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Abstract

The need to involve in the processing of significant amount of secondary protein-containing raw
materials formed during fish cutting, on the one hand, and on the other hand, the shortage of a
source of the protein component of microbiological nutrient media determines the relevance of the
work. The goal was to study the possibility of using fish protein hydrolyzate obtained by enzymatic
hydrolysis from secondary fish raw materials in microbiological nutrient media. Microbiological
and physicochemical methods were used to conduct research. When optimizing the developed
algorithm for the fermentation process, a mathematical model of the experiment was used with a
minimum number of experiments. An algorithm has been developed for obtaining fish protein
hydrolyzate from meat and bone waste from cutting pelagic fish (cod). The hydrolysis parameters
were optimized: the concentration of the enzyme preparation is 1.33 % of the total mass of waste,
the duration of the fermentation process — 3 hours. The characteristics of the resulting fish
hydrolyzate are determined: the mass fraction of total nitrogen — 13 %, amine — 3.6 %, water — 4.6 %,
sodium chloride — 2.7 %, fat — 0.3 %. An experimental fish hydrolyzate has been studied as a source
of protein nitrogen in accordance with the formulation of a microbiological medium used for
counting when growing colonies of microorganisms. The effectiveness of the prepared nutrient
media was assessed by comparing the performance coefficients of the experimental and control
nutrient media, as well as by identifying test microorganisms grown on the experimental medium. It
was established that the growth pattern of test cultures both on the studied nutrient medium and on
the control medium was almost the same. Test microorganisms retained their biochemical,
morphological and cultural characteristics. The research results showed the possibility of using fish
protein hydrolyzate obtained by enzymatic hydrolysis from secondary fish raw materials in
microbiological nutrient media.
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Peghepam

HeobxoamMocTh BOBJIEYEHYs B IepepaboTKy 3HAUYUTEBHOTO KOIMYECTBA BTOPHYHOTO OETOKCOIepIKaIlero
CBIPBS1, 00Pa3yIOIIEroCs! IPU pa3JielIKe PhIObI, C OJHOM CTOPOHBI, U C APYroi — NedUINUT HCTOYHNKA
OEJIKOBO COCTABIISIONIEH MUKPOOHOJIOTMYECKHIX ITUTATENBHBIX CPEL ONPeeNsieT aKTyallbHOCTh pabOThL.
Llenpio SBISIOCH MCCIIEIOBAaHNE BO3MOXKHOCTH HCIOJIB30BAHUS B COCTABE MUKPOOHOIOTHYECKHX
MUTATeNBHBIX CPeJ] PIOHOTO OENKOBOTO THIPONN3aTa, IMOIYYEeHHOTO METOAOM (hepMEHTATHBHOTO
THAPONN3a W3 BTOPHUYHOTO PBIOHOTO CHIpbs. [ IpOBENEHMS HCCIIENOBAaHWN IPHMEHSIINCH
MHKpPOOHOJIOrHUecKre U (pU3UKO-XUMHIYecKHe MeTobl. [Ipy onrumu3amu pa3paboTaHHOTO airopuTMa
nporiecca (epMEHTalK HUCIIOJIb30BAIN MAaTEMaTHYECKYI0 MOJIEIb SKCIIEPUMEHTA IIPH MUHUMAIIBHOM
YHCIIe ONbITOB. Pa3paboTaH alropuT™ MosrydeHus ppIOHOTO GEIKOBOTO THIPOIN3aTa U3 MSICOKOCTHBIX
OTXOZIOB OT pPAa3[eNKi MelarudecKux puid (Tpecku). ONTHMHU3MPOBAHBI MapaMeTphl THAPOIH3A:
KOHIEHTpanws! (hepMeHTHOro npenapara — 1,33 % Kk cymMMapHOH Macce OTXOZOB, IPOAOIDKUTEIFHOCT
mporiecca pepmerTamu — 3 4. OnpeneneHbl XapaKTePUCTHKU TIOIyYSHHOTO PHIOHOTO THAPOIHA3aTA:
MaccoBas JoJisi obriero asora coctaBmwia 13 %, amunaHOrO — 3,6 %, BOABI — 4,6 %, XJIOPHUCTOTO
Harpust — 2,7 %, sxupa — 0,3 %. ONbITHBIN PHIOHBIIT THAPONN3AT UCCIIEIOBAH B KAUeCTBE HCTOYHUKA
0EJIKOBOTO a30Ta B COOTBETCTBUH C PELENTYPOH MUKPOOHOJIOTUYECKOH CPEbl, NCIOIb3YeMON IS
MOJIcYeTa TIPH BHIPAIIMBAHUM KOJOHUH MHUKPOOPTaHM3MOB. D((EKTHBHOCTH MPUTOTOBIECHHBIX
MIUTATENBHBIX CPeJl OLCHUBAIH ITyTEM CPaBHEHUS KO (UIMEHTOB MPOU3BOIUTEILHOCTH OIBITHOM
W KOHTPOJNBHOW TIMTATeNBHONH Cpenbl, a TakKe METOJOM HACHTU(GHKAINK  BBIPOCIINX
Ha HKCIIEPUMEHTAIbHON Cpelle TeCT-MUKPOOPraHU3MOB. Y CTaHOBIICHO, YTO XapakTep pocTa TecCT-
KyJbTYp KaK Ha HCCIIENyeMOM MUTATEIbHOM Cpelie, TaK U Ha KOHTPOJIBHOM MPaKTUYECKH OAWHAKOBBIM.
TeCT-MI/IKpOOpFaHI/BMbl COXpaHUJI CBOU 6I/IOXI/IMI/I'-ICCKI/IC, Mop(bonorw-lecxne U KYJIbTYpaJIbHBIE IPHU3HAKU.
Pe3ynbraTh! HCciTe10BaHHHN ITOKA3aIH BO3MOXHOCTE HCTIONB30BAHMS B COCTaBE MUKPOOHOJIOTHIECKIX
MIUTATENBHBIX CPEJ] PHIOHOTO OENKOBOTO THIPONN3aTa, IOIYYSeHHOTO METOAOM (hepMEHTATHBHOTO
THIPOJIN3a U3 BTOPHIHOTO PHIOHOTO CHIPHS.
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Introduction

