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Abstract. Total dependence of aquaculture on imports of feeds can significantly compromise Russia’s
food supply security; hence the task of designing new domestic feeds is of primary importance. A
major challenge of world aquaculture is providing fish with a balanced diet, in particular, with a well-
balanced composition of amino acids. In this review, we analyze international publications on the
composition of amino acids in fish feed over the last two years. We summarize the data on the amino
acid composition of prospective food sources for fish aquaculture: agricultural crops, insects, annelids,
higher crustaceans, animal waste, phytoplankton, zooplankton, macrophytes, and microorganisms.
We performed a comparative analysis of the composition of amino acids in promising aquafeed sources
and fish flour traditionally used for fish feeding. Based on the results, we conclude that each of the
examined food sources can be used as a component of fish nutrition and offers realistic prospects for
production of alternative feeds. To ensure high quality of fish aquaculture products, the priority should
be given to development of technologies which allow to control amino acid feed composition during
the production process with respect to fish species-specific needs. It is hoped that this review will be
useful to researchers and practitioners involved in designing and producing new domestic aquafeed
for fish.
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AMHHOKHCJIOTHI B EPCHIEKTUBHBIX KOPMax
JJIS1 AaKBAKYJIbTYPbI PbIO:

0630p IKCIIEPUMEHTAJBbHBIX NaHHBIX

B.U. Koamakos*®, A.A. KosimakoBa®
“Uncmumym 6uoghusuxu

QUL «Kpacnospckuil nayunsii yenmp CO PAH»
Poccuiickaa ®edepayus, Kpacnosapck
SCubupckuii ghedepanviviil ynusepcumen
Poccuiickaa ®@edepayus, Kpacnosapck

AnHoTtanus. ToTanpHas 3aBUCHMOCTB OT HMIIOPTA KOPMOB IS aKBAKYJIBTYPBI MOJKET CTaTh MPUIMHON
MOTEPU MPOJOBOIBCTBEHHON Oe3omacHoctn Poccuun, mosToMy mHepBOOYEpenHON 3ajadeil sBIseTCs
pa3paboTKa 0TeUeCTBEHHBIX KOpMOB. O1HA M3 TTIaBHBIX TPOOIeM MUPOBOH aKBaKyJIBTYPbl—00ecIeueHe
PBIO panMOHAIEHBIM MUTAHUEM, UMEIOIINM COATaHCHPOBAHHBIA cOCTaB AaMHHOKHCIIOT. B HacTosemM
0030pe NpOBeJEH aHaTIHU3 JINTEPATYPhI II0 COCTAaBY aMHHOKHUCIIOT B KOPMaXx JIsl pbI0, Oy OIMKOBaHHOH
B MEXIYHapOAHBIX JKypHaJlax I0 aKBaKyJbType 3a HoclegHue aBa roxa. [IpencraBieHbl qaHHbIC
0 COCTaBEé AMMHOKHCIIOT B NMEPCHEKTHUBHBIX KOPMOBBIX O0OBEKTaxX ISl UCKYCCTBEHHOTO pa3BeACHUS
pBIO: CENBbCKOXO3AHCTBEHHBIE PACTEHHUS, HACEKOMBIC, KOJbYAThle YEPBH, BBHICIINE PAKH, OTXOABI
JKUBOTHOTO  TPOU3BOJCTBA, (PUTOIUIAHKTOH, 300IJIAHKTOH, MAaKpO(UTBl, MHKPOOPraHU3MBI.
[TpoBesneH cpaBHUTEIBHBIH aHAJIN3 COCTABA AMUHOKHUCIIOT B IIEPCHEKTUBHBIX KOPMaX U PHIOHON MYKe,
TPaJAULMOHHO MPUMEHSAEMOM NI PallMOHATIBHOTO KOpMJEHHUs pbl0. CrenaH BBIBOM, YTO KaXABIH U3
PaccMOTPEHHBIX KOPMOBBIX OOBEKTOB MO COCTABY AMUHOKHCIIOT MOXKET OBITh KOMIIOHEHTOM ITHTAHUS
pBIO U MpeacTaBiaseT coOoW MOTEHIMA ISl MPOU3BOJCTBA albTEPHATUBHBIX KOpMOB. OmHAKO IS
CO3/IaHUSl KAYeCTBEHHOW TOBAPHOW pBHIOONPOAYKINHU JIONOJHUTEIbHbIE NPEMMYIIECTBA Ha PHIHKE
HOJTy4aT KOpMa, COCTABOM aMHUHOKHCIIOT KOTOPBIX MOKHO YIIPABJISITh IIPH UX MPOU3BOJCTBE C yUETOM
Bupociennuieckux norpedHocrelt peid. Ilpenmnonaraercs, uTo Bes 3ta nHGOpMarus OyaeT rnonesHa

IUTSL pa3pabOTKH U MPOM3BOJCTBA HOBBIX OTCUCCTBEHHBIX KOPMOB IS PBIO.

KuroueBble ¢JI0Ba: aMHHOKHUCIIOTHI, KOPM ISl PBIO, PHIOHASI MyKa, PALlMOH MMTAHHUS, aKBAKYJIBTYPa.

IurupoBanue: Konmakos, B.Jl. AMHHOKHCIOTHI B EPCIIEKTHBHBIX KOPMaX AJIsl aKBAKyJIETYPhI PBIO: 0030p IKCIIEPUMEHTATBHBIX
nanubix / B.M. Konmaxkos, A.A. Konmakosa // XKypa. Cub. dpexnep. yu-ta. buonorns, 2020. 13(4). C. 424-442.DOLI: 10.17516/1997-
1389-0332

Beenenue opranmsaru OOH (FAO, 2018), Ha 101110 pibbI

OO0men3BecTHO, 4TO pbida sABIsSETCS Bak-  npuxoautes 17 % oOmeMupoBoro noTpediaeHus
HBIM M HEOOXOAMMBIM JUIsl 3[J0POBbSI YEJIOBEKa  IKMBOTHOIO Oejika HacelieHHeM IiaHeThl. Oue-
MPOAYKTOM HHUTAHMS, MMEIOMMM CcOATaHCHUpPO-  BHJIHO, YTO IPOJOJDKAIOIINKCS POCT HACECICHUS
BaHHBII cocTaB aMHHOKHUCIHOT (AK). Ilo naHHBIM U TOBBIIIEHHE OIArOCOCTOSHUS JIOACH B HEKO-

[IpomOBONBECTBEHHOW M CEIBCKOXO3SHCTBEHHOW  TOPBIX KPYIHBIX a3uaTckux crtpaHax (Kwuraii,
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Wunust, UuaoHe3us) npuBoasT k (HopMupoBa-
HHUIO YCTOHYUBOTO CIpoca Ha pbI0y, 0COOCHHO
HEHHBIX BUJOB. [Ipy 3TOM OCHOBHBIE HAJEXKIbI
Ha pelIeHHue TPOoOJIeMBl CHAOXKEHHUS YeIOBEKa
MIOJTHOIIGHHO!M pBIOHOW MUILEil CBs3aHbI C yBe-
JMUYCHUEeM TPONYKINHU akBakyiIsTypsl (Kwasek
et al., 2020). Ceituac ee MHPOBOE IIPOU3BOICTBO
MPUMEPHO CPABHSJIOCH C MIPOAYKIUEH PBIO, BBI-
JIOBJIEHHBIX BO BHYTPEHHHUX BOZOEMaxX U MOpPSIX
(FAO, 2018). B manpHeiineM J0isi aKBaKyIbTY-
Pl OyZIeT pacTu, Tak Kak IpOMBICE PhIO yxe 10-
CTHUT BEPXHETO Ipefenia, MPEBIIeHUEe KOTOPOTo
(T.e. TIEpEIIOB) MOYKET MPHUBECTH K KaTacTpodu-
YEeCKOMY HMCTOIICHUIO Ba)KHEHIEero OHoJormye-
CKOTO pecypca.

