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FERMENTED TILAPIA FISH PATTIES: A MULTILEVEL BIOTECHNOLOGICAL,
SPECTROSCOPIC, AND MICROSTRUCTURAL ANALYSIS

Abstract: This study presents the development and scientific substantiation of an innovative biotechnology
for the production of fermented fish patties based on Nile tilapia (Tilapia nilotica) enriched with shrimp homogenate
and a multistrain microbial culture including Streptococcus cremoris, Streptococcus faecalis var. liquefaciens,
Lactobacillus fermentum, and the probiotic strain Escherichia coli 64G. The research involved comprehensive
evaluation of structural, rheological, spectral, and microbiological characteristics using texture profile analysis
(TPA), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and statistical
analysis (ANOVA). Fermentation induced intensive proteolysis and restructuring of the protein matrix, resulting in
a 27-34% reduction in hardness, increased cohesiveness and elasticity, and a 12-18% increase in water-holding
capacity. FTIR analysis revealed redistribution of protein secondary structures, while SEM visualization confirmed
the formation of a dense and homogeneous gel network with reduced porosity. Microbiological assessment
demonstrated a 1.5-2.0 log reduction in total viable counts and suppression of yeast and mold microflora, confirming
a natural biopreservative effect and extended shelf life. Sensory evaluation showed improved juiciness, texture,
and overall acceptability. The developed technology demonstrates high scalability and strong potential for industrial
implementation in functional and gerodietetic food production.

Key words: fermented fish products, Nile tilapia (Tilapia nilotica), shrimp homogenate, multistrain starter
culture; proteolysis, texture profile analysis (TPA), microbiological stability.

Introduction

Nile tilapia (Tilapia nilotica) is one of the most rapidly developing species in global aquaculture
due to its high nutritional value, balanced amino acid composition, and fast growth rate, making it a
promising raw material for functional food products [1-3]. Tilapia muscle tissue is characterized by a soft
texture, low lipid content, and a high level of easily digestible protein, which is particularly important for
the development of gerodietetic food products [4].

However, conventional technologies for producing fish-based semi-finished products face several
limitations, including low water-holding capacity, loose or structurally unstable protein gels, insufficient
development of aromatic characteristics, and high susceptibility to microbial spoilage [5-7]. The
application of fermentation in fish processing is regarded as a modern biotechnological approach that
improves rheological behavior, textural properties, and flavor formation through the activation of
proteolysis and the generation of functional metabolites [8-10].

Additional biotechnological potential is associated with the use of shrimp homogenate as a source
of endogenous proteases, minerals, and biologically active peptides capable of enhancing hydration
properties and promoting the formation of a more stable protein matrix [11-13]. Simultaneously, the
incorporation of a multistrain microbial compaosition, including lactococci, lactobacilli, and the probiotic
strain Escherichia coli 64G, enables controlled fermentation, natural biopreservation, and the
development of a characteristic aromatic profile without the use of artificial preservatives [14-16].

Thus, the integration of shrimp homogenate and functional bacterial cultures into the fermentation
process of fish mince represents a promising biotechnological strategy for improving the structural,
sensory, and microbiological characteristics of tilapia-based semi-finished products. The evaluation of
the effectiveness of this technology requires a comprehensive analytical approach, including texture
profile analysis (TPA), FTIR spectroscopy, scanning electron microscopy (SEM), microbiological
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monitoring, as well as correlation analysis and analysis of variance (ANOVA) for statistical validation of
the obtained results.

Materials and methods

Tilapia fillets (Tilapia nilotica) obtained from certified producers and subjected to preliminary
sanitary and hygienic inspection were used as the primary raw material. Fresh shrimp from the family
Caridea were utilized to prepare a homogenate serving as a source of endogenous proteases and
biologically active compounds. In addition, a multistrain microbial culture was applied, comprising
Streptococcus cremoris, Streptococcus faecalis var. liquefaciens, Lactobacillus fermentum, and the
probiotic strain Escherichia coli 64G, characterized by high survivability in lipid-protein matrices. All
components complied with food industry sanitary regulations and standards, were stored at 0-4°C
prior to use, and their quality was verified using standard microbiological and physicochemical
control methods.

