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AnHotanusi. Pa0oTa mocBslIeHAa MCCIIEJOBAHUIO COCTaBa KOHIGHTpATOB Oeika M3 3€pHa amapaHra
(Amaranthus hypochondriacus L.), copt Boponexckuii. KoHIleHTpaTh! Oelika aMmapaHTa MOIyYaid MIeI0IHON
JKCTpaknueil O0enKoB, HEHTpamu3ae pacTBopa ¢ MOCIenyoned yiubTpaduibTpanneii; myTeM OTAeICHUS
KpaxMaJbHOW (hpaKIHK aMHUJIOIUTHICCKUMHU (PEPMEHTAaMH; IIEIOYHON IKCTPAKIEH OETKOB M OCaXKICHUEM
ux npu pH 4.5. [lomoOpaHs! yCIOBUS SKCTPAKIHH OCITKOB € TOCIEAYIOMINM XPOMaTO-MacC-CIIETPOMETpHIE-
CKMM aHAJIN30M U uX uaeHTudukanueit. [lokasano, uro 6emku U3 3epHa amapanTa 6osee 3pPEeKTHBHO IKCTpa-
rupyroTcs 6yGepoM ¢ MOYEBHHOM IIPH KOHIIEHTpanun Oeika B pacteope 1.7, 1.9 u 2.9 Mr/cm> COOTBETCTBEHHO,
Torja kak 0ygep ¢ nereprentamu 6osee 3pPeKTUBEH U1 SKCTPAKIIMU HU3KOMOJIEKYJISIPHBIX O€JIKOB IPH KOH-
HeHTpanusx 6enka B pactope 4.9, 2.9 u 9.0 Mr/cm® cooTsercTBeHHO. B pesynsrate BOXKX-MC/MC ananusa
¢ mocneayolei uaeHtuukaipei u nouckom mo 6aze nanaeix UNIPROT ycraHOBIEHO, YTO OCHOBHBIM Oeli-
KOM 3epHa amapanra siByisiercst 11S-T100yIiH, KOTOPBIH BEIIOJIHSET POJIb 3aIaCHOTO OelKa CeMsiH aMapaHTa.
B koHueHTparax amapaHTa HAEHTH(OUUMPOBaHO 14 YHHKaJIbHBIX OEJKOB, NPHHAJICKANMX TOJIBKO
A.hipochondriacus L., a Taxxe 0€JIKOB, KOTOpBIE HE IPUHAJJIEKAT JaHHOMY BHAY, HO IOCTOBEPHO HAECHTH(H-
mupyoted. [1o pe3ynbraTraM HOTyKOJIMIECTBEHHOTO aHAIN3a MEITHAHOTO MPOGUIT OSITKOBHIX KOHIIGHTPATOB
3epHa aMapaHTa yCTaHOBJIEHA BHICOKAs 9acTOTa BCTPEUYAEMOCTH OCHOBHBIX 0eikoB 11S-rmo0yImHOB BO BCex
oOpasmax. YacToTa BCTpEYaeMOCTH IPYTHX OENKOB B 0Opasiax, IMOydYeHHBIX Pa3HBIMH CHOCOOaMM, 3HAYHU-
TEJNEHO OTJIMYAJach, YTO CBA3AHO C OCOOCHHOCTSMH BBIJICICHHUS Oelka U3 3epHa aMmapanTa. [loxydeHHbIe pe-
3yJIBTATHl MOJKHO HICTIONTB30BATH JJIS OJTYYECHUS KOHIICHTPATOB PACTUTEIHHBIX OSIKOB € 3aJaHHBIM OSITKOBBIM
COCTaBOM.
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anekTpodopes.
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Abstract. The work is devoted to the study of the composition of protein concentrates from amaranth grains
(Amaranthus hypochondriacus L.), Voronezh variety. Amaranth protein concentrates were obtained by the
alkaline extraction of proteins, the neutralization of the solution, followed by ultrafiltration; by separating the
starch fraction with amylolytic enzymes; alkaline extraction of proteins and their precipitation at pH 4.5. The
conditions for protein extraction were selected, followed by gas chromatography-mass spectrometric analysis
and their identification. It has been shown that proteins from amaranth grain were more efficiently extracted
with a buffer containing urea at protein concentrations in solution of 1.7, 1.9, and 2.9 mg/cm’respectively,
while the buffer with detergents was more effective for the extraction of low molecular weight proteins at
protein concentrations in solution of 4.9, 2.9, and 9.0 mg/cm? respectively. As a result of HPLC-MS/MS anal-
ysis followed by a search and identification in the UNIPROT database, it was established that the main protein
of amaranth grain is 11S-globulin, which is a reserve protein of amaranth seeds. In amaranth concentrates, 14
unique proteins characteristic only for A.hipochondriacus L., as well as proteins that were not characteristic to
this species, but were reliably identified. Based on the results of semi-quantitative analysis of the peptide profile
of amaranth grain protein concentrates, a high frequency of occurrence of the main 11S-globulin proteins was
established in all samples. The frequency of occurrence of other proteins in samples obtained by different
methods differed significantly, which was associated with the peculiarities of protein isolation from amaranth
grain. The obtained results can be used for the production of plant protein concentrates with a set protein
composition.

