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BJIMAHUE YJIBTPA®HUOJIETOBOI'O OBJIYYEHUSA HA
POCTOCTUMYJIMPYIOIIYIO AKTUBHOCTbD PGPR- §AKTEPI/II71,
CIHOCOBCTBYIOIIUX POCTY PACTEHHUU

doi: 10.53729/MV-AS.2022.02.01
AHHOTaNMs

B crarbe npuBeneHsl pe3yabTaThl UCCIEIOBAHUS BIUSHMAS MYTaHTHBIX IITAMMOB PHU300aKTEpUH,
cnocoOcTByromux pocty pacrenuit (PGPR- Oakrepumii), mnoxBeprmmxcs yiabTpadHOIETOBOMY
00JTyd4eHHI0, HAa BCXOXKECTh M SHEPTUIO popacTaHus ceMsH Maia coprta «[lobena-54» u dacomu copra
«HUmky - 077». B kauectBe 0OBEKTOB HCCIICIOBAHMSA MCIIOIB30BaaKCh Pseudomonas putida 4/1,
Azotobacter chroococcum P29 u Bacillus subtilis. B pesynbrate mpoBencuus YD-o0myueHus Tpex
KOJJIEKIMOHHBIX ITaMMOB PGPR-Oaktepuii ycranoBneHo, uto 1%-Hoe BBDKMBaHHE MOHOW3OJSTOB
nmocTuraercs mpu oomydernn Y O-nygamu B Teuenne 60 MUHYT.

O06paboTka ceMsH Malla MOJYYEHHBIMH MYTAaHTHBIMH IITaMMaMH OKa3aja IOJOXKHUTEIbHOE
BIMSHUE Ha BCXOXECTb CEMSIH M0 CPaBHEHHIO C OOpabOTKOW CeMSH HCXOOHBIMH BapHaHTaMU
puzobakTepuii 1 KoHTposieM. OJHAKO yBEIMYEHHE POCTOCTUMYJIMPYIOIIEH aKTUBHOCTH 110 CPABHEHHIO
C MCXOJHBIMHU IITAMMaMH OTMEYECHO TOJIbKO y MyTaHTHOTro Imtamma Pseudomonas putida M-1. J{nuna
cTeON U KOpHEH MpH 3TOM yBenuuuiach B cpenHeM B 1,2 pasa (crebens) u B 1,08 pasa (kopeHb) 1o
CPaBHEHHIO C JTHMH TIOKa3aTeNsIMH pacTeHHUH, CeMEHa KOTOPhIX ObLIM 00paboTaHbl HCXOTHBIM
IIITAMMOM, a TI0 CPAaBHEHHIO C KOHTPOJIeM - B 2,9 u 2,6 pa3a, COOTBETCTBEHHO.

O6pabotka xe ceMsH (Qacond MyTaHTHBIMH IITAMMaMH HCCIIEAYeMbIX OakTepuii He OKasaja
MIOJIOKHUTENBHOTO BIMSHUS HU Ha BCXOXKECTh CEMSIH, HM Ha MPUPOCT KOPHS U cTeOJIsl O CPaBHEHUIO C
WCXOJTHBIMHU BapHaHTAMH H KOHTPOJIEM.

KuroueBble cioBa: PGPR-6aktepun, Y @-001yuenue, myrareHes, mait, Gpacoib

B Mupe nocTosHHO pacTET Crpoc Ha HKOJIOTUYECKH YUCTYIO MPOAYKLHUIO, U MTOTPEOHOCTh
CEJIbCKOTO XO35HCTBAa B O€30MACHBIX OMOJOTMYECKHX MpernapaTax yBEIWYUBACTCS C KaKIbIM
rogoM. B mocnenHee Bpems BcE Ooiblllee BHMUMAaHHE YUYEHBIX MPUKOBAHO K CO3/aHUIO
OuornpenapaToB, OCHOBY KOTOPBIX COCTaBJSIIOT pPHU300aKTepUHU, CTUMYIHPYIOIIUE PpPOCT
pacrenuii — PGPR (plant growth promoting rhizobacteria). Vcnonbs3oBaHue B HpakTHKe
CEIBCKOTO XO35HCTBa OMOJOTHYECKHX TPENapaToB, CO3MaHHBIX Ha ocHOBe PGPR-Gakrtepuid,
SBIISICTCS OAHUM U3 TEXHOJIOTUYECKUX MPUEMOB, CIIOCOOCTBYIOUINX MOBBIIICHUIO YPOXKAHMHOCTH
c/x xynptyp [1, 2].

PGPR-0akTepun MOJOXKHUTEIBHO JCHCTBYIOT Ha pacTeHHUs, a WMEHHO, OO0JagaroT
CIOCOOHOCTBI0 (DMKCHUPOBATh MOJICKYJISIPHBIH a30T aTMoc(epbl, CHHTE3UPOBAaTh BEIECTBA
TOPMOHANILHOW TPUPOIBl (AyKCUHBI, THOOEPENWHBI, IUTOKWHWHBI), BUTAMUHBI, BEIIECTBA
AHTUOMOTHYECKOW W aHTH(YHTaIbHOW NTPHUPOABI, a TaKXKE CIMOCOOHOCTHIO K Pa3JI0KCHUIO
BPEIHBIX XUMHUYeCKUX coeanHeHuid. Mcmonp3oBanme PGPR-6aktepuii  cmocoOcTByeT
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CTUMYJISILIUU TIPOPACTAHUS CEMSH U POCTa PACTEHUH, yayUIIEHUIO a30THOTO MTUTAHUS PACTCHUH,
00pa3oBaHMIO KIIYOCHBKOB Y 0000BBIX, TI0JIaBIISIET PA3BUTHE KOPHEBBIX THWJICH PACTEHUHN U T.1I.
[3, 4].

B HacTosiee BpeMsi HICTOYHMKOM MHOTHX T€HETHYECKHX BapHalllii MUKpPOOPraHM3MOB
SABIISICTCS MyTareHe3, KOTODPBIM IO3BOJIIET TMOBBICHTH IPOU3BOAMTEIBHOCTh IITAMMOB-
MPOJYLEHTOB U CHU3UTH 3aTPAThl HA UX KYJIbTHUBUpOBaHUE. [[1sl monydeHHs: BHICOKOAKTUBHBIX
IITAMMOB PHU300aKTEpUIl HCHOIB3YIOT METOAbI (PU3MUECKOT0 M XUMHUYECKOT0 MYyTareHesa,
KOTOpBIE ABIAIOTCS 3()(PEKTUBHBIM WHCTPYMEHTOM B IMOBBIIIEHUU AKTUBHOCTHU HCCIIETyEMbIX
KYJBTYp M LIMPOKO HCIIOJIB3YIOTCSI B OMOTEXHOJIOTHH [5, 6]. MI3BeCTHO, YTO MHIyIMPOBAaHHBIE
MyTalli{d - HaclellyeMble M3MEHEHHUS F€HOMa, BO3HUKAIOIIME B pe3ylbTaTe TE€X WIM HHBIX
MYTareHHBIX BO3JEHCTBHI B HCKYCCTBEHHBIX (IKCIIEPHUMEHTAIBHBIX) YCIOBHAX MU TIPU
HEONarompusTHBIX  BO3JICUCTBUSAX OKpyXaromielr  cpenbl.  MHmynmupoBaHue  MyTamuu
OCYILECTBIISIIOTCS C MCIOJIB30BAaHMEM MYTareHHbBIX (PAKTOpPOB (U3NYECKONM M XMUMHUYECKOH
npupoasl. Bbicokas MyTaOMIBLHOCTH OakTepuil CBsi3aHA C OCOOCHHOCTSMH OpraHU3aIluh
TreHOMa, a TaKKe C BBICOKOW MX CKOPOCTBIO pa3MHOKEHHs W pocta. llormomienue cBera
HYKJIEHHOBBIMHM KHCJIOTaMH JIEKUT B OCHOBE MYTareHHOTO M OakTepuuugHoro newctBus Y d-
n3nyyeHus. llpm »TOM noBpexaeHHs BO3HMKAIOT He Tosnbko B Mousekyine JIHK, Ho u
WHAKTUBUPYIOTCSI HEPMEHTBI perapaIiu, 4To U MPUBOIUT K BOSHUKHOBEHHIO MyTanuii [7, 8].

W3BecTHO, 4TO MHAYLIMPOBAHHBIM MyTareHes sABiseTcs Y3PPeKTUBHBIM HHCTPYMEHTOM ISt
JOCTHKEHUSI TEHETHMUECKUX U (YHKIIMOHAIbHBIX H3MEHEHUH opraHusma. Tak Hampumep,
mrammbl  Rhizobium, BblZeneHHbIC W3 apaxuca W TaKUTHHKA, ObUIM IMOJABEp)KEHBI Y D-
MyTareHe3y, MOCJI€ 4Yero MOJIyueHHble MYTaHTHbIE HITAMMBI ObUIH O0paOOTaHBI MyTareHaMu
xumuaeckor npuponsl (EtBr, Acrylamide u Tetra Methyl Ethylene Diamine - TEMED). [lanee
OBLJI0O M3YYEHO BIMSHHUE TOJYYEHHBIX MYTAHTHBIX INTAMMOB Ha BCXOXECTb U DHEPIHUIO
NPOpacTaHusl CeMSH apaxuca U Mamia. bbulo ycTaHOBIEHO, 4TO MpU 00pabOTKEe MYTaHTHBIMU
nITaMMaMi CeMsiH apaxuca Habmionanack 50%-Has BCXOXKECTh, TOTJa Kak IMpH 00paboTke
MYTaHTHBIMH HITaMMaMH CEMSH Mallla BCXOXeCTh Oblla 3HAUUTENbHO BbIle — okoso 70-80%
[8]. Takum 00pa3oM, MHAYIHPOBAHHBIA MyTareHe3 SBISETCS yIOOHBIM HHCTPYMEHTOM JIJIsI
JOCTHKEHUS TEHETUYECKUX U (DYHKIIMOHAIBHBIX U3MEHEHHI OpraHn3Ma.

[lenbto TaHHOTO HCCIEAOBAaHUS OBLJIO M3YYHUTh BIUSHUE YIbTPa(HUOIETOBOTO U3ITYUCHHUS
Ha POCTOCTUMYJIHMPYIONTYI0 akTUBHOCTh PGPR-6aktepuii.

O0beKTHI U METOAbI UCCJIEI0BAHUS

OObekTamMu  HcCleOoBaHUN  Ciyxwnn Oaktepun w3  kowiekuuu TOO  «HIIL]
MHUKpOOHOJIOruy U BUpycosoruu»: Pseudomonas putida 4/1, Azotobacter chroococcum P29 u
Bacillus subtilis. B kauecTBe ONBITHBIX pacTeHUIl KCIIOJIL30BaHbI ceMeHa (haconu copra «MHKy
- 077» wu wmama copra «l[lo6ema-54». B paboTe HCMONB30BAINCH OOMIECTPUHSATHIC
MHUKPOOHOJIOTHYECKUE 1 OMOXUMHYECKUE METOIbI uccienoBanuii [9-11]. Micxomabie KyabTyphl
BBIpAIMBAIA Ha CICAYIONMX MUTATeIbHBIX cpemax: kuHr b (Pseudomonas putida 4/1),
ropoxoBas cpeaa (Azotobacter chroococcum P29) u msico-menronnsiii arap (Bacillus subtilis)
npu remmeparype 30°C.

B xauectBe ncrounuka Y ®-u3inydeHus MCMOJIb30BaHA PTYTHO-KBapIEBas jJaMIia, KOTOpast
o0ecrieunBaia Iuamna3oH JJIUH BOJIH yinbTpaduoneroBoro odmyuenus A = 240-578 um. YO-
MyTareHe3 MPOBOJUIIN [0 METOJY, onMcanHOMYy Kamala Kumari et al. [12]. B kadecTBe MyTarcHa
OPUMEHSITA  yAbTPa(HUONIEeTOBBIC JTy4YH IIMHOW BOJHBI 260 HM, MpPU KOTOpOH HabOIIOmaeTcs
MakcumyM moromieHus Y @-ceera monekynamu JIHK. Enqunnuansie kononun PGPR-6aktepuit
CYCIICHAMPOBAIN B 3 MJI )KHAKON muTaTeNbHOU cpeabl. [locme atoro 0,5 mi kaxaoro odpasma
no6aBs K 50 M1 )KHIKOW MUTATEIBHOW Cpellbl M KYJIbTHBHPOBAIHU MPU TEMIIEpaType 30°C
(200 06/MuH) 1O TEX MOp, MOKA ONTHUYECKas TUIOTHOCTH He jocturana 600 ex. Uepes 6 gacos
MHKYOallUU TIOJNIy4eHHas KyJbTypallbHas JKUAKOCTb JOJDKHA COOTBETCTBOBATh KYNbTYpE

5



Ne2 (37) 2022

cpenueit ¢asbl. [locae atoro ordupanu 20 M KyIbTypaabHOU KUAKOCTH U LIEHTPUPYTHPOBATH
B TeueHue 10 munayT npu 1700 o6/mMun. Ocanok pecycnenaupoBaiu B ¢pochatnom Oydepe (pH
- 7,0), mocie yero 15 Mn cycneH3uu ToJBepraioch BosaeicTBuio Yd-myueit. OOmydeHme
npoBoauiu B pexxumax 30-, 45- u 60-muHyTHOH 3KCcno3unuy. Jlanee uCroyib30Ball CEepUiHbIE
pa3BelleHus AJIsl BEIYUCIICHHS MPOIICHTA JIETaTbHOCTH.

[Toryuennble naHHbIe 00pabaThIBad METOJOM BapUAIMOHHO-CTaTUCTUYECKOIO aHAIN3a,
npuHuMas kputepueM BepositHoctu P <0.05 [13].

Pe3yabTaThl U 00CYy:KIeHHE

[IpocThiM W yIOOHBIM METOJOM TIOJYYECHHS MYTaHTOB pa3HOro TUmNa sBisercs Y D-
obnyyenne. OpHAKO BBICOKAs YacTOTa MYyTallMil OCTUTaeTcss 34€Ch TMpPH  HHU3KOU
BBDKMBAEMOCTH KJIETOK. B Xoze mpoBeneHUs 3KCIEpUMEHTa MPUMEHSIIH YIbTpaduoieToBbie
JTy4d IOTUHOU BONHBI 260 HM, MIPU KOTOPOH HAOIIOJAETCSI MAKCUMYM MorfomeHus Y O-myueit
mostekynamu JIHK. B xoxe wmccrnemoBanuii yCTaHOBJIEHO, YTO OOJydeHHE YIbTpadHOIETOM
BBI3BIBACT YMEHBIIICHUE )KHU3HECTIOCOOHOCTH KJIETOK OakTepuit (Tabnuma 1).

Tabmuua 1 - Biusiaue ynbTpaduoaeToBoro 006JydyeHus Ha KOJIOHHEOOpa3yoIyto ClIOCOOHOCTh
PGPR- GakTepwii

PGPR- Gakrepuu Bpewms Tutp KIIeTOK Tutp KIIeTOK
o0nmy4YeHHUS, no oomyuenust, KOE/Mn mociie 00JIydeHus,
MUH KOE/mn
Pseudomonas putida 4/1 30 (8,8+3,28)x10° (6,5+2,11)x10°
45 (5,8+1,24)x10’
60 (9,0+1,26)x10°
Azotobacter chroococcum 30 (9,7£3,21)x10° (5,3+3,21)x10°
P29 45 (3,7£2,45)x10’
60 (9,142,28)x10°
Bacillus subtilis 30 (8,5+2,18)x10° (6,8+3,08)x10°
45 (3,0£2,27)x10’
60 (8,3+2,16)x10°

Kak BunHO u3 mpejcTaBieHHbIX B Tabmuie | ganHbx, npu Y @-o0mydenuu B TeueHue 60
MUHYT Habmonancs 1% BeDKHBaHHMS MOHOM30JIATOB. THTP KJIETOK coctaBui it Pseudomonas
putida 4/1 9,0+1,26 x 10° KOE/mn, mus Azotobacter chroococcum P29 - 914228 x 10°
KOE/mun, s Bacillus subtilis - 8,342,16 x 10° KOE/mu.

[Tocne 3Toro u3y4anu BIMSHUE MOJTYYEHHBIX MYTaHTHbIX mrtamMmmMoB PGPR-Gakrtepuii Ha
BCXOXKECTh W SHEPTHIO MpopacTaHus ceMsiH Mama copTa «Ilobena-54» u dacomu copra «MHKY
- 077». DHeprusi mpopacTaHus — OTO BBIPAXXEHHOE B IIPOIICHTaX COOTHOIICHUE YHCIIA
MIPOPOCIIMX CEMsIH K OOIIeMy MX KOJMYECTBY Ha OMPENEICHHBIN, YCIOBHO MPHUHATHIN JCHB
mpopauiMBaHus. OTOT IMOKa3aTeldb IIMPOKO HCIHOJIb3YEeTCSl HE TOJBKO IPU  ONpeaeiIeHUN
KauecTBa CeMsH (Tak KaK IMPH HU3KOW YHEPTUHU MPOPACTaHUS BCXOKECTh CEMSH CHIDKEHA), HO U
IpM  HW3YyYEHUM TEX WIM HHBIX BO3JACUCTBMM Ha cemeHa. [log  BCXOXECTbrO
(>KkM3HECTTIOCOOHOCTHIO) TMOHUMAETCSI CITOCOOHOCTh CEMSIH JaBaTh HOPMAbHBIE MPOPOCTKH 3a
ONpEACICHHBIN 11  KaXJ0ro BHAA PACTEHUM CPOK TMPU ONTHUMAJIbHBIX  YCIOBHUSX
npopantuBanus. [IporeHT BCX0XECTH — 3TO OTHOIICHUE YHCJIa HOPMAIBHBIX MMPOPOCIINX CEMSTH
K UX KOJMYECTBY, B3ITOMY ISl IPOpaIlMBaHUSI.

DHEpPruto TpopacTaHus ONpeAessuid Ha 4-i JeHb mocie oO0paOOTKM CeMsSH Mmalia u
daconmu KyIabTypallbHON JKUIKOCTHIO, TOTJAa KaK BCXOXKECTh CEMsH Mallla ONpeAesuid Ha 7-€
CyTKH, a ceMsiH (aconu - Ha 5-i neHb. [lomydeHHbIe NaHHBIE TPUBEACHBI B TA0IUIAX 2 U 3.
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Tabmuua 2 — Biussaue PGPR-0akTepuii Ha SHEPTUIO MPOpacTaHUs U BCXOXKECTh CeMsH (hacoiu
1o u ocae Y- o0irydeHust

HaumenoBanue Komunuecto cemsin, 100 mt. JuHa, cM
rraMmma SHeprus BCXOXKECTh, | KOPEHb crebernb
npopactanus,% %
(4 cyt.) (5 cyr.)
Hcxonusie Pseudomonas putida 4/1 75 81 6,3+0,2 20,0£0,3
LITaMMBI Azotobacter chroococcum 75 90 6,2+0,1 18,7+0,3
P29
Bacillus subtilis 81 90 7,2+0,2 21,3+0,2
Myrtantusie | Pseudomonas putida M-1 75 85 5,1+0,2 16,5+0,3
HITAMMBI
Azotobacter chroococcum 79 85 4,5+0,1 13,0+0,3
M-1
Bacillus subtilis M-1 72 80 6,5+0,4 13,2+0,2
KonTpois (Boxa) 62 70 5,8+0,2 18,7+0,2

Kak BuAHO W3 mMpenacTaBiIeHHBIX B Ta0OnuIe 2 JaHHBIX, 00paboTka cemsH (acomau
MyTaHTHbIME IiTammamu Pseudomonas putida M-1, Azotobacter chroococcum M-1 n Basillus
subtilis M-1 He oka3zayia MOJOXHWTEIHHOIO BIMSHHUS HA SHEPTHUIO MPOPACTAHHS M BCXOXKECTh
CEMSH, a TaKXXe Ha MPUPOCT KOPHS M CTEOJI IO CPABHEHUIO ¢ OOPAOOTKOM CEMSH MCXOIHBIMH
BapHaHTaMH PH300aKTEPUil 1 KOHTPOJIEM.

Tabmuma 3 — Brusane PGPR-6akTepuit Ha sHEpPrur0 mpopacTaHus U BCXOXKECTh CEMSH Mallia
10 ¥ nocsie Y D- o6nyyeHus

HaumenoBanue KonmuecTBo cemsH, (100 mit.) Hdnuna, cM
[ramMma SHEpIuUst BCXOXKECTh, % KOPEHb creGenb
MIpOpacTaHus, (7 cyT.)
% (4 cyt.)

Ucxonubie | Pseudomonas 75 90 10,0+0,2 8,8+0,3
IITAMMBI putida 4/1

Azotobacter 75 100 5,1+0,3 8,9+0,2

chroococcum P29

Bacillus subtilis 81,5 100 4,9+0,3 17,3+0,1
Myrtant- Pseudomonas 75 95 10,8+0,1 10,6+0,2
HBIE putida M-1
IITAMMBI Azotobacter 79 100 4,0+0,3 8,2+0,3

chroococcum M-1

Bacillus  subtilis 72 95 4,840,2 11,1+0,1

M-1
KonTtpous (Boma) 62 80 4,1+0,3 3,6£0,2

Kak BHIHO W3 mpencTaBlIeHHBIX B TaOiuie 3 JaHHBIX, 00pabOTKa CeMsiH Malia copTa
«[Tobena-54» myrantHeiME mTamMmmamu Pseudomonas putida M-1, Azotobacter chroococcum
M-1 wn Basillus subtilis M-1 okazana HOJOXHTENFHOE BIHMSHHE Ha BCXOXKECTh CEMSH IO
CpaBHEHHIO C 00pabOTKOW CeMSH MCXOTHBIMU BapuaHTaMU pu300akTepuil M KoHTposeM. [lpu
TOM YBEIHUYCHHE POCTOCTHUMYJIHUPYIOUNIEH AaKTHBHOCTH 110 CPaBHEHHIO C HCXOAHBIMH
IITaMMaMH OTMEYEHO TOJIBKO Y MyTaHTHOTro mrtamMma Pseudomonas putida M-1. [Inuna crebus
Y KOpHEH B CPeHEM YBEIMUYMIACh B ATOM CIIy4ae M0 CPAaBHEHHIO C MCXOAHBIM IITaMMOM B 1,2
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pasza (crebenb) u B 1,08 pa3a (kopeHb), a IO CPaBHEHHIO C KOHTpoJieM - B 2,9 u 2,6 pasa,
COOTBETCTBEHHO.

Takum oOpa3oM, B pe3yibrare mnpoBefeHus YD-o0mydeHuss Tpex KOJUIEKIIMOHHBIX
mraMMoB PGPR- Gakrtepuii ycraHoBieHo, uTo 1% BBDKHBAHHUS MOHOHM3O0JIATOB JOCTUTAETCS
npu oOnydenuu Y®-nmyuamu B Teyenne 60 muHyT. OOpaboTKa CeMsH Malia MOJy4eHHBIMU
MYTaHTHBIMH ITaMMaMu Pseudomonas putid M-1, Azotobacter chroococcum M-1 n
Bacillus subtilis M-1 oxa3ana mMmoJOKUTEIBbHOE BIMSHUE HA BCXOXECTh CEMSIH Mallia IIo
CpPaBHEHHUIO C 00pabOTKON CEMSH MCXOIHBIMH BapHaHTaMU pu300akTepuid U KoHTpojeMm. [Ipu
TOM YBEJIMYCHHE POCTOCTUMYIMPYIOUIEH aKTHUBHOCTH IO CPAaBHEHUIO C HCXOJIHBIMHU
mTaMMaMy OTMEUYEHO TOJBKO Y MyTaHTHOTO mtamma Pseudomonas putida M-1. O6paboTka xe
ceMsH (pacoyii MyTaHTHBIMH IITAMMaMH HCCIIETyeMbIX OakTepuil He OKa3ala MOJOKHUTEIHLHOTO
BJIMSTHUSL HU Ha BCXOXKECTh CEMSH, HU Ha MPUPOCT KOPHS U CTEOJIs 10 CpaBHEHHUIO ¢ 00paboTKOiM
CeMsIH MCXO/AHBIMU BapHaHTaMU PU300aKTepUil U KOHTPOJIEM.
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OCIMAIKTIH OCIPYIH )KYPI'IT3ETIH PGPR BAKTEPUSAJIAPBIHBIH OCIPYIH
APKBIJIAHABIPY OPEKETIHE YJIbTPAKYJII'TH COVYJIEJIEHY AIH 9CEPI

Tyiiin

Makanaga yabTpakyiriH coylelieHyre yiublparaH OCIMIIKTEpAiH ecyiHe BIKHaldl eTeTiH
pu3o0akTepusIapasiH MyTanTThl mramaapbeiabiH (PGPR - 6akrepusiiap) "[Tobena-54" mom sxone THxy -
077 O6yprmak TYKBIMIapBIHBIH OHTIIITITI MEH OHY YHEPTHUACHIHA 9CEPIH 3ePTTEy HOTIDKENEP] KeATIPIITeH.
3eprrey Hbicanbl petiame Pseudomonas putida 4/1, Azotobacter chroococcum P29 xome Bacillus
subtilis kommanpuiael. PGPR-OakTepusutapiplH yII KOJUICKIMSUIBIK IITAaMMBIHBIH Y K-coyneneHyin
JKYPrizy HOTIKeciHAe MOHOM3oMATTapAbIH 1%-1meik emip cypyine YK-coymenepmen 60 MuUHYT
CoyJIeTIEHAIPY Ke31HIe KO KeTKI3UIeTiHI aHBIKTaJIIEI.

AnBIHFAaH  MYTAaHTTBl ~ IITaMJapMEH  MOII  TYKBIMBIH  OHJEY  TYKBIMHBIH  ©HYiHE
pu3o0aKkTepusIapAbplH OacTankbl HYCKalIapbIMEH JXOHE OakbUIayMeH CaNBICTBIPFaHIA OH dcep eTTi.
Anafima, OacTamkpel IITaMIApMEH CaJIBICTBHIPFAHIA OCYIl BIHTANTAHIBIPY OCJICEHIUIITIHIH apTyBl TEK
Pseudomonas putida M-1 wmytanTThl ITaMMBIHAA Oaiikanmabl. bByn okarmaiina cabaktap MeH
TaMBIPJIApAbIH ~ Y3BIHABIFB TYKBIMIAphl OacTamnkpl IITAMMMEH OHIENTEeH ©CIMAIKTEpHiH OCHI
KOPCETKIMTEPIMEH CaNBICTRIpFaHma oprama ecemnmeH 1,2 ece (cabarbl) xoHe 1,08 ece (TambIphI), ai
OakpUTayMEH CalBICTRIpFaHIa colkecinte 2,9 xoHe 2,6 ece ocTi.

Bypiak TYKBIMAApBIH 3€pTTENTeH OaKTepUsIapAblH MyTaHTTHI IITAMAAPBIMEH €M/JICY TYKBIMHBIH
OHYIHE JIe, TaMBIp MEH cabaKTHIH OCYiHe Jie 0acTamKbl HYCKaJapMEH JKoHe OaKbUTayMeH CabICThIpFaHIa
OH ocep eThe/i.

Kinrri ce3nep: PGPR 6akrepusiiapsl, ynbTpakyJIrid coyleneHy, MyTareHes, Mo, Oypiiax.

IRSTI: 62.09.39

ZH.B.SULEIMENOVA", O.N.SHEMSHURA, G.A.MOMBEKOVA, ZH.N. SHEMSHEYEVA
LLP «Research and Production anter of Microbiology and Virology», Almaty, Kazakhstan
e-mail: gnj40@inbox.ru

EFFECT OF ULTRAVIOLET IRRADIATION ON THE GROWTH-
STIMULATING ACTIVITY OF PGPR BACTERIA THAT PROMOTES PLANT
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Summary

The article presents the results of a study of the effect of mutant strains of rhizobacteria that
promote plant growth (PGPR bacteria) exposed to ultraviolet irradiation on the germination and
germination energy of “Pobeda-54” mung bean seeds and “Inju-077” beans. Pseudomonas putida 4/1,
Azotobacter chroococcum P29 and Bacillus subtilis were used as research objects. As a result of UV
irradiation of three collection strains of PGPR bacteria, it was found that 1% survival of mono-isolates is
achieved when irradiated with UV rays for 60 minutes.

The treatment of mash seeds with the obtained mutant strains had a positive effect on seed
germination compared to the treatment of seeds with the initial variants of rhizobacteria and control.
However, an increase in growth-stimulating activity compared to the original strains was noted only in
the mutant strain Pseudomonas putida M-1. The length of the stem and roots increased by 1.2 times
(stem) and 1.08 times (root) compared to stems and roots length of seeds treated with the original strain
and control - by 2.9 and 2.6 times, respectively.



Ne2 (37) 2022

The treatment of bean seeds with bacterial mutant strains did not have a positive effect neither on
seed germination nor on the growth of the root and stem compared to the initial variants and control.
Key words: PGPR bacteria, UV irradiation, mutagenesis, mung bean, beans

The demand for environmentally friendly products is constantly growing in the world, and
the need of agriculture for safe biological preparations is increasing every year. Recently, more
and more attention of scientists has been focused on the creation of biological products based on
rhizobacteria that stimulate plant growth - PGPR (plant growth promoting rhizobacteria). The
use of biological preparations based on PGPR bacteria in agricultural practice is one of the
technological methods that contribute to increasing the yield of agricultural crops [1, 2].

PGPR bacteria have a positive effect on plants, namely, they have the ability to fix the
molecular nitrogen of the atmosphere, synthesize substances of hormonal nature (auxins,
gibberelins, cytokinins), vitamins, substances of antibiotic and antifungal nature, as well as the
ability to decompose harmful chemical compounds. The use of PGPR bacteria promotes the
stimulation of seed germination and plant growth, improves nitrogen nutrition of plants, the
formation of nodules in legumes, suppresses the development of root rot of plants, etc. [3, 4].

Currently, the source of many genetic variations of microorganisms is mutagenesis, which
allows to increase the productivity of producing strains and reduce the cost of their cultivation.
To obtain highly active strains of rhizobacteria, methods of physical and chemical mutagenesis
are used, which are an effective tool in increasing the activity of the studied cultures and are
widely used in biotechnology [5, 6]. It is known that induced mutations are inherited genome
changes resulting from certain mutagenic effects under artificial (experimental) conditions or
under adverse environmental influences. The mutation is induced using mutagenic factors of
physical and chemical nature. The high mutability of bacteria is associated with the peculiarities
of the organization of the genome, as well as with their high rate of reproduction and growth.
The absorption of light by nucleic acids underlies the mutagenic and bactericidal effects of UV
radiation. In this case, damage occurs not only in the DNA molecule, but also repair enzymes
are inactivated, which leads to mutations [7, 8].

It is known that induced mutagenesis is an effective tool for achieving genetic and
functional changes in the body. For example, Rhizobium strains isolated from peanuts and
fenugreek were subjected to UV mutagenesis, after which the resulting mutant strains were
treated with mutagens of chemical nature (EtBr, Acrylamide and Tetra Methyl Ethylene
Diamine - TEMED). Further, the effect of the obtained mutant strains on the germination and
germination energy of peanut and mash seeds was studied. It was found that when treated with
mutant strains of peanut seeds, 50% germination was observed, whereas when treated with
mutant strains of masha seeds, germination was significantly higher - about 70-80% [8]. Thus,
induced mutagenesis is a convenient tool for achieving genetic and functional changes in the
body.

The purpose of this study was to study the effect of ultraviolet radiation on the growth-
stimulating activity of PGPR bacteria.

Materials and methods

The objects of research were bacteria from the collection of LLP "SPC Microbiology and
Virology": Pseudomonas putida 4/1, Azotobacter chroococcum P29 and Bacillus subtilis.
“Inzhu-077” bean seeds and “Pobeda-54" mung bean seeds were used as experimental plants.
Standard microbiological and biochemical research methods were used in this study [9-11]. The
initial cultures were grown on the following nutrient media: king B (Pseudomonas putida 4/1),
pea medium (Azotobacter chroococcum P29), and meat-peptone agar (Bacillus subtilis) at a
temperature of 300C.

10
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UV mutagenesis was performed according to the method described by Kamala Kumari et
al. [12]. As a mutagen, ultraviolet rays with a wavelength of 260 nm were used, at which the
maximum absorption of UV light by DNA molecules is observed. Single colonies of PGPR
bacteria were suspended in 3 ml of liquid nutrient medium. After that, 0.5 ml of each sample
was added to 50 ml of liquid nutrient medium and cultured at 30°C (200 rpm) until the optical
density reached 600 units. After 6 hours of incubation, the resulting culture fluid should
correspond to the culture of the middle phase. After that, 20 ml of the culture liquid was taken
and centrifuged for 10 minutes at 1700 rpm. The pellet was resuspended in phosphate buffer
(pH 7.0), after which 15 ml of the suspension was exposed to UV rays using a UV lamp (30 W)
with a wavelength of 260 nm for 30, 45 and 60 minutes (distance to the lamp 10 cm) . Next
used serial dilutions to calculate the percentage of lethality.

The obtained data were processed by the method of variance-statistical analysis, taking P
< 0.05 as the probability criterion [13].

Results and discussion

A simple and convenient method of obtaining mutants of different types is UV irradiation.
However, a high mutation rate is achieved here with low cell survival. During the experiment,
ultraviolet rays with a wavelength of 260 nm were used, at which the maximum absorption of
UV rays by DNA molecules is observed. In the course of research, it was found that ultraviolet
irradiation causes a decrease in the viability of bacterial cells (Table 1).

Table 1 - The effect of ultraviolet irradiation on the colony-forming ability of PGPR bacteria

PGPR-bacteria Irradiation time, Cell titer Cell titer

min before irradiation, after irradiation, CFU/ml
CFU/ml

Pseudomonas putida 4/1 30 (8,8+3,28)x10° (6,5+2,11)x10°
45 (5,8+1,24)x10’
60 (9,0+1,26)x10°

Azotobacter  chroococcum 30 (9,7£3,21)x10° (5,3+3,21)x10°

P29 45 (3,7£2,45)x10’
60 (9,142,28)x10°

Bacillus subtilis 30 (8,5+2,18)x10° (6,8+3,08)x10°
45 (3,0£2,27)x10’
60 (8,3+2,16)x10°

As can be seen from the data presented in Table 1, 1% of the survival of mono-isolates
was observed under UV irradiation for 60 minutes. The cell titer was 9.0+1.26 x 106 CFU/ml
for Pseudomonas putida 4/1, 9.1£2.28 x 106 CFU/ml for Azotobacter chroococcum P29, and
8.3+2.16 x 106 CFU/ml for Bacillus subtilis.

After that, the effect of the obtained mutant strains of PGPR bacteria on the germination
and germination energy of “Pobeda-54" mung bean seeds and “Inju -077” bean seeds was
studied. The germination energy is the percentage ratio of the number of germinated seeds to
their total number on a certain, conditionally accepted germination day. This indicator is widely
used not only in determining the quality of seeds (since seed germination is reduced at low
germination energy), but also in studying various effects on seeds. Germination (viability)
refers to the ability of seeds to produce normal seedlings for a certain period of time for each
plant species under optimal germination conditions. Germination percentage is the ratio of the
number of normal germinated seeds to their number taken for germination.

The germination energy was determined on the 4th day after the treatment of mash seeds
and beans with culture liquid, while the germination of mash seeds was determined on the 7th
day, and bean seeds - on the 5th day. The data obtained are shown in Tables 2 and 3.
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Table 2 - Effect of PGPR bacteria on the germination energy and germination of bean seeds
before and after UV irradiation

Strain Number of seeds, 100 pcs Length, cm
germination germination, root stem
energy,% (4 %

days) (5 days)
Pseudomonas putida 75 81 6,3+0,2 20,0+0,3
4/1
Initial strain | Azotobacter 75 90 6,2+0,1 18,7+0,3
chroococcum P29
Bacillus subtilis 81 90 7,2+0,2 21,3+0,2
Pseudomonas putida 75 85 5,1+0,2 16,5+0,3
M-1
Mutant strain | Azotobacter 79 85 4,5+0,1 13,0+0,3
chroococcum M-1
Bacillus subtilis M-1 12 80 6,5+0,4 13,2+0,2
Control 62 70 5,8+0,2 18,7+0,2

As can be seen from the data presented in Table 2, the treatment of bean seeds with
mutant strains of Pseudomonas putida M-1, Azotobacter chroococcum M-1 and Bacillus subtilis
M-1 did not have a positive effect neither on the germination energy and seed germination, nor
on root and stem growth compared to control.

Table 3 - Effect of PGPR bacteria on germination energy and germination of mung bean seeds
before and after UV irradiation

Strain Quantity, 100 pcs. Length, cm
germination germination, % root stem
energy,% (4 (7 days)

days)
Pseudomonas 75 90 10,0+0,2 8,8+0,3
Initial putida 4/1
strain Azotobacter 75 100 5,1+0,3 8,9+0,2
chroococcum P29
Bacillus subtilis 81,5 100 4.9+0,3 17,310,1
Pseudomonas 75 95 10,8+0,1 10,6+0,2
putida M-1
Mutant Azotobacter 79 100 4,0+0,3 8,2+0,3
Strain chroococcum M-1
Bacillus  subtilis 72 95 4.8+0,2 11,1+0,1
M-1
Control 62 80 4,1+0,3 3,6+0,2

As can be seen from the data presented in Table 3, the treatment of Pobeda-54 mung bean
seeds with mutant strains of Pseudomonas putida M-1, Azotobacter chroococcum M-1 and
Bacillus subtilis M-1 had a positive effect on seed germination compared with seed treatment
with the initial variants of rhizobacteria and control. At the same time, an increase in growth-
stimulating activity compared to the Initial strains was noted only in the mutant strain
Pseudomonas putida M-1. The length of the stem and roots increased in this case compared to
the original strain by 1.2 times (stem) and 1.08 times (root), and compared to the control - by
2.9 and 2.6 times, respectively.
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Thus, as a result of UV irradiation of three collection strains of PGPR bacteria, it was
found that 1% of the survival of mono-isolates is achieved when irradiated with UV rays for 60
minutes. The treatment of mung bean seeds with the obtained mutant strains Pseudomonas
putida M-1, Azotobacter chroococcum M-1 and Bacillus subtilis M-1 had a positive effect on
the germination of mung bean seeds compared with the treatment of seeds with the initial
variants of rhizobacteria and control. At the same time, an increase in growth-stimulating
activity compared to the original strains was noted only in the mutant strain Pseudomonas
putida M-1. The treatment of bean seeds with mutant strains of the studied bacteria did not have
a positive effect neither on seed germination nor on the growth of the root and stem compared
to the treatment of seeds with the initial variants of rhizobacteria and control.
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AHHOTANUA

Pa3paboTana OonTHMH3UpPOBaHHAS MPOOHMOTHUECKAs KOpMOBas nA00aBka «beHTOOAaK» Ha OCHOBE
nemmononutnyeckux  Oakrepuit  Cellulomonas flavigene-22 u  mpommoHoBOKHCIBIX — OaKTepwHii
Propionibacterim. shermanii C-8, mpeBocxopsiias HCXOAHYIO MO AHTUMHKPOOHOW aKTHBHOCTH,
HEJUTFOJIOTUTUYCCKON  aKTUBHOCTH, COJICPIKAHUI0 BUTAMHHA Bjp, COJACPXKAHUIO KHU3HECTIOCOOHBIX
OakTepHaNTBHBIX KIETOK B JKUIKOH KYJIbTYpe, OaKTepHaIhHOM IMacTe U CyX0W KOPMOBO# T00aBKe.

[Ipou3BO/ICTBEHHBIC HWCIBITAHUS ONTHMHU3UPOBAHHOTO Tpenapara «beHToOak» TpU OTKOpME
KPYITHOT'O POTaToro CKOTa MOKa3ald, YTO CPEJHECYTOYHBIN MPHUBEC KMBOTHOTO cocTaBisieT ot 770 1o
1400 r Ha TOJIOBY B CYTKH U 3aBHCHUT OT MPOJIOJKUTEILHOCTH MpUeMa OHomnpenapara i mopo/isl CKOTa.

AHamM3 MSCHBIX TPOAYKTOB, B3STBIX M3 KPECTHSIHCKUX XO3SHCTB, YYacTBOBaBIIMX B
IKCMICPUMEHTE, MOKa3ajd, YTO BCE OHH COOTBETCTBOBAIM MO OPraHONCNTHYCCKMM, XHMHUYCCKHM U
MUKPOOHOJIOTHYECKUM TTOKA3aTeNsIM MsICY KpymHOTo poraroro ckora nmo ['OCT 7269-79. OtcyrcTBre B
0TOOpaHHBIX 00pa3iax msca cynbdara MeM W MAaTOTCHHBIX MHUKPOOPTaHW3MOB TAKXKE MOJTBEPKIACT
WX TPUTO/THOCTb.

KaoueBble cjioBa: LEIUTIOIOIUTHICCKUE, TPONMOHOBOKHCIIBIE OaKTEpUH, OCHTOHHUT, KOPMOBas
n00aBka, 3PEKTUBHOCTS.

Benymiee Mecto B pa3BUTHH )KUBOTHOBOJICTBA OTBOJUTCS KOPMOTIPOHM3BOJICTBY B CBSI3H C
TEM, YTO KOpMa OMpPENeSIOT KOJUYECTBO U KAa4eCTBO >KUBOTHOBOJIYECKOW MPOAYKIIUHU, TAIOT
BO3MOXHOCTh PaCKPBIThCS TCHETHYECKOMY IMTOTCHIINATY )KHBOTHBIX.

I/I3BGCTHO, 4YTO OpraHu3M KHUBOTHBIX W ITHIbBI HC CHOCOGGH CaMOCTOSATCIIBHO
CHHTE3MPOBATh MHOTHE BHUTAMUHBI, AMUHOKHCIIOTBI U MUHEPAJIbHBIC AJIEMEHTHI, UX TJIABHBIM
HCTOYHHUKOM SABJIAIOTCA KOpMa. HOBTOMy HCJOCTATOK B KOpMax 6HOJ'IOI‘I/I‘IGCKI/I AKTHUBHBIX
BEIIECTB, MAaKpO- M MHKPODJEMEHTOB OTPUIATEIBHO BIHSICT Ha IKHU3HENEATEILHOCTh U
MPOAYKTUBHOCTD )KUBOTHBIX.

[lpy HemocTraTke B pAlMOHAX JKUBOTHBIX BHTAMHHOB HapylIaeTcsi 0Opa3oBaHHE
(GepMEeHTOB, U, CIEIOBATEIBHO, MPOTEKAHUE W PETYJISAIUS OMOCHHTE3a, a TaKXKe HapyIIaloTCs
cnenuuieckne (QyHKIIMU KIETOK, YTO BJIEYET 3a COOOM CHHXXEHHE TMPOAYKTHBHOCTH
JKUBOTHBIX [1].

MuHepanpHBIE BelleCTBa HEOOXOAUMBI )KHBOTHBIM JIJISl BCEX MPOIIECCOB 0OMEHA BEIIECTB,
JUISE TIOCTPOCHHUS KOCTSIKa, a TaK)Ke B KayeCTBE aKTUBATOPOB (PEPMEHTOB U CTPYKTYPHBIX
JJIEMEHTOB, HEMOCPEICTBEHHO YYacTBYIOT B TMpOILECCaxX IHIICBAPEHHS, PETYIUPYIOT
OCMOTHYECKOE JaBIICHUE W TOJJICPKUBAIOT B OpraHU3ME KHCJIOTHO-IIEIIOYHOE PaBHOBECHE.
OOmMeH OenKoB, YIJIEBOJOB, KUPOB, BOJIHBIA PEXHM W TOPMOHAIBHOE (YHKIIMOHHUPOBAHUE
OopraHn3Ma HCBO3MOXKHBI 663 AKTUBHOI'O Yy4aCTUsl MHUHCPAJIbHBIX BCIICCTB. HNmenno MMO3TOMY
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NOTPeOHOCTh JKMBOTHBIX B MUHEPAIbHBIX BEIIECTBAX TOJDKHA YJOBJIETBOPSTHCA €XKEIHEBHO,
PaBHOMEPHO M B HAYYHO PEKOMEHAYEMBIX COOTHOIIEHUSIX [2].

Henocrarok, orcyrcTBHe wWin JaucOanaHC HE3aMEHMMbBIX AMHUHOKHCIOT B paloHax
KUBOTHBIX CONPOBOXKJIAECTCA YXYAIIEHHUEM HCIONb30BaHUS MPOTEHHA, HApPYILIEHHEM OOMeHa
BELIECTB, CHUKEHUEM ITPOIYKTUBHOCTH [3].

