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Abstract. The article substantiates the expediency of improving
of technological methods of processing unprofitable small fish and
expanding of the food products range from them. It proposes enriching
of the flesh of freshwater fish with trace elements by adding chelate
complexes based dietary supplements to salt or brine during the salting
of raw materials. The kinetics of penetration of the chelate complexes
micronutrients based dietary supplement into the muscle tissue of
crucian carp was researched using the method of electronic
paramagnetic resonance (EPR). The salting was performed using three
methods. In the first, dry method of salting the fish was mixed with
sodium chloride NaCl with the addition of a chelate complex based
dietary supplement in the amount of 20-25% and 0.1% of the weight of
raw material, respectively. In the second, brine method the fish was
salted in brine, which was a solution of sodium chloride NaCl in the
amount of 2 kg of salt per 1 kg of raw material. The amount of the
chelate complex based dietary supplement was 0.1% of the weight of
raw material. In the third method, the salting was performed in brine
with the same concentrations of sodium chloride and dietary
supplement, but the fish raw material was previously treated with
ultrasound. The salting of fish lasted for 6 days. The distribution of Mn
ions in the plane (i, j) was researched. The kinetics of penetration of the
trace element into the volume of crucian carp muscle tissue was
researched using the EPR method. The kinetics of Mn?* ions
distribution in the researched muscle tissue samples and the tomograms
of these surfaces were determined. The values of the area under the EPR
spectrum were normalized to the values of the area under the maximum
EPR signal. In the dry salting method the signal from the liquid in
which the raw material was during the salting was selected as the
maximum EPR signal; and in the brine method the signal from the brine
sample was selected as the maximum EPR signal. It is noted that the
kinetics of penetration of the trace element is determined by the area of
contact of the raw material with the diffusing substances and the method
of intensification of the internal transfer of these substances inside the
raw material. It was found that in the brine method and in the brine
method with pre-sonication, the amount of trace element in the depth of
the crucian carp muscle tissue varied within the error margin. This
indicates the homogeneity of distribution of the trace element of the
chelate complex based dietary supplement in these methods of salting.

Key words: small freshwater fish, an additive based on a chelate
complex, brine salting, dry salting.

Introduction. Problem statement

population of modern Ukraine. Food processing is the

Functional food products that have increased
biological value and are balanced by main macro- and

industry that uses nutritionally valuable raw
material [1]. Improving of technologies of fish raw
material processing may provide for new fish products

micronutrients play an important role in nutrition of the

Xapuoa Hayka i Texsonorist / Food science and technology

117 Volume 15 Issue 1/ 2021


mailto:Krikynenko_lo@ukr.net
http://creativecommons.org/licenses/by/4.0

TexHonoezis i 6e3neka npodykmie xapuyyeaHHsa / Technology and safety of food products

with increased nutrient value by enriching of muscle
tissue with mineral substances, essential fatty acids and
other vital substances [2].

into the muscle tissue of crucian carp in brine salting
with pre-sonication.

Research materials and methods

Analysis of recent research and publications

Ukraine has a substantially big number of water
bodies that are used in the integrated multi-industrial
way [3]. Fishery management is a very important field
of exploitation of biological resources that are
generated under the influence ofnature, climate and
anthropogenic factors. It should be pointed out that due
to the change in the species composition of the raw
material base of the fishery basin, the fish from the
“other freshwater” category present considerable
interest for the industrial processing [4].

There are various known methods of the industrial
processing of freshwater fish. This raw material is used
to make fermented fish farce [5], preserves [6], canned
fish [7], etc. A group of so called small freshwater fish
like rudd, goldfish, and white bream should be pointed
out. The small freshwater fish belong to the unprofitable
group; processing of such fish with traditional
technologies is ineffective due to its morphological and
size-mass specifics: big number of small bones in the
flesh tissue and little yield of edible portion [8]. Based
on this research, improvement of technological methods
of processing of unprofitable small fish and expansion
of assortment of food products made of it remain the
issues of present interest.

One of the ways to increase consumption
attractiveness of small freshwater fish and to increase
assortment of food products made from it is the
production of dried fish [9]. Dried fish is a popular
snack, which is used with various beverages and as a
separate meal [10]. Naturally, the nutrition and
consumption value of dried freshwater fish is
significantly lower than that of salt-water fish [11].
However, there is a way of enriching of freshwater fish
flesh with trace elements by adding them during the
preliminary preparation of the raw material for drying.
Introduction of trace elements is done by adding
chelate complex based dietary supplements to salt or
brine during the salting process [12,13].

