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BbpPXYy AMCEPTAlMOHEH TPy 3a MOJy4YaBaHe Ha HayyHara CTeNeH ,,JOKTOp ~ B
obnact Ha Bucimie oOpazoBaHue 5. TexHHYeCKHM HaykKH, HPO(ECHOHATHO
Hanpasiienue 5.12. XpaHUTeIHU TEXHOJIOTUH, IOKTOPCKa Iporpama ,, [ eXxHonorus
Ha OMOJIOTHYHO aKTHBHMTE BElECTBA (BKJI. €H3MMH, XOPMOHH, OeIThUMUHH )"

Tema u aBTOp HA AHcepTaMOHHUS TPYA: PazpaboTBane HA TEXHOJIOIHS
3a OMONPOAYKTH HA OCHOBATA HA OPraHWYHH H3TOYHHUH, Hukonai SIukoBs

CoaakoB

Ynen na nayuyHoro :xkypu: Ilpo¢. a-p Anren HUBanoB AmHresos,
YHuBepcHTET N0 XPAHUTEJIHH TexHoJoruu, S.11. buorexnosiorus, 3anoses

HasHayaBane Ha HXK P/l 05-75/22.05.2023 r.

KpaTKO NnpeacraBsiHe HA JOKTOPaHTa

Huxkonait SlnkoB ConakoB e pozaen Ha 30.07.1969 rox. [1pe3 2014 roa. npunodusa
OKC ,bakanaBep”“ mno crneumajgHoct ,MeauiuHcka xumus" B XUMHUYECKU
¢dakynrer Ha [TnoBauBckus ynusepcurer ,,Ilancuii Xunennapcku®, a npe3 2015 r.
npuaoduBa OKC ,Maructbp™ no crneumasiHocT ,,XpaHUTeIHa XUMHUA" B CHLIUA
yHUBepcUTeT. B neproa Ha cBoeTo oOyueHue, TOH MposiBsiBa U MpeArnpueMadecKu
yMEHUsT W ydacTBa B pa3pabOTBaHETO, BHEJIPSIBAHETO M KOHTpOJa Ha
TE€XHOJIOTMYHHU MPOLECH B MPOU3BOACTBOTO Ha XPAHUTEIHU MPOAYKTH, KAKTO U B
ApPYrd pa3BOWHU JIEWHOCTH B XpaHUTEIHO-BKycoBaTa mpoMuluieHocT. Ot
26.01.2017 r. e 3auucneH B 3aa04Ha Gopma Ha JoKTopaHTypa B MHCTHTYTa MO
KpuoOuonoruss M xpaHutenHu TexHonorud, kbM CCA. B Tto3u mnepuon
JOKTOPAHTHT ydacTBa B pa3pabOTBaHETO HAa HOBU IMPOAYKTH 3a MPOBEXJaHE Ha
€KCIepPUMEHTAJIHO MPOU3BO/ICTBO U B MPOBEXKAAHETO HA Pe/Iulla UHCTPYMEHTAIHU
METO/IM 3a aHaJiu3. 3a CBosiTa HayyHa paboTra e HarpajieH JBa mbTu ¢ Junmoma B
KOHKYpC 3a HWHOBalMM B pasjaen ,Hayuna paeiiHocT u pa3paboTku“ Ha
Mexaynapoanoto usznoxenue ,,AI'PA”.

JlokTopaHThT Biajzee Ha JOOPO HUBO MUCMEHO U T'OBOPUMO AHITIMHCKHA €3HK.
[IputerxkaBa MHOro J100pM KOMITIOTBPHHM YMEHHSI B MOJI3BAHETO Ha MPUIIOKHH
nporpamu Ha Microsort Office, pabota cbc cneuumanusupan codryep 3a
cratuctuyecka oopaborka SPSS Statistics u cbe criennanu3upanu 6a3u OT JaHHH
C Hay4Ha JuTeparypa.

O6ma xapakTepucTHKa Ha JAHcepTaUHsTa U aBTOopedepara — oGeM H
CTPYKTYpa

[IpencraBeHata MM 3a peLeH3Usl QUcepTalus € HamucaHa Ha 168 craHmapTHu
ctpanuiy. Helinara crtpykrtypa obOxBawa pasnenute: BbBenenue — 3 ctp.,
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Jlurepatypen 0630p — 47 ctp., M3Boau ot nutepatypHus 00630p — 3 crp., Llen u
3agaud — 1 ctp., Marepuanu u Metoau — 26 ctp., Pesynratu u o6¢cbxaane — 40
crp., U3Boau — 3 crp., OcHOBHM npuHOCH — 3 cTp., M3non3Bana nureparypa — 20
CTp. ¥ HAy4YHU MyOJIMKALUKU U y4acTHsl B KOH(EPEHIIMH U ITPOEKTH.

TpynsT e HacoueH KbM pa3paboTBaHe Ha TEXHOJOTHMs 3a IOJydyaBaHe Ha
OUOIPOIYKTH HAa OCHOBAaTa HAa OPraHUYHHM U3TOUHMIH - BUCIIH MEIUIIMHCKH I'bOU
Ganoderma lucidum (Reishi), Ganoderma neo-japonicum, Cordyceps sinensis, u
Cordyceps militaris. IloctaBeHara uen v mjiaHupaHy 3a1ladyd HAbJIHO OTIOBApsT
Ha JOKTOpCcKaTa IporpaMa MpeTeHAupaHa OT JOKTOpaHTa ,, TexHonorus Ha
OMOJIOrMYHO aKTHUBHUTE BelIeCTBA (BKJ. €H3MMH, XOPMOHM, OENTBYMHM)® OT
npodecuoHanHo HanpasieHue 5.12. XpanureaHu TexHOIOIHH.

