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C noMoIIIbI0 METO/Ia CKAHUPYIOIIEH 3JIEKTPOHHOKM MUKPOCKOIUU MTPOBEACHO CPaBHUTEJIBHOE UCCIIeI0Ba-
HUEe MOPGhOJIOTUH TOBEPXHOCTHU YACTHII U JIEMEHTHOTO COCTaBa KyTUKYJIbI KYKOJIKU Hermetia illucens no v
rocJie HaHeCeHUs! KyJIbTypalibHOM xkunkoctu (K2K) mpobuornyeckoro mrtamma Lactobacillus acidophilus B
2707. IlokazaHo, 4TO TIOCTIe MIAASIIET0 BhICYIIMBAHMS COPOMPOBAHHBIE KJIETKH JIAKTOOAIIMILII COXPAHSIOT-
¢l mof, ruieHKoM Ha Hocurelie. [Tpu aToM nox Bo3aeiictBueM K2K HabmogaeTcst AeCTpyKIMsSI OTHOCUTEILHO
KPYITHBIX YaCTHUII IIOPOIIKA XUTHUH-0EJIKOBOIO KOMILIEKca KyTUKYJIEI (cpenauii muameTp yactuir D 845.3 +
+ 109.1 MkM) U1 oOpa3oBaHue MeIKUX (pparMeHTOB (cpeauuit D 63.4 = 13.9 MKM), B TOM 4ucjie, HAHOYA-
crun (cpenauii D 54 + 18 aMm). [lonydeHna oGoraiieHHas KaiblyeM, MarHueM U (pocopoM OHMOoIUIeHKA
JIaKTOOAKTEepUil Ha COPOEHTE, COCTOSIIEM U3 MUKPOYACTULL KYTUKYJIbl KYKOJIOK HACEKOMOTO, 1 BKJTIOYaIO-
IIIeM HAHOYACTUIIbI, YTO OOECIEeUMIO TTPOOHOTUYECKOMY MperapaTy BBICOKYIO OMOJIorndecKkyio addek-

TUBHOCTD.
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XUTUH MyXU 4depHast JbBUHKaA Hermetia illucens
MpUBJICKAaeT BHUMaHUE HCCIeaoBaTeseil B CBSI3U C
BO3MOXXHOCTBIO TTPOMBINIJIEHHOTO pa3BelcHUs Ha-
CEKOMOTO U TIOJIy4YeHUST BO3OOHOBIISIEMOTO CHIPHS,
o0Jianaloniero OMoJoruueckoit akTMuBHOCTb10. Kuz-
HEHHBIN UK MyX1 BKJIIOYAET CTATUIO KyKOJIKH, U3
KOTOpO BeUTyTIIsIeTCS mMaro. I1ociie BeIieTa B3pociioin
MYXM OCTalOTCAd IIyCTbIE NYIAPWUM, MPENCTABIISAIOLINE
o001 XUTUH-CONEpKAIINIA 9K3YBHI. XUTUH SIBJISICTCS
OCHOBOIT 9K30CKeJieTa WICHUCTOHOTHX, 00ecTieuBacT
JKECTKOCTh M CTPYKTYPHYIO 1I€JIOCTHOCTD; BBIIEIEH-
HBIIT B YMCTOM BHUAEC XUTUH XapaKTepHU3yeTCs TaKkKe
WUMMYHOMOIYJIMPYIOIIMMU, TPOTUBOMUKPOOHBIMU,
TIPOTUBOTPUOKOBBIMI M COPOITMOHHBIMM CBOMCTBaMU
(Cxkpsioun m np., 2002; Lenardon et al., 2010; Bapna-
MOB 1 Ap., 2020).

