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Abstract. Snack products, including fish snacks, have become increasingly popular in the Russian market in recent years.
Due to the increased demand, the range is expanding, production technologies for this type of product are being
developed and improved. A special category of fish snack products consists of dried and raw smoked sausages, which are
an analogue of similar meat products, the taste, aroma and consistency of which are ensured due to the biochemical
processes of the breakdown of proteins and lipids under the action of enzymes or microorganisms. The purpose of this
study was to study the process of maturation of silver carp muscle tissue. At the first stage of the study, the influence
of muscle tissue enzymes on the kinetics of accumulation of hydrolase products in the muscle tissue of silver carp has
been studied at pH values of 4.5-6.5 units. It has been found that in the pH range of 4.5~5.5 the activity of proteolytic
enzymes is greatest due to the action of cathepsins. At the second stage of the study, the influence has been studied of the
mass fraction of the complex food additive “RUTAFISH Mirsol BS” on the process of maturation of silver carp muscle
tissue at a natural pH value of 6.5 units. The rate of hydrolysis for samples with an additive content of 1.2-1.8% was in
the range of 0.42-0.46 units and was within the relative error. Therefore, the optimal mass fraction of the complex food
additive for the use in the production of dried and raw smoked fish sausages is 1.2%, and a further increase in the content
of the additive is irrational. The third stage of the study was studying of the possibility of a combined effect of the pH
of the medium and the ripening agent on the hydrolyzability of silver carp muscle tissue. It has been found that with the
combined action of these two factors, two pH optimum zones appear equal to 4.5 units. and 6.5 units, and corresponding
to the optimum zones of muscle tissue cathepsins (4.5~5.5 pH) and enzymes contained in the RUTAFISH Mirsol BS
additive and capable of breaking down protein at the natural pH values of fish.
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AnnoTanusi. CHeKoBasi IPOIYKIHS, B TOM UYHCIIE PEIOHBIE CHEKH, COCTABIIIONIIE 3HAUUTEIBHYIO €€ JO0JI0, B TIOCIISTHUE
TO/Ibl HA POCCHHCKOM pPBIHKE MPHOOPETAIOT BCe OOMBIIYIO MOMYISIPHOCTD. B CBSA3M ¢ BO3POCHINM CIPOCOM PACIIMPSAETCS
ACCOPTUMEHT, Pa3BHBAIOTCS M COBEPILIEHCTBYIOTCS TEXHOJIOTHH MPOU3BOJCTBA JaHHOTO BUA MpoaykToB. Ocobyro Kate-
TOPHIO PHIOHOM CHEKOBOW MPOMYKIMH COCTAaBISAIOT CHIPOBSICHBIE M CHIPOKOMYEHbIE KOJNOACH, SBIISIONIMECS aHATIOTOM
MOMOOHBIX MSICHBIX M3/ENHH, BKyCOBbIE KaueCcTBa, apOMaT M KOHCHCTEHI[Hsl KOTOPhIX 00€CHeYnBAIOTCs 3a CUET OUOXH-
MHYECKHX MPOIIECCOB pachana OeIKOB M JIMIHIJIOB 110 IeHCTBHEM ()ePMEHTOB I MHKPOOPTaHU3MOB. L{ernpio manHOTO
HCCIIeIOBAHMS SBISIOCH M3ydYEHHE IIPOLecca CO3PEBAaHNUsI MBIIIETHON TKaH! ToscToiobuka. Ha mepBom arame nccneno-
BaHUS M3Y4YECHO BIMSHUE (EPMEHTOB MBIIIEYHOH TKAaHW HA KHHETHKY HAKOIUIEHHS MPOIYKTOB THAPOJIA3 B MBIIICUHON
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TKaHH TOJICTOJIOOWKA IpH 3HaueHusix pH 4,5-6,5 ex. YcraHoBieHo, uTo B quamaszone 4,5~5,5 pH akTHBHOCTH MPOTEOITH-
THYECKHX ()ePMEHTOB HanOOIBINAs 32 CUET AEHCTBUS KaTencuHOB. Ha BTopoM 3Tamne uccienoBaHust ObUIO H3y9eHO BIIH-
SITHUE MAacCOBOM 1011 KoMILIeKcHOH numeBoit nodasku «PYTADUII Mupcon BC» Ha nporiecc co3peBaHUs MbILICYHON
TKaHM TOJICTOJIOOMKA MpH ecTecTBeHHOM 3HaueHHH pH 6,5 en. CxopocTh ruaposnsa At 06pasLoB ¢ coaepKaHUueM I0-
6asku 1,2-1,8 % Obuta B npenenax 0,42—0,46 en. akT. n HAXOAMIACH B MpPeJieTaX OTHOCHTENbHONW MOTPENTHOCTH, O3TO-
MY ONTHMAJbHOI JJIsl NCTIONB30BAHMS B TIPOM3BOACTBE CHIPOBSUIEHBIX U CBIPOKOITUEHBIX PHIOHBIX KOIOAC SBIAETCSA Mac-
coBast I0JIs1 KOMIUICKCHOW TMHIIEBOM 100aBKH 1,2 %, U NapHEHIee yBEINUCHUE COJICPKaHuUs T00aBKU HEPAIIMOHAIBHO.
Tpetuii Tar uccIeA0BaHUS 3aKIIIOYAICS B H3yIeHUH BO3MOXKHOCTH COBMECTHOTO feicTus pH cpensl u co3peBarers Ha
THAPOJIM3YyEeMOCTh MBIIIEYHON TKAHW TOJCTOJIOOMKA. YCTAHOBJIECHO, YTO TIPH COBMECTHOM JIEHCTBHU 3THX ABYX (haKTo-
POB TOSIBIIIOTCS 1BE 30HBI onTtuMyMa pH, paBHble 4,5 1 6,5 €. 1 COOTBETCTBYIOLIHNE 30HAM ONTHMYMOB KaTEIICHHOB
MbleuHoi Tkanu (4,5~5,5 pH) u depmentos, conepxammuxcs B nodaske «PYTAOUII Mupcon bC» u cnocoGHbIX
PAacCLIEIUISTH OENOK MPU €CTECTBEHHBIX 3HaueHUAX pH phIObL