B JluteparypHusiT 0030p Ha JAMcepTalUATa IMOCIENOBAaTEIHO Ce pas3ryiexaarT M
aHAJIM3UPAT HAYYHU MyOIMKAIIMU OTHOCHO!

v’ TlpunoxeHne Ha pa3IM4YHUA BHAOBE BHCIIM I'bOM KAaTO H3TOYHUIIM Ha
OMOJIOrMYHO aKTUBHM BellleCTBA 3a [OJlyyaBaHe Ha (yHKIMOHAIHH
OHOTNPOIYKTH 32 MEAMLIMHCKH U XPAHUTEJIHHU LeJIM — CBETOBEH OITUT.

v’ Metoau 3a KyJTHBMpaHe Ha JMBOPACTSAIIM BHUCIIM T'bOM — BHJIOBE
XpaHUTETHU CyOCTpaTH U yCIOBUS Ha KYJITHBUPAHE.

v BHOTEXHOJIOTHYHHU METOJM 3a [NoJiydyaBaHE€ Ha OMOJIOTHYHO AKTHUBHHU
C€KCTPAKTHU OT BUCLIH rpOMu.

v’ Metoau 3a mojlyyaBaHe Ha CTAOMJIHM MEKAWHHH (GOpMH (MeXIMHHA
CYpOBHMHA 3a TOCJeJBAIlO BjlaraHe B KpaeH MpPOAYKT) Ha MOJy4YeHHUTe
eKCTPaKTH.

v CyOGiMManioHHO CyIIeHe — MEXaHW3bM Ha Mpoleca U (pakTopH, BIHUAEIH
BBPXY KaueCTBOTO Ha KpaiHUS MPOIYKT.

[lutupanara nutepatypa B cBosrta usjaocT oOxBama 207 nutepaTypHU HU3TOUHHIIH,
nmyonukyBanu cien 2010 roguHa, K0eTo HECbMHEHO € JI0Ka3aTeICTBO 3a aKTyaTHOCTTa
Ha pa3paboTBaHaTta TemMaTuka. MHOro no0Opo BreYaTieHWE MPaBH U3BEKAAHETO HA
M3Boau oT HampaBeHUs JUTEepaTypeH 0030p, KOMTO JaBaT OCHOBAHME M HACOKHU 3a
MHOI'0 TOYHO U KOPEeKTHO (hopMyJiupaHe Ha LeUTe U 3a/1a4uTe, KOUTO TOKTOpPAaHTa CH
MOCTaBsi B CBOS IUCEPTALIMOHEH TPY .

Ha ocHoBara Ha HampaBeHHs JuTepaTypeH 0030p € MocTaBeHa M LeJiTa Ha
JMcepTallMOHHaTa pa3paboTka: pazpaboTBaHe Ha TEXHOJIOTHMS 3a IMOJyyaBaHe Ha
OMONPOAYKTH HA OCHOBAaTa Ha OpraHMYHU M3TOYHMIM. Taka QopMmyiupaHa HenTa e
ICHA M TOYHA, C HACOYEHOCT KbM YETHPHU BH/Ia MEJUIIMHCKU I'bOH U MOJYYEHH OT TAX
MPOAYKTH, KOMTO Jla C€ M3MOJI3BAT 3a MoJyyaBaHe Ha (yHKLUMOHAJIEH OMONMpPOIYKT
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WFibrinoZIME. Tlpou3THyaniuTe OT Ta3u LeJ 33/1a4y ca J0o0pe ONMpe/ie/ieHH, SICHH H
HAaCOYEeHHU KbM JIOKa3BaHe Ha MOCTaBEHATa LeJ1 Ha U3CJIeBaHeTO.

B pasmena “Matepuanu u mMeToau” MoJpoOHO ca ONMMCAHU BCHYKM H3IOJI3BaHU
CTApTePHH KJIETbYHH KYJITYpPH OT BHUCUIM MEAMIMHCKM T'bOH, KOMIOHEHTHTE
M3M0JI3BAHH TPHU  M3rOTBAHE HA (YHKUHOHATHUS MNPOAYKT, TEXHOJOTHUYHH
(mabopaTopHH M MOJY IPOMHIIUIEHH ) M AHATMTHYHHU METO/IH, YCIIOBHUATA U anaparypata
3a BETX neoOxoauMa 3a aHaiu3 Ha OMOJIOrHYHO-aKTHBHUTE BELIECTBA.

PazpensT “Pesynrtatu u 1uckycus” e OCHOBEH 3a qucepranusaTa. Toi oOxBaia 0KoJo
40 ctpanuuy, 6orato e WIOCTpUpaH ¢ TaOMULK U Gurypu. J[OKTOpaHTBT ¢ rojisma
MPELU3HOCT U AHAIMTHYEH MOJXO0/ € OTPa3hJl U3BBPIIEHHS OT HEro eKCriepyuMeHTalIeH
TpyA. Hawanoto Ha pasgena e oraeneHo Ha roisMm no obem paboTta CBbp3aH ¢
KyJITHBUpaHe Ha KJIeTbYHa KyJITypa Ha BUCIIM MeJWUUHCKU rvOu Ganoderma neo-
Jjaponicum, Ganoderma lucidum, Cordyceps sinensis u Cordyceps militaris B TeuHa
cpena. [IpaBu no0Opo BneyatsieHwe, ye JOKTOpPAHTa Npuiara Hal-ChbBPEMEHHHUTE
TEXHUKHU 32 KyJITHBHMpaHE M OIpe/ess CTeNeHTa Ha HapacTBaHe Ha MULENa 4ype3
u3MepBaHe o0eMa Ha HeycBOeHaTa XpaHUTenHa cpena. ExkcnepuMeHTHpaHu ca
HAKOJIKO CbCTaBa Ha XpaHHMTE/lHAaTa cpeja M Ha 0a3a Ha MOJyYEHUTE pe3yJITaTu
JOKTOpPaHTa MOTHBMPAHO MPOJbJKABA CBOSATA MO-HATaTbyHA paboTa ¢ XpaHUTETHATA
cpena M2 cbc cbabpKaHMEe Ha KapTO(eHO HHILecTe, NEeNTOH, JIPOXKIEB
ekcTpakT,roko3a, FOS, MgSO, x 7 H,O, Butamun By, KH,PO4, KoHPO4, FeSO4
3a KyJTHBMpaHE Ha MHLEJN OT [OCOYEHHTe mno-rope Buciik rvdu. [lomydenute
pe3yaTaTH OT Te3W eKCIIEpUMEHTH ca MpeACTaBeHH 4pe3 GUrypu u ca ob6oOuieHH B
TabJIMLIK, KOETO HECHbMHEHO CIoMara 3a Mo-JeCHOTO UM MpOoCIie/isBaHe.

