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Abstract. The paper dwells on the prospects of using the methods of extrusion processing of products based on minced
fish. It is noted that one of the promising methods is the method of cold extrusion and co-extrusion. The research aims to
identify theoretical and experimental patterns of changes in the rheological characteristics of minced aquaculture fish
(carp and silver carp) and analyze them in relation to extrusion processes. The dependences of the rheological characteris-
tics of minced fish samples on the influencing parameters in a wide temperature range from —5 to +25 °C have been stud-
ied. The values of the ultimate shear stress and the penetration depth of minced fish have been determined on a conical
plastometer KP-3, viscosity — on a rotational viscometer Brookfield DV-II+Pro, and adhesive ability — on a laboratory
unit for determining the stickiness of the material. Based on the data of minced fish chemical composition theoretical de-
pendences of the effective viscosity on the shear rate gradient have been obtained. Similar dependences have been ob-
tained experimentally in a wide temperature range. The analysis of these dependencies has shown their qualitative coinci-
dence for the usual conditions for producing minced fish, but there are quantitative differences due to the technology for
preparing minced aquaculture fish. The rheological characteristics of minced fish have been analyzed for the studied tem-
perature range. It has been determined that the temperature range from —2.5 to 0 °C is the most appropriate for cold extru-
sion processes. In this area the value of the effective viscosity of minced fish and its adhesive ability are minimal, which
is decisive for implementing extrusion processing. The good formability of the product has also been noted under these
conditions. A further research direction is to identify the influence of technological additives on the formability of minced
aquaculture fish, to reduce the smell of fish, and to eliminate undesirable oxidative processes. Developing new types
of fish products with innovations in form, texture, colour and composition remains relevant. The prospects of the co-
extrusion method which allows creating new innovative fish products with functional properties have been confirmed.
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U3 00bEeKTOB aKBAKYJIbTYPbI
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AHHOTanus1. PaccMaTpuBaroTCs NEPCIIEKTUBEI IPHIMEHEHHUS METOIOB KCTPY3HOHHOH 00pabOTKM IPOIYKTOB HAa OCHOBE