KiioueBble ciioBa: co3peBaHue, TOJICTOIO0MK, (POPMOIBHO-THTPYEMBIH a30T, ()ePMEHTHI MBILICYHON TKAHM, THAPO-
JIM3yeMOCTh
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Introduction

In recent years, the domestic market for snack prod-
ucts has been characterized by an increase in the growth
rate of cash sales and assortment. The increased demand
for this type of product is associated with significant
changes in the nutritional structure as a result of the
coronavirus pandemic. Restrictions and self-isolation
introduced during the pandemic contributed to the de-
velopment of demand for snack products as a quick
snack that does not require additional cooking [1].

Snacks made from fish and seafood make up 7%
(27 thousand tons) in volume terms and 10% (25 billion
rubles) in value terms of the total volume of the Russian
snack market [1]. In the wake of the development of the
domestic market for fish snack products, a lot of new
technologies and directions for the development of this
type of products are emerging, one of which is the use of
aquaculture facilities, which, due to the imposed sanc-
tions, reduces dependence on imports, and also helps
preserve stocks of the main commercial fish [2].

The range of fish snacks is currently represented by
many items. The most common types of finished prod-
ucts are fish chips, crisps, and layers of fillets of small
fish species. In addition, dried and raw smoked fish
sausages are gaining popularity, which, along with simi-
lar meat products, can be used as a quick snack [2]. The
key process in the production of this type of product is
maturation of fish muscle tissue. Maturation refers to
the enzymatic breakdown of proteins and lipids. The
result of this biochemical process is the product’s spe-
cial taste and consistency [3]. Different species of fish
are characterized by different maturation abilities, due
to the species specificity of the enzyme system and its
activity. The enzyme system of fish muscle tissue is
mainly represented by enzymes such as cathepsins A, B,
C and D. Fish muscle cathepsins differ from the corre-
sponding mammalian enzymes in their more strict spec-
ificity of action, as well as higher enzyme activity [4].

For many salted fish snack products, the matura-
tion ability is decisive for the use of a particular fish
species. There are various ways to stimulate this pro-
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cess in slow-maturing fish species. Enzyme prepara-
tions from the insides of maturing fish species can be
used as maturation intensifiers; microbiological syn-
thesis enzymes; acidity regulators that can activate
muscle tissue proteases by lowering the pH to 4.5~5.5,
or other nutritional additives such as glucono-delta-
lactone (E575) and disodium pyrophosphates [5].

The purpose of this study was to study the influ-
ence of technological factors on the process of matura-
tion of silver carp muscle tissue. To achieve this goal,
the following tasks have been set:

1. To study the influence of environmental pH on
the proteolytic activity of silver carp muscle tissue.

2. To study the influence of an enzymatic ripening
agent on the process of protein breakdown in silver
carp muscle tissue.

3. To study the combined influence of the pH of
the medium and the ripening agent on the kinetics of
accumulation of hydrolase products in the muscle tis-
sue of fish.

Objects and methods

The objects of the research were the muscle tissue of
silver carp (Hypophthalmichthys), which meets the re-
quirements of TR CU 021/2011 and TR CU 040/2016,
and a complex food additive called “RUTAFISH Mirsol
BS” (TC 10.84.12-003—56746846—14).