Keywords: amaranth, protein concentrate, gas chromatography-mass spectrometry, proteins, protein structure,
electrophoresis.
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BO MHOT'OM 3aBHCST OT 00JIACTH BO3/CIIbIBA-
BBenenue

HUS KyJbTYpPbl, KIMMAaTUYECKUX YCIOBUU U

PactutenbHble OENKHM HIMPOKO UCTIONIB3Y-
IOTCS B MUIIIEBOI MPOMBIIIJICHHOCTH U KOP-
MOTIPOM3BOJACTBE. AMapaHT SIBISETCS O/-
HUM U3 MEPCIIEKTUBHBIX UCTOYHUKOB Oeska
B KayecTBe albTePHATHBBI OEJKaM pacTu-
TEJILHOTO M JKUBOTHOTO POUCXOXKIeHus [ 1, 2].
JlanHast KynbTypa MpHUBJIEKaeT K ce0e BHU-
MaHUE BBICOKUM YPOBHEM  aJianTalui,
OBICTPBIM TIPHUPOCTOM OMOMACCHI, BEICOKUM
coJiepKaHueM Oelka U ero cOaaHCupoBaH-
HOCTBIO 110 aMHUHOKHCIIOTHOMY COCTaBy |[3, 4].
Buonornveckue ¢pyHkunn O6€IKOB amapaHTa

copta [5], cTpykTypsl 6enka [6] 1 crtoco6oB
ero BbiaeneHuss w3 pactenus [7]. Ilpum
OIICHKE OHMOJOTMYEeCKHX CBONCTB KOHIICH-
TpaToB OejKa U3 3epHa aMapaHTa Ba)KHBIM
SIBIIICTCSL OTpENETICHHEe U WICHTHU(PUKAIUS
BXOJIIINX B MX cocTaB OenkoB. M3BecTHO,
9TO B pe3yJbTaTe (PU3UKO-XUMUIECKUX BO3-
JIEHCTBUI HA MOJIEKYJIBI O€lKa TIPH €ro BbI-
JICJICHUU CHHXKAETCsl PacTBOPUMOCTH [8&],
YTO 3aTPYAHSIET €ro SKCTPAKLMIO JUIS 1ajlb-
HeHlmero ananusza u uaeHTU(ukamuu. B
CBSI3M C ATHM, ILIEJIbI0 PabOTHI SBIAJIOCH:
Mo00p YCIOBUN SKCTPAKIMU OENKOB MpHU
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HOJTy4YEeHUH KOHIICHTPATOB Oellka M3 3epHa
amapaHTa copta BopoHexckuii ¢ mocneny-
IOIAM  XpOMaTo-Macc-CIeKTpoMeTpruye-
CKUM aHaU30M M HAeHTH(]UKanuel 6emKko-
BOTO COCTaBa.