pri6HOTO (apmra. D(heKTHBHEIMI METOIAMH SIBIISIFOTCS. METOABI XOJIOMHOH SKCTPY3UM M KOIKCTpy3uu. LlemsiMu uccie-
JIOBAaHMS SIBIIIIOTCS YCTAHOBJICHHE TEOPETHIECKUX U SKCIIEPUMEHTAIBHBIX 3aKOHOMEPHOCTEH M3MEHEHHSI PEOJIOTHIECKIX
XapaKTepHUCTUK PHIOHBIX (hapmielt n3 OOBEKTOB aKBAaKyJBTYpHI (Kapra, TOJICTOJIOOMKA) M MX aHAJINW3 IPUMEHUTEIIHHO
K IpoIieccaM 3KCTPY3UOHHOM 00paboTku. M3yuanuics 3aBUCUMOCTH PEOJIOTHYECKHX XapaKTEPUCTHK 00pa3oB phIOHOTO
(hapmra OoT BIMSIONIMX MapaMeTPoB B IIMPOKOM TEMIIEpaTypHOM JHarnas3oHe, ot —5 1o +25 °C. BennuuHsl npenensHoro
HaINpsHKEHUs CIBHIa U TIyOMHBI TIEHETpaluy phIOHBIX (apiiell onpenemsiin Ha koHudeckoM Imactomerpe KII-3; Bsz-
KOCTb — Ha POTALIMOHHOM BUcKo3umeTpe bpykdunbaa DV-1I+Pro, aare3nonnyro cnocoGHOCTE — Ha 1a00paToOpHOIl ycTa-
HOBKE JUISl ONIpe/IeNIeHHsT JIMIIKOCTH MaTepHana. Mcxoas U3 JaHHBIX 10 XMMHYECKOMY COCTaBY PBHIOHBIX (hapieil moyde-
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HbI TEOPETHYECKUE 3aBUCUMOCTH 3()(PEKTUBHON BSI3KOCTH OT I'PAJMEHTa CKOPOCTH CABHIa. AHAJIOTMYHbIC 3aBHCHMOCTH
HOJIy4€HbI SKCIIEPUMEHTAIBHBIM IITEM B IIMPOKOM TEMIIEPATypPHOM JMana3oHe. AHAJIN3 JaHHBIX 3aBUCUMOCTEil MoKa-
3aJ1 UX KaueCTBEHHOE COBIIAJICHHE JUIS OOBIYHBIX YCJIOBUH NPUTOTOBICHUS (apiiia, HO UMEIOTCS KOJIMYECTBEHHBIC pa3-
Taust, 00yCIIOBJICHHBIE TEXHOJIOTHEH MIPUTOTOBIEHHS PHIOHBIX (apiuel 13 00bEKTOB akBaKyJIBTYpEL. IIpoBeneH aHamms
PEOJIOTHYECKUX XapaKTePUCTHK PHIOHBIX (apIiel Iy MCCIeIyeMOro TeMIIepaTypHOro JHana3oHa. YCTaHOBJICHO, YTO
obnacth Temnepatyp ot —2,5 °C mo Hyns sBisiercss Haubosee 1eaecoo0pasHoi Ul OCYLIECTBICHHS IPOLECCOB XOI0-
HOTO JKCTpyaupoBaHus. B 3Toif obnactu 3HadeHne 3¢dexTuBHOI BA3KOCTH (hapiieil 1 ee aare3HOHHOH CIIOCOOHOCTH
SIBJISIFOTCS. MUHAMAJIBHBIMH, UYTO SIBJISIETCSL OIPENEIISIOMNM IS peali3alliy IPOLIECcCOB SKCTPY3UOHHOI 00paboTku. Ot-
MeueHa TaKkxke Xoporuas GopMyeMOCTb POYKTa B 3THX YCIOBHAX. JanbHEHIIMM HalpaBIeHUEM HCCIISI0BaHYs SBIISCT-
Csl YCTAQHOBJICHHE BJIMSIHHUS TEXHOJOTMYECKUX J00aBOK Ha (GOPMYeMOCTb PHIOHOTO (apiia U3 00BbEKTOB aKBaKyJIbTYpBl,
YMEHBILCHHE 3araxa pbIObl ¥ yCTPaHEHHE HEXeJaTeIbHbIX OKMCIMTENbHBIX MPOLECCOB. AKTYaIbHOM OCTaercs paspa-
0O0TKa HOBBIX BH/IOB PHIOHBIX IIPOJYKTOB C MHHOBAaLMAMH B (hopMe, TEKCType, LiBeTe U cocTaBe npoaykToB. [Tonrsep-
JKJIeHa MEePCIEeKTUBHOCTh METOa KOAKCTPY3HH, KOTOPHIH MO3BOJSIET CO3/1aBaTh HOBbIE MHHOBAIMOHHBIE PHIOHBIC IPO-
IYKTHI ¢ (PyHKIMOHAIBHBIMH CBOMCTBAMH.