The experiments were carried out in the laborato-
ries of the Department of Food Technology at Kalinin-
grad State Technical University.

To substantiate the effect of pH on the hydrolyzabil-
ity of silver carp muscle tissue, samples of homogenates
have been prepared (muscle tissue : universal buffer
solution in a ratio of 1 : 2) with pH = 4.5, pH = 5.0,
pH = 5.5, and a control sample (muscle tissue : distilled
water in a ratio of 1 : 2) with pH = 6.5. In order to sub-
stantiate the effect of the complex food additive
“RUTAFISH Mirsol BS” on the process of muscle tis-
sue protein breakdown, samples of homogenates have
been prepared with a mass fraction of the additive
of 1.0, 1.2, 1.4, 1.6, 1.8, 2.0%. To substantiate the effect
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of pH on the maturation of muscle tissue of silver carp
containing 1.2% of the Mirsol BS additive, samples of
homogenates have been prepared (muscle tissue : uni-
versal buffer solution in a ratio of 1 : 2) with a mass
fraction of the Mirsol BS additive of 1.2% and with
pH=4.5,pH=5.0,pH=5.5.

The hydrolyzability (activity of proteolytic tissue
enzymes) of silver carp muscle tissue has been deter-
mined by the intensity of accumulation of formol-
titratable nitrogen (mg per 100 g of tissue per minute) in
the filtrate after 12 and 24 hours of thermostatting at
a temperature of 30 °C and has been expressed as the
rate of hydrolysis of muscle tissue proteins in the period
when the kinetics of accumulation of hydrolase products
is described by a straight line equation and the amount
of converted substrate does not exceed 20%.

Mathematical processing of the results has been
carried out using the Statistica software package and
Microsoft Office 2016.

Results

At the first stage of the study, the proteolytic ac-
tivity of silver carp muscle tissue has been studied, as
well as the effect of environmental pH on the amount
of broken down protein. Fig. 1 shows a graph of the
dependence of the amount of formol titratable nitrogen
(FTN) accumulation on the hydrolysis time and pH of
the environment.
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Fig. 1. Graph of the dependence of the amount of FTN
accumulation on time and pH of the environment

As can be seen from Fig. 1, during the first
12 hours of hydrolysis, the increase in FTN was
16.0 mg% for the sample with the natural pH of silver
carp muscle tissue (6.5 units), for the sample with
pH 5.5-61.2 mg%, with pH 5.0-75.1 mg% and with
pH 4.5-86.9 mg%, in the next 12 hours there was
a slowdown in the increase in protein breakdown
products by 2.8; 11.1; 11.7; 12.8 mg% respectively.
A decrease in the pH of the environment significantly
increased the amount of degraded amino acids and
peptides compared to the control sample; therefore,
muscle tissue enzymes at natural pH have less proteo-

lytic activity and are not able to sufficiently degrade
the substrate. The greatest increase in FTN in the stud-
ied range was observed at a pH of 4.5 units. The kinet-
ics of accumulation of hydrolase products in all sam-
ples during the first 12 hours of fermentation can be
described by a straight line equation; subsequently, the
rate of the enzyme reaction and the increase in protein
breakdown products reduce significantly.

Fig. 2 shows activity of proteolytic enzymes in
muscle tissue.
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Fig. 2. Graph of the dependence
of the rate of hydrolysis of protein substances
in the muscle tissue of silver carp on the reaction
of the environment

The graph in Fig. 2 shows that the rate of hydroly-
sis of protein substances increases with increasing
acidity of the environment. The highest enzymatic
activity in the muscle tissue of silver carp in the stud-
ied range is observed at pH 4.5-5.5, which is the opti-
mum pH for cathepsin enzymes.

Fig. 3 shows the ratio of the mass of digested pro-
tein depending on time and pH of the environment.
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Fig. 3. The ratio of the mass of digested protein depending
on time and pH of the environment

Graph 3 shows that the mass of digested protein for
a sample with a pH of 6.5 units during the first 12
hours of fermentation amounted to 3.47% of the origi-
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nal protein. As the pH of the medium decreases, the
ratio of the amount of digested protein to the original
protein increases, and for a sample with 4.5 pH the
ratio is 5.95%.

The course of the curves shown in Fig. 1-3 corre-
lates in nature with literature data obtained for various
fish species [4, 6-8].

Maturation of fish muscle tissue is an important
stage in the production of dried fish products. Protein
breakdown products (amino acids, peptides, etc.) play
an important role in the formation of the taste and
aroma of ripe fish [9].

