glued duplicator
or newsprint paper.

A precisely weighed 4—6-g portion of dry lactulose
was placed into a paper package, which was dried and
weighed on an analytical balance with an accuracy of up
to 0.01 g, and uniformly spread over the entire surface
of the package. Paper filters of 11-12.5 mm in diameter
were used to manufacture the packages.

The package with its content was weighed and
placed between the plates of the drier. Drying at a tem-
perature of 80 = 0.5°C lasted for 5 min. The dried pack-
age with lactulose was cooled to room temperature in a
desiccator and then weighed.

The moisture content in dry lactulose was deter-
mined by the formula (1):

M, -M

2 %100, @)

W

where M; is the mass of the package with a lactulose
portion before drying, g, M, is the mass of the package
with a lactulose portion after drying, g, and M is the
mass of a lactulose portion taken for drying, g.

The hygroscopicity of dry lactulose powders was de-
termined using a desiccator with 3 cm® of water poured
on its bottom.

The precisely weighed portion of lactulose in a
weighting bottle was placed into a desiccator. No more
than 6 weighting bottles were uniformly arranged over
the entire surface of the desiccator insertion. The
weighting bottles placed into the desiccator were
opened, and their stoppers were placed near them. The
desiccator was closed with a cover.

The weighting bottles were allowed to stand in the
desiccator for 20 h at a temperature of 25 &+ 2°C. Then
they were closed with stoppers, taken out of the desicca-
tor, and weighed.

The hygroscopicity of dry lactulose was determined
by the formula (2)

M, — M

2 %100, @)

X:
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where M; is the mass of the weighing bottle with a lac-
tulose portion after moistening, g, M, is the mass of the
weighing bottle with a lactulose portion before weigh-
ing, g, and M is the mass of a lactulose portion, g.

We performed two parallel estimations, the results
of which were used to calculate the arithmetic mean
with an error of less than 0.1%.

RESULTS AND DISCUSSION
Temperature is a principal factor governing the pro-
cess of drying. The dependences of the product output
on the drying temperature are plotted in Fig. 3. The
product output is the quantity of the finished product in
percents of the mass fraction of solids in an initial solu-
tion.
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Fig. 3. Product output versus drying temperature at a
mass fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.

The analysis of the curves plotted in Fig. 3 shows
that the product output grows within a temperature
range of 40-140°C. The product output decreases at a
heating temperature above 140°C due to such a property
of lactulose as the ability to caramelize. At temperatures
of 150°C and above, dried crystals adhere to the walls
of the drier, thus forming the layer that prevents the
accumulation of the finished product.

It has been established that the finished product out-
put increases twice during the drying of solutions with a
mass fraction of lactulose of 40-60% in comparison
with the drying of solutions with a mass fraction of lac-
tulose of 20 and 30%. However, no appreciable differ-
ence between the product outputs in the drying of 40-,
50-, and 60-% solutions has been revealed also due to
the effect of caramelization.

Another factor that has an effect on the product out-
put is the solution flow rate. The dependences of the
finished product output on the solution flow rate are
plotted in Fig. 4.

The dependences plotted in Fig. 4 show that the fin-
ished product output grows with an increase in the solu-
tion flow rate up to 5-7 ml/min. The flow rate of
1-3 ml/min is optimal for solutions with a mass fraction
of lactulose of 20 and 30%, but the product output in
this case is only 21 + 2 and 27 + 2%, respectively, being
twice lower than for solutions with a mass fraction of
lactulose of 40-60%. The optimal flow rate for them is
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5-7 ml/min. The higher is the solution flow rate, the less
is the time spent on the process of drying, so the solu-
tion flow rate of 5-7 ml/min and the mass fraction of
lactulose in a solution of 40-60% are an optimal propor-
tion.
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Fig. 4. Product output versus solution flow rate at a
mass fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.

Among the principal factors that have an effect on
the drying of lactulose is also the air flow rate provided
by an aspirator. The aspirator is used to suck air for dry-
ing needs in or blow it out through the heater. The de-
pendence of the finished product output on the air flow
rate is plotted in Fig. 5.
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Fig. 5. Product output versus air flow rate at a mass
fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.

The curves plotted in Fig. 5 show the growth of the
product output with an increase in the air flow rate up to
15 m3/h. This is due to the fact that the higher is the air
flow rate provided by the aspirator, the faster the parti-
cles entrained by this flow will enter the catcher. The air
flow rate of no less than 15 m%h is optimal for all solu-
tions. The product output considerably grows for the
drying of solutions with a mass fraction of lactulose of
40-60% in comparison with 20- and 30-% lactulose
solutions (40.3 and 20.1-26.8%, respectively).

Analyzing the data obtained by studying the depend-
ence of the finished product output on the principal dry-
ing parameters, we have established that the maximum
productivity of the setup is provided for the drying of
solutions with a mass fraction of lactulose of 40—60%.
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The finished product output and the process time are
important factors that govern the drying productivity
(Table 3).

Table 3. Output and average duration for the drying of
solutions with different mass fraction of lactulose

Mass

fraction of Maximum Experimental Specific

lactulose in | product output progtrjlcg/oglfput dtmgg

a solution, | (theoretical), % 2 N
% theoretical) ml/min
20 24.8 20.1 045+5
30 37.2 26.8 0.55+5
40 49.6 40.3 0.65+5
50 62.0 40.3 0.75+5
60 74.4 40.3 0.85+5

The data given in Table 3 show the growth of the
finished product output with an increase in the mass
fraction of lactulose in solutions, and the drying time
also grows.

The analysis of the data given in Table 3 shows that
it is more reasonable to dry a 40-% lactulose solution, as
the process time is minimal and the output of crystalline
lactulose is maximal.

The quality of the finished product was estimated by
such parameters as particle size, moisture content, solu-
bility index, and hygroscopicity.
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Fig. 6. Moisture content versus drying temperature at a
mass fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.

The change of the moisture content in lactulose de-
pending on the solution drying temperature is illustrated
in Fig. 6.

The analysis of the curves plotted in Fig. 6 allows us
to conclude that the moisture content in the finished
product decreases with an increase in the drying tem-
perature and the mass fraction of lactulose in a solution.

The analysis of literature and patent sources shows
that the optimal moisture content in crystalline lactulose
is less than 7%. Such moisture content values were ob-
tained for the drying of all solutions at a temperature of
120°C and higher.

However, the air flow rate also has an effect on the
moisture content in addition to the drying temperature.
This is explained by the fact that the drying efficiency
grows with increasing air flow intensity, thus reducing
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the residual moisture in a product and, consequently, the
moisture content (Fig. 7).
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Fig. 7. Moisture content versus air flow rate at a mass
fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, (5) 60%.

From the analysis of the curves plotted in Fig. 7 it
can be established that the moisture content in the fin-
ished product decreases with an increase in the air flow
rate and the mass fraction of lactulose. The optimal air
flow rate for the standard moisture content that must not
exceed 7% and solutions with a mass fraction of lactu-
lose of 40-60% is no less than 35 m%h. The standard
parameters for the drying of 20-30-% solutions can be
attained only at air flow rates of higher than 25 m%h.
However, according to Fig. 5, the drying of solutions
with mass fractions of 40-60% is most reasonable.

Another factor that has an effect on the moisture
content in the finished product is the solution flow rate,
as the partial pressure of water vapor also grows with an
increase in this parameter. The change of the moisture
content in the finished product depending on the solu-
tion flow rate is illustrated in Fig. 8.

As shown by the curves plotted in Fig. 8, the mois-
ture content in lactulose grows with an increase in the
flow rate of the solution fed to the setup. At required
moisture content values of no more than 7%, the flow
rate is 1.5-3 ml/min for solutions with a mass fraction
of lactulose of 20-30% and 4.5—7 ml/min for 40—60-%
solutions. Relying on the earlier obtained data, we can
conclude that the product output grows with increasing
solution flow rate and, consequently, it is reasonable to
dry solutions with a mass fraction of 40—60%.

The following parameter that has an effect on the
quality of the finished product is the particle size, as the
solubility index and hygroscopicity of dry lactulose di-
rectly depend on this parameter.

The dependences of the particle size on the solution
flow rate are plotted in Fig. 9.

The curves plotted in Fig. 9 show that the particle
size of the finished product grows with an increase in
the solution flow rate and the mass fraction of lactulose
in a solution. In compliance with the required particle
size of 7-10 um, the optimal flow rate is 5-10, 1-5, and
1 ml/min for a solution with a mass fraction of lactulose
of 40, 50, and 60%, respectively. The maximum particle
size of the finished product for the drying of solutions
with a mass fraction of 20-30% is up to 5 gm.
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Fig. 8. Moisture content versus flow rate at a mass frac-

tion of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.
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Fig. 9. Particle size versus solution flow rate at a mass
fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, and (5) 60%.
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Fig. 10. Particle size versus gas spray rate at a mass
fraction of lactulose of (1) 20, (2) 30, (3) 40,
(4) 50, (5) 60%.

Alongside with the solution flow rate, the gas spray
rate has a great effect on the particle size. When this
parameter is increased, sprayed liquid drops become
smaller and, correspondingly, the particle size of the
finished product is also reduced (Fig. 10).

According to the curves plotted in Fig. 10, the particle
size becomes smaller with increasing gas spray rate.
Knowing that the required particle size is 7-10 um, we
have established the optimal gas spray rate range of 500—
700 dm®/h for a solution with a mass fraction of lactulose
40%, as the particle size of the finished product for the
drying of solutions with a mass fraction of lactulose of
20, 30, 50, and 60% does not meet requirements. The
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drying of a 40-% lactulose solution at a specified gas
spray rate allows us to obtain a product with a particle
size corresponding to the solubility indices (Table 4).

Table 4. Solubility index and hygroscopicity of lactu-
lose with different particle sizes

Mass fraction . Solubility index, -
.| Particle 3 - Hygroscopicity,
of lactulose in | _. cm® of moist o
- size, um P %
a solution, % precipitate
20 1-2 0.10£0.05 25+5
30 3-5 0.15+0.05 20£5
40 7-10 0.20 £0.05 10£5
50 11-15 0.30 +0.05 5+5
60 16-25 0.30 + 0.05 1+5
et Product
output, %

e |\/0iStUrE
content,
wt %

100 120 140 160 180 200
Drying temperature, °C

@
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Fig. 11. Optimal parameters for solutions with a lactu-
lose mass fraction of 40%: (a) temperature, (b) flow
rate, (c) air flow rate.

The data of Table 4 show that the solubility index
grows with increasing particle size and, consequently,
the solubility of a product with a greater particle size
becomes worse. The obtained lactulose meet the re-
quirements to nutrient carbohydrates, whose solubility
index must not exceed 0.4-0.5 cm® of moist precipitate.
The hygroscopicity of a product decreases with an in-
crease in the mass fraction of lactulose in a solution.

With the data obtained from the analysis of the
curves shown in Figs. 6-10, it becomes clear that the
drying of solutions with a mass fraction of lactulose of
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40% is most rational, as confirmed by the results of
studying the finished product output (Figs. 3-5).

Analyzing the above considered data on the princi-
pal factors responsible for the process of drying, let us
construct the summary plot of the optimal parameters
for the selected solution with a mass fraction of lactu-
lose of 40%. When specifying the drying temperature,
we took into account the moisture content in the fin-
ished product and its output (Fig. 11).

To determine the solution flow rate values, we con-
sidered such parameters as the moisture content in the
finished product and its output and particle size (Fig.
11b). It has been established that the flow rate of
5-7 ml/min is optimal.

The optimal air flow rates are plotted in Fig. 11c.
The optimal range of air flow rates of 15-25 m/h has
been established.According to the data plotted in Fig.
11a, the finished product output is maximal at a drying
temperature of 140-160°C, and the moisture content
meets the requirements at 120—160°C. Hence, the tem-
peratures of 140-160°C are optimal. To confirm the
results of studying the qualitative characteristics of dry
lactulose, the obtained sample and the initial lactulose
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1 360
2 375
3 415
4 435
5 457
6 e-lactose 1221
7 lactulose 1430
8 a-lactose 1514
9 f-lactose 1899
In sum

solution were subjected to chromatographic analysis.
The GLC method has been selected for this purpose, as
it has high precision and resolution and allows the quan-
titative and qualitative analysis for lactulose in the pres-
ence of a- and g-lactulose, galactose, glucose, tagatose,
fructose, and other carbohydrates (Figs. 12 and 13). The
abscissa is the chromatographic run time (mobile phase
volume), and the ordinate is the analytical signal, which
depends on the concentration of components in the elu-
ent (response).

From the data shown in Figs. 12 and 13 it can be
established that the concentration of lactulose is 40.4%
in the initial syrup and 64.2% in the finished product.
Hence, we have managed to increase the concentration
of lactulose by more than 20% using the method of

spray drying.
Among the advantages of dry lactulose are precise
dosing, compactness, packing and transportation

convenience, prolonged storage, and the possibility of
its target application in the form of a solution. Dry
lactulose forms have a considerable advantage in
medicine: the preparation is well-digestible due to its
large active area of contact in the gastrointestinal tract.
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Height Area Concentration Dose
35 56.3 8.9 1.0
2.8 46.8 7.4 1.0
7.7 117.6 6.0 1.0
4.2 58.8 3.0 1.0
13.4 214.6 10.9 1.0
1.4 52.2 2.6 1.0
16.6 1126.7 40.4 1.0
33 164.8 114 1.0
2.0 1334 6.8 1.0

54.7 1971.3 100.0

Fig. 12. GLC pattern of a lactulose solution with a mass fraction of solids of 40%.
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Fig. 13. GLC pattern of dry lactulose.
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Abstract: The aim of this study was to develop probiotic fermented goat milk. Goat milk was inoculated with single
(Bifidobacterium longum and Lactobacillus acidophilus) and mixed cultures containing Bifidobacterium longum and
Lactobacillus acidophilus. Goat milk was pasteurized at 95°C for 5 min, cooled to 37+1°C, and inoculated with the
required culture before incubation. The combined culture B. longum : L. acidophilus (8 : 1) was used when it had at-
tained a pH 4.5+2 and a titratable acidity 65-70. Goat milk for fermented milk was sterilized at 120°C for 10 min,
cooled to 37°C, and inoculated with 8—10% of the bifidobacterium culture, and goat milk was pasteurized at 95°C for
20 min, cooled to 42°C, and inoculated with 3% of the L. acidophilus culture. The cultures were used when they at-
tained pH 4.3 and 4.5 and titratable acidity between 56 and 800T. The developed technology of fermented milks and the
characteristics of fermented goat milk were studied. According to the findings, we concluded that fermented goat milk
was balanced by the amino acid content and products of high biological value. Fermented goat milk with the expected
beneficial health effect is based on a high concentration of probiotic bacteria.

Key words: probiotics, Bifidobacterium longum, Lactobacillus acidophilus, amino acids, biological value
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no acids, minerals, and vitamins, as well as the

INTRODUCTION fractional structure of whey proteins in this goat milk.

Fermented milk enriched with probiotic bacteria has We also determined toxic elements and radio nucleoids
developed into a very successful category of functional in goat milk to assess safety. Moreover, we studied the
foods. technological properties of goat milk.

In recent years, interest has increasingly focused on The objective of this study was to evaluate the effect
foods that affect health positively beyond their nutri- of the starter cultures (Bifidobacterium longum and Lac-
tional value. Among these functional foods, much atten- tobacillus acidophilus) during the manufacture of fer-
tion has been given to probiotic products. Probiotic mented goat milk, grown separately as single species
foods contain microorganisms or components of micro- and in combination with bacteria for probiotic produc-
bial cells that have a beneficial effect on the health and tion. Then the characteristics of products manufactured
well-being of the consumer host [5]. The viability of from fermented goat milk were studied.
probiotic bacteria of high counts (at least 10" cfu/g, or
cfu/mL, of product) is recognized as an important re- MATERIALS AND METHODS
quirement during the manufacturing and marketing of The object of the study was goat milk from private
probiotic foods in order to achieve the claimed health farms. The starter cultures, Bifidobacterium longum and
benefits. Lactobacillus acidophilus, were obtained from Chr.

Goat milk has been described as having a higher di- Hansen Laboratories (Copenhagen, Denmark) and were
gestibility and lower allergenic properties than cow used to develop the technology of fermented milks.
milk. In addition, goat milk has been attributed with Chemical analysis. The pH value was measured
certain therapeutic values in human nutrition [1]. using an pH meter. Total acidity percentage (as lactic

According to statistical data, the livestock popula- acid), fat, protein, lactose, and total solids were deter-
tion in Mongolia increased to 42 million head. The goat mined according to AOAC (2000).
population is increasing especially due to the growing Total bacterial counts were determined by using
price of cashmere in the world market. Therefore, the plate count agar according to the Standard Methods for
goat milk recourse is increasing in Mongolia. the Examination of Dairy Products [2, Case et al.].

In order to organize the industrial processing of goat The amino acid composition was determined using
milk and the production of dairy products in Mongolia, the automatic amino acid analyzer LG-5000 (Germany),
we have studied the chemical composition of the goat based on ion-exchange chromatography. For the estima-
milk of the Mongolian breed, especially to identify ami- tion of protein quality, the irreplaceable amino acid
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score was evaluated using the following formula
[FAO/WHQ].

RESULTS AND DISCUSSION

At present, probiotic products manufactured from
B. longum and L. acidophilus are practiced widely.
The combined culture was prepared from Bifidobacte-
rium longum and Lactobacillus acidophilus in a particu-
lar proportion (2:1; 5:1; 8:1). The characteristics of the
combined cultures were studied. Results are shown in
Table 1.

Table 1. Selection the optimal proportion of culture in
the combined starter culture

Incuba- - Viability bacterial count
Rate of tion time, Ac(lelty, pH L (Iog_cfu/g)
culture h T Bifidobacteria L.
(B. longum) | acidophilus
2:1 45 73-78 |464| 7x107 4x10°
5:1 6.0 70-75 |4.72| 5x10° 3x 108
8:1 75 60-65 |4.80| 3x10° 2x 108

According to the data in the table, the duration of
fermentation for different cultures was 4.5-7.5 hours.

The findings show that the viable cell count of the
combined culture was quite high, 2 x 10° cfu/g.

Therefore, the 8 : 1 ratio of the cultures was selected
to develop a fermented milk technology. Probiotic fer-
mented milk was prepared from fresh goat milk.

The development of B. longum, L. acidophilus, and
B. longum : L. acidophilus (8 : 1) cultures was inoculat-
ed at 10.3 and 4% and was followed by measuring
changes in titratable acidity and pH. At the first stage,
the prepared fermented combined culture was used.

The goat milk was pasteurized at 95°C for 5 min,
cooled to 37+1°C, and inoculated with the required cul-
ture before incubation. The combined culture B. longum
: L. acidophilus (8 : 1) was used when it attained pH
4.5+2 and titratable acidity 65—70.

The next stage of preparing fermented milk used two
different starter cultures.

Goat milk for fermented milk was sterilized at
120°C for 10 min, cooled to 37°C, and inoculated with
8-10% of the bifidobacterium culture, and goat milk
was pasteurized at 95°C for 20 min, cooled to 42°C, and
inoculated with 3% of the L. acidophilus culture.

The cultures were used when they attained pH 4.3
and 4.5 and a titratable acidity between 56 and 80°T.

The developed technology of fermented milks and
the characteristics of fermented goat milk were studied.

Biological value of fermented milk. The quality of
foodstuffs is characterized by their chemical composi-
tion, physical properties, and nutrient and biological
values. For all this, biological value is the most im-
portant parameter as it determines how products corre-
spond to the optimal needs of human physiological
norms.

As we all know, biological value reflects the quality
of protien components in products and the level of
balance in amino acidity composition.

Proteins in some traditional foodstuffs and in foods
obtained from new sources differ in the content of irre-
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placeable amino acids. Therefore, their amino acidity
was calculated for evaluating the biological value of
fermented milk (Table 4).

Table 2. Physicochemical and microbiological charac-
teristics of fermented goat milk

Fermented milk
With With With
Parameter L. bifido combined
acidophilus | bacteria culture
Fat, % 3.5 3.5 35
Protein, % 3.3 3.3 3.3
Acidity, °T 80 56 70
Bacterial count, 108 109 109
( cfu/g)

Table 3. Free amino acid compositions of goat
fermented milk

Fermented milk
Amino With With With
acids, % L. bifido combined
Acidophilus bacteria culture
Valine 5.5 6.7 6.9
Isoleucine 3.9 3.8 6.2
Leucine 8.7 8.4 9.1
Lysine 7.3 7.2 75
Methionine +
Cystine 6.4 6.7 3.7
Tryptophane 13 1.6 1.8
Threonine 4.48 4.87 4.9
Phenylalanine +
. 8.43 8.63 94
Tyrosine
Alanine 3.85 3.34 3.6
Arginine 7.48 7.44 35
Aspartate 7.54 7.55 6.9
Hystidine 2.95 2.95 24.9
Glycine 1.95 3.04 2.1
Glutamate 14.24 13.64 22.0
Proline 5.06 4,91 10.6
Serine 3.97 3.55 5.7

Table 4. Irreplaceable amino acids of fermented goat milk

Amino Fermented milk
- With L. Aci- | With bifido |With combined
acids, % : .
dophilus bacteria culture
Valine 122.6 108.0 133.7
Leucine 143.6 140.5 124.0
Isoleucine 109.6 104.5 145.6
Lysine 134.2 130.1 131.2
Methionine + | ;5 ) 110.2 118.9
Cystine
Threonine 133.5 122.6 133.7
Tryptophane 144.3 156.0 124.0
Phenylalanine | 4, 137.3 145.6
+ Tyrosine

The biological value of protein is characterized to a consid-
erable extent by the content of irreplaceable amino acids
compared to the “ideal” FAO/WHO protein.

The data in the table show that irreplaceable amino ac-
ids in fermented milks are well balanced.
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CONCLUSIONS fermented goat milk products were balanced in their
According to the results of the study, we concluded that amino acid content and were of a high biological value.
The fermented goat milk retains high counts from added
probiotics, which are recommended to produce thera-
peutic effects.
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Abstract: The effect of substrate on mycelium growth, the optimal composition of the culture medium, and the optimal
cultivation conditions for Streptomyces ornatus S 1220 have been investigated in the present work. The specific activity
of keratinase has been monitored during cultivation and activity variation caused by addition of various salts to the cul-
tivation medium has been analyzed. The results of the optimization study are reported and successful use of the culture
studied in the present work in processes performed on an industrial scale is anticipated.
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INTRODUCTION

The amount of secondary raw material obtained dur-
ing slaughter and processing of poultry can be as high as
45% of the live weight of the birds. Most of this materi-
al is constituted by down and feathers, which have a
high biological value, since they contain about 85%
keratin.

Keratins are abundant proteins found in epithelial
cells. They are major structural components of skin,
nails, hair, feathers, and wool. Analysis of the amino
acid composition of keratins shows that these proteins
are a rich source of essential amino acids. However, the
transformation of natural keratin into a digestible form
is problematic, since keratins are fibrillar proteins and
their mechanical stability is higher than that of all other
materials of biological origin except chitin. The conven-
tional techniques used for the processing of keratin-
containing raw materials are neither efficient nor ration-
al. The use of physical and chemical processing meth-
ods can result in formation of various toxic substances,
as well as in loss of up to 75% of protein. Consequently,
novel procedures for the processing and efficient use of
the secondary raw material are needed.

Enzymatic methods for the processing of protein-
containing raw materials, which became available due to
the development of biotechnology, allow for the preser-
vation of all essential amino acids. The use of ready-
made enzyme preparations on an industrial scale can lead
to a significant increase in costs and expenses, and there-
fore it is necessary to find solutions which enable the
minimization of processing costs for the keratin-
containing raw material. The use of live microorgan
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ism cultures in the processing of keratin-containing raw
material allows for a reduction of the processing costs.
The bioconversion method involves cultivation of the
enzyme-producing strains on a substrate formed by the
raw material to be processed. High efficiency of the sub-
sequent decomposition of the substrate can be attained if
this method is used. Selection of the optimal enzyme-
producing microorganism and the optimal cultivation
conditions is necessary in order to increase the rate and
efficiency of bioconversion employing this method.

With the requirements concerning the strain and its
functional efficiency taken into account, we chose the
keratinase-producing strain  Streptomyces ornatus
S 1220. Simple composition and low cost of cultivation
media, high levels of keratinase production, short culti-
vation time, and high enzyme yield [4] were the primary
reasons for the choice of this strain.

The aim of the present work, formulated with the
current problems taken into account, was to define the
optimal composition of the cultivation medium provid-
ing for a high biomass yield of Streptomyces ornatus
S 1220, to determine the most appropriate cultivation
temperature and the period during which the rate of bi-
omass accumulation is the highest, and to assess the
effect of chemical additives on the specific enzyme ac-
tivity. The tasks to be fulfilled in order to achieve the
aim included analysis of the chemical composition of
feathers, characterization of the effect of complex culti-
vation media on the yield of keratinase produced by the
microorganism, analysis of environmental effects on the
growth and productivity of the microorganism under
investigation, and optimization of the cultivation pa-
rameters established.
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MATERIALS AND METHODS

The concentration of cations in the feathers was de-
termined using a Kapel’-105 capillary electrophoresis
system, a VSL-200 laboratory balance, and an SM-50
centrifuge. Total nitrogen/protein concentration was
determined using a Rapid N cube total nitrogen/protein
analyzer and a VSL-200 laboratory balance. Protein
content in the biomass was determined according to
European standards using a RAPID N ELEMENTAR
protein analyzer. The method is based on combustion of
a pre-weighed portion of the substance under investiga-
tion. The combustion performed in the presence of oxy-
gen at a high temperature (approximately 900°C) results
in the formation of carbon dioxide, water, and nitrogen;
the amount of the latter is measured by the device.

The nutrient media used in the present work includ-
ed starch-based medium (GOST (State Standard) R
52060-2003), selective Czapek medium (TU (Technical
Specifications) 9229-014-00419789-95), and meat-
peptone agar (MPA, GOST (State Standard)-17206-96).
The effect of chemicals present in the substrate on the
increase of the specific keratinase activity was assessed
using cultivation of Streptomyces ornatus S 1220 on
nutrient broth supplemented with one of the following
salts: NaCl, KH,POQ,, or CaCO3. Keratinase activity was
assayed using a modification-based method: namely,
200 mg of ground feathers (rinsed with chloroform and
water and air-dried) were mixed with 10 mL of 0.05 M
borate buffer, pH 9.0, and 1 mL of culture filtrate, shak-
en vigorously and incubated at 37 + 1°C for 3 hours in
order for keratin hydrolysis to occur. Two control incu-
bations were started simultaneously in order to assess
the solubility of feathers in the buffer and the content of
soluble protein in the culture medium. Residual non-
cleaved protein was precipitated by trichloroacetic acid
(TCA) and separated by filtration. The optical density at
the wavelength of 340 nm was measured in the filtrate.
The amount of cleaved protein (ng/cm®) per 1 h of incu-
bation with the culture medium was determined using a
calibration curve constructed using serum albumin solu-
tions.

RESULTS AND DISCUSSION

The total content of protein in the feathers was ap-
proximately 87.5% by mass, as determined in the exper-
iments described above. The content of cations in the
feathers was determined as well. The results are shown
in Table 1.

Investigation of the composition of the feathers con-
firmed that feathers are a product of high biological
value and showed that they contain cations essential for
the growth of the streptomycete [4].

Temperature is among the most dramatic effects ex-
erted on a living organism by the environment. A living
organism adapts to specific temperature conditions.
Temperature determines the growth rate of a microor-
ganism and has an impact on all aspects of its physio-
logical functioning. The growth rate of microorganisms
can either decrease or increase as the temperature
changes. Since the reported optimal temperature for
mycelial growth is about 30°C [3], we cultivated the
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microorganisms at 30 £ 1 or 37 + 1°C on one of the
three culture media: starch agar, MPA, or Czapek medi-
um. Inoculated plates were placed in a thermostat at
temperatures indicated above.

Table 1. Mass concentration of cations in feather

Hydro- Cation Content of
Iyzate concentration | Average the cation
Parameter volume in the samsple, value,3 in the
mL mg/dm mg/dm® | sample,
1 2 x+A, g/kg
Potassium 125 6.861 | 6.794 | 6.828 |17.07+1.72
Sodium 125 16.888 |16.675| 16.782 |41.96+4.22
Magnesium| 125 1.795 | 1.775 | 1.785 [4.46+0.45
Calcium 125 8.933 | 8.357 | 8.645 |21.61+0.22

The most suitable medium and temperature for bio-
mass expansion were established by cultivating Strep-
tomyces ornatus S 1220 on media described above for 7
days and measuring the protein content in the biomass.
The colonies grown on the plates were counted and the
concentration of microorganisms per 1 g biomass was
determined. The amount of biomass was maximal after
7 days of cultivation on all three culture media tested,
but the rate of biomass accumulation was maximal dur-
ing the first three days of cultivation and decreased sig-
nificantly afterwards. The optimal cultivation tempera-
ture was 30 £ 1°C for all three culture media tested. The
results are shown in Table 2.