Knwuesble ciioBa: pBI6HbIﬁ q)apm, XO0JI0AHAast SKCTPY3Us, KOSKCTPY3Hs, PECOJIOTUICCKUE XapaAKTCPUCTUKHU

Jost murupoBanusi: @amvixos FO. A., Anvwesckuii /. JI., Yemuu B. U., Koporcasuna FO. H., Bepemeii E. E. ccnenoBanue
PEOJIOTHYECKIX XapaKTEePUCTHK PBIOHOTO (hapiiia 13 0ObEKTOB aKBaKyJIbTYphI / BecTHHK AcCTpaxaHCKOTO rocy1apCTBEeHHO-
ro Texuuueckoro yHusepcutera. Cepusti: PoioHoe xo3siiicTBo. 2023. Ne 3. C. 119-128. https://doi.org/10.24143/2073-5529-

2023-3-119-128. EDN FTFOLU.

Introduction

The global food industry is experiencing significant
growth in extrusion-processed products. Extrusion tech-
nologies make it possible to involve underused second-
ary resources in the food flow. The ability to create
products with functional ingredients has led to innova-
tions in the shape, texture, color, and composition
of extruded products to meet the growing demand asso-
ciated with changing lifestyles and preferences [1].

As a method, extrusion is a process of processing
products in an extruder by softening or plasticizing and
shaping them by forcing through an extrusion die, the
cross-section of which corresponds to the configura-
tion of the product [2]. According to the moisture con-
tent in raw materials, there are three main ways of ex-
truding food raw materials: cold (W = 30-60%), warm
(W = 20-30%), and hot (W = 10-20%). With cold ex-
trusion, only mechanical changes in the material are
possible under the influence of pressure and the for-
mation of a product of given dimensions. During warm
and hot extrusion, the material is additionally exposed
to heat and biochemical changes occur in it.

A variation of the cold extrusion process is co-
extrusion, which is the joint extrusion of two food
masses, one of which is the casing and the other is the
filling of the finished product or semi-finished product.
Co-extrusion technology allows one to create a combi-
nation of different ingredients by combining products
of different nature into a consumer-friendly nutritional
product. The progressiveness of this technology is
associated with the achievement of a synergistic effect,
which consists of the possibility of creating a product
balanced in terms of macro- and micronutrients. Due
to the variability of ingredients, it becomes possible to
create new products belonging to the group of func-
tional products [3, 4].

Co-extrusion methods are increasingly being used
in the food industry. It is of interest to use fish raw
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materials in creating co-extrusion products with a sig-
nificant potential for functional properties. Finished
products have been obtained on the basis of minced
fish (cod, catfish, pink salmon, and silver carp) by co-
extrusion with wheat, corn, soy, and potato flour. The
final product is obtained according to a single techno-
logical cycle and subjected to forming without temper-
ature effects; waste-free and environmentally friendly
production is ensured [5].

However co-extrusion technologies in the fish
market are still at an early stage [6]. The need to de-
velop sensory-acceptable food products based on co-
extruded ingredients and the need to eliminate the
smell of fish and possible oxidative changes in the
product is noted.

One of the tasks of the technology of extrusion
processing of food products is to provide the necessary
conditions for forming the finished product to give it
a selected shape and structure. The ability of minced
fish and minced products to be formed is determined
by their elastic, plastic, and viscous properties evaluat-
ed by dome rheological indicators [7]. Rheological
indicators, such as effective viscosity, ultimate shear
stress (USS), and penetration depth, allow one to eval-
uate the quality of products and implement automatic
process control at all stages of production.

It should be taken into account that the ability
of food material to form a stable product structure dur-
ing extrusion processing should be objectively evaluated
according to a set of rheological indicators. However,
there are no studies on the dynamics of changes in the
rheological characteristics of fish raw materials in the
temperature range corresponding to cold extrusion [8].

In their research, Yu. A. Fatykhov, V. A. Shumanov,
and V. A. Zarudnyi [9] have identified the relationship
between the parameters of the process of coextruding
high-viscosity food masses and the geometric character-
istics of the unit for forming the finished product or
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semi-finished product. In the case of opening and clos-
ing the diaphragm of the co-extrusion nozzle, the for-
mation of each product instance occurs under non-
stationary conditions. With known design dimensions
of the forming unit of the co-extruder, the process pa-
rameters are determined by the viscosity of the ingredi-
ents of the food product.

In this regard for the studied types of minced fish in
the process of cold extrusion it is necessary to identify
the dynamics of changes in viscosity from the shear rate
in the temperature range inherent in this extrusion type
and to evaluate the influence of other rheological indica-
tors of raw materials.

It is also of scientific interest to use minced aqua-
culture fish as a research object since according to
some authors [1, 3, 5, 10] it is most suitable for obtain-
ing new innovative products by extrusion.

Thus the key issues of this research are as follows:

— to identify patterns of changes in some rheologi-
cal characteristics of minced fish depending on the
influencing factors;

— and to analyze their influence in relation to the
possibility of providing the best conditions for product
forming during extrusion processing.

In the paper, we consistently describe the following
aspects:

— purpose and objectives of the research;

— methodological apparatus used;

— results of a theoretical analysis of the studied
types of minced aquaculture fish;

— identification of patterns of changes in the effec-
tive viscosity of minced fish from shear rate based on
indicators of their chemical composition;

— results of an experimental study of patterns
of changes in some rheological indicators of the studied
types of minced fish depending on the influencing fac-
tors and their analysis;

— comparison of theoretical and experimental data
on viscosity characteristics;

— critical discussion of the results obtained,;

— and conclusion related to the main scientific find-
ings, practical significance, and prospects for further
research.