The fermented base was prepared by mixing minced fish raw material with shrimp
homogenate (7.5-9.0%) and the multistrain microbial culture (0.20-0.35%). The mixture was
homogenized to a paste-like consistency and incubated at 30-35°C for 20-30 min. These parameters
were experimentally optimized to simultaneously activate shrimp-derived proteases, ensure initial
growth of lactic acid bacteria (LAB), and stimulate the metabolic activity of the probiotic strain. The
completion of fermentation was determined by stabilization of viscosity, development of a
characteristic «fermentative» aroma, and increased structural homogeneity.

Rheological properties of the final fish product were evaluated using texture profile analysis
(TPA), determining hardness, cohesiveness, elasticity, chewiness, and adhesiveness.
Measurements were performed using a texture analyzer with double compression of samples to 50%
of their original height at a deformation speed of 1 mm/s. Data acquisition was automated and
subsequently subjected to statistical analysis to identify differences between control and fermented
samples.

Microstructural characteristics were examined by scanning electron microscopy (SEM) at
magnifications ranging from 500x to 3000%. Samples were fixed in glutaraldehyde, dehydrated
through a graded ethanol series, dried using critical point drying, and sputter-coated with gold. SEM
analysis enabled visualization of the protein matrix, porosity, degree of interfibrillar bonding, and the
formation pattern of the gel network structure.

Protein structural changes were further investigated using Fourier-transform infrared (FTIR)
spectroscopy in the range of 4000-600 cm™, with particular emphasis on the interpretation of Amide
I (1650-1660 cm™), Amide Il (1530-1550 cm™), and lipid-related bands (1740-750 cm™). FTIR
analysis allowed assessment of protein denaturation, polypeptide chain rearrangement, changes in
secondary structure (a-helices and B-sheets), and the influence of fermentation on protein hydration
environments.

Sensory evaluation was conducted using a 9-point hedonic scale by a panel of 15 trained
assessors who evaluated appearance, aroma, taste, texture, juiciness, and overall acceptability.
Prior to evaluation, samples were reheated under standardized conditions and served at 50-55°C.
All sensory tests were performed in individual booths under controlled lighting and odor-free
conditions.

Statistical analysis of the data was carried out using one-way analysis of variance (ANOVA),
followed by Tukey’s post hoc test for multiple comparisons. Differences were considered statistically
significant at p < 0.05. In addition, correlation analysis was applied to determine relationships among
rheological, microstructural, and sensory parameters, while multivariate statistical methods,
including principal component analysis (PCA), were used to visualize sample groupings and identify
key factors influencing the quality of the fermented product.

Equipment and software

Texture measurements were performed using a TA.XTplus Texture Analyzer (Stable Micro
Systems, UK). FTIR spectra were recorded using a Nicolet iS10 FTIR spectrometer (Thermo Fisher
Scientific, USA). Microstructural analysis was carried out using a JSM-6510 scanning electron
microscope (JEOL, Japan). pH was measured using a SevenCompact pH meter (Mettler Toledo,
Switzerland). Statistical analysis was performed using SPSS Statistics 26 software (IBM, USA).

Results and discussion

This section presents comprehensive results of instrumental, spectroscopic, and microstructural
analyses of samples produced at different fermentation levels. The visual data are accompanied by an
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interpretative discussion demonstrating the influence of the fermented base on product structure, texture,
protein chemical state, and storage stability.

Figure 1 illustrates the hardness profiles of fish patties obtained by texture profile analysis
(TPA). The fermented samples exhibited a pronounced reduction in hardness compared with the
control: hardness decreased by 27% in samples containing 30% fermented base and by 34% in
samples containing 40%. This effect is attributed to intensive proteolysis induced by endogenous
shrimp proteases and partial denaturation of myofibrillar proteins under the action of lactic acid
bacteria (LAB) fermentation. The reduction in hardness was accompanied by an increase in
cohesiveness and elasticity, which is a key indicator of the formation of a more homogeneous and
mechanically stable protein gel network.