JKCNepUMEHTAIbHASA YaCTh

OOBEKTOM  HUCCIENOBaHUS  SBJSUIOCH
3epHO amapaHTa copta Boponexckuii. Kon-
IIEHTpaThl OEJIKOB U3 3€pHA aMapaHTa ObUIH
MOJTy4eHbl CIeAyIommM odpazom: 1 — mre-
JIOYHOM SKCTpaKIen OTKOB 1 HeUTpaimn3a-
LUel pacTBOpa € MOCIEAYIOUIEH YIbTpa-
bunsTpanueit Ha YMTKn-1 «Bomoman» ¢
pasmepom nop 0.14 MkMm; 2 — oTaeneHUEM
KpaxMaJgbHOU (hpakiuu U3 3epHa aMHJIONHU-
TUYECKUMU (PepMeHTaMH; 3 — IIeI0YHOU
JKCTpakiuen OEIKOB U OCAKICHUEM UX MPU
pH 4,5. MaccoBas gons 6enka (M.1.0.) B mo-
JyYEHHBIX KOHIIEHTpATax cocTaBuia, %: 73,
55 u 83 COOTBETCTBEHHO.

Konnentparsl 0€NKOB pacTBOpSUIM B
docharHOM Oydepe u 100aBIISAIH TUZHPYIO-
it bydep 1 (50 MM Tpuc, pH 8.0, 150 MM
NaCl, 0.1% nomeuuncynsdat Hatpus, 0.25
% neokcuxonat Hatpus, 0.5 % Houuper P-
40) ¢ KOKTeiusleM HMHTHOMTOPOB TIpOTEa3
(Roche, IllBeitnapus). 3aTteM 3KCTparupo-
Banu MoBTOpHO bydepom 2 (8M moueBuHa,
50 MM Tpuc) B Teuenue 30 MUHYT IpHU KOM-
HAaTHOW TeMIlepaType MpH MOCTOSIHHOM Iie-
pEMENIMBAHUM ¥ UEHTPUPYTHUPOBAIH TIpU
10000g, +4°C.

KoHnnenTtpanuto OelKoB — ompeaesnsiin
BCA-mMeTooM ¢ ucmoib30BaHHEM Habopa
ouruaxonnHoBor kucioThl (ThermoFisher,
CHIA). D¢ heKTUBHOCTh IKCTpaKIUu Oel-
KOB OIICHHBAJIU AJIEKTPOPOPE30M B TIOTUAK-
punamugHom rese (ITAAT).

IMunponus GeNKkoB B pacTBOPE OCYIIECTB-
JISUTA TIOCTIEI0BATENbHO (JepMEHTHBIMHU TIpe-
napatamu Lys C (Promega, CIIIA) 1/100 B
TedyeHue 4 4YacoB, 3aTeM TPUIICUHOM
(Promega, CIIIA) 1/50 B Teuenue 16 gacos.

Jns BOXKXX MC ananmn3a BCIOIb30BaIN
HaHOMOTOYHBIA Xpomarorpad Agilent 1100
C caMOJEeJILHOU KOJIOHKOI Ha ocHOBe C18 ¢
AIIEKTPOCTIPEHHBIM SMMHUTEpPOM. KoIoHKY

W3TOTABIIMBAJIM HEMOCPEICTBEHHO TepeN
U3MEPEHUEM.

Macc-cnekTpoMeTpUIEeCKHU aHAJIU3 MPO-
BOAWJICS Ha TaHIEMHOM MAacC-CIEKTpO-
metpe LTQ FT Ultra B 2-X cranuifHOM pe-
KMME aBTOMATUYECKOTO HM3MEPEHHsS CIIeK-
TpoB 1o [9, 10].

KonTpo:as pesynsraToB BOXXX-MC mpo-
BOAWIM C TMoMolIplo mnporpammbl  Qual
Browser. C  mnoMompio  IporpaMmbl
Raw2msm wu3 Macc-xpoMarorpamMMm ObUTH
MOJTyYEeHbI CIIMCKU TOYHBIX MacC MENTHIIOB
1 Macc ux ¢pparMeHTOB U UCTIOIB30BAHBI JIJIs
MOUCKA U UACHTHU(HUKAIMK OeKOB 1o 6ase
JaHHBIX MpH TOMOIIM THporpammsel Peaks
Studio (Bioinformatics Solutions Inc.,
CHIA, version 8.5). [ns uneHTuduKanmuun
NENTHI0B HCIOJIb30BaJIACh AMHUHOKHCIOT-
Hasi TOCJIE0BaTENIbHOCTh O€JKa COTrIacHO
6a3e nannbix Uniprot KB.