[Tpobnemy oGecrie4eHHOCTH KMBOTHBIX OMOJIOTMYECKH IOJHOLEHHBIMH KOMIOHEHTaMHU
palMoOHATBHOTO TUTAaHHUSA PEIIAIOT € MOMOINBI0O KOPMOBBIX J00aBOK — CHEIHM(PHUECKUX
JIOMIOJIHUTENEH K €XKEeTHEBHOMY pallMOHY NMUTaHMs NTULI, CBUHEH M KPYITHOI'O POraroro cKora
[4-6].

B Hacrosimiee Bpemsi ppIHOK KOPMOBBIX 100aBOK JUIsl KMBOTHBIX W NTHUIBI JOBOJBHO
pasHooOpazeH. OnHAKO JaleKo HE BCE OHM PAaBHOLCHHBI MO cocTaBy M 3¢ddextuBHocTH. B
OONBIIMHCTBE CBOEM 3TO TPEMHKCHI, KOTOpPBIE COCTOAT U3 CMECH OEIKOB, BUTAaMHHOB,
MUHEpaJIoB 1 HocuTens [7-11].

M3BecTHO, YTO MMHEpalbHblE M BUTAMHMHHBIE J00aBKM CYLIECTBEHHO MOBBIIIAIOT
3P GEKTUBHOCTH MCIIOJIb30BAaHMSI KOHLIEHTPUPOBAHHBIX KOPMOB B KHBOTHOBOACTBE. [Ipu 3TOM
YBEJIMYMUBAETCSI MSCHAs, MOJIOUHAs], sIMYHAsl, IIEPCTHas MPOAYKTHBHOCTh B cpegHeM Ha 10—
25%, cokpamaercs pacxoj KOPMOB Ha €AMHUIYYy NMpoAykuuu Ha 8—15%, 3aboneBaeMocTh U
naJiexk JKUBOTHBIX - Ha 20-40% [12].

BBoxg HEOOXOIMMBIX KOPMOBBIX J1I00aBOK B palMOH KHMBOTHBIX B JOCTaTOYHOM
KOJINYECTBE II03BOJIAET IOJIyYUTh BBICOKOKAYECTBEHHBIE MSACO, MOJIOKO, sila IpHu
MaKCHUMaJIbHON MPOAYKTUBHOCTH ITOTOJIOBBSI M COKPAILLICHUH PAcX0JI0B Ha KOpMa U COZep KaHue
[13,14]. VYxkectoueHue TpeOOBaHWKA K  IKOJOTHYECKOM  OE30MAaCHOCTH  MPOIYKIIUU
KMBOTHOBOJICTBA 3aCTaBHJIO BO BCEM MHUpE IEPECMOTPETh MHOTME METOJUYECKHE MOIXOMbI K
BONPOCAM  ONTHMHU3ALMU  KOHTPOJS  HaJ  ASNM300TMYECKHMM  HpoleccoM  OoJie3HEH,
BO30YIUTENISAMU  KOTOPBIX SIBJSIETCS  YCJIOBHO-TIATOT€HHAs MHKpoQIiopa, U MPU3HATH
HEOOXOAMMOCTh pa3pabOTKM HOBOTO TIOKOJICHHUSI SKOJOTHYECKH O€30IacHBIX IpPEerapaTos,
CIOCOOHBIX 00eCTIeYUTh OMOIOTUYECKYIO 3alIUTY CEIbCKOXO035MCTBEHHBIX )KUBOTHBIX U ITHUIIBL.
HawnGosee moaHO 3TUM TpeOOBaHUSM MOTYT OTBEYaTh MPOOUOTHYECKHE KOPMOBBIC TOOABKH U
npernapaThl, B COCTaB KOTOPBIX BXOJAT KUBbIE OAKTEPUU U3 YHCIIa OCHOBHBIX MPEICTaBUTENICH
HOPMAaJILHOTO KHIIIEYHOT0 MHUKPOOHOIIEH03a JKUBOTHBIX M THIIBI [15-19].

K ocHoBHBIM 53]dexraMm NpPOOHMOTHKOB OTHOCATCS  yAy4llleHHEe IHIIEBapeHUs,
UMMYHOCTUMYJIUPYIOLIEE EHCTBUE U MOBBIIIEHNE TPOJYKTUBHOCTU )KUBOTHBIX.

Haubonee >(dexTuBHBIME SBISIOTCS KOMOMHHPOBAHHBIE MPOOMOTHYECKHE KOPMOBBIC
nobaBku. B ux cocraB BXOIAT, Hapsy ¢ IPOOMOTHYECKUMH MUKPOOPTraHM3MAaMU, pa3INyHbIe
BUTaMHHBI, aMUHOKHUCIIOTHI, (DEPMEHTHI, MHHEPAIBI.

B Hacrosimiee Bpems NpHUBIEKAalOT BHUMAaHUE COPOMPOBAHHBIE MPOOMOTHYECKHE
KOPMOBBIE JO0aBKH, B KOTOPBIX JKHMBbIE MHUKPOOPTaHU3MBI aJCOpPOMpPOBAHBI Ha COpOEHTe-
HOCHUTEIE, B KAUeCTBE KOTOPOro OOBIYHO MCHOJB3YIOT YroJlb aKTHBUPOBAHHBINA WM YIJIEpOJ-
MHUHEpaJIbHble coeAMHeHus. Takue mnpenapaTsl TMO3BOISIOT JOOUThCA Oojee TIUIOTHOM
KOJIOHM3ALUU Ha CIIU3UCTBIX 000JI0YKaX, OBICTPOrO0 BOCCTAHOBIIEHUS MUKPO(DIOPH! KHIIEUHHKA
U KYITUPOBAHMSI TATOJIOTMYECKUX MPOIIECCOB B HEM.

[Iupokoe pacnpocTpaHeHUE MOJYYMIM KOPMOBBIE 00aBKM HAa OCHOBE OEHTOHUTA.
BenTonuThl natoT Hambojee BBICOKHH 3(PQeKT B cocTaBe OOBIKHOBEHHBIX, TaK HAa3bIBAEMbIX
XO3SIMCTBEHHBIX PALMOHOB, HEJOCTATOYHO COATAHCUPOBAHHBIX MO MaKpO- U MUKPOIEMEHTAM,
npotenHy M SHeprur. OCoOEHHO BaKHOE 3HAUYEHHE OHU HUMEIOT TNPU HCIOJIb30BaHUH B
KOPMJICHHH KBauHBbIX CHHTETHUYECKMX a30TCOAEp)KALIMX BEIIECTB Ha (OHE pALMOHOB,
HEIOCTaTOYHO 00ECHEUEHHBIX CaxapoM B 3MMHE-CTOMJIOBBIA MEPHUOA, U NMPH CKApPMIMBAHUU
0orarhIx MPOTEHHOM KOPMOB 3€JICHOI0 KOHBelepa B sieTHee Bpems [20].
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Hcnonp3oBaHue NPUPOIHBIX MHHEPAJIOB TIO3BOJIIET PE3KO COKPATUTh KOJIUYECTBO
IPUMEHSEMbIX B IPOM3BOJACTBE MsCAa POCTOCTUMYIHMPYIOIIUX M JIEYEOHBIX MpEnapaToB H
MOBBICUTH O€30MAaCHOCTh MPOAYKIIUH )KUBOTHOBOJICTBA JJISl UEJIOBEKA.

Panee B LlenTpe mukpobuonoruu u supycosorun KH MOH PK pa3zpaGorana kopmoBas
nobaska «benrobak» (A.c. Ne 1684972) Ha oOCHOBE MPOIMOHOBOKHCIBIX OakTepuid
Propionibacterium shermanii-15 u nemmononutrueckux 6akrepuii Cellulomonas flavigena-22,
a/IcCOpOMPOBAHHBIX HAa OCHTOHMTE, CIIOCOOCTBYIOILAS JIYYIIEMY YCBOCHHUIO TPYOBIX KOPMOB,
HOpMaIM3aui OETKOBOro 0OMeHa, CHHXKEHHUIO PHCKA alli103a Y )KMBOTHBIX, MOBBIIICHUIO UX
IPOJYKTUBHOCTH.

Ucnpitanue mnpemapara «beHTo0ak» Ha OBIaX Ka3axCKOM TOHKOPYHHOM TTOPOIBI
10Ka3aJio, YTO BBEIEHHE €ro B PALMOH JKMBOTHBIX M3 pacueTa 1,5 r Ha OAMH K Macchl Tena
YKUBOTHOT'O MPUBOJIUT K TTOHMKEHUIO COCTaBa a30THCTHIX BEILECTB U MOBBIIICHUIO COJACPKAHUSL
BUTaMHHA B1y B pyOLIOBOM COEPKUMOM M B XUMYyce 12-TH MEPCTHOM KUIIKH, 3HAYUTEILHOMY
YBEJIMUYEHUIO MIPOLIEHTA MepeBapUMOCTH KieTyaTKu. [loa BiusiHEEM HccaenyemMoro mpemnapara B
KPOBU CHHXKAETCS COJEp)KaHHEe aMMHMaKa M MOYEBHHBI MpPHU HE3HAYUTEIHHOM YBEJINYCHUHU
JETYYMX KUPHBIX KUCIOT. OTMEUEHO yBEIWYEHHE PE3EPBHOM IIEIOYHOCTH KPOBHU. DTOT (akT
UMEeT BaKHOE 3HAUCHWE, TaK KaK NpPU MCTOLICHUM ILIEJIOYHBIX PE3ePBOB B OpraHU3Me
OTMEYAeTCsl CKJIOHHOCTh >KUBOTHBIX K 3a00J€BaHUIO anu030M. JIOMOJHUTENbHBINA NPUPOCT
XKHUBOU Macchl coctaBuil 120 T B CyTKH, 4yTO NMpHOIM3UTENLHO faeT 3a 100 qHeil 0TKOpMOYHOTO
nepuo/ia MpudaBIeHUE MacChl Tejla )KUBOTHOTO Ha 12 K.

[IpuBeneHHble (GaKThl CBUAETEIBCTBYIOT O BBICOKOW 3((EKTUBHOCTH TNpenapaTa
«beHTo0aK» U MEPCIEKTUBHOCTHU €T0 IMHUPOKOTO BHEPEHUS B IPAKTHKY.

JUis  TOBBILIEHUS AHTAarOHHUCTUYECKOH AaKTMBHOCTH IIperapara B OTHOLICHHUHU
BO30OyAMTENICH KUIICYHBIX WH(EKINN, COACPIKAHNS B HEM KJIETOK IMPOOMOTHYECKUX OAKTEpHil 1
BUTaMUHa By B cocraBe mpemapara mramM P. shermanii-15 3amenen na P. shermanii-C-8.
bnaronmaps atomy, kopMoBast 1o6aBka «beHT00aK» CIOCOOCTBYET JIyUIIEMY YCBOCHHIO TPYOBIX
KOPMOB, HOpPMalU3allil OEJIKOBOrO OOMEHAa, CHIDKCHMIO DPHUCKAa aluio3a y J>KUBOTHBIX,
MOBBILIECHHUIO UX MTPOAYKTUBHOCTH [21].

B cBs3u ¢ M3M0KEHHBIM, MPOBEACHHBIE HCCIECIOBAHMS HAINpaBlICHbl HA TOBBIICHHUE
3 PEeKTUBHOCTH KOPMOBOM JT00ABKH 3a CUET HMCIOJIb30BAaHUS B €€ COCTAaBE HOBOIO INTaMma
IPOMMOHOBOKHUCIIBIX OAaKTEpPHil ¢ MIMPOKHM CHEKTPOM OMOJIOTHYECKOM aKTHBHOCTH, a TaK¥Ke
pa3paboOTKU  TEXHOJIOTMHM TPOM3BOJACTBA cyxoro nmpemapara «beHTobGak» u  ero
IPOM3BOJICTBEHHBIX HCIIBITAHUI Ha CEIbCKOXO3SAMCTBEHHBIX JKUBOTHBIX B KPECTHSIHCKHX
XO034HCTBAX.

MaTtepuanbl M1 MeTOABI HCCJIEOBAHUS

OOBEKTOM WCCIENOBaHHUS CIHyXWwin IeutononuTnyeckue Oakrepun Cellulomonas
flavigena-22,  mpomumonoBokmcible — Oakrepum  Propionibacterium  shermanii 15,
Propionibacterium shermanii C-8. IlltamMmmbl OakTepuil BhIpalMBaIM Ha MUTATEILHON Cpeje,
HCIIOJIb3YEMOM ISl COBMECTHOTO KYJIbTUBUPOBAHUS IPOIMTMOHOBOKHUCIIBIX U LETIOJOTUTUYECKUX
OakTepuii, ciemyromiero cocrana (I/11): Kykypy3Hslid skcTpakt - 30,0; kpaxman - 10,0; rimroko3a -
10,0; KH,POq4 - 1,0; MgSO4x7H0 - 0,5; KCL - 0,5; (NH),SO,4 - 2,5; CoCL; - 0,01; Boga - 10
1000 mx (pH 6,8-7,0).

OnpeneneHue  YUCJIEHHOCTH  MHKPOOPTaHM3MOB  MPOBOJAMIM  IMyTEeM  psja
MOCJIEA0BATEIbHBIX PA3BEACHUI B CTEPUIIBHOW BOJOIPOBOJHOM BOJE M BbBICEBA HMX B
arapu30BaHHYIO MUTATEIbHYIO CPENyY C MOCIEAYIOINM OJACYETOM BBIPOCIINX KOJIOHUM [22].

KonudectBeHHOE conepkaHue BUTaMHHA Bj; ycTaHaBIMBaIM MHUKPOOHOIOTHYECKUM
METOJIOM IO 30HaM pOCTa BUTaMHUH3aBUCHUMOro mramma E. coli 133-3 u paccuuThiBaM 1O
tabnuie JAMUTpUEBOA.
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[IpousBocTBeHHBIC HcTibITaHus npenapara «benTobak» mpoBoaunu B TOO «ITuenkay, c.
uM. X. bmxanoBa FEHOekmmka3axckoro paiioHa AJMaTHHCKOW 00JacTH, a TaKkke B
KpeCThsIHCKUX  xo3siicTBax  «HypOon-M»  JKanakopranckoro paiiona, «blccamamuny»
Ceippappurckoro paiiona u  TOO «Ceip Mapxkans» KazaninHckoro paitoHa mnyrem
€XeITHEBHOTO 00aBIEHUS Mpernaparta npu OTKopMe B o0l pamuoH u3 pacuetra 1,5 r va 1 xr
JKMBOI'O BEca KPYITHOI'O POraToro CKOTa.

Pe3yabTaThl Hcc/ieIoBaHUA M 00CYKIeHHe

C uenpio pacmupeHusi OWOJOTHMYECKON aKTUBHOCTH MCXOTHOW MPOOHOTHYECKOM
KOpMOBO#i 00aBku «beHToOak» B ee cocraB BBeAcH Imramm P. shermanii-C-8 Bzamen P.
shermanii-15.

Jlns  cpaBHeHHMs ucxomHblidi mramm  P. shermanii-15 u wnoseni P.shermanii-C-8
BBIpANIMBAIA HA TMHTATEIBHOW Cpele, HCIOJB3YEMOW IUIsi COBMECTHOTO KYJIBTHBHPOBAHUS
MIPOMMMOHOBOKHUCIIBIX M IETIONOUTHYECKNX OakTtepuii. KynbTUBHpOBaHWE TNPOBOAWIA B
TEPMOCTATE NPU TEMIIEPATYPE 28-30°C B Teuenne 18-20 wacoB, 3aTeM B JKHIKHX KYyJIbTypax
ompenensii TUTP OakTepuil W OMNpeeNieHHe COoJAep)KaHWs BHUTaMHHA By Tyrem BbIceBa
COOTBETCTBYIOIIUX pAa3BEJCHUI Ha TBEPAYID MUTATEIBHYIO Cpely MPUBEACHHOTO BBIIIE
coctaga (tabnuma 1).

Tabnuna 1 — CpaBHUTENbHAS XapaKTEPUCTHKA IPOAYKTUBHOCTH IITAMMOB ITPOMTUOHOBOKHUCIIBIX

OakTepuii
[Iramm pH Kucnorsocts, °T Tutp, mipza., | Conepxanue
KOE/Mn BUTaMHHA B,
en/mMr
P. shermanii 15 5,8 61,0 2,0 0,25
P. shermanii C-8 55 67,0 6,5 2,80

Pe3ynbTarhl, peAcTaBiICHHbIE B TaOIUIE |, CBHAETEILCTBYIOT, YTO mTamMM P. shermanii
C-8 mpeBocxonut P. shermanii-15 mo HakoruieHHIO OGaKTepHAIBHBIX KJIETOK B 3 pa3a, BUTAMUHA
Bi,—B 11 pas.

IIpu HapaboTke cyXxoil KOpPMOBOW J/J100aBKM WCHOJB30BAJIM IITaMMbl OakTepuid
Cellulomonas flavigene-22, P. shermanii C-8 wiu P. shermanii-15.

MarouHyi0 pacIuioKy IITaMMOB OakTepuil BbIpAllMBalM Ha MHUTATENBHOW Cpele B
Koj0ax B Tepmoctate npu temmeparype 28-30"C B Teuenne 18-20 4. 3aceB konb ¢ 300 M
MUTATENLHON Cpefbl KyJNbTYpaMH IEJUTFOJIOUTHYECKAX M TPONMMOHOBOKHUCIBIX OakTepuit
MPOM3BOIIIIM CO CKOIICHHOM arapu3oBaHHOW cpenbl. [loceBHOW Marepwan OaxkTepwit
BBIpalIMBaIA B Koi0ax B komuuectBe 1,5 1 B Teuenue 20 u. HapabGoTKy KymbTypalbHOI
KUJKOCTHU LEJUTIOJIOUTUYECKUX U MPOIMMOHOBOKUCIBIX OaKTepHil Mpou3BOAMIN B hepMeHTepe
BMecTUMOCThIO 30 11 Ge3 adpaumu npu u30bITouHoM naBieHuu 0,3-0,5 atM. B mUTaTENbHOMN
cpene i ToOceBHOro wmarepuana. KynbTuBupoBaHuE OaKTepuil OCYIIECTBISUIM IPH
CIIEIYIONIEM PEXHMe: TeMIepaTypa KyabTuBupoBanus — 28-30°C; M36BITOUHOE IaBICHHE B
anmapate — 0,3-0,5 aT™.; BpeMs KyabTuBHpoBanus — 18-24 gaca.

B KynbpTypanbHYl IKHMIKOCTb, TOJNYYEHHYIO Tocie (pepMeHTaluu, J00aBIIsIH
pacTBOpeHHBIN B MUTheBOM Bojae OeHTOHMT (3%) u xijopuctbiit kamuii (0,1%), cmech xoporio
nepeMeIMBaId M OCTaBsUIM B INPOXJIAJHOM MECT€ Ha TpHM 4Yaca. 3a 3TO BpeMsi Ouomacca
agcopOupoBanach Ha OGHTOHMTE M ocaxaajiack. HagocamouHyro KHAKOCTh JI€KaHTHPOBAJIH,
ocraBimiics ocanok neHtpudyrupoamu npu 3000 o6/mMuH. B oTueHTpHYrHpoBaHHYIO
O6uomMaccy OakTepuil 00aBISUIM 3alIUTHBIE KOMIIOHEHTHI: Ioko3a — 10%, yKCYCHOKHCIBIiM
HaTpuii — 0,5%, nmumoHHOKHCHBIA HaTpuil — 0,5% U XOpoIIo NepeMenIMBaIl Ha MEXaHUYECKOU
Memmanke. 3aTeM OakTepHaTbHYI0 OMOMACCY BBICYIIMBAIH CYOJIMMAIMOHHBIM CIIOCOOOM TIPH
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CIIENYIOLEM PEKUME: 3aMOpakMBaHUE NPOAYKTA IIPU 40°C B TeueHue 6 dacos; TeMIeparypa
wmr  10°C; TeMIlepaTypa JOCYIIMBAaHUS MPOJYKTa 20-25°C, paspsbkenne 45 MA;
IPOJOIDKUTENBHOCTh cymkn 20-24 wyaca. B cyxux KOpPMOBBIX J00aBKax ONpeAessuia
coJiep)KaHue >KM3HECIOCOOHBIX KIJIETOK, BUTaMHHA Biy M IEIIONOIMTHYECKYIO aKTUBHOCTD
YalIeuHbIM METO/I0OM 10 30HaM ruaponnsza Na-KMII.

Pe3ynpTaThl Mo copepkaHuio TUTPOB OAKTEpUid IPEICTABIICHBI B TAOIHIIE 2.

Tabnuma 2 — [Toka3aTeau KauecTBa CyXUX KOPMOBBIX 100ABOK, IMOJYU4ECHHBIX CYOIMMAIIHOHHBIM
CIIoco0oM

Tutp xuakoin | Turp nmacTel, | TUTp cyxoro mpemnapara,
[tamm KynbTyphl, MiH. | MitH. KOE/r miH. KOE/r

KOE/r I[IKb 1JIb-22
1JIB-22+11KB-C-8 500 6400 840 1600
1JIB-22+11KB-C-15 520 2780 360 370

Kak BuaHO U3 mpencTaBieHHON TabIUIbl, CoJiepKaHue OaKTepUuaibHBIX KIETOK B XKHUAKOU
KyJIbType, OaKTepuantbHOI IacTe U CyXol KOPMOBO# 100aBKe BBIIIEC B BApUAHTaX CO IITAMMOM
P. shermanii C-8, nmpu 3TOM IpeyI0KEHHBIN IIITAMM OKa3bIBa€T CTUMYJIMPYIOIIEE ICHCTBHE HA
POCT LEJUTIONONUTHIECKIX OaKTepUH.

Takum 00pa3om, pazpaboTaHa ONTUMHU3HPOBAHHAS MPOOMOTHYECKAss KOpMOBas J00aBKa
«bentobak» Ha ocHoBe nesutooauTndeckux Cellulomonas flavigene-22 u nponuoHOBOKUCITBIX
6axtepuii Propionibacterim. shermanii C-8 ¢ moBsIiieHHO#M OHOJIOTMYECKON aKTHBHOCTHIO. OHA
MPEBOCXOIUT UCXOIHYIO TI0-COIEPIKAHUIO B HeW TPOOMOTUYECKUX OaKTepwii U BUTaMuHa Bi».

Jnst m3ydeHus COXPaAHHOCTH JKM3HECIOCOOHBIX KJIETOK B MPOOMOTHYECKON KOPMOBOM
no0aBke B YCIOBHSX XOJOAWIbHWKA HapaOotanbl 10 mapTuii mnpemapata Ha OCHOBE
a7copOMpOBAHHBIX Ha OEHTOHUTE MLEJUTIOJIONIUTUYECKUX U TPONMHMOHOBOKHCIBIX OaKkTepui,
BXOIIIMX B COCTaB KOpPMOBOH mgo0aBku. ConepikaHue >KU3HECIIOCOOHBIX KIETOK B
POOMOTHYECKOM IpernapaTe Mpu XpaHEHUH ONPEAENsIN IMyTeM BBICEBA U3 COOTBETCTBYIOIIUX
pa3BelleHUI HA TUTOTHBIC MUTATEIbHBIC cpebl. [Ipenapar XpaHuics OT OJHOTO 0 JBEHAANATH
MecsieB (Tadmurna 3).

Ta6mmma 3 — Kapra xpaneHust mpoOMOTHIECKON KOPMOBOM J0OABKH B XOJIOAMIIBHUKE

ConeprkaHre KU3HECITOCOOHBIX KIIETOK B IPOOMOTHUYECKOM IIperapare Imociie XpaHeHus,
miH. KOE/T

No HCXOJTHOE yepes 1 | guepes 2 | gepes 5 | uepe3 7 | uepes 12
apTUu MecCSI] MecsIa MECSIICB MECsIIEB MecsILEB
1 22,0+0,4 20,0£0,5 18,5+0,6 18,0+0,7 17,0+0,3 15,0+0,4
2 14,2+0,6 14,0+0,2 14,1+0,4 13,5+0,7 13,0+0,2 12,5+0,6
3 12,9+0,4 12,5+0,3 12,1+0,6 12,2+0,5 12,1+0,4 12,0+0,4
4 23,0+£0,6 22,4+0,7 20,5+0,8 20,0£0,5 20,0£0,7 18,0+0,4
5 19,5+0,3 19,0+0,5 19,4+0,6 18,0+0,6 19,9+0,7 19,0+0,5
6 14,5+0,3 14,3+0,4 14,1+0,6 14,2+0,3 14,0+0,4 13,9+0,2
7 18,0+0,3 18,1+0,5 18,0+0,6 18,0+0,4 17,8+0,4 17,5+0,6
8 25,0+0,6 25,1+0,4 22,5+0,7 22,320,7 20,7204 19,7+0,5
9 19,4+0,3 18,9+0,5 18,0+0,5 16,3+0,4 16,0+£0,4 15,8+0,6
10 17,4+0,3 17,5+0,5 17,0+0,4 16,9+0,2 16,8+0,4 16,5+0,3

Kak BUAHO W3 TpECTaBICHHON TaOJNHIBI, COIEpIKAHUE >KU3HECTIOCOOHBIX KIETOK B
mpenapare ocTaeTcs CTaOWIbHBIM M K 12 Mmecsam xpaHeHust cocrasiser 12,0 £0,4-19,7+0,5
miH. KOE/T o cpaBHeHHIO ¢ ncxoaabM - 12,9+0,4-25,0+0,6 mun. KOE/T.

18



MHUKPOBHOJIOI'US )KOHE BUPYCOJIOT'UsL ISSN 2304-585X www. imv-journal.kz

Taxkum 00pazom, rapaHTHPOBAHHBIM CPOK COXPAHEHHUS KU3HECTIOCOOHBIX OaKTepUaTbHbBIX
KJIETOK B KOPMOBOI J0OaBKE paBeH JIBEHAIIATH MECALlaM B YCIOBUSIX XOJIOIUIbHUKA.

[Tpou3BOICTBEHHBIE WCHBITAHUS ONTHMH3UPOBAHHOTO  mpenapara «beHToOak» mpu
OTKOpME KpynHoro poraroro ckora B TedeHue 30 anedt mposeaeHbl B TOO «lTuenka»
Enbekmmka3axckoro paiilona AJMaTUHCKON 00IacTH.

B ombiTe O6bU1M MicTIONB30BaHbI 25 OBIKOB OT 12-MecsiyHOTO A0 1,5-TO/I0BAIOro Bo3pacra

(Tabmuugl 4, 5, 6).

Tabnuua 4 — 1-g rpymnma >KUBOTHBIX

Bun MacTts MHBeHTapHBIH Bec, xr IIpusec,
’KHUBOTHOTO, HOMEp 710 OTIBITA nocJe KI/CyT
BO3pacT OIIBITa
Bruok, 1,0 Benoronossrit 91322142 375 433 1,9
Brruok, 1,0 Cepsiit 60302914 256 296 13
Brryoxk, 1,0 Benoronopsri 90962784 345 398 1,7
Brruok, 1,0 UYepHblii 60302912 250 302 1,7
Brruok, 1,8 Bypsrit 59922468 410 465 1,8
Brruok, 1,0 Turpossrit 60302911 352 397 15
Brruok, 1,0 BenoronoBo-uepHbIit 60302732 287 330 1,4
Bruok, 1,0 BenoronoBo-KpacHbIH 60302731 350 408 1,9
brruok, 1,0 UYepHslii 0/H 392 435 1,4
brruok, 1,0 benoronopsrit 91322173 334 385 1,7
Cpennuii Bec 3a 1 Mecsin 335,1 384,3 1,7
Tabnuia 5 — 2-51 rpynmna >KMBOTHBIX
Bun Mactp MuBeHTapHbIN Bec, xr ITpuBec
’KHBOTHOTO, HOMEp JI0 OIbITa mocJjie KI/CYT.
BO3pact (Tox) OIIBITA
Boruok, 1,5 Bypsrit 60302735 402 454 1,7
Bbrmuok, 1,5 Benoronossrit 91121155 349 396 15
Brruok, 1,2 UYepHo-mecTphIit 60302730 330 378 1,6
Brruok, 1,2 Bypas 60302913 248 285 1,2
Brmuok, 1,5 BenoronoBo-uepHbIit 91322150 395 440 15
Bbrmuok, 1,5 UYepHblii 60302916 363 400 1,2
brruok, 1,0 benoronopsrit 90962785 340 373 11
Bruok, 1,5 UepHbrii 60302917 393 440 1,6
Brmuok, 1,5 Benoronossrit 91322128 350 400 1,7
Bruok, 1,0 Benoronossrit 91322129 380 425 15
Cpennuii Bec 3a 1 Mecsin 355 399,9 1,4
Tabmuua 6 — KonTponbHas rpyria ;kMBOTHBIX
Bun MacTts WuBenTapHsIi Bec, xr [Ipusec
JKUBOTHOTO, HOMEp JIO OIIBITA mocJjie KI/CYT.
BO3pacT OIIbITa
Brruok, 1,0 Benoronoseit 91322135 346 361 0,5
Boruok, 1,0 Bypas 91322145 350 362 04
Brruok, 1,0 UepHbrit 60302733 340 358 0,6
Brruok, 1,0 Benoronoserii 91322171 393 403 0,3
Brruok, 1,0 Benoromoserii 91322146 320 332 0,4
Cpennuit Bec 3a 1 mecsiny 349,8 363,3 0,4

VYCTaHOBIEHO, 4YTO B pe3ylbTaTe IPUMEHEHMs ONTUMHU3MPOBAHHOIO IIperapara
«benTobak» B Teuenne 30 qHEH cpeHECYTOYHBIN MPUBEC JKMBOTHBIX COCTaBIII B cpeaHeM 1400
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I 1o cpaBHeHHUIo ¢ 0,4 T KOHTPOJIBHBIX )KUBOTHBIX, HE MOMYYaBIIUX Ouonpenapar (Tabauis 6—
8). OtmeuyeHO TaKXKe, YTO HCIONB30BaHHME mpenapara «beHTOOaK» mpH KOPMIICHHU
CIOCOOCTBYET YIYYIICHHIO OOLIETr0 (PU3HOIOTHYECKOTO COCTOSHUS JKUBOTHBIX, B TOM YHCIIE
a30TUCTOrO0 OOMEHa B OpraHU3Me, YBEIMYEHHUIO CTENEHM MCIIOJIb30BaHUs IHUTATENIbHBIX
BEIIECTB M MX BCachIBaHUs. BBejeHue B palyioH XKUBOTHBIX KOPMOBOH no0aBKu «beHTOOAK»
yCKOpsieT npoliecc Habopa KUBOM Macchl.

HcnpiTanne ONTUMH3UPOBAHHOTO Tmpenapara «beHTobak» Npu OTKOpME KPYITHOTO
poTaToro CKoTa MpOBEACHO TaKKe B X03siiicTBaX KbI3bUIOpAMHCKOM 00IaCcTH.

B TOO «Cpip Mapskanbl» KazanmHckoro paiioHa KOJIMYECTBO OTOOPAHHOTO CKOTa IS
SKCIIEPUMEHTA COCTaBUJIO 33 morosioBbid co cpenHuMm BecoM 203 kr. Ilpemapar 3amaBaiu
€XEJIHEBHO BMeCTe ¢ KOpMOM B KoinudecTBe 304,5 T Ha rosoBy. /[nMMTeIpHOCTH OTKOpMa CKOTA
cocraBuia 45 nuer. OOIIee KOJIMYECTBO CKOTAa B KOHTPOJIBHOW TPYyINIE, HE TMOJyYaBIICH
Ipernapar, cocTasisiio 46 rojaoB co cpeAHUM BecoM 276 KT.

Pe3ynbpTarhl HCHIBITAaHUM TPEACTABICHBI B TAOIUIE 7.

Tabmuma 7 — Pesynbrarhl ucnons3oBanus Ouomnpemapatra B TOO «Ceip MapikaHb»

KaszanuHckoro paiiona

Bapuanr Ucxonnsiit cpennmit | Cpeguuii Bec mocie | [loMONHUTENBHBIN BEC,
BEC KpynHoro | 45 nHei, kr MpuOAaBICHHBIH C TOMOIIBIO
pOraroro cKoTa, Kr Ouonpenapara, Kr

OnbIT 203 245,8 428

KonTposns 276 297 21

YcTaHOBIIEHO, YTO TIPH OTKOpPME 33 TOJIOB KPYITHOT'O POTaTOro CKOTa ¢ J0OAaBKOW B KOPM
HOBOTO BapuaHTa OMoJIornueckoro npemnapara «beHrobak» B TeueHue 45 qHel mprubaBka B Bece
cocraBuia 42,8 Kr 10 CpaBHEHHUIO € 21 KI' B KOHTPOJIbHOM IpyNIE )KUBOTHBIX.

B sToM ke Xo3siicTBe MpOBENEHBI HCCIEAOBAHUSA MO NMPUMEHEHHIO OHOJIOTHYECKOTO
npernapata «beHTo0ak» AT KOPMIIEHUSI KPYITHOTO POTaTOr0 CKOTa BEHTEePCKOH «I ONbIITHH-
®puz» moponbl (15 romoB), Bec KoToporo B cpemHeM coctaBmsul 194,13 xr. JKuBOTHBIM
exenHeBHO naBanu mo 320 r ucmeITyeMoro mpemapara Ha rosnoBy B TeueHue 90 nueit. Ilo
pe3yabpTaTaM HcciieoBaHus MprubaBka B Bece coctaBmia 112,5 kr Ha oHO )uBOTHOE wim 1200
T B ICHb.

B kpectbsHckoM  xoszsiictBe  «Hyp6on-M»  JKanmakopranckoro  paiioHa B
AKCIEPUMEHTAIHLHOM TPYIINE COIEPIKATOCh 7 TOJIOB CKoTa co cpeaHuM Becom 180 kr. Bospact 1
rox 5 mecsneB. OTOOpaHHOE MOTOJIOBBE €XKETHEBHO TOJyYajao HOBBIM BapuaHT Ouompernapara
«bentobak» BMecTe ¢ kopmMoM B konmdectBe 270 r Ha romoBy B Tedenue 60 mueid. Ilo
pe3yJibTaTaM MCCJIEIOBAaHUS CPEIHss KMBasi Macca KPYyMHOTO poraTtoro ckora yepe3 60 muei
cocraBiisiia 231 kr, T.e. ¢ MOMOIIbIO OHompernapara npubdaBka B Bece B CpeIHEM cocTaBmia 51
KT, 3T0 850 T B IcHb HA rOJIOBY.

B 3TOM e KpecThSIHCKOM XO35IUCTBE MPU OTKOPME KPYITHOTO POraToOro CKOTa CO CPEIHUM
BecoM 249 kr B Teuenue 30 mHel exenHeBHas no0aBka mpemnapara «beHTo0aKk» cocTaBsiia 1o
375 r na ronoBy. Ilocne okoHUaHMS SKCHIEPUMEHTA CPEAHSs KUBasi Macca KPYIMHOTO pOraToro
ckota coctaBuiia 272 kr. C moMomnipo Ouomnpenapara oHO )XKHBOTHOE MPUOAaBUIIO B Bece 23 KT,
310 770 T B ACHB.

B  kpectbsinckoM  xozsiictBe  «blcamagaun»  ChlpJappMHCKOrO  palioHa B
HKCIIEPUMEHTANILHON TPYMIE COAEPKANOCh 17 TOJOB KPYIMHOIO POraroro CKoTa CO CpeIHUM
BecoM 225 kr. Ilpemapar no0aBisiu €XeIHEBHO B KOpM B KojudecTBe 337,5 r Ha roJioBy B
teueHue 60 nuei. [Tociae okoHUYaHMSI OTKOPMA CPEAHUN BEC OJHOTO KUBOTHOTO cocTaBmi 296,4
kr. CrenoBaTelnbHO, C MOMOIIBIO OuoMpernapara OJAHO MOT0JIOBRE KPYIMHOT'O POraroro CKora
npubaBuio B Bece 71,4 kr, uro coctasnsier 1200 T B 1eHb.

20



MHUKPOBHOJIOI'US )KOHE BUPYCOJIOT'UsL ISSN 2304-585X www. imv-journal.kz

YCTaHOBIEHO, 4YTO [JONOJHUTEIbHBIA NPUBEC CKOTAa B XO3AKMCTBAX 3aBUCUT OT
MPOJOHKUTEILHOCTH IIpUeMa OHoIpenapaTa U Mopoabl CKOTa.

N3 KpecThSIHCKMX XO3SUCTB, Y4acTBOBABIIMX B AKCIIEPHUMEHTE, B3SATHI 00paslbl msca
KPYIHOI'O pOraToro CKoTa Jijisi XMMUYECKUX aHAJIU30B.

AHanu3 MSACHBIX MPOAYKTOB MpoBoAwin B Kei3putopauackoM obmactHoM ¢unmane PI'TI
«Pecnybnukanckass BeTepuHapHas jaOopatopusi» Komurtera BeTepHHApHOTO KOHTPOJS H
Haa30pa MUHHCTEPCTBA CEIBCKOTO X03sicTBa Pecnyonuku KazaxcraH.

Pe3ynbrarhl XuMHUYecKoro aHaian3a msica npuBeeHs! B Tabmauie 8.

Tabmuua 8 — XMHUUYEeCKHIl aHaITN3 TOBSIANHEI

Hazpanue Opranosnen- pH Cynbdat Meau MHBa3vBHBIC baxkre-
KpPECTBSHCKOTO TUYECKUE (cpenumit Oose3Hu puoc-
X03s1iicTBa MOKa3aTenu | MOKa3aTeJb) KOTTUS
TOO «Crip B COOTBETCTBUU 5,98 OTpHULATENbHBIN HE pocta
MapsxaHb» cTTOCT o0OHaApyXEHO HET
Kazanuackuii paiton
KX «blcamanmua» | B COOTBETCTBUU 59 OTpUIIATENbHBIN HE pocra
ChlpaapbUHCKHN c'OCT 0OHapyXeHO HET
paiioH
KX «Hyp06on-W» B COOTBETCTBUH 5,96 OTpHIIATEIbHBIN HE pocta
’Kanakopranckuii cTTOCT o0OHaApyXEHO HET
paiioH

Pe3ynbrarhl ucclieoBaHMI [MOKa3ajid, YTO OPraHOJENTHYECKHE MapamMeTpbl Msica
KpymHOro poraroro ckora cootrBercTBoBamn ['OCT 7269-79 (uBer, BHEUIHWUW BUI,
KOHIIEHTpAIs, 3arax u T.1.). J[pyrum mpru3HaKoM MPUTOTHOCTH Msica SBISIETCS Cyabhar Meu,
KOTOpPBIA OTCYTCTBOBal B HccienyeMbix obpasmax mo ['OCT 23392-78. YcraHoBieHO, 4TO
MSICO, MOJTYYEHHOE U3 KPECThIHCKUX XO3SIHUCTB, HE COAECPKUT MUKPOOPTaHU3MBI, BHI3BIBAIOIIINE
00Je3Hu.

Takum oOpa3zom, pa3paboTaHa ONTHMHU3HPOBAHHAS MPOOHOTHYECKAsT KOPMOBas J00aBKa
«benrobak» Ha ocHoBe IemmonoauTHueckux Oakrepuii  Cellulomonas flavigene-22 u
POMMOHOBOKUCIBIX Oaktepuii Propionibacterim. shermanii C-8, npeBocxopsias UCXOAHYIO
0 aHTUMHUKPOOHON aKTMBHOCTH, LEJUTIOJOIUTHYECKON aKTUBHOCTH, COIEP)KAHHIO BHUTaMHHA
B12, )Ku3HECIOCOOHBIX OaKTEpHATIBHBIX KJIETOK B KHJIKOH KyIbType, OakTepuanibHON macte u
CyXOH KOPMOBOM T0OaBKeE.

Pazpaborana TexHomorumueckas WHCTPYKLHS IO TPOU3BOJICTBY CYXOro Ouompernapara
«bentobaky». ['apaHTHpPOBaHHBIN CPOK XpaHEHHs] OHMOIpenapara MO YUCIY KHU3HECIOCOOHBIX
KJIETOK — 12 Mecs1eB B yCIOBUAX XOJOAUIbHUKA.

[Ipou3BoACTBEHHBIE  MCIBITAHWS ~ ONTUMU3MpOBaHHOro  mpemapara  «beHTo6aK»,
npoBeneHHsle B TOO «[luenka», c. um. X. bmwxkanoBa EnOekimmka3axckoro paiiona
ANMaTHHCKOW 00JIacTh TyTeM ero no0aBiieHWsi B OOIMIMK pamuoH u3 pacdera 1,5 r Ha 1 kxr
JKUBOT'O Beca KPYNHOI'O poratoro ckora B teueHue 30 gHeE, mokasaiu, 4To CpPeIHECYTOUHbIN
npuBec KUBOTHOro coctaBmi 1400 r nmo cpaBHeHUiO ¢ 0,4 T KOHTPOJBHOIO KUBOTHOTO, HE
MOJTy4YaBIIero Ouomnpernapar.

HcnpiTanus ONTUMU3UPOBAaHHOTO  mpenapata «beHTOO0ak» mpH OTKOpME KpPYIHOTO
poraroro ckora B Xo3sicTBax KBI3BUIOPAMHCKON 00JIACTH TOKAa3aJIM, YTO JIOIOJHHUTEIbHBIN
MpUBEC CKOTa B Xo03siicTBax cocrtapisieT oT 770 mo 1200 r Ha rojoBy B CYTKM M 3aBHCHUT OT
MPOJOHKUTEILHOCTH IpUeMa OHoIpenapaTa v mopoabl CKOTa.

AHanmu3 MSCHBIX MPOAYKTOB, B3SITBIX U3 KPECThAHCKUX XO3AWUCTB, y4aCTBOBABIIMX B
JKCIIEPUMEHTE, TI0Ka3ajl, 4YTO BCE OHM COOTBETCTBOBAIM MO OPraHOJIENTHYECKUM, XUMUYECKUM
U MUKPOOMOJIOTHYECKUM MOKa3aTeNIsIM MsICy KpymHoro poratoro ckora no I'OCT 7269-79.
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JpyruM mpU3HAKOM MPHUTOJHOCTH MsICa SIBIISIETCS OTCYTCTBUE B HEM Cyib(aTa MeIu IO
I'OCT 23392-78. Msico, NOJYYEHHOE W3 KPECThSIHCKUX XO3AWUCTB, HE COAEPXKAIO
MHUKPOOPTaHU3MBI, BBI3BIBAIOIINE OOJIE3HH.

Jluteparypa:

1Bce o xuBoTHOBOACTBE. Teopus u mpaktuka, 2016. - URL: "http://worldgonesour.ru/osnovy-
zhivotnovodstva'zhivotnovodstva HYPERLINK.

2 ITomosa C. Ponp MuHepanbHBIX dJIEMEHTOB W BuTaMuHOB B muTanuu KPC, 2016. - URL:
"http://agropost.ru/'ru. HYPERLINK.

3 Awmmnokucnotel, 2014. - URL: "http://worldgonesour.ru/korma/222-aminokisloty.html"
HYPERLINK.

4 Komaer A.I'., Hukomaenko C.H., Uuctoycoa M.C. TexHOIOTHs MOIyYEHUS BUTAMHUHHOM
KOPMOBOM JT00aBKHU U3 OTXOJ0B KOHCEPBHOM MPOMEBINUICHHOCTH // COOpHUK HAaydHBIX TpyAoB Sworld. -
Ounecca, 2008. - T. 21. - Ne 1. - C.25-27.

5 Komaer A.I'., Iletenko A.U., A.3 Xycunx C.b., Bonkoa C.A., Jlonckos S.II. Pa3paboTka
KOPMOBOI1 100aBKH Ha OCHOBE OEHTOHMTA U OTXOAOB NepepadboTku puca // Monomoit yuensiid. - 2015. -
Ne 1. - C.135-138.

6 XKonobosa 1.C., Jlynera A.B., JIeicenko FO.A. BrnusiHne HaTpuisi TMIIOXJIOPHTA Ha TIEPETIEIIOB B
NEPUO MHTCHCUBHOM stitieknazku // [Itunesonctso. - 2013. - Ne 07. - C.15-20.

7 Komaes A.I'., Komaesa O.B., Hukonaenko C.H., Xapuenko B.1. OcoOeHHOCTH TEXHOJIOTHH
MOJIYYEHHUS] KOAryJsiTOB M3 COKa JrolepHbl // [lonmuTeMaTHuecKUi CETEBOM 3JCKTPOHHBIA HayYHBIN
xypaan KybaHckoro rocyiapcTBeHHOTO arpapHoro yHuBepcurera. - 2014, - Ne 95. - C.720-728.

8 Crioco6 mony4denust 6enkoBo-BuTaMuHHON no0aBku. Komae A.l'., banskuna A.O., [Inyraxun
I'.A., Ilerenko A.W., ITankoB A.A., Ilaakos C.A. [latent Ha m306perenne RU 2197096 28.03.2000.