Materials and methods

The purpose of the research is to identify theoreti-
cal and experimental patterns of changes in the rheo-
logical characteristics of minced aquaculture fish and
to analyze them in relation to extrusion processes.

The objectives of the research are as follows:

— to determine the chemical composition of minced
aquaculture fish and, on the basis of its indicators, to
identify the theoretical dependence of the effective
viscosity of minced fish on the shear rate;

— to identify experimental characteristics of rheo-
logical indicators (USS, penetration depth, adhesive
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ability, and effective viscosity) depending on the influ-
encing factors for the studied types of minced fish;

— to compare the results of theoretical and experi-
mental dependences of the effective viscosity on the
shear rate and temperature conditions;

— to analyze the influence of rheological indicators
on the conditions of the forming process during extru-
sion processing;

— to reveal the scientific novelty of the research and
to evaluate its practical significance and prospects for
further research.

The research objects were frozen silver carp (Hy-
pophthalmichthys) and carp (Cyprinus carpio) corre-
sponding in quality to the current technical documen-
tation GOST 17660-97 [11], the chemical composition
(protein, fat, water) of which was determined accord-
ing to GOST 7636-85 before further research [12].

Before preparing the samples, the frozen carcasses
of carp and silver carp were subjected to defrosting and
further cutting into skinned fillets. Next the muscle tis-
sue of the fillet was subjected to grinding on a cutter for
one minute until a homogeneous mass was obtained.

In order to study the rheological characteristics
of minced fish depending on the influence of tempera-
ture factors on them (in the range from —5 to +25 °C),
samples of freshly mixed minced carp and silver carp
were subjected to cooling and further freezing to a tem-
perature up to —5 °C in some samples. In the minced
fish samples obtained with a decrease in temperature
(in the range of 4 = 1 °C), the following rheological
characteristics were determined:

— USS value;

— penetration depth depending on the immersion
time of the penetrometer cone;

— viscosity depending on spindle speed;

— adhesive ability.

The change in the values of the USS and the pene-
tration depth were determined on a conical plastometer
KP-3, the viscosity — on a rotational viscometer
Brookfield DV-II+Pro, and the adhesion ability — on
a laboratory unit for determining the stickiness of the
material. When determining the adhesive ability, we
placed minced fish samples between two round plates,
made of stainless steel with a surface area of 4.84 cmz,
before testing and a weight of 1 kg on top of the plate
for 5 seconds before measurements.

When determining the indicators of effective viscos-
ity (1., we used an RV7 spindle, made of stainless steel
of a cylindrical shape with a diameter (d) of 0.0032 m’
and a working surface height () of 0.051 m.

Results
Table 1 shows data on the chemical composition
of minced carp and silver carp.
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Table 1

Chemical composition of minced fish under study

Fish type Chemical composition, %
Protein Fat Moisture content
Carp 18.2+£0.5 6.3+0.5 73.4+£0.2
Silver carp 21.2+£04 1.5+0.5 75.9+£0.2

Table 1 shows that according to the moisture content
in the studied samples of minced fish it can be used in
this form only to obtain a product by cold extrusion. In
order to implement other extrusion methods minced fish
must be significantly dehydrated which is an energy-
intensive and expensive technological operation.

The effective viscosity of minced fish is a variable
value that depends on the velocity gradient. For minced
fish of one type the degree of its grinding also affects
the effective viscosity value. According to the chemical
composition of minced fish it is possible to predict the
dependence of the change in the effective viscosity
of minced fish on the velocity gradient in a given
range of its change. For this, the following values are
calculated [8]:

— moisture content Uy, as the ratio of the moisture
content in minced fish  to the moisture content in the
dry residue, kg/kg:

Uy =W/(1-W);

— protein content Up, as the ratio of protein mass
mp to the total mass without it, kg/kg:

Up=mp(l-mp);

— fat content U, as the ratio of the mass of fat m,
to the total mass of the product without fat, kg/kg:

Uy :mw(l_mw);

— chemical composition criterion K:
K=P/¢o-Uy;

where P, ¢ — protein and fat content, respectively, in
1 kg of minced fish, kg/kg;
— complex coefficient of chemical composition:
P P o

K, = +—+—.
o-Uy W W

The results of calculating the indicators of the chem-
ical composition of minced fish under study are shown
in Table 2.