O0cy:xneHne pe3ybTaToB

Jnst mogGopa ontuManibHOTo Oydepa 1is
pacTBOpEeHUs] U JIeHaTypaluu OEJIKOB HcC-
MOJIb30BAJIU JIBa Han0oJiee YacTo UCIOIb3Y-
eMbIX Jusnupytomux Oydepa: bydep 1 (Ha
OCHOBeE JieTepreHToB) u bydep 2 (Ha ocHOBe
MoueBUHBI). s mocneayromero macc-
CHEKTPOMETPUUYECKOTO aHallu3a U 3JIEKTPO-
dopesa B [IAAT Obina onpeneneHa KOHIICH-
Tpanusa Oenka B obOpasmax maccoi 10 mr
(Tabm. 1).

[lo pesynbraram snextpodopesa B mo-
IuaKkpwiaMugHoM rene (puc.l) ycTaHOB-
JIeHO, 4TO OoJiee 3 hEeKTUBHO OCIIKU IKCTpa-
rupoBajuch 0ydepom 2 (c MOUYEBHHOI), OA-
Hako, Oydep 1 (c nereprentamu) 6osee 3¢-
(eKTUBEH I HKCTPAKLUUU HU3KOMOJIEKY-
JSpHBIX OenkoB. BbUIO OTMEYEHO CXOACTBO
Mexay obpasuamu 1°, 2°, u 3°, nmpuuem co-
nepxaHue 6eKa pociio ¢ yBeTUYeHUEM Mac-
coBOI1 momu Oenka B mpenapare. Tak kak Oy-
depbl OTAMYAINCH MO AKCTPArupyroLeit
CIIOCOOHOCTH, JUIs AaJIbHEHUIINX HCCIIeI0Ba-
HUM UCTIOIB30BaNIN 00€ (ppakiuu.

B pesynbrare ruaponusa O6€1KOBOTO CO-
NEPKUMOTO KOHIIEHTPATOB OEJIKOB U3 ama-
panta 1 BOXKX-MC/MC ananusa c mnocie-
OyroIied uaeHTu(UKaIued U MOUCKOM TI0
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Tabmuma 1. Konnenrparus Oenka B pacTBOpax OSIKOBBIX KOHIIEGHTPATOB
Table 1. Protein concentration in solutions of protein concentrates

Ne O0beMm Oydepa KonueHrparus O0beM Oydepa 2, Konnenrparus
obpasma 1, cm? Oenka, Mr/cm® oM’ Oenka, Mr/cm®
1 0.5 1.7 0.18 4.9
2 0.5 1.9 0.32 2.9
3 0.5 2.9 0.22 9.0

s

15
v E

i

Puc. 1. DaexTpodope3 KoHIIEHTpaTOB OeIKOB W3 3epHa amapanTta B 12 % [TAAIL: 1 — yms-
TpadUIbTPaMOHHBIN KOHIIEHTPAT, M.J1.0. 73 %, 2 — KoHIeHTpaT Oenka, M.1.0. 55 %, 3 — KoH-
ueHrpar 6enka, M.1.0. 83%. Ha mapHbie 1OpOXKKH HAHECEHBI TIOCIIEAOBATEIbHbIE SKCTPaKTHI: by-
dep 1, 3atem bydep 2 (°).

Fig. 1. Electrophoresis of protein concentrates from amaranth grain in 12% PAGE: 1 — ultra-
filtration concentrate, mass fraction of protein 73%, 2 — protein concentrate, mass fraction of
protein 55%, 3 — protein concentrate, mass fraction of protein 83%. Sequential extracts were ap-
plied to paired lanes: Buffer 1, then Buffer 2 (')

6aze ganHbix UNIPROT Obuio maeHTudu-
nupoBaHo 188 OenkoB 6e3 yuera BUIOBOM
NPUHAAICKHOCTH, OCHOBHBIE M3 KOTOPBIX
npeacTaBieHsl B Tabnuie 2. OgHako, oTo-
OpaB Oenku, MPUHAIJICKAIINE TOJBKO A.
hipochondriacus L., 1 yHUKaIbHBIE OCIIKH,
KOTOpblE HE TPHUIHCHIBAIOTCA JaHHOMY
BUJY, HO JJOCTOBEPHO UJIECHTUPUIUPYIOTCS,
NOJYYHJIM CIUCOK HAeHTH(HKanmuid u3 14
OenkoB (Tabmn. 2). HeGompioe KOIUYECTBO
UIACHTUPUKAIMKA ~ OOYCIIOBIIEHO  HM3KOU
HAIOJTHEHHOCTHIO 0a3bl HE TOJBKO IS pac-
TEHUS 3TOTO BUA, HO U JJIA APYTUX BHUIOB
amapaHTa.