The degree of maturation of silver carp muscle tis-
sue has been determined as the ratio of formol-titrated
nitrogen to total nitrogen. The muscle tissue of silver
carp can be considered mature, when FTN has reached
10-12% as a percentage of total nitrogen.

Based on Fig. 3, it can be seen that during the first
12 hours of fermentation, FTN reached 5.95% of the
total nitrogen for the sample with a pH of 4.5 units,
5.54% for the sample with a pH of 5.0 units and 5.05% —
for a sample with a pH of 5.5 units. Consequently, dur-
ing a day of hydrolysis at an acidic pH, the muscle tissue
of silver carp only begins to mature. But with the calcu-
lation of the time spent on the production process of dry-
cured or raw smoked sausage fish products and its trans-
portation, by the time of sale and subsequent storage
period the ratio of FTN to total nitrogen will increase.

Unlike the meat industry, where starter cultures are
used to increase the rate of breakdown of meat pro-
teins, fish products traditionally use ripening agents,
which may contain enzyme preparations, phosphate
additives or acidity regulators [9].

At the second stage of the study, the effect of the
complex food additive-maturing agent “RUTAFISH
Mirsol BS” on the hydrolyzability of silver carp mus-
cle tissue has been find (Fig. 4, 5).
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Fig. 4. Graph of the dependence of FTN accumulation
on time and on the mass fraction
of the added food additive “RUTAFISH Mirsol BS”
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of protein substances of muscle tissue on the mass fraction
of the added food additive “RUTAFISH Mirsol BS”

Graphs 4 and 5 show that an increase in the concen-
tration of the ripening agent increases accumulation of
protein breakdown products and the rate of hydrolysis at
the natural pH value of the ripening agent. As can be
seen from graph 5, during the first 12 hours of
hydrolysis, the reaction rate for samples with a ripening
agent content of 1.2-1.8% was at the same level and
within the relative error. Consequently, the mass
fraction of 1.2% of the food additive “Mirsol BS” is
optimal for use in the production of dried or raw
smoked sausage fish products, the technology of which
is based on ripening, and a further increase in the
concentration of the ripening agent is irrational.

The third stage was to study the possibility of the
combined effect of the complex food additive
“RUTAFISH Mirsol BS” and the pH of the
environment on the biochemical processes of protein
breakdown (Fig. 6, 7).
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Fig. 6. Graph of the dependence of FTN accumulation
on time and pH of the environment for samples
with a mass fraction of ripening agent of 1.2%
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Fig. 7. Graph of the dependence of the rate of hydrolysis
of protein substances on the pH of the medium for samples
with a mass fraction of ripening agent of 1.2%

As can be seen from the graphs in Fig. 6 and 7, the
maximum amount of FTN is observed in samples with
4.5 and 6.5 pH, and the complex effect of the pH of the
medium and the ripening agent slowed down the accu-
mulation of FTN in muscle tissue compared to the data
obtained in the first and second stages of the research.
The difference in FTN accumulation for the sample at
pH = 4.5 and for the control sample with the natural pH
of muscle tissue did not exceed the relative error limits.
The kinetics of accumulation of hydrolase products dur-
ing the first 12 hours of fermentation with the addition
of the complex food additive “RUTAFISH Mirsol BS”
decreased by 28.2% for the muscle tissue sample with
5.0 pH, and by 58.1% for the sample with 5.5 pH.

The obtained result is explained by the fact that en-

zymes in the muscle tissue of silver carp are largely
represented by cathepsins, the optimum pH of which is
an acidic environment, while the complex food addi-
tive “RUTAFISH Mirsol BS” is capable of breaking
down protein at the natural pH value of the muscle
tissue of silver carp of 6.5 units. Consequently, with
the combined action of acidic pH and the ripening
agent, the main influence on the biochemical process
of ripening is exerted by cathepsins.

Conclusion

The influence of the pH of the environment and the
mass fraction of the complex food additive “RU-
TAFISH Mirsol BS” on the process of maturation of
muscle tissue of silver carp has been studied. It has been
established that the kinetics of accumulation of hydro-
lase products increases with a decrease in pH in an acid-
ic environment and takes the highest values in the pH
range of 4.5-5.0 units. (0.31-0.42 active units). The
mass fraction of the complex food additive “RU-
TAFISH Mirsol BS” is substantiated at 1.2%, which is
optimal for use in the maturation of fish muscle tissue.

No synergistic effect has been revealed of the pH
of the environment and the complex food additive on
the kinetics of accumulation of hydrolase products in
the muscle tissue of fish. The combined use of acidity
regulators and the complex food additive under study
is irrational. Depending on the type of finished fish
product, it is recommended to use either acidity regu-
lators that reduce the pH of muscle tissue to 4.5-5.0
units, or to use ripeners that act at the natural pH of
muscle tissue.
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