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Abstract

Background. The article presents results of the investigation of metal foreign
matter content in starter compound feeds for aquaculture objects. Metallomagnetic
particles can get into compound feeds at different stages of their production, which
is dangerous for fish health, especially at the early stages of their development. The
relevance of the study is due to the increase in production of valuable fish species in
aquaculture and the need to improve the quality of compound feeds. In the course
of the analysis the sources of contamination were identified and measures for their
elimination were proposed, which contributes to improving the conditions of fish
farming and increasing its productivity. The importance of the obtained results lies
in the possibility of their practical application for the optimization of technological
processes of feed production, which will reduce the content of impurities and im-
prove the quality of products, which, in turn, will contribute to the development of
aquaculture and food security.

Purpose. The objective of the present study is to investigate methods for pro-
viding food safety of starter compound feeds for aquaculture.

Materials and methods. In the production of starter compound feeds, we
measured the amount of metallomagnetic impurities, according to GOST 31484-
2012 (GOST — Russian National Standard). Preliminary grinding in a porcelain
mortar to the state of homogeneous mass, 4 control measurements were carried
out, the results of which are reflected in the article. Three measurement repetitions
were carried out using a horseshoe magnet with a magnetic induction value of
0.12 Tesla. The fourth one was performed with the help of the device “UZ-DIMP”
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for extraction of metallomagnetic impurities with the value of magnetic induction
0.2 Tesla. The metallomagnetic impurities were collected from the surface of the
screen of non-magnetic material placed on top of the magnet. Placing the collected
material on paper, we determine the size and measure the mass of impurities on
analytical scales. Subtracting the mass of paper, we obtain the value of the mass
of metallomagnetic impurities.

Results. In the course of the study, measurements of the content of metal-
lomagnetic impurities in starter compound feeds for aquaculture facilities were
carried out. The results confirmed the presence of these impurities, indicating the
need for stricter quality control at all feed production stages. Metallomagnetic
particles, which may enter the feed during its pelleting or grinding, pose a risk to
fish health, especially at the stage of their early development, when sensitivity to
external factors is at its maximum.

The relevance of this study is due to the growing demand for aquaculture
products in the context of global food security. In recent years, in Russia and
other countries, there has been an active development of fish farming, which
requires an increase in feed quality standards. Since compound feed is the
main source of nutrients for fish, control of its purity and composition is of
strategic importance for the health of aquatic bioresources and increasing their
productivity.

Conclusion. The importance of the obtained results lies in their practical ap-
plication. Detection of sources of metallomagnetic impurities in mixed fodders
allows to optimize technological processes aimed at reducing feed contamination,
and contributes to the development of methods of effective elimination of such
impurities. This, in turn, will lead to improved growth and survival rates of fish,
reducing the cost of prevention and treatment of diseases caused by the presence
of foreign particles in feed.

Thus, the results of the study contribute to improving the quality of feed pro-
duction and strengthening the aquaculture sector, which is particularly important in
the face of increasing demand for environmentally friendly products and resources
for sustainable fish farming.
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Hayunas cratbst

NCCIIEJOBAHUE HAJINYNSA
METAJJIOMATHUTHBIX IPUMECEN
B CTAPTOBBIX KOMBUKOPMAX
JJISI AKBAKYJIBTYPE

A.B. Cmapocmun, C.A. Mapuenxo,
H.0. Mapmuiniok, A.B. Onvwesckasn, M.IO. Ooadawian,
.C. Manzacapsan, H.A. Kynukosa

Annomauusn

Oo0ocHoBaHMe. B crarbe npencTaBieHbl pe3yibTaThl UCCIEAOBAHUS COAEp-
JKaHMsl METAJJIOMArHUTHBIX TIPUMECEH B CTAPTOBBIX KOMOMKOpMax [yl 0OBEKTOB
aKBaKyJIbTypbl. MeTalJIOMarHUTHBIC YACTUIIGI MOTYT TIOMaAaTh B KOMOMKOpMa Ha
pa3NUYHBIX 3Tanax MX MPOMU3BOACTBA, YTO IMPEJCTABISET OMACHOCTh JUIS 30PO-
Bbsl PO, OCOOCHHO HA PAaHHUX CTAIMAX PAa3BUTHUS. AKTYyalIbHOCTbh UCCIICIOBAHHS
00yCJIOBIICHA YBEINYCHUEM NIPOM3BOJCTBA IIEHHBIX BHIOB PHIO B aKBAKyJIbBTYpe H
HEOOXOIMMOCTBIO MOBBIIIEHHS KauecTBAa KOMOMKOPMOB. B xoz1e aHanm3a Obuin BbI-
SIBJIEHBI HICTOUYHUKHU 3arpsi3HEHUS U MPEII0KEHBI MEPHI 110 UX YCTPaHEHMIO, YTO
CIIOCOOCTBYET YITyUIICHUIO YCIOBUH BBIPAIIMBAHUS PHIOBI M MOBBIICHUIO €€ IIPO-
JTYKTUBHOCTH. Ba)KHOCTb NOJIyUeHHBIX Pe3yNbTaTOB 3aKIF0YaeTCsl B BO3SMOKHOCTH
HX IPAKTUYECKOTO MPUMEHEHUS ISl ONTUMU3ALUN TEXHOJOTUYECKUX MPOLIECCOB
MIPOU3BOJICTBA KOPMOB, UTO MIO3BOJIMT CHU3UTH COJIEpyKaHUe IIpUMecei U yIydIlnTh
KaueCcTBO MPOIYKIINH, YTO, B CBOIO OUEpe/ib, OyleT CIIOCOOCTBOBATH PA3BUTHIO aK-
BaKyJIBTYPbI U 00€CIIEUEHHIO MTPOJIOBOJILCTBEHHON 0€3011acHOCTH.