Table 2. Biomass accumulation during the cultivation of
Streptomyces ornatus S 1220 at different temperatures

Temperature, Number of microorganisms, x107
°C CFU/g
Dayl | Day3 | Day5 | Day7
Starch agar
30.00 146 345 360 375
37.00 16 35 50 52
MPA
30.00 200 590 630 645
37.00 20 100 105 110
Czapek medium
30.00 101 235 250 265
37.00 10 35 38 40

Table 2 shows that the keratinase-producing micro-
organism becomes less active as temperature increases
and that biomass accumulation is the most intensive
upon cultivation on meat-peptone agar.

In a subsequent experiment, the total protein content
was monitored during 7 days. The experiment was car-
ried out at 30°C, since this temperature provided for the
most intensive biomass growth. The total protein con-
tent was calculated by multiplying the total nitrogen
content by a coefficient which is equal 6.25 for living
organisms. The results are shown in Table 3.

A relatively intensive protein accumulation was de-
tected in the culture grown on MPA at 30°C, with the
protein content amounting to about 70% on the seventh
day of cultivation. Therefore, meat-peptone agar was
chosen for further studies.
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Table 3. Protein accumulation in the biomass during
cultivation of Streptomyces ornatus S 1220 at the opti-
mal temperature (30°C)

Protein content in the mycelium, mass %

day
1 | 3 | 5 | 7
Starch agar
204 ] 18 | 24 | 26
Nutrient agar
5.6 | 59 | 68 | 70
Czapek medium
5.9 | 22 | 26 | 30

After the optimal conditions for the cultivation of
Streptomyces ornatus S 1220 were determined, further
experiments aimed at the optimization of parameters
affecting keratinase activity were performed.

The rate of an enzymatic reaction is affected by mul-
tiple factors. Selection of nutrient media components
providing for an increase of the specific activity of
keratinase is necessary to delineate the best conditions
for the conversion of keratin-containing raw materials
into amino acids.

The effect of salts (NaCl, KH,PO,, and CaCO,) add-
ed to the cultivation medium on the specific activity of
keratinase was monitored during 7 days. The concentra-
tion of the salts was in accordance with the earlier stud-
ies and equaled 0.25% for NaCl, 0.1% for KH,PO,, and
0.3% for CaCOj; [1, 2]. After cultivation, the culture
liquid was separated from the mycelium by centrifuga-
tion (3500-4000 rpm), and the supernatant was filtered.
Keratinase activity of the filtrate was assayed [5]. The
values of specific keratinase activity were registered on
the first, third, fifth, and seventh days of cultivation.
The results are shown in Table 4.

Table 4. Changes of the specific activity of keratinase
during cultivation of Streptomyces ornatus S 1220

of KH,PO,. The activity increased significantly in all
samples after three days of cultivation, however, the
activity increase was most pronounced in the culture
supplemented with calcium carbonate (11.7 U/mg).

Besides, titratable and active acidity and specific
keratinase activity were monitored during seven days of
cultivation at 30°C in a medium not supplemented with
any salts. The results are shown in Table 5. No changes
in active acidity were detected; it remained at the level
of 6.5 units during the 7 days of cultivation. Titratable
acidity decreased from 18 to 16°T during the time peri-
od from day 3 to day 7, this being indicative of a de-
crease of the total amount of acids in the culture medi-
um towards the end of the incubation. At the same time,
the specific activity of keratinase increased significantly
during the first three days and continued to increase
slightly until the end of cultivation. This implies a con-
nection between the increase of keratinase concentration
and the high rate of biomass accumulation during the
first three days of cultivation.

Table 5. Changes of pH, T, and keratinase activity dur-
ing the cultivation of Streptomyces ornatus S 1220 on
MPB at 30°C

Da
1 3 5 7

Parameter

Titratable acidity, °T 18 18 17 16

Active acidity, pH units| 6.5 6.5 6.5 6.5

Specific keratinase 26 11.0 119 | 128

activity, U/mg protein

Specific activity of keratinase, U/mg protein
day
1] 3] 5 ] 7
NaCl
34 | 112 | 127 | 13.2
KH,PO,
26 | 110 | 132 | 14.7
CaCO;
25 | 117 | 128 | 135

As shown in Table 4, the specific activity of
keratinase increased throughout the 7 days of cultivation
in media supplemented with the salts named above, but
the highest value of the specific activity of keratinase
was achieved after 7 days of cultivation in the presence

CONCLUSION

The studies performed showed that the optimal dura-
tion of the cultivation of Streptomyces ornatus S 1220 is
three days; the microorganism must be cultivated at
30°C on MPB supplemented with CaCOg, since addition
of the salt results in an increase of keratinase activity.
The optimal duration of streptomycete cultivation is
three days, since the rate of biomass accumulation is the
highest during this time. Moreover, the activity of
keratinase in the culture medium attains a value suffi-
cient for efficient conversion of keratin-containing raw
material after three days of cultivation.

In our opinion, implementation of the parameters de-
fined in the present study will allow for efficient use of
the Streptomyces ornatus S 1220 strain and increased
yield of non-essential and essential amino acids during
the processing of keratin derived from feathers. The use
of this microbiological procedure for the processing of
keratin-containing raw materials will allow for a de-
crease of the amount of waste in poultry-processing
industry and provide a source of amino acids for feed-
stock, food, and pharmaceutical industry.
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INTRODUCTION

Over 600 inherited metabolic disorders, including
hereditary disorders of amino acid metabolism (histi-
dinemia, phenylketonuria, tyrosinemia, alkaptonuria,
and others), have been identified to date. Diseases asso-
ciated with disturbed amino acid metabolism develop if
the activity of an enzyme involved in the metabolism of
ingested amino acids is selectively reduced. These dis-
eases affect the central nervous system, resulting in
mental retardation with motor and speech defects, im-
paired vision and hearing, emotional and behavioral
disorders, and seizures [1, 4].

Hereditary metabolic disorders are caused by muta-
tions introducing changes into the nucleotide sequence
of genomic DNA. Mutations result in the synthesis of
abnormal proteins (including structural proteins, en-
zymes, hormones, growth factors, and receptor pro-
teins). For instance, if the mutation affects a gene en-
coding an enzyme, the latter loses its catalytic activity
partially or completely [2, 21]. The vast majority of
hereditary metabolic disorders is caused by genetic de-
fects affecting enzymes involved in the metabolism of
amino acids, carbohydrates, and lipids. Pathogenesis
and clinical manifestations are determined by the lack of
normal metabolites (intermediate or final) and the ac-
cumulation of toxic metabolites. The clinical presenta-
tion largely depends on the degree of the mutant gene
expression, as well as on other genetic factors and envi-
ronmental conditions. Mental retardation and neurologi-
cal disorders are among the most frequent and severe
consequences of the biochemical defect in the majority
of patients [3, 5, 17].

Total screening for histidinemia, an innate defect of
amino acid metabolism, in newborn babies has been
recently introduced in Russia. Histidinemia is a heredi-
tary disease associated with a disturbance of the me-
tabolism of the amino acid histidine. The disease is a
congenital defect of histidine-ammonia-lyase, an en-
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zyme that belongs to the lyase class (EC 4.3.1.3, gene
HAL, 12g22-g23) and catalyzes the deamination of
L-histidine to form urocanic acid and ammonia. Histi-
dine (L-a-amino-B-imidazolylpropionic acid) is an es-
sential amino acid which must be present in the diet of
young children. Besides, a histidine residue is often
present in the active centers of enzyme molecules, and
the biosynthesis of histamine in the human organism
requires histidine as well. The metabolic block leads to
accumulation of large amounts of histidine and the
products of its abnormal metabolism (imidazolepyruvic,
imidazolelactic, and imidazoleacetic acids) in the tissues
and body fluids of the patient, this having a toxic effect
on the central nervous system [8, 9, 14, 19, 24].

Diet therapy based on limiting the ingestion of histi-
dine to a value that is the most appropriate for the indi-
vidual metabolic requirements of the patient’s organism
is the only efficient treatment for histidinemia currently
available [6, 7, 13, 20].

The aim of the present work was to study histidine
biotransformation in milk protein hydrolyzates treated
by L-histidine-ammonia-lyase, to develop a technique
for biotransformation, and to elaborate a procedure for
the production of a milk protein concentrate for use in
specialized dietary products.

OBJECTS AND METHODS OF THE STUDY

Casein hydrolyzate obtained by treating milk pro-
teins with an enzyme system including exo- and endo-
peptidases thermolysin, carboxypeptidase A, and leu-
cine aminopeptidase for § + 0.05 h at a temperature of
50 + 1°C and the enzyme-substrate ratio of 1:50 was
used in the present work. Other materials included L-
histidine-ammonia-lyase (8.6 U/mg protein) from Sig-
ma, trisodium citrate 5.5-hydrate approved for food use
according to GOST (State Standard) 31227-2004, pota-
ble water conforming to GOST (State Standard) 2874,
and other chemicals manufactured in Russia and abroad,
of a purity not lower than “chemically pure” grade.
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Sampling and preparation of the samples for analysis
were carried out in accordance with the GOST (State
Standard) 26809 “Milk and dairy products. Acceptance
procedures, sampling methods, and preparation of sam-
ples for analysis”. Histidine biotransformation was car-
ried out using a static procedure in a thermostat (tem-
perature 30 + 2°C) equipped with a stirrer at
pH 9 £+ 0.01 (phosphate buffer). These values of pH and
temperature are optimal for L-histidine ammonia-lyase
used in the present work according to earlier reports
[8, 16] and information provided by the manufacturer.
The duration of biotransformation ranged from 2 to 8
hours; the ratio of enzyme concentration to the concen-
tration of the protein substrate was 1:25, 1:50, or 1:100.
The process was terminated by heat inactivation of the
enzyme in the hydrolyzate (90-95°C for 5-10 min).

Concentrations of ammonia and urocanic acid were
determined using a KAPEL 105 capillary electrophore-
sis system according to a procedure developed in the
scientific and educational center of Kemerovo Institute
of Food Science and Technology.

A rotary evaporator IR-1LT intended for rapid re-
moval of solvents from solutions or suspensions of or-
ganic and inorganic compounds by film evaporation
under normal or reduced pressure and controlled tem-
perature [10] was used to eliminate ammonia from the
reaction mixture.

RESULTS AND DISCUSSION
The kinetics of histidine biotransformation in protein
hydrolyzates and the effects of various physical and
chemical factors on the process rate have been investi-
gated in the present study.
The dependence of the rate of the biotransformation
reaction on histidine concentration is shown in Fig. 1.
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Fig. 1. The dependence of the reaction rate on histidine
concentration.

Analysis of the data shown in Fig. 1 allowed for the
conclusion that the dependence of the rate of the bio-
transformation reaction on substrate concentration cor-
responds to a classical hyperbolic curve. The character
of the dependence was investigated at substrate concen
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trations ranging from 300 to 9000 mM. As shown in the
graph, the reaction rate is proportional to the substrate
concentration at low substrate concentrations. However,
the maximal value of the reaction rate is attained at a
histidine concentration of 5000 mM. The enzyme is
obviously saturated by the substrate at this concentra-
tion, and therefore the concentration of the enzyme-
substrate complex ES becomes equal to the enzyme
concentration. The hydrolysis rate remains constant at
higher substrate concentrations, this apparently being
due to substrate inhibition.

The data obtained were analyzed using the Lin-
eweaver-Burke method for the linearization of Michae-
lis-Menten equation. The results are shown in Fig. 2.
The method of least squares was used to determine the
tangent of the inclination angle numerically equal to
1/V. The coordinate of the intersection of the extrapo-
lated line with the y-axis corresponds to the Ky/V,, val-
ue, and that of the point of intersection with the x-axis
corresponds to the Ky, value.
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Fig. 2. Graphical determination of the maximal rate of
the enzymatic reaction and the Michaelis constant using
the Lineweaver-Burke method.

The value of the Michaelis constant determined in
the present study equaled 1745 pM, and the maximal
rate of the biotransformation process was 1.25
pmol/min. Similar values (Ky = 1751 uM, Vi, = 1.15)
were reported by other researchers who analyzed the
effects of L-histidine-ammonia-lyase under model con-
ditions. It is known that Ky, may vary to a certain extent,
depending on the ratio of histidine isoforms, buffer
composition, and the presence of substances regulating
enzyme activity in the reaction medium [11, 15].

The accumulation of the reaction products in the
course of histidine biotransformation by L-histidine-
ammonia-lyase at the previously determined reaction
parameters (Ky = 1751 uM, V,,, = 1.15) was analyzed in
the subsequent experiments. The optimal conditions for
the functioning of L-histidine ammonia-lyase are a tem-
perature of 30 + 1°C and pH 8.5 [15, 22, 23]. Therefore,
the dynamics of ammonia and urocanic acid accumula-
tion have been analyzed for a reaction carried out in
tetraborate buffer, pH = 9.2 (A = 254 nm, voltage 25 kV).
The results of the experiment are presented in Fig. 3.
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Fig. 3. Dynamics of ammonia and urocanic acid accumulation during histidine biotransformation mediated by L- histi-
dine-ammonia-lyase, after: a) 2 = 0.05 h, b) 4 £ 0.05 h, ¢) 8 = 0.05 h; 1- histidine; 2-ammonia, 3—urocanic acid.

Analysis of the data presented in Fig. 3 allows for
the conclusion that the biotransformation results in in-
tense accumulation of ammonia and urocanic acid, in-
dicative of histidine conversion into the reaction prod-
ucts mediated by L-histidine-ammonia-lyase [18]. Thus,
the content of histidine dropped to 71.3 % of the initial
value after 2 + 0.05 h of treatment, to 32.06 % of the
initial value after 4 + 0.05 h, and reached the minimal
value at 8 = 0.05 h. Amino acid composition of the hy-

drolyzates obtained is shown in Table 1.

Table 1. Amino acid composition of casein hydrolyza-
tes obtained as a result of biotransformation by L- histi-

dine-ammonia-lyase

Amino acids g/100 g Casein* | Hydrolyzate
Essential, total, including: 40.32 25.29
valine 5.36 0
isoleucine 6.15 4.8
leucine 11.66 10.61
lysine 8.9 4.69
methionine 3.3 3.39
threonine 4.27 1.8
tryptophan 0.68 0
phenylalanine 5.8 0
Non-essential, total, including: 59.68 33.75
alanine 5.39 3.7
arginine 4.45 3.42
aspartic acid 3.33 1.62
histidine 3.33 2.8
glycine 2.42 0.92
glutamic acid 14.59 7.83
proline 12.97 4.2
serine 3.84 1.02
tyrosine 7.56 7.04
cysteine 1.8 1.2
Total 100 59.04

* Authors’ own results

In the experiments described above, the action of
highly specific L-histidine-ammonia-lyase resulted in
the formation of metabolites, namely, ammonia and
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urocanic acid. Ammonia is the terminal product of ni-
trogen metabolism in humans and animals; nevertheless,
it is highly toxic. Therefore, ammonia concentration
should be maintained at a low level (the normal level is
below 60 uM), and consequently, a technology for the
removal of biotransformation products from the hydro-
lyzates obtained has been developed.

Removal of the by-products of histidine biotrans-
formation (ammonia and urocanic acid) from the casein
hydrolyzates resulted in the development of a technique
compliant with the requirements concerning histidine-
free foods or foods with a low content of histidine [8].

A two-stage process was used for hydrolyzate puri-
fication, with ammonia removal performed at the first
stage. According to published data, ammonia is a color-
less gas with a characteristic pungent smell, readily sol-
uble in water, and with a density almost twice lower
than that of the air. As the temperature increases, the
solubility of ammonia decreases and evaporation oc-
curs. Therefore, an attempt to delineate the optimal pa-
rameters of ammonia elimination by varying the tem-
perature and the duration of the process at a pressure of
0.75 MPa has been undertaken. The results of the exper-
iments are shown in Fig. 4.
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Fig. 4. Dynamics of ammonia elimination during the
purification process: 1-at 60 + 5°C; 2—at 70 + 5°C;
3—at 80 = 5°C.
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The data obtained show that the content of ammonia
is reduced by 76.5% at 60 £ 5°C and by 89.5 %

The results of the experiments are presented in Fig. 5.

at 70 £ 5°C; this does not provide for the removal of G o 100 (W

ammonia to a suffuciently high extent, and therefore the g2 80 ~=

purification parameters named above cannot be used in % S 60 \\( —

a procedure for the production of a milk protein substi- 8o 4 % 1

tute for specialized functional foods conforming to the g E 20 3 i\
standards currently in force [8].However, ammonia is 89 TN
completely eliminated from the reaction mixture after > 0 2

90 minutes of treatment at 80 + 5°C.

Removal of urocanic acid from the hydrolyzates ob-
tained constituted the second step of the procedure.
Urocanic acid is removed from solutions by precipita-
tion at low temperature. Therefore, subsequent experi-
ments were aimed at selecting conditions (temperature
and duration of treatment) for the most efficient removal
of urocanic acid.

3.5 mATT
5.3 mAll

a) a)

15 30 45 60 75 90
Duration, min
Fig. 5. Dynamics of urocanic acid removal during the

purification process: 1-at a temperature of 60 = 5°C,
2—at 70 £+ 5°C, 3—at 80 + 5°C.

3.8 mATT 5 8 meTT

b) b)

Fig. 6. Absorption spectra: 1-ammonia, 2— urocanic acid; a) before purification, b) after purification.

Therefore, one can conclude that the temperature of
80 = 5°C and the process duration of 90 + 1 min are the
optimal conditions for the removal of urocanic acid. The
absorption spectra of ammonia and urocanic acid before
and after purification are shown in Fig. 6.

Table 2. The content of ammonia and urocanic acid
before and after purification

The content of the biotransformation products in the
hydrolyzates obtained is shown in Table 2.

The data presented in Table 2 show that the parame-
ters selected for the treatment of the hydrolyzates ob-
tained allow for complete removal of histidine biotrans-
formation products from the reaction mixture and there-
fore the hydrolyzates obtained can be used as a milk
protein equivalent in the manufacturing of specialized
dietary products for histidinemia patients.

N Content, mg/100 g Further research will be focused on the development
ame P ——— ; i .
Before purification | After purification of a technology for the production of a milk protein
Ammonia__ 3.27+0.05 0.001+0.0001 equivalent for use in specialized dietary products for the
Urocanic acid 5.64+0.03 0.001-+0.0001 nutrition of histidinemia patients.
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INTRODUCTION

Strains of the Lactobacillus genus, most subspecies of
which transform lactose and other carbohydrates into
lactic acid, are industrially important lactic acid bacteria.

This genus of microorganisms is most frequently
used in production of foodstuffs of animal and plant
origin by fermentation. The Lactobacillus genus is di-
vided into three subspecies by the niche they occupy
and their ability to ferment substances, for example,
L. delbruekcii subsp. delbrueckii are usually found in
vegetables treated with enzymes while L. delbrueckii
subsp. bulgaris and L. delbrueckii subsp. lactis, are typ-
ically present in dairy products with addition of wide
variety of carbohydrates. Specificity of industrial char-
acteristics and vital processes makes strains of the Lac-
tobacillus subspecies convenient and widely used in
industry both individually and in consortium with other
species to produce lactic acid dietary products, includ-
ing cheese and yogurt [1, 3].

Simplicity and reliability of L. delbrueckii identifica-
tion at various levels, that is level of strain and level of
subspecies, makes them interesting not only for funda-
mental knowledge but for practical applications as well.
Identification of microorganisms indicated on the label
of a product by the manufacturer should correspond to
those microorganisms that are used at a particular plant
to that are applied for obtain cheese and various kinds of
fermented milk products in reality.

Today, application of taxonometric identification of L.
delbrueckii becomes urgent since there is a chance of mis-
take in case of utilization of phenotypic methods. These
methods are based on utilization of genetic methods using
strain-specific  oligonucleotide probes upon blot-
hybridization, DNA fingerprinting, or ribosomal DNA
restriction. Today, precise and rapid identification of lactic
acid bacteria is possible owing to development of methods
based on polymerase chain reaction (PCR) [2, 3].
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Therefore, in case rapid result is needed, methods
based on PCR will be considered an alternative to mi-
crobiology tests and find wide application. Application
of PCR methods allows for high-precision identification
and determination of genus and species.

In the process of construction of genus- and species-
specific primers, typically, 16S or 23S rRNA gene
fragments, specific for each species and genus, and hy-
pervariable internal transcribed regions (ITS), separat-
ing the above-mentioned loci, are chosen [4]. Also,
transaldolase gene, small recA protein gene involved in
recombination of homologous DNA, or tuf-gene coding
for Tu elongation factor may serve as templates [5, 6].

In various species of Lactobacillus, the 16S rRNA
genetic determinant has approximately the same size of
about 1500 bp and is present in bacterial genome in
several copies. Spacer regions of various size serve as
separators between the copies of bacterial genes. Pres-
ence of two flanked spacer regions different in size be-
tween 16 and 23S rRNA genes is typical of the Lacto-
bacillus genus. The 16S rRNA gene, containing both
variable and conservative regions in the nucleotide se-
quence, is the most appropriate for determination of
genus and species affiliation of a bacterium.

Therefore, the aim of the work was to construct ge-
nus- and species-specific primers to detect and identify
industrially important strains of the Lactobacillus genus.

MATERIALS AND METHODS

In the work we used ten bacterial strains of the Lac-
tobacillus genus registered in the All-Russian Collection
of Industrial Microorganisms (VKPM; FGUP GosNII-
genetika), five of which, according to the passport data,
belong to the L. acidophilus species, and the other five,
to L. delbruesckii ssp. bulgaricus (Table 1), and 12 nu-
cleotide sequences of 16S rRNA genes of lactic acid
bacteria deposited in the NCBI data base (Table 2).
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Table 1. Microorganisms of the All-Russian Collection
of Industrial Microorganisms (VKPM; FGUP GosNII-
genetika)

No. | VKPM ID | Strain title Source
1 V-6551 L.a. T-3 Feces of a newborn
Obtained from the L.a.
2 V-8153 L.a. AE-5 AT-A4 strain
3 V-194 L.a.1k Isolated from chicken
4 V-8634 La3 Self-ferm;r;ltid curdled
5 V-5863 L.a. 57S Self-fermented milk
6 V-6516 Ld. b.21 Isolated from milk
7 V-3964 L.d. b. Raw milk
8 V-3141 L.d. b. L20/2 Matzoon
9 V-6543 Ld. b. B-259 Self-fermented milk
product
10 V-6515 L.d.b.19 Isolated from milk

Table 2. Record numbers of 16S rRNA gene sequences
of the Lactobacillus genus representatives deposited in
NCBI database

Record number of
16S rRNA gene se- Strain title
quence in NCBI

CP000033.3 Lactobacillus acidophilus NCFM
Lactobacillus acidophilus strain

FJ556999.1 CECT 4529
Lactobacillus acidophilus strain

FJ749655.1 IMAU30067
Lactobacillus acidophilus strain

EU878007.1 NX2-6

AY763429.1 Lactobacillus Ii\ggophllus strain
Lactobacillus delbrueckii subsp.

FJ861093.1 bulgaricus strain KLDS 1.0625

EU483107.1 Lactobacnlu_s delbrugckn subsp.

bulgaricus strain LC

Lactobacillus delbrueckii subsp.

CP000412.1 bulgaricus ATCC BAA-365
Lactobacillus delbrueckii subsp.

EU642554.1 bulgaricus strain IMAU40169
Lactobacillus delbrueckii subsp.

FJ915706.1 bulgaricus strain IMAU40169
Lactobacillus delbrueckii subsp.

EUS47306.1 bulgaricus strain BCS113
Lactobacillus delbrueckii subsp.

AF429503 bulgaricus ATCC 11842

Isolation of DNA. DNA from dry bacteria culture
was isolated using the Kit for Isolation of Genomic
DNA from Bacteria (Sintol, Moscow). To extract bacte-
rial DNA, cells were sedimented from 1 mL liquid cul-
ture by centrifugation at 10000 rpm for 3 min and the
supernatant was removed. Then, cells were resuspended
in 300 pL buffer (10 mM Tris HCI, pH 8.0; 50 mM glu-
cose, 10 mM EDTA) and 3 pL lysozyme (10 mg/mL)
was added to the suspension. Cell wall was lysed at
37°C for 60 min under occasional stirring of the tube
content by overturning it, then the suspension was cen-
trifuged at 13000 rpm for 1 min. The sediment was re-
suspended in 300 pL of lysing buffer (20 mM Tris-HCI,
pH 8.0; 75 mM NacCl; 1% SDS; 10 mM EDTA) and 3
uL RNase A (10 mg/mL) was added to the mixture.
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Incubation was performed at 37°C for 30 min, then the
mixture was cooled on ice for 1 min. Then, 100 pL solu-
tion for protein precipitation (7.5 M ammonium acetate)
was added to the mixture and mixed on a vortex for
20 s, then it was centrifuged at 13000 rpm for 5 min.
The supernatant was transferred into clean 1.5 mL tubes
and 300 pL isopropanol were added, the mixture was
mixed by overturning for 1 min and placed at —20°C for
30 min. The mixture was centrifuged at 13000 rpm for
5 min, the supernatant was accurately decanted, and the
tubed were placed overturned on a clean filter. Then,
400 pL of 70% ethanol was added and mixed several
times by overturning to wash the DNA sediment. The
procedure was repeated several times. Finally, the sedi-
ment was dried at 37°C 15 min till ethanol drops disap-
peared completely. The dried sediment was dissolved in
30 puL TE buffer.

Phylogenetic analysis. To construct species-specific
and genus-specific primers, 12 nucleotide sequences of
16S rRNA gene from lactic acid bacteria deposited in
the NCBI database were used: Lactobacillus acidophi-
lus CP000033.3, FJ556999.1, FJ749655.1, EU878007.1,
and AY763429.1; Lactobacillus delbruesckii ssp. bul-
garicus  FJ861093.1, EU483107.1, CP000412.1,
EU642554.1, FJ915706.1, and EU547306.1 (for spe-
cies-specific primers); Lactobacillus delbruesckii ssp.
bulgaricus AF429503 and Lactobacillus acidophilus
AY763429 (for genus-specific primers).

Analysis of DNA sequence coding for 16S rRNA
synthesis is the basis for phylogenetic analysis of bacte-
ria. To determined differences in sequences, compara-
tive analysis and construction of phylogenetic tree were
performed in ClustalW software.

Oligonucleotide synthesis was performed on an
ASM1000 (Biosset, Novosibirsk) DNA/RNA synthesiz-
er. Purification was performed in a polyacrylamide gel.

Amplification of 16S rRNA gene was performed
on a Tertsyk equipment (Moscow) using a thermostable
Taq polymerase (SibEnzim, Nosvosibirsk) according to
the manufacturer's recommendations. The synthesized
primers were used for amplification.

Temperature-time profile of PCR was the following:
95°C for 200 s, one cycle; 62°C for 50 s and 95°C for
20 s, 25 cycles; and 72°C for 120 s, one cycle. Analysis
of PCR products was performed using electrophoresis in
1.5% gel, containing ethidium bromide. The results
were documented using a Vitran (Biokom) videosystem.
DNA fragment length marker was used.

RESULTS AND DISCUSSION
To construct universal genus-specific primers, com-
parative analysis of two aligned nucleotide sequences of
16S rRNA genes from lactic acid bacteria was per-
formed. Results of the analysis allowed for construction
of universal primers for detection of the Lactobacillus
genus bacteria on the basis of 16S rRNA gene,

16S for: 5'- AGA GTT TGA TCC TGG CTC AGG A
and
16S rev: 5'- ACG CTT GCC ACC TAC GTATTAC,

for amplification of 566 bp-long 16S rRNA gene sequence.
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Fig. 1. Electrophoregram of lactic acid bacteria
16S rRNA gene fragment amplification products using
synthetic primers: (A) 1, Medigen 400-2500 bp weight
marker, 2, no. 9, 3, no. 10, 4, negative control (H,0),
5, marker; (B) 1, no.1, 2, no. 2, 3, no. 3, 4, no. 4, 5, no.
5, 6, no. 6, 7,no.7, 8, no. 8, and 9, marker.