TPA: Hardness Profile
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Figure 1 — TPA Analysis (Hardness)

Figure 2 presents the dynamics of pH changes during 14 days of storage. The control sample
exhibited a gradual increase in pH, which is a typical indicator of microbial spoilage and the
accumulation of biogenic amines. In contrast, the fermented samples maintained stable pH values
in the range of 6.0-6.1 throughout the entire storage period due to the formation of organic acids,
bacteriocins, and reduced activity of proteolytic spoilage microflora. This pH stability confirms the
pronounced natural biopreservative effect of fermentation and provides a scientific rationale for a
significant extension of the product’s shelf life.
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Figure 2 — pH Dynamics
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The results of water-holding capacity (WHC) are presented in Figure 3. The incorporation
of the fermented base increased WHC by 12-18%, which can be attributed to partial protein
hydrolysis and enhanced hydrophilicity of protein molecules. The higher WHC resulted in improved
juiciness and texture of the final product and increased its resistance to freezing and thawing
processes. These findings are in close agreement with the previously reported texture profile
parameters.

— Amide | region (1650-1660 cm™): a shift of the peak toward lower wavenumbers, indicating
an increased proportion of disordered structures (B-turns and random coils).

— Amide Il region (1530-1550 cm™): a decrease in band intensity associated with the
disruption of hydrogen bonding.

— 1740-1750 cm™ region: an increased peak intensity related to the lipid component,
suggesting improved lipid emulsification induced by the fermented base.

The spectroscopic data confirm that fermentation induces mild modification of protein
secondary structures, thereby enhancing their functional properties, including gelation capacity and
hydration behavior (Figure 4).
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Figure 3 — Water Holding Capacity
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Figure 4 — FTIR Spectrum

SEM analysis (Figure 5) reveals clearly pronounced microstructural differences between the
control sample and samples with different levels of fermentation (30% and 40%). The obtained
micrographs (1000x magnification, scale bar 10 ym) enabled visualization of morphological shifts in
the organization of protein—fiber structures induced by the action of endogenous shrimp proteases
and the metabolic activity of lactic acid bacteria (LAB)

Figure 5 — Scanning electron microscopy (SEM) micrographs of the control sample and samples
containing 30% and 40% fermented base, illustrating the transition from a porous structure to a
dense protein gel network (1000x magnification)

The control samples were characterized by the presence of large, heterogeneous protein
aggregates weakly interconnected with each other, as well as an irregular porous structure with wide
pores reaching diameters of 12-18 ym. This loose fibrous architecture reflects a limited degree of
myofibrillar protein denaturation and insufficient interfibrillar coagulation, resulting in the formation of
discontinuities within the gel network. The presence of these structural defects indicates low water-
holding capacity and limited rheological performance of the control product.

Samples containing 30% fermented base exhibited a substantially more ordered
microstructure, characterized by a more uniform pore distribution with reduced pore diameters of 6-
10 um, corresponding to an approximately 40% decrease in porosity compared to the control.
Compaction of the protein matrix was accompanied by the formation of stable coagulation bridges
between protein filaments and the emergence of a regular gel network, which contributed to
improved mechanical stability. The smoother surface of protein fibers indicates partial proteolytic
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modification of myaofibrillar proteins induced by endogenous proteases and metabolites of lactic acid
bacteria.

At a higher fermentation level of 40%, the most pronounced microstructural transformations
were observed, manifested by the formation of dense, homogeneous, rounded protein domains with
minimal porosity (3-5 um). This compact organization indicates profound alterations in protein
secondary and tertiary structures, accompanied by a high degree of gel network ordering. The
resulting structure was characterized by the absence of visible network ruptures, enhanced water-
holding capacity, and increased resistance to thermal disruption, which closely correlates with the
highest WHC values and improved textural parameters obtained by texture profile analysis (TPA)

Thus, SEM visualization confirms that fermentation induces a transition from a loose, porous, and
structurally unstable protein framework to a dense, elastic, and morphologically ordered gel matrix. These
microstructural findings are in full agreement with the results of TPA analysis, water-holding capacity
(WHC), pH dynamics, and FTIR spectroscopy, indicating a comprehensive restructuring of proteins
driven by enzymatic and microbiological processes

Conclusion

The study confirms that controlled fermentation using shrimp homogenate and a multistrain
microbial culture significantly improves the structural, rheological and microbiological properties of tilapia
fish patties. Fermentation promoted protein matrix restructuring, reduced hardness, increased water-
holding capacity and enhanced storage stability without chemical preservatives. The technology
demonstrates strong potential for industrial implementation and development of functional and
gerodietetic fish products.