Hensb. Llenbo HACTOSIIETO UCCISIOBAHUS SBISCTCS M3YyYSHHUE METOOB 00e-
CIIEUEHHs TIPOIOBOJIBCTBEHHON 0E30IaCHOCTH CTAPTOBBIX KOMOMKOPMOB JUIS aK-
BaKyJIBTYPBHI.

MarepuaJibl 1 MeToAbI. [IpH IPON3BOACTBE CTAPTOBOTO KOMOMKOpMa HOBLIO U3-
MEPEHO KOJIMUYECTBO METAJUIOMAarHUTHBIX puMeceit, cortacuo ['OCT 31484-2012.
[penBaputensHO N3METBIHB B (hapHopoBoii CTYIIKE 0 COCTOSHIUS OHOPOJHON Mac-
Cbl, ObLIO TIPOBENICHO 4 KOHTPOJIBHBIX U3MEPEHHS, PE3YIIBTaThl KOTOPHIX OTPasKeHBI
B cTaThbe. TpU U3MEPHUTENBHBIX IOBTOPA MPOBEIH C IIOMOLIBIO MTOAKOBOOOPA3HOTO
MarauTa co 3HadeHreM MarHuTHOW mHAyKuuu 0,12 Ti. YerBEpThiii — ¢ IOMOIIBHIO
ycrpoiictBa «Y3-JAUMII» st u3BnedeHUs: METaJUIOMarHUTHBIX IpUMecei co 3Ha-
yeHueMm mMarHuTHoi nHaykuuu 0,2 Tin. C moBepXHOCTH 9KpaHa U3 HEMarHUTHOTIO
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Marepuraa, yCTAaHOBICHHOTO TIOBEPX MarHUTa, ObLTIH COOpaHbI METaNIOMAar HUTHBIE
npumecH. [TomecTB coOpaHHbIH MaTepuas Ha Oymary, ObLT ONpeNeNieH pa3Mep ya-
CTHIl U ObllIa U3MEPECHA Ha aHAIMTHYECKUX Becax macca npumeceid. [Ipu BbrauTe
Macchl Oymaru, ObUIO TIOYYeHO 3HaUeHHE MACChl METAIUIOMArHUTHBIX MIPUMECEH.

Pe3yabTrarsl. B xone uccnenoBanust ObUTH POBEICHBI U3MEPEHHST COIEPIKAHMS
METaJNIOMarHUTHBIX HpHMCCCﬁ B CTapTOBBIX KOM6I/IKOpMaX JJIs OGLCKTOB aKBa-
KyJlbTypHl. [lomydeHHbIe pe3ybTaThl MOATBEPIAMIN HATNINE STHX IIPUMECEH, 4TO
yKa3bIBaeT Ha HEOOXOIUMOCTB OOJiee CTPOTrOro KOHTPOJISl KadeCcTBa Ha ATanax mpo-
M3BOJICTBA KOMOMKOPMOB. MeTauIOMarHUTHbIE YaCTHIIbI, KOTOPBIE MOTYT IOMa-
JaTh B KOPM B TPOILECCE €ro TPaHyIMPOBAHUS WIH U3METBICHUS, TPEACTABISIIOT
OIIACHOCTH JUIS 30POBBS PHIO, 0COOCHHO Ha CTaJIMH UX PAHHETO PAa3BUTHS, KOTIA
YyBCTBUTEIBHOCTH K BHEITHUM (haKTOpaM MaKCHMalibHa. AKTYalbHOCTh JTaHHOTO
nccaenoBanus 00yCIOBIEHa PACTYLIMM CIIPOCOM Ha MPOIYKIHIO aKBAKYIBTYpHI B
YCIOBHAX T00ATBHON MPOIOBOIILCTBEHHON 0e30macHOCTH. B mocnennue roapl B
Poccun u qpyrux crpaHax HaOMOIaeTcs aKTHBHOE pa3BUTHE PHIOOBOACTBA, YTO
TpeOyeT MOBBIIIEHUS CTAaHAAPTOB KauecTBa KOPMOB. [10CKOIbKY KOMOMKOPM SBIIS-
€TCs1 OCHOBHBIM HCTOYHHUKOM ITUTATENBHBIX BEIIECTB ISl PBIO, KOHTPOJIb €T0 YUCTO-
ThI M COCTaBA UMEET CTPATErNUECKOe 3HAYCHUE JUIs 3I0POBbS BOAHBIX OHOpECYpCcOB
U MOBBIICHUSA UX MTPOAYKTUBHOCTH.