9 Ilarent Ha uzobpereHre PO Ne 2266680. Criocod momyyenns: 6eTKOBOH KOPMOBO# 100aBKU 13
PACTUTEIBLHOIO ChIPhs U YCTPOUCTBO aiis ero ocyiectsicnus / Komaes A.I'., ITnyraxun ' A., [Tetenko
A.N. - Omy6u. 12.04.2004.

10 ITat. P®, Ne 2038800. buonpenapat «PUAJI» u crmocod KOpMIICHHUS >KHBOTHBIX, IITHIIBI M ITUEIT
/ XKapxkosa I'.}O., Makapor H.B., Pa6ununa JI.1O. - Ony6:1. 09.07.1995.

11 [at. PO Ne 2422043. Cenenconepxalyii mpemnapar i >KHBOTHOBOACTBA / 310THUKOB K. M.,
3noraukoB A.K., 3notaukosa U.K. - omy6m. 27.06.2011.

12 Bernep X., Keru A. HayuHble OCHOBBI ITUTaHUS CEJIbCKOXO3SIMCTBEHHBIX JKUBOTHBIX. — M.:
Komnoc, 2010.

13 Komaes A.I'., Hukomaeuko C.H., ®ucenko I'.B., Caaksu A.B. ®u3nonoro-OHoXuMuIeckoe
000cHOBaHWE MMPUMEHEHHUS OaKTEepHAIbHON J00aBKHU baliemt B cocTaBe pacTUTEIHHBIX KOMOMKOPMOB Ha
ntuiie // COOpHUK HAaydHBIX TPYAOB BcepoccHiickoro Hay4YHO-HCCIIEA0BATEIHCKOTO HHCTHTYTA
OBIIEBOZICTBA U K030BoacTBa. - 2009. - T. 2. - Ne 2-2. - C.140-143.

141IpobroTrdeckas KOpMOBas nmobaBKa, 2020. - URL:
"https://agrovektor.ru/physical_product/259034-probioticheskaya-kormovaya%?20dobavka-dlya-
krupnogo-rogatogo-skota-laktobifadol-forte.html" HYPERLINK

15 Anadyn A., Martanez-Larranaga M.R., Aranzazu-Martanez M. Probiotics for animal nutrition
in the European Union. Regulation and Safety Assessment. Regulatory Toxicology // Pharmacology. -
2006. - Vol. 12. - P.91-95.

16 laiinyk A.I'., XaszuaxmeroB @.C. [Ipoouotuk Butadopt B paumonax yrsr // [ItuneBoactso. -
2011. - Ne 12. - C.27.

17 Gavrilova N.N., Ratnikova I.A. Test of therapeutic and preventive effectiveness of probiotic //
Abstr. of International Conference «Probiotics and Prebiotics». - Koshica, Slavenia, 2011. - P.87.

18 Gavrilova N.N., Ratnikova I.A., Melnikov V.G. Probiotic Lactovit-K for fighting against
coccidiosis infectous-invasive diseases of poultry and diseases of honey bees // Abstr. of XXXIV of the
Society for Microbial Ecology and Disease. - Yokohama, Japan, 2011. - P. 33.

19 bobposckas U.B., Hemunymas JI.A., Epemen; H.K., [IpoBoroposa O.B., JIuxamepcrosa C.B.,
Epement B.U., Camytinenko A.5l. BUOTEXHOJOTHU HOBBIX MPOOHMOTUKOB M CHHOMOTHYECKUX KOMILIEKCOB
JUISL CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX M NTHIBI // BHOTEXHONOIHs: pealbHOCTh M TEPCICKTHUBHI B
CENIbCKOM XO035HCTBE: MaT. MEXIyHap. Hayd.-lIpakT. KoH(. - CapaTos, 2013. - C.8-10.

22


http://worldgonesour.ru/korma/222-aminokisloty.html
http://allpatents.ru/author/ru-makarov-n-v.html

MHUKPOBHOJIOI'US )KOHE BUPYCOJIOT'UsL ISSN 2304-585X www. imv-journal.kz

20 IMerenko A.U., JIsicenko FO.A. KopMoBsle 100aBku B pannoHax nepemnesios // IITuieBoacTBo.
-2012. - Ne 9. - C.36-38.

21 TMatent PK Ne 31262 Cmoco6 momyuenus kopmoBoi mobaBku bentobak / CamanoB A.K.,
I'aepuiosa H.H., Pataukosa U.A., lllopabaes E.JK. Ony6i. 15.06.2016, 61om. Ne 6.

H.H. TABPUJIOBA', A.K. CAJIAHOBY, .A. PATHUKOBA'", EJK. IIOPABAEB?,
C.D. OPA3BIMBET?, I'.K. TAYBEKOBAZ, P.XX., KATITAT ALY, JLA. KOLLEJIEBA®,
V. K. KEPEMBEKOBA®, )K.T. MYCABEKOB?, C.B. JUKAMJIAYOBA®
! «MUKpOOHOIOTHS KOHE BUPYCOJIOTHUS FRITBIMH-OHIpiCcTIK opTanbirsly JKIIC, Anvarsr,
Kazakcran
2 «Ouaipictik mukpoouonorus» XKIIC, Anmate! k. Kazakcran

“e-mail: iratnikova@list.ru

AYDBLJI HTAPY AIIBUUIBIFbI MAJIIAPBIHBIH OHIMAIJIITTH APTTBIPY YIHIIH
"BEHTOBAK" ITPOBUOTHKAJIBIK KEMIIOIT KOCITACBIH
OIITUMM3AIIUAJTIAY

Tyiiin

Cellulomonas flavigene-22 nemmonuTukanslk OakTepusuiapbl skoHe Propionibacterim shermanii
c-8 MPONMUOHKBIIKBLIIABI OaKTepUsUIaphl HETi3iHae, 0acTanmKkbl HYCKaMEH CalbICTHIpFaHlla MUKPOOKa
KapChl OCJICEHIUTITT MEH MEJUTIONOMUTHKAIBIK OCICeH I XKOoFapsl, KypaMblHna Bi, BuTamuHi 0ap,
OakTepMsUTHIK TIacTala J>KOHE KYPFaK KEM KOCIAChIHNA, CYHBIK KyJIbTypaaa TIpHIUTIKKE KaOineTTi
OaxTepus Kacylagapsl XKOFaphl, MPOOHMOTHUKANBIK KEM IO KOCIIACKI JaspIaH IbL.

Ipi kapa manmel Ooprakputay KesiHmeri «beHToOak» IMpemapaThIHBIH OHIIPICTIK Toxipubenepi
MaJBIH OpTalla TOYJNIKTIK calMak Kocybl OacbiHa makkadma 770-1400 T meifiH KypaHTHIHBIH JKOHE
OMOJIOTHSUILIK OHIMHIH Y3aKTBIFBIHA JKOHE ipi Kapa MaNJblH TYKbIMBIHA OalIaHBICTBl CKEHIH
KOPCETTi.DKCIIEPUMEHTKE KaThICKAH IIapya KOXKaIBIKTApPhIHAH aJbIHFaH €T OHIMIEPIH Tauaay OJap/IbIH
Oapaeirel MC  7269-79 colikec ipl Kapa Majl €TiHIH OpPraHOJCNTHUKAJIBIK, XUMMSIIBIK JKOHE
MHUKPOOHOIOTHSIIBIK KOPCETKIIITEPiHE COMKEC KENETiHIITH KOpPCETTi.

ETTiH >xapaMIbUIBIFBIHBIH TaFbl O0ip Oenrici - MC 23392-78 coiikec MbIC CylIb()aThIHBIH O0JIMaYHI.
[Tapya KoxajbIKTapblHAH aJbIHFAH €T KYpaMbIHA aypy TYIbIpaThiH MHKPOOPTaHU3MIEP OOJIMaIbl.

KiarTi ce3mep: ICILIFONNTTI, NPOMMOHKBIIKBULILI OaKkTepHsuiap, OCHTOHHUT, a3bIKTHIK KOCIIA,
TUIMILUTIK.
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OPTIMIZATION OF PROBIOTIC FEED ADDITIVE "BENTOBAK™" FOR
INCREASING PRODUCTIVITY OF FARM ANIMALS

doi: 10.53729/MV-AS.2022.02.02

Summary

An optimized probiotic feed additive «Bentobak» based on cellulolytic bacteria Cellulomonas
flavigene-22 and propionic acid bacteria Propionibacterim has been developed. shermanii S-8 superior in
antimicrobial activity, cellulolytic activity, vitamin V12 content, viable bacterial cell content in liquid
culture, bacterial paste and dry feed additive.

Production tests of the optimized «Bentobak» drug when fattening cattle showed that the average
daily animal weight gain is from 770 to 1400 g per head per day and depends on the duration of taking
the biologics and livestock breed.

Analysis of meat products taken from peasant farms participating in the experiment showed that
all of them corresponded to organoleptic, chemical and microbiological indicators of cattle meat
according to GOST 7269-79.

Another sign of the suitability of meat is the absence of copper sulfate in it in accordance with
GOST 23392-78. Meat obtained from peasant farms did not contain microorganisms that cause diseases.

Keywords: cellulolytic, propionic acid bacteria, bentonite, feed additive, efficiency.

The leading place in the development of animal husbandry is given to feed production due
to the fact that feed determines the quantity and quality of livestock products, makes it possible
to reveal the genetic potential of animals.

It is known that the body of animals and birds is not able to independently synthesize
many vitamins, amino acids and mineral elements, their main source is feed. Therefore, the lack
of biologically active substances, macro- and microelements in feed negatively affects the vital
activity and productivity of animals.

With a lack of vitamins in the animal diets, the formation of enzymes is disrupted, and,
therefore, the course and regulation of biosynthesis, as well as the specific functions of cells,
which entails a decrease in animal productivity [1].

Minerals are necessary for animals for all metabolic processes, for building a backbone,
as well as activators of enzymes and structural elements, are directly involved in digestion
processes, regulate osmotic pressure and maintain acid-base equilibrium in the body. The
exchange of proteins, carbohydrates, fats, water regime and hormonal functioning of the body
are impossible without the active participation of minerals. That is why the need of animals for
mineral substances must be met daily, evenly and in scientifically recommended ratios [2].

The lack, absence or imbalance of essential amino acids in animal diets is accompanied
by a deterioration in protein use, metabolic disorders, and a decrease in productivity [3].

The problem of providing animals with biologically complete components of rational
nutrition is solved with the help of feed additives - specific additives to the daily diet of poultry,
pigs and cattle [4-6].
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Currently, the animal and poultry feed supplement market is quite diverse. However, not
all of them are equivalent in composition and efficiency. Most of these are premixes, which
consist of a mixture of proteins, vitamins, minerals and a carrier [7-11].

It is known that mineral and vitamin supplements significantly increase the efficiency of
the use of concentrated feed in animal husbandry. Meat, milk, egg and wool productivity
increases by 10-25% on average, fodder consumption per unit of production is reduced by 8-
15%, morbidity and case of animals by 20-40% [12].

The introduction of the necessary feed additives into the diet of animals in sufficient
quantities allows to obtain high-quality meat, milk, eggs with maximum livestock productivity
and reduced costs of feed and maintenance [13,14].

The tightening of environmental safety requirements for livestock products has led the
world to reconsider many methodological approaches to optimizing control over the epizootic
process of diseases caused by opportunistic microflora, and to recognize the need to develop a
new generation of environmentally friendly drugs that can ensure the biological protection of
farm animals and poultry. Probiotic feed additives and preparations, which include live bacteria
from among the main representatives of normal intestinal microbiocenosis of animals and birds,
can most fully meet these requirements [15-19].

The main effects of probiotics include improving digestion, immunostimulating effect and
increasing animal productivity.

The most effective are combined probiotic feed supplements. Their composition includes,
along with probiotic microorganisms, various vitamins, amino acids, enzymes, minerals.

Currently, sorbed probiotic feed additives in which live microorganisms are adsorbed on a
carrier sorbent, typically carbon activated or carbon-mineral compounds, have attracted
attention. Such drugs make it possible to achieve denser colonization on the mucous
membranes, rapid restoration of the intestinal microflora and stopping pathological processes in
it.

Bentonite-based feed additives are widely used. Bentonites give the highest effect in the
composition of ordinary, so-called economic diets, insufficiently balanced in macro- and
microelements, protein and energy. They are especially important when using synthetic
nitrogen-containing substances in feeding ruminants against the background of diets that are not
sufficiently provided with sugar in the winter-stall period, and when feeding green conveyor
feeds rich in protein in the summer [20].

Use of natural minerals makes it possible to dramatically reduce the number of growth-
stimulating and therapeutic preparations used in meat production and to increase safety of
animal husbandry products for humans.

The Institute of Microbiology and Virology has developed the «Bentobak» feed additive
(C.C. No. 1684972) based on propionic acid bacteria Propionibacterium shermanii-15 and
cellulolytic bacteria Cellulomonas flavigena-22, adsorbed on bentonite, which contributes to
better absorption of coarse feed, normalisation of protein metabolism, reduction of acidosis risk
in animals, increase of their productivity.

The test of the drug "Bentobak™ on the sheep of the Kazakh thin-crowned breed showed
that its introduction into the diet of animals at the rate of 1.5 g per one kg of body weight of the
animal leads to a decrease in the composition of nitrogenous substances and an increase in the
content of vitamin Vi, in the scar content and in the chymus of the 12-ring intestine, a
significant increase in the percentage of fiber digestibility. Under the influence of the test drug,
the content of ammonia and urea in the blood decreases with a slight increase in volatile fatty
acids. There was an increase in the reserve blood alkalinity. This fact is important, since with
the depletion of alkaline reserves in the body, animals are prone to acidosis. The additional
body weight gain was 120 g per day, resulting in approximately 100 days of fattening period
body weight gain of 12 kg per sheep.
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These facts indicate the high effectiveness of «Bentobak» and the prospects for its wide
implementation in practice.

Strain P. shermanii-15 is replaced with P. V12 to increase antagonistic activity of the
preparation against intestinal infection agents, its content of probiotic bacteria cells and vitamin
shermanii-C-8. Due to this, «Bentobak» feed additive contributes to better absorption of coarse
feed, normalization of protein metabolism, reduction of acidosis risk in animals, increase of
their productivity [21].

In connection with the above, the studies carried out are aimed at increasing the efficiency
of the feed additive due to the use in its composition of a new strain of propionic acid bacteria
with a wide range of biological activity, as well as at developing a technology for the
production of the dry preparation «Bentobak» and its production tests on farm animals in
peasant farms.

Materials and methods of research

The subject of the study was cellulolytic bacteria Cellulomonas flavigena-22, propionic
acid bacteria Propionibacterium shermanii 15, Propionibacterium shermanii S-8. Strains of
bacteria were grown on a nutrient medium used for co-cultivation of propionic acid and
cellulolytic bacteria of the following composition (g/l): corn extract - 30.0; starch - 10.0;
glucose - 10.0; KH,PO, - 1,0; MgSO4x7H,0 - 0.5; KCL - 0.5; (NH)2S0, - 2,5; CoCL, - 0.01;
water - up to 1000 mL (pH 6.8-7.0).

Microbial enumeration was determined by a series of sequential dilutions in sterile tap
water and sowing them into an agarised culture medium, followed by counting the grown
colonies [22].

The quantitative content of vitamin V1, was determined by the microbiological method by
the growth zones of the vitamin-dependent strain E. coli 133-3 and calculated from the
Dmitrieva table.

Production tests of Bentobak were carried out at the Pchelka PLLC, from. Kh. Bizhanov
Enbekshikazakh district of Almaty region, as well as in peasant farms «Nurbol-1» in the
Zhanakorgan district, «Issamadin» in the Syrdarya district and the PLLC «Cheese Marzhany» in
the Kazalinsky district by daily addition of the drug when fed into the total diet at the rate of 1.5
g per 1 kg of live weight of cattle.

Results and discussion

In order to expand biological activity of initial probiotic feed additive "Bentobak," strain
P. shermanii-S-8 is introduced into its composition instead of P. shermanii-15.

For comparison, the original P. shermanii-15 strain and the new P.shermanii-S-8 were
grown on a culture medium used to co-culture propionic acid and cellulolytic bacteria.
Cultivation was carried out in a thermostat at 28-300S temperature for 18-20 hours, then the
bacterial titer and vitamin V12 content were determined in liquid cultures by inoculating
appropriate dilutions on the solid culture medium of the above composition (Table 1).

Table 1 - Comparative performance characteristics of strains of propionic acid bacteria

Strain pH Acidity, °T Titer, bn, Vitamin Vi,
CFU/mL content, U/mg
P. shermanii 15 5,8 61,0 2,0 0,25
P. shermanii C-8 55 67,0 6,5 2,80

The results presented in Table 1 indicate that the P. shermanii strain S-8 exceeds P.

shermanii-15 in the accumulation of bacterial cells by 3 times, vitamin V12 - by 11 times.
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Strains of Cellulomonas flavigene-22, P. shermanii S-8 or P. shermanii-15 bacteria were
used in the production of the dry feed additive.

Uterine broaching of bacterial strains was grown on nutrient medium in flasks in
thermostat at 28-30°C temperature for 18-20 h. Flasks with 300 ml of nutrient medium were
inoculated with cultures of cellulolytic and propionic acid bacteria from beveled agarised
medium. Inoculum bacteria were grown in flasks in an amount of 1.5 L for 20 hours. The
culture fluid of cellulolytic and propionic acid bacteria was produced in a 30 L fermenter
without aeration at an excess pressure of 0.3-0.5 atm in the inoculum culture medium. The
culture medium was prepared in a fermenter and sterilized at 121°C for 30 minutes. After
cooling to 28°C, it was inoculated with five percent of cellulolytic bacteria inoculum and five
percent of one of the strains of propionic acid bacteria. Bacteria cultivation was carried out in
the following mode: culture temperature - 28-30°C; overpressure in the apparatus - 0.3-0.5 atm;
cultivation time - 18-24 hours.

Bentonite (3%) and potassium chloride (0.1%) dissolved in drinking water were added to
the fermentation culture liquid, the mixture was well stirred and allowed to cool for three hours.
During this time, biomass was adsorbed on bentonite and precipitated. The supernatant was
decanted and the remaining precipitate was centrifuged at 3000 rpm. Protective components
were added to the centrifuged biomass of bacteria: glucose - 10%, sodium acetic acid - 0.5%,
sodium citric acid - 0.5% and well mixed on a mechanical stirrer. Then the bacterial biomass
was dried by a sublimation method in the following mode: freezing the product at 40°C for 6
hours; temperature of 10°C plates; temperature of additional drying of the product 20-25°C,
underpressure 45 mA,; duration of drying is 20-24 hours. In dry feed additives, viable cell
content, vitamin V12 and cellulolytic activity were determined by plate method by Na-CMC
hydrolysis zones.

The bacterial titer results are presented in Table 2.

Table 2 - Quality parameters of dry feed additives obtained by the sublimation method

Liquid culture | Paste titer, min. Dry product titer,
Strain titer min. CFU/g million CFU/g
CFU/g PAB CLB-22
CLB-22+PAB-C-8 500 6400 840 1600
CLB-22+PAB-C-15 520 2780 360 370

As can be seen from the presented table, the content of bacterial cells in liquid culture,
bacterial paste and dry feed additive is higher in versions with strain P. shermanii S-8, wherein
the proposed strain has stimulating effect on growth of cellulolytic bacteria.

Thus, an optimized probiotic feed additive «Bentobak» based on cellulolytic
Cellulomonas flavigene-22 and propionic acid bacteria Propionibacterim has been developed.
shermanii S-8 with increased biological activity. It exceeds the original content of probiotic
bacteria and vitamin V12.

To study the safety of viable cells in a probiotic feed additive, 10 batches of the
preparation based on cellulolytic and propionic acid bacteria adsorbed on bentonite, which are
part of the feed additive, were produced under refrigeration conditions. These batches were
placed in the refrigerator. The content of viable cells in the probiotic preparation during storage
was determined by seeding from appropriate dilutions on dense culture media. The product was
stored for one to twelve months (table 3).

27



Ne2 (37) 2022

Table 3 - Chart of storage of probiotic feed additive in the refrigerator

Viable cell content in the probiotic product after storage, million CFU/g

Batch initial after 1 after 2 after 5 after 7 after 12
No. month months months months months
1 22,0+0,4 20,0+0,5 18,5+0,6 18,0+0,7 17,0+0,3 15,0+0,4
2 14,2+0,6 14,0+0,2 14,1+0,4 13,5+0,7 13,0+0,2 12,5+0,6
3 12,9+0,4 12,5+0,3 12,1+0,6 12,2+0,5 12,1+0,4 12,0+0,4
4 23,0+0,6 22,4+0,7 20,5+0,8 20,0+0,5 20,0+0,7 18,0+0,4
5 19,5+0,3 19,0+0,5 19,4+0,6 18,0+0,6 19,940,7 19,0+0,5
6 14,5+0,3 14,3+0,4 14,1+0,6 14,2+0,3 14,0+0,4 13,940,2
7 18,0+0,3 18,1+0,5 18,0+0,6 18,0+0,4 17,8+0,4 17,5+0,6
8 25,0+0,6 25,1+0,4 22,5+0,7 22,3+0,7 20,7+£0,4 19,7+0,5
9 19,4+0,3 18,940,5 18,0+0,5 16,3+0,4 16,0+0,4 15,8+0,6
10 17,4+0,3 17,5+0,5 17,0+0,4 16,940,2 16,8+0,4 16,5+0,3

As can be seen from the presented table, the content of viable cells in the preparation
remains stable and by 12 months of storage is 12.0 £0,4 - 19,7+0,5 million. CFU/yr vs baseline
- 12,9+0,4 - 25,0£0,6 million CFU/qg.

Thus, the guaranteed retention time of viable bacterial cells in the feed additive is twelve
months under refrigerated conditions.

Production tests of the optimized drug «Bentobaks» when fattening cattle for 30 days were
carried out in «Pchelka» LLP in the Enbekshikazakh district of Almaty region.

25 bulls from 12 months to 1.5 years of age were used in the experiment (tables 4, 5, 6).

Table 4 - Animal group

Animal Color Inventory Weight, kg Weight gain
type, age number Prior to After kg/day
experience | experience
1 2 3 4 5 6
Goby, 1.0 | White-headed 91322142 375 433 19
Goby, 1.0 | Gray 60302914 256 296 13
Table continuation -4
1 2 3 4 5 6
Goby, 1.0 | White-headed 90962784 345 398 1,7
Goby, 1.0 | Black 60302912 250 302 1,7
Goby, 1.8 | Brown 59922468 410 465 1,8
Goby, 1.0 | Tiger 60302911 352 397 15
Goby, 1.0 | White-headed-Black 60302732 287 330 1,4
Goby, 1.0 | White-headed-red 60302731 350 408 1,9
Goby, 1.0 | Black o/u 392 435 1,4
Goby, 1.0 | White-headed 91322173 334 385 1,7
Average weight for 1 month 335,1 384,3 1,7
Table 5 - 2-group of animals
Animal type, Color Inventory Weight, kg Weight gain
age (year) number Prior to After kg/day
experience | experience
1 2 3 4 5 6
Goby, 1.5 Brown 60302735 402 454 1,7
Goby, 1.5 White-headed 91121155 349 396 15
Goby, 1.2 Black and motley 60302730 330 378 1,6
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1 2 3 4 5 6
Goby, 1.2 Brown 60302913 248 285 1,2
Goby, 1.5 White-headed-black | 91322150 395 440 1,5
Goby, 1.5 Black 60302916 363 400 1,2
Goby, 1.0 White-headed 90962785 340 373 1,1
Goby, 1.5 Black 60302917 393 440 1,6
Goby, 1.5 White-headed 01322128 350 400 1,7
Goby, 1.0 White-headed 91322129 380 425 1,5
Average weight for 1 month | 355 399,9 1,4

Table 6 - Animal control group

Animal type, Color Inventory Weight, kg Weight gain
age number Prior to After kg/day
experience experience

Goby, 1.0 White-headed 91322135 346 361 0,5
Goby, 1.0 Brown 91322145 350 362 0,4
Goby, 1.0 Black 60302733 340 358 0,6
Goby, 1.0 White-headed 01322171 393 403 0,3
Goby, 1.0 White-headed 91322146 320 332 0,4
Average weight for 1 month | 349,8 363,3 0,4

It was found that as a result of the use of the optimized drug «Bentobak» for 30 days, the

average daily animal weight was on average 1400 g compared to 0.4 g of control animals that
did not receive the biologics (Tables 6-8). It is also noted that the use of the drug «Bentobak»
during feeding contributes to the improvement of the general physiological condition of
animals, including nitrogen metabolism in the body, an increase in the degree of use of nutrients
and their absorption. The introduction of the Bentobak feed additive into the animal diet
accelerates the process of gaining live weight.

The optimized drug «Bentobak» was tested in cattle fattening in the farms of Kyzylorda
region.

In the «Cheese Marzhany» LLP of the Kazalinsky district, the number of selected
livestock for the experiment was 33 livestock with an average weight of 203 kg. The
preparation was given daily along with food in an amount of 304.5 g per head. The duration of
cattle fattening was 45 days. The total number of livestock in the drug-naive control group was
46 heads with an average weight of 276 kg.

Test results are presented in Table 7.

Table 7 - Results of biologics use in «Cheese Marzhany» PLLC of Kazalinsky district

Option Baseline mean Average weight after Additional weight added by
weight of cattle, kg 45 days, kg biologics, kg
Experience 203 245,8 42,8
Control 276 297 21

It was found that when 33 cattle with supplementation with the biological drug Bentobac
were fed for 45 days, the weight gain was 42.8 kg compared to 21 kg in the control group of
animals.

In the same farm, studies were carried out on the use of the biological drug "Bentobak™ by
cattle (15 heads) of the Hungarian "Golshtin-Friz" breed, the weight of which averaged 194.13
kg. Animals were given 320 g of test drug per head daily for 90 days. According to the results
of the study, feeding cattle with a biologics supplement for 90 days resulted in a weight gain of
112.5 kg per animal or 1200 g per day.
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In the peasant farm «Nurbol-I» of the Zhanakorgan region, the experimental group
contained 7 heads of cattle with an average weight of 180 kg. Age 1 year 5 months. The
selected livestock received Bentobak biologics daily along with 270 g of feed per head for 60
days. According to the results of the study, the average live weight of cattle after 60 days was
231 kg, i.e., with the help of a biologics, the weight gain on average was 51 kg, which is 850 g
per day per head.

In the same peasant farm, when fattening cattle with an average weight of 249 kg for 30
days, the daily supplement of «Bentobak» was 375 g per head. After the end of the experiment,
the average live weight of cattle was 272 kg. With the help of a biologics, one animal gained 23
kg, which is 770g per day.

In the «Ysamaddin» peasant farm of the Syrdarya district, the experimental group
contained 17 heads of cattle with an average weight of 225 kg. The preparation was added daily
to feed in an amount of 337.5 g per head for 60 days. After fattening, the average weight of one
animal was 296.4 kg. Therefore, with the help of a biologics, one livestock added 71.4 kg in
weight, this is 1200 g per day.

It has been established that the additional livestock gain in farms depends on the duration
of taking biologics and livestock breed.

Samples of cattle meat for chemical analyses were taken from peasant farms participating
in the experiment.

Analysis of meat products was carried out in the Kyzylorda regional branch of the RSE
"Republican Veterinary Laboratory" of the Committee for Veterinary Control and Supervision
of the Ministry of Agriculture of the Republic of Kazakhstan.

The results of the chemical analysis of meat are shown in Table 8.

Table 8 - Chemical analysis of beef

The name of peasant | Organic and pH Copper sulfate Invasive Bakte-

farms Leptic (average) diseases riosco-Piya
Parameters

Cheese Marzhany In accordance 5,98 Negative Not detected | There is no

PLLC Kazalinsky with SS growth

district

PE "Ysamaddin" In accordance 59 Negative Not detected | There is no

Syrdarya district with SS growth

PE "Nurbol-1" In accordance 5,96 Negative Not detected | There is no

Zhanakorgan district | with SS growth

The results of the studies showed that the organoleptic parameters of cattle meat
corresponded to SS 7269-79 (color, appearance, concentration, smell, etc.). Another sign of the
suitability of meat is copper sulfate, which was absent in the test samples in accordance with SS
23392-78. It has been established that meat obtained from peasant farms does not contain
microorganisms that cause diseases.

Thus, an optimized probiotic feed additive «Bentobak» based on cellulolytic bacteria
Cellulomonas flavigene-22 and propionic acid bacteria Propionibacterim has been developed.
shermanii S-8 exceeding the initial one in antimicrobial activity, cellulolytic activity, vitamin
V12 content, viable bacterial cells in liquid culture, bacterial paste and dry feed additive.

The Technological Instruction for the Production of Dry Biologics «Bentobak» has been
developed. The guaranteed shelf life of the biologics according to the number of viable cells is
12 months under refrigerator conditions.

Production tests of the optimized drug «Bentobak», carried out in LLP «Pchelka», p. Kh.
Bizhanov, Enbekshikazakh district, Almaty region, by adding it to the total diet at the rate of 1.5
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g per 1 kg of live weight of cattle for 30 days, showed that the average daily animal weight was
1,400 g compared to 0.4 g of the control animal that did not receive the biologics.

Tests of the optimized drug «Bentobak» when fattening cattle in the farms of the
Kyzylorda region showed that the additional livestock gain in farms is from 770 to 1200 g per
head per day and depends on the duration of taking biologics and livestock breed.

Analysis of meat products taken from peasant farms participating in the experiment
showed that all of them corresponded to organoleptic, chemical and microbiological indicators
of cattle meat according to SS 7269-79.

Another sign of the suitability of meat is the absence of copper sulfate in it in accordance
with SS 23392-78. Meat obtained from peasant farms did not contain microorganisms that
cause diseases.
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AHHOTANUA

BaxxHo#i mpoOiieM arpapHOro cexkropa, TpeOyIOIIeH pelieHus, sABiaseTcs AehHUIUT Oelka B
MUTaHWN JTIOIEH U HETOCTaTOYHOCTh KOPMOBOW 0a3bl I )KHMBOTHOBOZCTBA. JlJIsl pemieHust 3TUX 3ajad
HEOOXOJMMO YBEITHYCHHUE MPOU3BOJICTBA BHICOKOOCIKOBEIX 0OOOBBIX KYJIBTYp U, MPEKIE BCETO, COM.
Jlnsl TOBBIIIICHHST YPOXKAWHOCTA COM MPHMEHSIOT KIyOCHHKOBBIE OAKTEpUHU. DTU OAKTEPUU SBISIFOTCS
CUMOHMOHTAMH, -TTIOCTABIISIONIMMH PACTCHUAM OMOJIOTHYECKHUX a30T, U TEM CaMBbIM, yIydIIas UX a30THOE
nuTanue. Llenplo MaHHOTO WCCienoBaHUS OBUIO BBIJCIICHHE KITyOCHBKOBBIX OaKTEpHid, MOJTyYCHHC
YUCTBIX KYJIBTYp, W3yYCHHE HMX OCHOBHBIX OHOJOTHMYECKHUX CBOWCTB, OTOOp HambOOIee aKTHBHBIX
IITaMMOB, TEPCINEKTUBHBIX MJIS BBIPAIIUBaHUS KyJIbTyphl coM. M3 KIyOEHBKOB pacTeHHH CoH,
CcOOpaHHBIX Ha TOJAX AJNMaTHHCKOW oOjactm KaszaxcraHa, ObIIO BBIIEICHO 24 HYHCTBIE KYJIBTYPHI
Oaxtepuii. IlpoBeeHO M3ydeHHE WX OCHOBHBIX KYJIBTYPaTbHO-MOP(OIOTHUYESCKAX U OHMOXMMUYCCKUX
CBOWCTB, WCCJIEI0BaHAa HOAYIUPYIOMAs U a30TGuKCHpyromas crmocoOHOCTH. B pesymnbrare oToOpaHo
YeThIpe BHICOKOA(PHEKTHBHBIX MITAMMa KITyOSHBKOBBIX OaKTEpHid, MEPCIEKTHBHBIX JUIS BBIPAIIABAHUS
KYJIBTYPHI COU.

KuaroueBble  cjoBa:  KIyOCHBKOBBIE — OakTepuu, COs, HOAYJSNWA,  a30TQUKcAIms,
BBICOKOA()()EKTHBHBIC ITAMMEBI

Baxnoit mpobiemoii arpapHoro cexropa siBisiercsi AeuuuT Oenka B MUTAHUH JIIOJCH U
HEJOCTAaTOYHOCTh KOPMOBOM ©0a3bl Ui JKUBOTHOBOACTBA. [l pelieHuss HTHX 3ajad
HE00X0/IMMO yBEJIMUEHHE MPOU3BOICTBA BHICOKOOEIKOBBIX 36pHOO0OOBBIX KYIBTYp M, MPEXIE
Bcero, cou [1]. Bricokoe copep:xkanue B 3epHe cou Oenka (1o 45-48%) u macna (1o 25 %)
onpenensoT e€ mupokoe npumeHeHue [2-4]. Ognako ypoxkaitHocTh coum B Kaszaxcrane mo
CpPaBHEHUIO C JPYrMMH CTpaHamMu HU3Kad. Tak, eciu cpefHsst ypoKalHOCTh cou B bpasunuu u
CIHIA cocrasnser 3,3 1/ra, 8 Kanaze - 2,6 1/ra, To B Poccuu - 1,4-1,6 1/r, a B Kazaxcrane - He
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npesbimaer 1,1-1,2 1/ra [5]. Mcxons u3 3TOro, MOMCK MyTel MOBBIIICHUS YPOKAWHOCTH 3TOU
KYJIBTYPBI SIBJISIETCSI BECbMAa aKTyallbHbBIM.

JIJisi TIOBBIIICHUST YPOXKAWHOCTH COM TPHUMEHSIOTCS MHUHEPAIbHBIE U OHOJOTHYECKHE
ynoOpeHus, HO yrmop nejaeTcss Ha OuoynoOpeHus. B coctaB OMONOTHYECKUX YAOOpEHHH, KaK
MPABUIIO, BXOJAT CUMOUOTHYECKHE a30TPUKCUpYIoNue OakTepuu. DTu OaKTepuu OOUTAIOT B
KIIyOCHbKAaX Ha KOPHSAX COHW, CIIOCOOHBI M3BJICKATh a30T M3 BO3AyXa M IPeoOpasyroT €ro B
dbopMy, KOTOPYIO MOTYT HCIIOIB30BaTh pacTeHus. OQHON U3 mpoOIeM HU3KOW YpOKaWHOCTH
cou B Kazaxcrane sBnsercs TO, YTO Jii TOBBILICHHS YpPOKAWHOCTH COM MPUMEHSIOT, B
OCHOBHOM, Ouompenaparbl HMMIIOPTHOTO MPOUCXOXKICHHUS, KOTOPBIE YacTO OKAa3bIBAIOTCS
Maa03(pheKTUBHBIMU. DTO OOYCIIOBIIEHO WX HHU3KOW MPWKWBACMOCTBHIO HAa KOPHSAX COM M HE
MPHUCTIOCOOTICHHOCTHIO K MOYBEHHO-KIIUMATHYECKUM YCIIOBUSM. LeNbi0 TaHHOTO UCCIIeIOBAHHUS
OBLIO BBIJIETICHHE KIYOEHBKOBBIX OakTepuil, MOJIy4YEHHE YHUCTBIX KYJIbTYp, H3YYEHHE UX
OCHOBHBIX OHOJIOTMYECKUX CBOMCTB, OTOOp HamOoJee aKTUBHBIX ITaMMOB, NMEPCIEKTHBHBIX
JUISI BBIPAIIUBAHUS KYJIBTYpPBI COU.

Matepuanbl M1 MeTOABI HCCJIEOBAHUS

OOBexTaMH UCCIEIOBAHUS CIY)KHIIM OaKTEpPHH, BbIIEICHHBIE U3 KIYOCHHKOB Ha KOPHSIX
pacrenuii cou (Glycine max (L.) Merr.), coopanubix B AnMatuHcKkoi obiactu Kasaxcrana -
OCHOBHOM PETHOHE BhIpalivBaHusi cou. i BbieneHnus pu3o0uii Obu1M OTOOpaHBI 310pOBBIE U
MOIIHBIE PACTEHHSI COM C XOPOIIO Pa3BUTUM KOHEBOM CHUCTEMOM M MHOTOYHMCICHHBIMU
KIyOeHbKaMHU Ha KOpHSX. OT KOpHS NMHUHLIETOM OTAESUIM KPYIHBIC, PO30OBBIE KIYOCHBKU U
nepeHocwin B yamiky llerpu, rme ux paspesanu ckajbneneM Ha 4dacTd. [[nst BblneneHus
KJIyOCHBKOBBIX OaKTepHii UCIOIB30BAIM MUTATEIbHYIO cpely Mase cieayroniero cocrana, I/7:
K>;HPO, - 1,0; MgSOy - 0,3; caxaposa - 10,0; orBap u3 100 r ropoxa, pH 6,8-7,0. He6onbmroe
KOJINYECTBO COAEPKUMOTO KiIyOeHbKa rnepeHocuiau B 100 MK cTepuibHON BOABI, 3aT€M - Ha
MOBEPXHOCTh arapu3oBaHHOW cpeapl Masze B uamke I[lerpu, pa3maspiBaiv IIMaTeleM U
uHKyOupoBau mpu 25°C.

JIns u3ydeHus: CIOCOOHOCTH 00pa3oBBIBATh KIIYOEHBKM HA KOPHSAX COM (HOJIYJISIIHS)
OaKTepuy BBIpANIUBAIM Ha KHUIKOM MUTATEIbHOM cpene Mase npu 180 06/muH, 28°C B TeueHue
5 cyrok. B ombiTax wucnonp3oBamum coro copta «OBpukay. llepenq mnoceBoM cemeHa
oGpabaThIBaIH Cycriensueii GakTepuii ¢ THTPOM KieTok 1x10° kii/Mit B TeueHue ABYX 9acOB IpH
KOMHATHOU TeMriepatype [6]. 3areM ceMeHa BhICEBaIM B BET€TallUOHHBIE COCYbI 00BeMoM 500
MII (TpH pacTeHus Ha cocyn). s MUTaHUS MPOPOCTKOB MPUMEHSUIM CTEPUIIBHBIN PacTBOP
Kuomnma cnenyromero cocrasa, r/i1: Ca(NO3):x4H,0 - 1,0, MgSO4x7H20 - 0.25, KH,PO, -
0.25, KCI - 0.12, FeCl3x6 H,0 - 0.004, Boza - 1000 mi1. Bce 3KkCiepuMeHThI ObLITH BBITOJTHEHBI
B IISITU NMOBTOpPHOCTSIX. [lofcueT konudyecTBa U cpeHeil Macchl KiyOeHbKOB MTPOBOAMIIN TOCTE
30-u gHEl BhIpallMBaHUSL.

HutporenasHyro akTUBHOCTh OaKTEpUil OMPEEIIsIN alleTUIICHOBBIM METOJIOM Ha ra30BOM
xpomarorpadpe “Agilent Technology 7890 B” (CIHIA) ¢ mIaMeHHO-MOHU3AIMOHHBIM
nerekropom [7,8].

Kynbrypansno-mopdonoruueckue u  (pu3H0OI0ro-OMOXMMHYECKHE CBOWCTBA pU300MIA
U3ydald 10 CTaHJapTHBIM MeToauKam [9].

Cratuctuyeckas o0paboTka pe3yslbTaTOB MPOBOAMIIACH C HCIIOJIB30BAaHHEM I1aKeTa

nporpamm «STATISTICA 10.0» [10].

Pe3yabTaThl M 00Cy:KIeHHE

Brinenenue 6akrepuil MpoBOIMIN U3 KIYOCHBKOB Ha KOPHSIX COU, COOpaHHON Ha MOJISX
AnmvaruHckoit obnmactu Kazaxcrana. Jlyist BeaeneHus pu3o0uil ObUTH OTOOpaHBI PACTEHHS C
XOPOUIO Pa3BUTHI KOPHEBOW CUCTEMOH M OONBIIMM YHCIOM KIYOCHBKOB Ha KOpHSX. B oOmiei
CJIOKHOCTH OBLJI0 COOpaHo 67 pacTeHH COM.
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B n1aGopaTopHbIX yCIOBHSIX U3 KIYOCHHKOB Ha KOPHSX COU OBLIO MPOBEICHO BBIICICHHE
pu300uii Ha THUTATeNIbHOW arapu3oBaHHOW cpeae Mase. 3acesHHple 4yamku [letpu
uHKyOupoBamu B Tepmocrare npu 25°C. TlosBuenue KomoHuii Ha 1-2-€  CyTKM
CBUJIETEILCTBOBAJIO O 3arpsi3HEHUU KYyJIbTYphl. beicTpopacTyiiue pu3oOun nospisuiuch Ha 3-4,
MeJUICHHOPACTYIIHUE - Ha 7-9 cyTKH (pUCYHOK 1).

YucroTy KyJnbTyp KiIyO€HBKOBBIX OaKTEpHil IPOBEPSIIM BU3YATIbHO U O] MUKPOCKOIIOM.
MUKPOCKONMMYECKH KOHTPOJIb TPOBOAMICS C IpenapaTaMyd >KUBBIX M (UKCUPOBAHHBIX
OKpAIIIEHHBIX KJIETOK C IIOMOIIbI0 CBETOBOTO MUKpOCKOMa. B pe3ynbraTe npoBeeHHOM paboThI
OBbUIO BBIETICHO 24 YHCThIE KYJIbTYphl KITyOCHBKOBBIX OaKTEpHIA.

HccnenoBanue KyabTypalbHO-MOP(]OTOTHUUECKHI CBOMCTB OaKTepUil MOKa3aio, YTo MpHU
pocTe Ha nmuTaTenbHON cpere Mase 6akTepun 00pa30BbIBAIM OCCIIBETHBIE MM MOJIOYHO-OeIbIe
cnu3ucThie KonoHuH. MccnenoBanue mopdonorud pu3oOuil moka3ano, 4TO BCE BBIJECIICHHBIC
KYJIbTYphl OBUIM TpaMOTpHUIATEIbHbIC, HE OOPa30BBIBAJIM CIOP M HMEIH MAJIOYKOBUIHYIO
¢dbopmy kinerok. Ilpu mpocMoTpe Mmoa MHUKPOCKOIIOM MPENapaToB KUBBIX KJIETOK OaKTepHii
OTMEYAJIM HX BBICOKYIO TIOJBWKHOCTh. YCTaHOBJIEHO, 4YTO KJETKH OaKTepuil MeIKue,
noauMop(HBIE U ¢ TEUYEHHEM BPEMEHH MPHHUMAIOT OKpyriyio ¢Gopmy. Ha dbuxcupoBaHHBIX
OKpAIIIeHHBIX TpernapaTax 4eTKO MPOCMaTpUBAIACh 3€PHHUCTOCTh BHYTPEHHEIO COAEp)KaHUS
KJIETOK KITyO€HbKOBBIX OaKTEPHil.

HccnenoBanne 0CHOBHBIX (PH3UOJIOT0-OMOXUMHUECKUX CBOMCTB OakTepHil MOKa3aio, 4yTo
BbI/IEJICHHbIE OaKTEPUH OTHOCSTCS K a3po0aM, He pacTyT Ha MSCONMENTOHHBIX Cpefax U APYruxX
OENKOBBIX cyOcTpaTax >»XUBOTHOTO IPOUCXOXKACHUS, POCT Ha 0€3a30THUCTON cpeme Dumiou
cnabpIii. YCTaHOBIICHO, YTO IITaMMBI OakTepwil c1ab0 yTHIM3UPYIOT caxapa, KEJIaTHUHY He
pazKIKAIOT U Kpaxmall He pasnaraioT. [1o OCHOBHBIM KyJIbTypalbHO-MOP(OJIOTHUECKUM U
OMOXHMMHUYECKHM CBOWCTBAM OaKTEpUH OTHECEHBI K ABYM ponam Bradyrhizobium u Rhizobium.