Purpose of the research — to achieve uniformity
of distribution of trace elements of chelate complex
based dietary supplement throughout the volume of the
raw material (small freshwater fish) by identifying of
the rational method of salting prior to drying.

The following tasks were set to achieve the goal:

— to research the kinetics of penetration of the
trace elements of chelate complex based dietary
supplement into the muscle tissue of crucian carp in
dry salting

— to research the kinetics of penetration of the
trace elements of chelate complex based dietary
supplement into the muscle tissue of crucian carp in
brine salting

to research the kinetics of penetration of the trace
elements of chelate complex based dietary supplement
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The subject of the research was the muscle tissue
of crucian carp. The specimens of the muscle tissue
were prepared as follows. We selected the fish with the
weight 0.8 to 0.9 kg and 3 to 4 years of age. The fish
was washed and moved to salting.

The research used the dietary supplement based on
Mn chelate. The raw for making of the chelate
complex based dietary supplement are the chelates
produced by TOV “Nanomaterials and
Nanotechnologies” (Kyiv). The chelate complex based
dietary supplement is a powder mix, without taste or
scent that uses NaCMC as a matrix carrier of chelate
compounds; the powder is mixed with the chelate
solution in 1:30 ratio. The mix is allowed to stand for
60...90 minutes. 96% ethyl alcohol is used for the
sedimentation of the derived NaCMC-chelate complex.
After the sedimentation the complex is dried in the
drying cabinet followed by crushing. It ensures
obtention of dietary supplement rich in critical
elements, which can be used in technology of broad
spectrum of food products of everyday use.

The salting was performed by three methods. In
the first, dry method the fish was mixed with the
sodium chloride NaCl with addition of the chelate
complex based dietary supplement in the amounts,
respectively 20...25% and 0.1% of the mass of the raw
material. In the second, brine method the fish was held
in the brine composed of solution of sodium chloride
NaCl with the density of 1 kg of salt to 1 kg of the raw
material. The amount of added chelate complex based
dietary supplement was 0.1% of the raw material mass.
In the third method, the salting was performed in brine
with the same concentrations of sodium chloride and
dietary supplements, but the fish raw material was first
treated with ultrasound. The salting of fish lasted for
6 days.

To treat the fish raw material we used the
laboratory installation — sonicator UZDN-2T
manufactured by NVP  “Ukrrosprylad” (Sumy,
Ukraine) adapted to the experiment conditions
(Fig. 1) [14].

The concept of operation of the sonicator is as
follows [14] — when the ultrasound generator is turned
on, the transformer coil powers up. Accordingly, in the
magnetostrictional transformer the electrical energy is
transformed into the energy of mechanical vibrations
of the transformer amplified by the concentrator. The
magnetostrictional  transformer is made from
ferromagnetic alloys and composed of U- or O-shaped
plates. The use of transformers of such type allows
more rational use of power. The excitation winding is
positioned on the bars thus creating closed magnetic
current. The radiator transmits elastic vibrations into
the brine by the wide wavefront. Upon occurrence of
cavitation, pressure and exhaustion zones appear which
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creates the ultrasonic microcurrents that intensify the
processes of mass exchange and mass transfer. The
ultrasound treatment of the fish raw material was
performed in a cylindrical metal chamber (11) filled
with brine with appropriate characteristics.
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Fig. 1. Layout of the experimental installation: 1 — body;
2 —mount; 3,5 — inlet and outlet water nozzles;
4 — water-cooled transformer; 6 — concentrator; 7 — radiator;
8 — frequency regulator; 9 — power regulator;
10 — sound-insulating valves; 11 — working chamber;
12 — frequency switch; 13 — impulse switch

After that, specimens of the muscle tissue were
cut from the fish salted by the above methods, in the
parallelepiped shape with the dimensions of
21x21x21 mm (Fig. 2). Parallelepiped shape
specimens of the muscle tissue were conventionally
divided into cubic volume elements with the
characteristic dimension of b=7 mm. A probe was
taken from the inside of each volume element ajj
(where i=0, 1, 2; j=0, 1, 2; k=0, 1, 2) for
examination by the method of electronic
paramagnetic resonance (EPR).
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Fig.2. Conventional division of the specimens of the
muscle tissue of crucian carp for examination
by the EPR-method

Registration of the EPR spectrums was done by
the RE 1301 radio spectrometer (made in Ukraine) that
works on the fixed wave length A=3,2 cm [15]. The
spectrums were registered in the form of the first-order
derivative of the absorption of the UHF energy E by
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the examined paramagnetic during the scan of the
magnetic field H [16].