B opranu3Me HaCEeKOMBIX XUTUH TIPUCYTCTBYET B
komriuiekce ¢ 6enkamu (Henriques et al., 2020) u ero
conep:kanue BapbupyeT oT 0.27% y IMIeTMHOTO pac-
rona, 1o 5% y myunbix uyepBeii (Finke, 2013). 1o
JINTePaTYPHBIM TaHHBIM JTUYMHKHA YepHOI TIBBUHKU
5-tro Bo3pacTta comepxkat oT 4.5% (Caruso et al., 2014)
1o 8.7% xutuna (Diener et al., 2009). I1ocne BbIIEeTa
MyXH KYTUKYJIa, COmepsKalllass XUTWH, MOXET OBITh
HCIIOb30BaHa KaK OMOCOPOECHT, B TOM YHCIIe M KaK
COPOCHT IJIST TTOIYYSHUS TTperapaToB MpoOHOTHYIE-

CKMX OaKTepuii, YCUJTMBAIOIINIT X BEDKUBAEMOCTh B
KHIIIEIHOM TpaKTe W MPOOHOTHIECKYI0 3(h(hEKTUB-
HOCTb.

Lenp mccrmemoBaHusT — HM3YyYeHUE IMOBEPXHOCTHU
KYTUKYJIBI KyKOJIKU H. illucens no u 1mmocie HaHece-
HUS CYCTICH3WW MOJIOYHOKUCITBIX IIPOOMOTUKOB, T11a-
ISIIIETO BBICYIITMBAHUS M M3METbUCHUS.

MATEPHAJIBI 1 METO/IbI

IMTpenapat 6uoMacchl KyTUKYJI KyKOJOK MOCJIE BbI-
sneta myx H. illucens miojrydeH Iipu comepXKaHUU JINYU-
HOK HacekoMmoro Ha koMbukopme I1K-3 PameHckoro
KOMOWHaTa xJiebonpoaykToB, Poccusi. Kytukymny ns-
MeJIbYaJiui pacTupaHueM B ¢GapdOpoBOil CTYIKE U
CTEePWIN30BAIU TEPMUYECKU B CYXOXKapHOM IIKady
ipu 160°C 2 u.

CornnacHo mpuBeaeHHoOMY B TmacnopTe BKIIM
OIMCaHUIO, IIITAMM IIPOOMOTUYECKUX OakTepuii Lac-
tobacillus acidophilus B 2707 BeIpaliuBaiu CyTKHA Ha
CTEepPWIbHOM 00E3XKMPEHHOM MOJIOKE, 3aT€M CMEIIN-
BaJIM CO CTEPWIBHBIM ITOPOIIIKOM KYTUKYJIbI B COOT-
HoleHuu 1 : 2, Bec/oobeM. BeicyimBanu npu 45°C B
TeyeHue 12 4 1 usmenpyaan pactTupanuem B papdo-
POBOM CTYIIKE.
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Puc. 1. IToBepXHOCTb 1IECTUYTOJbHBIX SIMHUIL KYTUKYJIbI KYKOIOK H. illucens: a — yBenuuenue 1480%; 6 — 3840X; B — yacTu-
16l KYTUKYJIBI C HAHECEHHO! KYIbTypaJIbHOW KUIKOCTHIO JIAKTOOAMIUTEL, 1310X; T — akTOo0aIIMIIbl (OTMEYEHO CTPETKaMM)

MO/ IUIEHKOM Ha ITOBEPXHOCTH HOocHTest, 24600 % .

CKaHUPYIOIIYIO 3JIEKTPOHHYIO MUKPOCKOIHIO OCY-
mecteisiia Ha Mukpockorie TESCAN MIRA 3 LMH
(TESCAN, Czech Republic). IIpenapatsl B BUIe mo-
pOIlIKa HAHOCWJIM Ha MOBEPXHOCTh IBYCTOPOHHETO
MPOBOISIIETO CKOTYA IJII MHUKpPOCKOIMM Supplies
(CIIIA), HakJIeeHHOTO Ha MpeAMeTHBIN cTonuK. Ha-
MbUJIEHWE OCYIIECTBJISIIM 30JI0OTOM Ha YCTaHOBKE
Q150R ES Plus (Quorum Technologies Ltd, CoequHeH-
Hoe KoponeBctBo). OLieHKY 3JIEeMEHTHOIO cCOocTaBa U
pa3Mephl YacTHULI OINPEAEIISIN C UCIIOIb30BAaHUEM CH-
CTeMBI dHeproauciiepcuonHoro aHanu3a Oxford AZ-
tecOne X-act (Oxford Instruments, UK) — mpo-
rpaMMHOro otecriedueHust K Mukpockorry TESCAN
MIRA 3 LMH (TESCAN, Czech Republic) npu
ycKopsroneM HarnpskeHu 10 KBT ¥ KOTUYECTBE Ha-
KOIUICHHBIX MMIYJIbCOB 5 MJH. KonnuecTBeHHBIE
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pacueThbl OCYILIEeCTBIISITUCh aBTOMaTUUECKU MTpOorpam-
moii AZtecOne Quant. CTtaTucTuyecKue pasindusi
OLICHUBAJIU C TTIOMOIIBIO OJHOMAKTOPHOTO AUCTIEpP-
CUOHHOTIO aHaju3a B Iporpamme Statistica 10 (Ano-
va). J1y1st miepBUYHO#1 06pabOTKM JaHHBIX U TTIOCTPOE-
HUS AuarpaMm ucnosiab3oBanu Microsoft Excel 2019.