N3BecTHO, uTO HE BCe KIIyOEHBKOBBIE OAKTEpUU CIIOCOOHBI 00Pa30BBIBATH KIIYOSHBKH Ha
KOpHSX pacTeHui cou. B 370l cBsi3M, OBUIO MPOBEACHO M3YYCHHE CITIOCOOHOCTH BBIJCICHHBIX
OakTepuii K HOAYNMSIMH M (UKCAIMM a30Ta BO3Ayxa. Hamuume 3TuUX CBOMCTB y OakTepuit
ABJIIETCS. OCHOBAHHUEM I UX JaJIbHEHIIEro MCIOJb30BaHUS MpPU pa3paboTke OHOynoOpeHus
JUIs KyJAbTypbl cou. B Tabnuue mpeacTaBieHbl pe3ylbTaThl CEMH HITAMMOB, ITOKa3aBIIMX
HanboJjee BHICOKUE Pe3yIbTaThl.
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Tabnuna - Honynupyromas cnocoOHOCTh M HUTPOTeHa3Hasl aKTUBHOCTH IITAMMOB PU300HiA

IITamMMBI KonmuectBo kiybenpkoB | Cyxoii Bec KiyOESHBKOB, Hurporenasznas
Ha pacTeHHeE, IIT. MT/pacTeHue aKTUBHOCTb,
umoitb CoHa/Min/ua

KonTpoins 0 0 -

MA-1 12,8+0,1 128,3+1,3 3,87+0,02
H-2 14,6+0,2 130,2+1,2 2,32+0,01
H-3 12,1+0,1 142,2+1,0 5,25+0,02
H-4 17,8+0,2 147,5+1,2 6,65+0,01
H-6 18,2+0,2 153,2+2,2 6,71+0,01
H-7 18,4+0,1 158,5+2,1 6,74+0,01
H-8 17,3+0,1 148,4+2,0 6,34+0,02

[Mpumeuanwue: p<0,05

W3 maHHBIX TaOJIUIBI CIAEAYET, YTO MITAMMBI PU300HMi aKTUBHO 00Pa30BhIBAIHN KITyOCHBKH
Ha KOpHSAX COM U (UKCHPOBAIU a30T Bo3Ayxa. OTMeueHO, YTO BO BCEX BapHAHTaX OIbITa
KJIyOCHBKH OBLITM PO30BBIMH, YTO CBUETEIHCTBYET 00 aKTHBHOM (puKcanuu azota atMochepsl,
TaK KaK PO30BBIH IBET KIIYOCHBKOB CBUJECTEIHCTBYET O HAJUYUU JIETTEMOTTIOOMHA, KOTOPBIH
KOHTPOJIUPYET MOTOK KHUcTopoaa K OakTepusiMm. Takxke mokazaHo, 4To 1o ucreueHuu 30 cyTok
pocta cou B BapmaHTax co mrammamu MA-1, H-2, H-3 komuuyecTBO KIyOCHHKOB Ha OIHO
pactenue coctaBisiio 12-14 mTyk, a B BapuanTtax co mrammamu H-4, H-6, H-7, H-8 ono 6110
OOJIBIINM U B CpefHeM cocTaBiisiio 17-18 mryk Ha pacrenue. OTMEUEHO, 4TO B 3THUX BapHaHTax
KIIyOCHbKH ObUIM OoJiee KPYMHBIMH M TEMHO-PO30BBIMH. [losiBlIeHHE KIIYOCHBKOB B OITHX
BapuaHTax Obuto Ha 12,5% panblie, ueM B BapuaHnTtax co mrammamu MA-1, H-2, H-3. Takxe
YCTaHOBJIEHO, YTO a30TQUKCUPYIOLIas aKTUBHOCTh MEHSAJACh B 3aBHUCHMOCTH OT IlTaMMa
Oakrepuii. [lokazaHo, 4TO a30TPUKCHUPYIOMIAs AKTUBHOCTH mTaMmoB H-4, H-6, H-7, H-8 6b1a
BhINIE, yeM y mTaMMoB MA-1, H-2, H-3 (Tabmuma 1).

3akiaro4enue

Takum o00Opa3oMm, HpPOBEAECHO BBIJACIEHUE OakTepuil W3 KIYOEHBKOB pacTeHUil cowu,
coOpaHHBIX Ha TOJIIX AnMaTuHCKOW oOiactu Kaszaxcrana. Jlnst BelmeneHus: Oaktepuil ObLIO
coOpaHO 67 pacTeHUH COM C XOPOIIO Pa3BUTHA KOPHEBOW CHUCTEMOW W OOJNBIIUM YHCIOM
KITyO€HBKOB Ha KOpHsIX. B 1a00opaTopHbIX yClIOBUSX U3 KIYOSHHKOB COU Ha MUTATENLHOM cpese
Ma3ze ObuTM BBIJICNIEHBI OaKTepUH, MPOBEJCHA UX OYMCTKA M MOJXY4eHBl 24 YHCThIE KYJIbTYPHL
W3y4yeHbl UX OCHOBHBIE KYJIbTYpalbHO-MOP(OJIOTHYECKHEe W OMOXMMHUYECKHE CBOWMCTBA H
IIOKa3aHO, YTO OAKTEPUU OTHOCATCS K JBYM pojaaMm Bradyrhizobium u Rhizobium. Ilposeneno
UCCIICIOBAaHUE CITIOCOOHOCTH IITAMMOB OakTepHii 0Opa3oBBIBaTh KIYOCHBKM Ha KOPHSAX COU U
M3y4€Ha UX a30TPUKCUpYIOIas akTUBHOCTb. [10 pe3ynbTaraM ncciaenoBaHui 0TOOpaHO YEThIpE
HanOoJiee aKTUBHBIX Tamma Oaktepuii (H-4, H-6, H-7 u H-8). YcranosneHo, 4To B BapuaHTax
OTBITOB C 3TUMHU HITAMMaMH, KIyO€HBKH Ha KOPHSX COM ObUIM OoJyiee KPYNMHBIMH M TEMHO-
PO30BBIMH, 4YTO CBHJICTEIBCTBYET O BBICOKOM COJIEPKAHUU JIETTEMOIJIOOMHA, KOTOPBIN
KOHTPOJIMPYET MPUTOK KUCIOpoAa K 6akTepusM. Takke 0TMEYEHO, YTO MOSIBICHHUE KITyOEHbKOB
Ha KOpHSX COM B 3THX BapuaHTax Obuio Ha 12,5% pasblie, yeM B Ipyrux BapuaHTax. Takum
0o0pa3oM, OTOOpaHO 4YeThIpe BBHICOKOI(PGPEKTHBHBIX INTaMMa KIyOCHBKOBBIX OaKTepui,
NEPCHEKTUBHBIX ISl CO3aHMsI OMOy100pEHNUs AT BBIPALIMBAHUS KYJIBTYPBI COU.

Briienennsbie mraMmbl OakTepuil aqanTHPOBAHBI K MOYBEHHO-KJIMMATUYECKUM YCIOBUSAM
I0r0-BOCTOYHOTO pernoHa Kaszaxcrana u o0najaroT BBICOKOM MPHKMBAEMOCTBIO Ha KOPHSX
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MECTHBIX COPTOB COHM, 4YTO T[IO3BOJIMT TPH HCIOJIB30BAHUU OuOynoOpeHHs u30exaTh
KOHKYPEHIIUU C TIOYBEHHOW MUKPOQIOPOA.

HccnenoBanue BBINOIIHEHO MpU (PUHAHCOBOH mojiep:kke MuUHUCTEpCTBa 00pa30BaHUs U
Hayku Pecnyonmku Kazaxcran B pamkax rpantoBoro npoekta AP09259080.
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COA JAKBLIJIAPBIH NEPCHEKTHUBTI ©CIPY YIIIH TYWHEK
BAKTEPUSAJIAPIbI BOJIIII AJTY

Tyiiin

ATrpapibIK CEKTOPJABIH IICHIyAI KaKET CTEeTIH MaHbBI3[bI MOceleci — ajgaM TaMaKTaHAThIH
aKyBI3JIBIH KETICIEyl JKOHE MallFa KEeM-IIeNTIH TalllbUIBIFEL. Byl Mocenenepsi menry yIrH akybi3bl
JKOFaphl OYpIIaK JaKbUIIAPBIH JKOHE €H alIbIMEH COS JaKbUIIAPBIH OHIIPYIl apTThIpy KakeT. COsHBI
ecipy Ke3iHJe OHBIH OHIMIH apTTBIPy YIIIH TYHHEK OakTepusuiap KoimaHbUTanel. byn OGakTtepusiiap
CUMOHMOHTTAp OOJIBIN TaOBLIA IBI, OJIAP OCIMIIKTEP/Ii OMOJIOTHSIIBIK a30TIIEH KaMTaMachl3 Te/li KOHE COIl
apKBUTBI OJIAPBIH a30TICH KOPEKTeHYIH XKaKcapTaabl. byt 3epTreyaid MakcaThl TYHIHAI OaKTepHsiap bl
Oemin any, Ta3a JaKbUIAApIbl aly, OJIAPJAbIH HEri3ri OHOJOTHSUIBIK KACHETTEPIH 3€pPTTEY JKOHE COs
ecipyre MepCcHeKTHBTI eH OeJICeHi ITaMaapabl TaHmaay Ooabl. KasakcTaHHBIH AJIMaThl OOJIBICHIHBIH
eric aJIKanTapblHAH XUHAJIFaH COsl OCIMIIKTEpiHIH TYyHiHACpiHEH OakTepusIapAblH 24 Ta3a mTaMaapbl
OeuiHin anbiHAbL. ONapAblH HETI3rl KyJIbTYypallbIK-MOPQOIOTUSIIBIK JKOHE OMOXHUMHSIIBIK KacHeTTepi
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3epTTENAl, OJApAbIH HOMYIIIK XXOHE a30TTHI OEKiTy KabigeTrepi 3eprrenai. HoTwkecinme cos ecipy
YILLIiH MEePCIEKTUBTI TOPT THIMILIIT )KOFaphl TYiHEK OaKTepus ITaMIaphl TAHIAIIbL.

Kiarri ce3gep: TyliHek OakTepusuiap, cos, HOAYJSALMS, a30TQHUKcCALUs, THUIMIUII >KOFaph
mTamaap.
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ISOLATION OF RHIZOBIA, PROMISING FOR SOYBEAN PRODUCTIVITY
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Summary

An important problem of the agricultural sector that needs to be addressed is the lack of protein in
human nutrition and fodder for livestock. To solve these problems, it is necessary to increase the
production of high-protein legumes and, above all, soybeans. When growing soybeans, nodule bacteria
are used to increase its yield. These bacteria are symbionts, they fix nitrogen, and thus improve the
nitrogen nutrition of plants. The purpose of this study was to isolate rhizobia, obtain pure cultures, study
their basic biological properties, and select the most active strains that are promising for soybean
cultivation. From nodules of soybean plants collected in the fields of the Almaty region of Kazakhstan,
24 pure cultures of rhizobia were isolated. Their basic cultural-morphological and biochemical
properties were studied, their nodulation and nitrogen-fixing abilities were studied. As a result, four
highly effective strains of rhizobia were selected that are promising for growing soybeans.

Keywords: rhizobia, soybean, nodulation, nitrogen fixation, highly effective strains.

An important problem of the agricultural sector is the lack of protein in human nutrition
and the lack of fodder for livestock. To solve these problems, it is necessary to increase the
production of high-protein leguminous crops and, above all, soybeans [1]. The high content of
protein (up to 45-48%) and oil (up to 25%) in soybean grain determines its widespread use [2-
4]. However, soybean yields in Kazakhstan are low compared to other countries. So, if the
average soybean yield in Brazil and the USA is 3.3 t/ha, in Canada - 2.6 t/ha, in Russia - 1.4-1.6
t/g, and in Kazakhstan - does not exceed 1 .1-1.2 t/ha [5]. At the same time, soybean grain is
characterized by low quality indicators. Based on this, the search for ways to increase the yield
of this crop is very relevant.

To increase the yield of soybeans, mineral and biological fertilizers are used, but the
emphasis is on biofertilizers. The composition of biological fertilizers, as a rule, includes
symbiotic nitrogen-fixing bacteria. These bacteria live in soybean root nodules and are able to
extract nitrogen from the air and convert it into a form that plants can use. One of the problems
of low soybean vyields in Kazakhstan is that to increase soybean yields, mainly biological
preparations of imported origin are used, which often turn out to be ineffective. This is due to
their low survival rate on soybean roots and their inability to adapt to soil and climatic
conditions. The purpose of this study was to isolate nodule bacteria, obtain pure cultures, study
their basic biological properties, and select the most active strains that are promising for
growing soybeans.

Materials and methods of research
The objects of the study were bacteria isolated from nodules on the roots of soybean
plants (Glycine max (L.) Merr.), collected in the Almaty region of Kazakhstan - the main region
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of soybean cultivation. For the isolation of rhizobia, healthy and powerful soybean plants with a
well-developed horse system and numerous nodules on the roots were selected. Large, pink
nodules were separated from the root with tweezers and transferred to a Petri dish, where they
were cut into pieces with a scalpel. To isolate nodule bacteria, a Maze nutrient medium was
used, with the following composition, g/l: K;HPO, - 1,0; MgSO4 - 0,3; sucrose - 10,0; decoction
of 100 g of peas, pH 6,8-7,0. A small amount of nodule content was transferred into 100 ul of
sterile water, then onto the surface of Maze agar medium in a Petri dish, smeared with a spatula,
and incubated at 25°C.

To study the ability to form nodules on soybean roots (nodulation), bacteria were grown
on liquid Maze medium at 180 rpm, 28°C for 5 days. In the experiments, we used soybeans of
the Evrika variety. Before sowing, the seeds were treated with a suspension of bacteria with a
cell titer of 1 x 108 cells/ml for two hours at room temperature [6]. Then they were sown in 500
ml vegetation vessels (three plants per vessel). To feed the seedlings, a sterile Knopp solution
was used, with the following composition, g/l: Ca(NO3),x4H,0 - 1,0, MgSO4x7H20 - 0.25,
KH,PO, - 0.25, KCI - 0.12, FeCl3x6 H,O - 0.004, water - 1000 mn. All experiments were
performed in five repetitions. The number and average weight of nodules were counted after 30
days of cultivation.

The nitrogenase activity of bacteria was determined by the acetylene method on an
Agilent Technology 7890 B gas chromatograph (USA) with a flame ionization detector [7,8].

The cultural-morphological and physiological-biochemical properties of rhizobia were
studied according to standard methods [9].

Statistical processing of the results was carried out using the STATISTICA 10.0 software
package [10].

Research results and discussion

Bacteria were isolated from nodules on soybean roots collected in the fields of the Almaty
region of Kazakhstan. For the isolation of rhizobia, plants with a well-developed root system
and a large number of nodules on the roots were selected. A total of 67 soybean plants were
collected.

Under laboratory conditions, rhizobia were isolated from nodules on soybean roots on a
nutrient agar medium Maze. The seeded Petri dishes were incubated in a thermostat at 25°C.
The appearance of colonies on the 1st-2nd day testified to the contamination of the culture.
Fast-growing rhizobia appeared on days 3-4, slow-growing ones - on days 7-9 (Figure 1).

Figure 1 - Isolation of nodule bacteria on Maze agar medium
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The purity of nodule bacteria cultures was checked visually and under a microscope.
Microscopic control was carried out with preparations of live and fixed stained cells using a
light microscope. As a result of the work carried out, 24 pure cultures of nodule bacteria were
isolated.

The study of the cultural and morphological properties of bacteria showed that when
growing on Maze's medium, the bacteria formed colorless or milky-white mucous colonies. A
study of the morphology of rhizobia showed that all isolated cultures were gram-negative, did
not form spores, and had a rod-shaped cell shape. When viewing preparations of living bacterial
cells under a microscope, their high mobility was noted. It was found that bacterial cells were
small, polymorphic, and over time the cells took on a rounded shape. On fixed stained
preparations, the granularity of the internal content of nodule bacteria cells was clearly visible.

The study of the basic physiological and biochemical properties of bacteria showed that
the isolated bacteria belong to aerobes, do not grow on meat-peptone media and other protein
substrates of animal origin, growth on a nitrogen-free Ashby medium is weak. It has been
established that bacterial strains poorly utilize sugars, do not liquefy gelatin, and do not
decompose starch. According to the main cultural, morphological and biochemical properties,
the bacteria were assigned to two genera Bradyrhizobium and Rhizobium.

It is known that not all nodule bacteria are able to form nodules on the roots of soybean
plants. In this regard, the ability of isolated bacteria to nodulation and fix air nitrogen was
studied. The presence of these properties in bacteria is the basis for their further use in the
development of biofertilizers for soybeans. Table presents the results of the seven strains that
showed the highest results.

Table - Nodulation and nitrogenase activity of rhizobia strains

Strains Number of nodules per Nodule dry weight, Nitrogenase activity,
plant, pcs. mg/plant pmol C,Hi/ml/h

Control 0 0 -
MA-1 12,840,1 128,3+1,3 3,8740,02
H-2 14,6+0,2 130,2+1,2 2,3240,01
H-3 12,140,1 142,2+1,0 5,25+0,02
H-4 17,8+0,2 147,5+1,2 6,65+0,01
H-6 18,2+0,2 153,2+2,2 6,71+0,01
H-7 18,4+0,1 158,5+2,1 6,74+0,01
H-8 17,310,1 148,4+2,0 6,34+0,02
Note: p<0,05

Cont.

It follows from the data in Table 1 that rhizobia strains actively formed nodules on
soybean roots and fixed air nitrogen. It was noted that in all variants of the experiment, the
nodules were pink, which indicates the active fixation of atmospheric nitrogen, since the pink
color of the nodules indicates the presence of leghemoglobin, which controls the oxygen flow to
the bacteria. It was also shown that after 30 days of soybean growth, in variants with strains
MA-1, H-2, H-3, the number of nodules per plant was 12-14 pieces, and in variants with strains
H-4, H-6, H-7, H-8 it was large and averaged 17-18 pieces per plant. It was noted that in these
variants the nodules were larger and dark pink, and the appearance of nodules in these variants
was 12.5% earlier than in the variants with strains MA-1, H-2, H-3. Also, it was found that
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nitrogen-fixing activity varied depending on the bacterial strain. It was shown that the nitrogen-
fixing activity of strains H-4, H-6, H-7, H-8 was higher than that of strains MA-1, H-2, H-3
(table 1).

Conclusion

Thus, rhizobia were isolated from nodules of soybean plants collected in the fields of the
Almaty region of Kazakhstan. To isolate bacteria, 67 soybean plants with a well-developed root
system and a large number of root nodules were collected. Under laboratory conditions, bacteria
were isolated from soybean nodules on the Maze medium, they were purified, and 24 pure
cultures were obtained. Their main cultural, morphological and biochemical properties have
been studied and it has been shown that the bacteria belong to two genera Bradyrhizobium and
Rhizobium. The ability of bacterial strains to form nodules on soybean roots was studied and
their nitrogen-fixing activity was studied. According to the research results, four most active
strains of bacteria (H-4, H-6, H-7 and H-8) were selected. It was found that in the variants of
experiments with these strains, nodules on soybean roots were larger and dark pink, which
indicates a high content of leghemoglobin, which controls the flow of oxygen to bacteria. It was
also noted that the appearance of nodules on soybean roots in these variants was 12.5% earlier
than in other variants. Thus, four highly effective strains of nodule bacteria were selected that
are promising for growing soybeans.

Based on these strains, it is possible to create a biofertilizer. The isolated bacterial strains
are adapted to the soil and climatic conditions of the southeastern region of Kazakhstan, and
their use will allow avoiding competition with soil microflora. Also, the selected strains have a
high survival rate on the roots of local soybean varieties.

The study was carried out with the financial support of the Ministry of Education and
Science of the Republic of Kazakhstan within the framework of the grant project AP09259080.
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TEPIIECBUPYCHI KACIUMCKHUX TIOJEHEM (PUSA CASPICA)
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AHHOTALUSA

B cratee mpuBOASTCS CBEACHUS O BHUPYCOJIOTHYECKOM U CEPOJOTHMYECKOM CKPUHHUHTE
TEpIICCBUPYCOB B  MOMYNSINMM KacUHCKuUX TioeHed. [loka3aHa ycroWuuBas —IMPKYJISLIUS
repriecBupycos Tronenei nepsoro tuna (PhHV-1) cpenu kacnuiickux Troneneii. OrmeueHo, yro PhHV-
1 sBysieTCS SHASMHUYHBIM JUIS KAaCIHUCKHUX TIOJICHEH W, BO3MOXKHO, BBI3BIBACT IMOCTOSHHYIO BHPYCHYIO
HArpy3Ky Ha 37J0POBbE TIOJCHEH, KOTOPast yCYTyOJISeTCs MPOBOIUPYIOMMMHE (haKTOpaMHu.

KaloueBble ciioBa: reprecBUPYChl TIOJICHEW, KaCUMCKUM THOJEHb, MOJIMMEpa3Hasl IlenHas
peaxiusi, CepoJIOTHsl, O-TEPIIECBUPYC.

B nocnennue roapl, 01arogaps MIMPOKOMACIITAOHBIM HUCCIIEIOBAHUSIM C UCIIOIb30BAaHUEM
COBPEMEHHBIX METOJIOB MOJIEKYJISIPHOW NUAarHOCTUKU, ObLT MACHTU(DUIIMPOBAH Psii BUPYCOB,
MHOUIUPYIOUIMX MOPCKUX MJIEKOTUTAIOIIUX.

B Hacrosiee BpeMeHs OT TI0JIeHeH N30JIMpOBaHbl ceMb BUIOB reprnecBupycos (PhHV-1 —
PhHV-7), otHocsmmxcs k pomaMm anbba- ¥ ramma-reprnecBupycos [1, 2, 3, 4, 5, 6]. B
MH(EKIMOHHOW MMAaTOJIOTUU ATHX KHBOTHBIX HamOoJee aKTyalbHBbIM SIBISETCS TePIECBHPYC
tioneneir 1 [Phocid Herpesvirus type 1] (PhHV-1) u3 ponma a-repnecBupycos. Mudexums,
BbI3BaHHAs 3TUM BHPYcOB y oObikHOBeHHBIX (Phoca vitulina) u cepeix (Halichoerus grypus)
TIOJICHEH, XapaKTepu3yeTcss PEeCHUPATOPHBIMU  MPOSIBICHUSMU C  WHTEPCTUIIHAIBHON
MMHEBMOHHUEHN M KOAryJIsITHBHBIM HEKPO30M TKAHEH HAJIIOYEYHUKOB U TieueHH [ 1, 7]. OctanpHble
mrecth reprecsupycoB (PhHV-2 — PhHV-7) otHocsTcs K poay Y- TepHeCBHPYChI, U3 HHX
PhHV-4 u PhHV-7 uMeOT NHAarHOCTUYECKYI0 3HAUYUMOCTH TPU BOCHAICHHSIX M S3BEHHBIX
MOPaKEHUSAX MATKMX TKaHeH poToBoM mojoctH TiojeHeid. ['epnecsupyc PhHV-6 y Troneneit
accoruupyer ¢ 3aboneBanuem a3 [5]. Pomp Bupycos PhHV-2, PhHV-3 u PhHV-5 B
WH(EKIIMOHHON MaTOJIOTHUHN TIOJICHEH OCTAeTCsl HEM3BECTHOM.

C 1uenpi0 YCTaHOBIEHHUS Kpyra BHPYCHBIX MATOTEHOB, MOPAKAOIMIMX KACITHHCKUX
TIOJIEHEH, HamMH TPOBEICH BUPYCOJOTHYECKUN CKPUHUHT OHOMaTepuaioB Ha HaJIWYHs
repIecBUPYCOB.

MarepuaJjbl 1 METOABI

UccnenoBanme 188 oOpas3moB or 47 ocoOeil KaCmUHCKUX TIOJIEHEH, COOpaHHBIX B
kazaxcraHckoil wactu Kacnuiickoro mops B 2016-2017 rr., mpoBOAWIM C TOMOILBIO
nosmmMepasHoi nenHor peakiuu (I1L[P). buonorudeckue odpasupl coOpaHbl BECHONW M OCEHBIO
HA y4YacTKaxX JIeKOHWI] B CEBEPO-BOCTOYHON HYAaCTU MOpPS OT JKUBOTHBIX, OTJIOBICHHBIX IS
CITyTHUKOBOW TEJIEMETPHH.
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C mnpaiimepamun k gD u ULS5S2 renam repnecBupycoB nposeneH I[P cxkpuHuHr
matepuanioB Ha mnpucyrctBue JIHK o- u y-repmecBupycoB Ttroneneit (PhHV-1 u PhHV-2,
COOTBETCTBEHHO). B KauecTBe MOJOKUTEIHHOTO KOHTPOJS HMCHONb30BaM mTamm PhHV-1,
MOJTy4eHHBIN 13 EBporeiickoro apxuBa BUpYCHBIX aHTUTEeHOB — EVA(Q.

OO6pasipl ceIBOpOTOK, coOpanHbix ¢ 2007 mo 2017 rr., uccnenosanu B UOA ¢ momorisko
Habopa CHV (Canine Herpes Virus) IgG Ab ELISA Cat# DE2481, DEMEDITECH
(I'epmanust), COTJIACHO MPUIOKEHHOMY MPOTOKOITY.

Pe3yabTaThl U 00Cy:KIeHUS

Oxwunaembie npoayktsl [P k PhHV-1 B 290 map ocHoBaHuii oOHapy>XeHBI B Tpex
oOpasiiax, coOpanHbix B OkTsi0pe 2016 1. IlomoxkurenpbHbie OOpPAa3Ibl, MTOTOTHUTEIHHO
uccnenoBannbie B [1L[P B peanbHOM BpeMeHu ¢ mpaitmepamu K gB reny PhHV-1, takxke gamu
NOJIOKUTENbHBIE  pe3yiabTaTbl. BLAST  aHanu3  CEKBEHHPOBAHHBIX  HYKJIEOTHAHBIX
nocienoBareabHoCTel Pparmenta gD rena Bupyca PhHV-1 kacnmiickux TroneHe# mokaszan ux
CXOXKecTh ¢ TakoBbIMU u3oisita PB84 ot eBpomeiickoro oObikHOBeHHOro TrodeHs (Phoca
vitulina) (pucynok). Ananussr Ha PhHV-2 oka3zanuce oTpuIiaTebHbIMH.

Brepsoie repriecBupyc PhHV-1 wu301MpoBaH OT HOBOPOXXICHHBIX OOBIKHOBCHHBIX
TIOJIEHEH C KIMHUYECKUMHU MpHU3HAKaMU OCTPOM IMHEBMOHUU M TemaTUTa B IEHTpe
peabunurtaruu B Hunmepnangax B 1985 r. [1]. ¥ THXOOKEaHCKOT0 OOBIKHOBEHHOTO TIOJICHS
(Phoca vitulina richardsii) 3ToT BUpyc acCOIMUPYETCSA ¢ 0YarOBBIM KAOTYIATHBHBIM HEKPO3OM
KOpbl HAJAMOYCYHUKOB M TmeueHu. B ¢QunmoreHernmueckux wuccnenoBanusx rena JIHK-
noaumepassl (gB) PhHV-1 ycTaHoBeHO HX pOJICTBO € replieCBUPYyCaMu COOAK M KOIIIEK.

ElDownload ~ GenBank Graphics

Phocid alphaherp-eswrus 1, parllal genome

Rangs 1: 110067 to 110199 GanBank Graphics
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TGKAGATGATTGWACATAT CCSATWIACTTAWWT AAATATTTTAATTGCGATCCT CAAAAAGAGWTT GGTATAT GCTTAAAAA

(R

Ly

0

Pucynox — Pe3ynbratet BLAST-anann3a HyKJICOTHIHBIX ITOCICI0BATEILHOCTEH IepIIECBUPYCOB B
GenBank

1ﬁ|

Ceponorudeckue ucciaeaoBaHus MOKa3alH IMHUPOKOe pacipocTpaneHue nHpekuu PhHV-
1 umu apyrux OAM3KOPOACTBEHHBIX (-T€PIIECBUPYCOB B MOMYJSAIMSIX TIOJCHEH, 0OUTAIOMUX B
CeBepHOM MOpE, a TaKKe B BOJIaX AHTapKTUKHU U ceBepHOU yacTu Tuxoro okeana [8, 9, 10].

C 1enpio MoyueHus] KOCBEHHBIX J0Ka3aTeNbCTB 00 ycTodunBoi nupkyasiauun PhHV-1 B
MOMYJSIIMM  KaCIIMHCKUX TIOJEHEH HaMH MpPOBEJECHBI CEPOJIOTUYECKUE HCCIECIOBaHUS IS
oOHapyXeHHsI aHTUTEJ K ITOMY BUpPYCYy. B pesynbrare ucciieqoBaHusi B CHIBOPOTKAX KPOBH
Kacnuickux Tronenen anturena kK PhHV-1 o6napysxens! B 68 u3 72 o6pasuos (94,7%).

OTU pe3ynbTaThl aHAIOTWYHBI TO cepono3utuBHOCTH K PhHV-1 y 0OBIKHOBEHHBIX
Trosienert B Llmumoeprene (Hopeerwusi), riae yactoTa oOHapyKEHHUST aHTUTEN BapbUpoBaia ot 72
no 100% B kaxnabiit roa uccienosanus [11]. Ha 3ToM ocHOBaHMM cJenaH BBIBOJ O TOM, YTO
roJoBasi Bapualus CEpONpPEBAIICHTHOCTH y OOBIKHOBEHHBIX TIOJICHEH OTpakaeT pPa3INYHYIO
4acTOTYy pEaKTUBAIIMU JJATCHTHOTO BUPYCa MO BO3JICHCTBUEM CTpecCc-(PaKTOPOB, BIHUSIONINX Ha
MMMYHOKOMITETEHTHOCTb )KUBOTHBIX [11].

Takum  o0Opa3oMm, pe3ynbTaThl BHPYCOJIOTHYECKOTO CKPUHUHTA, MOIEKYISIPHO-
TEHETUYECKUX M CEPOJOTHYECKUX HWCCIeIOBaHUN ToKa3piBaloT, 4to PhHV-1, BeposTHO,
SIBJISIETCS] SHACMUYHBIM ISl KACIMMCKUX TIOJIEHEH, a TaKkKe, BO3MOYKHO, BBI3BIBAET IMOCTOSTHHYIO
BUPYCHYIO Harpy3ky Ha 3J0pOBbE TIOJIEHEH, KOTopas YyCYyryOisieTcsi HpOBOLUPYIOIIMMHU
daxTopamu.

DuHAHCHPOBaHUE

UccnenoBanue punancupyercs KomuteTom Haykn MuHucTEpcTBa 00pa30BaHUs M HAYKH
Pecny6onuku Kaszaxcran (rpant Ne AP08856073 «VccnenoBanue BUPYCHOW MeETAroMyNsIun
KaCIHMICKOrO TIOJEHs AJIsl PAaHHEro OOHapy)KeHUs BO30yquTesIed HOBBIX M BO3BPAIIAIOLIMXCS
UHQEKIHID»).
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KACHU UTBAJBIKTAPBIHBIH TEPIIEC BUPYCTAPBI (PUSA CASPICA)

Tyiiin

Makanana Kaciimii uTOansIFel MOMYISIMSICHIHAAFBI TEPIIECBUPYCTAPIBIH BUPYCOJIOTUSIIBIK, JKOHE
CEpOJIOTUSIIBIK ~CKPHHHMHTI Typasibl akmapar Oepinren. Kacmuii wrOanbIKTapbIHBIH — apachiHAa
repnecBupyctapabie Oipinmi tum (PhHV-1) typakrtel aiiHanemmer kepcertinred. PhHV-1 Kacnmii
UTOAIBIKTAPHI YIIIH YHASMUSIIBIK OOJBIN TaOBUTAIBI KOHE WTOAIBIKTAPABIH IEHCAYIBIFBIHA TYPAKTHI
BHPYCTHIK ayBIPTHAIBIK TYABIPYBI MYMKiH, OYJI IPOBOKAITHSIIBIK, (paKTOPIIapMEH KYIICHTIISTI.

Kiarri ce3aep: utbansik reprnecsupycrapsl, Kacnuii HTOANBIFBL, TOMUMEPA3bl TI30EKTI peakuus,
CEepOJIOTHSL, O-TePIIECBUPYC.
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HERPESVIRUSES OF THE CASPIAN SEALS (PUSA CASPICA)
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Summary
The article provides information on virological and serological screening of herpesviruses in the
Caspian seal population. The consistent circulation of seal herpesviruses type 1 (PhHV-1) among the
Caspian seals is shown. It is noted that PhHV-1 is endemic to Caspian seals and possibly causes a
constant viral load on the health of seals, which is exacerbated by provoking factors.
Keywords: seal herpesviruses, Caspian seal, polymerase chain reaction, serology, a-herpesvirus.

In recent years, thanks to large-scale studies using more advanced methods of molecular
diagnostics, several viruses have been identified that infect marine mammals.

At present, seven herpesviruses (PhHV-1 — PhHV-7), belonging to the genera alpha and
gamma herpesviruses [1, 2, 3, 4, 5, 6], have been isolated from seals. In the infectious pathology
of these animals, herpesvirus seals 1 [Phocid Herpesvirus type 1] (PhHV-1) from the genus a-
herpesviruses are the most relevant pathogen. Infection caused by these viruses in the common
(Phoca vitulina) and gray seals (Halichoerus grypus) is characterised by respiratory
manifestations with interstitial pneumonia and coagulative necrosis of the adrenal tissue and
liver [1, 7].

To establish the range of viral pathogens affecting the Caspian seals, we carried out
virological screening of biomaterials for the presence of herpesviruses.

Materials and methods

A study of 188 live samples from 47 individuals of Caspian seals collected in the
Kazakhstan part of the sea in 2016-2017 was conducted by polymerase chain reaction (PCR).
Samples were collected in spring and autumn at haul-out sites in the northeastern part of the sea
from animals caught for satellite telemetry.

The presence of phocine a- and y-herpesviruses (PhHV-1 and PhHV-2) was defined using
primers targeting their gD and UL52 genes, respectively. The strain PhHV-1, obtained from the
European Virus Archive, was used as a positive control.

For detection of antibodies to the PhHV-1 virus, serum samples collected from 2007 to
2017 were tested in ELISA using the CHV kit (Canine Herpes Virus) IgG Ab ELISA Cat. #
DE2481, DEMEDITECH (Germany).

Results and discussion

Expected 290 base pairs PCR products to PhHV-1 were detected in three samples
collected in October 2016. Samples were additionally tested in real-time - PCR with primers to
the gB gene of PhHV-1, and positive results were also obtained. BLAST analysis of nucleotide
sequence of the gD gene fragment of PhHV-1 virus from Caspian seals demonstrated their
resemblance to European isolate PB84 from Common seal (Phoca vitulina). Tests for PhHV-2
were negative.
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For the first time, the herpesvirus PhHV-1 was isolated from newborn harbor seals with
clinical signs of acute pneumonia and hepatitis at a rehabilitation centre in the Netherlands in
1985 [1]. In the Pacific common seal (Phoca vitulina richardsii), this virus is associated with
focal caogulative necrosis of the adrenal cortex and liver. In phylogenetic studies of the DNA
polymerase (gB) gene of PhHV-1, their relationship with canine and feline herpesviruses has
been established.

Serological studies have shown widespread infection of PhHV-1 or other closely related
a-herpes viruses in seal populations of the North Sea, as well as in the Antarctic and the
Northern Pacific waters [8, 9, 10].

In order to obtain additional evidence on the persistent circulation of PhHV-1 in the
population of Caspian seals, we carried out serological screening to detect antibodies to this
virus. Specific antibodies to PhHV-1 were detected in 68 out of 72 serum samples (94.7%) of
Caspian seals.
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Phocid herpesvirus-1, strain PB84 Us2 gene (partial), Us3 gene_ Us4 gene, UsB gene, UsT gene,
Sequence ID: AJ290955 1 Length: 9578 MNumber of Matches: 1

Range 1: 4652 to 4784 CenBank Craphics

Score Expect Identities Gaps Strand
209 bits{113) 2e-50 125/133(94%) 0/133(0%) Plus/Plus
Query 2 ACATATCCSATHTACT TAWWTASATATTTTAATTGCGATCCTCAAASACGAGWT TCOTATA 61
shjct 4552 hc.ﬂ.TAr\.CI-LHTHTiIDaLlT‘I’HhT‘I’JL!quJL‘I’"I“I’HJLTTCCI{:lTEi-I-\, )I-)LHHJI-\!_HGT T'I'{%(Ii'l'.irl 4711
Query &2 TGCTTAAAAAGAACACCAGATTATTGGAAACT .-«TC.-..'T.-U-.TTCGTT;-.TT{TTTTTT.-..-LCJ-. 121

F IIIIIIII:|IIIIIIIIIII.II AARRARRANRARANAA]
Sbjct 4712 TGCTTAAAAAGRACACCCGATTATTGGARACCATCATTGEA TTGGTTATTCTTTTITAACA 4771

Query 122 GATGATGAATTOG 134

sefct 4772 GATAATGAATTGG 4784

Figure - BLAST analysis results of herpesviruses nucleotide sequences in GenBank

These results are similar in terms of PhHV-1 seropositivity in harbor seals in Svalbard,
Norway, where antibody detection rates varied from 72 to 100% in each year of the study [11].
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On this basis, it was concluded that the annual variation in seroprevalence in harbor seals
reflects the different frequency of reactivation of the latent virus under the influence of stress
factors affecting the immunocompetence of animals [11].

Thus, the results of virological and serological screening show that PhHV-1 is likely
endemic to the Caspian seal and possibly causes a persistent viral burden on the health of seals,
which is exacerbated by provoking factors.
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CO3JJAHME BUONIPEITAPATA «KA3BMOCHWJI» B Z/KHUIKOM U CYXOM BUJIE
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AHHOTANUA

B pesynbpraTe npoBeIeHHBIX UCCIIEOBAHNHN pa3pad0TaHbl ONTUMAIBHBIE TUTATEIbHBIE CPEAbI IS
KYJIbTUBUPOBAHHUSI MOJIOYHOKHCIIBIX M TPOIMMOHOBOKHUCIBIX OaTepuil NpW MPOHM3BOACTBE 3aKBACOK
«Kazounocumy.

YCTaHOBIEHO, YTO CPOK TOMHOCTH JKHMIKOM 3aKBacCKM IPH XpaHEHWH Oe3 MpoTeKTopa Mpu
Temmeparype 6-8'C cocTaBIsieT 3 Mecsia CO JHS W3TOTOBICHMS, @ C CAaxapo3oil HIIM caxapo3oil B
COYETaHUH C JKEJIATHHOM B Ka4eCTBE MIPOTEKTOPOB — 4 Mecsiia.

Ilpu mnpoumsBomcTBe Ccyxoil 3akBacku «Kaz0mocmir»y  CyONMMAIiOHHOE — BBICYIIIMBAHHUE
KOHIICHTPUPOBAHHOW C IOMOIIBIO  TIGHTPU(YTHPOBaHUS OMOMAcChl OakTepuil TPOBOAAT C
UCIIOJIb30BaHUEM B KaueCTBE MPOTEKTOPOB 7% caxapossl, 1,5% xenatuHa u 7% cyxoro 00e3»KUpPEeHHOT0
MoOJioOKa. B KauecTBe HamMONHUTENS NpPU CTaHAAPTH3ALMU CYXOTO KOHLEHTpaTta OakTepui 10
HEOOXOJIMMOTO THTPa PEKOMEHJIOBAHO MCIIONB30BaTh CyX0e 00€3KHUPEHHOE MOJIOKO HITH KapTO(henbHBIN
Kpaxmajl. YCTaHOBJIEHO, YTO NPH XpPaHEHUH B XOJOAMJIBHHMKE CPOK TOIHOCTH CYXHMX IpernapaToB
«KazOuocun», NpUroTOBIEHHBIX MO Pa3pabOTaHHOM TEXHOJOIMH, COCTaBisieT 12 MecsueB co AHA
M3TOTOBIICHUSI.

IlokazaHo, 4TO C TOMOIIBIO XKUAKOW M cyxoil 3akBacok «Ka3Omocum» MOXKHO IOJIydaTh
Ka4eCTBEHHBIM KOPM M3 Pa3INYHOr0 BUAA PACTUTEIBHOTO CHIPbAL.

KaueBbie cioBa: OakTepHid, MOJIOYHOKHCIBIC, MPOIMUOHOBOKHUCIBIC, MPOTEKTOPHI, 3aKBAacKa,
KyJIbTUBHPOBaHHE, KOHIICHTPAT.

KopwMma urpator pemaroiyio poJjib HE TOJBKO KaK OCHOBHOW MCTOYHUK MPOIYKTUBHOCTH
KUBOTHBIX, HO U B 3HAYUTENIbHOHN CTEMEHU XapakTepus3yroT 3((HEeKTUBHOCTh MPOU3BOJCTBA
oTpaciu, Tak kKak 6onee 50% 3aTpar JOKUTCS IMEHHO Ha KOPMJICHHE.

Cpenu MeponmpusTHH TO YKPEIUICHHI0O KOPMOBOM 0a3bl KMBOTHOBOJICTBA OJHO W3
BCAYIINX MCCT HNPUHAMJICKUT MPOU3BOACTBY BBICOKOKAYCCTBCHHBIX CHUJIOCOBAHHBLIX KOPMOB,
KOTOpBIE JOJKHBI 3aHUMAaTh OCHOBHOM y/I€lbHBIN BEC B 3MMHHUX PAllMOHAX CKOTA.

Cu0COBaHHBIA KOPM SIBJISIETCSI YHMBEpPCAJIBHBIM, TaK KaK 00eCHeunBaeT >XKUBOTHBIN
Oopranu3M OelKaMHu, YIJIEBOAAMHU W HEOOXOJUMBbIMU BuUTaMuHamH. CHIKEHUE TOTEpPb
MUTATCIIbHBIX BCINCCTB W TIOBBINICHUC Ka4YCCTBA 3aroTaBJIMBACMbBIX TPABAHUCTBIX KOPMOB
ABIISIETCS PEabHBIM PE3epBOM HHTEHCHU(PHUKAIMU KOPMOIPOU3BOJCTBA M MpHOOpeTaeT Ha
COBPEMEHHOM 3Tare CTPAaTernueckoe HapaBlICHHE.

B nocnennee Bpemsl MIMPOKOE pPacHpOCTpaHEHHUE IMONYYHJIa TEXHOJIOTHUS CHIIOCOBAHMUS
KOpMOB C HIPUMCHCHHCM 6I/IOJIOFI/I‘-I€CKI/IX KOHCCPBAHTOB. Coz[epxcamnec;l B HHUX JXHUBLIC
MOJIOUHOKHCJIbIE MUKPOOPTaHU3MbI BBI3BIBAIOT ObICTpoe MoHMKeHue pH 3a cuer oOpa3oBaHus
MOJIOYHOM KHUCIOTBHL. B ckaTble CPOKHM MPOUCXOIUT KOHCEpBALMS KOPMOB C COXPaHEHHEM
CYXOTo BeIlleCTBa, IPOTEHHA, BUTAMUHOB U JPYTUX MUTATEIbHBIX BEIIECTB.

B Hacrosmee Bpemsi Ui OMOJOTHYECKOTO KOHCEPBHUPOBAHUS PACTUTEIBHBIX KOPMOB
IpeiaraloTcs pas3linyHble Tpenaparbl CHUJIOCHBIX 3akBacok. l3BecTHa 3akBacka Juis
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CHJIOCOBAHMSI U CEHAXHPOBAHUS PACTUTEIBHBIX KOpMOB «buorpod 2+» (Poccus) Ha ocHOBe
IITAMMOB MOJIOYHOKHCIIBIX OakTepuit Lactobacillus plantarum u Enterococcus faecium [1].

[Ipenapar «Jlakrobudanon» [2], conepxamuii coueTanne OakTepuaIbHOIl Macchl B BUIE
Lactobacillus acidophilus u Streptococcus faecium mpennasHadeH IIsi CHIIOCOBAHHS 3€JIEHOM
Macchl KOPMOBBIX KynbTyp. [IpuMenenune Ouomnpenapara o0ecreunBaeT yiaydlIeHHE KadecTBa
MOJIy4aeMOro KOpMa 3a CUET MOBBIIICHUS] COXPAHHOCTU MPOTEHHA, YAEIbHOIO Beca MOJOYHOM
KHCJIOTHl ¥ B IIEJIOM IMHUTATEIbHOCTH KOPMa, OJHAKO OH HE CIIOCOOEH MPEIOXpaHATh CHUIIOC U3
BBICOKOCAXapUCTBIX PACTEHUI OT MEPEKUCICHHS, YTO MOKET BBI3BIBATH allUI03bl Y dKUBOTHBIX.

W3Becten Takxke psn  apyrux OwokoHcepBaHTOB: Jlutocun (Ykpawna), Jlakcun
(benapycs), 3akBacka ynuBepcanbHas (Hwkuuit Hosropon, Poccust), Mukpo6encun (Uexus),
Boucunare u Bio-sil (I'epmanust), buomakc 5 u buomakc GP ([lanus) u ap., comepkaiue
CMEIIIaHHble KYJIbTYPbl MOJIOYHOKHMCIBIX Oakrepuil. IIpu STOM OIHM U Te K€ 3aKBACKH
UCIIOJIB3YIOTCSL /11 KOHCEPBUPOBAHUS KaK JIETKO-, TaK U TPYAHOCUIIOCYEMBIX pacTeHHUH.
CunocoBanue rpyObIX KOPMOB B 3TOM Clydya€ BO3MOXKHO JIMIIb IOCJIE IpPEIBapUTEIbHOM
00paboOTKH, a TakXKe B CMECH C JICTKOCHWJIOCYIOIIMMHUCS DPACTEHUSMU WU C Pa3THYHBIMH
n00aBKaMH: 3€pPHOOTX0IaMHU, MEIACCOM, MYKOH, CRIBOPOTKOH U T.1. [3].