OO0ecrieyeHre phHIO palMOHATBHBIM ITHTA-
HUEM, HMEIOUIUM cOalaHCHPOBAHHBIH COCTaB
AK, ogHa W3 TIaBHBIX MPOOJIEM MHPOBOU aK-
BakyaeTypsl (Li, Wu, 2020). [lis Hamiel ctpa-
HBl JaHHas TMpoOieMa OCOOCHHO aKTyaJlbHa.
ToTtanpHast 3aBUCHMOCTH OT HMMIIOPTa KOPMOB
HE TIO3BOJISIET Pa3BUBATHCS COBPEMEHHOMY OT-
€4EeCTBEHHOMY pPBIOOBOJCTBY M MOXKET IpHBE-
CTH K TIOTEpE MPOIOBOIBCTBECHHOHN, a 3HAYHUT, U
HaI[MOHAJIBHOHN Oe3omacHocTU. M 3TO B CcTpaHe,
rae B 1970-1980-x rr. ToBapHOE BbIpALIUBAHUE
pBIO OBLIO OXHON M3 CaMbIX MEPEIOBBIX U OYyp-
HO pa3BUBAIOLINXCSA OTpacleil ITPOM3BOICTBA.
IlosTomy B nmanHOM 0030pe Obla MOCTaBJCHA
3a/1a4ya: MO3HAKOMHTHh POCCHUCKHX PHIOOBOJIOB,
HMPaKTUKOB U IIPOU3BOIUTEICH KOPMOB C PE3yJIb-
TaTaMU UCCIICIOBAaHUH COCTaBa aMHHOKHCIIOT B
MEPCTIEKTUBHBIX KOPMOBBIX OOBEKTaX IS HC-
KYCCTBEHHOTO Pa3BEICHUS PBIO, OMyOIMKOBaH-
HBIX B MHOCTPAHHBIX XKypHaJaX M0 aKBaKyJIbTYy-
pe 3a mocienuue aBa roga. [Ipeamnomnaraercs, 4To
u3noxeHHas: nHpopmanus OyneT BocTpeboBaHa
MPaKTHYSCKUMH CIICIIAATTUCTAMU TIPH CO3JIaHUU
COBPEMEHHBIX OTE€YECTBEHHBIX KOPMOB.

B Teopuu “uaeanbHblil” pallloOH MO COCTaBy
AK momxeH ObITh aHaIOTHYCH (MK OJU30K) TOU

TIHIIIE, KOTOPYIO MOTPEOISIOT PHIOBI B €CTECTBEH-

HbIX ycyoBusAX. OQHAKO Ha MPAKTHKE pean3o-
BaTh 3TO CJOXKHO, MO3TOMY JUIUTEIHFHOE BpPEeMs
B KayeCTBE OCHOBHOTO KOPMOBOI'O KOMITIOHEHTa
HCTONb3yeTcs peiOHast Myka (PM), momydgaemas
Iocye CYIIKH ¥ U3MEIBUCHHUS PBIO MIIM OTXOH0B
pBIOHOTO TIPOM3BOACTBA. bbIIIO IPUHSTO, YTO CO-
crtaB AK B KOpMe 0JI’KEH COOTBETCTBOBAThH CO-
craBy AK texna peIO, 3THM KOPMOM ITHTAIOIMXCS
(Mambrini, Kaushik, 1995). ITox cocraBom AK
TPAJAUIMOHHO TOHUMAIOT “NPOLEHTHBIH CO-
ctaB”, Tae coaepxanue kaxao AK npuBogutcs
B IIPOLIEHTaX OT cyMMapHoro cojepxanus AK.
Kak mnpaBuno, PM mnpousBoguTcs myTeMm
nepepadOTKH MEITKNUX IPOMBICIOBBIX Hejarnye-
CKHX DPbIO U Z0JIsI TAKOH “KOPMOBOI” PBIOBI yiKe
npesbimaeT 10 % oT 001ero MUPOBOTO BBIJIOBA.
Tak xax PM B G0JbIIIOM KOJTHUYECTBE UCTIOIB3Y-
€TCsl B aKBaKyJbTYpe, a TaKXkKe IS KOPMIICHUS
CeJIBCKOXO3AMCTBEHHBIX (KYpBI, CBUHBH) M JO-
MAaITHUX JXABOTHHIX (KOIIKH, COOaKH), TO IICHBI
Ha Hee noctostHHO pactyT (Hodar et al., 2020).
OueBUIHO, YTO JaJbHEHIIUH POCT TOBAPHOrO
MIPOU3BOJICTBA PHIOBI BO3MOXKEH TOJIBKO 32 CYET
3amerenusi PM abTepHaTHBHBIMH KOPMOBBIMH
KOMIIOHEHTaMH. B mepByio odepenb K TaKOBBIM
CJIeyeT OTHECTH CeJIbCKOXO3SHCTBEHHBIE pac-
TEHHsI, HACEKOMBIX, KOJBYAThIX 4YepBel, BbIC-
IIMX PaKoOB, OTXO/bI )KMBOTHOI'O ITPOM3BOJICTBA
(BHYTPEHHOCTH, Tepbsi, KpOBb W T.1.), (uro-
TIJIAHKTOH, 300IUIAHKTOH, BBICITYIO BOJHYIO pac-
THUTEJIBHOCTh, TETEPOTPOPHBIE U aBTOTPODHBIE
Mukpoopraum3mel (Hua et al., 2019). Liens 0030-
pa — IPOBECTH CPaBHUTEIBHBIN aHAJIU3 COCTaBa
AMHHOKHCIIOT B TIEPCIIEKTHBHBIX KOPMOBBIX 00b-
€KTax JJIsl TOBAPHOT'O BEIpAIlMBAHUS PBIO U PBIO-

HOH MyKe.

AMMHOKHCJIOTHI B IUTAHUHU PbIO

AMUHOKHCIIOTBI B OHTOTE€HE3€ PBHIO SIBIIS-
I0TCS OCHOBHBIMH CyOcTpaTamMu il CHHTE3a
0enKOB U OMOJIONMYECKH aKTHUBHBIX BEILECTB, a

Ha paHHUX CTAAUAX PA3BUTUA pBI6 — OCHOBHBIMHA
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UCTOYHUKaMH 3Hepruu. IloTpebHOCTH B Genke
y Mopckux pbi0 cocrasisier 40—55 % ot cyxoi
Macchl KOPMOB, y OOJIBLIIMHCTBA IIPECHOBOIHBIX
pu16 — 28—40 % (Henry et al., 2015). Oxnako xo-
JIMYECTBO Oejika B KOPME Ba)KHOE, HO HENOCTa-
TOYHOE yciioBHE 3((PEKTUBHOTO NUTaHUS. B ak-
BaKyJbTYpe NMPUHATA KOHUENIUSA “UIeaTbHOr0”
KOpMOBOT0 OelKa, COTIaCHO KOTOPOH Haeaib-
HBIM CYMTaeTCsi OeJOK co cOallaHCHPOBAHHBIM
coctaBoM AK, Hanbosee 1MojsHO COOTBETCTBYIO-
MM MOTPEOHOCTSIM MUTAIOIIErOCsl OpraHu3Ma.
[Tpu 3TOM pexomengyeTcst 0co00 yUHUTHIBAT I10-
TpeOHOCTH B cocTaBe He3ameHUMBbIX AK, T.e. He

cuHTe3upyeMbIx peidamu. K HezameHumMbiM AK

y pbIO OTHOCSITCSI aprUHUH, TUCTHIIUH, H30JIEH-
LIWH, JIEWIIHH, JIN3UH, METHOHUH, (PeHUITAIAaHIH,
TpeoHuH, Tpuntodan u BajduH. Hcciaenosarenu
BBIJICJISIIOT IUCTEWH U THPO3HMH KaK YCIOBHO He-
3aMEHHMbIE, KOTOPBIE MOT'YT OBITh CHHTE3HPO-
BaHBl COOTBETCTBEHHO M3 METHOHMHa U (peHu-
nananuHa. K ycioBno HezamenumbiM AK y pbio
OTHOCHTCSI I CEpOCOJECPIKALINI TaypHH, HE BXO-
sl B 0eJI0K U 00pa3yIoNIUHCs U3 UCTEUHA.
[onusrit nepedens nporenHoreHHBIX AK (+ Tay-
PHH) IIpeCTaBJIeH B TabIuIIe.

He3amenumasi ¥ yclIOBHO He3aMeHUMas
AK, xoTopast mMpUCyTCTBYeT B pallliOHE B Hau-

MCHBIICEM KOJIHMYECTBE OTHOCHUTCIIBHO HOTp€6-

Tabnuua. CoctaB aMuHOKHUCIOT (cpeanee + SD, % oT cyMMbI) pbIOHOM MYKH ¥ EPCIIEKTUBHBIX KOPMOB PbIO

Table. Amino acid composition (mean + SD, % of total) of fish meal and promising fish feed

pagatiat | Commannart | HERECIT
(n=6) (n=6)

ApruHuH 6,52+0,62 7,47+0,27 5,20+1,45 6,32+1,94
Tuctuaun 3,17+0,98 2,88+0,50 3,93+0,90 3,21+0,46
W3oneitunn 4,28+0,42 4,66+0,34 4,97+0,38 4,88+1,07
Jletinun 8,16+1,21 7,88+0,28 8,63£1,93 7,26+1,32
JIuzuu 7,75+1,27 6,70+0,15 5,81+0,94 5,99+1,26
MeTHOHUH 3,31%1,15 1,29+0,17 1,51+0,48 2,36+0,87
dennnanaHuH 4,44+0,50 5,21+0,19 3,96+0,58 4,59+0,55
TpeoHun 4,51+0,49 4,1240,22 4,02+0,41 4,37+0,81
Tpunrodan 0,91+0,10 1,29+0,16 1,06£1,06 1,04+0,56
Banun 5,06+0,60 4,83+0,48 6,54+0,94 6,60+0,89
Taypun 0,54+0,47 0,32+0,14 H.JI. H.I.