The fundamental "tool" in microbiology is culture media. They are used for research purposes, selection
and research of isolated types of microorganisms, creation of new vaccines and medicines, for other purposes
related to pharmaceuticals, biology, and medicine. Today on the market there is a very large number of liquid
and powder media for microbiology from the world's largest manufacturers "Pronadisa” laboratorios Conda, S.A.
(Spain), Merck (Germany), bioMerieux (BioMerieux, France), Neogen (America). They have the appropriate
quality certificates, but their cost is quite high. In this regard, the development of technologies for the production
of import-substituting culture media is urgent. The main component of most culture media are the products of
protein hydrolysis of plant and animal origin. Until now, pancreatic hydrolysate of fish meal (State research
center for applied biotechnology and microbiology, Russia, Obolensk), enzymatic hydrolysate of casein
(Pronadisa Conda, Spain), casein and soy peptones (Merck, Germany), pancreatic hydrolysate of casein have
been widely used as protein bases, papain hydrolysate of soybeans (BioMerrier, France), gelatinous peptone and
meat extract (Neogen, America), etc. However, due to the cessation of fishmeal production as well as the
introduction of sanctions on the import of imported raw materials, there is a shortage of this type of product. For
the production of protein hydrolysate — a source of nitrogen in the composition of microbiological culture media —
we used an alternative source of raw materials: recycle fish materials, namely, meat and bone waste from cutting
pelagic fish. Fish waste is an important underestimated reserve of raw materials. Research into the use of protein
from fish waste as a component of culture media has been carried out by the research team for a number of years
since 2016. Waste from cutting pelagic fish species on fillets makes up 57-64 % on average of the mass of fish
received for cutting, and the share of musculoskeletal waste accounts for up to 30-35 % (Derkach et al., 2017;
Jlpossanunosa u op., 2015a). At the same time, they contain a significant amount of complete animal protein.
Analysis of information sources (/[possnunosa u op., 20156; Kacwsnos, 2015; Maxcumiox u op., 2009) had
showed that it was the rationality of the use of recycle materials and waste that would reduce the raw material
shortage in the production of microbiological nutrient media. The involvement of this source of raw materials in
processing is a promising direction for the development of the most important branch of modern agriculture
(JTomosyesa u op., 2019).