TOO «IIpomsbIneHHass MUKPOOUOIOTHS» MPEATI0KEHA TEXHOIOTHS 3aTOTOBKH CHIIOCA C
WCIIONIb30BaHUEeM OakTepuasibHOM 3akBacku «KazOmocum», cCroenuaiu3upoBaHHOW IS
ONPEACIEHHOI0 BHUAA PACTUTEIBHOIO ChIPbS: TPYAHOCHJIOCYEMBIX pacTeHHH (KieBepa,
JcHaplera, JIIOIEpPHBI, 3JIaKOBBIX TpaBOCMECEW, TPOCTHUKA, ECTECTBEHHOI'O pa3HOTPaBbA)
COJIOMBI M JIPYTHX TpyO0OCTEeOEeIbUaThIX OCTATKOB PACTCHHEBOJICTBA, BHICOKOCAXAPUCTHIX JIETKO
CUJIOCYEMbIX pacTeHHil (KyKypy3bl, IOJCOJHEYHUKA, COPro) B ONTHUMAIbHBIX M BBICOKO
BIaxHbIX (75-85%) da3zax pocra.

buonpenapar «Kazouocum» [4] COCTOUT M3 BRICOKOAKTUBHBIX IIITAMMOB MOJIOYHOKHUCITBIX
U MIPONMHOHOBOKHUCIBIX OakTepuil. Bxomsmuii B cocTaB crenuaain3upoBaHHON OakTepHaaIbHON
3aKBaCKM aMHIIOJMTHYCCKUI MOJIOUHOKHCIIBIA CTpenTOKOKK Streptococcus lactis diastaticus
(AMC) o6mnagaer KOMIUIEKCOM THAPOJIMTUYECKUX (EPMEHTOB, CIIOCOOHBIX BOBJIEKAaTh B
MOJIOUHOKHCJIOE OpOoKeHHE HE TOJIBKO IPOCThIe caxapa, HO U CIIOXHbBIE MOJUCaXapuibl,
HarpuMep, JOEeKCTpUH u Kpaxmail. [loaToMy oOH mnpuMmeHsieTcss Uil KOHCEPBUPOBAHUS
TPYIHOCUJIOCYEMBIX ~ KOPMOB €  JHama3oHoOM  BiaxHocth ot 60 1o 80%.
[lenTo30cOpakuBatome MoJIOYHOKUCIbIC Oaktepuu Lactobacillus pemtoaceticum (ITMB)
SBIISIOTCS AKTUBHBIMHU KHCJIOTOOOpA30BaTeIsIMU TPU HCIIOJIB30BAHUM TIEHTO3HBIX CaxapoB
HEMHUILIEBOIO ChIPbs, O3TOMY PEKOMEHIYIOTCS sl CUJIOCOBaHUS COJOMBL. [lpu yBraxkHeHUU
coJoMbl 1%-HBIM COJIEBBIM PACTBOPOM JI0 BIaKHOCTH 65-70% OakTepun cOpaKMBaIOT KCHIIO3Y
U apabMHO3y ¢ 00pa3oBaHHMEM OPraHMYECKHUX KHUCIOT, MOIKUCHsIst kopMm a0 pH 4,4-52.
[TponmonoBokucieie 6aktepuu Propionibacterium shermanii (ITKB) 06pa3yioT mponroHOBYIO
U YKCYCHYIO KHUCJIOTHI TpH COpPaKMBAaHWU CaxapoB U OPTaHMYECKUX KHUCIIOT, SIBIISFOTCS
npoayueHToM BuTamuHa Bip. Ilpemympexnaior mnepekucieHrWe U IUIECHEBEHHE KopMa,
obOoramaror ero BuTaMuHOM Bjp. Hcmombsytorcs coBmectHo ¢ AMC mnpu CHIOCOBaHHH
BBICOKOCAXapUCTBIX PaCTEHUH.

Coznanue  CHENUAM3MPOBAHHBIX ~ OMOKOHCEPBAHTOB  JUISl  Pa3lIMYHBIX  BUJOB
PaCTUTENBLHOTO CBIPhSl MO3BOJIAET pPACIIMPUTh KPYr pPAacTEHUH U OTXOJIOB IOJIEBOJCTBA,
BOBJICKAEMBIX B KOPMOIIPOU3BOACTBO JIJIsl IPUTOTOBJICHUS] KAYECTBEHHOT'O CUJIOCA UITU CEHaXka.

[Ipenapat BbINTycKaeTcsl B BUIE JKUIKON KYJIBTYPhl M OJHOPOIHOTO MOPOIIKa OT Oenoro
JI0 KPEMOBOTO 11BeTa |35, 6].

[IpuBenennbie (akThl CBHAETEIBCTBYIOT O BBICOKOH 3(PGEKTHBHOCTH Ouompenapara
«Ka3buocum», MEpCrEeKTUBHOCTH TMOBBIMICHUS €r0 AaKTHBHOCTU M IIMPOKOTO BHEIPCHHS B
MPAKTHUKY.

Lenbto uccnenoBanuii 66u10 NOBbIIIEHHE 3 hekTrBHOCTH OHompenapara «Ka3ouocun» B
KUJKOM U CyXOM BHJE 3a CcueT 1moadopa ONTUMAIbHOIO COCTaBa NMUTATEIbHOW Cpedbl s
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KyJbTUBUPOBAHUSA OakTepHil, MPOTEKTOPOB JIsI COXPAHEHUsS >KU3HECHOCOOHOCTH OakTepuil B
KHUJKOM M CyXOM IIperiapare, HAIoJHUTEN IS CTAaHJapTH3aIUN CyXHX KOHIICHTPHUPOBAHHBIX
IpenapaToB, a TaKKe  HCIBITAHUE IMOJYYCHHBIX OHOIpenapaToB MpHU KOHCEPBUPOBAHUHU
pacTUTEIBHBIX KOPMOB.

MaTtepuanbl M1 MeTOABI HCCJIEOBAHUS

B pabore wucnonw3oBanu mtamMmbl Oaktepwmii: Streptococcus lactis diastaticus Ak-4,
Lactobacillus pentoaceticum A-25 u Propionibacterium shermanii C-8.

Jnst  momnmepkaHUs KyJIbTYp MOJOYHOKHCIBIX U TMPOMHOHOBOKHUCIBIX OaKTepHid
MCIIOJIb30BAJIM /IBa BapHaHTa arapu30BaHHbBIX MMUTATEIbHBIX CPEl.

[lepBas cpena umeeT cieayronuii coctas (I/11): KyKypy3HbIid 3KcTpakT — 15,0 (1o cyxomy
BeriecTBy); roko3a — 20,0; (NH4)2.SO4 — 1,0; KH,PO,4 - 0,3; Ko;HPO, — 0,7; NaCl - 0,7; KCI -
0,7, menrom - 3,0; MgSOx7H,O - 0,5 CoCl, - 0,01; CaCOs; - 10,0; arap
Mukpoouonornueckuit — 12,0-15,0; Boma nuthbeBast U3 pacuera nqoBefeHus oobema a0 1 1; pH —
6,5-7,0.

Jlns moanepkanus KyJlbTyp UCIOJIb30BAIM arapi30BaHHbIE TUTaTeIbHbIE CPebl (T/11):

AMC

Kykypy3Hblit 2kcTpakT (1o cyxomy BemectBy) — 15,0; kpaxman pactBopumsiii — 10,0,

men — 10,0; aBronmsat apoxokeit (¢ comepxkanuem 0,6% amuanoro azora) — 10,0; arap —
20,0; Boa muTHEBAS U3 pacyeTa IOBECHU 00bema cpesibl 10 1 1.

[IMBb

Kykypy3HblIit akcTpakT (1o cyxomy BemiectBy) — 15,0; kcrno3a niu riiroko3a — 20,0;

NaCl - 2,0; MgSO, — 1,0; CaCO3 — 10,0; arap — 20,0; Boga muTheBas M3 pacyera
noBenieHus: oobema cpeanl 10 1 1.

I[IKBb

Kykypy3nbiii axcrpakt — 15,0 (mo cyxomy BemiecTBy); Tioko3za — 20,0; amMMoHUH
cepHokucibiii — 3,0; kobanbT xnopuctsiii — 0,01; men — 20,0; arap — 20,0; Boga nutheBas — a0 |
JUTpA.

JIyist monryueHus MaTOYHOM PaCIIONKH MCIONB30BAIH TE XK€ MUTATENBHBIE CPe/Ibl, HO 03
arapa.

CogepxaHue IKU3HECIIOCOOHBIX KJIETOK MOJOYHOKHUCIBIX W  IPOMHUOHOBOKHCIIBIX
OakTepuil yCTaHaBIMBAJIW IyTEM BBICEBA M3 pa3BEIACHUU 10°,107 u 10® B wamku [Tetpu ¢
COOTBETCTBYIOILIEH IHTATENbHOM Cpenoll g MNoAjaepkaHus KyapTyp. Yepes 3  cyTok
KYJIbTUBHPOBAHUS B TEPMOCTATE MPOU3BOIIIN MOJICYET BHIPOCIINX KOJIOHUH.

UnCcneHHOCTh MUKPOOPTaHU3MOB M OMOXUMHUYECKHE MOKA3aTelNN B CHIIOCHBIX 00pasiax
OBLIH OIpe/IEIIEHBI IO OOIIETPUHATHIM MeToAaM [7-9].

Pe3yabTaThl M 00Cy:KIeHHE

[IpoBeneHbl wHccneOBaHUS MO MMOAOOPY ONTHUMAIBHBIX YCIOBUH KYyJIbTUBHPOBAHUS
IITAMMOB MOJIOYHOKHUCIIBIX U NPOIMMOHOBOKHCIBIX OakTepuil. 3a OCHOBY HMUTATENbHOMN Cpeibl
B3iATa KYKypy3HO-CaxapHasi cCpela, CcOCTosIas [uii MOJIOYHOKHCIBIX OakTepuil H3
KyKypy3Horo skctpakra (1,5% mo cyxomy BemiecTBY (c.B.) u caxaposbl (0,5-1,0%), s
IPOMMOHOBOKHUCIIBIX OakTepuil — KyKypy3Horo 3kcrpakta (1,5% mo c.B.), rmoko3sl (2,0%) u
CoCl1; (1M1%).

Jlpyrum BapuaHTOM MUTATEIbHOM CpeAbl SBISIOTCS ONTHMHM3HPOBAHHAS 33 CYET
N00aBJIeHUs] B €€ COCTaB KpaxMmalla, a TaKkKe JPYruX KOMIIOHEHTOB. ONTHMM3MPOBAHHBINA
cocTaB (pepMEHTALMOHHON MUTATETLHON CPEeAbl A1 MOJIOYHOKHUCIBIX OakTepuii conepkut (%):
KYKYpY3HBIil 9KCTpakT — 2,0 (1o cyxomy BemiecTBy); caxapo3a — 1,0; kpaxman — 0,5; MnSO, —
0,02; Boga muTheBast — octanbHOe. CocTaB (pepMEHTAMOHHON Cpebl Ul MPOIMOHOBOKHUCIIBIX
OaxTtepuii crnenyromuit (%): KyKypy3HbId 3KCTpakT — 2,0 (110 CyXOoMy BEIECTBY); IJIIOKO3a —
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1,0; kpaxman — 0,5; ammonuid cepHokucibiii — 0,3; kobanbT xaopucteiii — 0,01; Boma nutbeBast
— OCTaJIbHOE.

3-uil BapuUaHT NHUTATENbHOW CpeAbl — KOMOWHUPOBAHHAS JJIs MOJOYHOKHCIBIX H
MPOMMOHOBOKUCIBIX OaKTepuid, uMeronas cienyromuii coctaB ( %): KyKypy3HbIH SKCTPakT —
1,5 (mo cyxomy BemiecTBy); rioko3a — 2,0; (NH4).SO,4 — 0,1; KH,PO4 — 0,03; KoHPO, - 0,07,
NaCl - 0,07; KCI - 0,07; merrron — 0,3; MgSO4x7H,0 - 0,05; CoCl, — 0,01; CaCO3 — 1,0; Bona
MIUTHEBAsI — OCTAJIBHOE.

4-p1ii BapuaHT nutarenbHOi cpeapl (MPC) mist MOJTOYHOKHCTBIX M TTPOITMOHOBOKUCITBIX
OakTepuii UMeeT cocTas, %: IpoxokeBor IKCTpakT — 0,5; MsacHO# 3kcTpakT — 1,0; menton — 1,0;
rroKo3a — 2,0; aMMOHHM TMMOHHOKUCIBIN — 0,2; HaTpuid ykcycHOKucbIi — 0,5; TBuH-80 — 0,1
KH,;PO, - 0,2; MgSO4x7H,0 - 0,02; MnSO4x4H,0 — 0,05; ammonuii ceprokucneiii — 0,1;
CoCl, - 0,01, ; Bo1a muTHEBAst — OCTAJILHOE.

[IuTaTenbHbIE cpenbl 3ac€BaIM MAaTOUYHOM paciuiofkol B konudecTse 5%. BripamuBanue
MIPOU3BOIIIIH B KOJIOAX B TEPMOCTATE TIPH TEMIIEpAType 28-30°C - [1IKB u [IMB, npu 35-37°C —
AMC u 32-33'C — AMCHIIKB B Teucnue 18-24 u.

Pe3ynbTaThl 10 BBIpANMBAHUIO MOJOYHOKHUCIBIX U MPOMUOHOBOKHUCIIBIX OakTepuil Ha
OTIMCAHHBIX BHIIIE MUTATENBHBIX CpeaxX MpeIcTaBiIeHbl B TabmuIe 1.

Tabmuua 1 — CpaBHUTENbHAS XapaKTEPUCTUKA pocTa OakTepuil Ha pa3IUYHBIX MHTATEIBHBIX

cpemax
HanMeHoBaHHE KYJIbTYPBI BapuaHThl IUTATENBHBIX CPEJL Tutp KIeTOK, MIPA./MI
1 2 3
KyKypy3HO-caxapHast 1,0+0,2
P. shermanii C-8 OIITHMH3UPOBAHHAS 2,8+0,3
KOMOWHHUPOBAHHAS 2,5%+0,3
MPC 3,0+0,3
KyKypy3HO-caxapHast 1,0+0,3
Lactobacillus pentoaceticum A-25 OIITHMH3UPOBAHHAS 1,9+0,3
KOMOWHHUPOBAHHAS 1,5+0,3
MPC 2,2+0,3
ITponmomkenne Tabuusl 1
1 2 3
KyKypy3HO-caxapHast 1,0+0,3
Streptococcus lactis diastaticus Ax-41 OIITHMH3UPOBAHHAS 3,240,3
KOMOWHHUPOBAHHAS 2,910,3
MPC 3,8+0,3

YCcTaHOBIIEHO, YTO MEHbBIEE HAKOIUIEHHE OAKTEPUAIBbHBIX KJIETOK MOJIOYHOKHUCIBIX U
IPOMMOHOBOKHUCIIBIX OAKTEpHH MPOUCXOAUT Ha KyKypy3HO-CaXxapHOil cpexe, Oosbliee — Ais
BCEX HCCIENYyeMBbIX KYJIbTYyp — Ha ONTHUMHU3MpoBaHHOU M cpene MPC, koTopble MOTYT OBITh
UCIIOJIb30BaHbI JJIs IPOU3BOJCTBA KUJKUX NpenapatoB «Kazouocun».

Takum oOpa3om, 1Jisi BeIpalimBanus KyiabTyp Streptococcus lactis diastaticus Ax-41 u
Lactobacillus pentoaceticum A-25 momoOpaH coCTaB NHTATEIBHOW CpPEIBl, COAEpIKaIlei
KYKYpY3HbIil 5KcTpakT — 2,0 (1o cyxoMmy BeliecTBy); caxaposa — 1,0; kpaxman — 0,5; MnSO,4 -
0,02, Boga nmutheBast — octaiibHOe. ONTUMAaTBbHAS TEMIIepaTypa KyJIbTHBUPOBAHUS 35-37°C s
AMC u 28-30°C s [IMB, anurenbHOCTH KynbTUBUpOBaHUs — 18-24 yacos.

JUis KyJabTUBHPOBAHUS MPONHMOHOBOKHUCIBIX OakTepuil pPEKOMEHIYeTCsl NuTaTeibHas
cpena, coaepxamias (%): KyKypy3HbIi okcTpakT — 2,0 (1o cyxomy BeIlecTBy); rimoko3a — 1,0;
kpaxman — 0,5; ammonwuit cepHokucieiii — 0,3; kob6ansT xmopucteiii — 0,01; Boga muTheBas —
ocranbHOe. ONTHMATbHAS TeMreparypa KynbrusupoBanus 28-30 C, mmmrensHoCTh — 18-24
yacoB. Ha 3Tol nmuTatenbHOM cpefe MOXKHO MPOBOJIUTH COBMECTHOE KylbTUBUpOoBaHuEe AMC +
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[IKb npu 28-30C B TeueHme 24 UaCOB. IIpU IIOJIy4CHUM 3aKBAaCKU Ui CUJIOCOBAHMS
BBICOKOCAXapUCTBIX PaCTEHUH.

Jlis KynbTHUBHPOBAHUSI IITAMMOB MOJIOYHOKHCIBIX M TMPOIMHOHOBOKHCIBIX OaKTepui,
BXO/SIIIMX B cOcTaB 3akBacku «KazOwocum», mpuromHa Takke nurareinbHas cpena MPC
BBIIICONMCAHHOTO COCTaBA.

Jlns crabunmn3anuy >KU3HECIIOCOOHOCTH OaKTepHil MpH XpaHEHUU B KHUJKHX KYJIbTypax
MCCJIEI0BAHbI B KAYECTBE MPOTEKTOPOB 7% caxaposbl , a Takke 7% caxapo3bl B COUETAHUU C
1,5% »xenaruna. IIpoTexTopsl 100aBIsUIN B KUJIKHUE KYJIbTYphI MEPE/ 3aKJIaJKON Ha XpaHEHHE
B XOJIOMMIBHUKE [IPH Temmeparype 6-8 C.

Pe3ynbrathl o XpaHeHHIo kHuJIKoro npenapara «Kazouocum» ¢ nmporekTopamu 1 6€3 HUX
MpEe/ICTaBJICHBI B TaOIHIIE 2.

Tabnuua 2 — Pe3ynpTaThl XpaHeHus xuakoro npenapata «Kazouocum» npu temneparype 6-8 C

COZ[Cp)I(aHI/Ie )KI/I3HGCHOCO6HI>IX KJICTOK B J)KMJKOM IIPCrapaTe rnocjiic XpaHcHus, KOE/ T
-
E _ 8
% E E ucxonnoe | Yepes 1 mec. | Uepes 2 mec. | Uepes 3 mec. | Uepesz 4 mec. | Uepes 5 mec.
=
=88
S. lactis diastaticus Ak-41
1 1,8+0,3x10° | 1,540,3x10° | 1,4+0,3x10° | 1,240,2x10° | 6,44+0,3x10° | 5,0+0,5x10’
1, 2,0+0,5x10° | 1,840,4x10° | 1,940,5x10° | 1,6+0,3x10° | 5,5+0,4x10° | 7,3+0,6x10’
1 1,4+02x10° | 1,2+0,3x10° | 1,1+0,4x10° | 1,0+£0,3x10° | 1,9+0,6x10° | 1,7+0,7x10’
2 3,240,4x10° | 3,0£0,3x10° | 2,5+0,4x10° | 2,5+0,3x10° | 6,3+0,5x10° | 6,0+0,6x10’
2, 3,5+0,4x10° | 3,4+0,5x10° | 3,2+0,3x10° | 2,4+0,4x10° | 6,1+0,4x10° | 4,1+0,6x10’
25 2,9+0,3x10° | 2,5+0,4x10° | 2,2+0,4x10° | 2,0+0,3x10° | 2,0+0,7x10° | 5,5+0,6x10’
L. pentoaceticum A-25
1 2,5+0,6x10° | 2,540,4x10° | 2,0£0,5x10° | 1,5+0,5x10° | 5,3+0,6x10° | 4,2+0,7x10’
1, | 2,140,5x10° | 2,0+0,3x10° | 2,0+0,7x10° | 1,8+0,3x10° | 5,2+0,2x10° | 4,5+0,5x10’
15 1,6+0,4x10° | 1,4+0,3x10° | 1,2+0,3x10° | 1,0+0,2x10° | 1,040,3x10° | 2,0+0,7x10’
2, | 2,4+0,3x10° | 2,2+0,5x10° | 1,8+0,2x10° | 1,6+0,1x10° | 5,5+0,7x10° | 4,5+0,3x10’
2, |2,3+0,3x10° | 2,040,5x10° | 1,6+0,2x10° | 1,4+0,1x10° | 5,0+0,7x10° | 4,7+0,3x10’
2; | 2,0+£0,3x10° | 1,7+0,5x10° | 1,3+0,2x10° | 1,0+0,1x10° | 4,0+0,7x10" | 2,1+0,3x10’
P. shermanii C-8
1 2,5+0,6x10° | 2,5+0,4x10° | 2,0£0,5x10° | 1,5+0,5x10° | 5,0+0,6x10° | 4,2+0,7x10’
1, 2,1+0,5x10° | 2,0£0,3x10° | 2,0£0,7x10° | 1,840,3x10° | 5,44+0,2x10° | 4,3+0,5x10’
15 1,6+0,4x10° | 1,440,3x10° | 1,240,3x10° | 1,0+0,2x10° | 2,0+0,3x10° | 2,3+0,7x10’
2 2,7+0,3x10° | 2,440,5x10° | 2,0+02x10° | 1,8+0,1x10° | 5,0+0,7x10° | 4,3+0,3x10’
2, 2,4+0,3x10° | 2,240,5x10° | 1,8402x10° | 1,6+0,1x10° | 5,5+0,7x10° | 4,2+0,3x10’
25 2,440,3x10° | 1,4+0,5x10° | 1,2+0,2x10° | 1,0£0,1x10° | 4,0+0,7x10" | 2,0+0,3x10’
[Ipumeuanne — 1 - cpena ontummu3upoBannas, 2 - cpena MPC. 3nuamenarenu — 1 - mpotekTop -
7% caxapo3sl B couetannu ¢ 1,5% xenatuHa, 2 - 7% caxapo3bl, 3 - KOHTPOJIb 0€3 MPOTEKTOPA.
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Kak BuAHO W3 TPENCTaBICHHON TaOIHIIBI, KOJWYECTBO >KM3HECIIOCOOHBIX KIIETOK
OakTepuil coxpaHseTcss Ha HEOoOXOIUMOM YPOBHE MpPU XPAaHEHHWH >KUAKOTO Tpernapara B
XOJIOAWIIBHUKE B T€UEHUE 3 MECALIEB BO BCeX BapuaHTax ombita. Uepes 4 mecsilia cTaHAapTHBIN
TUTP COXpaHSETCs Y BCeX KyJIbTYp Ha 00€UX MUTATENbHBIX Cpeax ¢ UCIOJIb30BaHUs B KAUECTBE
NpoTeKTOpOB 7% caxapo3bl B coueTanuu ¢ 1,5% xenaruHa unm 7% caxaposbl. B octanbHbIX
BapHaHTaX TUTP KJIETOK HAXOJIUTCS B Mpeaajiax 4,0i0,7xlO7 - 1,9i0,6x108 KOE/mi, uto HuXeE
CTaHJIAPTHOTO YPOBHS (5,0)(108 KOE/mm). Yepe3 5 mecsieB XpaHEHHs BO BCEX BapHaHTax
JKUJIKOTO Tpernapara TUTP COCTaBIISIT nx10" KOE/mu.

TakuM 00pa3zoM, CpOK TOJHOCTH JKUIKOHN 3aKBaCKU MPH XpaHEHHH 0e3 MPOTEKTOpa MpH
TeMreparype 6-8'C cocraBisier 3 Mecsua co IHsS H3TOTOBIICHNS, a C caxapo30H WJIHM caxapo30ou
B COUYETAHMH C JKEJATUHOM B Ka4€CTBE MTPOTEKTOPOB — 4 Mecslla.

Jl71g monmy4eHus cyxoro mperapara BhIpallleHHYIO KUIKYIO KyJIbTYpY KOHIIEHTPUPOBAJIH C
nomortpio nentTpudyruposanus B 10-12 pas, 3aTem B KauecTBe MPOTEKTOPA 100ABIISIIN B HEE B
pactBopeHHOM Buae 7% caxapossl + 1,5% jxenaTuHa WM K€ 3TH KOMIIOHEHTBI B COYETaHH C
7% cyxoro o6e3xupenHoro moioka (COM). IlomyueHHYIO B3BeCh IMOCIE TIIATEIHHOTO
NepeMelInBaHusl pa3IuBaIM B METAJUIMYECKUE JIOTKM U BBICYIIMBAIU B CYOJIMMAaIlMOHHOM
cymmike Liobeta-35 npu cienyromem pexxuMe CyIIKH:

3amopo3ka -30C-104
3amopo3ka 60C—-54

Bakyym 0,9 mITA
Cymka 1 26C—-6u
Bakyym 1,0 mITA
Cymka 2 +20C—-184
Cymka 3 +30C-24

[Ipo10IKUTENBHOCTD CYIIKU 26 yacoB
PesynpraTel BeICymMBaHWS OakTepwii C pPa3IMYHBIMHM 3aIIUTHBIMH KOMIIOHEHTaMHU
Mpe/ICTaBICHBI B TaOIHIIE 3.

Tabmuua 3 — Iloka3arenn KadecTBa CyXHMX IpenapaToB, MOJYYEHHBIX CyOIMMAIlMOHHBIM
cIocooom

[ITammbl 3ammuTHBIC Turp KK, Tutp cyxoro npenapara,
KOMIIOHEHTBI MIIPA. wipa. KOE/r
KOE/mn HCXOJTHBII yepes 5 yepe3 12

Mec. Mec.

S. lactis diastaticus Ax-41 1 3,0 30,0 25,0 16,2
2 3,2 35,0 30,0 28,0

P. shermanii C-8 1 3,5 37,5 26,2 20,0
2 3,8 40,0 35,0 30,0

L. pentoaceticum A-25 1 2,8 33,5 23,0 18,0
2 2,5 35,0 28,7 23,0

[Tpumeuanne — 1) 7% caxapo3ssl + 1,5% sxenatuna, 2) 7% caxapossl + 1,5% sxenatuna + 7% COM

W3 mpencraBneHHOW TaOMUIBI BUIHO, YTO HPU HCHOJIB30BAHUUM OOOMX IMPOTEKTOPOB
NOJy4aloTCs KaueCTBEHHbIE CyXME€ Ipenaparhbl, COAEpKAIlMEe MU3HECIIOCOOHBIE KIIETKH B
konmyectBe oT 30 mo 40 KOE/r. OpgHako, mpu HCHOJB30BAHWM B KayecTBE MPOTEKTOpA
COBMECTHO caxapo3bl, xenatnHa 1 COM BBDKHBAEMOCTh OaKTepUid MPU XPAHCHUH HECKOJIBKO
BBIILIE.

Ilpu mnpousBoactBe cyxux npenaparoB «Ka3zdouocum» NpOBOAAT CTaHAAPTHU3ALUIO
CyOJIMMaIIMOHHO BBICYIICHHBIX KOHIIEHTPATOB OakTepuii 1o TuTpa He Menee 2 mupa.KOE/T.

[TonGop HanoaHUTENEN A CTaHAAPTH3ALMH CyXUX IIPENapaToB IPOU3BEICH Ha IpUMepe
aMHIJIOTUTHYECKOTO MOJIOYHOKHCHOro crpentokokka (AMC). Hcxoanslii mpemapar ObLT
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MOJly4eH MYyTeM CYOJMMAlMOHHOTO BBICYIIMBAHUS OTHEHTPU(DYTUPOBAaHHONW OHMOMACCHI C
WCITOJIb30BaHUEM B KauecTBE 3alIMTHBIX KoMroHeHTOB 7,0% COM, 7,0% caxapossl u 1,5%
JKenaTuHa. TUTp CyXoro npenapara paBHSIICS 11x10" KOE/r. Jins CTaHAApTHU3aLUU IIpenapara
HCIIOJIb30BAIM Kpaxmall KapTo(deabHbId, MYKY MIIEHUYHYIO, MOJIOKO CyXo€ 00€3KHpPEHHOE U
OCHTOHUT JI0 COACPKAHUSI )KU3HECTIOCOOHBIX KiIeToK 10-18 x10° KOE/r.

Hns yckopenHoro onpeneneHusi BbbkuBaeMoctTh AMC B mpenapatax ¢ pa3iudHbIMU
HAIOJHUTENIIMU HCIOJIb30BAJId METOJ] MPOrHO3a CTOMKOCTH, 3aKIIOUYAIOIIUNICS B MPOrpEeBaHUN
00pasroB mpenaparoB MpH 60°'C B Teuenne 15 MHUHYT C MOCIEAYIOMHUM OINpEaeICHUEM
BBDKHUBIIIUX KJIETOK (Tabnuua 4).

Tabmuua 4 — BiusHue HamonHUTENEH, MCIONB3yeMbIX sl CTaHJapTH3allMM Iperapara, Ha
BBDKMBAEMOCTh OaKTepuil IpH XpaHEHUH

HamomauTens npu Tutp 6akTepuii npu xpanenun, KOE/r

CTaHJapTU3AIUN HACXOIHBII ocJIe 3 mec. 7 mec. 12 mec.
POTPEeBaHUS

BeHToHUT 13x10° 3x10’ 8x10° 8x10° 7x10°

Myxka meHnIHas 10x10° 5,3x10° 2x10° 3x10° 2x10°

COM 18x10° 13x10° 16x10° 14x10° 13x10°

Kpaxman 17x10° 14x10° 15x10° 12x10° 11x10°

YcTaHOBIIEHO, YTO Jy4ilas BbDKHBaeMOCTb AMC IpOHCXOOUT NpPHU UCHOJIb30BAaHUU B
Ka4yeCcTBE HAMOJHUTENS CyXOro 00€3:)KMPEHHOT0 MOJIOKAa U KapTo(enbHOro Kpaxmana. B atux
BapHaHTax IIOCJIe MporpeBa TUTP OakTepuil MpakTHUECKH He M3MeHwusca. [Ipu BBeneHMH B
npenapar MIIEHMYHOW MYKHM KOJMYECTBO JKH3HECHOCOOHBIX KIJIETOK IIOCHE€ IMPOrpEeBaHUs
CHU3WIOCH Ha | MOpsIOK.

Yepes 12 mecsanes XxpaHeHHs B XOJOAWIbHUKE CTaHIAPTU3HPOBAHHBIX IIPENAapaToB B HUX
YCTAQHOBJICHBI JKU3HECTIOCOOHBIE KJIETKH B KOJIMYECTBE OT 2x10% 10 13x10° KOE/r. Bonpimee
YyHiCca0 OaKTepHaIbHBIX KJIETOK BBIABICHO B BapHAHTaX C CYXUM OOE€3)KMPEHHBIM MOJOKOM U
KapToelbHBIM KpaxMalloOM, MEHblIee — C MyKoW mmeHuuHo. Takum oOpazom, ams
CTaHJAPTU3AIMM CyXUX 3aKBacok «Ka30mocmim» MOXKHO HCHOJIb30BATH CyX0e 00€3KHUpPEHHOEe
MOJIOKO HJIM Kpaxmall KapTo(eabHBbIH.

PesynbpTaThl 10 XpaHeHuto cyxux npemnaparoB «Kazounocuny, cranmaptuzoBanHbix COM,
IpEe/ICTaBJICHbI B TAOIUIIE 5.

Tabmuua 5 — Xpanenue cranmaptu3oBaHHblx COM cyxux mnpenaparoB «Kaz0umocmm» mpu
temneparype +6 C

CopeprxaHne )XKM3HECTIOCOOHBIX KIIETOK B CYXHUX Ipenaparax mnocie xpanenus, KOE/r
No mapTtun HCXOJTHOE yepes 2 Mec. yepes3 5 Mec. yepes 7 Mec. yepe3 12 mec.
AMC-1 2,5+0,2x10° 2,6+0,3x10° 2,5+0,6x10° 2,5+0,4x10° 2,1+0,5x10°
AMC-2 3,2+0,5x10° 3,2+0,4x10° 3,1+0,3x10° 3,0+0,3x10° 2,5+0,2x10°
AMC-3 2,9+0,2x10° 2,6+0,3x10° 2,5+0,5x10° 2,3+0,2x10° 2,2+0,4x10°
[IKB-4 3,5+0,4x10° 3,5+0,5x10° 3,0+0,3x10° 2,8+0,6x10° 2,5+0,3x10°
[IKB-5 2,60,5x10° 2,7+0,8x10° 2,5+0,6x10° 2,5+0,4x10° 2,3+0,2x10°
[IKB-6 2,7+0,3x10° 2,5+0,4x10° 2,5+0,2x10° 2,3+0,3x10° 2,1+0,3x10°
[IMB-7 3,0+0,3x10° 2,8+0,2x10° 2,7+0,5x10° 2,5+0,4x10° 2,2+0,2x10°
[IMB-8 2,8+0,2x10° 2,6+0,4x10° 2,5+0,3x10° 2,3+0,3x10° 2,2+0,2x10°
[IMB-9 2,7+0,5x10° 2,6+0,4x10° 2,4+0,3x10° 2,4+0,4x10° 2,3+0,2x10°
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Kak BuAHO W3 TPENCTaBICHHON TaOIHIIBI, KOJWYECTBO >KM3HECIIOCOOHBIX KIIETOK
OaxkTepuil MpU XpaHEHUH CYXUX IMPErnapaToB B XOJOAWIBHUKE B TeueHUE 12 MecsIeB ocTaercs
Ha octaToyHoM ypoBHe (He meHee 2,0 mupa. KOE/T) Bo Bcex BapuaHTax OmbITa.

Hcneitanue npenaparoB «Kaz0umocun» mpu KOHCEPBUPOBAHWU PACTUTEIBHBIX KOPMOB
nposeneHo B TOO «Amwupan». Ilpu sToM cenax 3anoxeH u3 mrouepHsl U pxu (50:50) c
)Kuakon 3akBackoi «Kazomocum»-AMC , KyKypy3HBIH cujioc - ¢ 3akBackoi «Kazomocum»-
AMCHIIKB.

Ha 1 ToHHY cuimocyemMoro ceipbsi pacxomoBaiv 30 MJI KHUIKOM 3aKBAaCKH, KOTOPYIO
paz6aBmsuin B 1 1 mutheBodt Boabl. Ha 100 ToHH kopma 5 1 KHIKOW 3aKBAacCKM CHadvaja
pasBoguinu B 10 nmuTpax (Bempo) Bombl, a 3aTeM B Oouke co 100 muTpamu BOJbI. 3aKBacKy
BHOCWJIM B CHJIOCHYIO MacCy C MOMOIIbIO pa3OphI3rHBaTesl, MPeICTaBIAIONIero coboil 60uky
Ha 100 uTpOB ¢ TPyOKOH-KaNEIbHUIICH, YCTAHOBJICHHYIO Ha TPAKTOP, TPaMOYFOIITHI CHIIOC.

PesynbraThl  MHKpOOMOIIOTHYECKOTO M OMOXMMHYECKOTO  aHaimu3a  00pasIoB
KOHCEPBUPOBAHHOTO KopMa ¢ 3akBackod «KazOwmocmm» depe3 3 wMecsa XpaHCHHS
Mpe/ICTaBICHBI B Ta0IHIIE 6.

Tabmuna 6 — MukpoOuonoruieckiue u OMOXUMUYECKHE TOKA3aTeNH CEHa)Xa M3 JIIOIEPHBI H
KM, U KYKYPY3HOTO CHJIOCA

BapuanaTsl = Opraanyeckne KUCIOTHI, % MuxpoOHuoIoTHS,
OIbITa 4 MITH/T
X 5 6
= 2 e CBOOOJTHEIC CBSI3aHHBIC <
5 : =) g | Fe
e 2|5 |5 s |5 |5 |3 |- |28 |3z
b 2 S = 5 5 | 5 = 2 S S £
s - < o > = > = © 8 2 3
2 5 s |2 | & |g |8 c | EE
g = S | = = = 5 S F
8 5
Cenax 60,0 | 44 | 420 | 0,02 080|059 00 | 035 | 00 | 44 | 30 |00
(mouepHa+poKb
50:50)
Cuioc 68,0 | 42 |1000|001|112 056 | 00 | 031 | 00 | 250 | 50 0,0
(KyKypy3a)

[To opraHonenTUYECKUM TMOKA3aTeNIsIM KYKYPY3HBIA CHIIOC MMEN LIBET MOKPOW COJIOMBI,
3amax MaJlOCOJIbHOTO Oryplia, CTPYKTypa pacTeHus coxpaneHa, pH kopma paBnsuics 4,2.
Huskoe conepxaHue amMmuaka B KOPME CBHJETENbCTBYET O TOJABICHHM pOCTa B HEM
THWJIOCTHBIX OaKTepHii.

MuxkpoOuosornyeckue HCCIeAOBaHUs IMOKa3alu MPUCYTCTBHE B CHUJIOCE U3 KYKYpY3bl
MOJIOYHOKHUCIIBIX OaKTEpHil U OTCYTCTBHE CIOPOBBIX OAKTEPHIA U TMJIECHEBBIX TPHOOB.

[To momy4yeHHBIM pe3yjbTaTaM XHMHUYECKOTO aHajin3a KyKypy3HOTO CHIIOca MpOBeIeHa
OIICHKA €ro KayecTBa B COOTBETCTBUU C CYIIECTBYIOIIUMH cTaHAapTamu. COMOCTaBUTEIbHBIN
aHaJM3 MOKa3aTeNe KayecTBa CUIoca IMPUBE/ICH B Ta0uIle 7.

55



Ne2 (37) 2022

Tabmuna 7 — Ananus nokasareyiei kadectsa cuiioca B coorserctsuu ¢ OCT 10202-97

HaumeHnoBanue mokasarens Hopwma ans xinacca O6paszern cuitoca
I 11 I KYKYPY3HOT'O

MaccoBas 07151 CyXOro BeIlecTBa, 26 20 16 32,0
% He MeHee
MacaaHo# KucioThel, % He Ooee 0,1 0,2 0,3 0,0
MoJI0YHOM KHCIIOTHI B OOIIEM 55 50 40 67,0
KOJTMIECTBE (MOJIOYHOM, YKCYCHOM, MACIISTHOM )
KHUCJIO0T, % HE MEHee
pH cunoca u3 Kykypys3sl 3,8-4,3 3,7-4,4 3,6-4,5 4,2

Kak  Buano W3  NPEACTAaBIEHHBIX  MAaTEepUasOB, o OPTraHOJIENITUYECKUM,

MUKpPOOHOJIOTUYECKUM TOKa3aTeNIIM U COCTaBY OPraHMYEeCKUX KHUCIOT oOpaszel] KyKypy3HOro
CHJIOCa MOXHO OTHECTH K | Kj1accy KadecTBa.

CeHax U3 JIOLEPHBI U PXKU UMETT IIBET CBETJIBIN XaKH, 3amax — ¢1a00 KOHCEpBUPOBAHHBIX
OBOIIIEH, CTPYKTypa pacTeHHH coxpaHeHa. B HeM cojep:karcs MOJOYHOKHCIBIE OakTepuu U
OTCYTCTBYIOT CIIOPOBBIC OAKTEPUH U TIJIECHEBBIE TPUOBI (TabmwmIa 5).

[IpucyrcTBUE B CEHa)XX€ OPraHMYECKMX KHUCIOT MOJOYHOM M ykcycHo u pH 4.4
CBUJICTEILCTBYIOT O TPOXOXKJIEHUU B CEHA)X€ MOJIOYHOKHCIOTO OpOKEHUS U KOHCEpBalUH
KOpMa.

[To momy4eHHBIM pe3yibTaTaM MpPOBEIEHAa OlEHKAa KayecTBa CEHa)ka B COOTBETCTBUH C
CYIIECTBYIOIIUM CTaHAAPTOM, KOTOpas Mpe/cTaBieHa B Tabmuile 8.

Tabnuua 8 — KauectBo cenaxa B coorsercteuu ¢ OCT 10201-97

TToka3zatens Hopwmsl quis kinacca Cenax u3

JIOLEPHBI U PKU

40-60

40-60
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MaccoBas J071s1 CyXOT0 BeIecTBa, % 40-60

MaccoBast 1071 MacaSHOM KUCIOTHI, %o, - 0,3 0,6 0

He 0oliee

[IpuBeneHHbIE MTOKA3aTENN O MACCOBOM J0JIE CYXOr0 BEIIECTBA U MACIISIHOM KHUCIIOTHI B
IPEJCTAaBIEHHOM 00pa3le COOTBETCTBYIOT HOpMe. Bce 3TO CBHAETENBCTBYET O MOIY4EHUU
KaueCTBEHHOI'0 KOpMa U3 JIFOLIEPHBI U PKU.

[IpoBeneHa oOneHKa KadecTBa KyKypy3HOTO CHJIOCa M CEHaXa W3 OKWTHSKA,
IPUTOTOBIICHHBIX € CyXoil 3akBackoil «Kazouocum» B TOO «AnteiHcapuno» Kocranaiickoit
obnacTH.

[lo mony4eHHBIM pe3yabTaTaM MHKPOOHMOIOTHYECKOTO UM XHMHYECKOIO aHaiHu3a
KyKypYy3HOTro cuiioca ¢ cyxoi 3akBackoi «Kas3Omocuia» ImpoBefeHa OIEHKa €ro KauyecTBa B
COOTBETCTBUHM C CYHIECTBYIOIIMMHU cTaHaapraMu. CoOINOCTaBUTENBHBIM aHAIN3 IOKa3aTeseu
Ka4yecTBa CUJI0Ca 10 OCHOBHBIM ITapaMeTpaM MpUBE/EH B Tadiue 9.

Tabmuua 9 — TpeboBanust K KauecTBY KyKypy3Horo cmwioca (OCT 10202-97)

HaumeHnoBaHue nokaszarens Hopma n1s1 kimacca Cwmtoc
I II III KYKYPY3HBIH €
3aKBacKoOi
1 2 3 4 5

MaccoBas 707151 CyXOTo BEIIecTBa, Y% He MeHee 26 20 16 29,2
MaccoBas 70151 B CyXOM BEIIECTBE 7,5 7,5 7,5 8,7
CBIPOTO MPOTEHHA, % HE MeHee

CrIpas kieTuaTtka, % He Ooree 30 33 35 30,0
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[Tpogomxenne Tadiuib 9

1 2 3 4 5

Cripas 30i1a, % He Oonee 10 11 13 7,5
Macnsnas kucnora, % He 0ojee 0,1 0,2 0,3 0,03
Moro4Hast KHCIIOTa B 00IIEM KOJTMYECTBE 55 50 40 87,4
(MOJIOUHOH, YKCYCHOM, MaclsTHOR) KHCIOT, %o HE

MeHee

pH cuioca u3 Kykypy3sl 3,8-4,3 3,7-44 | 3,6-45 3,8
KapoTuH B CyXOM BelllecTBE MI/KT, HE MEHEee 20 20 10 27,6

Kak BUIIHO W3 TIpeACTAaBICHHOW TaOMMIIBI, CUJIOC C 3aKBacko «Ka3z0mocwi» Mo Takum
MOKa3aTesiM, KaK MaccoBasi JI0JIs CyXOro BEIECTBA, MAcCOBAsl J0JISl B CyXOM BEILIECTBE CHIPOTO
MPOTEHHA, TPOILEHT MOJIOYHOM KHCIOTHI OT OOIIEro KOJWYECTBA OPTAaHMYECKUX KHCIIOT,
co/iepaHue KapoOTHUHA MPEBOCXOAUT HOPMbI, YCTAaHOBJICHHBIE JUIsl IEPBOTO Kjacca.

MuKkpoOHOIIOTHYECKUE UCCIIEIOBAHUS TTOKA3JIM IPUCYTCTBHE B CHII0CE MOJIOYHOKHCITBIX
U TIPOTIMOHOBOKHCIIBIX OaKTepUil U OTCYTCTBUE CIIOPOBBIX OaKTEpHUil U TIIECHEBBIX IPUOOB.

[Io opra"HogenTUYECKUM, MHUKPOOHUOJIOTHYCCKUM W  XUMHUYECKUM  ITOKa3aTelsIM
KYKYPY3HBII CHIIOC ¢ CyX0ii 3aKkBackoi «Ka30mocum» MOKHO OTHECTH K | Klaccy KayecTBa.

AHanm3 kadecTBa 00pa3IoB CEHaXKa U3 KUTHsIKA MpeIcTaBiieH B Taduie 10.

