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Annomauusn

Tosvluenue s3¢pghexmusnocmu 2nyooKoti nepepabomku colpbs MOBAPHO2O PblOOBOOCNEA, 8 MOM YUCLE MALO
680CMpebOBAHHON HA POCCULICKOM PbIHKE UKPbl NPECHOBOOHBIX Pblh cemelicmaea Kapnogulx, B kauecmege oOvexma uc-
C1e008aHUsL UCNONb30BAHA UKPA U3 CA3AHA, KOMOPAsL AGNAEMCsl NEPCHEKMUBHBIM UCTNOYHUKOM OJisL 8bIpAOOMKU NP U-
POOHBIX IMYNbeAMOPOE GbICOKO20 KA4ecmed, K npumepy, ieyumuna. HMzeecmuo, umo camviM pacnpocmpaHeHblm
Ccnocobom KoHcepsayuu OUONOIUMEPOS AGISLEMCSL CYUWKA UCXOOHO20 Cbipbs. AHanuz cnoco6os 06e3601cusanus npo-
O0yKmMo8, NOOOOHBIX cazanbell uKkpe, NoKA3al, 4mo Hauboiee payuoHaIbHbIM U3 HUX O dMOU Yeau A61Aemcs KOHBeK-
TNUBHBLIL NPU BO3MONCHOU KOMOUHAYUU C KOHOYKINUBHBIM IHEP2ON00800, YUMo npedonpeodensem KOHMAaxm o00beKkma
U3yueHUs ¢ Napo8o30YUIHOU Cpedoll U 00YCI06IUBAem YelecO0OPA3ZHOCHb ONpedesieHUs e20 2UePOCKONUYeCKUx napa-
Mempog OJisl PAYUOHATIbHOU OP2AHUZAYUYU NPOYECCa CYUWIKU U XPAHEHUsL 8bICYULEHHO20 NPOOYKMA C Yelbl0 MAKCUMATlb-
HO2O COXpaHeHUusi 8 NPOOyKme Komniekca ocghorunuoos, cocmoauux u3 HeHacblUeHHbIX U HACLIUEHHbIX HCUPHBIX
Kuciom, ¢ocoprol Kuciomsl, 2iuyepund u XonuHa, 8 yeaom npeocmasiarowull cooou neyumun. Llenvro uccredosa-
HUSL NOCIYHCUNLO ONpedeieHUe 2USPOCKONUYECKUX U MEePMOOUHAMULECKUX NaApamMempos8 83aumo0eticmeus ca3aubell
UKPbL € 8000U O/ NPUMEHEHUSL NPU PAYUOHATLHOU Peanu3ayuu MexHoA02UU ee CYuKY U NOLYyHeHUs. TeyumuHad u3 ca-
3aHbell UKPbL C Yerblo BbIsIBNIEHUSL YCI08USL MAKCUMATLHOU COXPAHHOCMU 8 Hell He0OX00UMO20 Yele8020 KOMIOHEHMA.
B pamxax oannozo uccinedoganus 0si UKOPHO2O RPOOYKMA ONPeOdesilach €20 2UePOCKONUYHOCTb, XaPaAKmepu3yo-
Was pasHOBECHYIO BILANCHOCHL NPOOYKMA, NOCPEOCMEOM MEH30Mempuiecko2o memooda. Ilonyuennvle Qynkyuonaiob-
Hble 3A6UCUMOCTIU 2USPOCKORUYECKUX NAPAMEMpPO8 Om GIUSIOWUX (PAKMOPOE NO360ISIOM ONPeOeiums YUCIEHHbIE
BHAUeHUs1 YOeIbHOU MEeni060U dHEPeUU UCRAPerUst 05l NOOCMAHOBKU UX 8 OUD@epeHyuaIbHoe ypasHeHue menione-
PeHoca npu MoOeIupoOBaAHUU NPOYECCO8 CYUWKU UKOPHO20 NPOOYKmA. B pesyremame, modcno coenamov 61800 0 mom,
YUMo NOJIYYeHHble 2USPOCKONUYecKue U mepmMoOUHaAMUYecKue napamempsl UKOPHO20 NPOOYKMA MO2Ym YCNeuWHO UcC-
N0Ib308AMbCI NPU PAYUOHATLHOU OP2AHUZAYUY U PeaU3AYUY MEXHOI02UU U MEXHUKU €20 CYUIKU.