Table 2
Indicators of the chemical composition of minced fish under study
Fish tvpe Chemical composition indicators
yp Uy, kg/kg Up, ke/kg U,, ke/kg K K,

Carp 3.56 0.222 0.067 0.812 1.146

Silver carp 3.15 0.267 0.015 4.489 4.787

According to the K and K|, values, it is possible to — for minced silver carp:
classify [6] minced carp as mince belonging to the third

y 6] minced carp as | coname o e L n=A(K+17.5), 3)

group — mince with a smearing consistency (with a high

fat content), and minced silver carp as mince belonging
to the first group — mince with a high stable consistency.
The dependence of the effective viscosity of minced
fish on the velocity gradient can be determined by the
formula of N. E. Fedorov and A. V. Gorbatov [8]:

nej':n'é*_ma Pa's; (1)

where: n — effective viscosity at a single value of the

velocity gradient, Pa's; & — relative dimensionless
shear rate gradient equal to the ratio of the true (&) to

the single value (¢,) ; m — structure destruction rate.

The values of n(K) for the respective dependency
zones are determined by the following formulas [8]:
— for minced carp:

n=A(1.1-K), )

where A = 650;

where 4 = 80.
The rate of destruction of the structure of minced
fish is identified as follows:

m=0.0168K +0.78 . @)

Let us express Dependence (1), taking into account
Formulas (2)—(4) in the explicit form:
— for minced carp:

Ny =596.7 - & 07 )
— for minced silver carp:

My =1759.1- &%, (6)

Fig. 1 show data on the change in the penetration
depth depending on the time of immersion of the pene-
trometer cone (from 5 to 180 s) when the temperature of
minced carp and silver carp changes from —1.5 to +20 °C.
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Fig. 1. Penetration depth depending on the time of immersion of the penetrometer cone
with a change in the temperature of minced silver carp («) and minced carp ()

Fig. 2 shows experimental data on the change in  of samples of minced carp and silver carp from —1.5
the USS value with a change in the temperature to +20 °C.

~—t=Silver carp

i Carp

Ultimate shear stress, Pa

Temperature, °C
Fig. 2. Change in the USS value with a change in the temperature of minced carp and silver carp

It can be seen from Fig. 1, 2 that the greatest values ~ well as the lowest USS values, belong to samples
of the penetration depth of the penetrometer cone, as  of minced carp and silver carp in the positive tempera-

123

s300[qo axmynoenbe woig ysiy paourw Jo senradoid [eorSojooyr oy Jo Apmig "q “H AGWAIOA “N MA BUIABYZIOY T "A Yonsn “T ' A[SASUS[Y “V Nx Aopkie]



®arsixos 0. A., Anpmesckwuii 1. JI., Yeruu B. 1., Kopxasuna 0. H., Bepewmeii E. E. MccnenoBanue peoslorHUECKUX XapaKTEPUCTHK PeIOHOTO (apiia u3 00beKTOB aKBaKyJIbTYphI

Becmuux Acmpaxanckozo 2ocyoapcmeennozo mexuuueckozo ynusepcumema. Cepus: Poionoe xo3aiicmeo. 2023. No 3

ISSN 2073-5529 (Print), ISSN 2309-978X (Online)

Texnonoeuyeckue npoyeccol, MAwUHbl U annapamvl Os nepepabomKu 0OHbIX OUOPECYPCOs8

ture zone from +2 °C and above. Lowering the tempera-
ture from +2 to —1.5 °C leads to significant changes in
minced fish samples, while the USS values begin to
increase sharply, and the penetration depth values sharp-
ly decrease.

Fig. 3 shows the data on changes in the adhesive
ability of samples of minced carp and silver carp when
the temperature changes from —5 to +19 °C.

