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Abstract. Recently, there has been a growing interest in the search for
alternative sources of protein. The paper presents the results of using different level
of the "Agro-Matic" protein concentrate.

Key words: alternative sources of protein, protein concentrate, cultivation,
feed.

The cultivation of aquaculture objects in the conditions of industrial fish
farming makes it possible to obtain a large volume of products in conditions
completely controlled by humans. Industrial fish farming allows you to grow fish in
closed and circulating water supply with fully controlled temperature and gas
conditions. The density of commercial fish content reaches 50-300 kg/m®.

Successful operation of closed systems in the cultivation of various fish species
Is possible only with the use of high-quality feed, which in its composition contains
all the necessary nutrients in certain proportions that fully meet the needs of fish.

Recently, prices for traditional feed raw materials have been increasing
annually. Dependence on suppliers of imported raw materials is also growing. The
rise in prices is for high quality protein sources such as fishmeal.
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Protein concentrate "Agro-Matic" contains white lupine (the Russian analogue
of soy), which allows it to be used to partially replace fishmeal.

Experimental work was carried out on the basis of the aquaculture department
of aquaculture and beekeeping of the Russian State Agrarian University — Moscow
Agricultural Academy named after K.A. Timiryazev.

The object of the study was tilapia fry. Tilapia was chosen as a test subject
because of its biology (resistance to adverse environmental conditions, disease
resistance, ability to grow at high stocking densities).

Rectangular glass aquariums were used for their maintenance. Heaters were
used to maintain the water temperature, and foam sponge pumps were used to
provide filtration. The water was saturated with oxygen using an external compressor.
The daily feeding rate was determined depending on the body weight of the fish in
accordance with the generally accepted rearing technology [4]. Feed was given
manually 4 times a day. Before feeding, the food was turned from solid to pasty.
Temperature and oxygen conditions were controlled using an automatic
thermooximeter manufactured by HANNA. Throughout the experiment, the water
temperature averaged 27 degrees, oxygen was within 5 mg/l, which determined the
optimal water parameters for growing tilapia. Once a day, a water change was carried
out (10 cm of the total volume of the aquarium). Control over the growth rate was
carried out during control fishing by individual weighing.

Table 1
Experience scheme

Variant concentrates (compound feed)

Indicator experienced
control
1 2 3
Content "Agro-Matic", % — 2,55 3,40 4,25
Crude protein level, % 42 45 45 45

The developed feed formulations for tilapia in terms of protein content met the
nutritional needs of fish. The amino acid composition of the feed is almost the same.

Table 2
Experiment results
Group
. experienced
Indicator control
1 2 3

15.01 |27.02 | 15.01 |27.02 | 15.01 | 27.02 | 15.01 | 27.02
Days of experience — 44 — 44 — 44 — 44
Average weight of fish, g 1.62 146 |164 |193 |164 |[191 |162 |17.1
Quantity, pcs 45 45 45 45 45 45 45 45
Feed consumed, g - 1104 | - 1104 | - 1104 | - 1104
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Ichthyomass, g 73 657 74 869 |74 860 |73 770
Survival, % - 100 |- 100 |- 100 |- 100
Absolute increase, g/pc. - 1298 | - 17.66 | — 17.46 | — 15.48
Average daily gain, g/pc - 030 |- 040 |- 040 |- 0.35
Average daily gain, % - 3.64 |- 383 |- 383 |- 3.76
km — 0.087 | - 0.102 | - 0.102 | - 0.095
Relative growth rate, % - 512 |- 576 | — 574 | - 5.50
Feed consumption, g/pc - 2453 | - 24.53 | — 2453 | — 24.53
Feed costs, kg/kg - 189 |- 1.39 | - 141 | - 1.58

As a result of the experiment, it was found that for the experimental groups of
tilapia with the replacement of fishmeal with 2.55% protein concentrate, they show
an increase in growth rates and a high survival rate.

The data obtained make it possible to recommend compound feed with the
replacement of 2.55% of fish meal with "Agro-Matic" protein concentrate for the
organization of production for the industrial production of starter feeds for tilapia fry.
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Annomauusn: B cmamve npedcmasieHvl pesyibmamvl NPOU3E00CHEEHHO20
onvima no eiuAHUI0 npenapama «Menpou» Ha MOIOUHYIO NPOOYKMUBHOCHb KOPOS
YepHO-necmpou nopoosvl. YcmaHnoeneHo, Ymo cKapMausanue 000aéKu 8 Koauvecmase
10 2 na 2ono8y 6 cymku cnocobcmeosano ygeaudenuio yooes Ha 6,3% npu 6Oonee
PAYUOHATLHOM PAcxo0e KOPMO8 HA eOUHUYY NPOOYKYULU.