Knroueevte cnosa: uxpa cazauna, cywra, 6HympeHHUll meniomMacconepeHoc, uspoCKOnUYecKue napamempbl,
CMamuKa npoyecca Cyuiky, mepmoOUHAMUYECKUll AHAIU3, KOHEUHAS GNANCHOCb.

Abstract

Increasing the efficiency of deep processing of raw materials for commercial fish farming, including caviar
of freshwater fish of the carp family, which is little in demand on the Russian market. As an object of study, carp cavi-
ar was used, which is a promising source for the production of high quality natural emulsifiers, for example, lecithin.
It is known that the most common method of conservation of biopolymers is the drying of raw materials. An analysis of
the methods for dehydrating products like carp caviar showed that the most rational of them for this purpose is con-
vective, with a possible combination with conductive energy supply, which predetermines the contact of the object of
study with the steam-air medium and determines the expediency of determining its hygroscopic parameters for the
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rational organization of the drying and storage process. dried product in order to maximize the preservation of the
complex of phospholipids in the product, consisting of unsaturated and saturated fatty acids, phosphoric acid, glycer-
ol and choline, which in general is lecithin. The aim of the study was to determine the hygroscopic and thermodynam-
ic parameters of the interaction of carp caviar with water for use in the rational implementation of the technology for
its drying and obtaining lecithin from carp caviar in order to identify the conditions for maximum preservation of the
necessary target component in it. Within the framework of this study, for the caviar product, its hygroscopicity, which
characterizes the equilibrium moisture content of the product, was determined using the tensometric method. The ob-
tained functional dependences of hygroscopic parameters on the influencing factors make it possible to determine the
numerical values of the specific thermal energy of evaporation for their substitution into the differential heat transfer
equation when modeling the drying processes of the caviar product. As a result, it can be concluded that the obtained
hygroscopic and thermodynamic parameters of the caviar product can be successfully used in the rational organiza-
tion and implementation of the drying technology and technique.

Keywords: carp caviar, drying, internal heat and mass transfer, hygroscopic parameters, statics of the drying
process, thermodynamic analysis, final moisture content.

Introduction

Increasing the efficiency of deep processing of raw materials for commercial fish farming,
including caviar of freshwater fish of the carp family , which is little in demand on the Russian
market [1, 2], is an important and urgent task.

In modern conditions, the food industry of the Russian Federation needs high quality natu-
ral emulsifiers, for example, lecithins. It should be noted that carp caviar, in particular carp caviar,
contains a large amount of lecithin [3, 4], about 10,000 mg per 100 g of the product [5]. According
to the data of the European Association of Lecithin Manufacturers (ELMA), its world production
is currently more than 250 thousand tons per year, and the need is more than 400 thousand tons per
year [6]. With the increasing demand for lecithin, the question arises of identifying a new raw ma-
terial base for its production.

It is known that lecithin parameters are significantly affected by the source of its produc-
tion [7, 8, 9, 10], in which it is necessary to preserve its target properties as much as possible dur-
ing its conservation until the moment of direct use in the selected technology, while the most
common methods of conservation are drying and freezing of raw materials.

An analysis of the methods for dehydrating products like carp caviar showed that the most
rational of them for this purpose is convective, with a possible combination with conductive ener-
gy supply, which predetermines the contact of the object of study with the steam-air medium and
determines the expediency of determining its hygroscopic parameters for the rational organization
of the drying and storage process. dried product in order to maximize the preservation of the com-
plex of phospholipids in the product, consisting of unsaturated and saturated fatty acids, phosphor-
ic acid, glycerol and choline, which in general is lecithin.

Purpose of the study

Determination of hygroscopic and thermodynamic parameters of the interaction of carp
caviar with water for use in the rational implementation of the technology of its drying and obtain-
ing lecithin from carp caviar in order to identify the conditions for maximum preservation of the
necessary target component in it.

Objects and methods of research

The object of the study was carp caviar,

As part of this study of the hygroscopic characteristics of the caviar product, its hygrosco-
picity, which characterizes the equilibrium moisture content of the product, was determined using
the Van Bamelen tensometric method. According to this static method, samples of the test product
with a predetermined moisture content were kept in desiccators with a solution of sulfuric acid of
various concentrations. At the same time, a certain partial pressure of water vapor corresponds to a
certain concentration of the solution at a given temperature, i.e. a certain value of relative air hu-
midity ¢[11, 12]. A certain amount of the test material is weighed on an analytical balance with an
accuracy of 0.001 g after reaching a constant mass, at which its moisture content corresponds to
equilibrium.
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Equilibrium humidity W}, which was obtained during the experiments, is determined by
the formula:
G'_'._G'_':l_W:E :I
W, = —G.P_ (1)

where W_g,is the initial moisture content of the sample, kg/kg; G,is the initial mass of the
test sample, kg; G- is the mass of the sample upon reaching hygrothermal equilibrium, kg;

The experimental study of the hygroscopic properties is intended to characterize the dry
product under study and give recommendations on the choice of the final moisture content of the
material, which is the most appropriate for the storage process. When constructing sorption curves,
it was assumed [12] that the numerical values of the water activity indicator 4,,.and the relative air
humidity gcoincide, due to the equality of the vapor pressure above the surface of the material un-
der study and its pressure in the desiccator medium.