B cnensamus eram, OOKTOpaHTa J0OKa3Ba, Y€ HAPACTBAaHETO HAa MHLeENA IpU
KyJITHBUpPaHe Ha 4YeTHPHTE MEAMLMHCKM T'bOM Ha TBBpAA XpaHUTENHA cpela ce
Habmonapa Mexay 30-tu u 90-Tu fgeH, kato Hai-q00BP pe3ynTaT MpPU BCHYKH
U3cie/IBaHU IbOM ce OTYUTA NPU XpaHUTENHA cpeaa S2, KosTo e ¢ 100aBeH BbIIepo/eH
M3TOYHUK OPHU3.

JlornuHo, npouecuTe Ha KyJATUBUPAHE 3aBbPLIBAT C MPOBEXKAAHE HA MOJIYTPOMULLIEH
MEeTOJ] 3a KyJTHBHUpaHe Ha KieTb4Ha Kyiartypa ot Cordyceps militaris 3a nonyyaBaHe
Ha IJIO/IHO TSJIO M BUCOKO ChAbpKaHUe Ha KopauuenuH. [Tomydyenu ca obuio yerepu
BH/1a U3XO/IHU CYpOBHMHH 3a €KCTPAKTH 3a BJlaraHe B KpaitHu 1030BH (opmu. [Ipu Te3n
YCIIOBUS Ha KyJITMUBUpPaHe 00LI0TO KOJM4ecTBO cyObcTpaTt B cuctemara B cpeza IM1
ce yBenuuana ¢ 27,5%, a B cpena IM2 - 51%.

WHoBaTuBeH noaxoa B H3CIE€ABaHUATA Ha JOKTOpaHTa € OCBO60)KlIaBaHeTO Ha
OMOJIOrHYHO aAKTHMBHHUTE BellleCTBAa OT KJeTKaTa MW KJeTh4yHara CTCHA, oe3
U3IO0JI3BAHE HAa OpraHu4YHU pasTBOPUTEIIU, a C 06pa60T1<a C €CH3UMHU U MI/IKp06HPI



KyJITypH 3a pasrpaxiaaHe CTPYKTypUTe Ha KJIeTKaTa, KOSTO MpoTHYa B
temriepatypeH auana3zoH 18-20°C. 3a Ta3u 3ajaya, JOKTOPAHTHT M3IM0J3Ba KaToO
U3X0JIHA CypOBHHA XUB Mulel ot Ganoderma lucidum, koWto cbabpka Hag 400
BUa OMOJIOTHYHO aKTHBHA BellleCTBa. 3a pa3rpaxk/laHeTo Ha KJieThYHaTa CTeHa ca
M3M0JI3BAaHU €H3MMHTE Jlakasza, JiMmnasa, ajida amuiasa, Lieiyja3a, XMTHHa3a, a
chilo e mpoBeneHa W depmeHTaums ¢ Bacilus subtilis. PasrpaxnaHeto Ha
KJIeThYHATa CTEHAa € YCTAHOBEHO 4Ype3 MHUKPOCKOICKO HalJroJaeHue, a 4pes
Xpomatorpad)cki aHaJM3 € JI0OKa3aHO HaJM4Ydhe Ha T[JIIOKO3aMUH, KOETO €
yOeauTeNHO 10Ka3aTeCTBO 3a pa3rpax/iaHe Ha XMTHUHOBHS CJIOM OT KJeTbhyHaTa
CTeHa Ha r’bOHUTE KIIETKH.

ChiecTBeHa 4acT B JAMCEpTALUATA € JOKa3BaHETO HA HaJlM4yue Ha OMOJIOTHYHO
aKTHBHM BEIECTBA — MPOM3BOJHM HA KOPIHMIENWHA M aJeHO3WHA, MENTHIH C
pasnuyHa MoOJIeKyJHa Maca, (EeHONHM W aHTHOKCUIAHTHH ChEAWHEHHUS B
eKcTpakTh oT muuen Ha Ganoderma neo-japonicum, Ganoderma lucidum,
Cordyceps sinensis v moano tsuno ot Cordyceps militaris. 3BecTHO e, ue
MPOU3BOJAHM HAa KOpAMIENWHA M aJeHO3MHA MMaT H3pa3eHU TepaneBTHYHU
CBONMCTBAa CBbp3aHM C IMOBHUINABAHEe €HEpPrusita Ha KieTkara, noaoOpsiBaHe Ha
KJIEThUHHS UMYHEH OTrOBOp, Mpejrna3BaHe Ha ChpJEYHO-ChIOBATa JEWHOCT M JIp.
YcTaHOBEHO €, ye KOHLEHTpalUsATa Ha MPOU3BOAHHM HA KOpJULENTHHA U aJeHO31HA
B mnpobara ot Cordyceps militaris, KynTHBHUpaHa B XpaHUTEJIHAa cpeaa C
ONTUMHU3UpPaH cbeTaB goctura a0 2.22% u 0.64%, Koeto e NnoBHIIeHHE CIPSAMO
KoHTpoaHara cpeza ¢ 1.9% u 0.24%.