Kak BugHO u3 Taba. 2, OCHOBHBIMH O€ll-
KaMU 3epHa amapanTa sBisitoTes: 11S- rio-
OyJIMH, KOTOPBI OTHOCUTCS K OCHOBHOMY
3amacHOMYy O€JKy CeMsH, a TaKXke OCIoK
teruoBoro moka (Hsp70) crpeccnpoTek-
TUBHOTO JIEWCTBUSA, arrIlOTHHHH, PUOOCO-
MaJIbHBIA OeNoK, OeNIOK-NepeHOCUHK JIUIIH-
JIOB ¥ O€NKU-(EPMEHTHI.

[TonykonuyecTBEHHBIN aHAIU3 TUAPOIIU-
3aTOB OCJIKOBBIX KOHIICHTPATOB amapaHTa
MTO3BOJIMII BBISIBUTH OCITKH U COOTBETCTBYIO-
ITUE TIeTITH/IBI, KOTOPbIE HAUOOJIBIIIUM 00pa-
30M OTJIMYAOT 00pPa3Ilbl, OJyUYEHHBIC pa3-
HBIMU crioco0amu (puc. 2).

Kak BugHO U3 puc. 2, 6eIKOBBIi cocTaB
o0pasmoB amMapaHTa 3HAYUTEIHHO Pa3iIu-
qancs. [Toka3ana BbICOKasi 4acTOTa BCTpeya-
€MOCTH OCHOBHBIX 3amacHbIX OenkoB 11S-
r100yITMHOB BO Beex oOpasuax. OmHako 00-
pasen 2 oTauvaiics oT o0pasia 3 HaTudueM
OOJIBIIIETO KOJIMYECTBA TAaKUX OEIKOB, Kak
6enok Termooro moka (Hsp70) crpeccmpo-
TEKTHUBHOTO JCHCTBUs, (DEPMEHTHI TIHIIC-
pansaerun-3-pocharnernaporenaza, S-me-
TUATETPATUIPONI TEPOUITPUTITy TAMAT-TOMO-
[UCTEUH-S-MeTUiTpaHcdepasa, ydacTBYIO-
el B CHHTE3¢ METHOHWHA, MAJIaTIeTUIpO-
reHasa, pepMeHT rimkorenosa [V tuna u ap.
MaJioe KoTH4ecTBO APYTUX UACHTUDUIIIPO-
BaHHBIX OEJIKOB MOXET OOBACHATHCS IEii-
CTBUEM Ha CTPYKTYpPY OCJIKOB arpecCUBHBIX

1020



Copbyuonnvie u xpomamoepaguueckue npoyeccol. 2023. T. 23, Ne 6. C. 1017-1023.
Sorbtsionnye i khromatograficheskie protsessy. 2023. Vol. 23, No 6. pp. 1017-1023.

ISSN 1680-0613

Tabmwmma 2. benku, naeHTUGUITIPOBAHHBIC B THAPOIN3aTaX KOHIICHTPATOB OEJIKa M3 3epHa aMa-
panTa copta Boponexckuit

Table 2. Proteins identified in hydrolysates of protein concentrates from amaranth grain of the
Voronezh variety