Materials and methods

The purpose of the work was to study the possibility of utilization a hydrolysate from fish waste as
a protein component of microbiological media. To achieve this goal, the following tasks were solved: to
optimize the previously developed algorithm for the fermentation of fish waste; to study the physicochemical
and biochemical parameters of a prototype of fish protein hydrolysate; to evaluate the quality of culture media
used for growing microorganisms prepared using a prototype hydrolysate.

In the developed algorithm for obtaining a prototype fish protein hydrolysate, the objects of study were
musculoskeletal waste of cod fillets (cod caught by the "Public Joint-Stock Company Murmansk Trailing Fleet"
in the fishing areas of the Barents Sea), an enzyme preparation — protosubtilin G3X — a product of the activity of
bacteria of the Bacillus subtilis strain (Sibbiopharm, Russia), an experimental sample of fish protein hydrolysate
obtained in the process of enzymatic hydrolysis.

Physical and chemical indicators such as content of water, fat, proteins, amine nitrogen and minerals were
determined by standard methods GOST 7636-85 "Fish, marine mammals, marine invertebrates and products of
their processing. Analysis methods"*. The protein content was determined by the Kjeldahl method using
equipment consisting of two elements: BLOCK-DIGEST 12 for sample mineralization and an automatic
distillation unit PRO-NITRO A (J.P. Selekta, Spain). The fat content was determined by the Soxhlet method
using a Selecta DET-gras extractor (Spain).

The degree of hydrolysis was defined by the calculation method as the ratio of the mass fraction of amine
nitrogen to the mass fraction of total nitrogen in the hydrolysate (IIpoussoocmeo..., 1990).

For establishing the optimal parameters of enzymatic hydrolysis two factors rotatable compositional plan
was used. Mathematical data processing was carried out using the DataFit program, version 9.1 (Pewemnuxos,
2000).

The experiments were carried out in triplicate, the data obtained were subjected to one-way analysis of
variance (ANOVA) using Origin Pro 8.0. Differences between the means were considered significant at p < 0.05.

We prepared culture media using the obtained fish protein hydrolysate according to the formulation of the
control culture medium. The pancreatic fishmeal hydrolysate was replaced with a prototype fish protein
hydrolysate. As a control medium, we used "Nutrient agar for the cultivation of microorganisms GRM"
(manufactured by State research center for applied biotechnology and microbiology, Russia, Obolensk).

To control the efficiency of culture media, test microorganisms with stable characteristics were used.

The work used microorganisms with stable characteristics, which are the causative agents of the most
dangerous food poisoning.

! Information on regulations and GOSTs is presented in the Appendix.
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Test microorganisms were obtained from specialized collections: Staphylococcus aureus ATCC 25923
ROSENBLACH 1884; Salmonella enteriditis No. 5765 (ex Kauffmann & Edvards 1952) le minor & Popov 1987.

For the prepared culture media: control and test (containing a test sample of fish protein hydrolysate),
coefficient of productivity of culture medium was calculated according to GOST ISO 11133-2016 "Microbiology
of food products, animal feed and water. Preparation, production, storage and determination of the working
characteristics of nutrient media". After cultivation on the studied culture media, biochemical signs during the
identification of microorganisms were determined using test systems (Diagnostic kit No. 2, Scientific and
Production Association "Microgen", Russia).

Results

A prototype of fish protein hydrolysate was obtained by enzymatic hydrolysis of cod musculoskeletal
waste. As an enzyme preparation, we used protosubtilin G3X — a product of the activity of bacteria of the
Bacillus subtilis strain (Sibbiopharm, Russia). The proteolytic activity of the enzyme is 560.77 pmol TYR/g.