AnaHuH 6,68+0,87 4,50+0,14 8,75+2,10 7,69+1,18
Acnaparua 9,81+1,39 11,80+0,38 8,54+0,31 9,77+0,80
ucrenn 1,39+1,13 1,13+0,52 1,2540,91 0,99+1,33
I'mytamuHoBas k-ta 15,55+2,64 19,96+1,46 12,46+0,68 12,82+3,53
Crarn 6,17+1,58 4,45+0,11 6,49+2.06 5,96+0,95
Iponux 5,35+1,38 4,91+0,57 6,93+0,55 6,95+1,83
Cepun 4,78+0,96 5,24+0,38 4,50+0,53 4,66+1,24
Tuposun 3,42+0,50 3,36+£0,48 6,52+1,39 6,23+1,23

Hcrounuku: * (Bauer et al., 2012; Barnes et al., 2013; Ma et al., 2014; Ding et al., 2015; Riche, 2015; Xie et al., 2016; Belghit et
al., 2019; Terova et al., 2019; Hoffmann et al., 2020; Psofakis et al., 2020); ** (Yamamoto et al., 2010; Ma et al., 2014; Ding et
al., 2015; Xie et al., 2016; Fisher et al., 2020; Kumar et al., 2020); *** (De Marco et al., 2015; Vrabec et al., 2015; Taconisi et al.,
2019; Nekrasov et al., 2019; Basto et al., 2020; Hoffmann et al., 2020); **** (De Marco et al., 2015; Vrabec et al., 2015; Basto
et al., 2020; Renna et al., 2017; Onsongo et al., 2018; Fisher et al., 2020).

— 427 —



Vladimir I. Kolmakov and Anzhelika A. Kolmakova. Amino Acids in Prospective Feeds for Fish Aquaculture...

HOCTeHl pBIO, cuuTaercs “TUMUTHpYIOLICH”
poct u paszsutue. Hegoctatok AK B paunone
MOJKET HapyuiaTh B OpraHu3Me peIO oOMeH Be-
IIeCTB, TOMEOCTa3, BOCIPOU3BEICHHE, MTOBEIC-
HUE, CHU)KaTh UMMYHHUTET U YCTOWYHUBOCTH K
6one3nsam. [losTomy aiist BEIpamuBaHus peid B
AKBaKyJIbType HEOOXOAMMO 3HAaTh UX BUAOCIIE-
nuduunsie morpedHocTn B AK (Kasozi et al.,
2019; Nascimento et al., 2020). IIpu pa3padort-
K€ KOPMOB BaJKHO YYHTBIBATH NOCTynHOCTh AK
JJIS YCBOGHHS, a TaK)e BKYCOBBIEC NPEAIOYTE-
HUS U cTanuio pa3suTus peiod (Pfeuti et al., 2019;
Feng et al., 2020).

Opnako Xoy, By u Jlu (Hou, Wu, 2017;
Li, Wu, 2018) KpUTHKYIOT TpaJUIlIOHHOE pa3-
nenenne AK Ha He3aMEHMMbIE U 3aMEHHMMBIC
B MUTAaHUH JKUBOTHBIX, B TOM YHCJIC U B aKBa-
KynbType. ITo uX MHEHHIO, BO-TIEPBHIX, ()YHKIIHH
3amMeHUMBIX AK B opranmsme »XHUBOTHOTO He
MEHee BaXKHBI, YeM HE3aMEHHMMBbIX. BO-BTOpPBIX,
cOaJlaHCUPOBAaHHOE COJEP)KAHHUE 3aMEHHUMBIX
AMUHOKHUCIIOT B ITUTAHUM CHIJKACT 3aTpaThl He-
3ameHUMbIX AK Ha cuHTe3 de novo 3aMeHHMBbIX
AK B kneTkax. To €CTb )KUBOTHBIM 3HEpreTHYe-
cKu OoJiee BBITOJIHO NOTy4arh 3amMeHuMble AK ¢
TIUIIEH, 9eM 3aITyCKaTh UX COOCTBEHHBIN CHHTES.
[TosTomy mpeanaraeTcst I3MEHUTH AUETHUECKHE
TpeboBaHuA K 3aMeHUMBIM AK 1 epecMoTpeTsb
KOHIeMIUI “uaeanbHoro” Oenka (Hou, Wu,
2017).

Wndopmanus o poiu otnenbHbix AK B nu-
TaHUU pHIO mocTossHHO nmomonHsietcs (Liu et al.,
2019). Hampumep, HelaBHO AOKa3aHO HHCYJH-
HOTPOITHOE BO3/CHCTBHE apruHUHA Yy PHIO cpa-
3y nociae npuema numy (Hoseini et al., 2020).
Takske ycTaHOBIIEHO, YTO TMOTPEOHOCTH B Tay-
pUHE 3HAYUTEIHHO BO3pACTaeT NMPHU HEJOCTATKE
B nnme MetnonnHa (Candebat et al., 2020). He-
COMHEHHO, HOBBIE 3HaHUS 0 posin AK B nmuTanumn
PBIO TOJKHBI OBITH MCHOJIB30BAHBI NTPH TTOUCKE
HEePCIEKTUBHBIX KOPMOB M COCTaBJICHUH PALHO-

HOB.

CeibCKOXO0351/icCTBEHHBbIE PACTEHUS

B nHacrosmee BpeMsi KOpMa pacCTHTEIBHOTO
npoucxoxaerus (KPIT) u3 ypoxas uin oTxomoB
3€pHOBBIX, OOOOBBIX WM MAaCIMYHBIX pacTe-
HUH SIBISIIOTCS HauOoJiee PacipoCTPaHEHHBIMH
Cpeny ajdbTepPHATHBHBIX B aKBaKyJbType pbIO.
B xagectBe 3ameHnnl TpaauuuoHHoi PM mpen-
JlaraeTcsl NMPUMEHATh MYKY M3 COH, XJIOIKa,
MIICHUI[BI, TOPOXa, KapTodess, KOHOIIU, MOJ-
conmHeuHUKa, KyHmxkyTa u ap. (Takakuwa et al.,
2020; Mo et al., 2020; Mohammadi et al., 2020;
Saleh, 2020). U3 Bcex KPII HanbGonee cooTBeT-
CTBYIOIICH MOTPEOHOCTSAM OOJIBIIMHCTBA BHIOB
pbI6 10 coctaBy AK MpPUHSATO CUMTATH COEBYIO
MyKy (CM). ITonck 3peKTUBHBIX PAllMOHOB Ha
ocHoBe CM ObUI MpennpHUHAT ISl LIEHHBIX BU-
1oB u3 oTpsiga Salmoniformes: paxgysxHoii hope-
mu Oncorhynchus mykiss Walbaum, 1792, atnan-
THYeCcKoro jgococs Salmo salar Linnaeus, 1758,
ceBepHOl ManbMbl Salvelinus malma Walbaum,
1792 (Choi et al., 2020; Krogdahe et al., 2020;
Meng et al., 2020). Kak mpaBuito, 1ist 10c0oceo-
Opa3HbIX aBTOPbI PEKOMEHAYIOT HE MOJIHYIO, a
yacTUuyHYy10 3aMeHy PM Ha CM.

B Tabnuue, cocTaBieHHOM IO JHTEPATyp-
HBEIM JaHHBIM, peacTaBieH AK-coctaB peiOHOM
MYKH ¥ MEPCHEKTHUBHBIX KOPMOB. V3 3THX naH-
HBIX cienyet, 4to coctaB AK CM 6mm3ok PM.
Opnnako y CM, o cpaBHeHUI0 ¢ PM, copepkutcst
nocroBepHo (p<0,01) Oompmie apruHmHa, QeHH-
JlaJlaHWHA ¥ acliapariHOBOM KUCIIOTHI, HO MEHb-
1Ie aJlaHnHa U METHOHWHA. 3aKJIIOYEHUE O HEeJl0-
craToyHOM cozepkaHuu B CM HexkoTopeix AK
caenaHo U B Ipyrux padorax (Zhou et al., 2020).
Bonee Toro, sxciepuMeHTHI 1o KopmieHuo CM
paayxHO# (openn mokasaiu, 4YTO B OpraHu3Me
PBIO CHUIKAJIOCH COMEPIKAaHUE M30JICHIIMHA, JICH-
LIMHA ¥ BaJINHA, XOTA B paruone 3tux AK Obu1o
nocrarouno (Kumar et al., 2020).