Ko- ITo-
Komnnue-
Ne e | HE- KpBbI- Macca
- ID 6enka CTBO Y THE Oelka, HasBaunue Oenka
/i KaJTbHBIX
Ter- HeITHIOB Oelika, Jla
TUJOB ! %
1 Q85390 13 1 56 34959 Seed protein AmALI
2 Q38719 13 1 56 34958 Agglutinin
3 048859 6 5 25 28077 rRNA N-glycosylase
4 A0A221C716 2 2 7 36460 Malate dehydrogenase
5 P83167 4 4 36 9747 Non-specific 1.1p1d-transfer
protein 1
6 Q9ZTZ5 2 1 11 31348 rRNA N-glycosylase
Glyceraldehyde 3-phos-
phate dehydrogenase
7 A0A346NUD2 3 3 40 9317 (OS=Amaranthus
californicus)
Glyceraldehyde 3-phos-
phate dehydrogenase
8 A0A346NUGS 3 3 36 10422 (OS=Amaranthus
hypochondriacus)
9 A0A6COTS503 2 2 7 48429 Heat shock protein 70
10 Q38712 66 7 64 56672 118 globulin sged storage
protein
Small ribosomal subunit
11 Q94G66 1 1 12 12560 protein eS25
12 A219A6 62 3 60 55065 118 globulin
13 | AOAOF7R6Z9 | 9 9 11 | 108503 | !-4-alpha-glucan branch-
ing enzyme
5-methyltetrahydrop-
teroyltriglutamate-homo-
14 E3VW74 6 6 t 83736 cysteine S-methyltransfer-
ase
1 2 3 log2(ratio)
ADA221C716
Q0ZTZ5
048850

sp|Q04GE6
sp|P83167

Puc. 2. TernoBast kapTa Ui CPaBHHTENIFHOTO aHAN3a OSITKOBBIX podriell Mex Ty oOpas3iaMu
OCTIKOBBIX SKCTPAKTOB M3 aMapaHTa ¢ MaccoBoi moue: 1 — 55%, 2 — 83%, 3 — 73%. MakcumyMm B
IIKaJIe UHTEHCUBHOCTH Oenka oTpaxkeH 4.0, MuHuMyMm — - 4.0.

Fig. 2. Heat map of a comparative analysis of protein profiles between samples of protein extracts
from amaranth with mass fraction: 1 — 55%, 2 — 83%, 3 —73%. The maximum in the protein intensity
scale was 4.0, the minimum was 4.0.

Cpex IpH UX BBIIEICHWH. B KOHIEHTpaTre JHYECTBO OENKOB arrIIOTUHWHOB, pUOOCO-
0enKa, Moly4eHHOM ocie yIbTpaduiabTpa- MalbHBIX OENKOB, Hecrnenupuueckux Oe-
1 (0Opaszerr 3) HaOMroJaI0Ch O0IBIIOE KO-  KOB-TIEPEHOCUMKOB JIUIHUAOB, TOTAAa KaK KO-

JIMYECTBO APYTUX OEIKOB MUHUMAIILHO, YTO
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MOXXET OBITh CJIEJACTBHEM TOTEPh OEIKOB
pu Mpoxoje depe3 MeMOpaHy. B KoHIIeH-
TpaTe OenKa amapaHTa 6€3 XUMHIECKOM IKC-
Tpakuuu OenxoB (oOpazer 1) Habmoganach
BBICOKAs YacTOTa BCTPEYAEMOCTH BCEX
UACHTU()UIIMPOBAHHBIX OEJIKOB, 332 MCKIIIO-
yeHHeM O€NKOB, MPHUCYTCTBYIOIIMX B 00-
pasiie 3, 9TO MOKET OOBSICHATHCS HATUIHEM
MIPOYHBIX CBSI3€H MaHHBIX OEJKOB C OHMOIIO-
JUMepaMU CEMSIH PACTeHUSI 1 HEBO3MOXKHO-
CTH UX DKCTPAKIINH.

3akJjaroueHue

[TogoGpaHbl yCIOBHUSI IKCTPAKIUU Oe-
KOB W3 3€pHa amapaHTa, MOJyYEHHBIX pa3-
HBIMH crocobamu BblAeNeHus. Meroaom
XpOMaTO-MacCC-CIIEKTPOMETPUIECKOTO aHa-
Ju3a ¥ UAEeHTU(HUKAIIMA OCHOBHBIX OEJIKOB
YCTaHOBJICHO, YTO OCHOBHBIM OEIIKOM BCEX
KOHIIEHTPAaTOB aMapaHTa SsBIsSIeTCS 3arac-
Hoi Oenok 11S-rmoOynunH. B koHueHTpare
Oenka amapaHTa, MOJYYEHHOM MIEIIOYHOMN
IKCTpaKLUeil U ocaxaenuem Oenka rnpu pH
4.5, yCcTaHOBJIEHA BBICOKAsl 4acTOTa BCTpe-
gaeMocTu 0enkoB TeruioBoro moka (Hsp70)
CTPECCIPOTEKTUBHOIO JACHCTBUS U OEIKOB-