Assessment of distribution of trace elements of the
supplement in the volume of the food system is
possible due to the fact that the supplement contains
Mn*? ion. The ion of the transition metal Mn*2 in this
research is used as a spin label for the method of EPR
spin labels [17].

The signal of the examined specimens of the
crucian carp muscle tissue is comprised of two: wide
single line without hyperfine structure and the divided
spectrum of six peaks of equal intensity (Fig. 3)
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Fig.3. EPR-spectrum of the examined specimens of the
crucian carp muscle tissue

Concurrently, the area under the spectrum, i.e.
under the wide line and under the six-peak spectrum is
proportionate to the number of resonating spins of
Mn*2 ions and, consequently, to the number of trace
elements contained in the examined volume.

Results of the research and their discussion

119

Since the salting of fish was performed throughout
six days, the kinetics of penetration of the trace
elements of the dietary supplement in the volume of
the food raw material at the end stage of the process
presents more interest. By the Kinetics of penetration of
the trace elements of the dietary supplement in the
volume of the food raw material we mean the change
of distribution of Mn?* trace element with time.
Distribution was determined on the 4™, 5" and 5" day.

At the first stage the distribution of Mn?* ions in
the plane (i, j) was researched. It should be noted that
the salting of the specimen occurred along the k-
coordinate (Fig.2). The gradient of concentration of the
diffusing substance was created specifically along this
axis. In other words, the specimen of the muscle tissue
was cut in such a manner that the area of the
parallelepiped with coordinate k=0 was closest to the
external surface of the body of the fish. The research
has established that the areas under the EPR spectrums
that are proportionate to the number of Mn?* ions differ
in the area with one k number in no more than 1-2%.
Therefore, an assumption has been made that it would
be expedient to examine distribution of trace elements
specifically along coordinate k, i.e. to examine the
depth of penetration of the dietary supplement trace
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elements into the volume of the food raw material. It
should be noted that the test probe was taken from
inside of the volume elements with coordinates along
the Ok axis and were equal to 3.5 mm, 10.5 mm,
17.5 mm.

Further on, using the EPR method we researched
the Kkinetics of penetration of the trace element in the
volume of the crucian carp muscle tissue. Figures 4, 5,
and 6 show surfaces (letter a) that illustrate kinetics of
Mn?* ions distribution in the examined specimens of

T, day

a

the muscle tissue and the tomograms of these surfaces
(letter b). It should be noted that the values of the area
under the EPR spectrums have been normalized to the
values of the area under the maximum EPR signal. In
the dry salting the signal from the liquid in which the
raw material was during salting was selected as the
maximum EPR signal; and in the brine method the
signal from the brine sample was selected as the
maximum EPR signal.
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Fig.4. Kinetics of penetration of Mn?* in the volume of the dry salted crucian carp muscle tissue: a — change of area
under the EPR spectrum with time in the depth of the examined specimen; b — the tomogram of the surface
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Fig.5. Kinetics of penetration of Mn?* in the volume of the brine salted crucian carp muscle tissue: a — change of area
under the EPR spectrum with time in the depth of the examined specimen; b — the tomogram of the surface
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Fig.6. Kinetics of penetration of Mn?* in the volume of the brine salted crucian carp muscle tissue with
pre-sonication: a — change of area under the EPR spectrum with time in the depth of the examined specimen;
b — the tomogram of the surface

The illustrated results show that the number of Mn
ions that penetrated into the crucian carp muscle tissue
increases with the increase of the salting process
duration in various salting methods, which is obvious.
However, the Kinetics of penetration of the trace
element by the depth is different. Specifically, in dry
salting 76% of Mn ions penetrated to the depth of 17.5
mm in 4 days, and 26% in the following 2 days. In
brine salting 82% of ions penetrated to the depth of
17.5 mm in 4 days; and in the brine method with pre-
sonication — 88% of the total amount of Mn ions. The
probes with other depths (3.5 mm and 10.5 mm)
demonstrate the same tendency. The obtained result is
explained by the fact that the dry salting is the
lengthiest of all researched methods. Since in the dry
salting process the fish mixed with sodium chloride
and the powder of the dietary supplement start loosing
moisture for dissolving of NaCl and the supplement,
the extra time is required. In the brine salting process
the raw material is placed into the solution of NaCl and
the supplement right away. This method results in
increase of the diffusion process due to the increase
area of contact of the raw material with the diffusing
substances. Additionally, the ultrasonic treatment
contributes to the intensification of the internal transfer
as the convective microcurrents appear in the
capillaries of the raw material, which furthers the
increase of effective coefficient of diffusion [14].