[locneanara yact OT AMCEPTALMOHHUS TPYJ € CBbp3aHa ¢ pa3pabOTBaHETO HAa HOB
yHkroHanen npoaykt - ,FibrinoZIME”, 3a Koiito e (GopMyIHpaH peLentypeH
CBCTaB M € Ch3/1aJieHa TeXHOJIOTUS 32 HETOBOTO MPOU3BOACTBO. OTIMYHO BreYaTIeHHe
MpaBH, Y€ JOKTOPAHTBT [puUjara WHOBAaTHBEH IMOAXOJ, KOWTO € CBBp3aH C
M3M0JI3BAHETO HA KOMOMHHPAHO JIeHCTBHE HA Pa3IUYHU €H3UMH ¢ PUOPUHOTUTHYHO
NeNCTBUE, KOUTO ce paznuyaBaT no monekyiaHata maca (ot 10 xo 110 kDa) u umar
BB3MOKHOCTTA Ja pas3rpaxaaTr GUOpHHOB ¥ aMHUIIOW/IeH OeNThK, KaTo M0 TO3H HAYUH
3HAYUTEJHO HaMajsiBaT MaTOreHHUs eeKT NMPUYUHEH OT HATpyNBaHe Ha IUIAaKU B
ThKaHUTE.

ABTopedepaTbT Ha JAMUCEPTALIMOHHHS TPy, KOHTO e B o0em OT 48 cTp. HambiIHO
OTroBaps Ha u3uckBaHusTa Ha [IpaBuiHuKa 3a nMpuiaraHe Ha 3aKOHa 3a pa3BUTHUE HA
akagemuyHus cbcraB B CCA, karo oOxBamia M3USJIO CIEAHWUTE pas3field oT
nuceprauuoHHus Tpya BoBenenue, M3Boam ot nureparypuus o63op, Llen u 3agaum,
Marepuanu u Metoau, Pesynraru u o6cbixaane, OcnoBau M3Boau, [lpunocu, Criuchk
c myOnuKauMuTe W y4yacTUsiTa B HayyHM (OpyMH Ha [OKTOpaHTa 1O Temara Ha
AMcepTanusTa.



AKTyaJIHOCT Ha npodJjiema

WM3ron3BaHeTo Ha IMBOPACTSIIMTE BUCIIM I'BOU 3a MOJABpKaHe Ha A00po 31paBe
U JieyeHHe Ha 0O0JIeCTU CHUIECTBYBA OT JPEBHU BpEMEHA B a3MATCKUTE PETrMOHH,
JIOKaTO OCTaHAJMMS CBST TO3M MOAXOJ € 3HA4MTeNIHO Mo-HoB. IIpe3 mocineanute
roavHu ce HabNoJaBa 3acH/IeH MHTEpeC KbM M3II0J3BaHE UM HE CcaMO KaTo
GyHKIMOHATHA XpaHa, HO M oA ¢opMara Ha XpaHUTEIHH J00aBKH,
HYTPHULIEBTHYHU NPOAYKTH U MHUKOTEparneBTHYHHU NpOoAyKTH. Bucumre rebu ca
Oorat U3TOYHMK Ha OMOJIOrMYHO-aKTUBHM BELIECTBA, KOMTO MOraT ce M3I10JI3BaT
Karo CbCTAaBKU IMPU TMPOU3BOJACTBOTO HAa (YHKIMOHATHU NPOAYKTH OT
XpaHuTenHara, papmalieBTUYHATa U KO3METUYHATa UHAYCTpuu. M3BecTHO e, ue
MEJMLMHCKUTe TI'bOM uMaT peauna (HapMakoNOrHYHM  JEHCTBUS  KaTo
AHTUMHUKPOOHH, NMPOTUBOBB3NAIUTENIHA, UMYHOMOYJIMpALIM, aHTHIHAO0eTHIHH,
LUTOTOKCUYHHM,  AHTHOKCHJIAHTHH,  XEMaTONPOTEKTUBHH, IPOTUBOPAKOBH,
aHTHAJIEPTUYHH, NPEOMOTUYHH U Jp. cBOicTBa. KbM HacToOsIMs MOMEHT n00pe
u3y4eHu ca He noseue oT 10% oT no3HaTuTe rbOHU OPraHU3MH, KOETO NPeI0CTaBs
OrpOMHa Bb3MOJKHOCT 3a MPOBEXJaHe Ha HAayyHW U3CIe/BaHHUs B Ta3u 00JacT,
KaKTO M TMoJiyyaBaHe Ha OWOJIOTMYHO-aKTUBHM EKCTPAKTH 3a H3II0JI3BaHE B
pa3nu4Hu 00JaCTH Ha MKOHOMMKATa M CEJICKOTO CTOMAaHCTBO. B To3u riobanex
KOHTEKCT HanpaBleHHeTO H30paHO OT JOKTOpaHTa M HEroBUTE Hay4YHHU
PBKOBOJIUTENIM € M3KIIOUYUTEIHO MOJIEPHO, aKTyaJlHO M TSACHO CBBP3aHO C
NMpaKTUKaTa U HEHHUTE HYKIU OT pa3paboTBaHe HA HOBH (DYHKIIMOHAJIHU XPaHU
Ha 6a3a eKCTPaKkTH OT AMBOPACTSAILIHN I'bOU.