Cnucok aurtepartypsl/References

1. Pavlenkova S., Shuvaeva G., Mesh-
cheryakova O., Miroshnichenko L.,
Korneeva O. Amaranth — A promising crop
for fodder manufacturing. Journal of Bio-
technology: European biotechnology con-
gress. Dubrovnik. Croatia. 2017; 27.
https://doi.org/10.1016/J.JBI-
OTEC.2017.06.642

2. Chirkova T.V., Amaranth — the culture
of the 21st century, Soros. education maga-
zine, 1999; 10: 22-27. (In Russ.)

3. Khandaker, L.; Masum-Akond,
A.SM.G.; Ali, M.B.; Oba, S., Biomass yield
and accumulations of bioactive compounds
in red amaranth (Amaranthus tricolor L.)
grown under different colored shade poly-
ethylene in spring season, Sci. Hortic.,2010;
123: 289-294. https://doi.org/10.1016/j.sci-
enta.2009.09.012

4, Cordero-de-los-Santos, M.Y.,
J.A.Osuna-Castro, A. Borodanenko and O.,

dbepmenToB. CoctaB ynbTpaduIbTpaIIOH-
HOT'O KOHIIEHTpaTa OTJINYAJICS BHICOKHM CO-
Jep>)KaHreM OCJIKOB arrJIIOTHHUHOB, pHOO-
COMQJIBHBIX OEJIKOB, HeCHEeIH(PHIECKUX
OCJIKOB-TIEPEHOCYMKOB JIUIIHIOB W MHUHHU-
MQJIBHBIM KOJIMYECTBOM OENKOB-(pepMeH-
ToB. HanGonpmum KOTUYECTBOM HICHTH-
(GUIMPOBAHHBIX OEJIKOB OTIMYAJICS KOHIICH-
Tpar OejKa aMapaHTa, MOJYYSHHBIH Mocie
(epMEHTaTUBHOTO  yJAJIIEHUs] Kpaxmaia.
[Ipu 3TOM OTMEYEHO HHU3KOE COJCp)KaHHE
arrJIlOTHHUHOB, PUOOCOMATIBHBIX OEJIKOB,
HeCTTeU(PUICCKUX  OEITKOB-TIEPECHOCUYNKOB
munuaoB. IlodydeHHsle pe3ynbTaThl MO3BO-
JSIOT PEKOMEH/I0BaTh Pa3HbBIE CIIOCOOBI TMO-
Jy4EeHHUs PACTUTENIbHBIX OCTKOBBIX KOHIICH-
TPATOB C 33J]aHHBIM OCITKOBBIM COCTaBOM.

Kondaukr nuarepecon

ABTOpBI 3asIBISIIOT, YTO y HUX HET W3-
BECTHBIX (PMHAHCOBBIX KOH(IMKTOB HHTEPE-
COB WJM JIMYHBIX OTHOIICHHH, KOTOpBIC
Moriy Obl OBIUATH HAa padoTy, MpencTaB-
JICHHYIO B 9TOM CTaTheE.

Parades-Lopez: Physicochemical and func-
tional characterization of amaranth (4ma-
ranthushypochondriacus) protein isolates
obtained by isoelectric precipitation and mi-
cellisation, Food Sci. Technol. Int.,2005; 11:
269-280. https://doi.org/10.1177/
1082013205056491

5. Taipova R.M., Kuluev B.R., Ama-
ranth: cultural features, application, pro-
spects for cultivation in Russia and the crea-
tion of transgenic domestic varieties, Bio-
mika, 2015; 7(4): 284-299. (In Russ.)

6. Avanza M.V., Puppo M.C., Afion M.C.
Structural characterization of amaranth pro-
tein gels, J. Food Sci., 2005; 70: 223-229.
https://doi.org/10.1111/j.1365-
2621.2005.tb07139.x

7. Nasseri A.T., Rasoul-Amini S., Moro-
wvat M.H., Ghasemi Y., Single Cell Protein:
Production and Process, American Journal
of Food Technology. 2011; 6: 103-116.
https://doi.org/10.3923/ajft.2011.103.116

1022



ISSN 1680-0613

Copbyuonnvie u xpomamoepaguueckue npoyeccol. 2023. T. 23, Ne 6. C. 1017-1023.
Sorbtsionnye i khromatograficheskie protsessy. 2023. Vol. 23, No 6. pp. 1017-1023.