One of the quality parameters of fish protein hydrolysate is the degree of hydrolysis determined in various
ways. The most common indicator is the ratio of the mass fraction of amine nitrogen to the mass fraction of total
nitrogen in the hydrolysate.

The degree of hydrolysis of the obtained fish protein hydrolysate is 28.06 % (Kypanosa u op., 2016).
According to the literature data the degree of hydrolysis of the most promising enzymes — bromelain and papain
—i523.74 %.

In addition, the choice of the enzyme was due to its lower cost compared to other enzymes, for example,
trypsin, pancreatin, pepsin, bromelain and papain, etc., which are used in the production of industrial fish protein
hydrolysates.

When optimizing the fermentation parameters, the dosage of the enzyme preparation was varied in
relation to the mass of the hydrolyzed raw material (X;, %) and the duration of exposure (X,, hour) at the
previously specified temperature of 45 °C. The numerical characteristic of the value of the achieved degree of
hydrolysis (Y, %) was chosen as an optimized parameter. We used a rotatable composite plan (CKusersnyesa u
op., 2018) for a two-factor experiment (Table 1).

Table 1. Results of experimental data processing on optimization
of the fermentation stage of hydrolysis of cod waste
Tabnuna 1. Pe3ynpTaTel 00pabOTKU JaHHBIX SKCIICPUMCHTOB
IO OIITHMM3alluHU CTaIUuN (I)epMeHTaI_II/II/I TUApPOJIM3a OTXOA0B TPECKU

Parameter 1 2 3 4 5 6 7 8 9
X1, % 0.6 0.6 15 15 1.05 1.69 0.41 1.05 1.05
X5, hour 2 5 2 5 3.5 3.5 3.5 1.38 5.62
Y, % 235 23.9 26.5 27.0 275 27.6 22.8 24.3 27.6

As a result of processing experimental data the following equation describing the influence of the studied
factors on the optimization option was received (JKuersnyesa u op., 2018)

Y = ax; + bx? + cxp + dx,% + ex,°, 1)
where Y — the value of the achieved degree of hydrolysis, %; x; — the dosage of enzyme preparation, %; x, — the
duration of hydrolysis, hour; a, b, c, d, e — the regression coefficients: a = 17.08; b =-6.42; ¢ = 14.14; d = -3.80;
e=0.32.

Fisher's criterion for this equation is 80.84, it means that with the given confidence level (0.99), the
regression equation reliably describes the change in the optimization parameter depending on the change in
factors X; and X,.

To find the optimal values of the factors X; and X, determining the optimal parameters of the hydrolysis
process, we used the methods of mathematical processing (differentiation).

The values of these optimal factors are as follows: X; (concentration of the enzyme preparation) — 1.33 %
by weight of raw materials; X, (duration of the hydrolysis process) — 3 hours (CKususnyesa u op., 2018).
Considering the research carried out, an algorithm for obtaining a fish protein hydrolysate has been developed.

For further research, we used a hydrolysate prepared according to the developed algorithm, considering
the optimized fermentation conditions. The quality indicators of the prototype fish protein hydrolysate are
presented in Table 2.

Fish protein hydrolysate is an amorphous, light yellowish powder with a weak mushroom aroma. It has
the ability to emulsify, foaming, when dissolved in water gives opalescent solutions, which confirms the
preservation of the properties of the native protein in the product. Studies of the biological value of the product
had found that the hydrolysate contained all protein amino acids, including essential ones, the minimum amount
contains tryptophan (4.0 mg/g protein), the maximum amount contains hydroxyproline (150.6 mg/g protein)
(Kypanosa u op., 2016).
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Table 2. Quality indicators of a fish protein hydrolysate prototype
Ta6m/1ua 2. ITokazarenu KauecTBa OMBITHOTO o6pa3ua pLI6HOFO OEIKOBOI0 TuapoJjan3ara

The name of indicators Value

Consistence Amorphous homogeneous powder
Colour Light beige

Aroma Typical for this type of product
Active acidity, pH 6.75+0.10

Moisture content, % 4.60£0.26

Mass fraction of amine nitrogen, % 3.60 + 0.09

Mass fraction of total nitrogen, % 12.97 £ 0.04

Mass fraction of fat, % 0.26 £0.02

Mass fraction of sodium chloride, % 2.70+0.12

The experimental sample of fish protein hydrolysate received according to an optimized fermentation
mode was used to make a culture medium in a control nutrient agar formulation, in which pancreatic fish meal
hydrolysate is used as a nitrogen source. In the experimental culture medium, the pancreatic fishmeal
hydrolysate was completely replaced by the experimental fish protein hydrolysate. As a control, we used
"Nutrient agar for the cultivation of microorganisms, dry GRM". The formulations of the test and control culture
media are presented in Table 3.