Knrouesvie cnosa: xopogvl, kopma, Memuonur, 000asKd, payuoH, CymouHblil
YOOoll.

ObecnieueHre BBICOKOW MPOJYKTUBHOCTH >KMBOTHBIX 3aBUCUT Ha 65-70% oT
KOpMJIeHUs. ['paMOTHOE COCTaBJIEHNE PALIMOHOB JIOJKHO BKJIIOUATh B C€0s1 HE TOJIBKO
OamaHCHUpOBaHUE MO OOMEHHOM HEPTUU U CYyXOMY BELIECTBY, HO U IO HE3aMEHUMbIM
KHCJIOTaM C Y4€TOM HuX ycBOoeHMs. OJHON U3 TAKUX KUCIOT SIBISIETCSI METUOHUH -
JUIIOTPONHASL CEepOCOJeprKalllas HE3aMEHUMasi aMUHOKHCIOTA, YYacTBYIOIIAs B
CHUHTe3¢ Oelika B OpraHU3Me€ >KMBOTHOIO. METHOHMH MOBBIMAET 3((HEKTUBHOCTH
MCIIOJIb30BAHUS TPAH3UTHOTO MPOTEHUHA, a TAK)KEe HEOOXOUM JIJIsl BBIBEICHUSI KUPOB
U3 TE€YEHU, X OKHUCJICHMS, CHHTE3a KapHUTHHA U psAa OPYruX MeETa0OJIMYECKHX
¢ynkuwmii. [Io MHEHUIO psla aBTOPOB, METUOHUH SIBJIIETCS MEPBOM JTUMUTHPYIOLIEH
AMHUHOKHUCJIOTOW, TO €CTh OTPAHUYHUBAET TPOLYKTUBHOCTD JKUBOTHBIX. [ 1]

OpHUM U3 €CTECTBEHHBIX UICTOYHMKOB METHOHWHA ABJISIETCS MIPOT MOJICOIHYXA
n  kMbeIxu. OJIIHAKO, WCIIOJIL30BAaHHE HSTOM AaMHHOKHCIOTHI B  CBOOOJHOM
(HezammineHHoM) Bujae He dS(PQPEeKTUBHO, TaK KaKk MHKPOOpPraHuU3Mbl pyOia
pa3pyliaroT ee 10 MPOXOXKJeHUs B KuuleuyHuk. [loaToMy utoObl mpoitu pyoder B
KOJIMYECTBE, HEOOXOAMMOM JUIsi CHHTE3a MPOTEUHA, MOJEKYJIbl JaHHOU
AMUHOKHUCIIOTHI JOJKHBI OBITH 3aIIUINEHBI 00070YKON wian mMoauduimpoBansl. [lo
pa3HbIM UCTOYHMKAM, B cpeaHeM okono 60% MeTHOHMHA HCHOJIb3yeTCs
MUKpOOHOTON pyOia. OcraBiieecs: ero KOJIWYECTBO MPOXOJAUT PyOelr] U CTaHOBUTCS
JOCTYITHBIM JIJIS1 ICOPOLIMHU B KUIIEYHUKE. [2, 4]

CornacHO MHOTUM HMCTOYHHMKaM KOPOBBI B CpelIHEM HenomnonaydarT oT 10 go
15% metnonnna. OcoOEHHO 3TO XapakTEpHO JJIsl TPAH3UTHOTO mepuoja. B nepsbie
HEJENM TOocie POJOB y KOPOB HAONIOJAETCS CHUKEHHE MOTPeOJeHUsT CyXoro
BEILIECTBA, a MOTPEOHOCTh B HHEPIrUUM M MHUTATENbHBIX BEIIECTBAX BO3PACTAET.
MoOunu3yroTcsi pe3epBbl  Tella, NPEkKIE BCEro, >KUPOBBIE, YTO MPUBOAMUT K
HaKOIJICHUIO XKHpa B neueHu. Hens0OexxHoe nociiecTBue — AUCHYHKLIUS OpraHa U
HapylieHue oOMEHa BEIIECTB, OTPUIIATEIBHBIN YHEPreTUYecKuil OasaHc, KOTOPBIM
SBJISICTCSI TJIABHOW MPUYMHONW MHOTHX MPOOJIEeM CO 370pOBbEeM (HAmpHUMep, KETO3,
CUHPOM MOOWIIM3AITNH JKUpa) B TIEPBBIC HEJIETH mocie oTéna. [3]

OTO SBISETCSI OCHOBAHUEM JJIsl ONITUMU3AIIMK YPOBHSI Oelika B pallioHe KOPOB
B IIOCJICOTENLHBIN MEPHOJ] U CTAIUIO pa3zod, a TaKke oOecreueHrue MOCTYIICHUS B
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KpOBb AaMHHOKHCJIOT Ha TMOJjiepKaHue W oOpa3oBaHue Moyioka B (a3y mmka
JaKTallUH.