8. Meshcheryakova O.L., Vasilenko L.I.,
Gubin A.S., Sviridova T.V., Korneeva O.S.,
Analysis of an amino acid composition and
the structure of amaranth protein isolates un-
der different conditions of protein isolation,
Sorbtsionnye i khromatograficheskie
protsessy. 2022; 22 (6): 841-848.
https://doi.org/10.17308/sorp-
chrom.2022.22/10890 (In Russ.)

9. Aebersold R., Mann M., Mass spec-
trometry-based proteomics, Nature, 2003;

422 (6928): 198-207.
https://doi.org/10.1038/nature01511

10. Weisser H., Nahnsen S., Grossmann
J., Nilse L., Quandt A., Brauer H., Sturm M.,
Kenar E., Kohlbacher O., Aebersold R.,
Malmstréom L., An automated pipeline for
high-throughput label-free quantitative pro-
teomics, J. Proteome Res, 2013; 12: 1628.
https://doi.org/10.1021/pr300992u

HNudopmauus 06 aBropax / Information about the authors

O.J1. MemepsikoBa — JONEHT Kadenpsl OHOXH-
mun 1 6norexHonoruu ®I'6OY BO BI'YUT, Bopo-
Hex, Pocenst

A.E. ByrpoBa — crapmmii Hay4HbIH COTPYIHHUK
NBX® PAH, Mocksa, Poccus

A.C. KoHOHUXHWH — BeAyIIUi Hay4HBIH COTpYI-
Huk MHIIX® um. B.JI. Tanspoze OUL XD PAH,
Mocksa, Poccus

0O.A. KapramoBa -
BI'VUT, Boponex, Poccus

skcreps  ®I'BOY BO

0.C. KopHeeBa — 3aBenyromas kadenpoi Onoxu-
mun 1 6norexHonoruu ®I'6OY BO BI'YUT, Bopo-
Hex, Poccus

JI.9. I'narosieBa — npodeccop xadeapsl 6noxu-
muu u ouorexunonoruun ®I'6OY BO BI'YUT, Bopo-
Hex, Poccus

B.U. Kopuarus — npodeccop kapeapsl IpOMBIIII-
JICHHOM DKOJIOTMH W TexHochepHOoi 0e30macHOCTH
®I'bOY BO BI'YUT, Boponex, Poccus

O.L. Meshcheryakova — Associate Professor De-
partment of Biochemistry and Biotechnology, Voro-
nezh State University of Engineering technologies,
Voronezh, Russia, gawshina@mail.ru

A.E. Bugrova — senior researcherof Institute of Bi-
ochemical Physics of the Russian Academy of Sci-
ences, Moscow, Russia, anna.bugrova@gmail.com

A.S. Kononikhin - leadingresearcher V.L.
Talrose Institute for Energy Problems of Chemical
Physics, N.N. Semenov Federal Research Center for
Chemical Physics, Russian Academy of Sciences,
Moscow, Russia, konoleha@yandex.ru

0.A. Kartashova — external student of Biochem-
istry and Biotechnology, Voronezh State University
of Engineering Technologies, Voronezh, Russia

0.S. Korneeva — Head of Department of Bio-
chemistry and Biotechnology, Voronezh State Uni-
versity of Engineering Technologies, Voronezh,
Russia, korneeva-olgas@yandex.ru

L.E. Glagoleva — Professor of the Department of
Biochemistry and Biotechnology, Voronezh State
University of Engineering technologies, Voronezh,
Russia, irochka2n@gmail.com

V.I. Korchagin — Professor of the Department of
Industrial Ecology and Technosphere Safety, Voro-
nezh State University of Engineering technologies,
Voronezh, Russia, kvi-vgta@rambler.ru

Cmamus nocmynuia 6 pedakyuto 22.11.2023; o0obperna nocne peyenzuposanus 04.12.2023;

npunama x nyoauxayuu 06.12.2023.

The article was submitted 22.11.2023; approved after reviewing 04.12.2023;

accepted for publication 06.12.2023.

1023



	Конфликт интересов
	Список литературы/References
	Информация об авторах / Information about the authors