PE3YJIBTATbBI 1 OBCYXKAEHUWE.

Bo3MoxHOCTE moydeHusT cOpOMpPOBAaHHOTO Ha
HOCHUTeJle TIPOOMOTHKA BO MHOTOM OITpENeIsIeTCs
CTPYKTYPHOIT opraHu3armeil copoeHTa. DIeKTPOHHBIE
dororpadun 9acTU MHTAKTHON KYTHKYJIBI KYKO-
ok H. illucens neMOHCTpUPOBAJIM YHOPSIIOYCHHYIO
CTPYKTYPY THOBTOPSIIOIIUXCS IMTECTUYTONbHBIX €IM-
Hun (puc. la, 10), MOBEpXHOCTh U IIPOCTPAHCTBO
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Puc. 2. ®oTo yacTuIl U3MeJIBYSHHOM KYTUKYITBI KYKOJIOK H. illucens: a — 9acTUIIBI MHTAKTHOM KYTUKYJIBI, yBeJIM4eHME 53X ;
0 — BBICYLIIEHHbBIC YACTULIbI C TPOOMOTUKOM, 311X; B — HAaHOYACTULIbI KyTUKYJIbI, 109000%. Otpe3kamu Ha ¢HpoTo 2 6 U 2 B OT-
MeUYeHbI MaKCUMaJbHbIe fruaMeTphl (D) yacTull, KOTopble YYUTHIBAINA IPU aHAIM3€ Pa3MEPHBIX (hpaKIIUii.

MEXITy KOTOPBIMHU B TIpoliecce TMOydyeHus poouo-
TMKa Ha HOCUTEJIE 3a0JTHEeHbI KYJIbTYypaIbHOM KU1~
KOCTBIO, UTO BUJHO Ha puc. 1 B 10 UBMEHEHUIO pe-
JIbeda NoBepXHOCTU copOeHTa. [1py BeICyIIMBaHUU
YacTUIL KyTUKYJIbl C UMMOOWIN30BaHHBIM MPOOHO-
THKOM, 0Opa3oBajach IJIeHKa, TOKPhIBAIOIIAsT KJIeT-
KU MUKPOOPraHM3MOB, KOTOpasi, MO-BUAMMOMY, BbI-
TOJIHSIET (PYHKIIMIO 3aIIUTHI JIJAKTOOAKTEPH1, TaK KaK
OHM COXPaHWIN CBOIO OAIMIISIPHYIO MOP(OJIOTHIO,
He CMOPIIIEHBI U HE CILTIOIEHBI (puc. 1r).

3HauYNTEIbHbIE U3MEHEHUSI B CTPYKType YaCTUII
MHTAaKTHOM M3MeJIbYeHHOM KyTUKYJIBI HAaOII00aIUCh
py MeIJICHHOM 12-94acoBOM peXMMe BBICYIIMBAHUS