B nemom, cormacHo manaeM Jlu u By (Li,
Wu, 2020), KPIIT otnnuarotcs ot PM noHmkeH-

HBIM COACPIKAHUCM TJIMLIUHA, ITPOJIMHA, TJIyTa-
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MHHOBOM KHCIIOTHI, JIEWI[MHA, JIU3UHA U apru-
HuHa. CuuTaercs, 4To Haubojee YyBCTBUTENCH
st pei6 B KPIT HenocTarok nu3uHa, KOTOPBIHA
PEe3KO CHMXKaeT MOoKa3aTeldd pocTa U Pa3MHO-
xenus (Lee et al., 2020). Kak npasuno, y KPII
¢ Ae(pUIINTOM JIN3WHA COAEPKUTCS M30BITOK Me-
THOHUHA. 11 HA000POT, NpH NePUIKUTE METHOHH-
Ha — U30BITOK JIN3WHA. DTO IO3BOJISET CO31aBaTh
KOMOMHAIIMIO PACTUTENbHBIX KOMIIOHEHTOB IS
obecrieueHus1 cOaJaHCUPOBAHHOTO COCTaBa Me-
THOHUWHA U JIU3MHA B KOpMax s pei0. [ToaTomy
MoJydeHne MHGOPMALNN O COACPKAHWUU JIU3H-
Ha 1 MeTuoHuHa B KPII u motpebHOCTH B 3THX
AK 11st KynbTUBHPYEMBIX BHJIOB PBIO SIBIISIOTCS
KPUTHYECKHU BAXKHBIM YCIIOBHEM U pa3paboTke
3¢ (HEeKTHBHBIX KOPMOB.

CrnenyeT yka3aTh Ha CyUIECTBEHHBIE Orpa-
Huuenus s npumenenuss KPII. Bo-nepsbix,
HekoTopbie KPII mMoryt comepkaTh BBICOKOAK-
THUBHBIE XUMHYECKHE COCIMHEHUS — WHTHOU-
TOpBI aKTUBHOCTH (DEPMEHTOB HJIM Pa3IUYHbIC
kiaccel TokcnHOB (Pietsch, 2020). Tak, B xJjor-
KOBOIl MyKe MPHUCYTCTBYET TOCCUIION, OJIOKUPY-
IOIIMHA aKTHBHOCTH psija (pepMEHTOB U IpEIsT-
CTByMOLIMI HopMmanbHOMY cuHTe3y AK y pbid
(Wang et al., 2019b). Bo-BTopsiX, Ha cocTtaB AK
OTXOJIOB M3 MAacCIMYHBIX, O0OOBBIX U 3E€PHOBBIX
KYJIBTYP MOXET HETaTHBHO BIHSATBH CIIOCOO WX
HNPOMBIILICHHON MepepaboTku. B-TpeTbux, BbI-
palyBaHUE CEIbCKOXO3AMCTBEHHBIX PACTEHUH
B OyayuieM noTpelyeT paclIMpeHust MaxOTHBIX
moniafed, HEeIO0CTaTOK KOTOPBIX YyXkKe ceiuac
cTajJ MUPOBOW mpoOseMoil. B-yeTBepThIX, 1eHa
U CIIPOC HAa MHOTHE pacTeHHs (NMIIeHuIa, KyKy-
py3a, XJIOMOK, TOPOX H Ip.) B Ka4eCTBE MPOAyKTa
MUTaHHUS YEJIOBEKA IOCTOSHHO PAacTeT U UX MPH-
MEHEHHE I KOpMa pbI0 MOXET CTaTh 3KOHOMU-
YECKU HEBBITOJHBIM.

OO6menpru3HaHo, YTO PAaCTUTEIBHBIA KOPM
obiazaer Oosiee HU3KMM KadecTBOM IO COOT-
HOIICHHIO TpoTenHoreHHbIXx AK u xyamei yc-

BOACMOCTBIO, YEM KOPM KHUBOTHOI'O ITPOUCXOK-

nenus (Hou et al., 2019). IloaTtomy BHUMaHHE
HCCIIeI0BaTelIell Bee valle oopalaeTcs Ha KOpM
YKUBOTHOT'O IIPOUCXOXKICHHUS, B IEPBYIO OUEPEIh
Ha 0€CII03BOHOYHBIX )KUBOTHBIX, KAK YaCTh €CTe-

CTBCHHOI'O palliOHa MHOI'MX BUJI0OB pI)I6.

Hacexombie

H3-3a BBICOKOTO cojepxanus Oenka u cba-
JlaHCUPOBaHHOTO cocTaBa AK HacekoMBIX cuuTa-
FOT OJJTHUM M3 CAMBIX [IEPCHEKTUBHBIX KOMITOHEH-
ToB kopma st pei0 (Nogales-Merida et al., 2019;
Basto et al., 2020). U3BecTtHO, uTO cocTaB AK
HACEKOMBIX MOXET M3MCHSTHCS B 3aBUCHMOCTH
OT CTaJINU Pa3BUTHS: TUYMHKA, KyKOJIKa, HUM(pa
win umaro (Tang et al., 2019). Jlna akBakynbTy-
PBI 0COOBIN UHTEPEC MPEACTABISIIOT MUTAOIIN-
ecsl CTaJUU HACCKOMBIX, Yallle BCEro JIMUMHKH,
obyiajaroniie ONaronpusiTHBIM JUJIsE Pa3BUTHUS
pei6 cocraBom AK u mmermue ObICTPBIA POCT
JUIsL Pa3BelieHHsI B TMPOMBINIICHHBIX MACIITa-
6ax. 13 oTpsaa Diptera 3To Takue pacrpoctpa-
HEHHbIC BH/IbI, KaK uYepHas JbBUHKA Hermetia
illucens Linnaeus, 1758, wibHHIla OOBIKHOBEH-
Hast Eristalis tenax Linnaeus, 1758, komHaTHas
Myxa Musca domestica Linnaeus, 1758, komap-
3BoHew Chironomus sp. (Cappellozza et al., 2019;
Guerreiro et al., 2020). 13 orpsaa Coleoptera —
JUYMHKU MYYHOro Xpyimaka Tenebrio molitor
Linnaeus, 1758 u uepHoTenku Zophobas morio
Fabricius, 1776 (Nogales-Merida et al., 2019;
Hoffmann et al., 2020).

Cpenu OTJeNIbHBIX BUJIOB Hanbosee 0Jn3-
kuii K PM coctaB AK UMEIOT THUMHKYU YEPHOU
JBBHHKH M MYYHOT'O Xpylnaka (tabmwmia). Pasz-
JIMYKE 3aKJIIOYACTCS TOJIBKO B IMOBBIIICHHOM
COJIEp)KAHUK Y HACEKOMbBIX BaJMHA U TUPO3MHA
(p<0,01). OTo cornmacyeTcs ¢ JTaHHBIMHU UCCIIEIO0-
BaHMIA, B KOTOPBIX Ha IPUMEPE ATIIAHTHYECKOT0
Jococsi OblIa IMOKa3aHa BO3MOYKHOCTH 3aMe-
HBl PM Ha nmuumHOK uepHOU npBUHKH (Belghit
et al., 2019; Fisher et al., 2020; Li et al., 2020).

He Ob110 06Hapy>1<eH0 HEraTuBHOI'O BJIUMAHUA
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Ha M0Ka3aTelld POCTa M Pa3BUTHS OOBIKHOBEH-
HOTO naBpaka Dicentrarchus labrax Linnaeus,
1758 mpu wacTuuHOW 3aMeHe B muTanuu PM Ha
JMWYUHOK 4YepHoi nhBUHKHU (Abdel-Tawwab et
al., 2020). Kpome Toro, ycTaHoBJICHO, 4TO IIpU
KOPMJICHHH JINYMHKaMH YEpHOH JIbBUHKH pa-
Jy>)KHOH (hopesu mpoucxoauT odoraiieHue Ku-
IeYHIKa PBIO mone3ubiMu OakTepusmu (Terova
et al., 2019). B cratbe MakoHucu ¢ coaBropamu
(Iaconisi et al., 2019) moka3aHoO, 4TO IO COCTaBY
AK nUYMHKH MyYHOTO XpyIaka COOTBETCTBO-
BAJIM THIIEBBIM IMOTPEOHOCTSM 30J0THUCTOTO
cnapa Sparus aurata Linnaeus, 1758 u pamgyx-
HOH Qopenn.