Table 3. Recipes of culture media
Tabnmma 3. Penentypbl MUTATENBHBIX CPELT

Name | Amount, g (ml)/1 1 of distilled water
Nutrient agar for the cultivation of microorganisms, dry GRM
Peptone for bacteriological culture media 12
Fishmeal Pancreatic Hydrolysate 12
Sodium chloride 6
Agar 10
Study culture medium based on a prototype fish protein hydrolysate
Peptone for bacteriological culture media 12
Prototype fish protein hydrolysate 12
Sodium chloride 6
Agar 10

To control the quality of culture media, test microorganisms with stable characteristics was used.

The prepared culture media were intended for counting the column of microorganisms. To control the
quality of the prepared culture media, the coefficient of productivity of the culture medium was calculated.

The productivity of the culture medium is the degree of growth of the target microorganism on the culture
medium under certain conditions. Sowing test-cultures on the control and test media was performed by direct
inoculation. Crops were incubated in a thermostat at a temperature of 37 + 1 °C for 18-24 hours.
Microorganisms were counted using GOST 1SO 7218-2015 "Microbiology of food and animal feed. General
requirements and guidance for microbiological examinations”.

Comparative characteristics of the growth performance of test microorganisms on the studied culture
medium based on fish protein hydrolysate and nutrient agar GRM are presented in Table 4.

Table 4. The growth form of test microorganisms on the studied culture medium based on fish protein
hydrolysate and nutrient agar GRM
Tabmuna 4. CpaBHUTENbHAS XapaKTEPUCTHUKA POCTA TECT-MUKPOOPTAaHU3MOB Ha UCCJISIyeMON MUTATEIhbHON
cpeze Ha OCHOBE PHIOHOTO GEJIKOBOTO T'MpPOJIM3aTa U MUTaTesibHoM arape ' PM

Staphylococcus aureus ATCC Salmonella enteriditis

Tested culture media Dilution 25923 No 5765

Tested culture medium based

on a prototype fish protein 10° 1.3x10° 3.8x10°
hydrolysate (N)

Nutrient agar for the cultivation

of microorganisms, 10° 1.3x10° 3.5x10°

dry GRM (N,)
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The productivity of culture medium was assessed as the degree of growth of the target microorganism on
the culture medium when compared with culture agar for the cultivation of microorganisms GRM (GOST 1SO
11133-2016) under certain conditions and was calculated by the formula

PR = NC /No, (2)
where Py — the coefficient of productivity of culture medium; N, — the arithmetic mean of the number obtained
on the culture medium subjected to the test (for example, the number of colonies in plates); No — the arithmetic
mean of the amount obtained on a certain control culture medium.

The coefficients of productivity of culture medium are presented in Table 5.

Table 5. Coefficient of productivity of culture medium
Tabmnuna 5. KoadduimeHTsr mpon3BoANTEIbHOCTH

A Staphylococcus aureus
Name Salmonella enteriditis Ne 5765 ATCC 25923
Tested cult_ure medl_um based on a 1.00 1.09
prototype fish protein hydrolysate
Nutrient agar for the cultivation of 1 1
microorganisms, dry GRM

Description of the obtained results

The results are considered valid when the following conditions are met:

— a positive quantitative result (target bacterial growth) must be obtained for each plate;

—each individual declared result falls within the standard assay range (no more than 100 colonies for
methods with filtration and no more than 150 colonies for surface methods). Pr should be at least 0.70 when
comparing non-selective media with non-selective control media according to GOST I1SO 11133-2016.