Ta6mmma 10 — TpeboBanus k kauecTBy ceHaxa coriacHo OCT 10201-97

ITokazaresnb Hopwms! i1 kacca CeHax U3 KUTHIKA
I Il 11 ¢ 3akBackoi «Kazonocwm»
MaccoBas 1071 CyX0ro BellecTBa, 40-60 40-60 40-60 50,4
%
MaccoBast 10J151 B CyXOM BEILECTBE 12 10 8 12,5
CBIPOTO MPOTENHA, %0 HE MEHEee
MaccoBast 107151 B CyXOM BEILECTBE 30 33 35 30,0
CBIpO#i KieTuaTkH, % He Ooee
MaccoBast 10J151 B CYXOM BEILECTBE - 0,3 0,6 -
MacCIISTHOM KHUCIIOTRI, % He Oojiee
MaccoBast 10J151 B CYXOM BEILECTBE 10 11 13 6,5
CBIpOH 303161, % HE Oonee

Kak BUIHO W3 TIpEICTaBICHHON TaONIUIIbI, BCE MPUBEACHHBIC MTOKA3aTEIH COOTBETCTBYIOT
BBICOKOMY KaueCTBY CEHaXKa.

MukpoOroIOTHYECKHE HCCIIeIOBAaHUS TMOKA3all MPHUCYTCTBHE B CEHAXXE C 3aKBACKOM
«Ka3zbuocun» MOJIOUHOKUCIBIX OaKTepHil W OTCYTCTBHE CHOPOBBIX OaKTEpHil M TIJIECHEBBIX
rpuboB. B ceHaxe O0e3 3aKBacKM OTCYTCTBOBAJIM MOJIOYHOKHCIBIC OaKTepuu, OJIHAKO
MPUCYTCTBOBAJIU CIIOPOBbIE OAKTEPUU.

[IpenmymecTBOM CeHaka C 3aKBACKOH SIBISETCS Takke OoJiee BBICOKOE COACPIKAHHE B
HeM caxapa (Ha 0,8%), xanbius ( Ha 0,5%), docdopa (Ha 0,1%), kaporuna (ua 3,9 mr/kr),
nepeBapuMoro nporenna (Ha 0,7%) o cpaBHEHHIO C CEHaXOM 0e3 3aKBaCKHU.

[To opranosenTUTYECKUM, MUKPOOUOIOTHUECKUM U OMOXUMHUYECKUM MOKA3aTeNsIM CeHaX
U3 JKUTHSKA, IPUTOTOBJICHHBIN C 3akBackoil «Ka30MOCHII», MOXKHO OTHECTH K Ka4eCTBEHHOMY
KOpMY.

Takum oOpa3om, B pe3ysbTaTe MPOBEACHHBIX UCCIEI0BaHHM pa3paboTaHbl ONITUMaJIbHbIE
MUTATEeNbHBIC CPEIbI IS KyTbTUBUPOBAHUS MOJIOYHOKHCIBIX M MPOIMTMOHOBOKHCIIBIX OaTepuit
IIpU MIPOU3BOJICTBE 3aKkBacok «Kaz0mocuimy.
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YcTaHOBIIEHO, YTO CPOK TOJHOCTH KHMJIKOW 3aKBACKH MPU XpaHEHUU 0€3 MPOTEKTopa MpH
TeMIreparype 6-8'C cocraBisier 3 Mecsua co JHs H3TOTOBIICHNS, a C caxapo30H WJIHM caxapo30ou
B COUYETAHMH C JKEJIATUHOM B Ka4€CTBE MIPOTEKTOPOB — 4 Mecslia.

[Ipu mpomsBoncTBe cyxoi 3akBacku «Ka3z0mocwin» cyOnMManmoHHOE BBICYIIMBAHUE
KOHIICHTPUPOBAHHOW C TIOMOIIBIO LEHTPUPYrHpoBaHUs OMOMAacchl OaKTepHil MPOBOAAT C
UCIIOJIb30BAHUEM B KaudecTBEe MPOTEKTOpoB 7% caxaposbl, 1,5% xematnHa u 7% cyxoro
00€3KUPEHHOT0 MOJIOKA. B KauecTBe HAMONHUTENS MPHU CTaHIAPTU3ALNN CYXOTro KOHIICHTpaTa
OakTepuil 0 HEOOXOJMMOTO THUTpPAa PEKOMEHJOBAHO HCIIOIB30BATh CyX0€ O0E3KUPEHHOE
MOJIOKO WUIM KapTOQENbHBIN KpaxMai. Y CTaHOBJICHO, YTO TPU XPAHEHUHU B XOJIOJAUILHUKE CPOK
TOJTHOCTU CyXHX npenaparoB «Kaz0mocui», MpUroToBIEHHBIX MO pa3paboTaHHOW TEXHOJIOTHUH,
cocTaBisieT 12 mMecsileB co JHS U3TOTOBIICHHUS.

[ToxazaHo, 9TO ¢ MOMOIIBIO KUJIKOW M CyXO# 3akBacok «Kaz0mocum» MOXKHO IMOJy4daTh
KaueCTBEHHBIA KOPM U3 PA3JIMYHOTO BUJIA PACTUTEIILHOTO CHIPbSI.

CnHcoK MCNoJIb30BAHHBIX HCTOYHUKOB

1 CenusanoB /I.I'., ConmaToBa B.B., ﬁblnﬂblpmM E.A. I'paMOTHBIM MOAXOA K CHIIOCOBAHHUIO.
Konceppant «buotpod 2+» nokasan coro s ¢pextuBHOCTS // dKuBotHOBOICTBO Poccun. — 2018. — Ne4.
— C.40-42.

2 Iat. P® 2477966 C2 Cnocob® cuiiocoBaHUs 3€I€HON MacChl KOPMOBBIX KynabTyp / JleBaxuH
B.1., Jlesaxun I'.U., Jlesaxun FO.U., Porauer B.I'., [Tobepyxur M.M. u nap., ony6a. 27.03.2013.

3 CanmanoB A.K., I'apmmosa H.H., Patankosa N.A. KoHcepBupoBaHrue pacTUTEIHHBIX KOPMOB. —
Ammater: TOO «3Bepo», 2012. — 208 c.

4 TIat. PK 24804 MIIK: C12R 1/46, A23K 3/02, C12N 1/02, C12N 1/20 3axBacka «Ka3ouocum»
JUTS CUJIOCOBAHMSI pacTUTENBHBIX KOPMOB (BapuanThl) / PatHukoBa U.A., Aiitkenpauesa C.A., CanaHoB
A K., I'aBpunoa H.H., omy611. 15.04.2014.

5 Mar. PK 23492 MIIK: C12N 1/20, C12N 1/02 Crioco6 mpou3BoicTBa CyX0Oi OaKTepHaIbHON
3aKBaCKH IS CHIIOocoBaHUs KopMmoB / PataukoBa U.A., AiitkenpnueBa C.A., CaganoB A K., ['aBpuiosa
H.H., ony61. 15.12.2010.

6 ITat. PK 23491 MIIK: C12N 1/02, C12N 1/20 Crioco6 moydeHus macToo0pa3Horo mpermnapara
quist cunmocoBanus kopmoB / I'aBpuoBa H.H, CamanoB A K., PatHukoBa M.A., AitkenpaueBa C.A.,
omy61. 15.12.2010.

7 MeToasl OMOXUMHUYECKOTO UCCiIenoBanus cuioca. — Jlyoposursr: BUXK, 1967. — 89 c.

8 Mertonsl Omoxumuueckoro uccienoanusi pacrenuit / Ilox. pen. n-pa Oumonor. Hayk A.M.
EpmakoBa. — U3x. 2-e, nepepad. u goi. — Jleannrpan: Komnoc. Jlenunrp. ota-aue, 1972. — 456 c.

9 Mertoanueckue yKa3aHUs IO OLIEHKe KadecTBa W mutaTenbHocTd kopmoB / I'.C. Ceiues, B.B.
Jlenemxkun. — M.: IUHAO, 2002. - 76 c.

H.H. TABPUJIOBA', A.K. CAJIAHOB*, I.A. PATHUKOBA'", E. K. IIOPABAEB?,
C.3. OPA3ZBIMBET?, I K. TAYBEKOBA?, P.K., KATITAT AT}, J.A. KOLIIEJIEBA®,
V.oK. KEPEMBEKOBAl, XK.T. MYCABEKOBl, C.b. I[}KAI\/'I.HAYOBA1
! «MUKPOOHOIJIOTHS KOHE BUPYCOJIOTHS FRUTBIMU-OHIIpicTIK opTanbirsn» JKIIC, Anmarsr,

Kazakcran
Onnipictik mukpobuonorus” XKIIC, Anvatsl, Kazakcran
“e-mail: iratnikova@list.ru

2n

CYUBIK )KOHE KYPFAK TYPIHJIE "KA3BMOCHJI" TIPENTAPATBIH
KACAY

Tyiiin
Kyprizinren 3eprreynep HoTmkecinae 'Kazomocun" ambITKBICHIH OHIIPYAE CYT KBIIIKBLIIBI MEH
MIPOITMOH KBIIKBUTEI OaTepHsUTApBIH OCIPY YIIiH KOJAHIBI KOPEKTIK OpTajap MalbIHIaIbIH I

58


http://biotrof.ru/files/articles/silos/04-2018-zhivotnovodstvo_rossii_biotrof2.pdf
http://biotrof.ru/files/articles/silos/04-2018-zhivotnovodstvo_rossii_biotrof2.pdf
http://biotrof.ru/files/articles/silos/04-2018-zhivotnovodstvo_rossii_biotrof2.pdf
https://kzpatents.com/patents/c12r-1-46
https://kzpatents.com/patents/a23k-3-02
https://kzpatents.com/patents/c12n-1-02
https://kzpatents.com/patents/c12n-1-20
https://kzpatents.com/patents/c12n-1-20
https://kzpatents.com/patents/c12n-1-02
https://kzpatents.com/patents/c12n-1-02
https://kzpatents.com/patents/c12n-1-20

MHUKPOBHOJIOI'US )KOHE BUPYCOJIOT'UsL ISSN 2304-585X www. imv-journal.kz

6-8'C TemmepaTypana MpOTEKTOPCHI3 CAKTAy Ke3iHIe CYHBIK AlIBITKBIHBIH KapaMIbLIBIK Mep3iMi
JabIHIaIFaH KyHHEH Oactan 3 aidapl, aln MpOTEKTOp PETiHIe eJaTMHMEH Oipre caxapo3aMeH HeMece
caxapo3ameH Oipre 4 aipl KypalThIHBI aHBIKTaJIBIH/BI.

"KazOmocwin" Kyprak ambITKBICBIH  OHIIPY Ke3iHae OakTepusuiapablH — OMOMAacCachiH
teHTpudyraigay KeMeriMeH KOMbUITbUIFaH CyOIMMAaIMSIIBIK KEOTipy/Ii MPOTEKTOp peTinae 7% caxaposa,
1,5% xematun xoHe 7% KypraKk MaWCBI3NAHIBIPBUIFAH CYTTI MaijalaHa OTBIPBIN >KYPTi3emdi.
BakrepusnapaslH KypraKk KOHIEHTPAThIH KaXKETTI TUTPre CTAaHIApTTay Ke3iHAE TONTBIPFBIN PETiHIE
MaiChl3 CYT YHTarbl HEMece KapTOll KpaxMaibl YCBHIHBUIAIBL TOHA3BITKBIIITA CaKTay Ke3iHe
JalbIHIAFaH TEXHONOTHs OoibiHIIA JaiipiHpanraH "KasOumocun" Kyprak mpenapaTTapblHBIH
KapaMJIbIIBIK Mep3iMi TalibIHAaNFad KyHHEH Oactan 12 aiiipl KypalThIHbI aHBIKTAJIIBI.

"Kazbuocun" cyHbIK KoHEe KYpFak alllbITKBICHIHBIH KOMETIMEH OpTYpPJi OCIMIIK HIMKi3aThIHBIH
TYpPJIEpiHEH canaiibl a3blK allyFa OOJaThIHIBIFBI KOPCETI.

Kinrri ce3nep: Oaxrepusuiap, CYTKBIIKBUIBI, HPOIMOH KBIMIKBUIBL, MPOTEKTOpJap, AIlBITKbI,
KYJbTUBHPIICY, KOHIICHTPAT.
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CREATION OF KAZBIOSIL BIOPREPARATION IN LIQUID AND DRY FORM

doi: 10.53729/MV-AS.2022.02.05
Summary

As a result of the studies, optimal culture media for the cultivation of lactic acid and propionic
acid baterias in the production of Kazbiosil starters were developed.

The shelf life of the liquid starter during storage without a tread at a temperature of 6-8 ° C is
found to be 3 months from the date of manufacture, and with sucrose or sucrose in combination with
gelatin as protectors - 4 months.

During production of Kazbiosil dry starter, sublimation drying of bacteria biomass concentrated
by centrifugation is carried out using 7% sucrose, 1.5% gelatin and 7% defatted milk powder as
protectors. It is recommended to use dry defatted milk or potato starch as a filler when standardizing the
dry concentrate of bacteria to the required titer. It was established that when stored in a refrigerator, the
shelf life of Kazbiosil dry preparations prepared according to the developed technology is 12 months
from the date of manufacture.

It has been shown that with the help of liquid and dry starter "Kazbiosil" it is possible to obtain
high-quality feed from various types of vegetable raw materials.

Key words: bacteria, lactic acid, propionic acid, protectors, starter, cultivation, concentrate.

Feed plays a decisive role not only as the main source of animal productivity, but also to a
large extent characterize the production efficiency of the industry, since more than 50% of the
costs fall on feeding.

Among the activities to strengthen the livestock feed base, one of the leading places
belongs to the production of high-quality silage feed, which should occupy the main share in
winter livestock rations.

Silosated food is universal, as it provides the animal body with proteins, carbohydrates
and essential vitamins. Reducing nutrient losses and improving the quality of harvested
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herbaceous feed is a real reserve for intensification of fodder production and acquires a strategic
direction at the present stage.

Recently, the technology of silting feed with the use of biological preservatives has
become widespread. The live lactic acid microorganisms contained therein cause a rapid
decrease in pH due to the formation of lactic acid. In a short time, food is preserved with the
preservation of dry matter, protein, vitamins and other nutrients.

Currently, various preparations of silage starters are offered for biological preservation of
plant feeds. Known starter for siltation and haemorrhaging of plant feeds “Biotrophe 2 +"
(Russia) based on strains of lactic acid bacteria Lactobacillus plantarum and Enterococcus
faecium [1].

Lactobifadol preparation [2] containing a combination of bacterial mass in the form of
Lactobacillus acidophilus and Streptococcus faecium is intended for silting green mass of
fodder crops. The use of the biologics improves the quality of the obtained feed by increasing
the protein safety, the specific weight of lactic acid and the nutritional content of the feed in
general, but it is not able to protect the silage from high-saccharide plants from overoxidation,
which can cause acidoses in animals.

A number of other bioconservatives are also known: Litosil (Ukraine), Laxil (Belarus),
universal starter (Nizhny Novgorod, Russia), Microbelsil (Czech Republic), Bonsilage and Bio-
sil (Germany), Biomax 5 and Biomax GP (Denmark), etc., containing mixed cultures of lactic
acid bacteria. At the same time, the same sourdough is used for canning both easily and
difficult-to-suck plants. In this case, coarse feed silage is possible only after preliminary
treatment, as well as in a mixture with easily sifting plants or with various additives: grain
waste, molasses, flour, whey, etc. [3].

The technology of preparation of a silo with use of the bacterial Kazbiosil ferment
specialized for vegetable raw materials of a certain type is offered Promyshlennaya
mikrobiologiya LLP: difficult to suck plants (a clover, a cock's head, a lucerne, cereals grass
mixtures, the reed natural forbs) straw and other coarse-rolling remains of crop production,
high-sugary easily siloed plants (corn, sunflower, a sorghum) in optimum and highly damp (75-
85%) growth phases.

The Kazbiosil biopreparation [4] consists of highly active strains of lactic acid and
propionic acid bacteria. Amylolytic lactic acid streptococcus lactis diastaticus (ALC), which is
part of a specialized bacterial starter, has a complex of hydrolytic enzymes that can involve not
only simple sugars, but also complex polysaccharides, for example, dextrin and starch, in lactic
acid fermentation. Therefore, it is used to preserve difficult-to-suck feed with a humidity range
of 60 to 80%. Lactobacillus pemtoaceticum pentose-inhibiting lactic acid bacteria (P-SLAB) are
active acid-forming agents when using pentose sugars of non-food raw materials, therefore they
are recommended for straw siltation. When straw is moistened with 1% saline solution till
moisture content is 65-70%, bacteria ferment xylose and arabinose with formation of organic
acids, acidifying feed till pH 4.4-5.2. Propionic acid bacteria Propionibacterium shermanii
(PKB) form propionic and acetic acids when fermenting sugars and organic acids, are a
producer of vitamin Bj,. The feed is prevented from peroxidation and moulding, enriched with
vitamin By,. They are used in conjunction with ALC in the siltation of highly saccharide plants.

Creation of specialized bioconservants for different types of plant raw materials allows to
expand the range of plants and wastes of field growing involved in fodder production for
preparation of high-quality silage or haylage.

The product is available in the form of a liquid culture and a uniform white to cream
powder [5, 6].

These facts indicate the high effectiveness of the Kazbiosil biologic, the prospects for
increasing its activity and widespread implementation in practice.
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The purpose of the studies was to increase the effectiveness of the Kazbiosil biologic in
liquid and dry form by selecting the optimal composition of the culture medium for culturing
bacteria, protectors for preserving the viability of bacteria in a liquid and dry preparation, a
filler for standardizing dry concentrated preparations, as well as testing the obtained biologics
when preserving plant feed.

Materials and methods of reaserch

Strains of bacteria were used in the work: Streptococcus lactis diastaticus Ak-4,
Lactobacillus pentoaceticum A-25 and Propionibacterium shermanii S-8.

Two variants of agarised culture media were used to maintain lactic acid and propionic
acid bacteria cultures.

The first medium has the following composition (g/l): corn extract - 15.0 (dry matter);
glucose - 20.0; (NH4)2SO,4 — 1,0; KN2,PO, - 0.3; K;NPQO4 - 0.7; NaCl - 0.7; KCI - 0.7; peptone -
3.0; MgSO,4 x7H,0 - 0.5; CoCl, — 0,01; CaCO3 - 10.0; microbiological agar - 12.0-15.0;
drinking water based on volume increase to 1 I; pH 6.5-7.0.

Agarized culture media (g/l) were used to maintain the cultures:

ALS

Corn extract (dry matter) - 15.0; soluble starch - 10.0;

chalk - 10.0; yeast autolysate (with content of 0.6% amine nitrogen) - 10.0; agar - 20.0;
drinking water based on bringing the volume of the medium to 1 liter.

P-SLAB

Corn extract (dry matter) - 15.0; xylose or glucose - 20.0;

NaCl - 2,0; MgSO, - 1,0; CaCO3 — 10,0; agar - 20.0; drinking water based on bringing
the volume of the medium to 1 liter.

PAB

Corn extract - 15.0 (dry matter); glucose - 20.0; ammonium sulphate - 3.0; cobalt chloride
- 0.01; chalk - 20.0; agar - 20.0; drinking water - up to 1 liter.

The same culture media but no agar were used to prepare the mother liquor.

The content of viable lactic acid and propionic acid bacteria cells was established by
inoculation from dilutions 10°107 and 10 into petri dishes with the appropriate culture
maintenance medium. After 3 days of cultivation, the grown colonies were counted in the
thermostat.

Microbial abundance and biochemical parameters in silage samples were determined by
conventional methods [7-9].

Research results and discussion

Studies were carried out to select the optimal conditions for culturing strains of lactic acid
and propionic acid bacteria. The nutrient medium is based on a corn-sugar medium consisting
of lactic acid bacteria from corn extract (1.5% by dry substance (sv) and sucrose (0.5-1.0%), for
propionic acid bacteria - corn extract (1.5% by sv), glucose (2.0%) and CoCi, (1 mg%).

Another variant of the culture medium is optimized by adding starch as well as other
components to its composition. The optimized composition of the fermentation culture medium
for lactic acid bacteria contains (%): corn extract - 2.0 (dry matter); sucrose - 1.0; starch - 0.5;
MnSQO, — 0,02; drinking water - the rest. The composition of the fermentation medium for
propionic acid bacteria is as follows (%): corn extract - 2.0 (dry matter); glucose - 1.0; starch -
0.5; ammonium sulphate - 0.3; cobalt chloride - 0.01; drinking water - the rest.

The 3rd variant of the culture medium is combined for lactic acid and propionic acid
bacteria, having the following composition (%): corn extract - 1.5 (dry matter); glucose - 2.0;
(NH4)ZSO4 - 0,1; KN,RO,4 - 0.03; KoNPO4 - 0.07; NaCl - 0.07; KCI - 0.07; peptone - 0.3;
MgSQO4x7H,0 - 0.05; CoCl, - 0,01; CaCOg - 1.0; drinking water - the rest.
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The 4th version of the culture medium (MRS) for lactic acid and propionic acid bacteria
has the composition, %: yeast extract - 0.5; meat extract - 1.0; peptone - 1.0; glucose - 2.0;
ammonium citric acid - 0.2; sodium acetic acid - 0.5; tween-80 - 0.1;

KH,PO, - 0,2; MgSO4x7H,0 — 0,02; MnSO4x4H20 - 0,05; ammonium sulphate - 0.1;
CoCl, - 0,01; drinking water - the rest.

Culture media were inoculated with 5% masterbatch. Cultivation was carried out in flasks
in a thermostat at a temperature of 28-30 °C - PAB and P-SLAB, at 35-37 °C - ALC and 32-33
°C - ALC + PAB for 18-24 hours.

The results of growing lactic acid and propionic acid bacteria on the above-described
culture media are presented in Table 1.

Table 1 - Comparative characteristics of bacterial growth on different nutrient media

Culture name Culture Media Options Cell titer, bIn/mL
corn and sugar 1,0+0,2
P. shermanii C-8 optimized 2,8+0,3
combined 2,510,3
MRS 3,0£0,3
corn and sugar 1,0+0,3
Lactobacillus pentoaceticum A-25 optimized 1,9+0,3
combined 1,5+0,3
MRS 2,2+0,3
corn and sugar 1,0+0,3
Streptococcus lactis diastaticus Ax-41 optimized 32403
combined 2,9+0,3
MRS 3,8+0,3

It was found that less accumulation of bacterial cells of lactic acid and propionic acid
bacteria occurs on corn-sugar medium, more - for all studied crops - on optimized and MRS
medium, which can be used for the production of liquid preparations "Kazbiosil."

Thus, for the cultivation of cultures Streptococcus lactis diastaticus Ak-41 and
Lactobacillus pentoaceticum, the composition of the nutrient medium containing corn extract
A-25 selected - 2.0 (dry matter); sucrose - 1.0; starch - 0.5; MnSO, -0.02, drinking water - the
rest. Optimal 35-37°C cultivation temperature for ALC and 28-30 °C for P-SLAB, cultivation
duration - 18-24 hours.

For cultivation of propionic acid bacteria, a nutrient medium is recommended, containing
(%): corn extract - 2.0 (dry matter); glucose - 1.0; starch - 0.5; ammonium sulphate - 0.3; cobalt
chloride - 0.01; drinking water - the rest. Optimal cultivation temperature 28-30°C, duration -
18-24 hours. Co-cultivation of ALC + PAB at 28-30°C for 24 hours can be carried out on this
culture medium. obtaining a starter for siltation of high-saccharide plants.

For culturing strains of lactic acid and propionic acid bacteria included in the composition
of the starter "Kazbiosil," the culture medium of the above composition is also suitable.

To stabilize the viability of bacteria when stored in liquid cultures, 7% sucrose, as well as
7% sucrose in combination with 1.5% gelatin, were investigated as protectors. The protectors
were added to the liquid cultures before being stored in a refrigerator at a temperature of 6-8°C.

The results of storage of the liquid product Kazbiosil with and without protectors are
presented in Table 2.
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Table 2 - Results of storage of liquid product "Kazbiosil" at 6-8°C

Content of viable cells in the liquid product after storage, CFU/g
o E
EEE Initial After 1 After 2 After 3 After 4 After 5
3 2% month month month month month
S. lactis diastaticus Ax-41
1, 1,8+0,3x10° | 1,5+0,3x10° | 1,4+0,3x10° | 1,2+0,2x10° | 6,4+0,3x10° | 5,0+0,5x10’
1, 2,0+£0,5x10° | 1,8+0,4x10° | 1,9£0,5x10° | 1,6£0,3x10° | 5,5+0,4x10° | 7,3+0,6x10’
15 1,4£0,2x10° | 1,2+0,3x10° | 1,1+0,4x10° | 1,040,3x10° | 1,9+0,6x10° | 1,7+0,7x10’
2, 3,2+0,4x10° | 3,0£0,3x10° | 2,5£0,4x10° | 2,5£0,3x10° | 6,3£0,5x10° | 6,0+0,6x10’
2, 3,540,4x10° | 3,4£0,5x10° | 3,2£0,3x10° | 2,4£0,4x10° | 6,120,4x10° | 4,120,6x10’
2; 2,9+0,3x10° | 2,5£0,4x10° | 2,240,4x10° | 2,040,3x10° | 2,0£0,7x10° | 5,5+0,6x10’
L. pentoaceticum A-25
1, 2,5+0,6x10° | 2,5+0,4x10° | 2,0£0,5x10° | 1,5+0,5x10° | 5,3+0,6x10° | 4,2+0,7x10’
1, 2,1+0,5x10° | 2,0£0,3x10° | 2,0£0,7x10° | 1,8£0,3x10° | 5,2+0,2x10° | 4,5+0,5x10’
1, 1,6£0,4x10° | 1,4£0,3x10° | 1,240,3x10° | 1,0£0,2x10° | 1,0£0,3x10° | 2,0+0,7x10’
2 2,4403x10° | 2,240,5x10° | 1,8+0,2x10° | 1,6+0,1x10° | 5,5+0,7x10° | 4,5+0,3x10’
2, 2,3+0,3x10° | 2,0£0,5x10° | 1,6£0,2x10° | 1,4+0,1x10° | 5,0£0,7x10° | 4,7+0,3x10’
2; 2,0£0,3x10° | 1,7£0,5x10° | 1,3+02x10° | 1,0£0,1x10° | 4,0+0,7x10" | 2,10,3x10’
P. shermanii C-8
1, 2,5+0,6x10° | 2,5+0,4x10° | 2,0£0,5x10° | 1,540,5x10° | 5,0+0,6x10° | 4,2+0,7x10’
1, 2,1+0,5x10° | 2,0£0,3x10° | 2,0£0,7x10° | 1,8£0,3x10° | 5,4+0,2x10° | 4,3+0,5x10’
1, 1,6£0,4x10° | 1,4£0,3x10° | 1,2+0,3x10° | 1,0£0,2x10° | 2,0+0,3x10° | 2,3+0,7x10’
2, 2,740,3x10° | 2,4+0,5x10° | 2,0£0,2x10° | 1,8+0,1x10° | 5,0£0,7x10° | 4,3+0,3x10’
2, 2,4403x10° | 2,240,5x10° | 1,8+0,2x10° | 1,6+0,1x10° | 5,5+0,7x10° | 4,2+0,3x10’
23 2,4+0,3x10° | 1,4+0,5x10° | 1,2402x10° | 1,0£0,1x10° | 4,0+0,7x10" | 2,0+0,3x10’
Note - 1 - optimized medium, 2 - MRS medium. Denominators - 1 - protector - 7% sucrose in
combination with 1.5% gelatin, 2 - 7% sucrose, 3 - control without protector.

As can be seen from the presented table, the number of viable bacterial cells is maintained
at the required level when the liquid preparation is stored in the refrigerator for 3 months in all
test variants. After 4 months, the standard titer was maintained in all cultures on both culture
media using 7% sucrose in combination with 1.5% gelatin or 7% sucrose as protectors. In other
variants, the cell titer is within the limits of 4,0+0,7kh10"- 1,9+0,6kh10° CFU/mI, which is
below the standard level (5.0x10° CFU/ml). After 5 months storage in all liquid formulations,
the titer was nx10’ CFU/ml.

Thus, the shelf life of the liquid starter when stored without a tread at a temperature of 6-
8°C is 3 months from the date of manufacture, and with sucrose or sucrose in combination with
gelatin as treads - 4 months.

To obtain a dry preparation, the grown liquid culture was concentrated by centrifugation
10-12 times, then 7% sucrose + 1.5% gelatin was added as a protector, or these components
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were combined with 7% defatted milk powder (SMP). After thorough mixing, the resulting
slurry was poured into metal trays and dried in a freeze dryer Liobeta-35 under the following
drying conditions:

Freezing - 30°C-10h

Freezing - 60°C -5h

Vacuum - 0.9 mPA

Drying 1 -26°C -6 h

Vacuum 1.0 mPA

Drying 2 + 20°C - 18 h

Drying 3+30°C-2h

Drying time 26 hours

The results of drying bacteria with different protective components are shown in Table 3.

Table 3 - Quality parameters of dry products obtained by the sublimation method

Strains Protective CF titer, Dry product titer,
components billion billion CFU/g
CFU/mL Initial After 5 After 12
months months
1 2 3 4 5 6
S. lactis diastaticus Ak-41 1 3,0 30,0 25,0 16,2
2 3,2 35,0 30,0 28,0
1 2 3 4 5 6
P. shermanii C-8 1 3,5 37,5 26,2 20,0
2 3,8 40,0 35,0 30,0
L. pentoaceticum A-25 1 2,8 33,5 23,0 18,0
2 2,5 35,0 28,7 23,0
Note - 1) 7% sucrose + 1.5% gelatin, 2) 7% sucrose + 1.5% gelatin + 7% SMP

It can be seen from the table that the use of both protectors produces qualitative dry
preparations containing viable cells in an amount of 30 to 40 CFU/g. However, when sucrose,
gelatin and SMP are used as a protector together, the survival of bacteria during storage is
slightly higher.

At production of dry preparations "Kazbiosil" it is necessary to standardize sublimation
dried concentrates of bacteria to titer of at least 2 billion. CFU/g.

The selection of excipients for the standardization of dry preparations was made on the
example of amylolytic lactic acid streptococcus (ALC). The parent preparation was prepared by
sublimation drying the centrifuged biomass using 7.0% SMP, 7.0% sucrose and 1.5% gelatin as
protective components. The titer of the dry product was 11x10'° CFU/g. Potato starch, wheat
flour, dry defatted milk and bentonite were used to standardize the preparation to a viable cell
content of 10-18 x10° CFU/g.

To rapidly determine the survival of ALC in preparations with different excipients, a
method for predicting resistance was used, which consisted in warming drug samples at 60°C
for 15 minutes, followed by the determination of surviving cells (Table 4).

Table 4 - Effect of excipients used for product standardization on bacterial survival at storage

Filler during Bacterial titer at storage, CFU/g
standardization Initial After warming up 3 months 7 months 12 months
Bentonite 13x10° 3x10° 8x10° 8x10° 7x10°
Wheat flour 10x10° 5,3x10° 2x10° 3x10° 2x10°
SMP 18x10° 13x10° 16x10° 14x10° 13x10°
Starch 17x10° 14x10° 15x10° 12x10° 11x10°
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It has been found that the best survival of ALC occurs when using skimmed milk powder
and potato starch as a filler. In these embodiments, after warming up, the titer of bacteria
practically did not change. When wheat flour is injected into the preparation, the number of
viable cells after warming decreased by 1 order of magnitude.

After 12 months of storage in the refrigerator of standardized preparations, viable cells in
the amount of 2x10°® to 13x10° CFU/g were installed in them. A larger number of bacterial cells
were detected in versions with dry defatted milk and potato starch, a smaller number - with
wheat flour. Thus, dry defatted milk or potato starch can be used to standardize Kazbiosil dry
starter.

The results for storage of Kazbiosil dry products standardized by SMP are presented in
Table 5.

Table 5 - Storage of standardized SMP of Kazbiosil dry products at + 6°C

Content of viable cells in dry preparations after storage, CFU/g

Batch No. Initial After 2 months | After 5 months | After 7 months After 12

months
ALC-1 2,5+0,2x10° 2,6+0,3x10° 2,5+0,6x10° 2,5+0,4x10° | 2,1+0,5x10°
ALC-2 3,2+0,5x10° 3,240,4x10° 3,1+0,3x10° 3,040,3x10° | 2,5+0,2x10°
ALC-3 2,9+0,2x10° 2,6+0,3x10° 2,5+0,5x10° 2,3£02x10° | 2,2+0,4x10°
PAB-4 3,5+0,4x10° 3,5+0,5x10° 3,0+0,3x10° 2,8+0,6x10° | 2,5+0,3x10°
PAB-5 2,6+0,5x10° 2,7+0,8x10° 2,5+0,6x10° 2,5+0,4x10° | 2,3+0,2x10°
PAB-6 2,7+0,3x10° 2,5+0,4x10° 2,5+0,2x10° 2,3+0,3x10° | 2,1+0,3x10°
P-SLAB-7 3,0+0,3x10° 2,8+0,2x10° 2,7+0,5x10° 2,5£0,4x10° | 2,2+0,2x10°
P-SLAB-8 2,8+0,2x10° 2,6+0,4x10° 2,5+0,3x10° 2,3+0,3x10° | 2,2+0,2x10°
P-SLAB-9 2,7+0,5x10° 2,6+0,4x10° 2,4+0,3x10° 2,4+0,4x10° | 2,3+0,2x10°

As can be seen from the presented table, the number of viable bacterial cells during
storage of dry preparations in the refrigerator for 12 months remains at a sufficient level (not
less than 2.0 billion CFU/g) in all case studies.

Testing of Kazbiosil preparations during preservation of vegetable feeds was carried out
in Amiran LLP. At the same time, hay is laid from alfalfa and rye (50:50) with liquid leaven
"Kazbiosil" -ALC, corn silage - with leaven "Kazbiosil" -ALC + PAB.

1 ton of liquid starter was used per 30 ml of silage feed, which was diluted in 1 | of
drinking water. For 100 tons of feed, 5 liters of liquid starter were first diluted in 10 liters
(bucket) of water, and then in a barrel with 100 liters of water. The starter was introduced into
the silage mass using a sprinkler, which is a 100-liter barrel with a dropper tube mounted on a
tractor ramming the silo.

The results of microbiological and biochemical analysis of samples of preserved feed with
Kazbiosil starter after 3 months of storage are presented in Table 6.
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Table 6 - Microbiological and biochemical parameters of alfalfa, rye and corn silage
Experience Organic acids, % Microbiology,
options min/g
L - NS free connected
- 2 < k=)
-B‘ o] r— E o
S | & | g S . |3 | E
S — S > 2 - S - ) S =
=) e S = D S @ 5 S S ©
- AN . g |8
73
Hay (alfalfa +| 60,0 | 4,4 | 42,0 | 0,02 080 |059| 00 | 035 | 00 | 44 | 30 |00
rye 50:50)
Silo (corn) 68,0 | 42 |100,0|0,01]112|056| 0,0 | 031 | 0,0 | 250 | 50 | 0,0

According to organoleptic indicators, corn silage had a wet straw color, the smell of low-
salted cucumber, the structure of the plant was preserved, the pH of the feed was 4.2. The low
content of ammonia in the feed indicates a suppression of the growth of putrid bacteria in it.

Microbiological studies showed the presence of lactic acid bacteria in the corn silo and the
absence of spore bacteria and mold fungi.

Based on the results of chemical analysis of corn silage, its quality was assessed in
accordance with existing standards. Comparative analysis of silo quality parameters is given in
Table 7.

Table 7 - Analysis of silo quality indicators in accordance with 1S 10202-97

Indicator name Class Norm Corn Silo
I II 111 Sample

Dry matter mass fraction, 26 20 16 32,0
% not less than
Butyric acid, % not more than 0,1 0,2 0,3 0,0
Lactic acid in general 55 50 40 67,0
amount of (lactic, acetic, butyric) acids, % not
less than
pH of corn silage 3,8-4,3 3,7-44 | 3,6-45 42

As can be seen from the presented materials, according to the organoleptic,
microbiological indicators and the composition of organic acids, the sample of corn silage can
be classified as class 1 quality.

Senage from alfalfa and rye had a light khaki color, the smell was poorly preserved
vegetables, the structure of the plants was preserved. It contains lactic acid bacteria and is free
of spore bacteria and mold fungi (Table 5).

The presence of organic acids of lactic and acetic acids in the haylage and pH 4.4 indicate
the passage of lactic acid fermentation and preservation of feed in the haylage.

Based on the obtained results, haylage quality was assessed in accordance with the
existing standard, which is presented in Table 8.
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Indicator

Class standards

Alfalfa and rye

I I i haylage
Dry matter mass fraction, % 40-60 40-60 40-60 57
Weight fraction of butyric acid, %, not - 0,3 0,6 0
more than

The given parameters for the mass fraction of dry substance and butyric acid in the
presented sample comply with the norm. All this indicates the receipt of high-quality food from
alfalfa and rye.

The quality of corn silage and haylage from gritters prepared with dry sourdough
"Kazbiosil" in Altynsarino LLP of Kostanay region was assessed.

Based on the obtained results of microbiological and chemical analysis of corn silage with
Kazbiosil dry starter, its quality was assessed in accordance with existing standards.

Comparative analysis of silo quality indicators by main parameters is given in Table 9.

Table 9 - Corn Silage Quality Requirements (IS 10202-97)

Indicator name Class norm Corn silage
I IT III with
sourdough
Dry matter mass fraction, % not less than 26 20 16 29,2
Mass fraction in dry substance 7,5 7,5 7,5 8,7
raw protein, % not less than
Raw fiber, % not more than 30 33 35 30,0
Raw ash, % not more than 10 11 13 7,5
Butyric acid, % not more than 0,1 0,2 0,3 0,03
Lactic acid in general amount of (lactic, acetic, 55 50 40 87,4
butyric) acids, % not less than
pH of corn silage 3,8-4,3 3,7-44 | 36-45 3,8
Carotene in dry substance mg/kg, not less than 20 20 10 27,6

As can be seen from the presented table, the Casbiosil starter silo in terms of such
parameters as the mass fraction of dry matter, the mass fraction of raw protein in dry matter, the
percentage of lactic acid from the total amount of organic acids, the carotene content exceeds
the norms established for the first class.

Microbiological studies showed the presence of lactic acid and propionic acid bacteria in
the silage and the absence of spore bacteria and mold fungi.

According to organoleptic, microbiological and chemical indicators, Kazbiosil corn silage
with dry starter can be classified as class 1 quality.

Quality analysis of haylage samples from the granary is presented in Table 10.

Table 10 - Haylage quality requirements according to 1S 10201-97

Indicator Class standards Senage from the granny
I I 1"l with sourdough "Kazbiosil"
1 2 3 4 5

Dry matter mass fraction, % 40-60 | 40-60 | 40-60 50,4

Mass fraction in dry substance of 12 10 8 12,5

crude protein, % not less than

Mass fraction in dry substance of 30 33 35 30,0

crude fiber, % not more than
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Continuation of table 10

1 2 3 4 5
Mass fraction in dry substance of - 0,3 0,6 -
butyric acid, % not more than
Mass fraction in dry substance of 10 11 13 6,5
raw ash, % not more than

As can be seen from the presented table, all the given indicators correspond to the high
quality of haylage.

Microbiological studies showed the presence of lactic acid bacteria and the absence of
spore bacteria and mold fungi in the haylage with Kazbiosil starter. There were no lactic acid
bacteria in the haylage without starter, but spore bacteria were present.

The advantage of haylage with starter is also a higher content of sugar (by 0.8%), calcium
(by 0.5%), phosphorus (by 0.1%), carotene (by 3.9 mg/kg), digestible protein (by 0.7%)
compared to haylage without starter.

According to organoleptic, microbiological and biochemical indicators, haylage from
granary prepared with Kazbiosil sourdough can be attributed to high-quality feed.

Thus, as a result of the studies, optimal culture media for the cultivation of lactic acid and
propionic acid baterias during the production of Kazbiosil starters were developed.

The shelf life of the liquid starter during storage without a tread at a temperature of 6-8°C
is found to be 3 months from the date of manufacture, and with sucrose or sucrose in
combination with gelatin as protectors - 4 months.

During production of Kazbiosil dry starter, sublimation drying of bacteria biomass
concentrated by centrifugation is carried out using 7% sucrose, 1.5% gelatin and 7% defatted
milk powder as protectors. It is recommended to use dry defatted milk or potato starch as a filler
when standardizing the dry concentrate of bacteria to the required titer. It was established that
when stored in a refrigerator, the shelf life of Kazbiosil dry preparations prepared according to
the developed technology is 12 months from the date of manufacture.

It has been shown that with the help of liquid and dry starter "Kazbiosil" it is possible to
obtain high-quality feed from various types of vegetable raw materials.
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AHHOTANUA

OcCHOBHBIMH KOpMO-0000BBIMH KyNIbTypamu B KazaxcTrane sBIsIOTCA JIONEpHA U JOHHUK, HO TIPH
WX BBIPAIIMBAHWU CYIIECTBYIOT MpoOJieMa HHU3KOW BCXOXKECTH ceMsH. [ MOBBIMIEHNST BCXOXKECTH U
YPOKAWHOCTH JTHX KYyJIbTyp HauOoliee NEepPCIEKTUBHBIM SIBISCTCS TMPUMEHEHHUE OHOJIOTMYECKOTO
crroco0a Ha OCHOBE HMCIIOH30BAHUS IEIUTIOJIONIMTHISCKUX OakTepuit. J{ns pa3paboTku 6noynoOpeHus Ha
OCHOBE ITHX OakTepwii HeoOXoIMMa BBICOKAs PEeHTAOETBbHOCTh WX Mpom3BojaAcTBA. ONHUM W3 IyTEH
CHW)KCHUS 3aTpar SBISETCS IMOAOOp ONTUMAIBHBIX WMCTOYHWKOB IMHUTAHUS JJIS TOBBIIICHUS BBIXOJA
Oouomaccel Oakrepuii. llenpi0 JaHHOTO WCCIIEIOBAHHS SIBJISLICS MONOOP ONTUMAIBHBIX HCTOYHUKOB
yraepojaa i KyJIbTUBUPOBAHUS IEIJUTIOJIONIUTHIECKUX OaKTEPH C TMOBBIIIEHHBIM BBIXOIOM OMOMACCHI
Y BBICOKOW aKTHBHOCTBIO (hepMeHTOB-1ieiuiona3. [IpoBeieH moa00p HCTOYHUKOB YIIIEPOAHOTO THTAHUS
JUTSL TpEX IITaMMOB IICIUTFOJIOIMTUYCCKUX OakTepui. YCTAHOBJICHO, YTO MAaKCHUMAJIbHOEC HAKOILICHHE
Omomacchl OakTepwWii TPOUCXOIUT HA THUTATENBHONH cpele ¢ NIMICHHMYHOH cooMoil. Hakormenue
O0MOMacChl Ha MUTATEILHOU CpeJe C JIAKTO30i ObLIO HECKOJIBKO HIDKE M COCTaBjsuio 2,7-2,9 r/i1, HO
AKTUBHOCTH IIEJUTIONIA3 MTPY BHIPAIIMBAHUN OAKTEPHI HAa 3TUX HCTOYHUKAX YIIIepoja Oblla MPaKTHIECKU
paBHOi. OHAKO MPH HapallMBaHWUU OMOMAcCHl OaKTepUil B ()epMEHTEpax MPOHM3BOJCTBEHHOI'O THIIA
IMIICHNYHYIO COJIOMY HEBO3MOXHO HCIIOJIB30BATH B KaUC€CTBC MCTOYHHKA YTJICPOJA. B cBs3u ¢ OTHUM,
JUTSL KyJBTUBUPOBAHUS IICIUTFOJIOIUTUYECKUX OakTepuil B KadecTBE HCTOYHHMKA Yriiepoja oToOpaHa
JIaKTO3a.

KuioueBble ci10Ba: IEIUTIOJIONUTHYECKHE OaKTepHH, KyJIbTHBHPOBAHHE, UCTOUYHUKU YIIEpOAa,
[eJUTI0Na3Has aKTHBHOCTb, JTAKTO3a

OcHOBHBIMU KOPMO-0000BEIMU KyNbTypaMu B KazaxcraHe sSBISIOTCS JTIOIEPHA U JOHHUK.
JlroniepHa sBISIETCS BEeAyIeH KOPMOBOM KyJIbTYpPO MHPOBOTO MaciiTada, ee MCIOIb3YIOT KaK
JUTSl KOPMJICHUSI CBE)KECKOILIEHHON 3€JICHOM MAacCOM, TaK U JUIsl 3arOTOBKHU cujioca U ceHaxa [1].
KyneTrypa oTin4aeTcss Q0JirojaeTueM, MHOTOYKOCHOCTBIO M JIa€T BBICOKHMU YpPOKail 3eeHOH
Maccel. KopMa M3 JIOIEpHBI SBISIOTCS HWCTOYHUKOM PACTUTENBHOTO OelKa M KIETYATKH,
coJiepaT KalbIlui, Kajauii, 6eTa-kapoTuH, BuTaMuH K, BuTamMuHbl rpymnmsl B, a Takke MUKpO-
Y MaKpO3JIEMEHTBI, U APYTHe NOJIE3HbIE BEIECTBA )i AKUBOTHBIX [2,3].