Theoretical specificity of genus-specific primers was
confirmed experimentally in ten strains, five of them
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belonging to L. acidophilus species, and another five, to
L. delbrueckii ssp. bulgaricus. Synthesized primers
were used in amplification of the 16S rRNA gene frag-
ment in strains under study (Fig. 1).

The oligonucleotides may form basis for a test sys-
tem allowing for Lactobacillus bacteria detection.

Synthesis of primers for amplification of 16S frag-
ments of lactobacilli allowed for elaboration of a frag-
ment, the size of which is sufficient for genomic charac-
teristics elucidation.

To construct species-specific primers, comparative
analysis of 11 complete nucleotide sequences of
16S rRNA fragments of lactic acid bacteria was per-
formed using a ClustalW software.

For this purpose, we searched the database of com-
plete nucleotide sequences corresponding to 16S rRNA
genes of reference bacteria strains of the Lactobacillus
genus and chose Lactobacillus acidophilus sequences
deposited in NCBI database under record numbers
CP000033.3, FJ556999.1, FJ749655.1, EU878007.1,
and AY763429.1, and Lactobacillus delbruesckii ssp.

bulgaricus  sequences FJ861093.1, EU483107.1,
CP000412.1, EU642554.1, FJ915706.1, and
EU547306.1.

The chosen nucleotide sequences were used for
comparative phylogenetic analysis, the results of which
are presented in Fig. 2.

8

FJB61093.1
CP000412.1

EU483107.1
EUG42554.1

FJ915706.1
EU547306.1

&8

o CPO00033.3
o FJ556999.1

FJ749655.1

§7 EU878007.1

AY763429.1

Fig. 2. Phylogenetic tree built based on analysis of 16S rRNA fragment sequences reflecting relationships between lac-

tic acid bacteria L. bulgaricus and L. acidophilus under study.

The eleven 16S rRNA gene sequences of various
lactobacilli that we used were grouped into four clus-
ters: the first cluster contained type strains of the L. aci-
dophilus species (CP000033.3, FJ556999.1,
FJ749655.1, EU878007.1, and AY763429.1); the sec-
ond and the third, strains of the L. bulgaricus species
(EU547306.1 and FJ915706.1, respectively); and the
fourth one, strains of the Lactobacillus delbruesckii ssp.
bulgaricus  species  (FJ861093.1, EU483107.1,
CP000412.1, and EU642554.1). The phylogenetic tree
(Fig. 1) was built using the ClustalW software. As fol-
lows from the data presented in Figure 1, in the first and
the fourth clusters two closely related species, L. aci-
dophilus and Lactobacillus delbruesckii ssp. bulgaricus,
are joined. According to the data obtained upon the
analysis of complete nucleotide sequences of 16S rRNA
gene fragments, homology of gene structure between
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different representatives of the Lactobacillus genus with
respect to 16S rRNA gene of Lactobacillus delbruesckii
ssp. bulgaricus is 87-93% for the L. acidophilus species
and 92-99%, for the L. bulgaricus strains.

Comparative analysis demonstrated that the most
important differences in sequences coding for 16S
rRNA are observed in the first third of the sequence.
Earlier, foreign authors have systematized species of the
Lactobacillus genus according to their 16S rRNA genes
and other marker sequences.

We optimized the primer sequences proposed previ-
ously in order to increase the temperature of annealing
and improve specificity of the obtained PCR product.
As a result, the following species-specific primers were
synthesized,

16ShulF: 5'- CAA CAG AAT CGC ATG ATT CAA
GTT TG (26) and
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16ShulR: 5'- ACC GGA AAG TCC CCA ACA CCT
A (22),
for amplification of 675 bp-long 16S rRNA sequences.

The newly developed primers possess low homology
to the corresponding DNA regions of other lactic acid
bacteria, which provides for their specificity. Theoreti-
cal specificity of the primers was confirmed experimen-
tally in probiotic products (Fig. 3).

In frames of the research topic, the step of species
identification is performed using isolated fragments,
which allows for rapid detection of bacteria of the Lac-
R — tobacillus genus in a sample and identification of the

L. acidophilus and L. delbruesckii ssp. bulgaricus spe-
—_— cies. The latter ones are contained in probiotics and san-
. ative foodstuffs and are industrially important. The de-

o
)
NN
N

veloped method of detection of lactic acid bacteria and
the comprehensive plan for their identification may be
used for characteristics of isolated strains of the Lacto-
bacillus genus and is of practical interest for applica-
tions in quality control of foodstuffs enriched with lac-

Fig. 3. Electrophoregram of amplification products of tobacilli.

genome fragments from different representatives of the

Lactobacillus genus contained in various substrates: 1, ACKNOWLEDGMENTS

yogurt; 2, Bifilaif; 3, positive control; 4, molecular The work was supported by the Federal Target Pro-
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Abstract: Galactosidase and proteinase activity of lactic acid bacteria of the DELVO-YOG range has been investigat-
ed. Lactic acid bacteria of the DELVO-YOG range have been shown to exhibit maximal galactosidase activity in the
presence of the CMC stabilizer Akucell 2785; the activity was minimal when sodium alginate NO4-600 was used as a
stabilizer. The proteolytic activity demonstrated by the lactic acid bacteria of the DELVO-YOG range was maximal
when sodium pyrophosphate SAPP 28 was used as a stabilizer. Minimal proteolytic activity of lactic acid bacteria of the
DELVO-YOG range was registered when CMC 6000-9000 was used as a stabilizer. An increase of galactosidase and
proteinase activity concomitant to an increase of the stabilizer content from 0.5 to 1.0 mass. % was demonstrated for all
the denominations of lactic acid bacteria of the DELVO-YOG range.
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ing storage and remains stable throughout the techno-

INTRODUCTION logical process. Stabilizers should prevent delamination

Functional food comprises special-purpose products of the product and separation of whey; in case of yo-
of natural or artificial origin with predefined properties; ghurts containing fillers and additives stabilizers should
these products are intended for systematic everyday use provide for uniform distribution of these components in
and their primary role is to compensate for the deficien- the product during packing and subsequent storage.
cy of the regulatory components of food in the organ- The main objectives of the manufacturing of struc-
ism. Functional foods contribute to health preservation, tured fermented dairy products are the optimization of
disease prevention, and enhancement of the body’s abil- stabilizer content, the selection of starter cultures pos-
ity to withstand adverse environmental effects and to sessing high acid-forming capacity, and the selection of
endure physical and psycho-emotional stress. The sig- cultivation conditions providing for rapid propagation of
nificance of nutrition is emphasized by the Decree Ne the microorganisms and intensive acid production by
917 of 10.08.98 “On the Concept of the State Policy them. Cultivation of starter cultures that have significant
Regarding Healthy Nutrition of the Population of the proteolytic activity accelerates the propagation of
Russian Federation” of the Government of Russian Fed- bifidobacteria in the structured product and improves
eration. the organoleptic properties of the product. A wide range

Fermented dairy products are manufactured using of starter cultures adapted to specific features of the
starter cultures of a defined composition. Milk is an technology used and the biochemical processes of the
ideal nutrient medium for starter cultures, which are formation of texture and taste properties of dairy prod-
used to direct and control biochemical transformations. ucts is available. The qualitative composition of starter
Biochemical transformation of milk components in- cultures is being constantly improved [2].
cludes controlled glycolysis of lactose yielding lactic Food stabilizers are currently considered to be
acid and regulated proteolysis of casein, and therefore among the most important components of the majority
both galactosidase activity and proteolytic activity are of structured fermented dairy products, since they allow
important characteristics of the starter cultures [1]. The for the manufacturing of a product of required texture
most useful species of starter cultures must display max- [3]. In addition to improving the product quality and
imal activity during fermentation. increasing its shelf life, the use of stabilizers allows for

The structure of stabilized dairy products is formed a decrease of product costs, this improving the econom-
as a result of casein coagulation as the isoelectric point ic performance of the enterprise. The experiments per-
is reached. Structure stabilizers allow for structure for- formed in the present study revealed the decisive role of
mation at pH values deviating from the isoelectric point the environmental conditions (mass concentration and
value. Moreover, the use of stabilizers allows for control type of the stabilizer) in regulating the galactosidase and
over the structural, mechanical, physico-chemical, and proteinase activity of starter cultures. Investigation of
organoleptic parameters of the final product, as well as the dependence of galactosidase and proteolytic activity
its general quality. Stabilizers are widely used to regu- of DELVO-YOG starter cultures on the type and con-
late the structure of fermented milk beverages and tent of the stabilizer can be of practical importance for
achieve the required texture which does not change dur- the production of stabilized dairy products.
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OBJECTS AND METHODS OF THE STUDY

The study was carried out with the following ob-
jects:

- Mesophilic aramate-forming DELVO-YOG starter
cultures CY-346/347, FVV-21, CY DSL, and FVV-31;

- Structure stabilizers: CMC Akucell 3265, CMC 4500-
6000, konjac gum, CMC 6000-9000, pectin ARA 105,
carob gum, sodium alginate NO4-600, sodium pyro-
phosphate SAPP 28, CMC Akucell 2785, sodium pyro-
phosphate SAPP 40, and xanthan gum;

-Potable water conforming to GOST (State Standard)
2874,

- Structured fermented dairy products with different
composition and properties produced either in the labor-
atory or industrially;

- Raw cow milk (grade Il or higher according to GOST
(State Standard) 13264);

- Whey conforming to OST (Industrial Standard) 4992;

- Whey powder conforming to TU (Technical Specifica-
tions) 49800;

- Granulated sugar conforming to GOST (State Stand-
ard) 21;

- Auxiliary materials conforming to the regulatory
documents currently in force.

Conventional, standard and original methods were
used in the study.

Sampling of milk and milk products and preparation
of samples for analysis were performed in accordance
with GOST (State Standard) 26809-86.

Sampling for microbiological testing was performed
in accordance with GOST (State Standard) 9225-84.

Titration-based acidity assay was performed in ac-
cordance with GOST (State Standard) 3524-92.

Active acidity was measured on a potentiometric an-
alyzer according to GOST (State Standard) 26781-85.

Evaluation of taste and smell was performed in ac-
cordance with GOST (State Standard) 28283-92.

Total protein content was assayed in accordance
with GOST (State Standard) 23327-78.

Activity of the enzyme system referred to the differ-
ence between the non-protein nitrogen or lactose con-
centration measured in non-fermented whey and the
respective concentration measured in a system consist-
ing of hydrolyzed whey and native whey pretreated with
fermenting microorganisms. The average values of ga-
lactosidase activity and proteolytic activity of the lactic
acid bacteria of DELVO-YOG series measured in sam-
ples with different stabilizer content (mass %) were
analyzed in the present work. The stabilizer content was
increased from 0.5 to 2.5 mass % in steps of 0.5 mass
%.

Galactosidase activity of lactic acid bacteria was de-
termined as follows: a 5% solution of lactose in a buffer
solution (pH 4.2 or 7.0) and a 1% solution of the en-
zyme were prepared, and the enzyme activity was de-
termined using the freezing point depression method.
For this, 1 cm® of the enzyme solution and 4 cm? of the
substrate solution were mixed, and a 1 cm® aliquot (con-
trol) was drawn from the mixture. The remaining solu-
tion was incubated at 30° C for 30 minutes, and after
this a 1 cm® test aliquot was drawn and its freezing tem-
perature was measured and used to calculate galacto-
sidase activity.
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A method based on the hydrolysis of sodium casein-
ate by the enzyme preparation under investigation with
subsequent quantitation of the peptides formed was used
for the determination of proteolytic activity. A unit of
proteolytic activity was defined as the ability of the en-
zyme to convert sodium caseinate into compounds not
precipitated by trichloroacetic acid in an amount equiva-
lent to 1 micromole of tyrosine (GOST (State Standard)
20264.2-88) in one minute at 30°C. The activity of pro-
teolytic enzymes in the medium and in the cells was
evaluated by measuring the difference in the content of
ninhydrin-positive substances in the reaction mixture.
The method involves monitoring of the changes in the
content of ninhydrin-positive substances in the reaction
mixture with subsequent quantitative assessment; the
accumulation of the extracellular enzyme of the micro-
organism under investigation is assayed according to the
procedure developed by Chebotarev.

RESULTS AND DISCUSSION
Stabilizer content of 1.5 mass % was chosen in order
to maintain the structure of the fermented dairy product;
the choice was based on the analysis of the average val-
ues of galactosidase activity of lactic acid bacteria of the
DELVO-YOG series.

Table 1. Galactosidase activity of the DELVO-YOG
starter culture at the stabilizer content of 1.5 mass %,
Ag lactose/100 mg

Starter culture name

Stabilizer type CY-

a46/347 | FYV-21 | CY DSL | FVV-31
gz'\gsc Akucell |5 59, 0.05(3.48+0.05|3.02:0.05|3.29:40.05
60(;\3((): 450015 8140.05|2.94+0.05(2.98+0.05|3.14-0.05
Conjac gum 2.94+0.05|2.90+0.05|2.97+0.05|3.11+0.05
9%\35 6000- |3 06-0.05|3.33+0.05(3.29+0.05|2.96+0.05

Pectin ARA 105|3.30+0.05|3.30+0.05|3.1740.05|3.23+0.05
Locust bean gum|2.96+0.05|3.28+0.05|2.74+0.05|2.88+0.05
Sodium algi-

nate NO4-600 2.77+0.05|2.16+0.05|2.58+0.05|2.79+0.05
Sodium pyro-
phosphate
SAPP 28
CMC Akucell
2785

Sodium pyro-
phosphate
SAPP 40
Xanthan gum

2.84+0.05|2.94+0.05(2.81+0.05|2.91+0.05

3.47+0.05|3.54+0.05|3.32+0.05|3.42+0.05

3.05+0.05|3.11+0.05|2.63+0.05|2.93+0.05

3.13+0.05]2.99+0.05|2.83+0.05|3.12+0.05

The optimal stabilizer type was chosen according to
the values of galactosidase activity (Ag lactose/100 mg)
of the DELVO-YOG starter culture (subtypes CY-
346/347, FVV-21, CY DSL, and FVV-31) measured at
a stabilizer content of 1.5 mass %. The results of the
experiment are presented in Table 1.

An increase of galactosidase activity by 0.03-0.17
was registered for all types of DELVO-YOG starter
culture. The galactosidase activity was maximal when
CMC Akucell 2785 was used as a stabilizer; the activity
amounted to 3.47 + 0.05 Ag lactose/100 mg for
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CY-346/347, 3.54 + 0.05—for FVV-21, 3.32 + 0.05—
for CY DSL, and 3.42 £ 0.05—for FVV-31. The activi-
ty was minimal when sodium alginate NO4-600 was
used as the stabilizer.

The dependence of galactosidase activity of
DELVO-YOG lactic acid bacteria on the content of
CMC 6000-9000 was analyzed in order to determine the
optimal content of the stabilizer. The results of the ex-
periment are presented in Fig. 1.
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Fig. 1. Dependence of galactosidase activity of the
DELVO-YOG starter culture on the content of CMC
6000-9000, mass %: 1-FVV-21; 2-CY DSL; 3-CY-
346/347; 4-FVV-31.

Maximal increase in galactosidase activity of the
DELVO-YOG starter culture was observed as the con-
tent of the stabilizer was increased from 1.5 to 2.0%.

The dependence of galactosidase activity of
DELVO-YOG CY-346/347 starter culture on the stabi-
lizer type at the stabilizer concentration of 1.5% was
analyzed to identify the optimal type of stabilizer.
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Fig. 2. Galactosidase activity of DELVO-YOG

CY-346/347 lactic acid bacteria at a stabilizer content of
1.5 mass %.

DELVO-YOG CY-346/347 starter culture exhibited
maximal galactosidase activity when CMC Akucell
2785 was used as a stabilizer.

Stabilizer content of 1.5 mass % was chosen accord-
ing to the results of the analysis of the average proteo-
lytic activity values of lactic acid bacteria. The proteo-
lytic activity of DELVO-YQOG starter culture at a stabi-
lizer content of 1.5 mass % was analyzed in order to
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choose the optimal stabilizer. The results of the experi-
ments are presented in Table 2.

Table 2. Proteolytic activity of lactic acid bacteria of
the DELVO-YOG series at a stabilizer content
of 1.5 mass %, 102 Amg non-protein nitrogen/100 mg

- Name

Stabilizer CY-

type 346/347 Fvv-21 | CY DSL FVV-31
CMC
Akucell 2.57+0.05 | 2.52+0.05 | 2.70+0.05 | 2.54+0.05
3265
605\354500- 2.93£0.05 | 2.88+£0.05 | 2.98£0.05 | 3.06£0.05
Konjac gum| 2.70+0.05 | 2.63+0.05 | 2.76+0.05 | 2.71+0.05
gc(;\gg 6000-1 5 5140.05 | 2.43£0.05 | 2.3140.05 | 2.52+0.05
Eg;“”ARA 3.16+0.05 | 3.02+0.05 | 3.03£0.05 | 3.240.05
gg;“srbea” 2.78£0.05 | 2.63£0.05 | 2.82£0.05 | 3.00£0.05
Sodium
alginate 2.93+0.05 | 2.73+0.05 | 2.70+0.05 | 2.86+0.05
NO4-600
Sodium
pyrophos-
phate SAPP 3.29+0.05 | 3.06+0.05 | 3.11+0.05 | 3.27+0.05
28
CMC Aku-
cell 2785 3.00+0.05 | 2.89+0.05 | 2.94+0.05 | 2.98+0.05
Sodium
pyrophos-
phate SAPP 2.59+0.05 | 2.42+0.05 | 2.65+0.05 | 2.79+0.05
40
Xanthan
gum 2.79+0.05 | 2.80+0.05 | 2.76+0.05 | 2.70+0.05

The values of the proteolytic activity of lactic acid
bacteria increased by 0.01-0.05; maximum proteolytic
activity of starter cultures, amounting to 3.29 + 0.05 for
CY-346/347, 3.06 = 0.05 for FVV-21, 3.11 + 0.05 for
CY DSL, and 3.27 + 0.05 for FVV-31, was registered
when sodium pyrophosphate SAPP 28 was used as a
stabilizer. Proteolytic activity was the lowest when
CMC 6000-9000 was used as a stabilizer: in this case it
amounted to 2.51 £ 0.05 for CY-346/347, 2.43 + 0.05
for FVV-21, 2.31 £+ 0.05 for CY DSL, and 2.52 + 0.05
for FVV-31.

The dependence of the proteolytic activity of the
DELVO-YOG starter culture on the content of CMC
Akucell 3265 was analyzed in order to determine the
optimal content of the stabilizer. Results of the experi-
ment are presented in Fig. 3: 1-CY-346/347; 2-FVV-
31, 3-FVvV-21, 4-CY DSL.

An increase of the proteolytic activity of DELVO-
YOG starter cultures (with the exception of FVV-21)
was observed as the stabilizer content was increased
from 1.5 to 2.0 mass %.

The dependence of the proteolytic activity of
DELVO-YOG CY-346/347 lactic acid bacteria on stabi-
lizer type at the stabilizer concentration of 1.5 mass %
was analyzed in order to identify the optimal type of
stabilizer.
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Fig. 3. The dependence of the proteolytic activity of
DELVO-YOG lactic acid bacteria on the content of
CMC Akucell 3265, mass %: 1-CY-346/347;
2-FVvV-31, 3-FVV-21, 4-CY DSL.

Notably, both galactosidase activity and proteolytic
activity of all types of DELVO-YOG starter culture
increased as the stabilizer content was increased from
0.5% to 1.0 mass %.

As a rule, use of the stabilizer at a content of
1.5 mass % provided for the highest values of galacto-
sidase activity and proteolytic activity of DELVO-YOG
starter cultures

Maximal values of proteolytic activity of DELVO-
YOG starter cultures were registered when sodium py-
rophosphate SAPP 28 was used as stabilizer; these val-
ues amounted to 3.29 £+ 0.05 for CY-346/347,
3.06 = 0.05 for FVV-21, 3.11 + 0.05 for CY DSL, and
3.27 £0.05 for FVV-31. The minimal values of the pro-
teolytic activity of DELVO-YOG starter cultures were
registered when CMC 6000-9000 was used as a stabi-
lizer and amounted to 2.51 + 0.05 for CY-346/347,
2.43 + 0.05 for FVV-21, 2.31 £ 0.05 for CY DSL, and

2.52 +0.05 for FVV-31, as shown in Fig. 4.

Fig. 4. Proteolytic activity of the DELVO-YOG
CY-346/347 starter culture at a stabilizer content of
1.5 mass %.

Ag nwn-pmlcin mlmgcn 100 mg

Conjac gum
Pectin ARA 105
Xanthan gum

SAPP 28
SAPP 40

CMC Akucell 3265
CMC 4500-6000
CMC 6000-9000
Locust bean gum

CMC Akucell 2785

Sodium pyrophosphate
Sodium pyrophosphate

Sodium alginate NO4-600

The increase of galactosidase activity and proteolyt-
ic activity of lactic acid bacteria upon the increase of the
stabilizer content above 1.5 mass % was insignificant
(not more than 0.09 units), and in some cases a slight
decrease of galactosidase activity and proteolytic activi-
ty of lactic acid bacteria was observed.

Maximal galactosidase activity of DELVO-YOG
starter cultures was detected when CMC Akucell 2785
was used as a stabilizer; the activity values amounted to
3.47 £ 0.05 for CY-346/347, 3.54 + 0.05 for FVV-21,
3.32 £ 0.05 for CY DSL, and 3.42 £+ 0.05 for FVV-31,
and minimal activity was registered when sodium algi-
nate NO4-600 was used as the stabilizer.
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Abstract: Physicochemical and thermal properties of L-phenylalanine ammonia-lyase preparation were studied. Ther-
mal gravimetric analysis of physical and chemical phenomena occurring in the enzyme upon heating was conducted.
Heating curves were registered. Kinetic parameters of the evaporation process were identified. Stability of the enzyme
to freezing was verified. Cryoscopic temperature of a concentrated L-phenylalanine ammonia-lyase sample was identi-
fied. Chemical (dehydration, dissociation) and physical transformations accompanied by exothermic and endothermic
effects were found to occur during freezing. Results of the thermal gravimetric analysis demonstrated feasibility of
freeze-drying of L-phenylalanine ammonia-lyase preparation and allowed for determination of the optimum tempera-
ture ranges for thermal treatment and prediction of operational parameters of the drying process.

Key words: L-phenylalanine ammonia-lyase, physicochemical and thermal properties, heating curves, cryoscopic tem-
perature, lyophilization
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mophysical characteristics, together with physicochemi-

INTRODUCTION cal properties, should be known. Thermophysical char-
Despite the many years of production of dry biologi- acteristics are necessary for determination of both ra-
cal preparations, no simple, cost-efficient, and precise tional operating conditions and technological parame-
enough method to calculate parameters of freeze-drying ters [6, 7].
process at each stage has been proposed so far [1, 2]. Therefore, the aim of the present work was to study
Above all, this is due to the inherent complexity of the physicochemical and thermophysical characteristics of
drying process, its physical and mathematical modeling, an enzyme preparation of L-phenylalanine ammonia-
and complexity of mathematical tools to solve the differ- lyase that would allow for selection of optimal freeze-
ential equations describing thermodynamics of lyophi- drying modes.
lization process, especially of such complex systems as
biopolymers [3, 4]. MATERIALS AND METHODS
Therefore, studies aimed at determination of operat- L-Phenylalanine ammonia-lyase preparation was the
ing conditions for lyophilization of an enzyme prepara- subject of the study.
tion, L-phenylalanine ammonia-lyase, and development To study L-phenylalanine ammonia-lyase as a sub-
of freeze-drying technology are of topical issue [5]. ject of drying, thermal gravimetric analysis of physico-
L-phenylalanine ammonia-lyase catalyzes the reac- chemical events occurring in the enzyme upon heating
tion of reverse deamination of L-phenylalanine to trans- was to be performed.
cinnamic acid and ammonia. Changes in weight of sample were registered in
The enzyme is of interest as a therapeutic agent for function of temperature upon thermal gravimetric analy-
phenylketonuria treatment and may be used for both sis of L-phenylalanine ammonia-lyase preparation.
direct therapy of phenylketonuria and production of Study of thermophysical characteristics of the en-
food products free of phenylalanine [4, 5]. Besides the zyme preparation was performed by the first buffer
medical applications, the enzyme may be used in bio- method of two temperature—time intervals [7].
technology for L-phenylalanine production from trans- Then, enzyme stability to freezing was verified. Ali-
cinnamic acid [6, 7]. quot of purified protein was diluted in 0.1 M Tris-HCI
The enzyme is subjected to freeze-drying to preserve buffer, pH 8.5. Protein concentration in the sample was
its activity during storage. 0.2 mg/mL. Part of it was used to determine activity and
Also, L-phenylalanine ammonia-lyase may be stored concentration of the protein. The remaining sample was
in glycerol solutions. placed in a freezer at —18°C overnight. After thawing on
To determine operating conditions for freeze-drying ice, activity was determined [8, 9].

of any product, including an enzyme preparation, ther-
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For further experiments on lyophilization, protein
preparation after secondary purification was used. Sul-
fate suspension was centrifuged and the sediment was
dissolved in 50 mM Tris-HCI, pH 8.5. Then, it was dia-
lyzed against the same buffer (with two buffer exchang-
es) during 20 h. No loss of activity occurred upon dialy-
sis. Dialyzed preparation had specific activity of
299 U/mg protein. Protein concentration was
8.51 mg/mL. Equal volumes of protein (255 pL each)
were placed in three 0.5-mL glass vials. Twenty five
microliter 5% D-trehalose solution was introduced into
one of the vials, 25 uL. 5% polyvinylpyrrolidone solu-
tion, into another one, and 25 pL Tris-HCI buffer,
pH 8.5, into the third one. Activity of the preparation
after dialysis was used as control value. Vials were cov-
ered with several layers of cotton tissue and left
at —70°C overnight [10].

For thermophysical studies, weighted amount of the
enzyme (200 mg) was placed in a platinum cup with a
cap 9.5 x 107> m in diameter; sensitivity of the weighing
part was 50 mg, heating rate, 5°C/min, DTG = 1/10, and
DTA = 1/10; studies were performed at atmospheric
pressure.

At the next stage, L-phenylalanine ammonia-lyase
was placed in a cup of electronic balance set in a vacu-
um box. Energy was supplied with an infrared source.
Temperature of the product was measured with a KSP-4
potentiometer and maintained within the range of
22-27°C under residual pressure of 1.6-2 kPa. Thus,
weight of the sample in the process of concentrating
was determined. After the vacuum box, samples were
placed in a desiccator, where they were kept for 4-6 h to
balance humidity over the sample volume. Water con-
tent in the sample was determined by drying according
to State Standards.

Then, cryoscopic temperature of the concentrated
sample was determined.

RESULTS AND DISCUSSION
Cryoscopic temperature is the difference between
the freezing point of bidistilled water and freezing point
of a product determined by cryoscopy and expressed in
temperature measurement units.

Thermophysical characteristics of L-phenylalanine
ammonia-lyase before and after freezing

Thermal Thermal . Specific
. e .. | Density | heat per
Physical | diffusivity |conductivity 3 .
7 2 p, kg/m® | unit mass
state a-10’, ms | A, W/(m'K) (£2%) |om J(ke'K)
0, 0, my
(& 5%) (£ 5%) (£ 5%)
liquid
preparation 1.37 0.56 1013 4166
(t=18°C)
frozen
preparation 11.97 2.18 920 1979
(t=-24°C)
dry
preparation 14.94 3.36 1192 1888
(t=20°C)

Cryoscopic temperature is a necessary parameter in
the development of processes of low-temperature treat-
ment of products and materials. Therefore, information

on cryoscopic temperature is of practical importance.
Thermophysical characteristics of
L-phenylalanine ammonia-lyase before and after freez-
ing are presented in the table.

Protein concentration influences the cryoscopic tem-
perature of enzymes. Besides, since considerable
amount of yeast extract and sodium chloride is present
in the enzyme preparation, cryoscopic temperature in
function of these two components' concentration was
studied.

The results were compared with cryoscopic tempera-
tures of sodium chloride agueous solution (Fig. 1).
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Fig. 1. Cryoscopic temperature of solution in function
of sodium chloride concentration: 1, sodium chloride
aqueous solution; 2, enzyme preparation.

The curves presented in Fig. 1 confirm that the man-
ner of crystallization of the enzyme preparation is over-
all the same as that of sodium chloride aqueous solution.
However, cryoscopic temperatures of the enzyme prepa-
ration were somewhat higher (by 0.1-0.2°C) than the
relevant sodium chloride solution. Apparently, this is
due to hydrophobic properties of the protein in the en-
zyme preparation. Nevertheless, the influence is not
significant, therefore, aqueous solution of sodium chlo-
ride may be used as a model to study freezing of
L-phenylalanine ammonia-lyase enzyme preparation.