3akurouenue. BayXHOCTB TOTyYEHHBIX PE3YIIBTATOB 3aKIIFOYAETCS B MX MPAKTHYIE-
cKkoM npuMeHeHHH. OOHapyKeHHE HCTOYHUKOB METAIOMAr HUTHBIX TIPUMECEH B KOM-
6I/IKOpMaX TMO3BOJISICT ONITUMU3UPOBATH TEXHOJIOIMYCCKUE ITPOLIECChI, HAITPABJICHHBIC
Ha YMEHBIIICHUE 3arPSI3HEHUS] KOPMOB, U CIIOCOOCTBYET pa3paboTke METOI0B P dek-
THUBHOTO YCTPaHEHHS TAKKX TIPUMECei. DTO, B CBOIO OUepellb, IPUBEIET K YITyUIICHUIO
roKaszaresyied pocTa U BbDKMBAEMOCTH PbIO, CHIDKCHHIO 3aTpar Ha NPOQHIAKTHKY U
JIeYeHUE 3a00JIeBaHNH, BEI3BAHHBIX HAJTMYHEM IIOCTOPOHHUX YACTHI] B KOpMaX.

Takum 00pa3zoM, pe3ynnbTaThl UCCIEA0BAHHS CIIOCOOCTBYIOT MOBBIIICHHIO Ka-
YeCcTBa MPOU3BOJCTBA KOPMOB M YKPEIUICHHIO aKBaKYJIbTyPHOTO CEKTOPa, YTO 0CO-
OEHHO BaYKHO B YCIOBHUSX YBEINYMBAIOLIECIOCS CIPOCA HAa SKOJIOTHYECKU YHUCTYIO
MIPOIYKIMIO ¥ PECYPCHI ISl yCTOHYMBOTO Pa3BUTHSI PHIOOBOICTBA.

KaioueBble c10Ba: MeTaIMYECKasi CTPY)KKA; PhIOOBOJICTBO; BEDKHBAEMOCTh
MaJIbKOB, MCTAJJIOMAarHUTHBIC YaCTHIIbI, HO}IKOBOO6pa3HbII71 MAar"HuT,; KOpMoOBas
CMeCh; ITUIIEBasi IPOMBIIIICHHOCTD

Juas uuruposanus. CrapocrtuH, /1. B., Mapuenxo, C. A., Mapteintok, U. O.,
OmnbiieBckasi, A. B., Ongabamsn, M. 0., Manracapsn, . C., & Kynuxosa, H. A.
(2025). UccnenoBanue HATUYHSI METAITIOMAarHUTHBIX TTPAMECEH B CTAPTOBBIX KOM-
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Introduction

Currently, there is an increase in the production of valuable fish species in
aquaculture. In order to ensure food security, starter feed is becoming a strate-
gically important product, as its quality directly affects the growth and survival
rates of fry. Against the backdrop of declining natural fish populations, industrial
aquaculture specialists are striving to restore them as soon as possible. In this re-
gard, it is necessary to pay special attention to the quality and balance of starter
feeds due to the biological characteristics of juvenile fish at early stages of onto-
genesis and to ensure their sustainable development. As a consequence, volumes
of compound feed production increase annually in Russia. Knowing the nutrition-
al needs of growing species, it is possible to make nutritionally balanced feeds.