He MeHee BaxkHON KOPMOBOM KYJIbTYpOU SIBJISIETCA JOHHUK, KOTOPBIN €II€ HEIOCTAaTOYHO
HIMPOKO HMCHOJB3YeTCsl B KOpMoIpou3BojicTBe Kazaxcrana. DTo BBICOKOYpOKaiiHasE KOPMOBast
KyJIbTypa, HE YCTYIalollas JIIOIepHe MO0 MUTATeIbHOM IeHHOCTU. [IpenmyiecTBOM JOHHMKA
SIBJISIETCS €r0 BBICOKAs SKOJOTMYECKas IJIACTUYHOCTb, XOPOILIMH POCT Ha 3aCOJICHHBIX U
MaJIOIUIOZOPOJIHBIX TOYBAaX, HAJUYME LEHHBIX arpoOMOJIOTUYECKUX CBOMCTB, TaKuUX Kak,
BBICOKOE coJepkaHHe Oenka, CHOCOOHOCTh K  a30TQUKCAIMU, 3aCyXOYCTOWYHUBOCTD,
3UMOCTOMKOCTh M CKOPOCHENIOCTh. Take MpHU BBIPALIMBAHUU JIOHHHKA, 32 CUET Pa3JIOKEHUS
KOPHEBOM Macchl B TMOYBE, IOBBIIIAETCS COJEpPXKAHUE Tymyca. YCTAaHOBIEHO, 4YTO W3
pacTUTEILHON Macchl JOHHHMKA B TOYBE OOpasyercs Oojee 2 T/ra aKTMBHOTO Tymyca [4].
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Kpome Toro, moHHUK sBIseTcs (PUTOMETHMOPAHTOM U CHOCOOCTBYET PACCOJCHHIO TOYB, YTO
KpaitHe BaxkHO 17151 mouB Kazaxcrana [5,6].

[Ipu BBIpamIMBaHUM JOHHUKA W JIIOLEPHBI CYLIECTBYIOT MpOoOJIeMa HHU3KOW BCXOXKECTU
CeMsH. DTO CBS3aHO C TEM, YTO YacThb CEMSH STUX KYJIbTYp HMEET IUIOTHYIO M TBEPIYIO
000JI0UYKY, MPEMATCTBYIONIYI0O WX BCXOXKECTH, TaKME CEMEHa Ha3bIBAIOT TBEPJOKAMEHHBIMHU
[7,8]. Tlons, 3acesHHbIC TOHHUKOM M JIFOIIEPHOM, YacTo Ha 1/4 ocTaroTCs MyCTHIMH, TaK KaK U3
MOCESTHHBIX CeMsiH BCXOIUT Toybko 30—40%, a B HEKOTOpbIX pernoHax - meHee 15-20% cemsiH,
YTO MPUBOJUT K Pa3pEKEHHOCTH MOCEBOB U CHIXKEHUIO YPOKaWHOCTH KYJIbTYp [9,10].

CymecTBYIOT pa3iMyHbIE CIIOCOOBI TOBBIIICHUS BCXOXKECTH CEMSH, Hamboyee 4acTo
UCIONIB3YIOT MEXaHMUYECKYI0 CKapU(UKalUI0, OCHOBAHHYI0 Ha MPUMEHEHHE CIeHUaTbHbBIX
MalllMH-CKapU(PHUKATOPOB, pa3pyllAIONIMX TBEpPAYI0 000s0uky ceMsH. OjHako Tpu
MPUMEHEHUH MEXaHUYECKON CKapHU(pUKAIUU MPOUCXOAUT MOBPEKICHHE HE TOJBKO 000JI0YKH,
HO M 3apojbllla CeMsH, YTO MPHUBOAMT K IUIECHEBEHHWIO M 3arHUBAHUIO CEMSIH M TUOenu
npopocTkoB. Takke ckapu@ukanus TpedyeT 3HAUUTENbHBIX MAaTEPUATIbHBIX U YHEPreTUUECKUX
pacxomoB.

B »T0if cBs3M, pa3paboTKa MPUEMOB MOBBIMICHUS BCXOXKECTH W YPOXKAWHOCTH KOPMO-
000O0BBIX KYIBTYp Ha OCHOBE OMOJIOTHYECKHX CIHOCOOOB HMMEET BBICOKYIO AKTYaJIbHOCTb.
Hanbonee »ddexTuBHBIM  OHONOTHYECKHM  METOAOM  sBJISIETCS  o0paboTka  ceMsiH
HEJUTIONONUTHYCCKUME OakTepusiMu. Llemmononutuiyeckue OaKTepUU CHHTE3UPYIOT OCOObIe
(bepMEeHTHI - 1IeJUTI0Na3bl, KOTOPhIE YaCTUYHO Pa3pylIaloT TBEPAYIO 00OJIOUKY CeMsH, Jelas ee
MeHee IUIOTHOM Uil MpopacTaHus. DTOT MPOLECC 3aMEHSET MEXaHHUYECKYI0 CKapU(pUKAIIUIO
CEMSIH.

IIpu co3manumu OHOYHOOpEHUs BaXXKHBIM (DAaKTOpOM SIBISIETCS pEHATa0eNbHOCTh €ro
npousBojcTBa. OAHUM W3 MyTell CHM)KEHUS 3aTpaT Ha €ro MPOU3BOJICTBO SIBISIETCS MOAOOD
ONTUMATBFHBIX UCTOYHUKOB MUTAHUS ISl TIOBBIIIICHUS BBIX0/1a OMOMACChl OAKTEpU C €TUHUIIBI
3aTpavyrBaeMoOro yIrJIepoJIHOTO cyOcTpara.

[MuTtarenpHON cpenoil UIs KyIbTUBUPOBAHUS ILEUTIOJIOIUTUYECCKUX OaKTepuil sBISETCS
JJIeKTUBHAs cpega ['eTyrMHCOHA, B KOTOPOW HCTOYHUKOM YIJIepoja SBISETCS MIICHUYHAs
coioma. [Ipu HapammBanuu Omomacchl OakTepuil B epMeHTEepax MPOM3BOJICTBEHHOTO THIIA
39TOT HUCTOYHUK yIJepojJa HUCIHOJb30BaTh HEBO3MOXXHO, IOATOMY ObUI  IPOBEIEH
IbTEPHATUBHBIN MOAOOpP UCTOUHUKOB YIJIEPOJHOro MuTaHud. Llenpio JaHHOTO Mccie0oBaHus
ABIISJICSL  TOAOOpP  ONTHMAJIbHOIO  HMCTOYHMKA  yrjepoia s KyJIbTUBHUPOBaHUS
[EJUTIOJIONIMTHYECKUX OaKTepHil C TOBBIIICHHBIM BBIXOJOM OHOMAacChl 3THUX OaKTepHil ¢
BBICOKON aKTUBHOCTBIO (P€PMEHTOB-1IEIIIIONA3.

MarepuaJjbl 1 METOABI

OOBEKTOM HCCIIEeIOBAaHUI CIY)KUJIM TPU OTOOPAaHHBIX MITAMMa LEJUTIOJIONUTUYECKUX
oaktepuii (C-21(18)N, C-182K u C-21N2), moka3aBuinx HauOoJiee BBICOKHE PE3yJIbTaThl B
71a00paTOPHBIX U MOJIEBBIX OMbBITAX.

KynbTuBUpOoBaHre MUKPOOPTaHU3MOB MPOBOJIUIIN HA 3JIEKTUBHOM KUAKOW MUTATEIIbHOU
cpene I'eTunHCOHA TIYOMHHBIM CITOCOOOM Ha KadaJIke cO CKOPOCThIO BpameHus 180 o6/MuH B
kosbax Opnenmeriepa (750 mi) mpu oObeme cpeabl 250 miu. OnTuManbHBIE MapameTphbl
KYJIbTUBUPOBAHUS OAKTEPHI ONPECISUINA 10 KOJMYECTBY KomoHueoopazyronux eaunauil (KOE)
B 1,0 MJI KylIbTypanbHOM KUAKOCTH (TUTP KIIETOK).

Tutp 6axkTepraIbHON CYCIIEH3UH OMPEENISIN METOAOM BbICEBA HAa MUTATENbHBIE CPEJIbI.
J1st 3TOro Ha NMOBEPXHOCTh Arapu30BAHHOW MHUTATEIBLHOM Cpelbl B 4allku Iletpu crepunbHoOin
nuneTkord HaHocuiu 0,1 MJI COOTBETCTBYIOIIETO pa3BeAeHUsS MUKpoopraHu3moB. [locne mocesa
gamky Ilerpy nomemanu B TepMocTar Kpellikamu BHU3. Ilogcder BBIpOCHIMX KOJIOHUH
OCYIIECTBIISLIN yepe3 3-5 cyTok. [lonmydeHHbIe TaHHbIE TTOICTABIISLIN B (hopMyITy:

M=Ax10"+V,
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rae M - KonM4ecTBO KJIETOK B 1 mul; A - cpellHee KOJIMYECTBO KOJIOHHMM MPHU BBICEBE U3
JAHHOTO pa3BelieHHs; V - 00beM CyCIeH3MHM B MII, B3sTOHM Uit moceBa; 10 - xoadduimeHt
pa3BelleHUs; N - TOPSIAKOBBIM HOMEp pa3BeaeHus [11].

Jlnis onpeneneHns ONTUMAIbHOTO UCTOYHUKA YTIIEPOTHOTO MUTAHUS KYJIbTYpPhl OaKTepHii
BlpanuBasin nipu Temmneparype 30 °C u xucnorHoctu cpensl pH 6,7-7,0. Mcrounnkamu
YIIEpOAHOr0 MNHTaHus ciuyxwin rimoko3a (1,0%), makrtoza (1,0%), BomopacTBOpuMas
HaTpueBas coiib KapbokcuMerminemntonossl (Na-KML 2,0%) u nmenuynas conoma (2,0%).
Bakrepuu BeIpamuBaii B TepMocTaTupyeMom mieiikepe npu 180 06/mun u Temneparype 30°C,
JUIUTEIHLHOCTh KYJIbTUBHPOBAHUS COCTaBIsia 96 4acos.

Jliist onipeieieHns IeJUTI0NIa3HON aKTUBHOCTH 0aKTepHUil HCIIOIh30BAIN YAIICYHBIA METO/,
OCHOBaHHBIM Ha CIOCOOHOCTH KpacuTelNsl KOHTO-pOT 00pa30BbIBATh HEPACTBOPUMBIN KOMILIEKC
¢ 1e/uroNio30i. B arapuzoBaHHO#M cpene mpoOuBaiyd JyHKH, B KoTopble BHocuiu 0,1 mi
JIBYXCYTOYHOU KYJbTYPIbHOU JKHUIKOCTH OaKTepUil C THUPOM 1x10® x/mn. Yamku [Terpu
UHKYOUpoBaJiM Ha mpoTsokeHMH 24 vacoB B Tepmocrare npu 30°C. Ilocne wero cpeny
okpamuBaiu 1% pacTBOpOM KOHTO-pOT, BbLAEpKUBaIU 15 MuHYT U cMmbiBaiau 1 M pacTtBopom
NaCl. B xauecTBe KOHTPOJIS B TYHKM BHOCHUJIM CTEPHIIBHYIO cpeny. LlemnonazHyio akTUBHOCTh
OakTepuil Ompeaessid M0 JUaMeTpy 30H THAposn3a (30HAa MPOCBETICHUS) arapu30BaHHOMN
cpenst ¢ 0,1% Na-KMII u Beipakanu ee B ex/mi. [12,13]. OOuryto 1emitoia3Hyr0 akTHBHOCTb
omnpenensiim MmeToioM Manaennsc-Bebepa [14].

Buomaccy MHUKpOOpraHu3MOB ONpeAessuin HepeToOMEeTpUYECKH Ha CHEKTPO(POTOMETpe
PD-303 (“Apel”, Japan), Belpaxkaaud B €IMHHUIAX ONTHYECKOW MIOTHOCTH (OoTH. en. OIl) u
NEePECUNTHIBAIH MO0 KATMOPOBOUHOM KPUBOW Ha BeC aOCOMOTHO cyxoit Ouomaccsl (ACH, r/m).

Craructuueckass oOpaOoTKa pe3yslbTaToOB MPOBOJWIACH C HCIOJIb30BaHUEM I[aKeTa
nporpamm «Statistica 10.0» [15].

PesyabTaTsl n 00cy:KI1eHUS

Jlis BbIpalMBaHUS MHKPOOPTraHM3MOB B MPOM3BOACTBEHHBIX YCIOBHSIX HEOOXOIUMO
NPOBECTH MOAOOP MUTATEIbHBIX Cpel KYJIbTHBHPOBAHUS HCXOAA U3 HUX MOTpeOHOCTEH B
MUTATENbHBIX BEIECTBaX. OTH BEUIeCTBa JIOJDKHBI OOecneurBaTh AaKTUBHBIM  pOCT
MHUKPOOPTaHU3MOB M BBICOKOE HaKOIUIEHHWE Ouomaccel. Kpome Toro, muraTenbHble Cpebl A
KYJIbTUBUPOBAHUS MHKPOOPTaHM3MOB JOJKHBI CIIOCOOCTBOBATh CHHTE3Y OMOJIOTHMYECKH
AKTHUBHBIX BEIIECTB, TAKMX KaK )epMEHTHI, BATAMUHBI U aHTHOUOTHKH.

[TonGop MCTOYHUKOB MUTAHUS MPOBOAMIICS IO CIEAYIOIIUM IapaMeTpaM: HaKOILJICHHE
Oromacchl 1 aKTUBHOCTD (DepMEHTOB LieJuTioNa3. LlemmonasHas akTUBHOCTh OaKTepuil SIBIsIETCS
OJIHUM U3 OCHOBHBIX WHJUKATOpPOB TIpu pa3paboTke OHOymOOpeHHsT Ha OCHOBE
LEJUTIOJIONIMTHYECKUX OaKTepHil I MOBBIIIEHUS BCXOXKECTH CEMSIH KOPMO-0000BBIX KYIBTYP.
DepMEeHTHI-LIEJUTI0NA3bl  YaCTUYHO pa3pyllIaloT TBEpPAYI0 OOOJIOUKY CeMsiH, olserdas ux
pOpacTaHue, U, TEM CaMbIM, ITOBBIIIAS BCX0XKECTh.

Jlns mombopa HMCTOYHHKOB YIJIEPOJHOTO TMHUTAaHUS s OakTepuil HMCMOJIb30BaIH
NUTATENbHYIO cpeay l'eTdyrMHCOHA ¢ III0K030M, sakTo30i, Na-KMI[ n nieHn4yHol coaoMoi.
baktepun BbIpanuBaiu B TEPMOCTATUPYEMOM LIEHKepe, MOCiIe OKOHYaHUS KYJIbTUBUPOBAHMUS
OTIpeNIeNIsTN HaKOIUIEeHHe OMoMacchl U aKTUBHOCTH LieJuTiona3. buomaccy Gaktepuil BeIpaxanu
B /1 abcomroTHO cyxoit onomaccel (ACBH).

Pe3ynbTaThl M0 HAKOIUIEHUIO OMOMACChl OAKTEPUSMH MPH POCTE HA PA3HBIX MCTOYHHKAX
yriepo/a MpeiCcTaBiIeHbl Ha PUCYHKE.
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Buomacca, r/n

3,5 -

|

|

Na-KML|

["ntoko3a

@ C-21(18)N
O C-182K

O C-21N2

JlakTo3a lMweH. conoma

WMcTouHnkun yrnepoaa

Ha pucynke BumHo,

PI/IC}’HOK - Hakomienue 6momaccel OCJITIOJIO0IUTUICCKUMHA 6aKTepI/I$IMI/I npu
KYJIbTHUBUPOBAHHWU HA MUTATCIIbHBIX CPpeJaxX C pasHbIMHA UCTOYHUKaMU YIJI€poaa

YTO MAaKCHMAaJllbHOC HAKOIUICHHE OHOMACCHI

OTMCYCHO Ha

MUATATEJILHON CpeJie C MIIEHUYHOM COJOMOM, B3ATOM B Kauy€CTBE MCTOYHMKA Yriepojaa, U OHO
coctaBisiio 3,1-3,2 /11, MUHMMaJIbHOE HAKOIJICHHE OMOMacchl OBUIO Ha MHUTATEIBHOW cpene,
r7€ B KayecTBE MCTOYHWKA yriepoaa ucnonb3zoBaau Na-KMI[ (1,6—-1,7 r/m). Hakomnenue
Ouomacchl Ha MUTATEIbHON cpele ¢ JIAKTO30H OBLI0O HECKOJBKO HIDKE, YeM Ha Cpefe C

MIIEHUYHON COJIOMOM, U cocTaBisuio 2,7-2,9 r/i.

N3ydyeHne BIMSHUS HMCTOYHHUKOB YTJIEpoAa Ha IEJUTIOIa3HYI0 aKTHBHOCTH OaKTepHid
MIPUBEJICHO B TaOIHUIIE.

Tabmuna - Llenmiona3zHass aKTUBHOCTh OAaKTEepHil NMPH KyJbTUBUPOBAHUM HA MHUTATEIbHBIX
Cpelax ¢ pa3HbIMU UCTOUYHUKAMU yriepoja

IlenmronazHast akTUBHOCTb,
Hcrounuk Konuenrtpanus, /M
0
yrIepoaa % C-21IN2 C-182K C-21(18)N
ITmennynas
coOnoMa 2,0 5,4+0,01 5,4+0,03 5,5+0,01
I'nroxo3za 1,0 4,4+0,01 4,0+0,01 4,2+0,01
JlakTo3a 1,0 5,5+0,02 5,3+0,03 5,4+0,02
Na-KMIL]{ 2,0 4,8+0,01 4,6+0,01 4,7+0,01
[Mpumedanue - ypoBeHb JOBepUTENbHON BepositHocTH p<0,01

HccnenoBanust mokazanu (Tabnuila), 9TO MaKCHMalbHAs IIEJUTFOJIa3HAas aKTUBHOCTH
IITAMMOB BBISIBJICHA HA MHUTATEIBHON Cpelle C MIICHWYHON COJIOMOM, YTO cocTaBmio 5,4-55
€/1/MII, MUHUMAJIbHAS - Ha CpeJie C TIoKo30H - 4,0-4,4 en/mt.
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YcTaHoBIIEHO, YTO IPU POCTE OAKTEpUil HA MUTATENLHON Cpeie C JIAKTO301 LeJITI0Ia3Hast
aKTUBHOCTh cOCTaBisia 5,3-5,5 en/mMn um ObUla TPAKTHYECKU PABHOM aHATIOTMYHOMY
NIOKa3aTeNo Mpu pocTe OakTepuil Ha MHUTATEIBHOW cpele ¢ MIIeHWYHOH cosomoit (5,4-5,5
en/mn).

3akJjoueHue

Takum o00pa3oMm, MpoBeneH MOAOOp HUCTOYHUKOB YIJIEPOJHOTO THTAHHUS [UISL TpeX
Han0oJiee TMEpPCIEeKTUBHBIX INTAMMOB IICIUTIONOJIUTHYECKUX OaKkTepuil. Y CTaHOBJIEHO, YTO
MaKCHMalbHOE HAKOIUICHHE OMOMAacChl OaKTepUSMU TPOUCXOAHWT Ha MUTATENBHOU cpene C
MIIIEHUYHOW conoMoi. Hakomienue Owomacchl Ha TUTATEIBHOM Cpefie C JIAKTO30U ObLIO
HECKOJIbKO HW)KE€ U COCTaBIsUIO 2,7-2,9 T/, HO aKTUBHOCTH LEJUIIONA3 TPU BHIPAIIMBAHUH
OakTepuid Ha OTUX MCTOYHUKAX yriepoaa Obula TpakTUYecKW paBHOW. OmHaKo TIpH
Hapall¥BaHUU OHoMacchl OakTepuil B (epMEeHTEepax MPOU3BOACTBEHHOIO THUIA MIICHUYHYIO
COJIOMY HEBO3MOXXHO HCITOJIb30BaTh B Ka4eCTBE MCTOYHMKA Yriiepoaa. B cBsi3u ¢ atum, 1is
KYJIbTUBHPOBAHUS IICIUTIOIOIUTHYECKAX OaKTepuil B KauyecTBe MCTOYHUKA yTiiepoda oToOpaHa
JIaKTO3a.

HccnenoBanue BBIMOTHEHO MPU (PMHAHCOBOMW MOJIEPKKEe MUHUCTEPCTBA 00pa30oBaHus U
Hayku PecniyOonuku Kazaxcran B pamkax rpantoBoro npoekta AP08855656.
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HEJUTIOJOJATUKAJBIK BAKTEPUSIJIAPIBI OCIPY YIITH KOMIPTEKTI
A3BIK KO3TH TAHJIAY

Tyiiin

Kazakcranmarpl Herisri a3pIKTHIK )oHE OypIIaK JakbLIAapbl KOHBINIKA MEH TOTTI Oene, Oipak
oJIapABl  ©CIPTeHIIE TYKBIMHBIH OHTIIITITIHIH TOMEHIIT Moceseci TyblHAaimpl. byl makeuimapIbe
OHTIILTIT MEH OHIMALIITIH apTTHIPy YIIiH HEJUTIOIOIUTUKANBIK OaKTepUsIIapIbl KOJJaHyFa HEeTi3aenreH
OHMOJIOTHSUIBIK ONICTI KOJAAHY €H HepcrneKkTuBanbl Oonbil TaObuagsl. Ocbl OakTepusiiap HeriziHzae
OMOTHIHAWTKBIIITEL JKacay YIINIH ojiap[bl OHIIPYAiH >XOFapbl peHTabenpaimiri Kaxer. IIbFbiHAAPABI
a3alTy JKOJIapbIHBIH Oipi OaKTEPUSIIBIK OMOMACCAHBIH IIBIFBIMIBUTBIFBIH aPTTHIPY YIIIIH OHTAMIIBI TAMAK
Ke3[epiH TaHzay Oojbin TaObuanel. bym 3epTTeyaiH MakcaThl LEUIIOJIONUTHKAJIBIK OaKTepHsapsl
ecipy YIIIH OHTaljbl KOMIPTErl KO3iH TaHaay JKOHE LeJUII0J103a (PepMEHTTEPIHIH KOFapbl OEICeH i
Oap OmMoMaccaHBIH >KOFapbl HIBIFBIMABUIBIFBIH aly Oonabl. L{emrononuTuKanbK OakTepusap bl yIil
IITAMMBI VIIiH KOMipTeriMeH KOpEKTEHY Ke3lepiH TaHaay Xyprizinmi. bakrepusblk OnomaccaHblH
MaKCHUMaJIJIbl )KHHAKTATYBl Onzail cabansl 6ap oprana OaiikanraHsl aHBIKTaNIbL. JlakTo3ackl Oap opraaa
OroMaccaHbIH JKMHAKTaNybl Oipmiama TeMeH Oonpl koHe 2,7-2,9 r/m Kypansl, O6ipaKk OChl KOMipTeK
Ke3aepiHne OakTepusUIapAbl ecipy Ke3iHaeri LesuTionaszajapAblH OesceHminiri Oipaeit aepiik OOJabL.
Anaiina ennipictik Tunreri epMeHTaTopiapaa OakTepusiapasH OnoMaccachlH YIFAUTy Ke3inae ounai
cabaHbIH KeMipTeri Kke3l peTiHae mnakgananyra OonMababpl. COHIBIKTaH —IEJUTFOJIOJIMTHKAIBIK
OakTepHsIapAbl ecipy YIIiH KOMIpTeri Ke3i peTiHie JTakTo3a TaHIaJIIbl.

KinTri ce3mep: Ue/UTIONOIUTHKANBIK OakTepusuiap, ecipy, KeMipTeKk Ke3zepi, LeJuIonasa
OeJICeH 11T, JaKTOo3a.
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Summary

The main fodder and legume crops in Kazakhstan are alfalfa and sweet clover, but when growing
them, there is a problem of low seed germination. To increase the germination and productivity of these
crops, the most promising is the use of a biological method based on the use of cellulolytic bacteria. To
create a biofertilizer based on these bacteria, a high profitability of its production is required. One of the
ways to reduce the cost of fertilizer production is the selection of optimal nutrition sources to increase
the yield of bacterial biomass. The purpose of this study was to select the optimal carbon source for the
cultivation of cellulolytic bacteria and to obtain an increased yield of biomass with a high activity of
cellulase enzymes. The selection of sources of carbon nutrition for three strains of cellulolytic bacteria
was carried out. It was established that the maximum accumulation of bacterial biomass was noted on
the medium with wheat straw. The accumulation of biomass on the medium with lactose was somewhat
lower and amounted to 2.7-2.9 g/l, but the activity of cellulases when growing bacteria on these carbon
sources was almost equal. However, when increasing the biomass of bacteria in production-type
fermenters, wheat straw cannot be used as a carbon source. Therefore, for the cultivation of cellulolytic
bacteria, lactose was selected as a carbon source.

Keywords: cellulolytic bacteria, cultivation, carbon sources, cellulase activity, lactose

The main forage and legume crops in Kazakhstan are alfalfa and sweet clover. Alfalfa is
the world's leading fodder crop; it is used both for feeding freshly cut green mass and for
harvesting silage and haylage [1]. The culture is distinguished by longevity, multi-cutting and
gives a high yield of green mass. Alfalfa feed is a source of vegetable protein and fiber, contains
calcium, potassium, beta-carotene, vitamin K, B vitamins, as well as micro and macro elements,
and other useful substances for animals [2,3].

An equally important crop is the sweet clover, which is not widely used in the fodder
production of Kazakhstan. This is a high-yielding fodder crop, which is not inferior to alfalfa in
terms of nutritional value. The advantage of sweet clover is its high ecological plasticity, it
grows well on saline and infertile soils, has a number of valuable agrobiological properties,
such as high protein content, ability to fix nitrogen, drought resistance, winter hardiness and
early maturity. Also, when growing sweet clover, due to the decomposition of the root mass in
the soil, the humus content increases. It has been established that more than 2 t/ha of active
humus is formed from the plant mass of sweet clover in the soil [4]. Also, sweet clover is a
phytomeliorant and promotes soil desalination, which is extremely important for the soils of
Kazakhstan [5,6].

When growing sweet clover and alfalfa, there is a problem of low seed germination. This
is due to the fact that some of the seeds of these crops have a dense and hard shell that prevents
their germination; such seeds are called hard stone [7,8]. Fields sown with sweet clover and
alfalfa often remain 1/4 empty, since only 30-40% of the sown seeds germinate, and in some
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regions less than 15-20% of the seeds, which leads to sparse sowing and a decrease in crop
yields [9, ten].

There are various ways to increase the germination of seeds, the most commonly used is
mechanical scarification, based on the use of special scarifying machines that destroy the hard
shell of seeds. However, when using mechanical scarification, damage occurs not only to the
shell, but also to the seed embryo, which leads to mold and decay of the seeds, and the death of
seedlings. Also, scarification requires significant material and energy costs.

In this regard, the development of methods for increasing the germination and yield of
fodder legumes based on the use of biological methods is of high relevance. Cellulolytic
bacteria are most suitable for developing a biological method for increasing germination. These
bacteria synthesize special enzymes - cellulases, which partially destroy the hard seed coat,
make it less dense and the seed sprout germinates easily. This process replaces the process of
mechanical seed scarification.

When creating a biofertilizer, an important factor is the profitability of its production. One
of the ways to reduce the cost of biofertilizer production is the selection of optimal food sources
to increase the yield of bacterial biomass per unit of spent carbon substrate.

The nutrient medium for the cultivation of cellulolytic bacteria is the Hutchinson elective
medium, in which the source of carbon is wheat straw. When increasing the biomass of bacteria
in production-type fermenters, this carbon source cannot be used; therefore, a selection of
carbon nutrition sources was carried out. The purpose of this study was to select the optimal
carbon source for the cultivation of cellulolytic bacteria and to obtain an increased biomass
yield of these bacteria with a high activity of cellulase enzymes.

Materials and methods

Three selected strains of cellulolytic bacteria (C-21(18)N, C-182K and C-21N2) served as
the object of research, which showed the highest results in laboratory and field experiments.

The cultivation of microorganisms was carried out on the elective liquid nutrient medium
of Getchinson by the deep method on a shaker with a rotation speed of 180 rpm in Erlenmeyer
flasks (750 ml) with a medium volume of 250 ml. The optimal parameters for cultivating
bacteria were determined by the number of colony forming units (CFU) in 1.0 ml of culture
fluid (cell titer).

The titer of the bacterial suspension was determined by seeding on nutrient media. To do
this, 0.1 ml of the appropriate dilution of microorganisms was applied to the surface of the agar
nutrient medium in Petri dishes with a sterile pipette. After inoculation, the dishes were placed
in a thermostat with the lids down. The colony growth was counted after 3-5 days. The data
obtained were substituted into the formula:

M=Ax10n+V,

where M is the number of cells in 1 ml; A - the average number of colonies when seeded
from a given dilution; V is the volume of the suspension in ml, taken for inoculation; 10 -
dilution factor; n is the serial number of dilution [11].

To determine the optimal source of carbon nutrition, bacterial cultures were grown at a
temperature of 30°C and pH 6.7-7.0. Glucose (1.0%), lactose (1.0%), water-soluble sodium
carboxymethylcellulose (Na-CMC 2.0%) and wheat straw (2.0%) served as sources of carbon
nutrition. The bacteria were grown in a thermostatically controlled shaker at 180 rpm and a
temperature of 30°C, the duration of cultivation was 96 hours.

To determine the cellulase activity of bacteria and identify effective strains, a plate
method was used, based on the ability of the Congo-rot dye to form an insoluble complex with
cellulose. Wells were punched in an agar medium, into which 0.1 ml of a two-day culture liquid
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of the studied bacterial strains with a titer of 1 x 10° cells/ml was added. Petri dishes were
incubated for 24 hours in a thermostat at 30°C.

After that, the medium was stained with 1% Congo-rot solution, kept for 15 minutes, and
washed off with 1 M NaCl solution. Cellulase activity was assessed by the diameter of the
cellulose hydrolysis zone (clearance) around the wells. As a control, sterile medium was
instilled into the wells. The cellulase activity of bacteria was determined by the diameter of the
zones of hydrolysis of the agar medium with 0.1% Na-CMC and expressed in U/ml. [12,13].

The total cellulase activity was determined by the Mandels-Weber method [14].

The biomass of microorganisms was determined nephelometrically on a PD-303
spectrophotometer (Apel, Japan), expressed in units of optical density (rel. OD units), and
recalculated according to the calibration curve to the weight of absolutely dry biomass (ASB,
g/L).

Statistical processing of the results was carried out using the Statistica 10.0 software
package [15].

Results and discussions

For the cultivation of microorganisms in industrial conditions, it is necessary to select
culture media based on their nutrient requirements. These substances must ensure the active
growth of microorganisms and a high accumulation of biomass. In addition, nutrient media for
cultivating microorganisms should promote the synthesis of biologically active substances, such
as enzymes, vitamins, and antibiotics.

The selection of food sources was carried out according to the following parameters:
accumulation of biomass and activity of cellulase enzymes. The cellulase activity of bacteria is
one of the main indicators in the development of biofertilizer based on bacteria to increase the
germination of seeds of fodder legumes. Since, it is these enzymes that partially destroy the
hard shell of seeds, make it easier for germination, and, thereby, increase their germination.

To select sources of carbon nutrition for bacteria, Hutchinson's medium with glucose,
lactose, Na-CMC, and wheat straw was used. Bacteria were grown in a thermostatically
controlled shaker; after bacterial cultivation, biomass accumulation and cellulase activity were
determined. Bacterial biomass was expressed in g/l absolutely dry biomass (ADB).

The results on the accumulation of biomass by bacteria on different carbon sources are
shown in the figure.
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Figure - Accumulation of biomass by cellulolytic bacteria during cultivation on media with
different carbon sources

The figure clearly shows that the maximum accumulation of biomass by bacteria was
noted on the medium with wheat straw, taken as a carbon source, and it was 3.1-3.2 g/l, the
minimum accumulation of biomass was on the medium with Na-CMC (1, 6-1.7 g/l). The
accumulation of biomass on the medium with lactose was somewhat lower than on the medium
with wheat straw, and amounted to 2.7-2.9 g/L.

The study of the influence of carbon sources on the cellulase activity of bacteria is given
in the table.

Table - Cellulase activity of bacteria during cultivation on media with different carbon
sources

Source Concentration, Cellulase activity, U/ml

of carbon % C-21IN2 C-182K C-21(18)N
Wheat straw 2,0 5,4+0,01 5,4+0,03 5,5+0,01
Glucose 1,0 4,4+0,01 4,0+0,01 4,2+0,01
Lactose 1,0 5,5+0,02 5,3%+0,03 5,4%0,02
Na-CMC 2,0 4,840,01 4,6+0,01 4,7+0,01
Note - confidence level p<0.01

Studies have shown (table) that the maximum total cellulase activity of the strains was
noted on the medium with wheat straw and it was 5.4-5.5 U/ml, the minimum on the medium
with glucose was 4.0-4.4 U/ml.

It was found that during the growth of bacteria on a medium with lactose, their cellulase
activity was 5.3-5.5 U/ml and was almost equal to that of the growth of bacteria on a medium
with wheat straw (5.4-5.5 U/ml).
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Conclusion

Thus, the selection of sources of carbon nutrition for three strains of cellulolytic bacteria
was carried out. It was established that the maximum accumulation of biomass by bacteria was
noted on a medium with wheat straw. The accumulation of biomass on the medium with lactose
was somewhat lower and amounted to 2.7-2.9 g/l, but the activity of cellulases when growing
bacteria on these carbon sources was almost equal. However, when increasing the biomass of
bacteria in production-type fermenters, wheat straw cannot be used as a carbon source.
Therefore, for the cultivation of cellulolytic bacteria, lactose was selected as a carbon source.

The study was financially supported by the Ministry of Education and Science of the
Republic of Kazakhstan within the grant project AP08855656.
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IITAMM CHRYSEOBACTERIUM RHIZOPLANAE IM -OCHOBA BUOIIPEITAPATA
MPOTUB ®Y3APMO3HOM 'HUJIA VIGNA RADIATA 1 OIIEHKA ETO
BUOBE3OITACHOCTH

doi: 10.53729/MV-AS.2022.02.07
AHHOTALUSA

B cratee mpusedenvt pezyibmamvl uccredoganusi (QYHTHIWIHOW aKTHBHOCTH IITaMMa
Chryseobacterium rhizoplanae 1M u ero merabonurtos, anerouHa u 2,3-0yTaHennona, B OTHOLUICHHU
BO30ymuTeneit gysapuosa marra (Vigna radiata). YcraHosieHo, 4To AMaMETp 30H MOJIaBIeHuUs pocta F.
oxysporum, F. equiseti u F. tricincium mrammom C. rhizoplanae 1M cocrasmn 22,3+2,0; 25+0,36 u
27,3£2,5 MM, cooTBeTcTBeHHO. CHIDKCHHE pPOCTa TATOTCHOB IIO7] NEWCTBHEM €ro MeTaOOJIHTOB,
aretonHa u 2,3-OyraHenuoinia, ObUT0 HauOombpmuM Tpu KoHIeHTparmu 500 mr/mu. duamerp 30H
mojaBieHus pocra F. oxysporum, F. equiseti u F. tricincium B BapuaHTe ¢ alleTOMHOM C KOHIIEHTpAIHei
500 mr/a cocraBun 19,0; 11,7 u 13,7 MM, cooTBercTBeHHO. Jnamerp 30H mojaBjieHus pocta F.
oxysporum, F. equiseti u F.tricincium B Bapumante ¢ 2,3-OyraHenuosnioM ¢ KoHueHTparued 500 mr/mn
coctaBwi 14,3; 21,0 u 11,3 MM, COOTBETCTBEHHO.

Orenka (GakTOpOB TATOTEHHOCTH (TOKCHUYHOCTH) W  AJUISPTEHHOCTH IIITaMMa
Chryseobacterium rhizoplanae 1M moka3anma ero 0e30MacHOCTh, a YCTaHOBJICHHAs paHee
POCTOCTHMYJIUPYIONIAsl aKTUBHOCTh IITAMMa W €r0 METa0OJUTOB B OTHOIICHWH MPOPOCTKOB Malla
CBUJICTENILCTBYET O TMEPCIECKTUBHOCTH €ro TMPUMEHEHHs B KadeCTBE OCHOBBI JUISI  CO3JIAHUS
noau(yHKIIMOHABHOTO ~ OWompernapaTra, OO0JIaalonero  KOMIUIEKCHBIM — MPOTHBOTPHOKOBBIM U
CTUMYJIHPYIOIINUM JICHCTBUEM.

KmioueBbie cioBa: Vigna radiata, ¢ysapmos, Chryseobacterium rhizoplanae, 6uompemnapar,
6100e301TacHOCTb.

Mam (Vigha radiata), xak u apyrue 3epHOO00OBBIE KYJIBTYPHI, HMEET OOJBIIOE
arpoTEeXHUYECKOE 3HAYCHHE, KaK TPEAIICCTBEHHUK JUII MHOTHX CElIbCKOXO35SHCTBEHHBIX
KyJIbTyp, obOoramiasi Mo4yBy OHOJIOTMYECKHM a30ToM. B 0o00ax marma COAEpKUTCS TOJHBIN
KOMILJIEKC TIOJIE3HBIX BELIECTB: XHUPBl W YIJIEBOJbI, BUTAMHHBI M MHHEpAIbHbIE BELIECTBA,
KJIeTYaTKa, THIIEBbIC BOJOKHA. 3HAYMTEIbHBIC MOTEPH TOCEBAM Mallla HAHOCAT pa3IHYHBbIC
0o0J1e3HY, U3 KOTOPBIX HanOoJIee MUPOKO PacpOCTPaHEHHOH 1 OonacHoM sBisieTcs ¢y3apuo3 [1-
5]. V¥ pacrenuii, mopakeHHbIX (y3apHO30M, HAYMHACTCS 3aTHUBAHKME KOPHEH — MOSIBIIAIOTCS
YYaCTKH KPacHOBATO-OypOro OTTEHKA, MOKPBIThIE OENbIM MM O€I0-pO30BBIM HAJIETOM. 3aTeM
MOPAKAIOTCS COCYIbI, 00eCIIeunBaroONIe TKaH HeoOxoaumoi Biaroi. [IporcxoauT 3akymopka
COCYIIOB MHIIeTeM Tpuba, BHIOPOC TOKCHYECKHX BELIECTB, BCJEJICTBHE YEro HapyIIaeTcCs
BOJHBIN 00MeH U paboTa pOoTOCHHTE3A.

XapakTepHbIMH TPU3HAKAMH TOpaKeHHUs (y3aprHO30M CUMUTAIOTCS MOXKEITeHHE U
OlaJlaHWe JIMCTHEB, IMOHMKIIUE BEPXYIIKH PACTEHHH, MMOTEMHEBIIME KOPHH. Y MOJIOJIBIX
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pacTeHUH CHMIITOMBI 3apa)KCHUSI TPOSBISIFOTCS HE TaK BBIPAKEHHO, TOJBKO 3aMEIJICHHEM
pocTa W pa3BHUTHS, TOT/Ia KaKk Ha Ooyiee TMO3JHHUX CTAAWAX, YCYTyOJICHHBIX IOBBIIICHHON
TEMIIEPaTypOil OKPYXKAIOLIET0 BO3JyXa M XPOHHYECKMM HEIOCTaTKOM BOJBL, (y3apuo3
pa3BUBAETCS CTPEMUTEIFHBIMU TEMIIAMH U THOEITh PACTEHUH MPOUCXOINT 32 HECKOJIBKO JTHEH.

B Hacrosee BpeMs HCIOJIB30BaHHE arpOXMMHKATOB B CEIILCKOM XO3SHCTBE SIBISICTCS
OCHOBHBIM CIOCOOOM KOHTpPOJIsSI OOJNIe3HEH pacTeHWi, OJHAKO WX NPUMEHEHHE WMEET PSI
HEJIOCTAaTKOB: MPOUCXOMUT (HOPMHUPOBAHME CTOMKHUX pac BO30yauTeNed, WHTHOMpPOBAHUE
pu3ochepHBIX MUKPOOPTAaHNU3MOB, OMACHOCTH IS 3JI0POBBS YEIIOBEKa W KUBOTHBIX. B CBsI3M ¢
9TUM, BO3HUKAET HEOOXOIUMOCTh 3aMEHBl X HAa HETOKCHYHBIC U IKOJOTMYECKU OEe30IacHbIC
OuonpenapaThl HA OCHOBE MUKPOOPTaHH3MOB, 00JIaJaf0IINX aHTarOHUCTUIECKOH aKTUBHOCTHIO
[6-9].

Panece mamm w3 KopHeBbIXx y3enkoB Mamra (Vigna radiata), KyabTHBHpyeMOro B
Typkecranckom paiione Kazaxcrana, Obu1 Beigenen mramm Chryseobacterium rhizoplanae
IM, KOTOpBI CTHMYJIMPOBAJI POCT Mallla U CHHTE3UPOBAT PsAJl COCAMHEHHM, O00IaIaroImx
POCTOCTUMYITHPYIOLIEH akTUBHOCTRIO [10].

B cBiI3M ¢ BO3MOXKHOCTHIO CO3JaHUS TMONU(YHKIIMOHAILHOTO —OwWompenapara,
o0lajaromero  KOMIUIEKCHBIM — (YHTHIMIHBIM  JCWCTBUEM  HAa  (PUTOMATOTE€HBl U
CTHMYJIMPYIOIIMM Ha pacTeHUE, IEeNIbI0 UCCIIEOBAaHMS SBUIIOCH H3yYCHUE aHTarOHUCTHYECKON
aktuBHoctu 1mtamma C. rhizoplanae /M wu omnpenenenue creneHH ero OE30MaCHOCTH IS
JanbHEHIel pa3paboTKu Ha €ro OCHOBE OHoIperapara.

O0BEeKTEI M METOALI CCJIe10BAHUS

OOwexkToM wuccaemoBanus cayxun mTamMm  Chryseobacterium  rhizoplanae 1M.
HccnenoBaHne aHTaroHUCTHUYECKOM AaKTHUBHOCTU IITaMMa B OTHOLIEHHH (DUTOMATOreHOB—
BO30yauTenel ¢y3apuo3a MpoBOAUIHN B JaOOPATOPHBIX YCIOBUAX MeTOIOM Iuddy3uu B arap
[11]. ITaMmM KynbTUBHUpOBAJICS B TeueHHE 24 yacoB Ha KpyroBoi kadanke 180 o6/mMuH Ha
XKHJIKOM IHUTaTeNbHON cpenie Mase cnenyromero cocrasa (r/1): ropox-100, caxaposa -10, HPO4
-1, MgSO4 - 0,03, arap — 20, Boga aquctwuiipoBanHas —1. Tutp mosyqaemoii 6akTepraTbHON
CYCIIEH3UU COCTaBIIAET 10 KOE/Mn. B kauectse TECT-KYJIbTYp HCHOIb30Baau Fusarium
oxysporum, Fusarium equiseti u Fusarium tricincium, BbIIc/ICHHBIC M3 MOPAKEHHBIX CEMSH
Mmara copra «Ilo6ema-54» duronaToreHHbIC TPUOBI 3aCEBATU CIUIOIIHBIM Ta30HOM Ha TBEPIYIO
KapTo(enpHO-TIIIOKO3HYI0 cpey B yamku [lerpu. Ha cBexxe3acessHHOM ra3zone puronaToreHa B
CTEpUJIBHBIX YCIOBUSX JENANH JIYHKH, B KOTOPbIE BHOCWIM OaKTEpUATBHYIO CYCHEH3HUIO
mrramma C. rhizoplanae, wu BeiieieHHbIE paHee U3 KyJIbTYPalIbHOM KUIKOCTH alleTOMH H 2,3-
Oyranenuon B KoHueHTpamusx 250 um 500 mr/m. B kauecTBe KOHTpOJS HCIIOJIB30BAIH
nuTarenapHyro cpeny Masze u 96% stanoin. Yamku [letpu nomemanu B TepMocTar npu 28°C na
3-5 cyrok (Bpems pocra matoreHa). O0 aHTarOHUCTHUYECKON aKTHBHOCTH IITaMMa CYAWUIHU IO
OTCYTCTBHIO POCTa MaTOreHa BOKPYr JyHKH co mrammom C. rhizoplanae 1M wnu aneTonHa u
2,3-0Oyraneauona.

Onenky Oe3omacHOCTH HITaMMa HCCENOBalM Ha  JaOOPAaTOPHBIX  YKUBOTHBIX:
HEJIMHEWHBIX OENbIX MBIIIaX, MOPCKHUX CBHHKAaX, KPOJHMKAaX, IMOJTYYCHHBIX W3 IMHUTOMHHKA
71a00paTOPHBIX KUBOTHBIX C BETEPUHAPHBIMU MACIOPTaAMHU 310POBbSL.