As mentioned above, cryoscopic temperature of en-
zymes is affected by protein concentration. Therefore,
cryoscopic temperature in function of protein concentra-
tion was studied (Fig. 2).
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Fig. 2. Cryoscopic temperature of L-phenylalanine am-
monia-lyase enzyme preparation in function of protein
concentration.

The results evidenced that there is a reverse loga-
rithmic dependence between the cryoscopic temperature
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of the enzyme and protein concentration in the range of
3.5t0 11.5 mg/mL.

Increase in protein concentration in the preparation
from 3.5 to 7.5 mg/mL resulted in increase of its cryo-
scopic temperature by 0.3-0.6°C; further increase from
7.5 to 11.5 mg/mL resulted in the change in cryoscopic
temperature of 0.6—1.3°C. Change in cryoscopic tem-
perature of the enzyme preparation in function of pro-
tein concentration was probably due to transfer of free
water to bound water.

In calculations of specific enthalpies of the enzyme
preparation, enthalpy of the preparation corresponding
to the temperature of —40°C was considered zero en-
thalpy.

Calculation of thermal conductivity coefficients was
performed by additivity method. In general, it is not
applicable to thermal conductivity calculations, howev-
er, it provides for sufficient reliability of calculated data
for food products since thermal conductivity coeffi-
cients of constituents are values of the same orders of
magnitude (except for gases), and the products are iso-
tropic.

The model of maximum coefficient of efficient
thermal conductivity of a compound is represented by
alternating parallel plates of components under heat
flowing in direction parallel to the plates.

Weight fraction of frozen water (Fig. 3) was calcu-
lated in temperature range of —24-0°C.

1.00

0.75 \

0.50 \

0.25

0.00

Weight fraction of frozen water, %

Temperature, °C

Fig. 3. Weight fraction of frozen water in
L-phenylalanine ammonia-lyase enzyme preparation in
function of temperature.

Specific thermal capacity (Fig. 4), enthalpy (Fig. 5),
coefficients of thermal conductivity (Fig. 6) and thermal
diffusivity (Fig. 7), as well as density (Fig. 8) values,
were determined for the L-phenylalanine ammonia-lyase
enzyme preparation in function of temperature in the
range from —40 to 25°C.

To evaluate applicability of the elaborated tech-
niques, we calculated the values characterizing thermo-
physical properties of the L-phenylalanine ammonia-
lyase enzyme preparation in liquid and frozen state and
the calculation results were compared with experimental
ones.

Comparison of the values characterizing thermo-
physical properties of the L-phenylalanine ammonia-
lyase enzyme preparation determined experimentally

with those calculated, in general, evidences applicability
of the proposed model for determination of the thermo-
physical characteristics. Errors of thermophysical char-
acteristics determination by calculation, if compared to
the experimental data, are 4-5.5%, for thermal diffusivi-
ty, 3-5.5%, for thermal conductivity, and 1-3%, for
specific heat per unit mass values. The technique may
be used to determine thermophysical characteristics of
liquid, frozen, and dry preparation, which is necessary
for modeling of the processes of
L-phenylalanine ammonia-lyase freeze-drying.
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Fig. 4. Specific thermal capacity of L-phenylalanine-

ammonia lyase enzyme preparation in function of tem-
perature.
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Fig. 5. Specific enthalpy of L-phenylalanine ammonia-
lyase enzyme preparation in function of temperature.
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Fig. 7. Coefficient of thermal diffusivity of
L-phenylalanine ammonia-lyase enzyme preparation in
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Fig. 8. Density of the L-phenylalanine ammonia-lyase
enzyme preparation in function of temperature.

The amount of water removed from the product upon
drying depends on the structure and physicochemical
properties of the dried subject. The effect of the level of
temperature stabilization of the dried layer on the dura-
tion of lyophilization was studied. Typical drying curves
of the L-phenylalanine ammonia-lyase enzyme prepara-
tion under the studied levels of stabilization of dry layer
are presented in Fig. 9.

L

Temperature, °C.
[

Duration of drying, min

Fig. 9. Typical drying curves of the L-phenylalanine-
ammonia lyase preparation under the studied levels of
stabilization of dry level: 1, 40°C; 2, 30°C; and 3, 20°C.
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Increase in the level of dry layer stabilization result-
ed in the increased amount of water removed during
sublimation and decreased amount of water removed
during heating. Temperature of 20-40°C is the most
favorable for the process of L-phenylalanine ammonia-
lyase enzyme preparation drying since in this range of
temperatures water removal is intensified and drying
duration is shorter.

In the study, microstructure of the dry preparation
was investigated. Figure 10 demonstrates microstructure
of L-phenylalanine ammonia-lyase enzyme preparation
obtained upon freeze-drying at different temperatures of
stabilization on surface of the dry layer.

Fig. 10. Microstructure of dried enzyme preparation
(magnification of 500%) at different temperatures of
stabilization on surface of the dry layer: (a) 15°C;
(b) 20°C; (¢) 30°C; and (d) 40°C.

As follows from Figure 10, dried preparation of
L-phenylalanine ammonia-lyase obtained by freeze-
drying contains approximately the same particles with
hard and smooth surface.

During sublimation process under industrial condi-
tions, data on specific energy consumption per unit wa-
ter removed from enzyme preparation in function of
temperature and duration of concentrating process is of
considerable interest. Figure 11 demonstrates depend-
ence of specific heat consumption during sublimation
drying of L-phenylalanine ammonia-lyase enzyme
preparation.

As follows from the presented data, increase in tem-
perature of stabilization of the dry layer results in in-
crease in specific heat consumption during sublimation
drying of the enzyme preparation.

Specific heat consumption in vacuum-dryers is
known to be in the range of 0.8-1.2 kW/kg per 1 kg
removed water. According to the data of our studies,
specific heat consumption in the process of
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L-phenylalanine ammonia-lyase drying at 20-40°C is
0.7-0.9 kW/kg removed water. Utilization of freeze-
dryer allows for reduction of heat expenses on the en-
zyme preparation drying, if compared to vacuum-dryers,
by 10-20%.
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Fig. 11. Specific heat consumption during sublimation
process of L-phenylalanine ammonia-lyase enzyme
preparation in function of stabilization temperature of
the dry layer: 1, 5°C; 2, 15°C; 3, 20°C; 4, 30°C; and 5,
40°C.

At temperatures of dry layer stabilization of
20-40°C, weight fraction of residual water does not
exceed 5.0%. At temperatures below 20°C, water con-
tent in dried enzyme preparations is higher (6.0 to
10.5%).

Duration of sublimation drying of L-phenylalanine
ammonia-lyase enzyme preparation was estimated at
different temperatures of drying, that is, 20, 30, and
40°C (Fig. 12).

Duration of drying, h.
x)

Fig. 12. Duration of sublimation drying of
L-phenylalanine ammonia-lyase enzyme preparation in
function of drying temperature:

I - drying temperature 20°C;

[ - drying temperature 30°C;

I - drying temperature 40°C.

Results presented in Figure 12 evidence that increase
in the temperature of enzyme drying from 20 to 40 °C
results in increase of drying duration by 10 h. Therefore,
6 h of the enzyme drying at 20°C was chosen as optimal
duration.

Density of heat flow (heat load) is as important a pa-
rameter of the process as is temperature. Density of heat
flow is the amount of heat supplied from heaters to a
unit area of the product being dried (kW/m?).

The rate at which rational temperature of lyophiliza-
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tion is reached depends on the heat load value. At low
values of heat load, time to reach rational (required)
temperature of drying of biological subject grows,
which results in the increase in total duration of the dry-
ing process. High heat loads may lead to worsening of
quality and defects in the dried product. Worsening of
quality is manifested through formation of overdried
layers on top of the product.

Overdried layers affect considerably the process of
drying and quality of dried products. Overdried layers
have lower coefficient of thermal conductivity, which, on
one hand, increases the gradient of temperatures between
the surface and the bulk subject; on the other hand, over-
dried layers prevent mass exchange between the subject
and the environment. The water evaporated inside a
product needs to overcome additional resistance of over-
dried layers. Therefore, heat load value is to be consid-
ered in the process of development of rational drying
modes.

Rational heat load should take into account tempera-
ture of drying, physicochemical parameters of product
being dried, duration of drying, and energy consump-
tion.

Studies on the selection of rational heat load for the
L-phenylalanine ammonia-lyase enzyme preparation
were performed at the following values: 9.2; 8.28; 7.36;
6.44; 5.52; 4.6; 3.68; 2.76; 1.84; and 0.92 kW/m?.

Figures 13-15 demonstrate the curves of temperature
and heat load upon drying of the L-phenylalanine ammo-
nia-lyase enzyme preparation. Upon increase in the heat
load, the rate at which preparation surface reached the
temperature of 20°C increased. At heat load of
9.2 KW/m?, target temperature of the surface of prepara-
tion was reached within 55 min; at 5.52 kW/m?, within
6065 min; and at 1.84 kW/m?, within 140-150 min.
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Fig. 13. Sublimation drying curves of the

L-phenylalanine ammonia-lyase enzyme preparation at
heat load of 9.2 kW/m?.

Equalizing of temperature over the volume of the
enzyme preparation at high values of heat load occurs
faster. Temperature in the thickness of the preparation
equalized to the temperature of the surface at heat load
values of 9.2, 5.52, and 1.84 kW/m2 within 80, 110, and
215 min, respectively.

Lyophilization is a complex technological process,
on which parameters of the final product depend.
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Freeze-drying regime is considered rational if it allows
for preservation of physicochemical properties of raw
material at the minimal energy consumption. For
rationalization of the technological process of
sublimation drying of the L-phenylalanine ammonia-
lyase preparation, effect of residual lyophilization
pressure on product characteristics was studied.
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Fig. 14. Sublimation drying curves of the

L-phenylalanine ammonia-lyase enzyme preparation at
heat load of 5.52 kW/m?.
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Fig. 15. Sublimation drying curves of the
L-phenylalanine ammonia-lyase enzyme preparation at
heat load of 1.84 kW/mZ.

The process of lyophilization was studied at residual
pressure values of 5-6, 10-11, and 14-15 Pa. These val-
ues of lyophilization residual pressure were chosen bas-
ing on the literature data and required parameters of
freeze-drying during rationalization of the parameters.

Temperature of water vapor saturation at residual
pressure values of 5-6, 10-11, and 14-15 Pa was
—-48-(-46), —42—(-40), and —39—(-38)°C, respectively.

Duration of freeze-drying process increases with in-
crease in the residual pressure. Increase in the residual
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pressure from 5-6 to 10-11 Pa results in the increase of
process duration by 60-80 min; increase from 5-6 to
14-15 Pa results in the increase by 120-160 min. Basing
on the experimental data, empirical function of
L-phenylalanine ammonia-lyase freeze-drying duration
dependence on residual pressure in the range of 5-6 to
14-15 Pa was obtained.

Under the residual pressure of 5-6 Pa, heat consump-
tion increases due to increase in the coefficients of working
time of the freezer and vacuum pumps up to 0.85-0.9, if
compared to the residual pressure of 10-11 Pa, when the
value is 0.6-0.7.

Increase in specific heat consumption at 14-15 Pa
does not depend upon the coefficient of working time of
the freezer and vacuum pumps and is equal to 0.6-0.7,
similar to the residual pressure of 5-6 Pa. Increase in
specific heat consumption at 14-15 Pa occurs due to
increase in the duration of lyophilization process.

Therefore, optimal parameters of lyophilization pro-
cess of the L-phenylalanine ammonia-lyase enzyme
preparation are the following: duration of the process,
6 h; heat flow density, 9.2 kW/m?, and residual pres-
sure, 6 Pa.

Typically, temporal changes in average values of
moisture and temperature over the volume of material
being dried are termed Kinetics of the drying process.

Drying process is most accurately described by dry-
ing curves (drying rate vs. material humidity) and tem-
perature curves (material temperature vs. material hu-
midity). Work of dryers of different efficiency cannot
be compared by changes in weight of material in the
process of drying. For this purpose, graphical images of
humidity evolution in the material, or drying curves, are
used.

Data to build the curves are typically obtained in la-
boratory by registering a sample weight and temperature
in the process of drying. Drying is typically performed
by warm air. For freeze-drying, constant parameters of a
regime are material temperature and residual pressure
value. Naturally, transfer of the laboratory study data to
industrial conditions (where drying is typically per-
formed under alternating mode) requires corrections.

Change in the volume-averaged humidity of material
with time is graphically depicted by a curve termed dry-
ing curve. In general, drying curve contains several
parts corresponding to different stages of drying.

The amount of water frozen out is another important
characteristics of the product that is of practical im-
portance in choice of sublimation temperature and deter-
mination of optimal technological modes of drying. The
data obtained are used in thermal technics calculations.

In the process of water freezing, concentration of so-
lutes in liquid phase grows since only water molecules
and a few solutes turn to solid phase, especially at low
temperatures. This process may be modeled by increase
in concentration of dry substances under vacuum con-
centrating [10].

Therefore, it was found that sublimation drying of
L-phenylalanine ammonia-lyase enzyme preparation
proceeds in two stages: constant-rate and decelerating
drying. The enzyme drying curves in terms of heat load
vs. time, temperature vs. time, and moisture fraction vs.
time were obtained and investigated. Drying rate curves
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were plotted using graphic differentiation. Values of Therefore, thermal gravimetric analysis demonstrated-
maximum drying rate of the preparation in function of feasibility of L-phenylalanine ammonia-lyase dehydration
layer thickness were determined. The amount of water by freeze-drying; results of the analysis allow for determi-
due to polymolecular adsorption was analyzed and nation of optimal temperature ranges for thermal treatment
found to be 4-9%. and forecast technological parameters of the drying pro-

9.

Mean value of bound water was ¢ = 0.223 kg/kg. cess.
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Abstract: The results of Doctor N.A. Voinov and his colleagues’ research aimed at developing gas—liquid film bioreac-
tors are systematized. Fluid dynamics and heat and mass transfer in a liquid film flowing by gravity down a surface with
artificial large-scale roughness have been investigated. Relationships based on the plug flow model are suggested for
calculating mass transfer in the working zones of the bioreactor. Ways of raising the productivity of the apparatus and
reducing the cost of culturing Candida scottii yeast are considered. Closed-loop gas circuit schemes are suggested for
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INTRODUCTION

Gas-liquid bioreactors are widely used in the food
and related industries, including the production of en-
zyme preparations, baker’s yeast, biopolymers, and other
microbiological synthesis products. One of the serious
drawbacks of the existing industrial bioreactors is their
low biomass output capacity, high stirring and concen-
trating costs, and large mounts of microbiological syn-
thesis products discharged into the environment because
of the low intensity of heat transfer. This imposes limits
on the composition of te gaseous substrate, generates
temperature distribution nonuniformities in the culture
liquid, and does not ensure proper purification of the exit
gas from metabolism products.

Of the wide variety of the existing fermenters, the
most widely employed ones are bubblers with mechanical
stirring and liquid circulation in the working space of the
apparatus. However, the energy consumption per unit
weight of the resulting biomass in stirred bioreactors is
higher than in the other types of apparatuses [1] and is 3—
4 (kW h)/kg at a comparatively low biomass concentra-
tion (Table 1). Although the stirring of the liquid increas-
es the interfacial area owing to the breakup of gas bub-
bles, the liquid flow remains mainly laminar and the en-
ergy consumed does not afford an adequate increase in
the rate of oxygen transport in the liquid phase. In addi-
tion, heat removal from the reaction zone of the apparat-
uses is slow and, as a consequence, the culturing process
often takes place at a non-optimal temperature.

One way of increasing the output capacity of the gas—
liquid bioreactor is by saturating the culture liquid with
the gas in a turbulent liquid film. [2-4] flowing down the
surface of contact devices. This technique has found ap-
plication in microorganism culturing methods developed
by the authors [5-10].
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Table 1. Characteristics of bioreactors

Bioreactor
with a
suction
stirrer

Stirred
gas-lift
bioreactor

Gas-lift
bioreactor

Jet-stirred| Film

Characteristic bioreactor |bioreactor

Oxygen
transport rate,
kg/(m® h)

1.1-4.0 4-7 7 0.4-0.7 10

Bulk mass
transfer
coefficient,
h—l

1500—

200-450 1000

450-1000| 1000 | 100-150

Surface mass
transfer coef-
ficient, m/s

(0.4~
0.7)-10*

(1.3-5) -
10*

5-8)- | 6.10¢

Concentration
of reducing
substances,
kg/m®

8-30 30 30 8

Specific air
consumption,
m®/kg

30-50 34 29-43 10

Biomass
concentration
(ADW),
kg/m®

4-10.5 10 10 4 40-80**

Filling factor 0.33 0.7 0.4 0.33 0.8

Specific
energy
consumption,
kW h/kg

0.8-1.75 2-3 34 04-5 | 0.6-14

*In the falling liquid film. **Calculated value.

The introduction of a falling-film section for gas ab-
sorption in the culture liquid into the stirred apparatus
makes it possible to significantly intensify heat and
mass transfer and to reduce specific expenses.

Film bioreactors are next-generation apparatuses,
and their introduction into industry is impeded by the
poor understanding of the heat transfer processes occur-
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ring there. The oxygen transfer rate in the falling liquid
film can reach 10 kg/(m® h) or over [11], and the surface
mass transfer coefficient can be up to (2-5) - 102 m/s,
one order of magnitude larger than in the other types of
fermenters. Heat transfer in a turbulent film [12] is also
more intensive than in bubblers and gas-lift apparatuses.
Furthermore, biomass growth in film bioreactors can be
carried out without employing mechanical devices for
transporting the components of the gaseous substrate,
since the gas is uninvolved in the generation of the phase
contact surface and in liquid turbulization. Owing to the
high rates of oxygen supply and metabolite removal, film
bioreactors are capable of processing concentrated nutri-
ent media, ensure a high product output rate and fine pu-
rification of the spent gas from metabolites and substrate
drops, maintain a high degree of sterility in the process,

and make it possible to organize a closed-loop gas cir-
cuit and gas cleaning in the apparatus.

A possible design of the film bioreactor [13-15] is
presented in Fig. 1. Four heat transfer zones can be dis-
tinguished in the apparatus. These are a liquid film satu-
ration chamber (1), a mechanically stirred chamber (I1),
a liquid inlet chamber (I11), and a flow circuit (1V). Only
when the necessary concentration of the gaseous sub-
strate dissolved in the liquid and the necessary tempera-
ture are ensured in each of these zones can a high prod-
uct output capacity be attained. Fluid dynamics and
mass transfer in the mechanically stirred chamber 11
have been comprehensively investigated to date, while
mass transfer in the falling liquid film in chamber |
needs to be further analyzed.

Fig. 1. Film bioreactor: (a) reactor design, (b) contact device, and (c) gas bubbles in the falling liquid film; (1) tube of
the contact device, (2) gas pipe, (3) stirrer, (4) pump, and (5) circulation pipe.

DATA SYSTEMATIZATION

Here, we present an analysis of results obtained by
N.A. Voinov and his colleagues in their research and
development works on film bioreactors. The methods
of acquisition and processing of hydrodynamic and
heat and mass transfer data for turbulent falling films
are described elsewhere [16, 17]. Experiments were
carried out on Candida scottii yeast and on hydrogen
bacteria Ralstonia eutropha [18-20].

Fluid dynamics in the film saturation chamber.
The highest heat and mass transfer efficiency and the
highest liquid throughput capacity are achieved with
contact devices whose surface has large-scale artificial
helical-rib roughness made from a wire or ribbon [10]
(Fig. 1b). In this case, part of the liquid, flowing be-
tween roughness coils, is set in combined rotational and
translational motion, which favors its uniform distribu-
tion along the contact device perimeter without separa-
tion and formation of jet flows even on fouled and tilted
film-forming surfaces.

The optimum height of the ribs of the helical rough-
ness (wire diameter or ribbon width) is h = 3-5 mm
[21]. As the rib height is further increased, there is no
significant increase in the saturation intensity because of
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decrease in the phase contact area. The maximum pos-
sible rate of liquid flow through the contact device at its
diameter of 45-100 mm and h = 3-4 mm can be esti-
mated using the relationship

G =12exp(0,04-d), (1)

where G is the highest liquid flow rate allowing film
flow (m*h) and d is the inner diameter of the contact
device tube (mm).

For example, at a contact device diameter of
48 mm, the liquid flow rate ensuring the formation of
an annular falling film is 2 to 8 m¥h. At a lower liquid
flow rate, the surface is incompletely wetted; at a high-
er flow rate, there will be a decrease in the phase con-
tact area. An important design feature of the contact
device is that the upper coils of the roughness helix
should be placed in the annular gap between the gas
pipe and the tube surface in order to set the liquid in
rotational and translational motion and to prevent its
breaking away from the rib edges upon its running on
the roughness ribs.

Contact devices may be made from ribbon coils with
a deflected side edge [10] or from a porous body [15].
In the former case, the metal consumption is reduced; in
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the latter case, the saturation of the liquid with the gase-
ous substrate is markedly intensified.

The thickness of the gas-liquid film flowing down
the surface of a contact device with helical roughness is
several times larger than the thickness of the film on a
hydraulically smooth wall and can reach a value of
25 mm or above [22, 23] (Fig. 2). The liquid flow in the
former case is stable in a wide range of flow rtes (Reyn-
olds number Re = 4G/vrd = 20 000-100 000, where G
is the liquid flow rate (m*/s) and v is the kinematic vis-
cosity of the yeast suspension (m%/s).
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Fig. 2. Thickness of the falling liquid film as a function
of the (a) roughness parameter and (b) Reynolds number
atd=51mm, v=1-10°m?%s, and a contact device
tube length of = 1.6 m. (a) h = 55 mm; Re = (1)
30 000 and (2) 45 000. (b) s/h = 8; (1, 2) film flowing
down the outer surface of the contact device tube,
h = 0; (3-7) film flowing down the inner surface,
h =(3) 1.85, (4) 3.0, (5) 5.5, and (6) 6.0 mm.

Experiments demonstrated that, as the roughness rib
height and the dynamic viscosity of the yeast suspension
are increased, the falling liquid film on the contact de-
vice surface becomes thicker. The largest thickness val-
ue is observed at a roughness parameter of s/h = 4-8
(Fig. 2a), where s is the roughness coil spacing. Surfac-
tants do not exert any significant effect on the thickness
of the liquid film.

The thickness of the gas—liquid film increases with
the distance traveled by the film and becomes constant
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at /= 1.6 m. It is suggested that the liquid film thickness
in the valley of the helical roughness, 8, (Fig. 3), be
calculated using the following relationship [10]:

5(&3]:(111] LI
2R 2R) s+e

3

0° 1+h/R

+ / e, MS . ()
8s+e 47 g s+e

P’

where p is the density of the gas-liquid mixture
(kg/m?), e is the width of a roughness rib (m), A is the
friction factor of the liquid film on the smooth wall of
the tube, I' = G/nd is the mass irrigation density
(kg/(s m), R is the tube radius (m), o1 = 8 is an empiri-
cal correction, the sign “+” refers to a film flowing
down the outer surface of the tube, and the sign “-”
refers to a film flowing down the inner surface of the
tube.

3,
mm
m_ A
r”‘
ﬁ
g
10 “ 1
40
10 20 40 Req0®

Fig. 3. Thickness of the yeast suspension film versus
Reynolds number at d = 51 mm, s/h =6, and h = 3 mm.
Experimental data points: v = (1) 1.2 - 10°®, (2) 0.66 - 10°°,
and (3) 0.55 - 10° m%s. The solid and dashed lines rep-
resent data pertaining to roughness valleys and rough-
ness ribs, respectively.

The density of the gas—liquid mixture in Eq. (2) is
given by
P=pl-¢)+pgo,

where ¢ is the gas content and pgand p; are the gas and
liquid densities.

The friction factor is calculated using Eq. (3) and
experimental data (Fig. 4) [10]:

h) s TI*1+h/R™”
+— +
2R S+e hp2/3g1/3

(3

T 2 1/3
r y Ae ; S
8s+e  dfro s+e

The kinematic viscosity of the Candida scottii yeast
suspension as a function of the biomass concentration (x
= 10-100 kg/m®at 38°C) was calculated as follows [10]:

v=7.397-107 +2.113-10°x, 4)

where x is the microorganism concentration (kg/m?).
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Fig. 4. Friction factor versus Reynolds number for a
liquid film flowing down the tube surface at d = 30 mm,
| =25m,sh=10,and v=1 x 10° m%s. The lines
represent the data calculated via Eq. (3) at h = (1) 0.1
(2) 0.18, (3) = 0.33, (4) 0.45, and (5) 1.0 mm; (6) data
calculated using the A = 0.3164/Re”* equation. The
points represent experimental data [24].

When the microorganism concentration in the
culture liquid is above 100 kg/m’ the kinematic
viscosity increases dramatically because of the
structuring of the suspension, confirming the existence
of an upper limit for the Newtonian flow of suspensions.

The kinematic viscosity of the yeast suspension at a
culturing temperature of 30°C is given by the
relationship

v =(0.0197x+0.793)-10°. (5)

The density of the yeast suspension at 30°C and x =
100 kg/m® is 1025 kg/m’, and that at x = 200 kg/m’ is
1065 kg/m’. The dependence of the density of the
medium on the bacterial biomass concentration under
the biosynthesis conditions can be represented as
p =995.6exp(0.0002 - x) -

As the culture liquid flows down the surface with
large-scale helical roughness, gas bubbles nucleate in
roughness valleys (Fig. 1c), and this leads to the
formation of a gas—liquid mixture. This gas bubble
nucleation is due to boundary layer separation taking
place when the liquid flows from roughness ribs, which
generates circulation vortices in the valleys [25]. Once a
certain static pressure drop between the vortex and the
liquid film surface is reached, which depends on the
surface tension and thickness of the film, the gas
penetrates into the hollow of the vortex, and this causes
the formation of gas bubbles and their buildup in the
liquid.

With the optimal arrangement of the coils of the
helical roughness, i.e., at s’h = 4-8, the roughness
valleys are filled with gas bubbles to the greatest extent
and the bubble diameter is comparable to the height of
the roughness rib and is 1.5-4 mm. The gas content of
the liquid increases as the height of the rib of the regular
helical roughness is increased to h = 3 mm and then
remains constant, ¢ = 0.45. The increase in the gas
content as a result of an increasing roughness rib height
is due to the change in the vortex scale.The interfacial
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area of the liquid film flowing down the helix-
roughened surface was 700-1000 m*m’, while the
interfacial area in apparatuses with a turbine-type
agitator at its specific power of 0.5-4 kW/m® is much
smaller [1, 26, 27] and is @ = 75200 m*/m’.

Heat and mass transfer in the film saturation
chamber. Mass transfer in a turbulent liquid film has been
the subject of numerous works, including studies dealing
with contact devices with a rough surface [28-30].

Figure 5 plots the effective mass transfer coefficient
in the falling liquid film versus Re as calculated without
taking into account the surface area of the gas bubbles.
It was established that the highest saturation efficiency
is attained at a roughness parameter of s/h = 4-8.
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Fig. 5. Effective mass transfer coefficient versus
Reynolds number for a water film flowing down (lines
1, 2) smooth and (lines 3-5) rough vertical tube surfaces
at

t = 20°C. Experimental data points: (a) inner surface
(d =27 mm, | = 2 m); (b) outer surface (d = 30 mm,
| =2 m); (c—e) internal surface (d = 51 mm, | = 1.6 m,
s/h =10), h=(c) 1.85, (d) 3.0, and (e) 5.0 m.

At a dimensionless roughness rib height of , the
effective mass transfer coefficient can be calculated
using the following relationship [29]:

Sh*=6.45-10"* (Re*)"**Sc*’, (6)

for h" =150 — 1600,

Sh*=6.45-10"*(Re*)"**Sc™| — |, (D)
150

Here, Re” = 48u*/v, Sh*= B6/Dy, and Sc = v/D,.

The “dynamic” liquid velocity on the rough wall of
the tube for a film flowing by gravity is calculated via
the formula

U*_LLJOS I_,
L8 ) (+5/QR))5

where A, is the friction factor for the liquid (Fig. 4).
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tween the gas and the surface of the falling film and as
interaction between the gas bubbles and the liquid. With
this approach, the coefficient of mass transfer between
the bubbles of the gaseous substrate and the liquid is
(0.8-2) - 10 m/s and mass transfer coefficient in the
liquid film bulk is (2-8) - 10 m/s.