References
1. FAO. The State of World Fisheries and Aquaculture 2022: Towards Blue Transformation. Rome:
Food and Agriculture Organization of the United Nations, 2022. - 224 p.

https://doi.org/10.4060/cc0461en.

2. Meurer F. Protein requirements in Nile tilapia (Oreochromis niloticus) during production and
reproduction phases / F. Meurer, J. Novodworski, R.A. Bombardelli // Aquaculture and Fisheries. —
2024. - Vol. 9, Ne 1. — P. 23-35. https://doi.org/10.1016/j.aaf.2024.03.004.

3. Dried fish at the intersection of food science, economy, and culture: A global survey / B. Belton et
al // Fish and Fisheries. — 2022. — Vol. 23, Ne 4. — P. 941-962.

4. Quiality, functionality, and microbiology of fermented fish: A review / J. Zang et al // Critical Reviews
in Food Science and Nutriton. — 2020. — Vol. 60, Ne 7. — P. 1228-1242.
https://doi.org/10.1080/10408398.2019.1565491.

5. The contribution of microorganisms to the quality and flavor formation of Chinese traditional
fermented meat and fish products / J. Mao et al // Foods. — 2024. — Vol. 13. — Art. 608.
https://doi.org/10.3390/foods13040608.

6. Fermented fish products: Balancing tradition and innovation for improved quality / H. Li et al //
Foods. — 2024. — Vol. 13, Ne 16. — Art. 2565. https://doi.org/10.3390/foods13162565.

7. Valorization of Nile tilapia (Oreochromis niloticus) fish head for a novel fish sauce by fermentation
with selected lactic acid bacteria / P. Gao et al // LWT — Food Science and Technology. — 2020. —
Vol. 129. — Art. 109539. https://doi.org/10.1016/j.Iwt.2020.109539.

8. Novel insight into the formation and improvement mechanism of physical property in fermented
tilapia sausage by cooperative fermentation of newly isolated lactic acid bacteria based on microbial
contribution / Q. Cui et al // Food Research International. — 2024. — Vol. 187. — Art. 114456.
https://doi.org/10.1016/j.foodres.2024.114456.

9. Improvement mechanism of volatile flavor in fermented tilapia surimi by cooperative fermentation
/ C. Li et al // Food Chemistry. — 2024. — Vol. 449. — Art. 139239.

10. Toldra F. Proteolysis and texture evolution in fish products / F. Toldra // Food Chemistry. — 2006.
—Vol. 98. — P. 438-444.

11. Rustad T. Physical and chemical properties of protein seafood by-products / T. Rustad //
Maximising the Value of Marine By-Products. Woodhead Publishing Series in Food Science,
Technology and Nutrition. Cambridge: Woodhead Publishing, 2007. - P. 3-21.
https://doi.org/10.1533/9781845692087.1.3.

12. Protease activity and protein gelation / R. Ovissipour et al // Food Hydrocolloids. — 2012. — Vol.
27, Ne 2. — P. 335-343.

ISSN 2788-7995 (Print) Bectuuk Yuusepcurera [llakapuma. Texuuueckue Hayku Ne 1(21) 2026 403
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(21) 2026


https://doi.org/10.4060/cc0461en
https://doi.org/10.1016/j.aaf.2024.03.004
https://doi.org/10.3390/foods13040608
https://doi.org/10.3390/foods13162565
https://doi.org/10.1016/j.lwt.2020.109539
https://doi.org/10.1016/j.foodres.2024.114456
https://doi.org/10.1533/9781845692087.1.3

13. Kim S.K., Mendis E. Bioactive marine peptides: Properties and applications / S.K. Kim, E. Mendis
/I Food Research International. — 2006. — Vol. 39, Ne 4, — P, 383-393.