[lenrr wuccnemoBaHusl BKIIOYAET HW3YYEHUE  BIUSHUS  MCIOJIb30BAHMS
3aIIUIIEHHOTO METHOHUHA Ha MPOJAYKTUBHOCTb MOJIOYHBIX KOPOB.

MarepuaJjibl 1 MeTOAUKA UccJaenoBaHuA. [[1s JOCTHXKEHUS MOCTaBICHHON

ead HaMu ObUIM BBIOpAHBI METOAOM TPYMI-aHAJOTOB 28 370pOBBIX KOpOB
TOJINITUHU3UPOBAHHON YEpHO-TIECTPOH MOpobl. B kadecTBe 0a3bl 11 MMPOBEACHUS MCCIICIOBAHUS
ucnonb3oBanock  xossiicteo OO0  «ArpomMon», pacmonokennoe B ['psi3oBenkom  paiione
Bonoroackoit obmactu. Xo03SiCTBEHHBIN OMBIT MpoBoauics B TeueHue 100 mHel (¢ aBrycra mo
nexadpb 2021 roga).

CxeMa X03IUCTBEHHOI'O OIBITA IMpcacCTaBJICHA B T3.6J'II/IHG 1.

Tabnuya 1
Cxema X039iCTBEHHOI'0 ONbITA
Komnunuectso JIIMTEIbHOCTD TIEPUO/Ia, THEH
Ocobennoctu
['pynma JKUBOTHBIX, [IOJArOTOBU- .
. yuemmulit KOPMJICHUS
ToJ. TEJILHBIN
KonrTposbnas | 14 10 90 OCHOBHOM palHoOH
OCHOBHOM paloH
OneITHAA 14 10 90 +
MetnouH (10 r B CyTKH)

BriOpanHble JKMBOTHBIE OBUTM pasneneHsl Ha 2 rTpynnsl (mo 14 rosios
COOTBETCTBEHHO). JKMBOTHBIE KaXJAOW TPYyNIbl COACPKAIUCh B OJWHAKOBBIX
YCJIOBUSIX M TOJy4Yaldu OAWHAKOBBIM panuoH. ENWHCTBEHHBIM OTIMYMEM SIBISIIOCH
no0aBlieHHe B PAIMOH OMNBITHOM TPYIIbBI 3alMIIEHHOTO0 MeTHOHHMHA («MempoHy»
KOMITAaHUH «IBOHUK») B KoinyecTBe 10 I Ha TrOJIOBY B CYyTKH. ITO JENAIOCh YXKE Ha
MOJATOTOBUTENILHON CTAJNH C 1B MPUYYCHHS )KUBOTHBIX K KOPMOBOM T0OABKE.

Jannas  nmobaBka comepxkur 85%  DL-mernonmna. IlpousBogutesn
rapantupyer, uro MunuMyM 80% DL-meTnoHnHa  3a7aeHCTBOBAHO B
nuieBapuTesibHOM npouecce. M3 Hux Oonee 90% abcopOupyercs B KUILICUHUKE.
IIpn pasmepe rpanyn 1,8x3-4 mm «MenpoH» TOMOT€HHO TEPEMENIMBAECTCS C
KOpMOM. 3aniuTHas 000JIOUKa TpaHysl HE MOBPEKIAETCS HU NPH CMEIIMBAHUM, HU
MPU BBICOKUX TeMIIepaTypax, HU MPU HU3KUX 3HAYEHUAX PH, 4TO XapakTepHO s
cuioca. Bee 310 yBenMuMBaeT ycBosieMOCTh METHOHHHA UMEHHO B KUILIEUYHUKE.