Aeration of a falling liquid film thorough the porous
surface of a tubular insert makes it possible to intensify
liquid saturation with the gas by a factor of up to 2 [10].
The presence of a surfactant in the fermentation medium
reduces the mass transfer coefficient [31] (Fig. 6).

B-10°,

m/s o-L |
’A'Z; 4 —]
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/
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Fig. 6. Mass transfer coefficient versus Reynolds num-
ber for the gravity flow of a fermentation medium film
along the tube surface with helical roughness at
d=51mm, =124 m, h=2mm, and s/h = 8. (1-3)
experimental data points: o = (1) 52 - 103, (2) 42 - 103,
and (3) 34 - 10 N/m. (4) Experimental data for distilled
water.

The surface tension values measured for the fermen-
tation medium are plotted in Fig. 7. There are two char-
acteristic regions of the reducing substance (S) concen-
tration effect on the surface tension c. The surface ten-
sion of the fermentation medium is much higher than
the surface tension of the culture liquid.

c-10* .
' v -1
N/m O-2; —

A - 3;
\\ O -4,

600

el
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Q| VTV

400

0 4 8 12 S, %
Fig. 7. Surface tension of the fermentation medium ver-
sus the concentration of reducing substances of molas-
ses. (1-4) Experimental data points: t = (1) 45,
(2) 30, and (3) 10°C; (4) hydrolysate from wheat grains
att=20°C.

The surface tension of a bacterial suspension grown
in Schlegel’s medium is

o = (74-79) - 10 N/m in the concentration range
x = 1-80 kg/m? at 30°C.

As water evaporates from the surface of the falling
liquid film during culturing, the equilibrium gas concen-
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tration decreases according to the following relation-
ships because of the change of the partial pressure at the
interface [31] (Fig. 8):

for the smooth surface of the contact device tubes,

C
-9 —exp(-0.06-R), ©)
c
for the surface with helical roughness,
C
% —exp(-0.014-R), (10)
c

Here, ¢* is the equilibrium oxygen concentration when
there is no vapor outflow, cq is the equilibrium oxygen
concentration in the case of vapor outflow taking place,
and R is the specific water vapor flow rate (kg/(m? h)).

cglc*
VV~\X\X
0.9 S V X
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o-1 }ﬁ\A ™
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Fig. 8. Ratio of the oxygen concentrations in the liquid
at the interface versus the specific flow rate of evapo-
rated water for the liquid film flowing downwards by
gravity. Experimental data points: (1-3) smooth tube
surface, t; = 25°C, t; = (1) 40, (2) 50, and (3) 60°C;
(4, 5) rough surface, t;=25°C, t,= (4) 50and (5) 40°C.

Measurements demonstrated that the solubility of
oxygen in the fermentation media used is approximately
10% lower than in distilled water.

The presence of microorganisms showing a certain
respiratory activity in the liquid reduces the concentra-
tion of dissolved oxygen in the falling liquid film at the
outlet of the contact device, and it is necessary to take
into consideration this circumstance when designing a
bioreactor.

Under the assumption that the contact device (zone
I in Fig. 1a) is a plug flow reactor, the mass balance
equation for the dissolved gas concentration C in the
falling culture liquid film with thickness & can be writ-
ten as

u5%:ﬂ(c*—c)—qx5. (11)
where u is the mean velocity of the liquid film (m/s), |
is the tube length (m), x is the yeast concentration in
the liquid (kg/m®), q is the respiratory activity of the
yeast (kg/(kg s)), ¢* is the equilibrium gas concentra-
tion in the liquid (kg/m®), and S is the surface mass
transfer coefficient (m/s).

At a constant gas partial pressure in the contact
zone, we will then obtain
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C:c*_qx5+(qx5+00 —c*jexp(— A }(12)
/] i) uo

where ¢, is the concentration of dissolved gas in the
liquid at the chamber inlet (kg/m®).

Equation (12) provides means to calculate the dis-
solved gas concentration in the liquid flowing down-
wards along the tubular insert. According to the data
obtained (Fig. 9), the highest intensity of oxygen sup-
ply to the culture liquid is observed at a length of
1.5-2.5 m along the tube. As the microorganism con-
centration in the liquid is increased, the amount of oxy-
gen in the film at the outlet decreases. At x = 100 kg/m®
(Fig. 9), the oxygen concentration in the liquid film
practically does not increase; that is, the rate of oxygen
supply to the liquid is equal to the rate of oxygen con-
sumption by the microorganisms.

c,
kg/m? 1|
5 i =0 —
4 //’/— 3
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Fig. 9. Variation of the oxygen concentration in the yeast
suspension film along the length of the tubular insert at
d =51 mm, h=3 mm, s/h = 10, Re = 50 000,

t = 38°C, ¢* = 6 - 10° kg/m® ¢, = 0.c*
and q = 4.17 - 10° kg/(kg s). The lines represent the data
calculated for different yeast biomass concentrations:
x=(1) 0.1, (2) 10, (3) 20, (4) 50, and (5) 100 kg/m®.

Figure 10 presents the results of investigation of
heat transfer in the liquid film flowing down the sur-
face with artificial roughness for various rib heights
[32]. The largest value of the heat transfer coefficient is
observed at a rib height of 0.13 mm and a dimension-
less parameter of h*> 29. The heat transfer coefficient
decreases with an increasing rib height because the gas
content increases and the heat conductivity decreases
according to the relationship

ﬂ’mix :21(1_¢) +ﬂ’g¢’

where Amix, M and Aq are the heat conductivities of the
gas-liquid mixture, liquid, and gas, respectively
(WI/(m K)).

The following equation was suggested for calculat-
ing the heat transfer coefficient in a liquid film flowing
down a surface with large-scale artificial roughness
[32, 33]:

(13)

U= _12.102Re® P, (14)

mix

where Pr = v/a is the Prandtl number at the tempera-
ture of the liquid.
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Fig. 10. Heat transfer coefficient o versus (a) the Reyn-
olds number of the liquid flowing by gravity and (b) the
rib height of the helical roughness: (a) d = 30 mm;
I =1.9 m; Pr=4,5; s/h = 10; film on the outer surface of
the tube; h = (1) 0.13 (2) 0.3 (3) 0,7, (4) 0.85, (5) 1.0,
and (6) 1.5 mm; (7, 8) film on the inner surface of the
tube, d =51 mm, 1 =2.3m, h=(7) 2.0 and (8) 3.0 mm;
(b) d = 30 mm, s/h = 10, Pr = 45, | = 1.9 m,
Re =12 000.

h, mm

Mass transfer in the mechanically stirred cham-
ber. When the axial velocity of the yeast suspension in
the chamber is 0.008 m/s, the microorganisms are uni-
formly distributed in the liquid [10]. At a lower veloci-
ty, yeast flotation takes place because of the presence of
gas bubbles in the bulk of the culture liquid and, there-
fore, the liquid should be mechanically stirred.

Two mass transfer zones can be distinguished in the
working space of the chamber. These are the jet aeration
zone and the mechanical stirring zone. As the liquid
flows off the contact devices, the resulting jets with the
gas entrained by them plunge into the liquid in the
chamber. The greatest degree of mass transfer intensifi-
cation in this case is observed when the jets travel a
distance of | = 200 mm. As this distance is further in-
creased, the mass transfer coefficient decreases because
the liquid breaks up into drops and, as a consequence,
its momentum diminishes. The values of the bulk mass
transfer coefficient in jet aeration are plotted in Fig. 11.

The following relationship is suggested for calculat-
ing the bulk mass transfer coefficient in jet aeration
[10]:
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B,=6-107. Re;Sc*?, (15)

where Re; = 28u/v is the Reynolds number and Sc is the
Schmidt number.

By, st
0.02
M~D\ﬁ]_
0 0,2 0,4 0,6 08 Im

Fig. 11. Bulk mass transfer coefficient in the jet aeration
of water as a function of the distance traveled by the jet
at d =51 mm, t = 20°C, and an outflow velocity of 1.2
m/s.

The height of the jet-aerated zone in the bulk of the
culture liquid does not exceed 0.35 m, and its diameter
is0.2m.

Two hydrodynamic regimes are observed in the me-
chanically stirred mass transfer zone [26, 34] (Fig. 12).
The experimental values of the bulk mass transfer coef-
ficient in apparatuses with a turbine or blade stirrer at
N(1 — ¢)/V < 10 in relation to the rotational speed of the
stirrer, gas flow rate, and the liquid column height in the
chamber [26] are presented in Fig. 12a, and the same
data for N(1 — ¢)/V > 10 are plotted in Fig. 12b, where
N is the power spent on stirring (W) and V is the volume
of the chamber (m®).

The best agreement between the calculated and ex-
perimental values of the surface mass transfer coeffi-
cient B3 is provided by the following equation [35]:

p =o.33(”dsrdsj | SC[E] (16)

4 s

where dg; is the diameter of the turbine-type stirrer (m),
ds is the surface-mean diameter(m), n is the rotational
speed of the stirrer (s, and D is the diffusion coeffi-
cient (m%s).

The gain in the mass transfer coefficient achieved by
mounting a second turbine-type stirrer on the same shaft
was 30% and was due to the further breakup of gas
bubbles in the liquid.

The bubble diameter was calculated using the fol-
lowing formula:

d=08_—-2 | 17

The mass balance equation for the variation of the
dissolved gas concentration C along the height h of the
aerated layer can be written as

dc
& *_C)— QX 18
u i B,(c*—c) —qgx (18)
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Fig. 12. Bulk mass transfer coefficient as a function of (a)
the rotational speed of the stirrer and (b) the flow rate aver-
age velocity ug in the case of a bubbler installed. (a) Blade
stirrer, apparatus diameter of D = 0.38 m, dy = 0.11 m;
experimental data points: (1) uy = 0.018 m/s, H/D = 1;
(2) ug=0.03 m/s, H/D = 1; (3) ug = 0.04 m/s, H/D = 1,
(4) ug = 0.04 mfs, HID = 0,5; (5) turbine-type stirrer,
d¢=0.075m, D =0.216 m, ug = 0.01 m/s, H/D = 1, where
H is the height of the liquid column. (b) Turbine-type stir-
rer, D = 0.4 m; experimental data points: (1) two stirrers on
one shaft, dg = 0.150 m; (2) one stirrer, dg = 150 mm;
(3) one stirrer, ds;= 80 mm, D = 160 mm; (4) bubbler with-
out a stirrer.

With the boundary conditions h =0, c(h) = c,p, we
obtain

c =c*—qx+[qx+cin —c*Jexp(ﬂth, (19)
B\ B u

v \

where ¢;, is the gas concentration in the upper layer of
the liquid in the bioreactor, u is the mean velocity of
the culture liquid in the working zone, B, is the bulk
mass transfer coefficient (s ), and h is the height of
the liquid layer in chamber Il (m).

Relationship (20) provides means to calculate the
gas concentration in the liquid along the height of the
aerated layer in the working space of the bioreactor in
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the case of microorganisms uniformly distributed in the
apparatus (Fig. 13).

ot |, |
4 é \\\
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(b)
Fig. 13. Oxygen concentration profiles along the height of
the aerated layer of the culture liquid in the bioreactor: (a)
u=01ms x = 306 kg/m’, q = 0.16 kg/(kg h),
By= (1) 0.55, (2) 0.15, and (3) 0.001 s%; (b) x = 44 kg/m®,
q=0.16 kg Ox/(kg h), B,=0.15s, u = (1) 0.15, (2) 0.1,
and (3) 0,05 m/s.

Mass transfer in the flow circuit of the bioreac-
tor. The variation of the dissolved gas concentration
along the length | of the flow circuit IV and in chamber
Il can be calculated using the following relationship
(20):

u de_ —QX
dl ’

Integration of this relationship subject to the bound-

ary conditions 1=0, ¢ =cvields

(20)

coc -, (1)
u

where ¢ is the gas concentration in the culture liquid
at the inlet of the flow circuit.

According to the aforesaid, in the calculation of bio-
reactor parameters the concentration of dissolved gas in
the culture liquid at the outlet of the film flow chamber
is determined from relationship (12). The concentration
of the dissolved gaseous substrate can be varied both
by regulating the liquid flow rate in the flow circuit
and, in some case, by regulating the gas phase velocity
in the contact devices. The mass transfer coefficient
data (Figs. 5, 6) suggest that the concentration of mi-
croorganisms in the film saturation chamber (compared
to the other zones of the bioreactor) is not limited by
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the gas substrate. Conversely, it ensures a dissolved gas
reserve that is then consumed in chamber 1.

Table 2. Calculated characteristics of bioreactors

Characteristic Airlift Film Film
S=15% | S=3% S=7%

Output capacity, t/day 6 6 6
Amount of metal re- 166 20 18
quired, t
Apparatus  diameter
and height, m 74x142 | 55x10 | 3.5x10
Specific energy input
in culturing, kW/kg 12 08 0.9
Air flow rate, m*/h 12 500 0-3000 0-3000
Fraesh water flow rate, 44 0 0
m°/h
Spent  liquid  (dis-
charge) flow rate, m*/h 69.0 128 8.2
Electricity ~consump-
tion, KW h 428 232 200

Calculations demonstrated that, as the concentration
of reducing substances in the nutrient wort increases in
the S = 1-10% range at a given output rate, the neces-
sary volume of the bioreactor decreases and the concen-
tration of microorganisms in the culture liquid increases
with an insignificant increase in energy consumption
for gaseous substrate transport (Fig. 14).

Y, kW-hkg
3
1 42
v,
2 //3 —
N //
AN
0 1 2 3 4 Lm
(@)
Y, KW-hrkg
2.0

1
e

0 100

1.0

0.5

200 Re-10°

(b)

Fig. 14. Specific energy consumption versus (a) the
contact devices length | and (b) the Reynolds number of
the liquid: (&) d = 80 mm, h = 4 mm, s/h = 6,
Re =170 000, S = (1) 5, (2) 3, and (3) 1%; (b) I = 1.5 m,
S = 3% d = (1) 50, (2) 80, and (3) 100 mm.
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Raising the gas pressure in the bioreactor does not lead
to any significant change in the energy consumption in
the process. The energy input in gas compression is
compensated for by the increase in the equilibrium ox-
ygen concentration in the liquid and by the decrease in
the power consumed by the circulation pump. The cir-
culation ratio and, accordingly, energy consumption
can be reduced by raising the partial pressure of the
saturating gas in the contact zone and by installing sev-
eral film saturation chambers along the apparatus
height. It is clear from the data presented in Table 3
that film bioreactors are capable of processing concen-
trated media at low gaseous substrate and spent liquid
flow rates and high microorganism concentrations.
They have moderate dimensions and need a compara-
tively low energy input for their operation.

The film bioreactor provided a basis for designing
culturing processes involving a closed-loop gas circuit
and gas purification [36]. This is a step forward in de-
veloping environmentally friendly microbiological syn-
thesis technologies that rule out continuous air con-
sumption and gas emission into the atmosphere.

The basic principle of developing an environmen-
tally friendly technology is to organize a closed-loop
gas circuit. This principle can be implemented by re-
moving the metabolism products released in the reactor
and by returning the purified gas into the reactor after
the addition of the necessary amount of the required
component. Carbon dioxide released by Candida scottii
can be efficiently removed from the gas by standard
chemical or physical sorption methods. In chemical
sorption, the reaction products are neutralized or pro-
cessed. Physical sorption of carbon dioxide involves
regeneration of the sorbent (e.g., 20% monoethanola-
mine solution) and production of carbon dioxide for the
food industry.

The process flowsheet involving a closed-loop gas
circuit in oxygen production from atmospheric air by
bringing it into contact with a neutral liquid is present-
ed in Fig. 15. Atmospheric air is directed to absorber 4,
where it is brought into contact with a neutral liquid
having a high oxygen absorption capacity. The oxygen-
saturated liquid enters degasser 3, where oxygen is lib-
erated and is then directed to bioreactor 1. The gas con-
taining metabolism products flows from the bioreactor
to absorber 2 for cleaning to come into contact with the
absorbent. The latter is then directed to the regeneration
unit, and the clean gas is returned to the bioreactor.
This design rules out contact between atmospheric air
and the microorganisms, preventing air pollution. The
introduction of an oxygen carrier into the neutral liquid
will eliminate the problems associated with oxygen
recovery from the culture liquid and will reduce the
energy required for liquid circulation.

The setup ensuring a high degree of oxygen recov-
ery from air is schematized in Fig. 16. Here, the goal is
achieved by removing carbon dioxide, which hampers
microorganism growth, from the culture liquid in de-
gasser 2 followed by gas cleaning in absorber 3. If air is
passed through semipermeable membranes in apparatus
4, a decrease in the air flow rate will be achieved owing
to the increase in the oxygen concentration in the air.
This scheme can be recommended for improving the
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existing industrial bioreactors by organizing a closed-
loop air circuit. This will markedly reduce the flow rate
of the air leaving the apparatus and lower expenditures
will be required for its cleaning.

Air Gas +0,

Gas +CO,

Clean gas

Absorbent

Absorbent
e

Neutral liquid +0O ,

Neutral liquid

Fig. 15. Growth of microorganisms using a neutral
liquid: (1) film bioreactor, (2, 4) absorbers, (3) desorb-
er; H = heat exchanger, S = separator, T = tank,
C = compressor.

Clean gas

Fig. 16. Growth of microorganisms with a high degree
of oxygen recovery from air: (1) bioreactor, (2) degas-
ser, (3) absorber, (4) membrane module; H = heat ex-
changer, S = separator, T = tank, C = compressor.

Of special interest is the combined culturing of mi-
croorganisms consuming oxygen and releasing carbon
dioxide together with microorganisms consuming car-
bon dioxide and releasing oxygen [6], for example,
simultaneous production of yeast biomass and chlorel-
la, which is usable as a feed additive. The combined
technology provides means to organize environmental-
ly friendly, nonwaste manufacturing of microbiological
synthesis products that employs a substantially smaller
amount of equipment and needing a much smaller capi-
tal input and operating expenses.

CONCLUSIONS

The main advantages of the film bioreactor are that
they afford a high biomass concentration in the culture
liguid and obviate the need for gaseous substrate
transport devices. This makes it possible to organize a
closed-loop gas circuit and efficient gas cleaning. The
results presented here provide a basis for designing
bioreactors.

Absorbent

Absorbent
—
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Abstract: Criteria for evaluation of functional properties of emulsion foods are formulated. Balanced fat bases of emul-
sion sauces are simulated by using liquid vegetable oils of various fatty acid groups: oleic, linoleic, and linolenic. The
optimum ratio of the components of an antioxidant-emulsifying complex is established. The efficiency of the antioxi-
dant-emulsifying complex (AEC) for the emulsion sauce technology is experimentally confirmed with the help of sea-
buckthorn or red palm oils and lecithin. It is established that the introduction of the AEC into the fatty base of emulsion
products promotes the deceleration of oxidation processes in the product. The new emulsion sauce recipes and technol-
ogy are scientifically justified.
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storage of fatty products.

INTRODUCTION The oxidation of oils and fats is a complex radical—

The concept of rational nutrition that underlies the chain process. The initial products of oxidation are
current ideas of nutrition and health postulates the need structurally different peroxides and hydroperoxides,
for a new approach to the composition, properties, and, which are called the primary products of oxidation.
consequently, technologies of food products, which Their transformations result in the formation of the sec-
should not only meet the needs of the human organism ondary products of oxidation: alcohols, aldehydes, ke-
in foodstuffs and energy but also provide it with the tones, and acids with various lengths of their carbon
whole range of necessary macro- and microingredients, chains, as well as their diverse derivatives, which, ac-
contributing to the prevention of alimentary-dependent cumulating in oil, take part in the formation of the order
diseases and preserving human health and longevity. and flavor of oxidized oil [4].

The new generation of food products includes those Overall, the mechanism of fat oxidation and antioxi-
enriched with physiologically functional ingredients dant effects can be represented as follows:
(functional products and enriched foodstuffs) designed free radical R, derived from a fatty acid or from its
to be consumed within food rations by all age groups of acyl under the effect of several factors, interacts with
the healthy population and to reduce the risk of food- oxygen and forms a peroxide radical:

related diseases.

Physiologically, functional food ingredients can ren- R:+0,—ROO,
der a favorable effect on one or several physiological which can interact with another unsaturated fatty ac-
functions and metabolic processes in the human organ- id or its acyl, forming a new free radical and a hydrop-

ism as they are consumed systematically in amounts of eroxide:
10 to 50% of the daily physiological standard.

Fatty products for healthy nutrition must have a high ROO- +RH — ROOH + R-.

nutritional value and contain the necessary set of poly- In the initial period, which is called the induction

unsaturated fatty acids (PUFAs), and the ratio of -3 to period, the reaction flows slowly. At this time, the pro-

®-6 acid families must be 1 : (5-10) at the optimal daily cess can be accelerated in the presence of pro-oxidants

intake of specific acids. This ratio can be ensured by the or, reversely, decelerated due to the effect of antioxi-

necessary set and combination of vegetable oils, includ- dants.

ing blended oils. As hydroperoxides accumulate and disintegrate,
Vegetable oils with high contents of PUFAs and forming new radicals, the process accelerates sharply:

balanced fatty acid compositions make it possible to

produce emulsion fatty products of high biological effi- ZROOH — ROO-+ RO+ HO.

ciency. In addition, we should note that the oxidation of The oxidation rate depends on the fat-acid composi-
oils and fats in products with high contents of PUFAs tion of oils; the position of an unsaturated fatty acid in
and fat-soluble vitamins is the main factor that reduces the triacylglycerol molecule; the amount, position, and
their shelf life; therefore, the prevention of the oxidation geometrical configuration of double linkages; the pres-

of lipids is a major problem during the production and
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ence of trace quantities of lipoxygenases in the oil-fat
raw material; humidity; temperature; the presence of
mixed-valence metals; and light [8].

In fats containing polyunsaturated fatty acids, oxida-
tion occurs much faster than in saturated fats. As is
known, the oxidation rate of a fatty acid grows propor-
tionately to the number of double linkages in a molecule
and to the amount of methylene groups between each pair
of double linkages. Thus, the ratio of oxidation rates of
oleic and linoleic acids ranges from 1 : 12 to 1 : 40, de-
pending on product type, and arachidonic and linolenic
acids are oxidized three and two times faster than linole-
ic acid. The structure of PUFAS affects the structure of
secondary products of oxidation, in particular, the for-
mation of volatile low-molecular aldehydes and ketones
with low flavor thresholds, whose presence in a product
gives it the odor and flavor of rancid oil [4].

Fats and oils differ significantly in their natural oxi-
dative stability, which depends not so much on the
composition and structure of fatty acids but on the pres-
ence of natural antioxidants, such as tocopherols, to-
cotrienols, carotenoids, and phospholipids, which inhibit
the chain reactions of free-radical oxidation.

Food antioxidants are substances that decelerate the
oxidation of, primarily, unsaturated fatty acids within
lipids. Depending on their action mechanism, the sub-
stances that decelerate the process of fat oxidation are
divided into the following three groups.

1. Antioxidants, chemical compounds that bind free
lipid radicals, forming low-active radicals and thus in-
terrupting the self-oxidation reaction. This mechanism
is used by phenolic antioxidants, such as, tocopherol.

The introduction of antioxidant AH leads to the for-
mation of new radicals A, which are much more stable
that radicals R, slowing down the reaction and finally,
under certain conditions, decelerating it sharply:

AH+R-— A+ RH
AH + ROO* — ROOH + A-
A +R-— AR.

2. Antioxidant synergists, substances that amplify
the activity of antioxidants but that themselves do not
have or have weak antioxidant properties. Efficient syn-
ergists are deoxidants, for example, ascorbic acid, which
is used to protect oil-fat products from oxidation. Syn-
ergists SH, can reduce the A radicals without reacting
with the ROO radicals,

SH;+2 A- — S+ 2AH.

3. Complex formers, substances that are also antiox-
idant synergists, but the mechanism of their action is
based on the formation of chelate complexes with met-
als. Citric and milk acids, as well as their salts, and leci-
thin are used for this purpose [1].

Some compounds, like lecithins and lactates, per-
form complex functions. Antioxidants help extend the
shelf life of food products, protecting them from the
rancidification of oils, fats, and fat components.

In practice, mixtures of antioxidants and complex
formers are used to achieve synergetic effects at the
same or even lower concentrations.

The use of antioxidants in fatty products for healthy
nutrition must comply with the rational nutrition con-
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cept, preferably using natural food additives that are
effective at low concentrations.

Taking into consideration the above, the design of
oxidation-resistant emulsion fatty products for healthy
nutrition is of scientific and practical interest, which
requires broader basic and applied research and the in-
cessant focus of the producers on this group of products.

GOAL AND OBJECTIVES OF RESEARCH

The goal of this paper is to develop recipes and to
evaluate the quality of emulsion sauces balanced by
their fatty-acid composition and containing an
antioxidant-emulsifying complex, which includes
natural carotenoids, tocopherols, and phospholipids.

The following objectives were set to meet the goal:
to design a balanced fatty base of an emulsion salad
sauce, including the ®-3 and ®-6 fatty acids; to study
and analyze the composition and properties of lecithin
and vegetable oils with high carotenoid and tocopherol
contents; to investigate the synergetic effect of
tocopherols, carotenoids, and phospholipids; to produce
the antioxidant-emulsifying complex for emulsion
sauces and to probe into its antioxidant properties; to
develop the recipes and technology of oxidation-
resistant emulsion sauces; and to examine the quality
parameters of the developed sauces during their storage.

OBJECTS AND METHODS OF RESEARCH

Pursuant to the objectives set, we used generally ac-
cepted and original methods of research, including gas-
liquid chromatography and photocolorimetry.

Crude fat was sampled and prepared in line with the
requirements of ISO 5555-91 "Animal and vegetable
fats and oils. Sampling" and ISO 661-89 "Animal and
vegetable fats and oils. Preparation of test sample."

When studying the physicochemical parameters of
vegetable oils and mayonnaise sauces, we determine:

- density with the help of a pyknometer, which rep-
resents a small glass vessel with a ground plug, whose
neck has a mark to show the filling limit;

- melting temperature in a capillary vessel, open at
both ends;

- acid number with the titration method. The method
is based on dissolving oil in an ester—alcohol mixture
(2 : 1) with the subsequent quick titration of the sample
by an alkali in the presence of a phenolphthalein indica-
tor until faint pink coloring;

- peroxide number by a method based on the interac-
tion reaction of oil and fat oxidation products (peroxides
and hydroperoxides) with potassium iodide in a solution
of acetic acid and chloroform with the subsequent quanti-
tative determination of the precipitated sodium thiosul-
fate;

- iodine number by the Hanus method. This method
is based on the use of bromine iodide (IBr,) as a rea-
gent, which is formed by mixing bromine with iodine in
glacial acetic acid. Bromine iodide associates with the
double linkages of unsaturated fatty acids, and its sur-
plus is titrated by sodium thiosulfate in the presence of
potassium iodide and water;

- the quantity of B-carotene and tocopherols in oil
was determined by the colorimetric method;

- the fatty-acid composition of oil was determined



ISSN 2310-9599 (Online). Foods and Raw Materials Vol.1 (No. 2) 2013

by gas-liquid chromatography. The determination of the
fatty-acid composition was preceded by converting fatty
acids into methyl esters. The obtained chromatograms
of the methyl esters of fatty acids were identified, and
the quantitative content of fatty acids was calculated by
peak areas in percent, using the standard methods; and

- the oxidation resistance of oils was determined by
accelerated oxidation, when oils were kept at room tem-
perature in standard conditions.

RESULTS AND DISCUSSION

The main aspects of the formation of functional
properties of mayonnaise sauces imply solving the fol-
lowing problems:

the reduction of the product's caloric capacity by
changing its ratio of fat phase to water phase. To de-
crease product fatness, part of oil was replaced with the
water phase using natural emulsifying additives that
ensure the required product texture;

the fatty-acid composition of the fat phase of emul-
sion sauces was improved to reach the recommended
balance between saturated, monounsaturated, and poly-
unsaturated fatty acids by admixing (blending) oils in
which various fatty acids prevailed;

increasing shelf life and preventing microbiological,
hydrolytic, and oxidative spoilage by using natural high-
ly active antioxidant additives, including tocopherols,
carotenoids, and phospholipids.