[lepcrnieKTUBHBIN ISl aKBaKyJBTYpBl PbIO
coctaB AK HMEIOT KYKOJIKM OJOMAallHEHHBIX
LIEJIKOBUYHBIX uepBeld Bombyx mori Linnaeus,
1758 u3 otpsama Lepidoptera (Karthick et al,
2019). OHu BBIIETSIOTCS BBICOKOW MUTATEIbHOMN
meHHOCTEIo (0T 52 10 72 % ceiporo Oenka) u mo-
BBILICHHBIM 110 cpaBHEHMIO ¢ PM conepxanuem
HezaMeHHMBIX AK: BannHa, peHnananuHa 1 ce-
poconepxaniux MetnonuHa u nucrenHa (Hodar
et al., 2020). JInuuHKH qpyroro MpeacTaBUTEISL
orpsina Lepidoptera Imbrasia belina (Westwood,
1849) taxxxe umerot Oau3kuii kK PM cocrap AK
C TIOBBILICGHHBIM COJICp)KaHUEM BaJIMHA, TPEOHHU-
Ha, Tpuntodana, GeHantasaHNHA U CEPOCOAEP-
x)armux amuHokucaotr (Moyo et al., 2019). Ot-
nenbHEBIe aBTOpHI (Jozefiak et al., 2019) cuuraror
BO3MOXHBIM 10 cocTtaBy AK ucmonn3oBath B
MMATaHWUH PHIO mpeacTaBuTens oTpsa Blattoidea
tapakana Blatta lateralis Walker, 1868. B uact-
HOCTH, OH PEKOMEHJOBaH s 3amemnieHus PM
B IIUTaHWUU pajyxxHou ¢openu. He uckitouaer-
Csl UCIIONIb30BaHME ISl MMUTAaHUS PBIO MMaro u
HuUM} oTpsiga npaMokpbuibix (Orthoptera): ky3-
HEYWKH, capaHda, cBepuku (Tang et al.,, 2019).
OnHako MPSIMOKPBUIBIE MMEIOT HEJOCTAaTOYHOE
JUTsL pBIO copeprkaHue IM3UHA 1 METHOHHWHA, YTO
commxaer ux ¢ KPIL. IlpemsitcTBHeM 1is miu-

POKOro NpuMEHEHUS NPAMOKPBIUIBIX B Ka4YCCTBC

KOpMa SIBJISICTCS CJ1ab0€ pa3BUTHE CIIOCOOOB MX
cOopa ¥ TEeXHOJIOTHi1 BEIPALIMBAHMS B IPOMBIII-
JICHHBIX MacuITadax.

B nenom, coctaB AK romomeraboanueckux
HACEKOMbIX (IIOJBEPraroTCs IOJHOI MeTamMop-
¢do3e B cBoeM pa3Butuu, Hanpumep Lepidortera)
OTJIMYAETCSI OT TAKOBOI'O T€MUMETA00IHUECKUX
HACEKOMBIX (IIOIBEPTalOTCsl HEIOJHOW MeTa-
Mop¢o3se, Hampumep, Ephemeroptera) coaep-
KaHWEM TpPeoHWHa, (peHWIaIaHNHA, IPOJINHA U
THpO3KHA. BeposTHO, 3TO OTIMYME MOXKET ObITh
00BsCHEHO MOP(HOIOTHICCKUMU U (PH3HOIOTH-
YECKMMH HM3MEHEHUSMH Yy HACEKOMBIX, MPOUC-
XOISIIMMH TP OKYKJIMBAHWHM WU PA3BUTHH
numdsl (Dwyer et al., 2018). MoxxHO npezroo-
XKHUTh, YTO TOJIOMETabOINIECKHE HACEKOMBIE 110
coctaBy AK mydrnie cOOTBETCTBYIOT HMHUIIEBBIM
MOTPEOHOCTSAM PEIO, 4eM reMUMETab0IHIECKHE.

CoctaBoMm AK THYMHOK HACEKOMBIX MOXK-
HO YTIPaBJISAThH MOCPEICTBOM BapbHUPOBAHUS HX
NMILM U YCIOBUM BblpamuBaHus. B skcnepu-
MEHTax OBUIO ITOKAa3aHO, YTO IPH KOPMJICHUH
JIMYMHOK YEPHOW JIbBUHKH MHUIIEH, oOoraiieH-
HOWT Oypoil Bomopociblo Ascophyllum nodosum
Le Jolis, 1863, B Teje HACEKOMBIX HM3MEHSJIOCH
coZiep)KaHue HEe3aMEHUMBIX (JTM3MH, METHOHHH,
(eHuIaNaHNH), YCIOBHO 3aMEHUMBIX (THPO3HH)
1 3aMEHHMBIX (acraparuHoBasi KUCIIOTa, IIyTa-
muHoBas kucnora) AK (Liland et al., 2017). Oco-
ObIif MHTEpeC BBI3BIBACT Pa3BEACHUE ITUTAIONIIX-
csl cTa Uil HACEKOMBIX Ha OOOYHBIX POIYKTaX
MIPOMBIIVICHHOTO HJIN CEJIbCKOXO35HCTBEHHOTO
MIPOU3BOJICTBA MJIM JIa)kKe Ha MHUIIEBBIX OTXOJAX
yenoBeka. HexaBHo B Kurtae 3amymieHsr B 9Kc-
IJTyaTalMio 3aBOAbI 0 NepepadoTKe TOPOJICKUX
MUIIEBBIX OTXOJOB KOJOHHWSMH YEPHOW JIbBHH-
ku (1. Cuanp) u TapakanoB (. [[3unans). Ilepe-
pabaTbIBasi OTXOABI OT HECKOJIBKUX MHJUIHOHOB
YeJIOBEK, HACEKOMbIE CaMH BOCIIPOU3BOJSITCS B
OOJIBIIMX MAcIITa0axX M CTAHOBSITCSI KOPMOBBIMU
00BEKTaMH, CIIOCOOHBIMH ITOJTHOCTBIO Obecrie-

YUTH MOTPEOHOCTH aKBaKyJIBTYPHI.
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KoJsbuaTble YepBU U BbICIIHE PAKH

3eMisiHBIE (OXKIIEBBIE), HABO3HBIE YEPBU
U TPyOOYHUKH, OTHOCAIIUECS K KJIacCy Malo-
meTnHKoBBIX uepBed (Oligochaeta), a Takxe
nonuxetsl (knacc Polychaeta) mpumensitorcst B
KOpPMIICHUH pPHI0 W UMeroT Onmu3kuit k PM co-
ctaB AK (Bhuvaneshwaran et al., 2019; Hasan et
al., 2019; Krishna, Prabhavathi, 2019; Musyoka
et al., 2020; Pombo et al., 2020). B skcrepumen-
TaxX M0 KOPMJICHUIO MAJIBKOB KaCITHICKOW BOOJIBI
Rutilus caspicus Yakovlev, 1870 skcrpakToMm u3
HaBO3HBIX uepBeil Eisenia foetida Savigny, 1826
Oblla MOKa3aHa J0CTaTo4yHOCTh coctaBa AK B
MUIIEe ISl HOPMAJIbHOTO POCTa U Pa3BUTHUS PBIO
(Rufchaei et al., 2019). UccnenoBanue cocrapa
AK monuxer Hediste diversicolor OF Miiller,
1776 moka3ayo, 4TO OHM HMMEJIH OTHOCHUTEIHLHO
BBICOKOE COJIEp)KaHUe TIIHMIMHA, NPOJIMHA, ala-
HUHA U TJyTaMuHOBOH kucioTel (Wang et al.,
2019a). Cymmapho Ha 311 yeTbipe AK npuxonu-
nock okoio 38 % ot obmero cocraBa AK, npu
aToM OHH 3(Q(eKTUBHO (QYHKIHMOHUPOBAIH B
Ka4eCTBE KOPMOBBIX aTTPAKTAHTOB M MOBBILIAIN
OOOHATENBHYIO UyBCTBUTEIBHOCTH y pBIO. Kyib-
TUBUPOBaHHE BOJHBIX MOJIUXET U OJIUTOXET BO3-
MOXHO Ha OTXOAaX aKBaKYJIbTYypPHBIX (epM, U4TO
croco0cTByeT G6osiee 3D (HEKTHBHOMY HCIOIb30-
BAaHUIO OTPaHMYEHHBIX KOPMOBBIX PECYpPCOB H
npubnuxaer cocraB AK KonpuaThix uepBed K
MOTPEeOHOCTSIM PEIO.