14. Seafood biopreservation by lactic acid bacteria / M. Ghanbari et al // Food Microbiology. — 2013.
—Vol. 34, Ne 1. — P. 123-132.

XK. Wagbaposa'*, A.6. Kypmanranuesal, A A. lapu6aesa’, H.6. CapcembGaeBa?, C.C. Toney6ekoBa®
1C. CelipynnuH atblHAafbl Kasak arpoTexHukanblk 3epTTey YHMBEPCUTETI,
010011, KasakctaH Pecnybnukackl, AcTaHa K., KeHic gaHfbinbl, 62
2Kazak ynTTblK arpaprblk 3epTTey YHUBEPCUTETI,
050000, KazakctaH Pecnybnukackl, Anmarsl K., Abai kelueci, 8
Slllakapim yHMBEpCUTETI,
071412, KasakctaH Pecnybnukacel, Cemen k., MuHka keweci, 20A
*e-mail: zhazirashadyarova@gmail.com

TUNANUALOAH OAWBIHOANFAH ®EPMEHTTENTEH BANbIK KOTNETTEPI: KONOEHTEWNI
BUOTEXHONOIMNANbIK, CNEKTPOCKOMUANDBIK XXOHE MUKPOCTPYKTYPAIbIK TAIIOAY

Xymbicma munanusiHeiH (Tilapia nilotica) 6ynwsikem miHi HeaidiHOe KpesemkKaribiK 20Mo2eHamneH
XoHe Streptococcus cremoris, Streptococcus faecalis var. liqguefaciens, Lactobacillus fermentum xeHe
Escherichia coli 64G npobuomukarnbiK wmaMMbiH KaMmMumbIH MyfbmuwmammObl MUKPOObMbIK dakblIMeH
b6alibimbinraH ¢bepmeHmmernizeH banblK KomaemmepiH anyObiH UHHO8AUUSbIK OUOMEXHOI02usachl
a3ipneHin, foibiMu  myprbidaH Heziddenodi. OHIMHIH KypbiibiMObIK, PEOoso2usifblK, CeKMPIIiK XoHe
MuKpobuornoausinblk Kacuemmepi mexkcmyparnbik npogunsdi manday (TPA), ®@ypbe mypneHdipaiw
UHpakbisbin  criekmpockonusicel  (FTIR), ckaHepneywi 371eKmpoHObIK Mukpockonusi (SEM) xeHe
cmamucmukanbik manday (ANOVA) edicmepi apkbinbl keweHOi baranaHObl. PepmeHmMayus KapKbiHObI
rpomeonu3di XeHe aKybl3 MampuuacbiHbIH Kalima KypbliyblH mybIHOambir, 6HiM XEcmKocmbiHbiH 27-34%
memeHOeyiHe, Koeze3usmiriei MeH cepnimoOiniaiHiH apmybiHa XaHe bifiFan yeman mypy kabineminiH 12-18%
JKoFapblnaybiHa akendi. FTIR Homuxenepi akybi30ap0obiH eKIHWINIK KYpbirbIMbIHbIH 632epaeHiH Kepcemmi, an
SEM mbifbi3 xoHe 6ipmekmi 2enbdik mopObiH KanbinmacybiH pacmaodbl. MukpobuonoausinbiK 3epmmeynep
xannbsl MUkpob caHblHbiH 1,5-2,0 pemmik memeHOeyiH XoHe awbIimKbi-3eH MUKPOgopacsiHbIH bacbklybiH
Kepcemmi. TexHonozusi hyHKUUOHaNObIK XeHe eepoduemarnbiK maram eHOIpiciHOe KondaHyra ofapbl
aneyemke ue.