Functionality criteria | | Road maps

[
Balanced fatty-acid

composition. High
contents of PUFAs.
Optimal ratio

Simulating fat phase
composition, using
blended vegetable oils

\ 4

of w-6/w-3 acids

Product caloric value
control

Selecting the ratio of
fat-to-water nhases

\ 4

Matching fat-base com-
ponents using emulsifi-
ers and hvdrocolloids

Forming the required
consistency

\ 4

Extending shelf life,
improving oxidation
stabilitv

Using components that
inhibit oxidation
snoilage (antioxidants)

\ 4

Improving the
product's useful
properties

Enriching with
functional ingredients
(carotenoids,
tocopherols)

A4

Improving organoleptic
parameters

Forming the traditional
flavor praofile

Fig. 1. Functionality criteria of emulsion products.

To justify the choice of vegetable oils used as fat-
base components, we investigated the fatty-acid
composition of several liquid vegetable oils.

The fatty-acid composition of vegetable oils, calcu-
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lated from the chromatograms, is given in Table 1.

Table 1. Fatty-acid composition of vegetable oils

Fatty acid contents, g/100 g of product
. Refined vegetable oils
Fatty acids
sunflower sunflower soybean rape-
high oleic seed
Total fatty acids 94.90 97.90 94.90 |95.40
Saturated, 11.30 10.60 13.90 |6.68
including:
oleic 0 0 0 0
caproic 0 0 0 0
caprylic 0 0 0 0
capric 0 0 0 0
lauric 0 0 0 0
myristic 0 0 traces 0
palmic 6.20 4.20 10.30 | 4.80
stearic 4.10 4.20 3.50 1.40
arachidic 0.30 0.60 traces | 0.30
behenic 0.70 0.90 traces | 0.20
Monounsaturated, | 23.80 69.0 19.80 |56.30
including:
caproleic 0 0 0 0
lauroleic 0 0 0 0
myristoleic 0 0 0 0
palmitoleic traces 1.70 0 0.30
oleinic 23.70 67.30 19.80 |54.00
gadoleic 0 0 0 1.00
erucic 0 0 0 1.00
Polyunsaturated, 59.80 18.30 61.20 [32.40
including:
linoleic 59.80 18.30 50.90 |22.50
linolenic 0 0 10.30 | 9.90
arachidonic 0 0 0 traces

We chose high oleic sunflower oil as a fat-base
component. Sunflower high-oleic oil in its biochemical
composition is very close to olive oil, which allows us
to use it alongside olive oil in sauce recipes and to
obtain a product with similar characteristics and
properties. When designing balanced fat bases for
mayonnaise sauces, we chose rapeseed oil alongside
sunflower high-oleic oil. Note that the fatty-acid
composition of low-erucic rapeseed oil is characterized
by a very low level of saturated fatty acids, a relatively
high level of monounsaturated fatty acids, and a mean
level of polyunsaturated fatty acids. Rapeseed oil is a
source of linolenic acid, which is absent in sunflower
oil. We also considered the possibility of introducing
soybean oil as a source of linoleic and linolenic acids
into the fat base of mayonnaise sauces.

When choosing a composition of vegetable oils for
the design of the fat base of functional mayonnaise
sauces, we were guided by the following:

- reaching the wg : wg ratio of fatty acids in triacyl-
glycerols close to the optimum, ensuring the therapeu-
tic properties of products, namely, hypocholesterolemic
and hypolipidemic effects;

- reaching in hypocholesterols a fat phase contain-
ing 2% of linolenic acid (of the total content of fatty
acids), ensuring antisclerotic effects in combination
with vitamins E and B-carotene; and
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- ensuring the oxidation stability of the finished
product.

The most rational way of creating a balanced fatty-
acid composition of the fat base and controlling the
ratio of the w3 : wg essential fatty acids is the blending
of vegetable oils that belong to different fatty-acid
groups.

We studied the possibility of creating composite
mixtures of vegetable oils with the required fatty-acid
composition, controlled in line with the current re-
quirements of the balanced nutrition concept. The bio-

logical efficiency of the calculated compositions was
evaluated by the degree of approximation of their fatty-
acid composition to the biologically optimal ratio of the
wg : wsfatty acids, 5:1-10: 1.

We propose that the recipes of emulsion sauces
include two-component mixtures of vegetable oils
consisting of sunflower high-oleic and rapeseed oils
(70 : 30) and (60 : 40), as well as sunflower high-oleic
and soybean oils (50 : 50). The fatty-acid composition
of the chosen vegetable oils and the two-component
mixtures are given in Table 2.

Table 2. Fatty-acid composition of vegetable oils in binary mixtures of vegetable oils

Fatty-acid content, % of the total
Fatty acids |sunflower oil | rapeseed oil |soybean oil Two-component mixture
(Sp0) (Ro) (So) Spo/Ro (70 :30) | Spo/So (50:50) | Sho/Ro (60 : 40)

SFAs 10.60 6.68 3.90 9.40 7.30 8.60
MUFASs 69.00 56.30 19.80 65.20 44.40 62.60
PUFAs 18.30 32.40 61.20 22.50 39.70 20.40
Including:

Cig:2) (wg) 18.30 22.50 50.90 19.60 34.60 20.40
Cig:3) (03) - 9.90 10.30 2.90 5.10 5.00
e W3 - 2:1 5:1 7:1 7:1 5:1

* Legend: SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFASs, polyunsaturated fatty acids;
(Cyg:2), linoleic acid; (Cyg. 3), linolenic acid; Syo, sunflower high-oleic oil; Ro, rapeseed oil; and So, soybean oil.

Thus, the designed compositions ensure ratios of
linoleic acid (wg) to linolenic acid (w3) in a lipidic
complex of (5.0 : 1.0) and (7.0 : 1.0), i.e., close to the
optimal ratio of fatty acids that is responsible for the
therapeutic properties.

The determinative factor in developing mayonnaise
sauce technologies is the maximum preservation of the
native state of the composition and properties of the
finished products during storage. It is important to study
the characteristics of the fat-phase oxidation process in
mayonnaise emulsion sauces during storage and the
regularities that are responsible for the rate and direction
of this process.

The causes of spoilage of mayonnaise sauces are
oxidation processes, resulting in the formation of de-
composition products of fatty acids; the oxidation of
triglycerides and the isomerization of initial acids. The
accumulation of oxidation substances, such as perox-
ides, hydroperoxides, aldehydes, ketones, and oxy
compounds, impairs the organoleptic and rheological
properties of products, and reduces their physiological
and biological value.

We suggest that the formulas of emulsion sauces
should include an antioxidant-emulsifying complex,
obtained by mixing natural phospholipids (lecithin) and
vegetable oils, rich in natural antioxidants (carotenoids
and tocopherols), and we suggest red palm oil and sea-
buckthorn oil as such.

We have chosen these products because they con-
tain antioxidantly and biologically effective substances,
important for the human organism.

The formula of mayonnaise sauces should have an
antioxidant composition:  carotenoids—tocopherols—
phospholipids.
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We investigated the antioxidant effect of the to-
copherols and carotenoids of red palm oil and sea-
buckthorn oil blended with phospholipids on the oxi-
dizing ability of oils during storage.

The quality of the samples under study was con-
trolled by determining oxidative spoilage indicators, the
peroxide number and the acid number. In order to in-
tensify the process, we used accelerated oxidation: the
samples were stored at room temperature, in the light,
and with free access of air. The following oil composi-
tions used to produce mayonnaise sauces served as
check samples without adding antioxidant components:

- composition 1, a mixture of vegetable oils (check);

- composition 2, vegetable oils / phospholipids;

- composition 3, vegetable oils / red palm oil;

- composition 4, vegetable oils / sea-buckthorn oil;

- composition 5, vegetable oils / red palm oil /
phospholipids; and

- composition 6, vegetable oils / sea-buckthorn oil /
phospholipids.

The dynamics of the peroxide and acid numbers
during the storage of fatty compositions with red palm
and sea-buckthorn oils and their mixtures with phos-
pholipids vs. the composition of vegetable oils without
phospholipids and oils rich in carotenoids and tocoph-
erols are shown in Figs. 3-5.

Analysis of the stated data shows that the peroxide
number of the vegetable oil check sample without anti-
oxidants increased from 1 to 17 mmol of active oxy-
gen/kg. The peroxide number of the vegetable-oil com-
positions with phospholipids increased from 1 to 14.9
mmol of active oxygen/kg over 14 days of accelerated
oxidation. The peroxide number of composition 3 in-
creased from 1.9 to 12 mmol of active oxygen/kg over
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14 days of accelerated oxidation. When introducing
(red palm and sea-buckthorn) oils with antioxidant ef-
fects in combination with phospholipids, we observed
the lowest growth of the peroxide number: it increased
from 1 to 10.1 mmol of active oxygen/kg.
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Fig. 2. Peroxide number dynamics during the oxidation
of fatty compositions with red palm oil, red palm oil
and phospholipids, and without adding such.
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Fig. 3. Acid number dynamics during the oxidation
of fatty compositions with red palm oil, red palm oil
and phospholipids, and without adding such.

Comparison of the results allows us to conclude that
red palm and sea-buckthorn oils in combination with
phospholipids have antioxidant properties, can slow
down oxidation processes in unsaturated fatty acids,
and display a synergetic effect during their joint intro-
duction into fatty compositions.

It follows from the above that natural carotenoids,
tocopherols, and phospholipids can be used as compo-
nents of fatty emulsion products to improve the antiox-
idant potential of fat phases.

It has been established that the introduction of
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emulsion products of the antioxidant-emulsifying com-
plex based on red palm and sea-buckthorn oils into the
fat base helps increase the shelf life of finished prod-
ucts.
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Fig. 4. Peroxide number dynamics during the oxida-
tion of fatty compositions with sea-buckthorn oil, sea-
buckthorn oil and phospholipids, and without adding
them.
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Fig. 5. Acid number dynamics during the oxidation of
fatty compositions with sea-buckthorn oil, sea-buckthorn
oil and phospholipids, and without adding them.

The antioxidant-emulsifying complex is developed
by mixing food phospholipids with vegetable oils. For
their uniform distribution in the fat base and increased
efficiency, phospholipids and vegetable (sea-buckthorn
or red palm) oils are dissolved in deodorized oil
at 60—70°C in ratios of 1 : 4-1 : 5, which corresponds to
the following percentage: refined deodorized vegetable
oil, 80%; phospholipids, 10 %; and red palm oil, 10 %.

For sea-buckthorn oil, the ratio is the following: re-
fined deodorized vegetable oil, 85 %; phospholipids,
10 %; and sea-buckthorn oil, 5%.

The new product is characterized by high contents
of carotenoids, 65-70 mg/100 g, and tocopherols,
45-50 mg/100 g (Table 3).
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Table 3. Tocopherol and carotenoid contents in the
antioxidant-emulsifying complex (AEC)

AEC based on
Parameter red palm oil | sea-buckthorn
(AEC 1) oil (AEC 2)
Vitamin E, mg/100 g 43 46
Carotenoids, mg/100 g 67 69
including:
[3-carotene 21 23

The physicochemical and organoleptic parameters
of the AEC based on red palm and sea-buckthorn oils
with phospholipids are given in Table 4.

Table 4. Physicochemical and organoleptic parameters
of the antioxidant-emulsifying complex

AEC with
. sea-
Parameter re? A|0Eaé:m1§)|l buckthorn oil
(AEC 2)
Consistency Fluid
Color Orange-yellow
Low, typical of vegetable oil
used and phospholipids. Fus-
Odor and flavor ty, sour, or any foreign odors
are inadmissible.
Mass fraction of moisture
and volatile substances, % 0.3:+0.05 0.30.05
Mass fraction of phospho- | 1 o5 | 10.0+0.05
lipids, %
Mass fracthn of vegetable 80.0 £ 0.05 85.0 £ 0.05
oil, %
Mass fraction of red
palm/sea-buckthorn oil, % 1040.05 >£0.05
Acid number of oil, mg
KOH/g, no more than 25 35
Peroxide number, mmol of
active oxygen/kg, no more 10.0 10.0
than
Density (15°C) g/cm® 0.924 0.922
Refractive index (20°C) 1.474 1.476
Viscosity (20°C), ¢ I1 55.1 58.4
lodine number, % J, 123 126
Vitamin E, mg/100 g 43 46
Carotenoids, mg/100 g 67 69
including:
B-carotene 21 23

Egg products are traditionally used to produce may-
onnaises as emulsifiers; the main emulsifier in mayon-
naise is egg yolk, more precisely, lecithin and other
phospholipids contained in it. In addition to its emulsi-
fying properties, yolk affects the organoleptic charac-
teristics of products (flavor and consistency).

Unlike mayonnaises, salad sauces do not contain
egg products. The need arises to select the right emulsi-
fier that would replace egg powder in terms of nutritive
value and that would allow us to produce stable emul-
sions with the required viscosity, rheology, and possi-
bly longer shelf life.

We have developed a antioxidant-emulsifying com-
plex that contains 10% of phospholipids.

Note that food vegetable phospholipids are used suc-
cessfully as emulsifiers to produce dietary emulsion
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products, such as margarines, mayonnaises, and spreads.
In addition, lecithins are used as liquefiers of chocolate
mass and as stabilizers of various jelly products.

The main functions of phospholipids in food prod-
ucts are related to emulsification, viz., the ability to
form and keep in a homogeneous state both oil-in-water
and water-in-oil emulsions, as well as to stabilize vari-
ous systems. The above functions make phospholipids
traditional food additives, deliberately put into food
products to give them the required properties, to im-
prove their antioxidant potential, and to increase their
shelf life, since some phospholipids display antioxidant
effects.

However, the use of phospholipids in the emulsion
product technology is not limited to solving only tech-
nological problems; their high physiological activity
preconditions the creation of new biologically whole-
some fatty products.

Our research has shown that food vegetable phos-
pholipids have high biological activity, which manifests
itself in favorable effects on lipid exchange and the liver
functionality, reducing hypercholesterolemia and im-
proving the antioxidative functions of the human organ-
ism. As natural emulsifiers, phospholipids ensure the
transfer of fat-soluble vitamins, promoting their oxida-
tion in the liver, conversion in the tissues, etc.

Proceeding from the biological activity of phospho-
lipids and the current ideas of balanced nutrition, it has
been established that the average food ration of an adult
must contain 3.5-5.0 g of lecithin [5].

Tables 5 and 6 show comparative evaluation of the
physicochemical parameters and chemical composition
of the antioxidant-emulsifying complex and egg powder.

Table 5. Comparative evaluation of the physicochemi-
cal parameters of food additives

Parameter value
Parameter AEC with
. sea-
Egg powder re(dApEa(I:mngll l:_Juckthorn
oil (AEC 2)

Mass fraction, %:
Moisture and vola- | 6.15-6.50 | 0.30-0.35 | 0.30-0.35
tile substances
Lipids 33.10-34.15 78-86 78-86
Phospholipids 9.15-9.98 10 10
Proteins 45.20-45.90 absent absent
Minerals 4.35-4.48 4.58-4.87 4.58-4.87
Cholesterol 2.30-2.40 absent absent
Acid number of
lipids isolated from | 55 4 75 | 090 1.10 | 1.0-1.20
the product, mg
KOH/g
Peroxide number
of lipids isolated
from the product, 5.15-5.30 | 2.28-2.58 | 2.48-2.88
mol of active oxy-
gen /kg

Comparative analysis of the physicochemical pa-
rameters and chemical composition of the examined
additives for the production of emulsion sauces has
shown that the AEC qualitative composition is an alter-
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native to egg powder.

Thus, the selection of surface-active substances is of
special importance for the technology of low-fat com-
bined emulsions, including salad sauces. A pertinent
system of emulsifiers helps obtain highly stable prod-
ucts of various compositions and reduced caloricity. In
addition, the main concepts of choosing emulsifying—
stabilizing systems should primarily be focused on the
group of natural compounds and their synthetic analogs
with the maximum functionality that help create a
broad range of emulsion products with preset proper-
ties.

The complex studies undertaken have helped us
develop recipes for low-calorie emulsion sauces that do
not contain animal components.

Table 6. Chemical composition and nutritive value of
food additives

Parameter value
Parameter
Mass fraction of Egg powder AEC
vitamins, mg/100 g:
E absent 43-46
[3-carotene 0.15 22
Mass fraction of polyun-
saturated fatty acids, % 10.15-10.60 | 43.20-43.60

Table 7. Recipes of functional emulsion sauces

Content of recipe components, %
Components Sauce of Sauce of
35% fatness 45% fatness

Two-component
mixture of 25.0 35.0
vegetable oils
AEC 10 10
Total fats 35.0 45.0
Stabilizer 3.8 2.9
Sugar sand 2.0 2.0
Food cooking salt 1.0 1.0
Extra
Mustard 0.75 0.75
Milk acid of 80% 0.34 0.34
Sodium benzoate 0.2 0.2
Flavoring agent
Yolk 0.008 0.008
Water 56.9 47.8
Total 100 100

* Legend: AEC 1, the antioxidant-emulsifying complex with
red palm oil; AEC 2, the antioxidant-emulsifying complex
with sea-buckthorn oil.

When designing the recipes of emulsion sauces, we
took into account consumer preferences in sauce
caloricity. We have proposed emulsion sauce recipes
with fat mass fractions of 35 and 45%.

The recipes of functional emulsion sauces are given
in Table 7.

A special feature of the proposed technology is the
exclusion of the repasteurization stage due to the
absence of egg products in the mayonnaise sauce recipe.
The classical scheme of mayonnaise production
envisages that, before the introduction of egg products,
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the mayonnaise paste, pasteurized at 80°C, is cooled
down to 60°C to avoid the denaturation of the albumen
of the egg products. After the introduction of egg
products, the mixture is repasteurized. We propose that
the AEC, which replaces egg powder, is to be
introduced in the amount of 10% at the emulsification
stage at 35-40°C, which allows preserving the vitamin
complex.

Longer shelf life is a priority in creating new
products and technologies.

Emulsion sauces, due to their specific composition,
are products unstable during storage; therefore, the
longer shelf life of these products is very topical. The
use of the AEC as a component containing natural
antioxidants, such as tocopherols, carotenoids, and
phospholipids, slows down oxidation processes during
storage.

The studied samples of emulsion salad sauces were
kept in consumer packaging, made of polymer
materials and admitted for use by the Russian Ministry
of Public Health.

The emulsion sauces were stored at 4 + 2°C
for 9 months.

The intensity of oxidation and hydrolysis processes
during storage was studied, and the dynamics of the
peroxide number of the fat phase of emulsion sauces
was analyzed. The dynamics of the peroxide number of
the developed emulsion sauces during storage is given
in Fig. 6.
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Fig. 6. Peroxide number dynamics during the storage of
emulsion sauces at 4 + 2°C.

Analyzing the storage dynamics of peroxide
numbers, we may conclude that the intensity of
accumulation of primary oxidation products increases as
the mass fraction of fat in emulsion sauces decreases,
which is associated with the intensification of the
hydrolysis process. Thus, the peroxide number of a
sauce containing 35% of the fat phase increased from
3.4 to 6.2 mmol of active oxygen/kg over 9 months of
storage at 4 + 2°C, by stayed within the set standard (no
more than 10 mmol of active oxygen/kg).

Changes in the organoleptic parameters of the
quality of emulsion sauces during storage at 4 + 2°C are
given in Table 8.
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Table 8. Organoleptic parameters of the quality of
emulsion sauces during storage

Table 9. Physicochemical parameters of the quality of
emulsion sauces during storage

Appe_arance, Odor and flavor Color
consistency
Standard requirements
Uniform Flavor is slightly From light
Month creamy pungent, sourish, with| yellow to
number product; the odor and flavor of |  yellow,
singular air the introduced uniform
bubbles are flavoring and throughout
admissible. aromatic additives its mass.
Emulsion sauce
1
2 F light
6 Uniform rom fig
. yellow to
4 creamy Pleasant, sourish, ellow
5 product with | without marked signs ye oW,
. . . uniform
6 singular air of bitterness throughout
7 bubbles roug
its mass.
8
9

It follows from the data in Table 8 that all
parameters remain within the standard during
storage.Changes in the physicochemical parameters of
the quality of emulsion sauces during storage are given
in Table 9.

Parameters of emulsion
sauces (after 9 months of| Standard
Parameters . .
storage), with fatness of | requirement
45% 35%
(',\/gass fraction of fat, | ,s . 05| 350405 | Atleast15
. In line with
Mass fraction of
moisture, %, 62.0+£0.5 | 52.0+0.5 pro_duc_t
specifications
Acidity, % of No more than
conversion to acetic | 0.7+0.1 0.8+0.1 10
acid )
Emulsion stability,
% of intact emulsion 99.0+0.5 | 99.0+0.5 | Atleast 98
Hydrogen index
(pH) at 20°C 45+02 | 42+02 4.0-4.7
Effective viscosity
at20°C and ashear | 15+0.0 | 13+0.0 | 5.0-20.0
rate of 3s, Pa/s

Thus, the table data show that the physicochemical
parameters of the sauces under study did not change and
remained within the standard during storage. Data about
the microbiological parameters of emulsion sauces
during storage are given in Table 10.

Table 10. Microbiological parameters of the quality of emulsion sauces during storage

Shelf life of emulsion sauces at 4 + 2°C, days
Parameters Emulsion sauce of 45% Emulsion sauce of 35% Standard
0 60 120 180 270 0 60 120 180 270
(Coliform bacteria), absenting| 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 0.1
Pathogens, including absent
salmonellae absent in g 25 25 25 25 25 25 25 25 25 25 in25¢g
staphylococci, absent in g Not Not Not Not Not Not Not Not Not Not Inadmissible
' found | found | found | found | found | found | found | found | found | found
Not Not Not Not Not Not Not Not Not Not .
QMAFANM, CFU/g found | found. | found. | found. | found. | found. | found. | found. | found. | found. Inadmissible
Yeast, CFU/g 50 55 70 110 160 55 80 90 130 180 5*107
Mold, CFU/g 0 2 5 8 15 0 3 8 14 20 50

Table 11. Nutritive and energy values of emulsion
sauces

Parameter Emulsion Emulsion
sauce of 35% | sauce of 45%

fatness fatness

Proteins,% 1.62+0.01 1.62 +0.01
Lipids, % 35.0+0.1 45.0+0.1
including phospholipids| 1.0 +0.1 1.0+0.1

Linoleic acid, % 12.1+0.1 155+0.1
Linolenic acid, % 1.73 £0.01 22+0.1
Carbohydrates, % 39+0.1 39+0.1
Carotenoids, mg/100g | 6.7+0.1 6.7+0.1
Tocopherols, mg/100g | 4.3+0.1 43+0.1

Energy value, kcal 326 427

Analyzing the obtained data we may conclude that

the samples of emulsion sauces of different fatness are
characterized by high microbiological purity both on the
day of production and during the whole shelf life
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Coliform bacteria were absent in 0.01 g of products at
the end of the shelf life. Staphyloccocus aureus and
pathogenic microorganisms, including salmonellae,
were not found in the standardized masses of products
through the whole storage period. Yeast and mold were
also within the standard. Thus, during the whole storage
period the growth of microorganisms was insignificant,
and the sauces preserved sufficient microbiological
purity. The positive results of essaying the safety of
emulsion sauces allowed us to establish the shelf life of
7 months at a temperature regime of 4 + 2°C.

Data about the nutritive and energy values of the
developed emulsion sauces are given in Table 11.

The above data show that the developed mayonnaise
sauces have low caloricity and a balanced ratio of wg :
w3 fatty acids; contain physiologically valuable ingredi-
ents, such as phospholipids, carotenoids, and tocopher-
ols, in amounts that comply with the standard physio-
logical needs for food substances; and can be used as
functional food products.
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Abstract: Cranberries, lingonberries, blueberries, and food systems based on these berries with different solvents and
sugars have been studied. A physicochemical analysis of cranberries, lingonberries, and blueberries has been conducted.
Crystalline pectin from cranberries, lingonberries, and blueberries has been isolated to determine the degree of etherifi-
cation. The gelling ability of the pectic substances has been studied. The effect of different solvents and sugars on the
rheological properties of food systems containing pectin has been examined. A comparative estimation of the gelling
ability of the pectic substances contained in cranberries, lingonberries, and blueberries and in chitosan and alginate gel-
ling agents has been conducted. The viscous properties have been found to increase in the series: cranberry pectin <
lingonberry pectin < blueberry pectin < sodium alginate < chitosan. The complexing ability of pectins with respect to
copper and iron ions has been studied and compared to that of casein. Casein exhibits a lower complexing ability with
respect to iron ions than pectin. It has been found that the complexing properties of pectin vary with its concentration:
the more dilute the solution, the higher the complexing ability of pectin.

Key words: pectic substances, gelling ability, blueberries, cranberries, lingonberries, rheological properties, complex-
ing ability
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fillings, whipped confectionery products, such as

INTRODUCTION marshmallows and pastille, and candy pastes.

The food industry is being rapidly developed. At the _ In the !European system of codification of food addi-
same time, the competition between manufacturers is tives, pectin has the number E440. _
escalating. The manufacturers strive to anticipate the According to the current nomenclature, pectic sub-
customer needs by paying ever-increasing attention to stances include protopectin, pectin, pectinic acid and
the quality of products and introducing advanced tech- pectinates, pectic acid and pectates [3].
nologies. The perception and attitude of consumers to e Protopectin is water-insoluble natural pectin with
food products have a huge impact on the sales of the a complex structure, which has not yet been precisely
products. These requirements have led to the formula- specified. It is believed that its composition includes all
tion of a new generation of foodstuffs that favorably the above complexes.
affect the human body [1, 2]. e Pectin, or soluble pectin—water-soluble polyga-

The most important curative measure aimed at re- lacturonic acids methoxylated to varying degrees—is
ducing the adverse effects of physical, chemical, and formed from protopectin under the action of acids, alka-
biological factors of the environment on human health is lis, or protopectinase enzyme.
the use of pectin preparations approved by the Ministry e Pectinic acid is macromolecular polygalacturonic
of Health of the Russian Federation in the healthful and acid with carboxyl groups partially etherified with
dietary meals of all groups of the population. methanol. Salts of pectinic acid are referred to as pecti-

Pectins are widely used in all sectors of the food in- nates.
dustry. Pectin is a purified hydrocarbon obtained by e Pectic acid results from complete demethoxyla-
extraction from plant raw materials. Pectins are used as tion of pectinic acid. The solubility of pectic acid is
gelling, stabilizing, thickening, water-retaining, and lower than that of pectinic acid. Salts of pectic acid are
clarifying agents, as substances facilitating filtering, and referred to as pectates.
as a means for encapsulation. For example, in the dairy The main functional feature of pectin as a gelling
industry, pectins are actively used in the manufacture of agent is the ability to form gels in aqueous solutions in
yogurts, cheese, ice cream, milk—fruit desserts, and fer- the presence of a certain amount of sugar and acid or
mented and acidified dairy products; pectins are used as calcium ions. In addition, pectin can absorb and rid the
an emulsifier for the manufacture of mayonnaise and body of biogenic toxins, anabolic steroids, xenobiotics,
liquid margarines in the fat-and-oil industry. Pectins are metabolites, and biologically harmful substances capa-
successfully used for the production of marmalade, jelly ble of accumulating in the body [4—6].
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Thus, we should put emphasis on two main proper-
ties of pectin: complexing and gelling abilities, which
are used depending on the sphere of application.

Any plant raw material with a high content of pectin
can be used for the production of pectic substances.
Four basic types of feedstock are processed: apple pom-
ace, sugar beet pulp, sunflower heads, and citrus peels.
These types of raw materials are not basic for the re-
gions of Siberia and the Far East; therefore, the problem
of the complete use of local fruit and berry resources is
of particular importance. The present-day technologies
for isolating pectin from plant raw materials involve the
use of significant amounts of acids and ethanol. Data on
the enzymatic hydrolysis of pectin-containing feed-
stocks are hardly available. The application of ultrafil-
tration and sorption on ion-exchangers in the technology
for purification of extracts of beet pectin and some other
types of pectins has been reported [3, 7].

Recently, studies on the isolation, purification, and
examination of the properties of pectins derived from
nonconventional plant raw materials have been devel-
oped. It is known that valuable sources of pectic sub-
stances are fruits and berries, including cranberries, lin-
gonberries, and blueberries. These berries are abundant
in the Siberian region because of their easy mainte-
nance, high frost resistance, early ripening, special gus-
tatory qualities, and a wide range of medicinal proper-
ties.

The chemical composition, properties, and total con-
tent of pectic substances, the ratio between protopectin
and soluble pectin, and their acetyl component in the
above feedstocks suggest that pectin of cranberries, lin-
gonberries, and blueberries can be regarded as a promis-
ing structure-forming agent.

The gelling ability depends on the molecular weight
of pectin, the degree of etherification of its molecule,
the content of functional groups, the sugar concentration
in the solution, the amount of ballast substances accom-
panying this pectin, the ambient temperature, and pH of
the medium [3].