Cpenu mpeacTaBUTENEH OTpsAa BBICHINX
pakoB (Decapoda) B mumyy peibam Hambonee
4acTO HCIIOJIB3YIOT KPEBETOK, PEYHBIX pa-
KOB, OOKOIIABOB B JKHBOM HJIM CYLIEHOM BHUJIC
(Salas-Leiton et al., 2020). HecmoTps Ha moaxo-
namuid s peio coctaB AK, wame Bcero oHu
TonbKo yacTuyHO (0T 10 mo 20 %) 3aMeHsIOT
PM (Harlioglu, Farhadi, 2018). 9To cBs3aHO ¢
OTHOCHUTEJIbHO BBICOKOH 1I€HOW Ha BbIpallleH-
HYIO WM IPOMBICIOBYIO HPOAYKIIMIO BBICIIUX
pakoB. MHorna cozmepxanue OTAEIBHBIX He3a-

MeHUMEIX AK Y BbBICHIMX pPAKOB HE COOTBET-

CTBYEeT MOTpeOHOCTAM pbIO. AHanu3 cocraBa
AK mnpecHoBomHOTO paka Aegla uruguayana
Schmitt, 1942 moka3ai HEJOCTATOK METHOHHHA,
nu3uHa U apruanHa (Musin et al., 2020). Haps-
Iy C HACEKOMBIMHU KOHKYPEHTHOE HpeHMYyIie-
CTBO KOPMOB M3 KOJIBYATHIX YepBEH M BBICHIINX
PaKOB — 3TO BO3MOXXHOCTb UX BBIPaLIMBAHUS C
3alaHHbIM cocTaBoM AK B 3aBUCHMOCTH OT BU-

JocnenugpUuHbIX NOTPEOHOCTEH PHIO.

KopMm u3 oTxonoB

KUBOTHOI'0 MIPOU3BOJICTBA

Jlnst KOpMJICHHUS PBIO MPUMEHSIOTCS pas-
HOOOpa3HbIe epepadoTaHHbIE OTXOABI KUBOT-
HOTO MPOU3BOJACTBA, B TOM UYHCJI€ aKBaKyJbTY-
pet (Bae et al., 2019; Palupi et al., 2020). Kax
NpaBuio, 3To0 MscokocTHas Myka (MKM) uz
MOOOYHBIX MPOAYKTOB IEePEepadOTKUA MTHIIBI U
CEJIbCKOXO3AMCTBEHHBIX JKHBOTHBIX: KOCTEH,
BHYTPEHHOCTEH, TOJOBHI, IEPbEB, KPOBH U T.II.
OueBugno, uto MKM no coctaBy AK umeet
BbICOKO€ cooTBeTcTBHE PM. OnHako HEKOTO-
peie aBTopsl (Dawood et al., 2020a) skcrepu-
MEHTAJIPHO TIOKAa3aJH, YTO COIepIKaHue JIN3NHA
u MetuonrnHa B MKM HemocTaTo4YHO 151 PHIO.
C Opyro#l CTOpPOHEI, B JUTEpaType HMEeTCs
nHOpMAIUsS O MOBBIMICHHOM COJCPKAHUH B
MKM rnuuuza, npojvHa, JedluHa, apruHuHa
u Taypuna (Li, Wu, 2020) — »xu3HeHHO He00Xo0-
nuMbIX AK, KOTOpEIC BHIITOHSIIOT MHOTHE BaX-
Hble QYHKIHMH y PbIO, B TOM YHCIIC YYaCTBYIOT
B PETYISANNH SKCIPECCHH TEHOB, KIIETOYHOU
CUTHAJW3allMM ¥ aHTHOKCHIAHTHBIX PEaKIINH.
Ouensp nenHoi no cocrary AK cuurtaercsa kpo-
BsiHasT MyKa, mojiydaemasi Kak MoOOYHBIH mpo-
IYKT Ha CKOTOOOHHSX. OHAa MMEeT MOBHIIICH-
HOe conepkaHue nu3uHa U ructuauna (Hodar
et al., 2020). B ietom, MKM — 310 3KOHOMUYE-
CKH M BKOJIOTHUYECKHU BBITOJHBIA UCTOUYHUK AK,
MMO3TOMY €€ CJIEeIyeT paccMaTpUBaTh KaK PEH-
Ta0eIbHBIN adbTEePHATUBHBIM MHIPEIUEHT NPU

COCTAaBJICHUH KOPMOB IJIs1 pBI6.
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DUTONMIAHKTOH H 300IJAHKTOH

Jlnst co3nanus cOalaHCHPOBAaHHOTO COCTa-
Ba AK B parmoHe npu UCKyCCTBEHHOM BBIpaIU-
BAaHNU IUTAHKTOSAHBIX M BCEAJIHBIX PbHIO, 0cCO-
OCHHO MX MOJIOJH, PEKOMEHIYeTCs B KauecTBE
OCHOBHOTO WJIM JOIOJHHUTEIBHOI'O WHIPEAHEH-
Ta MPUMEHITHh (QUTO- U (MJIK) 300IIAHKTOHHBIC
OpPraHu3MBbl B CyXOM MJIH >XMBOM Buze (Sarker
et al., 2020). B nepByro ouepeb, 3TO MaCcCOBbBIC
Buasl puronnanktona (Chlorella sp., Spirulina
sp., Dunaliella sp.) u 3oomnankToHa (Rotifera,
Cladocera u Copepoda), mIst KOTOPBIX paspa-
0O0TaHbl TEXHOJIOTMH KYJIBTUBHUPOBAHHS B IIPO-
MBIIUIEHHBIX MacmTabaXx HMJIW MaccoBOTO OT-
JIOBA U3 MCKYCCTBEHHBIX HJIHM €CTECTBEHHBIX
BomoemoB (Radhakrishnan et al., 2020; Raji et al.,
2020). CoctaB AK HEKOTOpPBIX MacCOBBIX BUJIOB
MIPECHOBOJHOT'O IIIAHKTOHA IPE/ICTaBJIEeH B 00-
3opHoii padote (Kolmakova, Kolmakov, 2019). B
npenenax Buaa coctaB AK 300mnaHkTOHa 3aBU-
CHUT OT CTaJMH Pa3BUTHsL, PA3MHOXEHHSsI, CPEIIbI
obutanus, nuimu u cezona (Thera et al., 2020).
CunTaercsi, YTO PACTUTEIBHOSIHBIA 300IIAH-
KTOH UMEET, KaK IIPaBHJIO, OONIBIIE IPOJINHA, Ce-
pYHA ¥ TPEOHHHA, YEM XHIHBIH.

Io coctaBy AK 3ppeKTHBHBEIM KOPMOM JJIS
pBIO SABISETCA IPOMBICIOBBIN MOpPCKOI KpHIIb
(coO0ImEeCTBO MENKUX TUTAHKTOHHBIX PavKOB).
W3-3a BBICOKOW PEIHOYHOM LIEHBI KPUJIb HE MOXKET
paccMaTpuBaThCs Kak 3aMeHuTeNs PM, HO pexo-
MEHJIyeTcs Kak 00aBKa B KOPM JJIsl IOBBILLICHHUST
y pBIO 3 (EKTUBHOCTH POCTa, YCBOSIEMOCTH pPa-
1MoHa, ycroiiunBoct K Oosesnsm (Tharaka et
al., 2020). B nuteparype ocoboe BHUMaHUE KaK
K KOPMOBOMY OOBEKTY JHYHMHOK PBIO OTBOIUT-
csl paukam apremusm: Artemia salina Linnaeus,
1758 n Artemia franciscana Kellog, 1906 (EI-
Gamal et al., 2020; Radhakrishnan et al., 2020).
Biaromapst BHICOKOMY COICP)KaHUIO Oesika u coa-
JaHCUpOBaHHOMY cocTaBy AK IIMCTHI ¥ HAYTIITUN
apTeMHUil SIBISIFOTCS OJHUM M3 JIyYIIUX KOPMOB

JJIA JTHYHMHOK pBI6 U OpOU3BOAATCA B MHPEC B

MPOMBIIICHHBIX MaciiTabax (Van Stappen et
al., 2020). Baxxno, uto coctaBom AK apremuii,
KaK ¥ JIpYyroro KyJbTHBUPYEMOI'O PACTHTEIbHO-
SITHOTO 300IJIAHKTOHA, MOXHO YIPABJISAThH MYy-
TEM W3MEHEHUsSI UX MUKPOBOJOPOCIIEBOIO IHUTa-
Hus (Balachandar, Rajaram, 2019).