JInTepaTypHa OCBC€IOMEHOCT H TCOPETHYHA MOATOTOBKAa HA KAHAUAATA

JlokTopaHTBT mMOKa3Ba C HacTtosimata pa3paboTka MHOro J00po HHMBO Ha
Mo3HaBaHE U BJIAJileeHe Ha M3yuyaBaHaTa maTepHsi. Bb3 oCHOBa Ha U3BBPIICHUST
COJIUJIEH JUTepaTypeH o0030p Mo TemaTa Ha AWCepTalusATa, JOKTOPAHTBHT €
MpPeJCTaBUJI U3YeprareHO ChCTOSHUETO Ha NpoOJIEeMHTE Ha IpUIIaraHeTo Ha
KOMOMHMpaHUTE OMOTEXHOJIOTMYHH TMOIAXOAM 3a U3IMOJI3BAHETO Ha OMOJIOrMYHO
aKTMBHU KOMIIOHEHTH OT €CTEeCTBEHM OpraHMYHd u3TOYHMUM. [loka3zana e
BaXXHOCTTA HA THPCEHETO Ha pellieHUs U MpeANpUueMaHeTo Ha IeMHOCTH CBbP3aHU
CbC Ch3JaBaHe HAa HOBA TEXHOJIOTMS, MPHU KOATO XpaHUTEIHATa cpelaa 3a
KyJITUBUpPAHE HA MUKPOOHUS 1aM-nipoayueHT Bacillus subtilis e 4yacT OoT cbcTaBa
Ha KpaWHMUS NPOAYKT U € HU3TOYHMK Ha MPOTEOJTUTUYHHU, (PUOPUHOIUTUYHH,
Lelyla3HU, TIIOKaHA3HW, XMTHUHA3HU €H3UMU M JIpyrd OMOJIOTrMYHO aKTHUBHHU
KOMITOHEHTH.



MeToau4eH MOAX0/

Pa3nensT ¢ Marepuaid U METOJM Ha MPOBEJEHUTE WU3CIE/IBaHUS € MpeCTaBeH
SICHO M HarJIeJIHO M BKIIIOYBA OMKMCAHKMe Ha CTHIIKUTE U eTalmuTe Ha pa3paboTKara.
[Ipuemam kaTo OOOCHOBAaHO M pa3yMHO MOAOpaH MOAXOAa 3a JETalIHO
npeAcTaBsHe Ha Ju3aiiHa Ha mnpoyuBaHusiTa M3mon3BaHuTe H3CIeI0BATEICKH
METO/M, M3TOYHMILIM HA JJaHHU U MaTepHalIi ca MpaBUIHO noadpanu. JleraiiHo ca
ONMMCAaHW  M3TOYHUIMTE Ha  WHpopManus, Karo ToBa  OOOCHOBaBa
MPeACTaBUTEIHOCT M 3HAYMMOCT Ha pe3yJTaTUTe W HalpaBeHUTE H3BOJM.
[To3HaBaHeTO 1 OOpaBEeHETO CHC ChbBPEMEHHH aHAJMTHYHU METO/U NMOTBbPXK/1aBa
U3BOJIa 332 3HAYMMOCT M BAJIMJHOCT HA MPOYYBaHHUATA, KAKTO W HAIJIACUTE 3a
CaMOCTOSITEJIHA - M3CliefoBaTesicka pabora Ha gokropaHta. Cuyuram, de
M3MOJI3BAHUAT METOJMYEH amapar € JOCTaThYHO H34epraTesieH, MO03BOJIsSBa
JIOCTUTaHEeTO Ha MOCTaBeHATa el ¥ peaii3upaHe Ha 3a/1a4uTe Ha U3CJIeIBaHUATA.
3a MOCTUraHeTo Ha 3aBbPIICHOCT HAa IUCEPTALIMOHHUS TPYJ KAaTeropudHO ca
W3IBJIHEHW LeTa W 3ajgauuTte. B pe3yntar Ha W3BBpIICHUTE H3CIIE/IBaHUS,
npueMaM 4e JOKTOPAHTHT € YCBOUJ OCHOBHH HAy4YHU METOJU M TEXHUKH.

anHOCH Ha JTHCEPTAUHOHHHSA TPYA

Cuuram, ye Taka pa3pabOTEHUST U MPEJCTABEH 3a OLEHKA IUCEePTALMOHEH TPy €
3HAQYUM C TOCTUTHATUTE pe3yJITaTU B M3KIIOUUTETHO akKTyajlHaTa TeMa 3a
u3cieBaHe M Ch3/laBaHe Ha HOBU (yHKUHMOHATHU nponaykTtu. IlpuHocure ca
neUHUpAaHU KaToO Hay4yHH, HAYyYHO-TIPUIOKHM M MNpuiIokHU. Cuutam, ue
paboTtara no HaCTOSIIMS JUCEPTALMOHEH TPY/ € J0Bela A0 CIEeIHUTE MO-3HAaYUMHU
MIPUHOCH :

v' EKCTIepUMEHTANTHO € J0Ka3aHO HalMuMeTo Ha OWOJOrMYHO AKTHBHH
KOMITOHEHTH (MPOU3BOAHM Ha aJIeHO3UH (KOpAMLENHH), TMeNTUIH C
paznu4yHa MoOJieKyJlHa wmaca, ¢GeHoneH npodua U AHTHUOKCHAAHTHA
aKTUBHOCT) B €KCTpakTH OT Muuen Ha Ganoderma neo-japonicum,
Ganoderma lucidum, Cordyceps sinensis u muoano tsno ot Cordyceps
militaris.

v' VCTaHOBEHHM ca OCHOBHMTE IapaMeTpH Ha mpoleca CyOIuMalnoOHHO
cymieHe Ha muuen ot Ganoderma neo-japonicum, Ganoderma lucidum,
Cordyceps sinensis v noaHo 1510 oT Cordyceps militaris, B Ka4eCTBOTO UM
Ha KOMIIOHEHTH OT CbcTaBa Ha  (yHKUHOHAJIEH OHOMPOMYKT
WFibrinoZIME.



v' EKCIIEpUMEHTAIHO € MPUJIOKEH MOTyTIPOMHILIEH METO/ 3a MPOAyLUpaHe
Ha MULEJ U TUIOHO TSJIO OT BUCLIM MeIUIIMHCKH I'bOU - Cordyceps sinensis
u Cordyceps militaris BbpXy TBbp/ia XpaHUTEIHA Cpe/ia, KaTo € MOCTUTHATO
yBEeJIIMYEeHHE CbhAbpKaHUeTe B ekctpakta Ha Cordycepin, Adenosin wu
HEroBUTE MPOU3BOAHU 5,25 NBTH CHPSIMO CTAHJAPTHUTE METOAM 3a
MIPOU3BOJICTBO.

v’ VYcraHOBeHH ca mapaMeTpuTe Ha MOJYNPOMMILIEHO [POU3BOACTBO Ha
Cordyceps militaris B peannu ycnoBus BbB (pepma 3a OTIJIEKOaHE Ha
MEIUIMHCKH T'bOM C TNpeAnpusiTHe 3a TMPOU3BOJACTBO HA EKCTPAKTH,
Hamupallo ce B rpaja Jxkunxya, Kuraii.