HccnenoBanue BUPYISHTHOCTH MITaMMa MPOBOAMIOCH HA § Tpymmax >KUBOTHBIX (MO 8
OenbIX MbIIIe BecoM 16-18 T) B KOHIEHTpaIUsix OT 10° bi (o) 10" KOE/mn OOIIETTPUHATHIM
meronoM [12] myreM mepopaJbHOrO M BHYTPUOPIOIIMHHOTO BBEACHHMS  Pa3TUYHBIX
KOHIIGHTpaluid cycrneH3nn OakTepuii. KOHTpONIbHBIM KMBOTHBIM BBOJWIIN (HHU3HOJIOTHUECKUI
pacTtBop. JKUBOTHBIX COAEPIKAITU B OJUHAKOBBIX YCIOBHUSX, KOPMUIN OAMHAKOBBIM PALOHOM.
Habnronenus 3a uX COCTOSTHHEM MPOBOIMIH B TEUCHHUE 15 CYTOK.

HccnenoBanue aniepreHHOro ASUCTBUS 10 CeHCUOMIM3UpYyIomeMy 3¢ ¢hexTy nIpoBOIMIN
Ha MOPCKHMX CBMHKaX B KOJIMYECTBE 3 TOJIOB, KOTOPHIM Ha BBICTPUIKEHHBIE YYACTKU KOXKHOTO

81



Ne2 (37) 2022

IIOKPOBA HAHOCHIIM IIYTEM AlllLINKALMH HCCICAYEMYI0 KYIbTypy B KOHIEHTpaumsx or 10° 1o
10° KOE/mu. Kontponem cimyxun (HpU3NOIOTHYESCKUN PACTBOp. YUET PEaKIMH MPOBOIMICS
yepe3 24 yaca B TeueHue 71Hel. Pe3ynbraT onjeHnBaiy B 6ajuiax 1o ciexyrolei mkanie:

0 - BuIUMOM peakiny HET;

1 - 6negHO-poO30Bast spuTEMa IO BCEMY y4acTKy HIIHU 10 ero nepudepuu;

2 - IPKO-PO30Basi 3pUTEMa MO0 BCEMY YUaCTKY WJIH TI0 ero nepudepun;

3 - KpacHast SpUTeMa Mo BCEMY y4YacTKYy;

4 - yaUIbTpaAIUs U OTEK KOXH (YTOJIIEHWE KOXXHOW CKJIAJAKH) TPH HAIHMYAU WU
OTCYTCTBHH SPUTEMEI;

5 - spuTema, BbIpaKeHHAsI HHOUIBTPAITUS, OYaroBble U3BSA3BICHUS (HEKPO3), BO3MOXKHBI
remMopparuu, 00pa3oBaHue KOpOYeK.

Jlns uccrnenoBaHus MECTHO-Pa3ApaXkarollero JACWCTBUS B OMBITE€ HCIOJIb30BAIA TpeX
KPOJIIMKOB BecoM 3-3,5 KIr, KOTOpPHIM B KOHBIOHKTHBAJIbHYIO TOJOCTh IPaBOrO TrJja3a
3aKanbIBaIM HCCIENYEMOE BEHIECTBO B KOHIEHTPALIUU 1x10° KOE/Mn. JleBblii r1a3 Obil
KOHTPOJIBHBIM, B HETO 3aKalbIBalld TUCTWLIUPOBAHHYIO Boxy. MccienoBaHus MPOBOJIUIH IO
OanpHOI cucTeMe, MCXOld W3 CyMMapHOro Oamia Mo CJIeAYIOIIMM KPUTEPHUSIM: THUIIEPEeMHUS
KOHBIOHKTUBBI U POTOBHIIBI, OTEK BEK, BBIACICHUS. YUET peakiuy MPOBOIWICS yepe3 24 Jyaca B
TEeUeHUE 5 qHEN.

3akiroueHne O kiacce omacHoctd KynbTypbl C. rhizoplanae 1M nenmamu cormiacHo
CYIIECTBYIOIIECH KiIaccuUKaAIMU TaTOTEHHOCTH ITaMmoB [13].

Bce momyueHHbIE OKCIIEPUMEHTANbHBIC JAaHHBIE CTATUCTHYECKH 00paboTaHbl C
ucrnonp3zoBanueM [Iporpammer «STATISTICA 10».

Pe3yabTaThl M 00Cy:KIeHHE

Buonorudeckuii METO/I CYMTACTCS SKOJIOTHUECKH 0€30MaCHBIM U SIBISETCS HEOTHEMIIEMOM
YaCTbl0 HMHTETPUPOBAHHOM CHCTEMBI 3alluThl pacTeHuil.  [lITamMMbl MHKpPOOpPraHHU3MOB,
MOJIABIISIONIUE POCT W pa3BUTHE (PUTOMATOTCHHBIX TPUOOB, SBISIOTCS OCHOBOW JIJISI CO3TAHMS
6uomnpenapatoB. Hamu mpoBeeHo Hcciea0BaHne aHTarOHUCTUYECKOW akTUBHOCTH 1Tamma C.
rhizoplanae 1M B oTHomeHHH Bo30ymuTened (¢yzapuo3a Maiia, KOTOPOE IOKa3ano, 4YTO
JAHHBIA [ITaMM MMOJAaBJsieT pasButue F. oxysporum, F. equiseti u F. tricincium, BeiaeaecHHBIX
U3 MOPaKCHHBIX CeMsiH Mara. [luaMmeTp 30H mojaasieHus pocta F. oxysporum, F. equiseti u F.
tricincium mrammom C. rhizoplanae IM cocraBun 22,3+2,0; 25+0,36 u 27,3+2,5 wmwm,
COOTBETCTBEHHO (Tabmuia 1).

Tabnuna 1 - AuTaronuctTiuueckas akTuBHOCTh mramma C.rhizoplanae 1M B otHomeHUM
BO3OyauTenel Gpy3apro3HOM THUIIN Mala

Tect — MUKPOOPTaHU3M JurameTp 30H NoIaBIeHUs pocTa
TCCT-MUKPOOpPTraHn3Ma, MM
Fusarium oxysporum 22,3+2,0
Fusarium equiseti 250,36
Fusarium tricincium 27,3+2,5
KonTponb — nutarenpHas cpena Mase 0

Panee ObutO ycTaHOBIIEHO, yTO Merabonuramu mramma C.rhizoplanae 1M  sBisrorcs
arletouH u 2,3-0yTaHenuos, COoJep)KaHhe KOTOPBIX B KYJIbTYPAIbHOW YKUAKOCTH COCTABIISIIO
78,5£2,0% wu 16,642,9%, cootBercTBeHHO [9]. DTH coenuHEHHs] MPOTECTUPOBAHBI Ha
AHTAarOHMCTHYECKYI0 aKTUBHOCTh B OTHOIICHWUW Bo3Oymurtened ¢yszapuosa: F. oxysporum,
F.equiseti u F. tricincium (tabmuna 2).
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Tabnmuna 2 - AHTaroHmcTUYecKass aKTUBHOCTH arleTomHa u 2,3-OyraHenuoiia B OTHOIICHHUH
BO3OyauTenen py3apro3HOM THUIN Mallia

Oo6pazen Konuentparnus, JuamMeTp 30H MOAABICHUS POCTA
MI/I1 TCCT-MUKPOOPraHmsMa, Mm
Fusarium Fusarium equiseti | Fusarium
oxysporum tricincium
alleTOUH 500 19,0+1,0 11,742,8 13,715
250 6,315 7,715 6,0+1,0
2,3-0yTaHeanon 500 14,3+3,7 21,0+3,6 11,3423
250 6,7+2,8 13,3+2,8 7,3
KonTpons 96% 0 0 0
3TAaHOJI
KonTposs Bosa 0 0 0

W3BecTHO, YTO JIETy4He COCIMHEHUS, TaKHE KaK alKaHbI, allbJCTH/Ibl, aMMHAK, CIIOKHBIC
3UpPBI, KETOHBI, CYIbGUIABl U TEPICHOUIBI, IPOIYLIUPYEMbIE HEKOTOPHIMH PHU300aKTEPUSIMHU,
NPOSIBJISIIOT TIPOTUBOTPHOKOBYIO AKTHBHOCTh B OTHOUICHWH (PUTOIATOTEHOB, B TOM YHCIIE
npotuB F. oxysporum u R. solani. B HameMm MccieqoBaHHM HaOIOJAIOCh CHHKEHHE pOCTa
BO3OyauTenel Gpy3aprosa B MPUCYTCTBUH alleTonMHa U 2,3-0yranenuosna (tadnuma 2). [Ipu stom
koHIeHTpanus 500 Mmr/m oboux BemecTB okaszanach Oonee 3¢dexkTuBHON. J[Mamerp 30H
nojgaBieHust pocra F. oxysporum, F. equiseti m F. tricincium B BapwaHTe C aleTOMHOM C
koHleHTpanueir 500 mr/n cocraBun 19,0, 11,7 u 13,7 MM, cooTrBeTcTBeHHO. [lnamerp 30H
nogasiieHus pocra F. oxysporum, F. equiseti u F.tricincium B BapuanTe ¢ 2,3-0yTaHEaHOIOM C
koH1eHTpanueit 500 mr/n  cocrasun 14,3, 21,0 u 11,3 MM, COOTBETCTBEHHO.

Hcxomst 3 mosydeHHbIX AaHHbIX, mtamM C rhizoplanae 1M siBisieTcst epCreKTHBHBIM B
Ka4ecTBE OCHOBBI JUIs CO3JIaHMs OHoTpernapaTa Ui CTUMYJISIIUU pocta Maria (Vigna radiate) u
3amuThl OoT (Qy3apuosa. Jns manpHEHIe pa3pabOTKM W MPUMEHEHHS Ha OCHOBE INITaMMa
Omornpenapata HEOOXOIMMO OILIEHUTH €T0 OM00e30MacHOCTh JJIsl OKpY>Karomie cpeapl. B
CBSI3U C DTHUM, HAaMH IIPOBEJCHA OIleHKa (paKTOPOB MATOTEHHOCTH (TOKCUYHOCTH) U
aJUIEpPreHHOCTH ImTamMMa. lccnenoBaHue BHUPYJIEHTHOCTH IITaMMa IOKa3alo, 4YTO IMIpH
BHYTPHOPIOMIMHHOM BBeAeHnu cycrnensun mramma C rhizoplanae 1M B KoHIEHTpaIusx OT
1010 10" KOE/mut sKHBOTHBIE GBUTH 310pOBBbI, HAGIIONAICA XOPOIIMl AIIETHT, TTOABHKHOCTb.
[Ipu KOHILEHTpaIUu 10° u 10" KOE/Mn xBoe >KMBOTHBIX 3aGOJIEIH. [Ipu mnepopambHOM
BBesieHnn mramma C rhizoplanae 1M, uepe3 2 cyrok oTmedeHa 3a00J€Ba€MOCTh OJHOTO
JKUBOTHOTO B BapHaHTE C KOHIIEHTpaluen 10° KOE/mn, n aBouX >XWBOTHBIX - B BapHaHTE C
KOHILIEHTpaluen 101 KOE/mMin. Y 3a60/NeBIIMX KMBOTHBIX HAOJIOJAIOCh  YMEHBIIICHUE
armneTuTa M MOJBHXHOCTH, B3bEPOLICHHOCTh Mexa. Ha 5 cyTku xuBoTHBIE BbI3A0opoBenu. Ha 15
CYTKHU TuOenu nepe0oIeBIINX )KUBOTHRIX HE 0TMeueHo (Tabnuua 3).

Tabmuua 3 - Pe3ynbrarel MCCIeAOBaHUS OCTPOM TOKCHMYHOCTH KynbTyphl C. rhizoplane_npu
BHYTPUOPIOIIMHHOM U IEPOPATBHOM BBEJICHUH MBbIIIIAM

Kon-Bo Crioco0 I?P;Ihel .I:Zp?;:; 3abomneno JleTanbHOCTB BBEI?I;I;?HX
YKUBOTHBIX BBEJICHUS ’ P YKUBOTHBIX YKUBOTHBIX
(KOE/mu) KHUBOTHBIX
1 2 3 4 5 6
8 B/6prowm 10° 0 0 8+0
8 B/6prowm 10° 0 0 8+0
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[Iponomkenue TadauUIBI-3

1 2 3 4 5 6
8 B/6prowm 10’ 0 0 8+0
8 B/6prowm 10° 2+0 0 8+0
8 B/6promm 10" 240 0 8+0
8 B/opror KonTpoins 0 0 8+0
Ous.p-p.
8 Tepop. 10° 0 0 8+0
8 Tepop. 10° 0 0 8+0
8 Tepop. 10’ 0 0 8+0
8 Tepop. 10° 1+0 0 8+0
8 Tepop. 10" 2+0 0 8+0
8 Iepop. KouTpoins 0 0 8+0
Ous.p-p.

[Ipumedanue: B/Opromr — BHyTpuOprOIIMHHOE BBeIeHNE; [lepop. — mepopaibHOE BBECHHUCE,
Ous.p-p. —pu3noTOTHUECKUNA PACTBOP.

[lpu wccnenmoBaHWM aJUIEPreHHOTO JEHCTBHs HaOJroganachk OJEIHO-PO30Bas dpUTEMA Y
UCTIBITYEMBIX MOPCKHX CBHHOK 10 MECTY HAJIOKECHHUS HAa MX KOXY anruidkaiuio mramma C.
rhizoplanae 1M, mnpu KOHIEHTpAIUH 10° KOE/Mn, 4TO CBHMAETENbCTBOBANO O C1a6OM
IIIEpPreHHOM JICHCTBUH, KOTOPOE MPOIILIO HA BTOPBIE CYTKH IMOCIIE HATOXKEHUS.

[lpu BBemeHUM HMCCIENyeMOil KyJIbTyphl B KOHBIOHKTHBY TJla3a KPOJHUKOB, y OJHOTO U3
Tpex Habmrofanack crnabas MOJNOKUTENbHAS PEakIus B BHUJIE MHBEKIIMA COCYIOB CKJIEPHI U
POTOBHIIBI, CIHM3UCTBIX BBINEICHWH B yrmax 1ya3. Ha Bropele cyTku HaOIOIeHHUN
BBIIIICHA3BAHHBIE SBJICHUS Y )KHUBOTHBIX MOJTHOCTHIO KYIMUPOBAIUCH, B MOCIEAYIOIINE 5 CYTOK
OTKJIOHCHHH OT (DU3MOJIOTMYECKOM HOPMBI HE HAOJI0/1aJI0Ch, COOTBETCTBEHHO, MCCIIECIYEMBbIi
[ITaMM He 00J1aJIaeT MECTHO-Pa3IPaKAONIUM JICHCTBUEM.

OCHOBBIBasiCb Ha  CyHIeCTBYIOIIeH  kiaccudukanmu — omperneneHuss  (GaKTOpOB
MMAaTOreHHOCTH (TOKCHUYHOCTH) W aJUICPTE€HHOCTH mTaMMOB, KyibTypa C rhizoplanae 1M
NPUHAIISKAT K 4-Kjlaccy OMacHOCTH, W HE SIBIIICTCS IMATOTEHHOW ISl TEIJIOKPOBHBIX
OpPTaHU3MOB.

Takum o6pazom ycraHoBiaeHo, uro mramm C rhizoplanae 1M, u ero MetaboIUTHI,
aneTonH u 2,3-0yraneanos, o01agaroT GYHTULIUAHBIM IEHCTBHEM B OTHOIIEHUHU BO30ynuTenei
dby3apuosa marra (Vigna radiata). J{uamerp 30n momasienus pocta F. oxysporum, F. equiseti u
F. tricincium mrammom C. rhizoplanae 1M cocraBun 22,3+2,0, 254+0,36 u 27,3+2,5 mmM,
cooTBeTCTBEHHO. CHI)KEHUE pOCTa MATOT€HOB IO/ JICHCTBHEM €ro MeTa0OJMTOB, alleTOMHA U
2,3-Oyranenuona, ObI0 HambonpmuM mnpu KoHmeHTpamwu 500 wmr/mim.  [uamerp 30H
nojgasieHust pocra F. oxysporum, F. equiseti u F. tricincium B BapwaHTe C aleTOMHOM C
koHneHTpanueir 500 mr/n cocrasun 19,0, 11,7 u 13,7 MM, coorBeTcTBeHHO. [lnamerp 30H
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nojasyieHus: pocra F. oxysporum, F. equiseti u F.tricincium B Bapuante ¢ 2,3-0yTaHEaHOJIOM C
KoHIIeHTpanuei 500 wmr/in coctaBun 14,3, 21,0 m 11,3 mM, coorBeTcTBeHHO. OIlCHKA
(bakTOpOB MATOreHHOCTH (TOKCUYHOCTH) W QJUISPTEHHOCTH IITaMMa TOKa3ajga ero
0€3011aCHOCTh, a YCTAaHOBJICHHAs paHEe POCTOCTUMYJHUPYIOIIAas aKTHBHOCTH ITaMMa U €ro
METabONMTOB B OTHOIICHHH MPOPOCTKOB Mallla CBHUJIETEIBCTBYET O MEPCIEKTUBHOCTU €Tro
MPUMEHEHUS B KadyeCTBE OCHOBBI IS CO3JaHMs TOJU(PYHKIIMOHAIBHOTO OWoIpenapara,
00J1a/1a1011er0 KOMIUIEKCHBIM TPOTUBOTPHUOKOBBIM M CTUMYIIUPYIOIIUM JCHCTBHEM.
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VIGNA RADIATA-H ®Y3APUO3/1bI IHITPII'THE KAPCBI BUOTIPEITAPAT HET13I -
CHRYSEOBACTERIUM RHIZOPLANAE IM IITAMMBI )KOHE OHBbIH
BUOKAYHICI3AII'THIH BAFACBI

Tyiiin

Makanaga Chryseobacterium rhizoplanae 1M miTaMMbIHBIH (GYHTHIUATIK  OCICEHIUTIMHIH
HOTIDKENEpl KoHe MeTabonurrepi, ameronH MeH 2,3-6yramemmonasin Mamthiy (Vigna radiata)
(y3apro3 aypybIHBIH KO3IBIPFBINIBIHA KaThIHACH Kenripiared. F. oxysporum, F. equiseti sxome F.
tricincium maTtoreHAepiHiH ecy AMaMeTpiik 3oHamapeiH Texeyi C. rhizoplanae 1M mramMMbIMeH
22,3+£2,0; 25+£0,36 xxone 27,3+2,5 MM KaThIHACBHIHAA aHBIKTAIABL. llaTOoreHAEpIiH OCyiHIH TeXemyi,
OHBIH METa0OJUTTEpl ameTonH xoHe 2,3-OyraHeauoabiH 500 Mr/mMjl KOHLEHTPALMSICHIHIA ANKbIH
kepinmi. F. oxysporum, F. equiseti xone F. tricincium ecy muamerpiik Texenyi, aneronHHin 500 mr/n
KOHIIeHTparms HyckackiHma 19,0; 11,7 xone 13,7 mM kypamel. F. oxysporum, F. equiseti xone F.
tricincium ecy mmamerpimik Texenyi, 2,3-6yraHemuoiasie 500 MI/a KOHIEHTpalms HycKachiHma 14,3;
21,0 >xone 11,3 MM OOIABI

bBaranay ¢axropnapsr 6oiibiama, Chryseobacterium rhizoplanae 1M mTraMMBIHBIH MATOTEHIUTIT
(YBITTBUIBIFRI) KOHE aJUICPTEHAUNII OHBIH KayilCI3OIriH, COHBIMEH Oipre OYpBIH aHBIKTAIFaHIa
MITAMMHBIH ©CYy OCIICEHIUTITIH BIHTAJAHIBIPYIIEI KOHE METaOONMMTTEpiHIH Mall JaKbUIBIHA KOJIIAHY
TUIMJIUTITIH KOPCETKeH/IeH, Ooiamakra 3¢HCAaHbIpayKyJIaKTapra Kapchl JKOHE BIHTAJIAHABIPYIIG,
KeLIeH 11 MoJu(yHKIMOHAIbI OHONpEIapar jkacayra sKapaiThIHIbIFbIH KOPCETTI.

Kinrri cesmep: Vigna radiata, ¢ysapuos, Chryseobacterium rhizoplanae, 6uomnpemnapar,
OMoKayincizik
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Summary
The article presents the results of a study of the fungicidal activity of the Chryseobacterium
rhizoplanae 1M strain and its metabolites acetoin and 2,3-butanediol against Fusarium mung bean
(Vigna radiata) pathogens. It was found that the diameter of the growth inhibition zones for F.
oxysporum, F. equiseti, and F. tricincium by C. rhizoplanae 1M was 22.3+2.0, 25+0.36, and 27.3+2.5
mm, respectively. The reduction in pathogen growth by its metabolites acetoin and 2,3-butanediol was
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greatest at 500 mg/ml. The diameter of the zones of inhibition of growth of F. oxysporum, F. equiseti
and F. tricincium in the variant with acetoin at a concentration of 500 mg/l was 19.0, 11.7 and 13.7 mm,
respectively. The diameter of the growth inhibition zones of F. oxysporum, F. equiseti and F.tricincium
in the variant with 2,3-butanediol at a concentration of 500 mg/l was 14.3, 21.0 and 11.3 mm,
respectively.

Evaluation of the pathogenicity (toxicity) and allergenicity factors of the strain showed its safety,
and the previously established growth-stimulating activity of the strain and its metabolites in relation to
mung bean seedlings indicates its promising use as a basis for creating a polyfunctional biological
product that has a complex effect on both mung bean pathogens and mung bean sprouts and stimulation
of plant growth.

Key words: Vigna radiata, fusariosis, Chryseobacterium rhizoplanae, biological product,
biosafety.

Mash (Vigna radiata), like other leguminous crops, is of great agrotechnical importance as
a precursor for many crops, enriching the soil with biological nitrogen. Mung beans contain a
full range of useful substances: fats and carbohydrates, vitamins and minerals, fiber, dietary
fiber. Significant losses to mung bean crops are caused by various diseases, of which Fusarium
is the most widespread and dangerous [1-5]. In plants affected by Fusarium, rotting of the roots
begins - areas of a reddish-brown hue appear, covered with a white or white-pink bloom. Then
the vessels are affected, providing the tissues with the necessary moisture.

There is a blockage of vessels by the mycelium of the fungus, the release of toxic
substances, as a result of which water exchange and photosynthesis are disrupted. Yellowing of
leaves, falling off, drooping top of plants, darkened roots are considered characteristic signs of
damage. In young plants, the symptoms of infection are not so pronounced, you can only notice
a slowdown in growth and development. Whereas in the later stages, aggravated by elevated
ambient temperature and a chronic lack of water, Fusarium develops at a rapid pace and the
death of plants is a matter of several days.

Currently, the use of agrochemicals in agriculture is the main way to control plant
diseases, but their use has several disadvantages: the formation of resistant races of pathogens,
the inhibition of rhizosphere microorganisms, and the danger to human and animal health. In
this regard, there is a need to replace them with non-toxic and environmentally friendly
biological products based on microorganisms with antagonistic activity [6-9].

Previously, we isolated a strain of C. rhizoplanae 1M from the root knots of mung bean
(Vigna radiata) cultivated in the Turkestan region of Kazakhstan, which stimulated the growth
of mung bean and synthesized a number of compounds with growth-stimulating activity [10].

In connection with the possibility of creating a polyfunctional biological product that has
a complex fungicidal effect on phytopathogens and stimulates the plant, the aim of the study
was to study the antagonistic activity of the C. rhizoplanae 1M strain and determine the degree
of its safety for further development of a biological product based on it.

Objects and methods of research

The objects of study were the C. rhizoplanae 1M strain. The study of the antagonistic
activity of the C. rhizoplanae 1M strain against phytopathogens, causative agents of Fusarium,
was carried out under laboratory conditions by the agar diffusion method [11]. The strain was
cultivated for 24 hours on a circular shaker 180 rpm on a liquid nutrient medium Mase with the
following composition (g/l): peas-100, sucrose -10, HPO4 - 1, MgSO4 - 0.03, agar - 20,
distilled water -one. The titer of the resulting bacterial suspension is 108 CFU/ml. F.
oxysporum, F. equiseti, F. tricincium, isolated from the affected seeds of Pobeda-54 mung bean
variety, were used as test cultures. Phytopathogenic fungi were sown in a continuous lawn on a
solid potato-glucose medium in Petri dishes. Wells were made on a freshly planted lawn of a
phytopathogen under sterile conditions, into which a bacterial suspension of a C. rhizoplanae
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strain was added, or acetoin and 2,3-butanediol previously isolated from the culture liquid at
concentrations of 250 and 500 mg/l. Maze medium and 96% ethanol were used as controls.
Petri dishes were placed in a thermostat at 280C for 3-5 days (pathogen growth time). The
antagonistic activity of the strain was judged by the absence of pathogen growth around the well
with the C. rhizoplanae 1M strain or acetoin and 2,3-butanediol.

The safety assessment of the strain was studied on laboratory animals: non-linear white
mice, guinea pigs, rabbits obtained from a nursery of laboratory animals with veterinary health
passports.

The study of the virulence of the strain was carried out on 8 groups of animals (8 white
mice each weighing 16-18 g) at concentrations from 10° to 10** CFU/ml by the conventional
method [12] by oral and intraperitoneal administration of various concentrations of a bacterial
suspension. Control animals were injected with saline. The animals were kept under the same
conditions and fed the same diet. Their condition was monitored for 15 days.

The study of the allergenic effect on the sensitizing effect was carried out on guinea pigs
in the amount of 3 heads, which were applied to the clipped areas of the skin by application of
the studied culture in concentrations from 10° to 10° CFU/mI. Physiological saline served as
control. Accounting for the reaction was carried out after 24 hours and within 7 days. The result
was evaluated in points according to the following scale:

0 - no visible reaction;

1 - pale pink erythema throughout the area or along its periphery;

2 - bright pink erythema throughout the area or along its periphery;

3 - red erythema throughout the area;

4 - infiltration and edema of the skin (thickening of the skin fold) with or without
erythema;

5 - erythema, severe infiltration, focal ulceration (necrosis), hemorrhages, crusting are
possible.

To study the local irritating effect in the experiment, three rabbits weighing 3-3.5 kg were
used, in which the test substance was instilled into the conjunctival cavity of the right eye at a
concentration of 1x10° CFU/mI. The left eye was the control, distilled water was instilled into
it. The studies were carried out according to a point system, based on the total score according
to the following criteria: conjunctival and cornea hyperemia, eyelid edema, discharge.
Accounting for the reaction was carried out after 24 hours and within 5 days.

The conclusion about the hazard class of the C.rhizoplanae 1M culture was made
according to the existing classification of pathogenicity of strains [13].

All obtained experimental data were statistically processed using the STATISTICA 10
Program.

Results and discussion

The biological method is considered environmentally friendly and is an integral part of an
integrated plant protection system. Strains that limit the number of phytopathogenic fungi are
the basis for the creation of biological products. We conducted a study of the antagonistic
activity of the C. rhizoplanae 1M strain against Fusarium mung bean blight pathogens, which
showed that this strain suppresses the development of F. oxysporum, F. equiseti, and F.
tricincium isolated from affected mung bean seeds. The diameter of the growth inhibition zones
for F. oxysporum, F. equiseti, and F. tricincium by strain C. rhizoplanae 1M was 22.3+2.0,
25+0.36, and 27.3£2.5 mm, respectively (table 1).
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Table 1 - Antagonistic activity of the C. rhizoplanae 1M strain against pathogens of Fusarium
rot of mung bean

Test — microorganism Inhibition zone diameter test microorganism, mm
F. oxysporum 22,3+2,0
F. equiseti 25+0,36
F. tricincium 27,3+2,5
Control Maze medium 0

It was previously determined that the main compounds of the C. rhizoplanae 1M strain
are acetoin and 2,3-butanediol, the content of which in the culture liquid was 78.5+2.0% and
16.6+£2.9%, respectively [9]. These compounds were tested for antagonistic activity against
Fusarium pathogens: F. oxysporum, F. equiseti and F. tricincium (table 2).

Table 2 - Antagonistic activity of acetoin and 2,3-butanediol against pathogens of Fusarium rot
of mung bean

Sample Concentration, Diameter of the zone of inhibition growth of the test
mg/l microorganism, mm
F. oxysporum F. equiseti F. tricincium
acetoin 500 19,0£1,0 11,7+2,8 13,715
250 6,315 7,7£15 6,0£1,0
2,3-butanediol 500 14,3+3,7 21,0+£3,6 11,3+2,3
250 6,7+2,8 13,3+2,8 7,3
Control 96% 0 0 0
ethanol
Control water 0 0 0

Volatile compounds such as alkanes, aldehydes, ammonia, esters, ketones, sulfides, and
terpenoids produced by some rhizobacteria are known to exhibit antifungal activity against
phytopathogens, including F. oxysporum and R. solani. In our study, a decrease in the growth of
pathogens of fusvriasis was observed in the presence of acetoin and 2,3-butanediol (table 2). At
the same time, the concentration of 500 mg/l of both substances was more effective. The
diameter of the zones of inhibition of growth of F. oxysporum, F. equiseti and F. tricincium in
the variant with acetoin at a concentration of 500 mg/l was 19.0, 11.7 and 13.7 mm,
respectively. The diameter of the growth inhibition zones of F. oxysporum, F. equiseti and F.
tricincium in the variant with 2,3-butanediol at a concentration of 500 mg/l was 14.3, 21.0 and
11.3 mm, respectively.

Based on the data obtained, the C rhizoplanae 1M strain is promising as a basis for
creating a biological product to stimulate the growth of mung bean (Vigna radiate) and protect
against Fusarium. For further development and application of a biopreparation based on a strain,
it is necessary to assess its biosafety for the environment. In this regard, we assessed the factors
of pathogenicity (toxicity) and allergenicity of the strain. The study of the virulence of the strain
showed that with intraperitoneal administration of a suspension of the C rhizoplanae 1M strain
at concentrations from 10° to 10’ CFU/ml, the animals were healthy. There was a good appetite,
mobility. At concentrations of 10° and 10** CFU/ml, two animals fell ill. Oral administration of
the strain C rhizoplanae 1M, after 2 days, the incidence of one animal in the variant with a
concentration of 10° CFU/mI, and two animals in the variant with a concentration of 10"
CFU/ml was noted. Affected animals showed a decrease in appetite and mobility, and also had
ruffled fur. On the 5th day the animals recovered. On the 15th day, the death of recovered
animals was not observed (table 3).
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Table 3 - Results of the study of acute toxicity of the culture of C. rhizoplane with
intraperitoneal and oral administration to mice

Quantity Method Concentration | g0 | | othality of | QuaNUty
. L C. rhizoplane . . surviving a
of animals injections animals animals .

(CFU/mI) nimals

8 In/abdomen 10° 0 0 8+0

8 In/abdomen 10° 0 0 8+0

8 In/abdomen 10’ 0 0 8+0

8 In/abdomen 10° 240 0 8+0

8 In/abdomen 10" 240 0 8+0

8 Infabdomen The control 0 0 8+0
physical
solution

8 orally 10° 0 0 8+0

8 orally 10° 0 0 8+0

8 orally 10’ 0 0 8+0

8 orally 10° 1+0 0 8+0

8 orally 10" 240 0 8+0

8 orally The control 0 0 8+0
physical
solution

In the study of the allergenic effect, pale pink erythema was observed in the test guinea
pigs at the site of application of the C rhizoplanae 1M strain to their skin, at a concentration of
10° CFU / ml, which indicated a weak allergenic effect, which disappeared on the second day
after application. With the injection of the studied culture into the conjunctiva of the eye of
rabbits, one of the three had a weak positive reaction in the form of an injection of the vessels of
the sclera and cornea, mucous secretions in the corners of the eyes. On the second day of
observations, the above phenomena in animals completely stopped, and for the next 5 days no
deviations from the physiological norm were observed, respectively, the studied strain does not
have a local irritating effect. Based on the existing classification of determining pathogenicity
(toxicity) and allergenicity factors of strains, the culture of C rhizoplanae 1M belongs to the 4th
hazard class, and is not pathogenic for warm-blooded organisms.

Thus, it has been established that the C rhizoplanae 1M strain and its metabolites
acetoin and 2,3-butanediol have a fungicidal effect against Fusarium mung bean (Vigna
radiata) pathogens. The diameter of the growth inhibition zones for F. oxysporum, F. equiseti,
and F. tricincium by strain C. rhizoplanae 1M was 22.3+£2.0, 25+0.36, and 27.3+2.5 mm,
respectively. The reduction in pathogen growth by its metabolites acetoin and 2,3-butanediol
was greatest at 500 mg/mL. The diameter of the zones of inhibition of growth of F. oxysporum,
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F. equiseti and F. tricincium in the variant with acetoin at a concentration of 500 mg/l was 19.0,
11.7 and 13.7 mm, respectively. The diameter of the growth inhibition zones of F. oxysporum,
F. equiseti and F. tricincium in the variant with 2,3-butanediol at a concentration of 500 mg/I
was 14.3, 21.0 and 11.3 mm, respectively. Evaluation of the pathogenicity (toxicity) and
allergenicity factors of the strain showed its safety, and the previously established growth-
stimulating activity of the strain and its metabolites in relation to mung bean seedlings indicates
its promising use as a basis for creating a polyfunctional biological product that has a complex
effect on both mung bean pathogens and mung bean sprouts and stimulation of plant growth.
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ITPABUJIA
W3JIaHus )KypHaja
«MHUKPOBHNOJIOI'US ) KOHE BUPYCOJIOI'US»

Kypnan nyOnukyer craThbMl (YHAAMEHTAJIBHOIO U TMPUKIAJHOTO  XapakTepa.
Marepuansl TODKHBI OTpakaThb pPE3YJIbTaThl HAYYHBIX HCCICIOBAHUN W TNPAKTUYECKUX
JOCTIKEHUH B 0077aCTH MUKPOOHOJIOTHH, BUPYCOJIOTHH, ONOTEXHOIOTUU M SKOJIOTHH.

[Tnara 3a myOIMKaIMIO CTaTe HE B3UMACTCSI.

[IpencraBneHHsle Il OMyOIMKOBAHUS MaTEepUalbl JOJDKHBI YIOBJIETBOPSTH CIEAYIOLIINM
TpeOOBaHUSM:

ConmepxaTb pe3ynabTaThl OPUTHHAIBHBIX HAyYHBIX HCCICAOBAHMN 10  aKTyaJbHBIM
npobieMaM B 00JaCTH MUKPOOHOJIOTHUH, BUPYCOJIOTHH, OMOTEXHOJIOTHH M 3KOJOTHH, paHee He
OIyOJIMKOBaHHBIC M HE MTPeIHAa3HAYECHHBIE K IMyOIMKAIMY B IPYTUX M3IaHHAX.

Bce cratbu npuHMMArOTCS U MyOIUKYIOTCS OJHOBPEMEHHO Ha JBYX SI3bIKaX (Ka3axCKOM U
AHTJIMICKOM, WJIH PYCCKOM U aQHTJIUHCKOM).

CraThu NPUHUMAIOTCS B JJISKTPOHHOM BHJE uepe3 Mpouiib aBTOpa Ha caiite Imv-

journal.kz.

[Tpu HeBBIMOMHEHUN (POPMATTBHBIX TPEOOBAHUH, CTAThsI K MyOIMKAIIMK HE TPUHUMACTCS.

CraTbhH MOCTYNHUBIINE B PEJAKIUIO )KypHaJIa MOTYT OBITh IPOBEPEHBI C TOMOIIIBIO CUCTEMBI
AHTHiaruar. B ciaydae, ecnu pe3yabTaT IPOBEPKH BBISBISIET HEKOPPEKTHO 0(pOpMIICHHbIE
3aMMCTBOBAHUS, CTaThsl MOKET OBITh OTKJIOHEHA.

[Tpu BBIMOMTHEHUH (OPMATBHBIX TPEOOBAHU, CTAaThsl HAINPABISETCS HA PACCMOTPEHHUE
YJIeHaM PEAKOJUICTUH, MMEIOIUM YYEHYIO CTEIeHb B HAay4yHOW 00JacTH, COOTBETCTBYIOIIECH
colepkaHuo cTathbu. [lpm 3TOM pemakius ompenesseT COOTBETCTBHE CTAaTbU TMPOQHIIO
KypHaia, TpeOoBaHUsAM K odopmieHH0. [Ipu COOTBETCTBHH BBINICYKa3aHHBIM TPeOOBAHUSM
HaNpaBJsIeT €€ Ha PElEH3WPOBAaHUE CTOPOHHEMY CIEIHAIUCTY, O0anaromeMy BBICOKUMHU
npohecCHOHATLHBIME 3HAHHUSIMH H OMTBITOM Pa0OTHI IO KOHKPETHOMY HAYYHOMY HAIPaBJICHHUIO,
UMeroIeMy yueHyro crereds PhD, mokTopa nim kanauaara Hayk.

K penieH3upoBaHHiO HE MPHUBICKAIOTCS CHEIUANMCTHI, pabOTAIONINE B OAHOM OT/AEIE
WINA JeTapTaMeHTe YYpPEeXKICHHs, TIIe BBIIOJHEHA padoTa. PEleH3eHT BBIHOCHUT pelIeHUE O
BO3MOXXHOCTH OIYOJMKOBaHHS

OxoHUaTeTbHOE PEeIICHUE O 11EeJIeCO00Pa3ZHOCTH MyOIUKAIIUHN IPUHUMAaeTcs PegakiinoHHoi
KOJUIETHell B COOTBETCTBUH C PEKOMEH/IAIIMSIMU PEIICH3EHTOB.

[Tocne npunsATHA PenakimoHHOM KoJUIernel pemenus o J0MycKe CTaThbH K MyOJIMKaluu
OTBETCTBEHHBIM pEeAaKTOp JKypHajna HHPOpMHpYeT 00 3TOM aBTOpa M YKa3blBaeT CPOKHU
nyOJIMKAIUH.

1. Ilpucnannsle MaTepuaibl JOKHBI COAEPKATh:

— Marepuanbl cratb ((aiiily cO cTaTbei MPHUCBAWBACTCS WMS 10 (paMUIUH
MIEPBOTO aBTOPA).

- Cenenust 00 aBropax (damunms, UMs, OTYECTBO, y4YeHas CTENCHb, 3BaHHE,
JO/DKHOCTh, MECTO pPaboThl, KOHTaKTHbIe Teae(OHBI, 3JICKTPOHHBIC azapeca (e-mail),
unentupukanronnsii Homep (ORCID).

- OTCKaHUPOBAHHOE COMTPOBOTUTEIHLHOE TTHCHMO.
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- OTCKaHMPOBAHHOE HKCHEPTHOE 3aKIIOYEHHE O BO3MOXKHOCTH IYOJIUKAIIUH
MaTepHaAJIOB B OTKPBITOM I1€YATH.

2. Ctaths JOJKHA COJIEPKATh:

- MPHTHU -  MexXrocygapCTBEHHBI  pyOpHKaTop  Hay4yHO-TEXHHUYECKOM
uHpopmarun

- damMuIIKd aBTOPOB CTAaThH (MPOTMHMCHBIMU OyKBaMU, WHUITHAIBI CIEIYIOT TEpe.
bamunueni);

- Ha3Banme opranuszanuu, B KOTOpOH Oblia BhIONHEHa paboTa W TOpoA
(cTpounBIME OYKBaMH);

- Ha3zBanue craThyt (MPOMKUCHBIMU OYKBAMH MOJTY>KUPHBIM HIPUPTOM);

- AHHOTanus (B Havaje CTaThbH Mepe;l OCHOBHBIM TEKCTOM);

- KiroueBsie cioBa (He Oosee 7);

- Beenenue (6e3 3arosioBka), B KOTOPOM KpaTKO H3JIaraeTcsi aKTyallbHOCTh H
HOBM3HA PacCMaTpUBaeMOTr0 BOIIPOCa;

— OCHOBHOM TEKCT (BKJIFOUAET MaTepUajbl U METO/bI, PE3YJIbTAThl U 00CYXACHUE,
3aKIJII0YCHHE, COZIepIKalllee KPaTKOe M3JI0KEHUE OCHOBHBIX PE3yIbTaTOB paboThl);

- Cnucok swmrepatypbl (odopmisieTcs ¢ ykazanueM G(aMWIMA W WHULHAAIOB
aBTOpa, MOJIHOTO HA3BaHMS KHUTH (CTAaThbU), MECTa M3JaHUs, HA3BaHUS KypHaia (roaa, Toma,
HOMEPA, CTPAHUIIBI).

3. Pa3Mep omHOI cTaThbu HE JOJDKEH MPEBBINATH 5-7 MAITUHOIMCHBIX CTPAHUI] (CTaThu
0030pHOTO Xapaktepa — 10 15 crp.), BKIIIOYAas aHHOTALMIO, TAONUIIBI, PUCYHKH, CITHCOK
autepaTypbl. B ToM ke ¢aiine criemyer MpeAcTaBisAiTh pe3tOME Ha TpeX s3bIkax (Ka3aXxCKOM,
PYCCKOM U aHTJIUICKOM).

4. Cratbst nomkHa ObITH HaOpaHa Ha KommbloTepe B penaktope Word 2003, mpudptom
Times New Roman 12 nit, ¢ mpoGesiom Mexay CTpoK | KOMIBIOTEPHBIM UHTEPBa, TIOJISI — BEpXHEE
U HIDKHEE 2 cM, JeBoe 3 cM, mpaBoe 1,5 cM. KonmuecTBo puCyHKOB — He OoJiee maTH. AHHOTAIIUS,
TaOJUIIBI, PUCYHKH, CIIUCOK JIATepaTypsl — 11 nT uepe3 1 kommbroTepHbiil nHTEpBaiI. CCHUIKH Ha
JUTEpaTYpHBIC UCTOUYHUKH JAIOTCS U(PaMHU B IPSIMBIX CKOOKaX MO Mepe YIIOMUHAHUS U JOJKHBI
ObITb MISHTUYHBIMHM Ha JBYX s3bIkaX. HeoOXoIuMo TIIATEIBHO CIEOUTh 34 TOYHBIM
COOTBETCTBHEM OOO3HAYCHHMI B TEKCTe M Ha TaOiuIax, pucyHkax u ap. [Ipm m3noxeHun
SKCIIEPUMEHTAIILHOTO MaTepuaia JoJKHa ObITh HCIHOJIb30BaHA MEXIyHApOJIHas CHUCTeMa
enunutl (CH).

5. Tlocne cTarhbM Ha AHTIHMICKOM SI3bIKE TPUBOJUTCS CIUCOK JIUTEPATyphl B POMAHCKOM
andasure (References) mms SCOPUS u apyrux BA3 IAHHBIX nomHOCTBIO OTAEBEHBIM OJI0KOM,
MIOBTOPSISI CITUCOK JIMTEPATYPhI K PYCCKOS3BIYHON YacTH, HE3aBUCHMO OT TOTO, UMEIOTCS WM HET B
HEM HMHOCTpaHHbIE UCTOYHMKU. Eciu B cHHcCKe eCTh CChUIKM Ha MWHOCTPaHHBIE MyONMKaIMK, OHU
MOJTHOCTBIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSIIIEMCSI B pPOMaHCKOM ajipaBuTe (JIATHHUIIA).

B References He HCTIONB3YIOTCS pa3enuTeNbHbIC 3HAKH («/» U «—»). Ha3BaHue ncroynmka
Y BBIXOJ/IHBIC IAHHBIE OTJIENISIOTCS OT aBTOPOB THIIOM IMIPUQTA, Yallle BCETO KypCHUBOM, TOUKON HITH
3aITOM.

Ha caiite http://www.translit.ru/ mMoxHo OecriaTHO BOCIOJB30BAThCS MPOrPaAMMOI
TPaHCIUTEPALIMU PYCCKOIO TEKCTa B JATHHMILY, UCTHOJIB3Ys pa3iuuHble cucTeMbl. [Iporpamma
OUEHBb MPOCTast, €€ JIETKO HCIOJIB30BaTh I TOTOBBIX CChUIOK. K mpumepy, BBIOpaB BapuaHT
cucteMbl bubmmoreku Konrpecca CHIA (LC), momyyaem u300pakeHHE BCEX OYKBEHHBIX
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COOTBETCTBUIl. BeTaBnsieM B crienManbHOE MOJIE BECh TEKCT OMOIuorpaduu Ha pyCCKOM SI3bIKE
¥ HOKAMaeM KHOIKY «B TPAHCIIHT.

6. Cratbu, HEe cooTBeTcTBYIOMTME [IpaBuinam, He MyOIUKYIOTCS M HE BO3BPAIIIAIOTCS aBTOPY.
Penaxmmst octaisieT 3a OO0 MpaBo MPOM3BOIUTH COKPAIIICHUS U TIPABKU CTATEH.
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