Materials and methods

High-quality starter compound feed is balanced in terms of nutrients and
biologically active additives, meets the requirements of moisture resistance and
crumbliness. Every year in Russia the volume of production of compound feeds
for fish is increasing, shown in Fig. 1.
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@ The volume of production of mixed feeds for fish per year

Fig. 1. Production volume of mixed fodder for fish per year, thousand tons

Production of compound feeds. At manufacture of starter compound feeds
on the basis of basic components, such as: fish, wheat, meat-bone and chick-
en meal, soybean meal, etc. the following technological process is carried out.
Production of starter compound feeds consists of operations presented in Fig. 2.
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P " ¢ 1. Weighing of components according to the recipe
reparation o —_—

feed mix 2. Sieving, in order to remove coarse particles

1. Mixing and moistening of the feed mix
Pelletizing —*| 2. Pelletizing

3. Pellet sieving to remove flour

1. Preparation of the oil and fat fraction
Oiling — | 2. Treatment with pellet solution

3. Pellet drying

Grits production —— | 1. Pellet grinding |

Separation —»l 1. Fractionation of grits I

Fig. 2. Technological production processes of starter compound feeds

When the finished feed is sieved using a vibrating screen on the discharge
platform equipped with magnetic catchers, metal and magnetic impurities are
detected. Having analyzed the technological line of feed production, two prob-
able sources of metal shavings were identified:

1. Friction of rollers against the matrix during the pelletizing process;

2. Friction between rollers in pellet shredders

In the production of starter compound feeds, we measured the amount of
metallomagnetic impurities, according to GOST 31484-2012 (GOST — Russian
National Standard). Preliminary grinding in a porcelain mortar to the state of
homogeneous mass, 4 control measurements were carried out, the results of
which are reflected in Table 1. Three measurement repetitions were carried out
using a horseshoe magnet with a magnetic induction value of 0.12 Tesla. The
fourth one was performed with the help of the device “UZ-DIMP” for extraction
of metallomagnetic impurities with the value of magnetic induction 0.2 Tesla.
The metallomagnetic impurities were collected from the surface of the screen
of non-magnetic material placed on top of the magnet. Placing the collected
material on paper, we determine the size and measure the mass of impurities
on analytical scales. Subtracting the mass of paper, we obtain the value of the
mass of metallomagnetic impurities.
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Table 1.
Results of parallel measurements
Experiment Ne Results, g
1 0,0048
2 0,00477
3 0,00498
4 0,0052

Calculation have been made using the formula (1):
[x_1-x 2 |<r (1)
where x_1 and x_2 — results of the first and second parallel measurements,
mgkg .
r — value of the repeatability limit — 1,4 mgkg .
1) |14,8-4,77/=0,03
[x 3-x 4 |<R
where x_3 and x_4 — results of the first and second parallel measurements,
mgkg .
R — value of the reproducibility limit — 2,0 mgkg .
(1D) |14,98-5,2|=0,22
According to GOST, the accuracy of changes should be within 5% of the
specified value, it follows from the confidence probability equal to 0.95. Let’s car-
ry out calculations and compare the obtained values with the required parameters.
4,77%0,95=4,53
4,77-4,53=0,24
1) 0,03<0,24
4,98%0,95=4,73
4,98-4,73=0,25
(II) 0,22<0,25
Having measured the amount of metallomagnetic impurities in the pre-
pared feed, let’s compare the obtained values with the norms specified in GOST
10385-88. Mass fraction of metallomagnetic impurity (particles up to 2 mm in
size inclusive) mg in 1 kg of feed for gilts, not more than 15 mg. According to
the results indicated in Table 1, the obtained values are within the permissible
values of the state standard.

Results

In the course of the study, measurements of the content of metallomagnet-
ic impurities in starter compound feeds for aquaculture facilities were carried
out. The results confirmed the presence of these impurities, indicating the need
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for stricter quality control at all feed production stages. Metallomagnetic par-
ticles, which may enter the feed during its pelleting or grinding, pose a risk to
fish health, especially at the stage of their early development, when sensitivity
to external factors is at its maximum. The relevance of this study is due to the
growing demand for aquaculture products in the context of global food security.
In recent years, in Russia and other countries, there has been an active develop-
ment of fish farming, which requires an increase in feed quality standards. Since
compound feed is the main source of nutrients for fish, control of its purity and
composition is of strategic importance for the health of aquatic bioresources
and increasing their productivity.

Discussion and conclusion

The importance of the obtained results lies in their practical application.
Detection of sources of metallomagnetic impurities in mixed fodders allows to
optimize technological processes aimed at reducing feed contamination, and
contributes to the development of methods of effective elimination of such im-
purities. This, in turn, will lead to improved growth and survival rates of fish,
reducing the cost of prevention and treatment of diseases caused by the presence
of foreign particles in feed.

Thus, the results of the study contribute to improving the quality of feed
production and strengthening the aquaculture sector, which is particularly im-
portant in the face of increasing demand for environmentally friendly products
and resources for sustainable fish farming.
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