In all the examined specimens the surface that
characterizes the change of area under the EPR
spectrum with time in depth of the examined specimen,
has a bend from the area that shows the duration of
salting and from the coordinate of the examined
volume element. The same is proven by the shape of
isocurve on the tomograms of these surfaces. The bend
of the surface points to the non-linear nature of the
salting process and to the inhomogeneity of the trace
element distribution by the depth. The kinetics of the
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salting process does not require analysis since it
obviously has an exponential character. As for the
distribution of the trace element by the depth of
examined specimens of the muscle tissue, the section
of the surfaces as of the sixth day, which is the
recommended duration of salting, are shown on Fig. 7.
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Fig.7. Distribution of Mn?* ion by the depth of specimen
of the crucian carp muscle tissue in various salting
methods:

1 —dry salting; 2 — brine salting; 3 — brine salting with
pre-sonication

Fig. 7 demonstrates that the distribution for all
specimens is non-linear. With the increase of the depth
of the probe the area under the EPR spectrum and,
respectively, the number of Mn ions in the specimens
of the crucian carp muscle tissue decreases. However,
this difference is the most visible in the specimen
obtained in dry salting. Specifically, the number of the
trace element in the depth of 17.5 mm of the dry
salting is 25% less compared to the liquid where this
raw material was salted. In other words, there is a
significant inhomogeneity in the distribution of trace
elements by the volume of the researched food raw
material.
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For the specimens obtained in brine salting with
and without pre-sonication the number of ions of the
trace element differs not more than 7-9% compared to
the number of ions in the brine. The obtained results
give reasons to suggest that these methods of salting of
the crucian carp with the weight 0.8 to 0.9 kg and 3 to
4 years of age allow homogeneity of distribution of the
trace element of chelate based dietary supplement.

It should be noted that the results of the muscle tissue
specimens obtained by the brine salting and the brine
salting with pre-sonication differ by not more than
2...3%. With that in mind, from the perspective of energy
efficiency the brine salting without pre-sonication is a
more efficient method of enrichment of the examined raw
material with the chelate complex based dietary
supplement since the raw material in this method does not
require additional treatment and therefore, additional
equipment and related energy costs.

Approbation of the research results

The results of the research can be used in
technologies of enrichment of food products and can
be implemented in the freshwater fish processing
facilities. The outcome of such implementation will be
a new technology of freshwater fish salting and
expanding of the assortment of food products enriched
with trace elements.

Conclusions

The research of kinetics of penetration of trace
elements of the chelate complex based dietary supplement
into the muscle tissue of crucian carp in dry salting, brine
salting, and brine salting with pre-sonication:

1. Established that the number of Mn ions that
have penetrated inside the muscle tissue of crucian

carp increases with the increase of duration of salting
in various methods of salting. With that, kinetics of
penetration of the trace element within the first 4 days
to the depth of 17.5 mm is as follows: for dry salting
method — 76% of the total number of Mn ions; for
brine salting — 82%; for brine salting with pre-
sonication — 88%. It is noted that such Kinetics of
salting is determined by the area of contact of the raw
material with the diffusing substances and the manner
of internal transfer of these substances inside the raw
material.

2. Established that the distribution of the trace
element in the depth of the muscle tissue of crucian
carp in the researched methods of salting on the sixth
day (which is recommended) is non-linear. It was
established that with the increase of the depth of the
muscle tissue the number of ions of the trace element
decreases. It was noted that the most significant
inhomogeneity in the distribution by the number of
trace elements in the volume of the researched food
raw material was established for the dry salting method
— 25%. It was further noted that for the brine salting
with and without pre-sonication the number of ions of
the trace element differs not more than 7-9%. The
established findings suggest that these methods of
salting of the crucian carp with the weight 0.8 to 0.9 kg
and 3 to 4 years of age allow homogeneity of
distribution of the trace element of chelate based
dietary supplement.

3. Established that from the perspective of energy
efficiency the brine salting without pre-sonication is a
more efficient method of enrichment of freshwater fish
with trace elements with the chelate complex based
dietary supplement.
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'Kagenpa ToBapo3HaBCTBA B MUTHiM crpaBi

’Kadenpa di3uko-MaTeMaTHUHUX Ta iHKEHEPHO-TEXHIYHUX JUCLUILTIH

XapKiBCBKHIT iep>KaBHUI YHIBEPCHTET XapuyBaHHs Ta TOpriBii, By, KimoukiBebka, 333, M. Xapkis, Ykpaina, 61051