In selecting technological conditions for the manu-
facture of food products with a given structure, it is im-
portant to maximally preserve the gelling properties of
pectic substances during the entire process, including
packaging, transportation, and storage of the product.
Therefore, it is necessary to study the impact of various
factors on the gelling ability of pectic substances de-
rived from various plant materials.

The aim of this study was to examine the gelling
ability of pectic substances of cranberries, lingonberries,
and blueberries and determine the complexing ability of
pectins with respect to copper(ll) and iron(l11) ions.

In accordance with the stated objective, the follow-
ing problems were solved:

— Physicochemical analysis of the original feed-
stock;

— Isolation of pectic substances from cranberries,
lingonberries, and blueberries growing in the Kemerovo
and Tomsk regions;

— Examination of the complexing ability of pectic
substances of cranberries, lingonberries, and blueber-
ries;
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— Analysis of the effect of various solvents and
sugars on the rheological properties of food systems
containing pectic substances;

— Comparison of the gelling ability of pectic sub-
stances contained in cranberries, lingonberries, and
blueberries and various gelling agents;

— Examination of the complexing ability of pectic
substances with respect to copper(Il) and iron(l1l) ions
and comparison of the complexing ability of pectic sub-
stances and casein.

MATERIALS AND METHODS

Samples of frozen lingonberries, blueberries, and
cranberries growing in the Kemerovo and Tomsk
regions and powdered pectin (citrus pectin SS 200,
Denmark) were studied.

The physicochemical analysis of the berries was as
follows: (1) determination of the content of dry matter
and moisture (GOST (State Standard) 28561-90); (2)
identification of soluble and insoluble solids (GOST
(State Standard) 29031-90); (3) determination of the
total acidity (GOST (State Standard) 255555.0-82); (4)
identification of nitrates (GOST (State Standard) 29270-
95); (5) identification of pectic substances in the form of
water-soluble pectins and protopectin (GOST (State
Standard) 29059-91); and (6) determination of the
degree of etherification of pectins (GOST (State
Standard) 29059-91).

Absorbance was measured using a KFK-3
photoelectric colorimeter at a layer thickness of 1 cm.

Rheological experimental data were recorded using
a Reotest-2 rotary viscometer.

EXAMINATION OF THE COMPLEXING
ABILITY OF PECTIC SUBSTANCES

Heavy metals entering the body can cause a number
of metabolic disorders, mostly in redox processes. The
formation of metal bicomplexes with various cell
components can lead to membrane damage and
inhibition of the activity of various enzymes.

Copper is one of the heavy metals that can
contaminate food products. The prevention of possible
consequences of the penetration of copper into the
human body is based on the binding of copper in the
complexation with pectin.

In recent years, considerable attention has been paid
to the determination of the structure of pectic substances
owing to their valuable technical properties and high
physiological activity. They have a wide biological
action spectrum: many pectins have immunomodulatory
effects and can rid the body of heavy metals, biogenic
toxins, anabolic steroids, xenobiotics, metabolites, and
biologically =~ harmful  substances  capable  of
accumulating in the body: cholesterol, lipids, bile acids,
and urea [8, 9].

A promising field of application of pectins can be
the use of their modified oligomers as a template for the
manufacture of extended-release drugs. There are data
on studies of the antitumor activity of pectic substances
that are products of fermentolysis of deetherified
pumpkin pectin; their protective effect is significantly
higher than the activity of homogalacturonic
oligosaccharides derived from citrus pectin [3].
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A variety of new physicochemical, complexing, and
physiological properties can be imparted to pectins
through  chemical  modification:  etherification,
amidation, and acylation [10, 11].

The complexing ability of pectin is based on its abil-
ity to form insoluble complex compounds with heavy
metals and radionuclides (Fig. 1). It is this property that
defines pectin as a prophylactic agent in contaminated
and polluted areas, as recommended by the World
Health Organization (WHO). The prophylactic daily
dose of pectin is 4-5 g; under conditions of radioactive
contamination, the daily dose is 15-16 g.

Fig. 1. Formation of a complex compound of pectin
with copper ions.

The complexing properties of pectic substances de-
pend on the content of free carboxyl groups, i.e., the
degree of etherification of the carboxyl groups with
methanol. The degree of etherification determines the
linear charge density of the macromolecule, and conse-
quently, the strength and mode of binding of the cations
[12, 13].

At a high degree of etherification of pectin (above
90%), the free carboxyl groups that include C6 atoms
are significantly spaced apart. In addition, the salts of
pectic acid are almost completely dissociated. With a
decrease in the degree of etherification, i.e., with an
increase in the charge of the macromolecule, the bind-
ing between the pectic substances and the cations en-
hances and the stability constant of the pectates increas-
es. At a degree of etherification of 40%, the confor-
mation undergoes a change, which leads to the aggrega-
tion of pectin molecules and the formation of a strong
intramolecular chelate bond [3].

The determination of the complexing ability of the
analyte with respect to copper is based on the spectro-
photometric detection of copper in the form of a copper
ammine complex, which has an intense blue color with
maximum absorption at 620 nm and is formed after the
addition of excess ammonia to a solution comprising
copper sulfate according to the reaction

CuSO,4 + 4NH,OH — [Cu(NH3)4]SO4 + 4H,0.
To specify the maximum absorption, a

spectrophotometric absorption curve was plotted.
The concentration of copper in an aqueous pectin so

lution containing Cu®* ions was determined form the
absorbance of the solution.

To this end, the absorbance of a set of Cu®* solutions
with varying concentration was found. According to the
derived experimental data, a calibration graph of ab-
sorbance versus Cu® ion concentration was plotted to
find the concentration of copper ions in the pectin-
containing solutions. The complexing ability value was
found as the difference in the copper concentration in
the aqueous solution and the pectin-containing solution.
The results of the study are shown in Table 1.

Table 1. Results of examination of the complexing
ability of pectin with respect to Cu* ions

Complexing

m Magg Miree Mpound ablllty
(pectin), | (Cu®", (cu®), | (cu®), b

mgCu~/g

mg mg mg mg of pectin
5 400 1.2 398.8 79760
10 400 1.2 398.8 39880
15 400 1.2 398.8 26590

A comparative estimation of the complexing ability
of pectin and casein has been conducted.

Casein belongs to a group of proteins referred to as
phosphoproteins; it comprises a large number of phos-
phate groups that bind calcium.

Heavy metal ions are bound by casein through a
phosphorus caseinate—calcium phosphate complex; this
leads to the formation of water-insoluble salts.

To compare the binding ability of pectin with pro-
tein, a casein solution was prepared. A weighed portion
of casein was dissolved in water with a sodium acetate
additive under heating on a water bath. The analysis
results are shown in Table 2.

Table 2. Results of examination of the complexing
ability of casein with respect to Cu®* ions

Complexing

m Madq Miree Mpound ability
(casein), | (Cu®), | (Cu®), | (Cu®), b

mgCu-'/g

mg mg mg mg of casein
5 400 1.9 398.1 79620
10 400 2.1 397.9 39790
15 400 2.4 397.6 26500

To determine the complexing ability of pectin and
casein with respect to iron ions, the absorbance of
solutions containing FeCl; at A = 395 nm was found.
The analysis results are shown in Tables 3 and 4.

Table 3. Results of examination of the complexing
ability of pectin with respect to Fe** ions

m Madd Mree Migund Complexing
(pectin), | (Fe), (Fe*, | (Fe*, ability
mg mg mg mg mgFe®/g
of pectin
5 18.0 5.0 13.0 2600
10 18.0 9.0 9.0 900
15 18.0 12.4 5.6 370
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Table 4. Results of examination of the complexing
ability of casein with respect to Fe** ions

m Madd Meree Mbgund Complexmg
(casein), | (Fe*), | (Fe*), | (Fe*™, ability
mg mg mg mg mgFe**/g
of casein
5 18.0 16.0 2.0 400
10 18.0 16.7 1.3 130
15 18.0 16.7 1.3 90

EXAMINATION OF THE GELLING ABILITY
OF PECTIC SUBSTANCES

Gelation begins as follows. A hydration shell is
formed around the pectin molecules in the solution and
prevents the molecules from coming into contact with
each other. Since the carboxyl groups of polygalac-
turonic acids undergo dissociation in the solution, the
pectin molecules acquire a charge and mutually repel.
The formation of a gel skeleton primarily requires the
weakening or elimination of electrostatic repulsion forc-
es. Since the acid contained in the solution is dissociated
to a higher degree than polygalacturonic acid, the de-
gree of dissociation of pectin is reduced; that is, the
electrostatic charge of its particles decreases.

At the same time, under the effect of sugar, the pec-
tin molecules undergo dehydration resulting in the ap-
pearance of some "bare" regions with no polarity. The
formation of a structural skeleton occurs via the adhe-
sion of individual molecules through their dehydrated
regions under the action of intermolecular forces. The
skeleton is strengthened owing to hydrogen bonds be-
tween the carboxyl and hydroxyl groups of the adjacent
chains of the pectin molecules [3]. This interaction be-
tween the pectin molecules results in the formation of a
cellular structure (Fig. 2).

Fig. 2. Mechanism of gelation of high-etherified pectin [3].

The gelling ability of pectin depends on its molecu-
lar weight (degree of polymerization), because an in-
crease in this quantity leads to an increase in the gel
strength, on the amount of methyl groups contained in
the pectin molecule (degree of methoxylation), the con-
tent of free carboxyl groups, and their binding by metals
[3, 14, 15].

Depending on the degree of etherification of carbox-
yl groups, pectins are divided into high- and low-
etherified (the degree of etherification is less than 50%),
which are obtained from an original feedstock by acidic
or alkaline extraction or by enzymatic hydrolysis. Pec-
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tins of different nature exhibit significantly different
gelling ability. Pectins with a higher quality (high-
etherified) are prepared from citrus and apple peels;
pectins with a lower quality (low-etherified) are pro-
duced from sugar beet pulp.

At the first stage, the berries were subjected to a
physicochemical analysis in order to determine (1) the
content of solids and moisture, (2) the amount of soluble
and insoluble solids, (3) the total acidity, (4) the nitrate
content, (5) the amount of pectic substances in the form
of water-soluble pectins and protopectin, and (6) the
degree of etherification of pectins.

Crystallized pectin was isolated from the above ber-
ries by acid—ethanol extraction.

The quantitative analysis of pectic substances
showed that the weight fraction of water-soluble pectin
was 0.78% in blueberries, 0.77% in lingonberries, and
0.465% in cranberries, while the amount of water-
insoluble pectin (protopectin) was 0.52, 0.13, and
0.255%, respectively. The total amount of pectin was
1.3% in blueberries, 0.9% in lingonberries, and 0.69%
in cranberries. The resulting pectins had the following
degree of etherification: 86.2, 63.4, and 75.9% in blue-
berries, lingonberries, and cranberries, respectively.

One of the important problems of the technology of
food products is to give them desired form and struc-
ture. The structure type and mechanical properties of
food products determine their texture. The texture is
used to estimate the quality of the food product, which
can be determined by instrumental measurement of
structural and mechanical characteristics. A huge varie-
ty of food products prevents from providing any univer-
sal recommendations for choosing the method for esti-
mating the rheological characteristics of dispersed food
systems in which these properties change during pro-
duction, storage, packaging, transportation, etc.

The rheological parameters of food systems are
among the most important physicochemical characteris-
tics that determine the role of the thickening agent used
in food products. Rheological parameters were estimat-
ed from the yield point, which was determined on a ro-
tational viscometer, by varying the type of the gelling
agent, the degree of fineness of the berries, and the
presence of various sugars and solvents.

The rheological tests were conducted for systems
with the following ratio of components:

- 0.16 wt % of a thickening agent (sodium alginate;
chitosan; blueberry, lingonberry, and cranberry pectin);

- 35.44 wt % of a solvent (milk with a weight frac-
tion of fat of 1.5%, curd whey, and distilled water);

-64.4 wt % of sugar (saccharose, fructose, and sor-
bite) with allowance for the solid content.

The experimental data were used to plot flow curves
in the y/t coordinates (strain rate gradient/shear stress)
for systems based on water, milk, and whey; the curves
are shown in Figs. 3-5.

All the flow curves in the figures deviate from a
straight line; hence, the food systems corresponding to
these curves are non-Newtonian (quasi-viscous) fluids
and belong to structured disperse systems; their viscous
properties depend on the composition and velocity gra-
dient.

The rheograms confirm the non-Newtonian flow,
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which is characterized by a disproportional decrease in ing to the derived values of shear stress and viscosity:
viscosity with increasing shear rate. logarithmic dependences of apparent viscosity n on
Flow curves were plotted for all the systems accord- shear stress 1 (Figs. 6-8).
. 450
Y
400
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300 —m— milk, strained lingonberries, saccharose
—ae— milk, strained cranberries, saccharose
250 —a— milk, strained blueberries, saccharose
—=— milk, stramned hingonberries, fructose
200 —#=— milk, strained cranberries, fructose
—o— milk, strained blueberries, fructose
150 —— milk, strained lingonberries, sorbite
= milk, strained cranberries, sorbite
100
milk, strained blueberries, sorbite
—o— milk, alginate, saccharose
50
milk, chitosan, saccharose
0

1000 1500 2000 2500

o

Fig. 3. Flow curves of the studied systems based on milk.
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Fig. 4. Flow curves of the studied systems based on water.
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}
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—#— whey. strained cranberries, fructose
—a— whey, strained blueberries, fructose
. whey, strained lingonberries, sorbite

whey. strained cranberries, sorbite

whey, strained blueberries, sorbite
—o— whey, alginate, saccharose

—— whey, chitosan, saccharose

Fig. 5. Flow curves of the studied systems based on whey.
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Fig. 6. Logarithmic dependence of apparent viscosity 1 on shear stress t for the studied systems based on milk.
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Fig. 7. Logarithmic dependence of apparent viscosity 1 on shear stress 7 for the studied systems based on water.
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Fig. 8. Logarithmic dependence of apparent viscosity n on shear stress t for the studied systems based on whey.
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To describe the flow curves of the studied samples,
the Ostwald—de Waele equation was used:

T=K+", Igt = n-lgy + IgK,

where 1 is the shear stress, Pa; K is the flow consistency
index (a measure of viscosity of the fluid); y is the shear
rate gradient, s%; and n is the flow behavior index
(characterizes the degree of rheological difference be-
tween the studied product and a Newtonian fluid).

To find indices K and n in the Ostwald—de Waele
equation, plots in the Igt =f(lgy) logarithmic coordi-
nates were constructed. In all the cases, the rheological
curves are fairly well approximated by a linear function.

RESULTS AND DISCUSSION

(1) Physicochemical studies of blueberries, lin-
gonberries, and cranberries as a source of pectic sub-
stances have been conducted. The biochemical analysis
of blueberries, lingonberries, and cranberries has re-
vealed that the weight fraction of moisture is 86.5, 87,
and 89.5%, respectively; the weight fraction of solids is
13.5, 13, and 10.5%, respectively; the titratable acidity
corresponds to 2, 2.16, and 2.76%; the concentration of
nitrate ions does not exceed 0.5 mmol/dm?®,

(2) Crystallized pectin in the form of a light brown
powder has been isolated from blueberries, lingonber-
ries, and cranberries. Quantitative analysis of the pectic
substances has shown that the weight fraction of water-
soluble pectin is 0.78% in blueberries, 0.77% in lin-
gonberries, and 0.465% in cranberries; the amount of
water-insoluble pectin (protopectin) is 0.52, 0.13, and
0.255%, respectively. The total amount of pectic sub-
stances is 1.3% in blueberries, 0.9% in lingonberries,
and 0.69% in cranberries. The resulting pectins have the
following degree of etherification: 86.2, 63.4, and
75.9% in blueberries, lingonberries, and cranberries,
respectively.

(3) The effect of various solvents and sugars on the
rheological properties of food systems containing pectic
substances has been studied. It has been found that the
pectic substances of wild-growing blueberries, lin-
gonberries, and cranberries are fairly effective. High-
etherified pectic substances contribute to the strengthen-
ing of the structure of the food system because they are
stabilized in a gel owing to the combination of hydro-
phobic interactions and hydrogen bonds.

The use of pectic substances as gelling agents and

various dehydrating agents—saccharose, sorbite, and
fructose—has revealed that saccharose is the best dehy-
drating agent. The addition of saccharose contributes to
the formation of hydrogen bonds, which leads to the
binding of the solvent, the stabilization of hydrophobic
interactions, and, as a consequence, to an increase in the
viscosity and the strengthening of the gel structure.
Therefore, the use of sugar substitutes in combination
with pectin-containing feedstocks significantly decreas-
es the viscosity of the finished product and, hence, its
shelf life and quality.

Gels based on fructose and sorbite exhibit a lower
apparent viscosity than gels based on saccharose. There-
fore, the gel structure can be strengthened by increasing
the dose of pectin. In the case of replacing saccharose
with other sugars or sugar substitutes, it is necessary to
increase their solubility and crystallizability [3, 16].

The action of thickening agents in milk solutions is
enhanced compared to solutions based on whey; in turn,
the action of these agents in whey-based solutions is
more intense than in water solutions. A considerable
increase in viscosity occurs owing to the formation of
associates of the gelling agent with macromolecular
components of the food system. Thus, the efficiency of
thickening agents is determined not only by the struc-
tural features of their molecules, but also by the compo-
sition of the food raw material.

(4) A comparative estimation of the gelling ability of
the pectic substances contained in blueberries, lin-
gonberries, and cranberries and in chitosan and sodium
alginate gelling agents has been conducted. The viscous
properties increase in the series: cranberry pectin < lin-
gonberry pectin < blueberry pectin < sodium alginate <
chitosan.

(5) The complexing ability of pectin with respect to
copper and iron ions has been studied. A comparative
estimation of the binding ability of pectin and casein
with respect to metal ions has been conducted. The
complexing ability depends on the concentration of both
pectin and casein. It has been revealed that casein exhib-
its a lower complexing ability with respect to iron ions
than pectin. It has been found that the complexing prop-
erties of pectin vary with its concentration: the more
dilute the solution, the higher the complexing ability of
pectin. The highest complexing ability of pectin of
80 000 mgCu?*/g of pectin is observed at a pectin con-
centration of 0.005 mg/cm?®,
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Abstract: Modern methods of chemical modification of enzymes conferring increased catalytic activity and stability to
these molecules have been considered. The advantages of using magnetic nanoparticles for the production of stable im-
mobilized enzyme preparations are presented. Chymotrypsin immobilization on Fe;0, nanoparticles modified with ami-
no groups has been found to result in the incorporation of 88% of the enzyme into the solid phase. The change of the
optimal pH and temperature ranges and an increase of stability of the immobilized chymotrypsin relatively to the re-
spective characteristics of the native enzyme have been demonstrated.
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INTRODUCTION

The possibilities of application of enzymes, especial-
ly in medicine and food processing, have expanded sig-
nificantly due to the recent advances in enzymology.
This is due to the obvious advantages of enzymes over
chemical catalysts, namely, selectivity and stereospeci-
ficity of action, the ability to attain high substrate con-
version rates under relatively mild technological condi-
tions, and safety for the environment and humans [1, 2].

Most enzymes used in food processing are present in
food and are ingested with fresh fruit and vegetables,
nuts, milk, and fermented and canned foods. The search
for new applications of enzymes in various fields of
biotechnology is currently going on. The main areas of
research include modification of the properties of indi-
vidual enzymes in order to increase their activity and
reduce the cost of the end products, screening of novel
enzyme-producing microorganisms, generation of novel
recombinant enzymes with desired properties, the use of
enzymatic reactions for the production of valuable food
ingredients and bioactive substances, and the develop-
ment of enzyme-based nanotechnology procedures for
food processing [2].

The modern methods of enzyme modification confer
increased resistance to a variety of chemicals and inhibi-
tors, as well as to pH and temperature effects, to these
molecules and allow for alteration of the pH optimum,
substrate specificity, and binding properties of the en-
zymes. Moreover, the catalytic properties of enzymes
and the preference of these biocatalysts towards certain
metal cofactors can be regulated by modification [2].

Chemical modification of enzymes is among the
most widely used methods [3, 4]. The chemical modifi-
cation procedures must meet a number of requirements.
Firstly, the method should employ non-hazardous chem-
ical reagents, especially in case of enzymes subsequent-
ly used in food industry. Secondly, harsh conditions of
modification leading to enzyme deterioration should be
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avoided. Thirdly, separation of the modified enzymes
from the reaction medium by relatively simple and in-
expensive methods should be possible. Finally, the use
of the modified enzymes should be cost-effective [4].

The use of non-polar reaction media is an example
of chemical modification of enzymes [5]. The resulting
reduction of water activity in the reaction system leads
to substantial changes of the properties of enzymes,
namely, the reaction is shifted towards synthesis, the
thermal stability and the storage stability of the enzyme
increase, the enzyme acquires an ability to catalyze
novel reactions not occurring in an aqueous environ-
ment and retains activity in organic solvents at a tem-
perature above 100°C. This method of chemical modifi-
cation is applicable for such enzymes as lipase, chymo-
trypsin, trypsin, subtilisin, thermolysin, polyphenol oxi-
dase, glucoamylase, papain, and chymaosin.

Research on biological methods of enzyme modifica-
tion is an actively developing area of enzymology. Pro-
tein engineering is an especially promising approach. The
methods of protein engineering based on information on
the relationship between amino acid sequence, three-
dimensional structure, and catalytic activity of enzymes
allow for successful modification of enzymes resulting in
improvement of their technological characteristics [6, 7].
Substitution of certain amino acid residues in the en-
zyme molecule is a widely used method.

Substitution of amino acid residues in the enzyme
molecules can be used to alter the substrate specificity
of these biocatalysts [8]. For example, the ratio of cello-
biohydrolase activity towards soluble and insoluble sub-
strates can be altered by replacing the external aromatic
amino acid residues which bind to the end of the poly-
saccharide molecule and direct it into the active site.
Resistance of the enzyme to high temperature and ex-
treme pH values is achieved by replacing pairs of amino
acid residues located close to each other in the tertiary
structure of the enzyme in order to create additional
non-covalent hydrophobic bonds, salt bridges, or cova-
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lent S-S bonds conferring higher general stability to the
globular enzyme molecule.

Chymotrypsin is an enzyme that belongs to the hy-
drolase class and preferentially cleaves bonds formed by
aromatic amino acids (tyrosine, phenylalanine, and tryp-
tophan) in proteins and peptides. Chymotrypsin is
among the enzymes most frequently used in various
areas of biotechnology, including food industry. Diverse
approaches to the regulation of the catalytic activity of
this enzyme, including changing the degree of hydration
in systems of hydrated reverse micelles formed by sur-
factants [9], use of nonpolar solvents, adsorption, reten-
tion in porous matrices, covalent binding, electrochemi-
cal polymerization, etc., have been reported. However,
these approaches mostly result in conformational
changes manifested as reduced proteolytic activity and
increased Michaelis constant of chymotrypsin.

Enzyme immobilization on various organic and in-
organic carriers, both natural and synthetic, is among
the approaches most widely used in studies described
above. This method is universal due to the simplicity of
the techniques applied, uniform distribution of the en-
zyme in the bulk carrier, stability of the immobilized
preparations obtained, and good reproducibility of their
analytic characteristics. Moreover, attachment of en-
zymes to solid supports allows for a significant im-
provement of the mechanical properties of enzyme
preparations.

A large variety of carriers for the immobilization of
biomolecules is available; however, researchers have
been recently showing considerable interest towards
nanoparticle carriers [10, 11] due to the changes in a
range of fundamental properties of matter upon the tran-
sition to the nano-sized state. The large surface of the
nanosized objects provides for the predominance of
surface phenomena and therefore it is one of the main
factors determining the physical properties of nanoscale
objects. Since the size of nanoparticles is comparable to
those of cells, viruses, proteins, and DNA, these parti-
cles can approach biological objects, bind to them, and
interact with them.

Nanotechnology is currently recognized as a priority
direction of research worldwide since it integrates the
cutting-edge achievements of physics, chemistry, and
biology. The potential of this discipline is enormous,
and its realization affects every aspect of human life.
Development of approaches to precise manipulation of
the functioning of living systems on the subcellular lev-
el is a key issue of modern research in the field of nano-
biotechnology.

According to the general concepts outlined above,
the aims of the present study included optimization of
the conditions for the production of a highly efficient
and stable chymotrypsin preparation with Fe;O4 nano-
particles as the carrier, as well as the assessment of the
perspectives and reasonability of its use in various areas
of biotechnology.

RESULTS AND DISCUSSION
The presence of a sufficient amount of active groups
on the surface of the carrier is a prerequisite for success-
ful enzyme immobilization. However, the surface of
Fe;O, nanoparticles is virtually devoid of reactive
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groups which could be used for covalent binding of the
enzyme, and therefore chemical modification prior to
enzyme immobilization is necessary. Various methods
for modifying Fe;O, nanoparticles have been reported,
including alkylation, acetylation, amination, silaniza-
tion, coating with polysaccharides or polyaniline, etc.
Covalent immobilization of chymotrypsin can be per-
formed using glutaraldehyde which joins the amino
groups on the surface of the modified nanoparticles to
the amino groups of the enzyme, acting as a spacer.

Crystalline a-chymotrypsin (Sigma, the United
States) with an activity of 40-60 U/mg, 70% glutaralde-
hyde and L-tyrosine (99.9 %) from Sigma-Aldrich-
Louis (the United States), sodium caseinate (protein
content 92% by mass) kindly provided by the Belka
company (Moscow, Russia), and other reagents of the
“chemically pure” grade manufactured in Russia were
used in the present work.

FesO4 nanoparticles were prepared using the proce-
dure of Massart [12] by treating a 1:2 mixture of ferrous
and ferric chloride solutions (concentration 0.25 M)
with a 30% (m/m) NH,OH solution at room tempera-
ture. The resulting precipitate was heated to 80°C for 30
minutes under constant stirring and washed several
times with water and ethanol, and afterwards the Fe;0,
nanoparticles were separated from the supernatant using
a magnetic separator and dried under vacuum at a tem-
perature above 70°C [15]. The reaction of Fe;O, for-
mation can be schematically represented as follows:

FeC|2 + 2FeC|3 + 8NH3'H20—>F6304 + 8NH4C| + 4H20

Surface modification of the nanoparticles was per-
formed by incubating them with urea and dimethylfor-
mamide at a temperature of 300°C. Urea was used for
the amination of the surface. Afterwards, the Fe;O,4 na-
noparticles modified with amino groups were washed
with distilled water several times for complete removal
of impurities and dried at 25°C. The washed nanoparti-
cles were equilibrated with 0.1 M phosphate buffer (pH
7.4) and incubated with 25% glutaraldehyde for two
hours at room temperature with vigorous stirring. After
the incubation the nanoparticles were washed several
times with distilled water.

Chymotrypsin immobilization was carried out by
adding the enzyme to a suspension of modified nanopar-
ticles in 0.1 M phosphate buffer (pH 7.4). The enzyme
which was non-covalently bound to the particles was
removed by three washes with distilled water, a 1%
aqueous solution of sodium chloride, and a 1% alcohol
solution of sodium chloride. The immobilized chymo-
trypsin preparation was dried at 4°C and stored as a
suspension in 0.1 M phosphate buffer at 4°C.

Estimation of the amount of the immobilized en-
zyme was based on the difference between the protein
concentrations in the reaction mixture before and after
incubation of chymotrypsin with FezO4 nanoparticles.
The protein content was determined by the Dumas
method based on measuring the thermal conductivity of
molecular nitrogen generated after combustion of the
test sample at a temperature of about 1000°C in an at-
mosphere of oxygen and subsequent complete reduction
of nitrogen oxides with copper using the protein nitro-
gen analyzer RAPID N Cube (Elementar, Germany).
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The proteolytic activity of the native and immabi-
lized enzyme was assessed according to the modified
method of Anson (GOST (State Standard) 20264.2-88
“Enzyme preparations. Methods for assaying proteolytic
activity”’) based on the determination of the rate of en-
zymatic hydrolysis of sodium caseinate by the enzyme
preparation investigated and colorimetric quantitation of
the peptides and amino acids formed using the Folin
reagent.

The results of the measurements were processed us-
ing the methods of mathematical statistics.

The experiment showed that 88% of chymotrypsin
was incorporated in the solid phase after six hours of
incubation with Fe;O, nanoparticles modified with ami-
no groups in the presence of glutaraldehyde (Fig. 1).
The reaction conditions (pH, temperature, composition
of the buffer for immobilization, etc.) were optimized in
order to attain maximal proteolytic activity of the im-
mobilized enzyme.
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Fig. 1. The dependence of the mass concentration of the
protein in the contact solution on the duration of immo-
bilization.