B nuteparype mocieqHuX IBYX JIET IpH-
BE/ICHO MHOTO 3KCIEPUMEHTATbHBIX JAHHBIX IO
HCKYCCTBEHHOMY KOPMJICHHIO DPbIO (DUTOIIIAH-
KTOHOM. [lake Takue BUABI PbIO, KaK aTIAHTH-
YECKMH JI0COCh U MOJIOJb JKEITOr0 OKYHs Perca
flavescens Mitchill, 1814, HOpMabHO pa3BHBa-
JIUCh, KOTJ[a OCHOBHBIM KOMIIOHEHTOM HX IHIIH
OBUTH 3€JICHBIE MHUKPOBOJOPOCTH Scenedesmus
sp. u Haematococcus pluvialis Flotow, 1844 co-
orBercTBeHHO (Gong et al., 2019; Jiang et al,,
2019). MoxHO caenath MPEAIoNoKEeHNE, YTO B
OynymeM (UTOILNIAHKTOH OyAeT IIHPOKO IIpH-
MEHAThCS KaK KOMIIOHEHT Jisi 0allaHCHUPOBKH

coctaBa AK B KopMax aiis peIO.

Makpopurtsi

B Hacrosimiee Bpemsi IPECHOBOAHAs pac-
THUTENBHOCTh BCE Yallle NMPUMEHSETCS KaK Kop-
MOBOH 00BEKT aKkBaKyIbTyphsl pei0. Hampumep,
psicka Spirodela polyrhiza L. Schleiden, BogsiHO#
naryk Pistia stratiotes L., BOIHBII NAIIOPOTHUK
Salvania molesta D.S. Mitch. (Goswami et al.,
2020). OueHp NEPCHEKTHBHOM CUYUTAETCA pA-
CKa, MPENMYIIECTBO KOTOPOH 3aKJIo4aeTcsi, BO-
NEePBbIX, B BHICOKOH A0JI€ JIeHIMHa, U30J1ei1Ha,
BanuHa (6onee 50 % ot Bcex He3ameHUMBIX AK),
JUMUTHPYIOIUX POCT U pa3BUTHE PHIO, BO-
BTOPBIX, B OTHOCHTEIBHO BBICOKOI J0JIC HE3aMe-
uuMbix AK (oxoso 37 %) (Sharma et al., 2019).
B kauecTBe mnHIEBBIX 100aBOK B panHoOHAX
PBIO MCHOJIB3YIOTCSE MOPCKHE MaKpOBOJOPOCIIH:
kpacubie Rhodophyta (Eucheuma sp., Gracilaria
sp., Porphyra sp.), 6ypsie Phaeophyta (Laminaria
Japonica Aresch., Laminaria saccharina Lamour)
u 3enensie Chlopohyta (Ulva ohnoi Hiraoka &
Shimada) (Vega et al., 2020). CoctaB AK makpo-

— 432 —



Vladimir I. Kolmakov and Anzhelika A. Kolmakova. Amino Acids in Prospective Feeds for Fish Aquaculture...

BOJIOpOCIieil BuaocnennpuieH, 3aBUCUT OT Be-
TeTallMOHHOI'0 CE30Ha M YCJIOBHH OKpY KaromeH
cpenbl. XOTs ISl MAKPOBOAOPOCIIEN XapaKTEpPHO
OTHOCHTEJIFHO HEBBICOKOE COzepXaHHe OEIKOB
(ot 10 1o 30 % B cyxoii Guomacce), HO OHHU 00-
Ja/lal0T MOBBIILICHHBIM COJCp)KaHNEeM He3aMEHH-
mbix AK o cpasaenuto ¢ KPIT u PM (Overland
et al., 2019). CnenoBareabHO, MOpPCKas 1 IPECHO-
BOJ[HAsl PaCTUTEIBHOCTh, KOTOPYIO MOXHO BbI-
pamuBaTh B IPOMBIIIICHHBIX MacmTabax HIN
MOJydYaTh B BUJIE YpoOxkKas IOCJIe YKoca TUKOPO-

COB, — IEPCIEKTUBHBIN KOPM IS PBIO.

MukpoopraHnu3msl

bakTepuu ¥ APOXKIKH UMEIOT OTHOCHTEIb-
HO BBICOKOE copeprkanme Oenka (0T 45 mo 65 %),
noaxoasmuit ans peid cocraB AK u Gosnbiyio
CKOPOCTh Pa3MHOXEHHSsI, YTO U OMPEACIIUIO0 HX
HIMPOKOE MPUMEHEHHUE B Ka4eCTBE KOMIIOHEHTOB
kopma mig peid (Gamboa-Delgado, Marquez-
Reyes, 2018; Wang et al., 2020; Jones et al., 2020).
B akcnepuMeHTax ¢ MOJIOIbIO OEJI0r0 MOPCKOro
okyHs Lates calcarifer Bloch, 1790 Obuna noxa-
3aHa BO3MOXHOCTh YACTUYHOU 3aMEHbI KOPMA U3
PM Ha HMCKYCCTBEHHO BBIpPAIICHHYIO OHOMAacCy
¢uoneToBEIX (HOTOTPOPHBIX OaKTepuil, IMOI-
xonsuryr Juist peio o cocraBy AK (Delamare-
Deboutteville et al., 2019). Takxe ycraHOBIE-
HO, 4YTO ApOXxku Saccharomyces cerevisiae
Meyen, 1838, Candida utilis Henneberg, 1926 u
Kluyveromyces marxianus Hansen, 1888 o0ma-
JIAI0T COOTBETCTBYIOMIMM cocTaBoM AK st ux
BKJIFOUEHUSI B PAI[IOH TAKUX LIEHHBIX BUJIOB PHIO,
KaK aTJIAHTHYECKUH JI0COCh U paayskHas (openb
(Overland, Skrede, 2017). BaxHo, uTO cocTaB
AK MUKpPOOpPraHu3MOB MOXXHO HU3MEHSTH B 3a-
BUCHMOCTH OT MOTPEOHOCTHU PBIO MyTEM H3MEHE-
HUH yCIIOBHIA BRIpALIMBAHHUS U (HJIH) COCTABA -
TaTeNbHBIX Cpell AaXKe MPH KPyHOMACIITA0HOM
npou3BoJIcTBe. B muTeparype 0co60 oTMeuaeTcs
SKOHOMHUYECKAasi M KOJIOIMYECKasi BhIroJa IpH-

MCHCHUS MUKPOOPraHU3MOB IIPpU ITPOU3BOACTBE

xopmoB uist pei0 (Hua et al., 2019). Brarogaps
KHU3HENEATEIBHOCTH MHUKPOOPIraHU3MOB BO3-
MOXHa mepepaboTka W mpeobdpa3oBaHUE MUTa-
TEJBHBIX BELIECTB U3 (eKalnii, OCTaTKOB MepT-
BBIX TeJ, HEMHUIIEBbIX MPOIYKTOB >XHBOTHOTO
MIPOUCXOXKICHUS (IIephs, KOXkKa) B OMoMaccy, Ko-
Topasi OyJeT uMeTh cOalaHCHPOBAaHHBIA COCTAB

AK nns nutaHus peIo.

CMenaHHble KopMa

CyliecTByeT 3HAUMTEJBHBIH HHTEpEC K
pa3paboTKe paIlMoOHOB, OCHOBAaHHBIX Ha CMe-
LIAHHBIX KOpMaX, KOTOPBIE MO/ AEPKUBAIOT I10-
Ka3aTelu pocTa ppl0 Ha HEOOXOAUMOM ypPOBHE
(Doughty et al., 2019; Nguyen et al., 2020). JIu-
YUHKH YEpHOW JIbBUHKHM M MYYHOI'O Xpyllaka
B cpaBHeHuu ¢ CM conepikaT OoJibllie BalMHa,
ajJaHWHA, THPO3MHA, HO MEHBIIE aclnaparuHo-
Bo# kucaoTH (p<0,01) (tabnuma). KomOuuupo-
BaHME B pannoHe CM M HaCEeKOMBIX ITO3BOJISIET
npuban3uTh cocraB AK k ontuManbHOMY s
KOHKpeTHoro Buaa pei0. [Ipu cocraBienuu pa-
LIMOHOB YaCTO KOMOMHHUPYIOT TPU KOMIIOHEHTA:
PM, MKM u KPII. Hanpumep, cMelaHHbIE KOP-
Ma co cbamaHcupoBaHHBIM cocTtaBoM AK ObLin
PEKOMEHIIOBAaHbI ISl aTJIaHTHYECKOTO JIOCOCS
U Mooau THOpuaHOro rpymepa Epinephelus
fuscoguttatus Q@ Forsskal, 1775 x Epinephelus
lanceolatus & Bloch, 1790 (Fisher et al., 2020;
Zhou et al., 2020). CieqyeT OTMETHTB, YTO BCE
yame PM oTBoauTCs poib HE OCHOBHOIrO, a
TOJIBKO JIOTIOJIHUTEIFHOT'0 KOMIIOHEHTa KOpMa.