Tylin ce3dep: hepmeHmmerneeH banbik eHimOepi; munanus (Tilapia nilotica); acwasiH 2omozeHambi;
mynsmuwimammObl  alWbImKbl,  Apomeonus;, mekcmypanelk manday (TPA); Mukpobuonoaussbik
mypaxkmabIbIK.
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®EPMEHTUPOBAHHLIE PbIBHbIE KOTJIETbI U3 TUITANWXA: MHOIOYPOBHEBBIN
BMOTEXHOJNOIMNMYECKU, CNEKTPOCKOMUYECKUA N MUKPOCTPYKTYPHbIA AHANU3

B pabome npedcmasneHa pa3pabomka u Hay4Hoe obocHO8aHUe UHHOB8aUUOHHOU buomexHomnoauu
rorny4yeHuUs1 hepmeHmMuUpo8aHHbIX pbibHbIX KOMem Ha OCHoge MbiwedyHolU mkaHu munanuu (Tilapia nilotica),
0b602aW€HHbIX Kpe8EMOYHbIM 20MO2EHAMOM U MyIbmuwmamMmMo8ol MUKpO6HOU Kyribmypod, ekroYarouel
Streptococcus cremoris, Streptococcus faecalis var. liquefaciens, Lactobacillus fermentum u
npobuomuyeckuld wmamm Escherichia coli 64G. [lposedeHa KOMIIeKCHasi OUEHKa CMPYKMYypPHbIX,
peoio2uyecKkuUx,  CreKmpOCKOMUYECKUX U  MUKpPOBUO/IO2u4YecKUx  xapakmepucmuk npodykma c
UCIMob308aHUEM MEKCMYPHO20 MpoghunibHo20 aHanusa (TPA), uHgpakpacHol Criekmpockonuu ¢
npeobpasosaHuem Dypoe (FTIR), ckaHupytowel 3nekmpoHHOU Mukpockonuu (SEM) u cmamucmu4eckoz2o
aHanu3za (ANOVA). ®epmeHmayus uHOyyuposana UHMeHCUBHbIU npomeonus u nepecmpolky 6ernkogozo
Mampukca, Ymo fpueersio K CHUXEHUI XEcmkocmu Ha 27-34%, ysenuyeHuto Koee3usHocmu U yripyeocmu, a
makxe pocmy enazocesi3biearouel criocobHocmu Ha 12-18%. FTIR-aHanus ebisgun nepepacrnpedeneHue
emopuyHol cmpykmypsbl 6ernkos, moeda kak SEM nodmeepdun cpopmuposaHue nrnomHol u 0dHOPOoOHOU
eeriesoll cemu ¢ yMeHbWweHHoU rnopucmocmsto. Mukpobuonoaudeckue uccrefosaHus nokasasnau CHUXeHUe
obuweao MukpobHoeo yucna Ha 1,5-2,0 nopsidka u nodasrieHue OPOXKe8o-MIecHe8ol MUKPOGIOPbl, YMo
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nodmeepxdaem rpupOOHbIl BUOKOHCEPBAUUOHHbIU 3¢hghekm chepmeHmayuu U yeesludeHUe CpoKa
xpaHeHusi. CeHcopHasi OUEHKa rioKasasna yry4duweHuUe COYHOCmU, mekcmypbl u obwel npuemaemMocmu
npodykma. Pa3pabomaHHasi mexHonoeaus obnadaem 8bICOKUM MOMEHUUanoM rnpoMbIWUIEHHO20 8HEOPEHUS
8 cekmope hyHKUUOHaIbHO20 U 2epo0uemuyecko20 numaxus.

Knroyeebie cnioea: ¢hepmeHmuposaHHble pbibHble npodykmbl, munanus (Tilapia nilotica),
KpesemouHbIli 20MO2eHam, MylfbmuwmamMmMo8asi 3aKeacka; Mpomeosnus, mekcmypHbll aHanus (TPA),
MuKpobuonoauyeckas cmabusibHOCMb.
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NEHIepP ©3EHIHIH CY BUOLUEHO3OAPbIHA ®OCP®OPK¥PAMAbI KANIAbIKTAPbIHbIH
©CEPIH BMUOMHOUKALIUANAY