//\/o

/4

Adhesive ability, Pa
8

et Carp

Silver carp

-10 -5 0 5 10 15 20

Temperature,

°C

Fig. 3. Changes in the adhesive ability of samples of minced carp and silver carp depending on temperature changes

From the data presented in Fig. 3, it can be seen that
the adhesive ability of samples of minced carp and sil-
ver carp increases with an increase in the temperature
from —5 to +19 °C, and in the range from -2 to +4 °C,
these changes are most pronounced.

Fig. 4 show the experimental data on the change in
viscosity (indicated in centipoise, cP) depending on the
temperature change of minced carp and silver carp
(from -2.5 to +25 °C) with a change in the spindle
speed.

—

Viscosity , cP

/ 60

90

w120

=150

w180

-5 0 5 10 15 20 25

Temperature, °C

g 60

S
Viscosity , cP

90
ey 120
e 150

i 180

15 20 25

Temperature, °C

Fig. 4. Change in viscosity depending on the change in the temperature of minced silver carp (a), minced carp (b)
with a change in the number of spindle revolutions
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Theoretical dependences of the effective viscosity
on the shear rate gradient (5) and (6), obtained from
the indicators of the chemical composition of fish, can
be compared with the experimental data presented in
Fig. 4 only for a temperature of +25 °C since Expres-
sions (5) and (6) are obtained for fish minced in natu-
ral (atmospheric) conditions.

Mathematical processing of experimental data
Ne (@) at ¢ = +25 °C (Fig. 4) has made it possible to
obtain the following dependence:

(70.1-03)’ Pa-s,

Ny =k-exp
where: k — coefficient of proportionality depending on
the type of fish; @ — angular velocity of the viscometer
spindle, s

Explicitly:
— for minced carp:

(-0.1w),

Ner =32.5exp ; (7)
— for minced silver carp:
N, =88.2expl 1), @®)

Since the working body of a rotational viscometer
selected for experimental studies does not allow ob-
taining the corresponding values of the shear rate gra-
dient for its speed, it should be borne in mind that
there is a certain proportional quantitative difference
between Dependences (5), (6) and (7), (8) due to the
relationship between the angular velocity of the spin-
dle and the shear rate of minced fish. The qualitative
nature of the compared dependences is identical.

The dynamics of changes in the rheological param-
eters of the studied types of minced fish, presented in
Fig. 1-4, is obtained for the temperature range inherent
in cold extrusion (without additional thermal exposure)
and, in conjunction with the organoleptic observations
performed on the ability of minced fish to form, allows
us to evaluate it qualitatively and quantitatively. These
data are also necessary to select and justify rational
conditions for the extrusion process.

Discussion

Comparison of the absolute values of the obtained
rheological indicators (Fig. 1-4) with the known refer-
ence data [8] shows that they differ (upward or down-
ward, respectively). This is due to the fact that the
studied samples of minced carp and silver carp are
obtained with finer grinding of raw materials (less than
1 mm) and are characterized by uniformity and a struc-
ture close to homogeneous. At the same time, the
characteristics of minced fish are confirmed in terms
of chemical composition: The consistency of minced
carp corresponds to smearing, and that of minced sil-
ver carp is characterized as high stable.
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The rheological characteristics of minced fish
characterize its ability to resist external forces during
extrusion processing and depend on the structure and
chemical composition of the product. We have ob-
tained USS dependences of minced fish (salmon and
hake) and poultry meat in a wide temperature range
from —20 to +20 °C [13]. According to this indicator,
a conclusion is drawn about the acceptability of the
rational implementation of cold extrusion and co-
extruding processes in the temperature range from —2
to 0 °C. This conclusion is also confirmed in another
work [14], where it is indicated that at such tempera-
tures mince formability is quite acceptable.

From Fig. 2 it can be seen that in the indicated tem-
perature range (from —2 to 0 °C), which can be charac-
terized as close to cryoscopic, the USS values for the
studied aquaculture fish types are also maximum, which
indicates, on the one hand, the stability of the product
structure and, on the other hand, the need to apply
a higher force to the product for its forming. For a com-
prehensive assessment of the rationality of these tem-
perature parameters of the cold extrusion process, we
also consider the influence of other rheological depend-
ences that we obtained (Fig. 1-4).