Anoramisi. OOIpyHTOBaHO NOWINBHICTH YJOCKOHAIEHHS TEXHOJOTIUYHHMX IPHHOMIB MEpepoOKH MalopeHTa0elIbHUX
JpiOHMX pHO i PO3IMIMPEHHS ACOPTUMEHTY Xap4yoBOi MPOAYKIii 3 HUX. 3alpPONOHOBAaHO 30arayyBaTH M’CO MPICHOBOJHOI pubH
Ha MiKpOEJIeMeHTH IUISIXOM J0JaBaHHs [0 coili 200 TY3JIyKy IIETHYHHX J00aBOK HA OCHOBI XEJNATHUX KOMILIEKCIB. MeTonom
€JIEKTPOHHOT0 MapamarHiTHoro pe3onancy (EITP) mociimkeHo KiHeTHKY TPOHUKHEHHST MiKpOEJIEMEHTIB IIETHYHOT J0OaBKH Ha
OCHOBi XEJIaTHOTO KOMIUIEKCY B M’S30BYy TKaHMHY Kapacs. ITocol IpoBoamiaM TpboMa crmocoOaMy. 3a MepliuM CYXHM
crocoboM coftiHHS puOy 3minryBanu 3 xjopunom Hatpiro NaCl 3 monaBaHHsSM iE€TUYHOI TOOABKH Y KIBKOCTI, BiJITOBiIHO,
20-25% Tta 0,1% Bijg Macu CHpOBHMHH. 3a JPYrMM TY3JIYY4HHM CHOCOOOM CONIHHS puOy BUTPUMYBAJIH B TY3NYKY, SIKUH SBIIAB
coboro pozunH xmopuay Harpiro NaCl y kingpkocti 2 kr conmi Ha 1 kr cupoBuHH. KiNbKiCTh BHECEHOI Ti€THYHOI T00aBKH
cknagana 0,1% Bix Macu cMpoBHHHU. 3a TPETIM CIocoOOM MOCOT HPOBOJMIIM B TY3JIYKY 3 THMH JK KOHLEHTPALISIMH XJIOPUITY
HATPIiO Ta JIE€THYHOI J00aBKHU, OJHAK IMOMEPEIHBO PUOHY CHPOBHHY 00poOIIsuY yiabpTpa3BykoM. ComiHHS puOu MpOBOAMIOCH
BrponoBxk 6 mi6. JlocmimkeHo posnonineHHs ioHiB Mn B miommHi (i, j). EIIP-meromom Oymo mocnmimKeHO KiHETHKY
MPOHUKHEHHSI MIiKpPOENEMEHTY B 00°€M M’S30BOi TKaHMHM Kapacs. BU3HauyeHO KIHETHKY pO3NOJiNeHHs ioHiB Mn?+ B
JOCIIUKYBaHUX 3pa3KaXx M’s30BOi TKAHMHHM Ta TOMOTPAaMU J@HMX HOBEPXOHb. 3HaueHHs Iromi mixg EITP-cnexrpamu
MIPOHOPMOBaHI Ha 3HaueHHs IUIomli mix MakcumaiabHuM EINTP-curnanom. 3a makcumanbshuit EITP-curaan mis cyxoro coniHHS
o0paHO CHTHAN BiJ PiJWHH, B SKid 3HaXOAWIACh CHPOBHMHA MiJ Yac MOCOTY, a MiJl 4ac TY3Jy4HOrO — CHTHAI BiJ 3pa3Ka
Ty3/1yKy. BigMiueHO, KiHETHKa NPOHUKHEHHS MiKPOEJIEMEHTY BU3HAYAEThCS IUIOMICI0 KOHTAKTy CUPOBUHU 3 JTHU(DYHAYIOUUMU
peUoBMHAMH Ta CrIOCOOOM iHTEHCH(IKalLil BHYTPIIIHEOrO EPEHOCY JaHUX PEYOBHH BCEPEHHI CUpOBUHU. BeraHOBNCHO, MUt
TY3JY4HOrO TOCONY Ta TY3JIYYHOrO MOCONY 3 HONMEPEHbOI0 0OPOOKOI0 YIBTPa3BYKOM KiJIbKiCTh MIKPOEGJIEMEHTY IO IMOWHI
M’5130BOI TKAaHHHHU Kapacs BiIPI3HIAETHCSI y Mekax MmoxuOku. Lle cBiquuTh IPO OAHOPIMHICTH PO3MOAITICHHS MIKPOCIEMEHTY
JieTHyHOi 100aBKM HA OCHOBI X€JIaTHOTO KOMIUIEKCY 33 TAKUX CIIOCOOIB IOCOIY.

KurouoBi cioBa: npiOHa npicHoBogHa puba, J00aBKa Ha OCHOBI XENAaTHOTO KOMIUICKCY, TY3JIYYHHI IOCON, CyXHi
IOCOJ.
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