Research results and discussion

After a series of experiments on a desiccator pilot plant, moisture sorption isotherms of the
dehydrated caviar product were obtained at air temperatures of 25°C and 40°C, which are present-
ed below (Fig. 1).

Wp, %
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Figure 1. Equilibrium curves for moisture sorption by a dry product

The resulting sorption isotherms can be conditionally divided into three sections, which is
especially clearly seen when they are plotted in a semilogarithmic modification (Fig. 2).

TIn Aw

05l The second section

The first section

154 ® 40°C
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25l The zero section
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Figure 2. Equilibrium curves plotted in semi-logarithmic coordinates
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According to A.V. Lykov [13], all wet materials are divided into several main groups de-
pending on their colloid-physical properties: capillary-porous, colloidal and capillary-porous col-
loidal, occupying an intermediate position between the first and second. This classification is
widely used in generalizing the results obtained. The dry structure of carp caviar is a capillary-
mesoporous body with a large number of pores and capillaries through which water vapor can
penetrate or be removed. The characterization of the state of moisture in the material and the cor-
responding parameters of moisture transfer is given on the basis of an analysis of the adsorption
phenomena developing on the phase interface (moist air - solid). A generalization of knowledge in
this area is currently the theory of polymolecular adsorption developed by S. Brunauer, L. Dem-
ing, W. Deming, R. Emmett and B. Teller [12], who proposed a classification based on the identi-
fication of five types of isotherms.

The resulting isotherms can be attributed to type |- V , and if the adsorption of gas by a
solid body is described by an isotherm of this type, then this indicates that the dry skeleton of dried
caviar is characterized as a mesoporous body, i.e. is a porous material, the structure of which is
characterized by the presence of cavities or channels with a diameter in the range from 2 to 50 nm
[14]. The type IV isotherm also describes physisorption and multilayer processes, resembling the
type Il isotherm, but now in porous or mesoporous solids, where condensation of gas particles in
small volumes of liquid is possible, and therefore, until the pores are “clogged” with liquid, the
monolayer is not complete .

Type IV isotherms have a hysteresis loop, the lower branch of which is obtained by meas-
uring adsorption with the sequential addition of gas to the system, and the upper branch is obtained
with its sequential decrease (desorption). Effects associated with hysteresis are also possible for
other types of isotherms [14].

G.K. Filonenko proposed a mathematical description of isotherms to be carried out by two
equations. To do this, you need to divide the curve (Fig. 2) into two sections: the first - from Wjto
W,,,; the second - from W, and above. The point W;on the isotherm characterizes the transition
from monomolecular to polymolecular adsorption and is obtained by crossing the normal from the
first singular point on the isotherm to the abscissa axis. Usually, during actual drying of materials,
moisture bound by monomolecular adsorption is not removed, so the isotherm section from 0 to
Whis not described by the isotherm equation. The point W, characterizes the transition from mois-
ture bound by polymolecular adsorption to capillary- and osmotically-bound moisture and is ob-
tained by crossing the normal from the second singular point on the isotherm to the abscissa axis.
Starting from the values W,,,, the isotherm curve sharply goes to the right. Figure 3 below shows a
breakdown of the obtained sorption isotherm at 25°C into 2 sections.

0“ In Aw

-0.51 The second section

The first section

-1.51

b fWo L [Wa —
0 2 K 6 8 10 12714 16 18 20 22 24 26 28
Figure 3. Breakdown into sections with different types of moisture bond with the material:

from 0 to W} - chemical bond prevails; from W to W,,,— adsorption bound moisture prevails; from
mand above - capillary bound and osmotic moisture

Wm | | | Vle, 0/11

>
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Following the approach described above, on the moisture sorption isotherm of the studied
caviar product (Fig. 3), these areas are distinguished: the area from W;to W), characterizes adsorp-
tion-bound moisture and the area from W,,and above characterizes capillary-bound and osmotic
moisture.