AHOamna: byn makanada mexHo2eHOiK whbiry meai 6ap ¢ocghop KOChibicmapbiHbIH KarnObiKmapbIHbIH
KasakcmaHHbIH oHmMycmik eHipiHOeai JleHaep ©3€HiHIH Cy 3KOXyUecCiHiH 3KonoeusinbiK xardalibiHa acepi
3epmmendi. Cy yneinepi 2025 XbindbiH MaycbiM alibiHOa aHmporno2eHOiK xykmeme OeHaeli sapmypri bec
HykmedeH anblHObl. ©3eH Cybl MeH may XbIHbICmapbiHbIH MexXHO2eHOIK yUiHOinepiHeH arnbiHfFaH yrneinep
HeeisiHOe ¢ocepop KandbikmapbiH 0,1%, 0,3%, 0,6% xoHe 1,0% KOHUeHmMpauyusinapbiH KOCY apKbisibl
3epmxaHarnbiKk maxipube xypaisindi; bakbinay ynzinepiHde 6acka 0a Kocranap bosiraH oK. MHKybayusi 22-
24 °C memnepamypada xoHe maburu xapblK xardalibiH0a 72 caramka c0o3bli/10bI.

TakcoHomusnblK manday 6apbicbiHOa chumoniaHKmoH MeH KapanalbimMObinapObiH Chlorophyta,
Euglenophyta, Bacillariophyta, Cyanophyta xsHe Protozoa 6enimdepiHe xamambiH eKindepi aHbIKmManobl.
XKacbin 6andsipnapdsiH iwiHde Chlorella vulgaris ner Scenedesmus quadricauda 6acsiv 6051061, Ouamomob!
6andeipnapdaH — Navicula vulpina meH Fragillaria austriaca, aganeHansikmapdaH — Euglena agilis ne# Phacus
brevicaudatus mypniepi mipkendi. Ynzinepde coHdal-aK yuaHorpokapuommapObiH (Oscillatoria, Anabaena)
XoHe KapanalbiMObinapObiH (Paramecium, Arcella, Euplotes) ekindepi kesdecin, cydbiH Xofaphbl
mpoghmbIfbiFbIH XOHE OpeaHUKarsblK JlacmaHybIiH Kepcemmi.

0,1-0,3% koHueHmpauyusinapsiHOa Chlorella vulgaris neH Scenedesmus quadricauda 6esniceHdi
OambiObl, an 0,5-1,0% ke3iH0e myprepdiH KenwinieiHiH mexenyi, cydblH mendipnigiHiH memeHOeyi xoHe
opaaHo-MuHepandbik myHbanapObiH mya3inyi 6altikandsi. JJuamomObl 6bandbipnap pocchammel lacmaHyra eH
JKOFapbl ce3immarndbiK maHbImmai.

AnbiHFaH Homuxernep KepcemkeHOel, ¢hocchop KandblKmapbiHbIH MOMEH KOHUeHmpauusinapbiHOa
mukpobandbiprapdsiH ghomocuHmemukarnbslk 6encerdiniei apmadbi, byn onapOblH KOPEKMIK 3r1eMeHmmep
Ke3i pemiHOe myckeH 3ammapOb! nalidanaHa any KabinemiH kepcemedi. Analida KoHUeHmpauusinapoObiH
wekmi OeHeelice OeliH Xofapbinaybl Cy KaybIMOacmbifbiHbIH MYpPaKkmMblibifbiHbIH Oy3birlyblHa XOHe
buouyeHo3dbIH OeepadayusicbiHa akenedi. Ocblinatiwa, aHbiKmasiFaH 3aHObibiKkmap Mukpobandbipnap MeH
KapanalibiMObinapObl Ka3zakcmaHHbIH WafbiH ©3€H 3KoxylienepiHOeai aHmMpornozeHOiK oacep MeH
aKonoausinbiK XardalidbiH ceHimOi buouHOuUkamopnapb! pemiHOe natidanaHyra 6onambiHbiH 0anendeloi.

TyiiiH ce3dep: JleHeep o3eHi; hocghop KypamObl KandbiKmap;, Mukpobanobipniap; KapanalbimM
XoHOikmep; 6uouHOUKayusi; carnpobmabirbiK; 3KOI02USbIK xardal.
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