IlybiMKanHOHHA AKTHBHOCT M ONEHKAa HA KAa4YeCTBOTO HA HAYYHHTE
nyoMKauum

KbM MOMeHTa Ha peCTaBIHEeTO Ha IUCePTALIMOHHUS TPY/I, YaCT OT pe3yJITaTHTE
ca oopMeHH B 3 Hay4yHH IMyONUKAIlMH, OT KOUTO €/Ha € B CIIHCAHUE C UMIIAKT
¢axrop - Applied Sciences u aBe B pedepupanu u HepedepUpaHH CIHCAHUS C
HAy4HO peLeH3UpaHe. ITocouenute paboTH HAMBIHO YIOBJIETBOPSBAT
usuckBanusTa Ha [lpaBunHuka 3a mnpunarane Ha 3akoHa 3a pa3BHTHE Ha
akaziemuunus chetaB B CCA 3a 3aliuTa Ha JUCEPTALHS.

Kpurnunu 6e/1eKKH, BLIPOCH H NPENOPbKH KbM KaH/IHAATA

KBbM pelieH3upanus JucepTaiiioHeH TPyl HIMaM ChIIeCTBEHH KPUTHYHH OeNIeKKH
H NPenopbKU, HO UMaM BBIIPOCH:

1. Kak e onpeneneHna XxuTuHa3HaTa akTUBHOCT Ha IaM-nipoayuenta Bacillus
subtilis?

2. Cuyura JIK, JNOKTOPAHTBT Y€ IIPOBEXJIa OINTUMHU3UPAHE Ha CbCTaBa Ha
XPaHUTCIIHUTE cpemd‘?

3. Kbzae ca npeicraBeHd JaHHU OT MPOBEIEHUTE MUKPOOHOIOTHYHH aHAJIH3H,
MOCOYeHH Ha cTp. 91?2

SAKJIFOYEHME:

Bb3 ocHOBa Ha mNpuIOKEHUTE OT JOKTOpaHTa, pPa3UYHH METONH Ha
M3CJIeIBaHe, MTPAaBUIIHO U3BEJICHUTE €KCIIEPUMEHTH, HanpaBeHUTe 0000IIeHUs H
M3BOJM CYMTaM, Y€ TMPEJCTAaBeHHUAT [UCEPTALMOHEH TpyA OTroBaps Ha
usuckBanusaTa Ha 3PACPD u IlpaBunHuka 3a ycinoBusita ¥ peaa 3a npuaoouBaHe
Ha HAy4YHU CTEIIEHH M 3a 3aeMaHe Ha akaJeMU4YHH JIBKHOCTH B CCA, KoeTo MH
nasa ocHosanue Jia ro ouens IHOJIOKUTEJIHO.



Bb3 ocHOBa Ha ropeussioKeHOTO MpejiaraM Ja ce npuchbau Ha Hukonak
SlnkoB Cos1akoB Hay4yHaTa CTerneH “IokTop ~ B 00JacT Ha BHcIle oOpa3oBaHue 5.
Texuuuecku Hayku, mnpodecuoHanHo HanpasiaeHue S5.12. XpaHUTeIHH
TEXHOJIOTHH, TOKTOpCKa mporpamva , TexHonorus Ha OMOJOTMYHO AKTUBHUTE
BelllecTBa (BKJI. €H3UMHU, XOPMOHH, ONTHYMHH )™

‘/ / N—
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REVIEW

on a dissertation work for obtaining the scientific degree "Doctor" in the field of
higher education 5. Technical sciences, professional direction 5.12. Food
technologies, scientific specialty "Technology of biologically active substances
(incl. enzymes, hormones, proteins)"

Topic and author of the dissertation: "Development of technology for
bioproducts based on organic sources", by Assistant Nikolay Yankov Solakov.

Member of the scientific jury: Prof. Angel Ivanov Angelov, PhD
University of Food Technology, 5.11. Biotechnology, order appointing the
scientific jury RD 05-75/22.05.2023

Brief introduction of the PhD student

Nikolay Yankov Solakov was born on 30.07.1969. In 2014, he obtained a
bachelor's degree in "Medical Chemistry" at the Faculty of Chemistry of Plovdiv
University "Paisiy Hilendarski", and in 2015 he obtained a master's degree in
"Medical Chemistry". Food Chemistry" at the same university. During his studies,
he also demonstrated entrepreneurial skills and participated in the development,
implementation and control of technological processes in the production of food
products, as well as in other development activities in the food industry. Since
January 26, 2017, he has been enrolled in part-time doctoral studies at the Institute
of Cryobiology and Food Technologies, at the SSA. During this period, the
doctoral student participated in the development of new products for conducting
experimental production and in conducting a number of instrumental methods of
analysis. For his scientific work, he was awarded twice with a Diploma in a

competition for innovations in the "Scientific Activity and Developments" section
of the "AGRA" International Exhibition.

The doctoral student has a good command of written and spoken English. He has
very good computer skills in the use of Microsort Office application programs,
working with specialized software for statistical processing SPSS Statistics and
with specialized databases with scientific literature.