MN3BECTUA PAH. CEPUA BUOJOTUYECKAA  Ne 3

MopollKa copdeHTa ¢ UMMOOMIN30BaHHBIM ITPOOMO-
TUKOM 0e3 MPUMEHEHMS BICOKUX TeMriepaTyp (45°C).
3a 3TOT TepHon, BEPOSTHO, OTHOCUTEITLHO KPYITHBIC
YaCTHUIIbI KYTUKYJIbI (pYC. 2a) MOABEPIJINCH (hepMeHTa-
TUBHOMY TUIPOJIM3Y KYIbTYPaJIbHON >KWUIKOCTBIO C
JIaKTOOAIMJUION, YTO TIPUBENO K AECTPYKIIMU CKIIEPO-
TUHU3MPOBAHHOTO XUTUH-OEIKOBOTO KOMIUIEKCA U
MIPOSIBIIIOCH B 00pa30BaHMU MEJIKMX YacTull (puc. 20),
BKJIIOYas oopazoBaHue HaHodacTull (puc. 2B). Cpen-
HUI AMaMeTp YacTUIl TOPOIIKA U3MEJIbYeHHOM Ky-
TUKYJIBI KyKosIoK cocTaBui D 845.3 + 109.1 MkM, B TO
BpeMsl KaK CpeaHHue pa3Mepbl YacTHUIl KYTHUKYJIBI C
MIPOOUOTHUKOM OBUIM JOCTOBEPHO MeHbIIe, D 63.4 +
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Puc. 3. Pacnipenenenue pasmepHbIX dpakivii yactuil, %: a — mpenapar NpoGUOTHK Ha YacTHIaX KYTHKYJIbI; 6 — U3METbUYeH-

Hasg MHTaKTHasd KyTHUKYJ1a.

+ 13.9 mxm (F = 276.1; P £0.001), u He npeBbILIATN
D 255 mxm. Pacripenenenue pasMepHBIX (pakIIuii
yacTtull B % (0e3 yueTa HAHOYACTHII) MIPUBEIEHO Ha

puc. 3. CpegHuii pa3mep HaHOYaCTHIL cocTaBu D 54 +
+ 18 M.

IIpolleHTHBIN COCTaB OCHOBHBIX 3JIEMEHTOB Ky-
TUKYJbI KyKOJoK H. illucens ipencrasiieH B Ta0. 1.

DeMEeHTHBII COCTaB KOMILJIEKCa KYTUKYJIbI KyKO-
JoK H. illucens c BHECEHHOM KyJIbTypalbHOM KUIKO-
cThio ¢ L. acidophilus B 2707 ioka3ay OTIUYUS OT UC-
XOZLHOﬁ KYTUKYJIbI HE B KAYECTBEHHOM OTHOIICHNHA,
a B KOJIMYECTBEHHOM COOTHOIIIEHUM 3J1€MEHTOB. B
6 pa3 yBeaumumiach BenuunHa C/N 3a cueT CHUXe-
HUSI JOJIV 230Ta, YTO KOPPETUPYET C TPEATTOTOXKEHU -
€M O paclICIUICHUU XUTUH-O0EJIKOBOTO KOMILIEKCa
KYTUKYJIbI U BBISIBICHHOM YMEHBIICHUU pa3MepoB
yacTtull copoeHTa. IToBeIcuiIach IOas HATpUs U He-
CKOJIBKO TIOBBICWJIOCH COACPKAHUE KaIbLIUs, a Mar-
HUS 1 pochopa YMEHBIIUIOCH, MTO-BUINMOMY, 3a

CYET XMMUYECKOI0 COCTaBa HAHECEHHOM Ha KYTHUKY-
JIy OpraHMKM M IepepacripCacIC€CHuA yaCJIbHOro Co-
ACPpXKaHUA KOMITIOHCHTOB.