The optimal pH and temperature ranges are im-
portant characteristics of the catalytic activity of en-
zymes. Therefore, investigation of the effect of chymo-
trypsin immobilization on the optimal functioning con-
ditions of the enzyme was one of the objectives of the
present study. Both native and immobilized enzyme
were shown to exhibit maximum catalytic activity at
pH 8.0 (Fig. 2), but the optimal pH range was much
broader for the immobilized enzyme than for native
chymotrypsin. The optimal temperature for the immobi-
lized chymotrypsin differed from that of the native
chymotrypsin by 5°C (Fig. 3).

Investigation of the stability of the immobilized en-
zyme preparation suspended in 0.1 M phosphate buffer
(pH 7.4) and stored in a dry, dark place at a temperature of
(4 £ 2)°C (Fig. 4) revealed the decrease of catalytic activity
of both native and immobilized chymotrypsin during stor-
age. Native chymotrypsin completely lost activity after 20
days of storage, while chymotrypsin attached to nanoparti-
cles modified with amino groups retained 20% of the cata-
Iytic activity after 25 days of storage. Therefore, immobili-
zation of chymotrypsin on Fe;O4 nanoparticles results in
stabilization of the enzyme.
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CONCLUSIONS
Covalent binding of chymotrypsin to surface-
modified nanoparticles allows for the production of
immobilized preparations possessing high activity and
stability; these preparations can be used in different
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fields of biotechnology. Besides, the properties of en- manner according to the specific biotechnological tasks
zyme preparations can be regulated in a controllable by varying the conditions of immobilization.
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Abstract: The article shows the dynamics of the output of baked goods over the past five years in Russia and in the
Siberian Federal District. The main trends in the development of the baking branch of the food industry of Kemerovo
oblast are specified. Factors that determine the dynamics of baked goods production in the Kuznetsk Basin are consid-
ered. Practices of transfer from administrative bread price regulation to targeted subsidies for the least protected strata
are shown. Analytical results of the dynamics and structure of the assortment of bread baked by large and medium-sized
bakeries of the oblast are presented. Ways of improving the current efficiency of the baking branch of the food industry

of Kemerovo oblast are determined.
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INTRODUCTION

Bread is a brilliant invention of humankind. Bread-
stuffs are major human food products, regularly bought
by everyone and everywhere. The supply of the most
affordable foodstuff to all strata depends on how effi-
ciently this branch functions and develops.

Daily bread consumption in various countries varies
from 150 to 500 g per capita. In Russia the average
bread consumption rate is up to 330 g a day. The dia-
gram of breadstuff consumption in some countries of
the European Union is given in Fig. 1. [Consumption of
certain foodstuffs per inhabitant. Eurostat. Search data-
base. http://www.eurostat.ee.europa.eu]

According to the Russian Federal Statistics Service
(RFSS), the average bread consumption in Russia in
2007-2011 stayed at 119 kg/yr per capita; i.e., we are
close to countries with average consumption in this re-
spect (Austria, France, and Lithuania, 116.4, 116.7, and
120.8 kg/yr, respectively).

As for the number of businesses, production output,
and importance of product output, the baking branch is
one of the most crucial areas in Russia's food industry.
The special literature and mass media regularly publish
analytical materials on Russia's bread market, its charac-
teristics, problems, and trends in its development.

The activity reports of President of the Russian Un-
ion of Bakers A.P. Kosovan periodically contain the
assessment of the state of affairs in the industry. The
Russian baking industry is notable for the leadership of
large units, companies, and holding companies, whose
share in the total output of baked goods is about 80%.
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Among the industry's most serious problems are its
obsolete physical infrastructure, low financial stability,
shortage of skilled personnel due low labor remunera-
tion, the constant growth of fuel and energy tariffs, and
unpredictable fluctuations in flour prices. The lasting
practice of administrative intervention in economic ac-
tivities aggravates the financial position of bakeries. The
stand of the Russian Union of Bakers is that low-income
strata must have targeted government support. Thus far
the economy of bakeries is forced to be guided by the
income level of the poorest strata, scaffolding the exces-
sive financial load of the unalterably low incomes of its
employees and turning Russia's bread baking into the
«face of the country's poverty» [1].

The situation in the bread market was described in a
number of articles by N.T. Chubenko, the chief special-
ist of the State Research Institute of the Baking

Table 1 Dynamics of the output of baked goods

Industry, Russian Academy of Agricultural Sciences,
published in the industrial journal Khlebopechenie Ros-
sii (Russia's Bread Baking). The author cited data that,
in 2010, large bakeries used only 40% of their capacity.
At the same time, they produced more than 70% of
saleable products. Only 882 such units remained in
2010 (out of the total 12 300 active bakeries); in ten
years the number of operating bakeries decreased by
more than 1.5 times [2].

The output of baked goods in the country is steadily
decreasing. According to expert forecasts, this market
will lose 2% in natural units on average a year and by
2014 it will not exceed 6.5 min. t. The official statistical
data in Table 1, which characterize the change in the
output of baked goods in Russia and in the Siberian
Federal District (SFD), show that the production dy-
namics of bakeries in Kemerovo oblast has a trajectory
different from the overall vector in Russia and in the
Siberian Federal District.

Regions Output, thou. tons Growth rate, %
2007 2008 2009 2010 2011 | 2008/2007| 2009/2008 2010/2009 2011/2010

Russia 7759 7483.3 7191.4 7119 6977 96.4 96.1 99.0 98.3
Siberian FD 1031 978.8 928.6 896.3 877.5 94.9 94.9 96.5 97.9
Altai Republic 6.8 6.5 6.8 7.2 6.9 95.6 104.6 105.9 96.3
Buryat Republic 39.8 38.3 34.7 28.9 32.2 96.2 90.6 83.3 111.5
Tyva Republic 27.3 275 27.7 27.8 27.8 100.7 100.7 100.4 100.0
Khakassia 19.1 25.2 194 18.2 18.9 131.9 77.0 93.8 104.3
Altai krai 118.3 120.3 120.1 122.0 116.6 101.7 99.8 101.6 95.8
Transbaikal krai 78.3 52.2 46.6 39.7 38.3 66.7 89.3 85.2 96.4
Krasnoyarsk krai 1139 108.3 93.1 100.2 93.0 95.1 86.0 107.6 92.8
Irkutsk oblast 117.7 105.9 96.0 90.5 84.2 90.0 90.7 94.3 93.1
Kemerovo oblast 183.3 181.4 185.2 184.7 185 99.0 102.1 99.7 100.2
Novosibirsk oblast 181.1 169.0 158.8 134.1 140.3 93.3 94.0 84.4 104.7
Omsk oblast 1139 115.8 115.0 114.7 110.4 101.7 99.3 99.7 96.2
Tomsk oblast 31.7 28.2 25.3 28.4 23.6 89.0 89.7 112.3 83.4

Among the constituent members of the Siberian
Federal District, Kemerovo oblast holds the first place
in the output of bread and baked goods, followed, re-
spectively, by Novosibirsk oblast and Altai krai. Despite
the overall decrease in production in the Siberian Feder-
al District, the output of baked goods in Kemerovo ob-
last increased to 185 000 t/yr between 2007 and 2011.

Research objective. To identify factors that affect the
output dynamics of baked goods in Kemerovo oblast.

Research subject and methods. The subject of re-
search in this article is large and medium-sized bread-
baking units in Kemerovo oblast. The research was
conducted using the traditional methods of economic
analysis: abstract-logical, statistical, comparative,
graphic, economic—mathematical, etc., as well as statis-
tical and analytical materials of the RFSS, the RFSS
branch for Kemerovo oblast, the financial statements
and annual reports of large and medium-sized baking
units of Kemerovo oblast, and the statistical data of var-
ious Russian and foreign web sites.

Results and discussion. The transformation of the
Russian economy has led to great changes in the output
of the baking industry both in the Russian Federation
and in Kemerovo oblast. According to the RFSS data
for Kemerovo oblast, in the early 2000s the baking in-

dustry of the Kuznetsk Basin witnessed a shard decline
in the output of baked products (Fig. 2).

230

220
220

210 1

200

190 H 18518518

)

183191
180 e iminininii

170 1]} 266165

160 HHHHL

1995
2000
2004
2005
2006
2007
2008
2009

2001
2002
2003
2010
2011

Fig. 2. Production of bread and baked goods in Keme-
rovo oblast (thou. tons).
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The situation started to improve in 2004, and already
in 2005 the output reached the level of 2000. Then we
can trace the annual growth of this indicator: the output
was 166 000 t in 2005, 173 000 t in 2006, and 183 000 t
in 2007 (i.e., the growth rate was more than 10% in
three years) with an upward trend in the subsequent
years, whereas the production of bread and baked goods
in Russia in 2005-2009 dropped to the level of 1998. In
2009 the production of bread and baked goods in Keme-
rovo oblast rose to 185 000 t, reaching 119% of the
2003 level. Between 2010 and 2011 the output remained
at the 2009 level.

The baking branch holds a key place in providing
the people of Kemerovo oblast with staple foodstuffs.
Its share in the structure of the oblast's food industry is
38% of the total food output (Fig. 3).

In 2011 the baking branch was 67% bread and
baked goods, whose share in the total output continued

10%

38%

0 Meat
& Dairy
OFlour and cereals
OBaking
& Alcoholic beverages
m Nonalcoholic beverages

* Liquid volumes were converted to weight indices taking
into account the beverage density gradations according to

the density table.

Fig. 3. Structure of the food industry of Kemerovo ob-

Table 3 Baked goods output by Kemerovo oblast's
bakeries in 2011

. Percentage of
Bakeries Output, tons the total. %
Total, including 185 000 100.0
_ large and 105 820 57.2
medium-sized
small 79 180 42.8

O Kemerovokhleb
B Yurgakhleb

O Prokopyevsk Bread-Baking Complex
B Osinnikikhleb

last.
to increase annually unlike candy and pasta manufacture
(Table 2).
Table 2 Structure of the baling branch of Kemerovo oblast
Growth rate, %
Indices Unit. 2007 | 2008 | 2009 2010 2011 | 2008/ | 2009/ | 2010/ | 2011/
2007 | 2008 | 2009 | 2010
Bread and baked goods thou.t | 183.3 | 181.4 | 185.2 | 184.7 | 1850 | 99.0 | 102.1 | 99.7 | 100.2
% of the total 63.1 | 634 | 66.2 66.8 673 | 1005 | 104.4 | 100.9 | 100.7
Confectionery products thou.t | 101 | 99.1 89.2 87.2 86.1 98.1 | 90.0 | 97.8 | 987
% of the total 347 | 346 31.9 31.6 31.3 99.7 | 922 | 991 | 99.1
Pasta thou.t | 6.4 5.6 54 4.4 3.9 875 | 964 | 815 | 88.6
% of the total 2.2 2.0 1.9 1.6 1.4 90.9 | 950 | 842 | 875
Total thou.t | 290.7| 286.1| 279.8 276.3 275.0 98.4 97.8 98.7 99.5
The main industrial potential of the baking branch in 24000
Kemerovo oblast is concentrated in the cities of Keme- 22000 19875 19359
rovo, Novokuznetsk, Leninsk-Kuznetsk, Yurga, Pro- 20000 —
kopyevsk , and Mezhdurechensk. At present there are 18000 1—
10 large and medium-sized bakeries and more than 370 16000
small-sized units. Over the past years, we have seen a 14000 1|
reduction in the output of baked goods at large and me-
dium-sized units (Fig. 4). 12000 1
In 2011 large and medium-sized bakeries produced 10000 8469
about 57% of the total bread output in the oblast (Table. 8000 + [66# 5636 15335
3), which was decreasing with each year. Consequently, 6000 1 3398 9331
small businesses, whose share is about 43% of the total 4000 44 ]
output of baked goods, are playing an increasingly im- 2000 4
portant role in providing the people of Kemerovo oblast 0
with various freshly baked goods. 2009 2010 2011

Fig. 4. Bread and baked goods output dynamics
(by the example of individual units in Kemerovo ob-
last), tons.
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Small businesses are not at all inferior to large bak-
eries in their quality of baked goods, since they run new
equipment, although their share of manual labor is high-
er. The main advantages of such units are mobility, con-
siderable room for private orders, and always fresh
products. The number of minibakeries in Kemerovo
oblast is growing mainly due to the increased number of
hypermarkets, supermarkets, and chain stores, almost
each of which has its own bakery.

By the results of the financial and economic analysis
of the existing bakeries and trends in the Kuznetsk
Basin's bread market, we may conclude that in recent
years the increased output of baked goods in Kemerovo
oblast has been maintained by small businesses.

Referring to the baking practices in Europe, we may
note that state-of-the-art minibakeries play a significant
role there, providing certain countries with up to 80% of
the baked goods consumed (Fig. 5).
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Fig. 5. Production of baked goods by large and small
businesses in some European countries.

Minibakeries that produce bread and confectionery
products locally are the main players in the national
markets of such countries as Germany, France, and
Spain. In Britain and the Netherlands, the share of small
businesses in the bread market does not exceed 20%. On
average, the bread market in Europe in 2010, according
to the International Association of Plant Bakers (AIBI),
was represented by large bakeries (45%) and minibaker-
ies  (565%) [http://www.bakersfederation.org.uk/the-
bread-indust-ry/industry-facts/european-bread-
market.html].

In European countries, minibakeries are also in high
demand among the owners of supermarkets, hypermar-
kets, restaurants, and cafes. For example, in Britain out
of the 20% of the bread market served by minibakeries,
17% are minibakeries at retail outlets (Table 4)
[http://www.bakersfederation.org.uk/the-bread-
industry/about-the-bread-industry.html].
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Table 4 Shares of various producers in the British
bread market

% of output | % of output
Units In monetary in natural
terms units
Large bakeries 78 80
Minibakeries 22 20
Including minibaker-
ies at retail outlets 17 17
Total 100 100

In addition to the above factor (serious competition
on the part of minibakeries), a significant drop in bread
output by large and medium-sized units in 2011 was
preconditioned by retracting the production of «social»
bread in Kemerovo oblast, which was baked from 1999
through May 1, 2011. This measure of social support
was necessary for the majority of people under the un-
stable conditions of the oblast's socioeconomic devel-
opment, such as significant price growth, unpaid wages,
and the stingy pensions of the overwhelming majority of
retirees. Within this program, the oblast administration
subsidized bread producers with flour from the gover-
nor's grain reserve fund. The difference between pur-
chasing and subsidized prices was finally compensated
for from the oblast budget. The producers, in turn, set
underrated prices on more than 60% of their bread
products. The activity of the grain reserve fund, which
is formed of grain bought from the local farmers at the
highest prices in Siberia, is regulated by Kemerovo ob-
last's Law no. 23-OZ of April 8, 2008, which says that
the governor's grain fund was created for the stable pro-
vision of the people of Kemerovo oblast with baked
goods in line with the food security policy of our region
[3]. This instrument charged bakeries with the produc-
tion of «social» bread, i.e., first-quality wheat bread
weighing 500 g at a selling price of 7.27 rubles. Trade
networks could impose only a 10% markup. Therefore,
bread produced in the Kuznetsk Basin was the cheapest
compared with other regions of Russia (8 rubles a loaf
for several years).

By 2011 the level of personal incomes rose, and the
economic situation improved, but the bakeries were still
under the administrative pressure. A situation began to
form in which bread was baked for the needy but con-
sumed by all. Numerous resolutions were issued to in-
crease the output of «social» bread to avoid the shortage
of this product among the needy. As a result, the share
of «social» bread baked at the oblast's large bakeries
reached 70% in their total output.

Surveys conducted in November 2010 by OOO
Sotsioservis showed that «social» bread was increasing-
ly misused: 10% of the oblast population used it to feed
livestock and poultry; 13% of the population said that
they witnessed such misuses; and 23% of the people
witnessed such cases several times. People who really
needed cheap bread were often left without this support.
All this drew indignation in the majority of people
[http://www.kuzzbas.ru/ more.phpUID=16980].

The estimation of the demand for this product, based
on the number of the needy citizens, for whom this «so-
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cial» bread was produced, and the rational norms of
daily bread consumption [4] showed that its amount
necessary for the people of Kemerovo oblast was 3800 t
a year (Table 5).

Table 5 Estimation of the necessary amount of «s0-
cial» bread (2010)

Indices Value
Population of Kemerovo, thou. people 521.2
Share of the needy, % 12.1
Number of the needy, thou. people 63.06
Bread consumption norm per capita, g/day 330
including wheat bread 165
rye bread 165
Necessary wheat bred output, t/day 104
Necessary rye bread output, t/yr 3798.1

However, OAO Kemerovokhleb alone produced 10
700 t of «social» bread in 2010 on the condition that this
product was not profitable. In addition, the financial
support of bakeries as quotas to purchase 70% of their
flour demand at preferential prices did not solve the
existing problem. Estimations based on the calculation
for this product showed that increased quotas would
reduce the production cost insignificantly, and even the
use of 100% of the reserve fund flour would not allow
the bakers to have a positive financial result from the
production of «social» bread.

Such measures incessantly required additional costs
and affected very negatively the size of the oblast budg-
et. Therefore, in April 2011, the administration of Ke-
merovo oblast made a decision to render a targeted cash
aid of 60 rubles a month per capita from the oblast
budget starting from May 1, instead of subsidizing the
bakers for «social» bread, to the following categories of
citizens:

e nonworking pensioners with incomes below
the minimum subsistence level (4013 rubles);

o families with children under 16 years with in-
comes below the minimum subsistence level for
each family member (5335 rubles);

e large needy families that bring up three and
more children, including those from 16 to 18 years
of age, with incomes below the minimum subsist-
ence level (5335 rubles);

e students of higher educational establish-
ments and technical colleges from needy families
(with incomes below the minimum subsistence level
of 5335 rubles for each family member); and

e Students of elementary vocational schools
from needy families.

Overall, from May 1, 2011, almost 180 000 people
in the oblast started to receive additional cash payments.
The amount of the payment was determined on the basis
of the medical consumption rate (10 loafs per capita),
the average bread price in Russia (14 rubles), and the
cost of «social» bread in the Kuznetsk Basin (8 rubles).
The difference in prices (6 rubles) multiplied by the
consumption rate amounted to the additional payment of
60 rubles a month per capita [http://kemerovo.edinros.ru
/theme/450.html].

In our opinion, this approach to the solution of the

«socialy bread problem, first, affected positively the
oblast budget. In 2010, 390 million rubles were allocat-
ed from the oblast budget to produce «social» bread and
in 2011, on the basis of the targeted aid (60 rubles a
month per capita) and the number of people who quali-
fied for it (180 000), 129.6 million rubles; i.e., the eco-
nomic effect of this measure was significant. Second,
this approach made it possible to increase the size of
profit received by the bakeries (Table 6) and contributed
to the improvement of the industry's competitiveness.
Thus, first-quality wheat bread became a profitable
product for large bakeries for the first time in many
years. However, the oblast administration put this bread
on the list of socially crucial products so that bakers do
not raise its price to the limit in their chase for profit.

Comparing the average consumer price for the group
«First- and second-quality bread and baked goods from
wheat flour,» the lion's share of which is first-quality
wheat bread, we see that in Kemerovo oblast it is still
the lowest among the constituent members of the Sibe-
rian Federal District (Table 7) [http://www.gks.ru.].

Table 6 Financial results of first-quality wheat bread
production (by the example of the Prokopyevsk Bread-
Baking Complex)

Before May 01, 2011 | From May 01, 2011

Indices per1t | per1loaf | per1t| per1 loaf
Production cost, | 1earn1 | 841 |201653| 1008

rubles

Including
reserve fund 2382.8 119 - -
flour, rubles

flour at market

. 2442.0 1.22 8140 4.07
prices, rubles

Wholesale price,

132610 | 6.63 [23120.0] 1156
rubles
Gross Slgosf't' "1 _3589.1| -1.78 |29547| 1.48
Profitability, % - - 14.7 14.7
Output 3692t | 384000 | 5695 | 7384000
loafs loafs
Gross profit, thou. -13205.9 10908.7

rubles

Table 7 Average consumer prices of bread and goods
baked from first- and second-quality wheat flour, rubles/kg

SFD constituent members April 2011 | April 2012
Siberian Federal District: 28.75 30.19
Altai Republic 28.03 27.66
Buryat republic 30.8 31.42
Tyva Republic 29.44 29.26
Republic of Khakassia 26.79 26.03
Altai krai 28.5 28.38
Transbaikal krai 32.95 34.62
Krasnoyarsk krai 30.36 30.72
Irkutsk oblast 34.29 34.83
Kemerovo oblast 16.21 24.18
Omsk oblast 26.87 26.35
Novosibirsk oblast 37.2 37.62
Tomsk oblast 29.14 27.72

The positive result of this decision was also the re-
duction of cheap bread purchases for misuse, which
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guaranteed to the needy strata the use of this affordable
product. Overall, this approach has led to the increased
efficiency of the existing system; it was opportune and
popular among the market players; and it had never
been used by other constituent members of the Russian
Federation; therefore, the practice of shifting to subsi-
dies for the needy from bread price regulation should be
adopted by other regions of Russia.

In recent years, significant changes have occurred in
the assortment structure of baked goods produced by the

large and medium-sized units of Kemerovo oblast. The
assortment structure and dynamics in 2009-2011 are
given in Table 8. A positive trend in the assortment de-
velopment is a stable decrease in the output of wheat
bread varieties, including top-quality flour, most poor in
micronutrients, while the output share of rye breads has
started to increase, which is in line with the directions of
assortment development and the norms of healthy diet.

Table 8 Output structure of baked goods (by the example of individual units of Kemerovo oblast)

Name 2009 2010 2011 2009 2010 2011
t | % t | % t [ % t | % t | % t | %
Prokopyevsk Bread-Baking Complex Leninsk-Kuznetsk Bakery
1) rye and rye—
wheat bread 489.5 11.7 467.2 13.7 456 19.6] 2555 175 3084 21.7 4391 30.5
2) wheat bread
of all varieties 32995 | 79.0| 25268 | 744 | 1568 | 67.3] 7636 | 52.3| 7813 | 55.0| 6898 | 48.0

3) baked products 326.1 7.8 276.5 8.1 255.8 | 10.9| 2942 | 202 | 2770 | 195| 2791 | 194
4) other products 63.2 15 127.5 3.8 51.2 2.2 1458 10.0 543 3.8 299 2.1

Total 4178.3 | 100.0 3398 | 100.0] 2331 | 100| 14591 | 100.0| 14210 | 100.0] 14379 | 100.0

At present the oblast's bakeries put great efforts in
the production of bread and baked goods enriched with
vitamins and minerals, i.e., dietary and preventive prod-
ucts. New varieties of bread and baked goods are being
developed and introduced. Along with the production of
the usual varieties, the bakeries of Kemerovo oblast
have mastered breads with various additives: walnut,
sesame, cereal flakes, laminaria, dry green mixes, vege-
tables, etc. (more than 50 new bread varieties). A lot of
attention is paid to the production of so-called «healthy
bread,» Doctor's crisp breads and crisp breads with wal-
nuts, onions, and greens. More often than not you can
find products in special packaging.

New bread recipes have been developed by local
technologists jointly with associates of the Kemerovo
Institute of Food Science and Technology and the Ke-
merovo State Medical Academy. Branded bread varie-
ties such as Prazhskii, Boyarskii, Venskii, Fitness with
Raisins from Sprouted Seeds, Finnish Wheat Crusts,
Golden with Coriander, Flax Seed, Village Bread, and
Russian Bread have already gained acceptance from
authoritative world-scale specialists and have become
laureates of multiple exhibitions and competitions.

The bakers of Kemerovo oblast produce bread pre-
pared on yeast, nonyeasted bread, bread on hoppy start-
ers, bread with seed additives, and bread with malt ex-
tracts. There are also bread varieties that do not harm
even people who suffer from diabetes or obesity, for
example, coarse-grained bread. It is slowly digested by
the organism and does not increase the blood sugar lev-
el; therefore, the pancreas has no need to work to the
maximum (the varieties Otrubnoi, lzobilie, and Linga).
Bread from kibbled grain is even more useful: it con-
tains all the valuable ingredients that whole grain has,
like coarse fiber that inhibits diabetes.

The above indicates that the bakers of the Kuznetsk
Basin are actively developing enriched bread varieties
for dietary nutrition and for functional purposes envis-
aged in the Food Security Doctrine, approved by a de-
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cree of the Russian president. This is confirmed by the
output of diabetic bread varieties, and Kemerovo oblast
is the leader among the Russian regions in their produc-
tion (Table 9) [5].

Table 9 Output of diabetic breads in Russia

Regions Produced in
2009, tons
Russia's total, including federal districts: 1058
Central FD 179
Northwestern FD 164
Southern FD 37
Northern Caucasus FD 10
Volga FD 240
Ural FD 103
Siberian FD, including: 325
- Transbaikal krai 35
- Irkutsk oblast 4
- Kemerovo oblast 286

At present, the production of functional foodstuffs is
a major and dynamically developing branch of the food
industry in countries that uphold a healthy life style.
European bread-baking experience shows that European
countries have been able to reach a stable situation in
the consumption of baked goods by making the con-
sumer consider bread as an element of healthy nutrition
and not just as a source of calories. Since the 1990s Eu-
ropeans have been displaying the growing demand for
products with improved taste properties, which leads to
considerable shifts in the assortment of foodstuffs: the
reduction of the share of traditional mass bread varieties
and the increase in functional and premium breads. New
bread varieties appear whose recipes include wheat, rye,
or oat boltings, whole unground grain, oat and buck-
wheat flour, vegetable and fruit additives, and other
components. As a result, the share of healthy bread in
the total bread output has increased by 68% in Britain
and by two times in Germany in recent years [6]. Figure
6 shows the assortment structure of the German bread
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market, and we can see that the share of healthy bread in European Union (). Using this information, each con-
its total supply reached 63% in 2010 [The German Bak- sumer can choose products taking into account individ-
ery  Industry. Facts and Figures  2011. ual preferences [7].

http//www.iba.de/]. Today fewer and fewer consumers buy what they are

offered, and more and more of them seek and buy prod-
ucts that meet their preferences. A survey conducted in
the United States to reveal the consumer behavior of the
generation born in 1980-2000 has shown that people
consciously choose what they buy; they are very sensi-
tive to advanced brands, value highly the freedom of
choice on the retention of requirements on healthy food-
stuffs, and pay great attention to the format of presenta-
13.8% tion of product information, including the Internet
[Generation Y is driving food trends, says report. Food
navigator-USA.com. 19.01.2009].

Taking into account the current negative operating
conditions (reduced production output and profitability,

6.0% 11.7%

OBread from rye-wheat flour blend

@ Bread from coarse flour with boltings operating losses) and the European experience, the large
and medium-sized bakeries in Kemerovo oblast must
@ Bread from whole grain/brown bread base their current activities on constant concern for the
stable quality of products and for the renewal of their
@ Rye bread assortment in line with the requirements of the science
of nutrition. In choosing their assortments, the bakeries
B \White bread must be geared to marketing research and, more im-
portantly, to scientific recommendations. To enhance
B Toast bread the food ration and to prevent diseases, the oblast's bak-
ery plants must continue to increase the output of rye
B Other varieties bread varieties, master the output of special dietary va-

rieties with bread-enriching additives. Competent con-
trol of quality and assortment as the chief factors of
production increase will affect positively the sales and
competitiveness of the bakeries of the Kuznetsk Basin.

Taking into account the opinion of many specialists
of the baking industry that, to improve the efficiency of
this industry, urgent measures such as the elimination of
administrative regulation of bread prices, the transfer to
the targeted subsidizing of the least protected strata, the
increased output of dietary and functional baked goods,
and the production of bread from rye flour, as well as
the development of the infrastructure and interaction
between science, higher educational establishments, and
business are necessary, we may state that today the bak-
ing branch of the food industry of Kemerovo oblast is
developing in the right direction.

Fig. 6. Assortment structure of Germany's bread market.

The government policies of European countries
aimed at increasing consumer awareness of the compo-
sition of foodstuffs contributes to the increased con-
sumption of functional baked goods. Printing this in-
formation on packaging, the producer informs the con-
sumer of the effects of the raw materials of which prod-
ucts are made and prevents the development of certain
diseases. The approvals of their products by various
medical associations and societies (of endocrinologists,
cardiologists, and other medical specialists) become
important for European producers. In particular, the
special Food Information Regulation to inform people
about the ingredients of foodstuffs is in effect in the
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