General characteristics of the dissertation and abstract - volume and
structure

The dissertation submitted to me for review is written in 168 standard pages. Its
structure covers the sections: Introduction — 3 pages, Literature review — 47 pages,
Conclusions from the literature review — 3 pages, Aim and tasks — 1 page, Materials
and Methods — 26 pages, Results and discussion — 40 pages. , Conclusions — 3



pages, Main contributions — 3 pages, References — 20 pages and scientific
publications and participation in conferences and projects.

The work is aimed at developing a technology for obtaining bioproducts based on
organic sources - higher medicinal mushrooms Ganoderma lucidum (Reishi),
Ganoderma neo-japonicum, Cordyceps sinensis and Cordyceps militaris. The set
goal and planned tasks fully correspond to the doctoral program claimed by the
doctoral student "Technology of biologically active substances (incl. enzyrhes,
hormones, proteins)" from professional direction 5.12. Food Technologies.

The Literature Review of the dissertation successively examines and analyzes
scientific publications on:

v' Application of various types of higher fungi as sources of biologically active
substances to obtain functional bioproducts for medical and nutritional
purposes - world experience.

v' Cultivation methods of wild mushrooms - types of food substrates and
cultivation conditions.

v" Biotechnological methods for obtaining biologically active extracts from
higher fungi.

v" Methods for obtaining stable intermediate forms (intermediate raw material
for subsequent input into a final product) of the obtained extracts.

v" Sublimation drying — mechanism of the process and factors affecting the
quality of the final product.

The cited literature in its entirety covers 207 literary sources published after 2010,
which is undoubtedly proof of the relevance of the developed topic. A very good
impression is made by the drawing of Conclusions from the literature review, which
provide a basis and guidelines for a very accurate and correct formulation of the goals
and tasks that the doctoral student sets for himself in his dissertation work.

On the basis of the literature review, the goal of the dissertation development is also
set: development of a technology for obtaining bioproducts based on organic sources.
Thus formulated, the goal is clear and precise, targeting four types of medicinal
mushrooms and products derived from them to be used to obtain a functional
bioproduct "FibrinoZIME. The tasks resulting from this objective are well defined,
clear and aimed at proving the set objective of the research.

The "Materials and methods" section describes in detail all used starter cell cultures
from higher medicinal mushrooms, the components used in the preparation of the
functional product, technological (laboratory and semi-industrial) and analytical
methods, the conditions and the equipment for HPLC necessary for the analysis of the
biologically active substances.



The "Results and Discussion" section is central to the dissertation. It covers about 40
pages, richly illustrated with tables and figures. The doctoral student has reflected the
experimental work he has carried out with great precision and analytical approach. The
beginning of the section is devoted to a large volume of work related to the cultivation
of cell culture of higher medicinal mushrooms Ganoderma neo-japonicum, Ganoderma
lucidum, Cordyceps sinensis and Cordyceps militaris in liquid medium. It makes a good
impression that the PhD student applies state-of-the-art cultivation techniques and
determines the rate of mycelial growth by measuring the volume of undigested culture
medium. Several compositions of the nutrient medium were experimented, and based
on the results obtained from the experiments, the doctoral student is motivated to
continue his further work with the nutrient medium M2 containing potato starch,
peptone, yeast extract, glucose, FOS, MgSO; x 7 H,0, Vitamin B;, KH,PO4, K;HPOy4,
FeSO4 for mycelium cultivation of the higher fungi mentioned above. The results
obtained from these experiments are represented by figures and summarized in tables,
which undoubtedly helps to follow them more easily.

In the next stage, the PhD student proved that the mycelium growth when cultivating
the four medicinal mushrooms on a solid medium was observed between the 30th and
90th day, with the best result for all the studied mushrooms being reported in the S2
medium, which is an added carbon source rice.

Logically, the cultivation processes are completed by carrying out a semi-industrial
method of cultivating a Cordyceps militaris cell culture to obtain a fruiting body and a
high cordycepin content. A total of four types of starting raw materials were obtained
for extracts to be put into final dosage forms. Under these cultivation conditions, the
total amount of substrates in the system in medium IMI increased by 27.5%, and in
medium IM2 - by 51%.

An innovative approach in the doctoral student's research is the release of biologically
active substances from the cell and cell wall, without the use of organic solvents, but
with treatment with enzymes and microbial cultures to break down the structures of the
cell, which takes place in a temperature range of 18-20°C. For this task, the doctoral
student used as raw material a living mycelium of Ganoderma lucidum, which
contains over 400 types of biologically active substances. The enzymes laccase,
lipase, alpha amylase, cellulase, chitinase were used to break down the cell wall,
and fermentation with Bacilus subtilis was also carried out. Degradation of the cell
wall was established by microscopic observation, and chromatographic analysis
demonstrated the presence of glucosamine, which is conclusive evidence for the
degradation of the chitin layer of the cell wall of the fungal cells.



An essential part of the dissertation is the proof of the presence of biologically
active substances - derivatives of cordycepin and adenosine, peptides of different
molecular mass, phenolic and antioxidant compounds in extracts from the
mycelium of Ganoderma neo-japonicum, Ganoderma lucidum, Cordyceps
sinensis and the fruiting body of Cordyceps militaris. It is known that derivatives
of cordycepin and adenosine have pronounced therapeutic properties related to
increasing the energy of the cell, improving the cellular immune response,
protecting cardiovascular activity, etc. It was found that the concentration of
cordycepin and adenosine derivatives in the sample of Cordyceps militaris cultivated
in a nutrient medium with an optimized composition reached 2.22% and 0.64%, which
is an increase compared to the control medium by 1.9% and 0.24%.

The last part of the dissertation work is related to the development of a new functional
product - "FibrinoZIME", for which a formulation was formulated and a technology for
its production was created. It makes an excellent impression that the doctoral student
applies an innovative approach, which is related to the use of the combined action of
various enzymes with fibrinolytic action, which differ in molecular mass (from 10 to
110 kDa) and have the ability to degrade fibrin and amyloid protein, such as thus
significantly reducing the pathogenic effect caused by the accumulation of plaques in
the tissues.