IIpobuoTnk, MMOOMIN30BaHHBIIT Ha COpPOEHTE
W3 MUKPOYACTUILL KyTUKYIBI KyKOJIOK H. illucens, ObIn
IIPOTECTUPOBAH B pallMOHe UBIILIAT. MccaenoBaHust
npoBoamianck B ycaoBusgx CI'Ll “3aropckoe BI1X”
Ha Opoiinepax kpocca “Pocc 309” B KiieTouHbIX OaTa-
pesx tura P-15, mo 35 ronoB B Kaxkmoii rpyIine, ¢ cy-
TOYHOTO J0 35 — CyTOYHOTO BO3pAaCTa BhIPALLIMBAHUSI.
Hopwmbl Tocagku, cBETOBOI, TeMITepaTyPHBbIit, BJIaXK-
HOCTHBIN PEXUMBI, DPOHT KOPMJICHUS U TIOCHUS CO-
oTBeTcTBOBaIM pekoMeHpausmM POHIL BHUTUII
PAH (®ucunwn, Eropos, 2018) u mist Bcex rpymn
OBLTM OOWHAKOBBEIMU. BKiTloueHMe mpenapara B 03¢
0.5 /T KOMOMKOpMa IIOBBICWJIO IIPUPOCT XKUBOM
Macchl LLITUIAT B KOHIIE OMbITa Ha 5.7% Mo cpaBHE-
HUIO ¢ OpoiijiepaMu KOHTPOJBHOM IPyMITbl, 1 06ec-
MEYMJIO BHICOKYIO COXPAHHOCTb ONTULEL. [Ipu sTOM
3aTpaThl KOpMa Ha 1 KT IIpUpocTa XKUBOIT Macchl B

Tab6muma 1. DIeMEHTHBIN COCTaB ITOPOIIKA KyTUKYIbl KyKonoK H. illucens m KoMILIeKca KyTUKYJIBI ¢ KyJIbTypaJlbHOMI

XUAKocThIo L. acidophilus B 2707

Kytukyna Kytukyna c mpobrotTukom
DyeMeHT % c C/N % c C/N
C 61.53 0.16 68.24 0.29 52.5
N 7.08 0.23 1.30 0.40
O 28.02 0.09 26.74 0.15
Na 0.09 0.01 0.41 0.01
Mg 0.38 0.01 0.24 0.01
P 0.71 0.01 0.51 0.03
K 0.66 0.01 0.66 0.02
Ca 1.53 0.02 1.90 0.03
Bcero 100.00 100.00
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336 VIITAKOBA u ap.

ONBITHOM I'pymIie 3a 1nmepuoa BbIpalllMBAHWUA CHU3U-
Jmch Ha 3.5% 3a cueT MOBBILIEHUS IIepeEBAaprUMOCTU N
HCITOJIb30BaHUA TTNTATC/IbHbLIX BCIICCTB KOpMa, 4TO
MOXKET OBITh CBSI3aHO C aKTUBHOCTBIO HpO6I/IOTI/IKa.

Takum obGpa3oM, mosiydeHa oOoralleHHasi KaJlb-
HyeM, MariieM u gocgopom OuoIieHKa JJaKTo0aK-
tepuit L. acidophilus B 2707 Ha copOeHTe, COCTOsI-
IIEM 13 MMKPO YaCTHUIL KYTHKYJIbI KyKOJIOK YepHOI
JeBUHKM H. illucens, BKJItoyasi HAHOYACTUIIBI, YTO
IO3BOJIMJIO MOJIYYUTh IIPOOUOTUYECKHIA TIpenapar ¢
BBICOKOI1 OMOJIOTNMYeCKOU 3(pPHEKTUBHOCTHIO.

PabGora BBITTOTHEHA B paMKax peanmn3anuu gene-
paibHOII MporpaMMbl TOMIEPKKU YHUBEPCUTETOB
“ITpuopwnret 2030”.
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Cuticle of Hermetia Illucens Black Lion Pupa as A Biosorbent for Probiotics
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Using the method of scanning electron microscopy, a comparative study of the particle surface morphology
and the elemental composition of the cuticle of Hermetia illucens pupa before and after the application of the
culture liquid (CL) of the probiotic strain Lactobacillus acidophilus B 2707 was carried out. At the same time,
under the influence of CL, destruction of relatively large particles of the powder of the chitin-protein complex
of the cuticle (average particle diameter D 845.3 £ 109.1 um) and the formation of small fragments (average
D 63.4 £ 13.9 um), including nanoparticles (average D 54 + 18 nm). A biofilm of lactobacilli enriched with
calcium, magnesium and phosphorus was obtained on a sorbent consisting of microparticles of the cuticle of
insect pupae and including nanoparticles, which provided the probiotic preparation with high biological ef-

ficiency.

Keywords: cuticle, chitin, black soldier fly, sorbent, probiotic
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