Kopmienune >XMBOTHBIX OCYHIECTBISUIOCH B TOPSJIKE, YCTAHOBJIEHHOM B
XO35IUCTBE: CEHO M CHJIaXX B BUJE KOPMOBOM cMecu U komOukopm. [Ipeamnonaraercs,
YTO PpAIMOH TIOJHOCTHIO OOECMEeYMBACT MOTPEOHOCTh J>KMUBOTHBIX B OOMEHHOMU
SHEPIUHU, CyXOM BELIECTBE, IPOTEUHE, CBIPOM JKHPE U KIETYATKE.

BiusiHue 3aluiieHHOro METHOHMHA Ha MOJIOYHYIO MPOJAYKTUBHOCTH KOPOB
OIICHUBAJIM IyTEM IPOBEIACHUSA E€KEMECSYHBIX KOHTPOJIBHBIX JO€K, ONpE/IEeICHUS
comepkaHusi Oenmka W skupa B cooTBercTBuHM ¢ TpebOoBanusmu ['OCT 23327-98
«Momnoko. Monounsie mpoayKThl. MeTol u3MepeHHsl MacCoBOM J10JiM OOIIero a3ora
no Keenpnamo u onpenenenue mMaccoBoir gonau 6enkay; 'OCT 5867-90 «Moimoxo.
MosouHbie POAYKTHI, METOIbI ONIPEACIICHUS KUPaY.

[lo pe3synpTaTaM WUCCIEIOBaHUNA OBUIO OLIEHEHO HM3MEHEHHE MOJIOYHOM

IPOAYKTHBHOCTH KOPOB 3a YYCTHBIN niepuo onbita (90 qHeit) (Tadi. 2).
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Tabnuya 2
MoJsio4Hasi NPOTYKTHBHOCTh KOPOB

[Tokazarenn I'pynna

KonTponbHas | OnbiTHas
B nayvane omnbiTa:
CyTOuHBI! Y1011 HATypaIbHOW KUPHOCTH, KT 30,80+1,29 28,12+1,48
Maccosas nosist B MoJioke (%):
- JKupa 3,45+0,06 3,82+0,14
- Oenka 3,34+0,04 3,174+0,03
Cyrounsblii ynoit B 6azucHoi (3,4%) sKMPHOCTH, KT 31,34+1,48 31,33+1,59
B xoHue onbiTa:
CyTouHBIN y101 HATYpaJIbHOM JKUPHOCTH, KT 31,64+1,38 32,80+1,17
MaccoBast noinst B Mmosioke (%):
- JKUpa 3,59+0,13 3,69+0,12
- Oenka 3,43+0,03 3,36+0,03
Cyrounblii ynioit B 6azucuoi (3,4%) KUpHOCTH, KT 33,21+1,49 35,31+1,13
Banosslit ynoit B 6azucHoii (3,4%) sxupHocT 3a Bpems onbita, k& | 125404,76 128435,78

CyTO4HBIN yI0M KOPOB OIBITHOM T'PYIITBI IPEBBICUI aHAJOTUYHBIN [TOKA3aTEIb
KOHTPOJIbHOM Trpynmbl Ha 6,3% win Ha 2,10 kxr mo 6a3ucHo# xupHOCcTH U Ha 3,7%
uny Ha 1,16 Kr B HaTypajabHOM.

MaccoBast 7011 KUpa B MOJIOKE KOPOB, KOTOPBIM CKApMJIMBAaJId Iperapar,
OKa3aJIaCh HECKOJIBKO BBIIIIE, YEM Y KOHTPOJIBHBIX JKUBOTHBIX.

Kpome Toro, ckapMiimBaHue 3allMIEHHOTO METHOHMHA OKA3aJ0Ch BBITOJHO U
¢ sKoHoMHueckoi croponbl. Ilena 1 kr mpemapata «MenpoH» Ha BpeMmsi OIbITa
coctraBisuia 1400 py6. Jlob6aBieHue ero B muTaHue KOPOB MPHUBEIO K YIOPOKAHUIO
pauuoHa Ha 14 py0. Ho 3a cueTr pocTta CyTOYHOro ya0s 1o 0a3uCHOM >KUPHOCTH Ha
2,10 kr oTH 3aTpaTsl MOKpHIBatOTCA B 4,95 pasa.

Takum 00pa3oM, pe3ynabTaThl MPOBEACHHOTO HWCCIEAOBAHMS —IOKa3ajdu
MOJIOKUTENBHOE BIMSHHUE 3allMIIEHHOTO METHOHMHA Ha MNPOAYKTHUBHOCTH KOPOB
TOJIIITUHU3UPOBAHHON YEPHO-TIECTHON TOPOBI.
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