The abstract of the dissertation work, which is 48 pages long, fully meets the
requirements of the Regulations for the Implementation of the Law on the Development
of the Academic Staff in the AA, fully covering the following sections of the
dissertation work: Introduction, Conclusions from the literature review, Aim and tasks,
Materials and Methods, Results and Discussion, Main Conclusions, Contributions, List
of publications and participation in scientific forums of the PhD student on the topic of
the dissertation.

Actuality of the problem

The use of wild higher mushrooms to maintain good health and treat disease has
existed since ancient times in Asian regions, while the rest of the world this
approach is considerably more recent. In recent years, there has been an increased
interest in their use not only as a functional food, but also in the form of nutritional
supplements, nutraceuticals and mycotherapeutic products. Higher mushrooms are
a rich source of biologically active substances that can be used as ingredients in
the production of functional products from the food, pharmaceutical and cosmetic
industries. Medicinal mushrooms are known to have a number of pharmacological
actions such as antimicrobial, anti-inflammatory, immunomodulatory,
antidiabetic, cytotoxic, antioxidant, hepatoprotective, anticancer, antiallergic,




prebiotic, etc. properties. Currently, no more than 10% of the known fungal
organisms are well studied, which provides a huge opportunity for conducting
scientific research in this area, as well as obtaining biologically active extracts for
use in various areas of the economy and agriculture. In this global context, the
direction chosen by the PhD student and his scientific supervisors is extremely
modern, up-to-date and closely related to practice and its needs for the
development of new functional foods based on wild mushroom extracts.

Literary awareness and theoretical preparation of the candidate

The doctoral student shows with the present work a very good level of knowledge
and mastery of the studied subject. Based on the solid literature review on the topic
of the dissertation, the doctoral student has comprehensively presented the state of
the problems of the application of combined biotechnological approaches for the
use of biologically active components from natural organic sources. The
importance of searching for solutions and undertaking activities related to the
creation of a new technology is shown, in which the nutrient medium for
cultivating the microbial strain-producer Bacillus subtilis is part of the composition
of the final product and is a source of proteolytic, fibrinolytic, cellulase, glucanase,
chitinase enzymes and other biologically active components.

Methodical approach

The materials and methods section of the conducted research is presented clearly
and graphically and includes a description of the steps and stages of the
development. I accept as justified and reasonably selected the approach for detailed
presentation of the research design The research methods, data sources and
materials used are correctly selected. The sources of information are described in
detail, and this justifies the representativeness and significance of the results and
the conclusions drawn. Knowing and using modern analytical methods confirms
the conclusion about the significance and validity of the studies, as well as the
attitudes towards independent research work of the doctoral student. I believe that
the methodical apparatus used is sufficiently comprehensive, it allows the
achievement of the set goal and the realization of the tasks of the research. In order
to achieve the completion of the dissertation work, the goal and tasks have been
definitely fulfilled. As a result of the conducted research, I assume that the doctoral
student has mastered basic scientific methods and techniques.

Thesis contributions

I believe that the dissertation work thus developed and presented for evaluation is
significant with the results achieved in the extremely current topic of research and
creation of new functional products. Contributions are defined as scientific,
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scientific-applied and applied. I believe that the work on this dissertation led to the
following more significant contributions:

v The presence of biologically active components (adenosine derivatives

(cordycepin), peptides with different molecular mass, phenolic profile and
antioxidant activity) in extracts from mycelium of Ganoderma neo-
Jjaponicum, Ganoderma lucidum, Cordyceps sinensis and fruiting body of
Cordyceps militaris has been experimentally proven.

v" The main parameters of the sublimation drying process of mycelium from

Ganoderma neo-japonicum, Ganoderma lucidum, Cordyceps sinensis and
fruiting body from Cordyceps militaris, as components of the composition
of functional bioproduct "FibrinoZIME" have been established.

A semi-industrial method for the production of mycelium and fruiting body
from higher medical mushrooms - Cordyceps sinensis and Cordyceps
militaris on a solid nutrient medium was experimentally applied, and the
content of Cordycepin extract, Adenosin and its derivatives was increased
by 5.25 times compared to standard methods for production.

The semi-industrial production parameters of Cordyceps militaris under real
conditions in a medicinal mushroom farm with an extract production plant
located in Jinhua City, China were established.

Publication activity and evaluation of the quality of scientific publications

At the time of the presentation of the dissertation work, part of the results have
been formed in 3 scientific publications, one of which is in a journal with an impact
factor - Applied Sciences and two in refereed and non-refereed journals with
scientific review. The specified works fully satisfy the requirements of the
Regulations for the Implementation of the Law on the Development of the
Academic Staff in the SSA for the defense of a dissertation.

Critical notes, questions and recommendations to the candidate

I have no significant critical comments and recommendations for the peer-
reviewed dissertation, but I do have questions:

1,

How the chitinase activity of the producer strain Bacillus subtilis was
determined?

Does the PhD student consider that he is optimizing the composition of the
nutritional environments?

. Where data from the microbiological analyzes carried out, indicated on page

91, are presented?



CONCLUSION:

Based on the various research methods applied by the doctoral student, the
experiments correctly carried out, the summaries and conclusions made, I believe
that the presented dissertation meets the requirements of the LDASRB and the
Regulations on the terms and conditions for acquiring scientific degrees and for
occupying academic positions in the AA, which gives me a reason to rate it
POSITIVELY.

On the basis of the above, I propose to award to Nikolay Yankov Solakov
the scientific degree "doctor" in the field of higher education 5. Technical sciences,
professional direction 5.12. Food technologies, doctoral program "Technology of
biologically active substances (incl. enzymes, hormones, proteins)"
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