The obtained experimental dependences of the effec-
tive viscosity on the temperature in the range from —2.5
to +25 °C at different shear rates (the number of revolu-
tions of the viscometer spindle) for both types of minced
fish have shown the following. In the range of positive
temperatures, the effective viscosity of minced silver
carp monotonously increases with increasing tempera-
ture, and the same value slightly decreases for minced
carp. An exception is the temperature range from —2.5
to 0 °C. In this range, for both types of minced fish, its
viscosity decreases sharply. The penetration depth values
are also minimal (Fig. 1, »). On the contrary, the USS
values sharply increase. In the specified range, the so-
called “soft” ice is formed in the product, which gives
a semi-solid consistency to the samples, bringing their
properties closer to thick pastes [13]. This research, as
well as studies conducted by O. V. Kosenko [14], con-
firm that under these temperature conditions, mince
formability is quite acceptable, which allows us to con-
clude that it is expedient to perform cold extrusion and
co-extruding processes.

An important rheological indicator of minced fish
is its adhesive ability, which characterizes the degree
of intermolecular interaction between the material and
the contacting surface. The influence of the adhesive
ability of minced fish in the forming process, which
manifests itself in the form of harmful resistance, and
the rational condition of the process is its minimization
was studied by U. Buda et al. [15].

This conclusion is also confirmed by the experi-
mental data shown in Fig. 3. In the considered temper-
ature range the adhesive ability of minced fish is sig-
nificantly less than at positive temperatures which is
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an important prerequisite for extrusion processing
of the product in the flow cavities of the equipment.

As a research object U. Buda et al. [15] chose silver
carpwhich due to its white color low market price, high-
quality nutritious protein, and in the face of a reduction
in the catch of marine fish and an increase in the volume
of world aquaculture production, was recommended by
the authors as a possible raw material for surimi-based
products. Thus the process of extruding minced aqua-
culture fish (carp and silver carp), obtained by grinding
on a cutter without adding various kinds of technologi-
cal additives, is advisable to perform by the method
of cold extrusion and co-extrusion. In the production
of a co-extruded product, minced fish is recommended
to be used as the casing of a combined product due to its
rheological characteristics and ability to form. Rational
temperature conditions for the process of cold extrusion
should be considered the temperature range from —2.5
to 0 °C. This temperature range corresponds to the nu-
merical values of the rheological parameters of minced
carp and silver carp, indicated in Fig. 1-4 (within
+10%), which can be used to control the quality indica-
tors of raw materials.

Further research may be related to the identifica-
tion of the influence of technological additives (e. g.,
fillers, structure formers, stabilizers) on providing the
best conditions for the formation of a product from
minced fish and maintaining the shape of the finished
product. At the same time, it is necessary to achieve
a reduction in the smell of fish and the absence of oxi-
dative processes and, which is of significant practical
importance, to create new innovative products with
functional ingredients, which is consistent with the
materials of other works [6, 10].

Conclusion

Conducted theoretical and experimental studies
of the influence of rheological characteristics of minced
aquaculture fish (carp and silver carp) have shown the
feasibility and prospects of its use to obtain new innova-
tive products by cold extrusion and, especially, co-
extrusion. Rational conditions for implementing these
processes in a certain temperature range and the corre-
sponding rheological characteristics of minced fish (carp
and silver carp) have been determined. The above mate-
rials contribute to a wider involvement of aquaculture
fish in the food market and the expansion of the range
of new innovative products with the possibility of giving
them functional properties. Based on the results of the
work, the following conclusions can be drawn.

First, dependences of rheological characteristics (ul-
timate shear stress, penetration depth, effective viscosi-
ty, and adhesive ability) of minced aquaculture fish
(carp and silver carp) in a temperature range (from —2.5
to +25 °C) have been identified for the first time.

Second, based on the rheological indicators and
ability to form, as well as taking into account the mois-
ture content in minced fish (W > 30%), the feasibility
has been justified of using aquaculture objects of carp
and silver carp to obtain products by cold extrusion
and co-extrusion.

Third, rational conditions for the implementation
of cold extrusion processes have been established,
corresponding to the temperature range of —2.5 to 0 °C
at which the rheological parameters of minced fish
from carp and silver carp are acceptable for extrusion
(adhesiveness lies in the range from 0.2 to 0.4 kPa;
yield value is in the range from 5 to 8 kPa).
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