WHorpa 1uist cHATUS nedUIMTa HEKOTOPBIX
HezameHUMBIX AK mpenmaraercs n00aBnsTh B
MUTaHHE PbIO CHHTETHUYECKUE aMUHOKHUCIIOTHI B
Bune kpucraiioB (Martins et al., 2020; Nguyen
et al., 2020). 'maBHbIM 00pa30M, 3TO OTHOCHTCS
K METHOHWHY W Ju3uHy. [loaToMy mpu BbIpa-
I[MBAHUUA MOJIOAH PbIO, OCOOEHHO JIOCOCEBBIX
u xaproBeIX pe0 Ha KPII, pekomenayercs 060-
raiarb X MUTaHUE CUHTETHYECKUM JIN3UHOM H

METHOHUHOM. B kauecTBe oboratureis KOPpMOB
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TaKIKe T0JIE3HO MPUMEHSITh ClIeHaJIbHbIE TTHIIE-
BEIe T00ABKH, CIIOCOOCTBYIOIINE PETeHEPALlAN U
noseimeHnto qocrynuoctd AK (Liu et al., 2020;
Volatiana et al., 2020). He uckro9aeTcss HCHOb-
30BaHME B KOpMaxX KOMIIOHEHTOB W3 IeHeTHYe-
cKku MoguduuupoBaHHbIX oprannsmos (I'MO) ¢
3agaHHbIM coctaBoM AK, ocoOeHHO B cTpaHax,
TJIe HeT 3aKOHO/IaTeIbHBIX 3aIPEeTOB IS IIPUMe-
HeHnust MO B nuiy yenoBeka.

B Hacrosmiee BpeMs B Ka4ecTBe KOpMa PbeIO
NPUMEHSIOT MUKPOOHO-)KMBOTHBIE UK MUKPOO-
HO-pacTUTeNbHBIE cMecH (kommocTel) (Dawood
et al., 2020b). ITokazaHo, 4TO pH IJIUTEIHHOM
MpUeMe TaKUX KOMIIOCTOB Yy PBIO IPOHUCXOIUT
HaKoIJIeHHe OTAeNbHBIX AK, 0COOEHHO B MBIIII-
nax. Bee game Ha akBadepMax BHEIPSIOTCS 3aM-
KHYTbIE TEXHOJIOI'HH, CIOCOOHBIE OTHOBPEMEHHO
OYHUIIATH CTOYHEIC BOABI aKBaKYJIBTYPHI U IIPO-
U3BOJUTH KOpM Juist peid (Durigon et al., 2020;
Silva et al., 2020). Takoii kopm (biofloc meal) o
coctaBy AK coorBercTByeT nmoTpedHOCTSIM PbIO
U TIPEACTaBIISIET COOOM CMeCh BOAHBIX OpraHU3-
MOB (MHKPOBO/IOPOCIIH, HEMATO/IbI, KOIIETIOABI 1
IIp.), HCIIOTB3YEMBIX ISl OYMCTKU CTOYHBIX BOI.
CuuTaercs, 4TO BBIpPAIICHHAS HA CMEIIAHHBIX
kopMax peiba mo coctaBy AK Oomee cooTBet-
CTBYET IHILEBBIM NOTPEOHOCTSIM UEJIOBEKA, YeM

BbIpalllcHHAas Ha MOHOKOpMax.

3akaoueHne

B Hacrosmee Bpemsi cOalaHCHPOBaHHBIN
coctaB AK (0cOOCHHO HE3aMEHHMEBIX) B KOpME
pBIO — 00sI3aTeNbHOE YCIOBHE MIPH BBIXOJE KOM-
MEpPYEeCcKOro KOPMOBOI'O INPOAYKTa Ha PHIHOK.
Kaxxaiplii 13 pacCMOTPEHHBIX KOPMOBBIX 00BEK-
TOB (CENbCKOXO35IICTBEHHBIE pacTeHusl, Oecro3-
BOHOYHbBIE, OTXOIbl MEPEepPadOTKH >KUBOTHBIX,
($UTO- M 300IIAHKTOH, BBICIIAS BOJHAsI PACTH-
TEIBHOCTh, MHKPOOPTraHU3MbI) Mo cocTtary AK
MOXeT OBITh IUINEH It PbI0 M TpPEACTaBIsAET
c000# OrpOMHBIN TOTEHIIHAJ ISl TPOM3BOACTBA

AJIbTCPHATUBHBIX KOPMOB. O,I[HaKO I co3a-

HUsl Ka4yeCTBEHHOH TOBapHON pPHIOONPOAYKIIMH
JOTIOTHUTEIbHBIC KOHKYPCHTHBIC IpEUMYyIIe-
CTBa Ha PHIHKE MOJy4aT KOpMa, UMeroliue coa-
JnancupoBaHHbIM cocTtaB AK ¢ yueroMm Bupocme-
UUpHUYHBIX TOTpeOHOCTEH pbIO. Bo-niepBbIX, 3TO
CMEIIaHHBIE KOpMa, IPEACTaBISIOMNE COOOH
KOMIIJIEKC PACTUTEIBHBIX, JKUBOTHBIX  MHKPOO-
HBIX MHTPEIUCHTOB. BO-BTOPBIX, MOHOKOpMa W3
0€CNO3BOHOUHBIX HJIM MHKPOOPIaHHU3MOB, CO-
craB AK KOTOpBIX MOXXHO COBEpIICHCTBOBATh
P UX BOCIPOMU3BOJACTBE. DTO HE HMCKIIOUAET
MPOJOKEHUE TIONCKA B TPHPOIE OTACITBHBIX
OpraHU3MOB, KOTOPHIE YHHBEPCAJIBbHO COOTBET-
CTBYIOT MTUIICBBIM NOTPEOHOCTSIM KOHKPETHOTO
BHJIa PHIO.

[MonHEeIi UK OT HAYYHOUW pa3paboTKH 10
MIPOMBIIILIEHHOTO MPOU3BOJICTBA HOBBIX KOPMOB
JUISL phIO JOJDKEH MPOBOIUTHCS C YIETOM 3KO-
HOMHUYECKOW pEHTa0EeNbHOCTH AaKBaKYJIbTYPBbI
U BKIIOYATh MPHUMEHEHUE HKOJOTHYECKU 0e3-
OrnacHbIX TexHoJorui. J{is atoro TpedyeTcst cu-
CTEMHBIN MEXIUCIUTITHHAPHBIN TOAXO0] U 00b-
eIMHEHUE YCUIINN HCcCIIeloBaTeNeil U MPaKTHKOB
Pa3IHYHBIX O0NacTed, TaKMX Kak OMOTEXHOIO-
rusi, OMOXUMHMSI, MXTHOJOTHS WU PHIOOBOJCTRO.
[o Hamemy MHeHMIO, B Oyaymem PM He nomkHa
OBbITh €IMHCTBEHHBIM ITAJIOHOM IS CO3/aHUs
HOBBIX KOpMOB. CoctaB AK panuona oTnenbHbIX
BHJIOB PbIO, BHIpANIUBAEMBIX B MCKYCCTBEHHBIX
YCIIOBHSX, CIeqyeT MpuOImxkarh Kk coctaBy AK
UX TPaJUIIMOHHBIX KOPMOB B €CTECTBEHHBIX YC-
JIOBHSIX, a He K cocTaBy AK ten prIo.

B nuTeparype 60JiblI0€ KOIHYECTBO CTaTel
MTOCBSIIIIEHO M3y4eHHnio coctaBa AK B kopmax u
€ro BIHSHUIO Ha YIy4IlIeHHe POCTa U Pa3BUTH
pe16. IIpu 3TOM TOYTH HET PaboT, HAIpPaBICH-
HBIX Ha HCCJCIOBAaHHE BIUSHUS MOTH(PHKAIUN
coctaBa AK B ppIOHBIX KOPMax Ha 3I0POBBE JTIO-
Jel, moTpeOsromuX peidy. DTa Tema Tpedyer
HEOTJIIOXKHOTO BHUMAHUS, TaK KaK TJaBHAS IeTb
aKBaKyJIbTYpbl pPbI0 — oOecrieueHne KayeCcTBEH-

HOM IHUILEN YeIOBEKA.
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