The biochemical characteristics of colonies of microorganisms grown on the studied media were
investigated. The work used microorganisms with stable characteristics, which are the causative agents of the
most dangerous food poisoning.

The most common analogue of fish protein hydrolysate is pancreatic fish meal hydrolysate. According to
GOST 29311-92 "Pancreatic hydrolysates for bacterial culture media. General specifications” the main defining
indicators of this type of products are the mass fraction of total and amine nitrogen, confirming the presence of
the required number of nitrogenous compounds necessary for the life of microorganisms. For pancreatic fish
meal hydrolysate, which is used for the preparation of culture media, the value of the mass fraction of amine
nitrogen should be at least 0.3 %, total nitrogen — at least 0.75 %. According to TU 480-00001927 "Pancreatic
hydrolysate of fish meal. Specifications” the mass fraction of amine nitrogen must be at least 2.8 %, total
nitrogen — at least 8 %. According to Table 2, it can be seen that the corresponding values of the experimental
fish protein hydrolysate are higher (3.60 and 12.97 %, respectively). It indicated the sufficiency of nitrogenous
nutrients in the sample under study.

Microbiological studies have established that the nature of the growth of test cultures on the studied
culture medium using a test sample of fish protein hydrolysate as a protein component and control nutrient agar
are identical.

Discussion

Coefficient of productivity of culture media has shown an efficiency of microbiological culture media.
The studied culture medium showed high productivity ratio (Pr = 1, Pr = 1.09) when cultivating Salmonella
enteriditis No. 5765 and Staphylococcus aureus ATCC 25923, respectively, which was at the level and even
slightly higher than the performance values of the control medium and significantly exceeded the requirements
for productivity (Pr more than 0.7) established in GOST ISO 11133-2016.

The test microorganisms after cultivation on the studied nutrient media based on fish protein hydrolysate
retained their biochemical characteristics during the identification of microorganisms using test systems (Scientific
and Production Association "Microgen", Russia).

Bacteria of the genus Salmonella retained their gram-negative Gamma colour, the growth pattern on
three-sugar ferruginous agar did not change (they ferment glucose and do not ferment lactose and sucrose, form
hydrogen sulphide). Bacteria of the genus Salmonella do not form acetoin (Voges-Proskauer reaction is negative).
Salmonella bacteria ferment mannitol. Agglutination (presence of O-antigens) is manifested in the form of
sticking of the bacterial mass and full or partial clarification of the liquid (according to GOST 31659-2012 "Food
products. Method for detecting bacteria of the genus Salmonella™).

Bacteria of the genus Staphylococcus aureus retain a gram-positive Gram colour, give a positive reaction
to catalase, form acetoin and ferment maltose under aerobic conditions. They have the ability to coagulate rabbit
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blood plasma (according to GOST 31746-2012 "Food products. Methods for detecting and quantifying
coagulase-positive staphylococci and Staphylococcus aureus").

Colonies of microorganisms retain their morphological and cultural properties. Therefore, for these test
cultures, nutrients were sufficient on all studied media. The results of microbiological studies confirm the
possibility of using fish protein hydrolysate obtained in the process of hydrolysis from cod musculoskeletal
waste as a component of general-purpose nutrient media for counting colonies of microorganisms.

Conclusion

Thus, as a result of the conducted research:

— the parameters of the fermentolysis are optimized: duration — 3 hours, enzyme concentration — 1.33 %;

— there are determined chemical and biochemical parameters of the prototype fish protein hydrolysate
(mass fraction of amine nitrogen must be at least 3.6 %, total nitrogen — at least 13.0 %), which meet the
requirements for the indicators of protein components of nutrient media;

— the quality of nutrient media using a prototype fish protein hydrolysate as a protein component to the
operational criteria of GOST 1SO 11133-2016 is established:;

— the developed fish protein hydrolysate can be recommended for the preparation of general-purpose
culture media for counting colonies of microorganisms.

It has been also determined that in the culture medium "Nutrient agar for the cultivation of microorganisms
dry GRM" the developed product could completely replace "Pancreatic hydrolysate of fish meal™.
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