Thus, two sections are distinguished from the empirically obtained sorption isotherms, the
reason for the appearance of which is analytically substantiated. It should be noted that the first
section starts from the moment where the monomolecular adsorption zone ends, in which moisture
IS quite strongly bound to the product, therefore, for the dried polymer material, the most appropri-
ate final moisture content is the one that borders on the adsorption-bound interval:
0,03 = W, = 0,13, i.e. the most rational final moisture for the investigated product is the range
from 10 to 12%.

Carrying out the logarithm facilitates the mathematical processing and interpretation of the
obtained isotherms (Fig. 2), which, for convenience, are divided into 2 sections (Fig. 3) and ap-
proximated by the equations presented below. The calculated error between the approximated and
empirically obtained values is no more than 2%.

Approximate Equations 2 and 3 for the sorption isotherm plotted at 40°C.

Plot 1: 0,03 < W, < 0,13:

In Ay, = 13,142W, — 2,141. 2)

Plot2: 0,13 = W, = 0,27:

In 4,, = 3,041, — 0,828. (3)

Approximate Equations 4 and 5 for the sorption isotherm plotted at 25° C .

Plot 1: 0,03 < W, < 0,13:

In Ay, = 9,179W, — 1,47. 4)

Plot2: 0,13 = W, = 0,27:

In 4,,, = 2,386W,, — 0,587. (5)

Due to the fact that the process of drying the caviar product under study proceeds, includ-
ing in the hygroscopic region, a thermodynamic analysis of the static laws of heat and mass trans-
fer is necessary to identify the influence of the nature of moisture binding with the dry residue on
the quality of the resulting dry semi-finished product. In addition, the result obtained must be tak-
en into account when making design decisions for the rational implementation of the processes
under study.

On the basis of the obtained equations, graphic dependences of energy changes on the
moisture content of the material are constructed, which are shown in Figure 4.

Ax/Mmons
)
Q
Q
o
1

—— 1
0,05 0,1 0,15 02 0,25
wp

. . gaF gas . dAE . .
Figure 4. Change in free ——, bound T' ——and internal ——energy depending on the moisture content
Wy aWp BWp

of the material
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The graphic dependences presented in Figure 4 show that the statics of the processes of in-
teraction with water and the analysis of sorption isotherms allows us to establish and quantify the
nature of the change in the thermodynamic components of the Gibbs-Helmholtz equation for an
isobaric-isothermal process:

AF = AE — TAS, (6)
where AF, AE, ASare, respectively, changes in free, internal energy (enthalpy) and entropy,
according to moisture content Wpat P,T = const.

Equation 6 in differentiated form looks like this:

JAF JAE dAL
(Gie) o (ﬁ)m 7 (3;)
where the entropy component of the free energy T - (:%Vi

) (7)
T.B
) plays a significant role for
T.P

most products.

The calculation of differential changes in the bound sorption energy for different tempera-
tures is necessary in order to determine the value of the specific heat of vapor formation r, (J/kg)
under different technological conditions of the drying process. Figure 5 graphically shows the de-
pendence of the specific thermal energy of evaporation on the equilibrium humidity in the process
of sorption of water vapor by dry caviar product for two sections in the interval:
0,03 < W, <0,27.

4000

I, KAX/Kr

2500

T p—
0,05 0,1 0,15 0,2 0,25
Wp

Figure 5 - Graphical dependence of the specific thermal energy of evaporation on the equilibrium humidity in
the process of reducing the humidity of the material under study.

T T T T T T T T T T T T

It should be noted that the nature of the dependence r = f[w;,)for the product under study
is typical for most food materials, and is due to various energy forms of the relationship between
the moisture in the sample and its dry residue.

Heat of vaporization associated with the material for 1 section:

r = 2437230+ [294724 — 1808985w;| + |9028?99M{,— 1541193]. (8)
The heat of vaporization associated with the material for section 2:
r= 2437230+ [113953 — 418438”{,| + |13?126?M{P — 545714 9)

Functional dependencies (8 and 9) make it possible to determine the numerical values of
the specific thermal energy of evaporation for their substitution into the differential heat transfer
equation when modeling heat and mass transfer processes of caviar product drying.

Conclusions

As a result, it can be concluded that the obtained hygroscopic and thermodynamic parame-
ters of the caviar product can be successfully used in the rational organization and implementation
of the technology and technique for drying it and obtaining lecithin from carp caviar, because
make it possible to determine the conditions for the preservation of the necessary target component
init.
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