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I. Kparko npeacrassine na JAOKTOpPAaHTA

Huxomnaii Conakos 3asbpmsa cpejno oOpasoBanue npe3 1984 r. 8 ECITY
»HuMuTEp Braroes®, rp. ITnosaus. OOGpazoBaTellHO KBaTM(PUKALKOHHA CTereH
»bakanaBbp “nomyyasa npe3 2013 r. g [TY »[ lancuit Xunenmapeku®, crienuannoct
Menuuuncka xumust. Ilpes yue6uara 2012-2013 r, Tod 3aBbpuBa CJIK kypc
“UucTpymeHTanen anamus” wu nonyyaBa MpopecHoHanHa KBalH(pUKALHS:
CHCLMATMCT 10 BHUCOKO(EeKTHBHA TeuyHa XpomaTorpadus. Ha ciie/iBaiara
roauHa, Toi nosyyasa OKC »MarucTpp® Mo HayyHa crienManTHoOCT »XPaHUTEIIHA
XUMHS, IPODECHOHATHA KBATHDUKALMS: XUMUK — XpaHuTeaHa XuMus. O4eBUIHO
€, 4€ ¢ nocneanuTe ABa 0OpasoBaTelHH M360pa, SICHO ce ouepraBa Obierara
HACcO4eHOCT 1 HTepeck Ha Hukonait Conakos. Ot 1996 10 2018 r. Toii pabotu B
nBe Gpupmu o Taiime 1 EOOJT u bruoduxe EOOJ] kato koHCynTanT B cdepara
,»Pa3BoiiHa JeiHOCT B XPaHUTEJIHO-BKycoBaTa npomunuieHoct “. Ot 2018 r. JI0
MOMEHTa TOH € aCHCTeHT-JOKTOPAHT B »HHCTHTYTa 1O KpuoGHONOrHs M
XPaHUTETHH TexHonoruu*“. Huxonaii Comakor e NPUAOOMIT  TOMIBIIHUTEIHA
KBalH(UKALKA KAaTO € 3aBbpIINII npe3 2019 r. kypc ,,BeBexxnane u BBTPELLHH
omutopu Ha HACCP cucremara u CTUKCTHpaHE M OIpeJelsiHe eHepruifHaTa
CTOMHOCT Ha Xpanute, KkbM ChHI03a 10 XpaHuTeHa npomuiuieHoct — Codus.
ChbmecTBena yact or TBOp4ecKara aBrobuorpaduss Ha Huxomnaii Conakos ca
HETOBHTE NBE y4acTHsi B MEXIYHAPOIHOTO H3JIOKEHHUE »AI'PA 2019 u ATPA
2020, xbIeTO mNpejCTAaBEHHTE MHOBAIMOHHH ouonponyktu LyoCRUNCH wu



FibrinoZIME ca oTnuyeHM W HarpajeHu c AUMiIoM. JIOKTOpaHTBHT H3BBpIIBA
aKTMBHA Hay4yHO-M3ClieloBaTelcka paboTa ¥ J0Ka3aTeICTBO 3a TOBA € HETOBOTO
yuacTue B 4 Hay4HH GOpyMH U 7 Hay4HO-M3CIIEI0BATE/ICKU IPOCKTH.
II. O6ma XapaKTepHCTHKA HA JHCEPTANHATA H aBTopedepara — obem H
CTPYKTYpa

JIMCepTallMOHHMAT TPYA CBAbPXKA BCHYKA HEOOXOAMMHM pasjend -
BBBEJICHHE, TUTEpaTypeH 00630p, MaTepHalii U METOIM, Pe3yJITaT U 00CHKaaHe,
06001IeHH W3BOAHM, JuTepaTypa W mnpuioxenude 1, obmo 168 crpaHuULM.
L{urupanu ca 207 nurepaTyphu u3rounuka (1 Ha kupunuia u 206 Ha JaTHHHLA).
B mucepranmaTa ca Bmodenu 22 tabnuuu u 31 ¢purypu. Jlutepatyprust 0630p
obxBama 51 crpanui. B Hero ca o6xBaHaTu abCOIHOTHO BCUYKH BBIIPOCH, KOUTO
ca B TACHA BPh3Ka C eKCIIepUMEHTAIHATa 4acT: MPUIOKEHHE Ha Pa3InuHH BU/10BE
BUCIIM I'bOM KaTO M3TOYHHUIM HA OMOJOTMYHO aKTUBHHU BEIIECTBA, METOJIUTE 3a
KyITHBMpaHe Ha JUBOPACTSAIIM BHUCLIM T'bOH, pa3sIMYHUTE OHOTEXHOIOTUYHHU
METO/M 3a TNOJlydaBaHe Ha OMOJIOTMYHO aKTHBHHM €KCTPAKTH OT BUCIIM I'bOM U
METOAM 3a TIoJiyyaBaHe Ha CTAOMIHM MEXIMHHH (OpMH Ha IOJIyYCHUTE
ekcrpakTd. OOBPHATO € CHelHalHO BHUMaHHe Ha CyONMMalMOHHOTO CyllIeHe —
MEXaHW3bM Ha mporeca U (aKTOpH, BIMSCNH BbPXY KadeCTBOTO HAa KpaWHMs
npoaykr. MHoro po0Ope ca ONUCAaHM NpeJIMMCTBaTa M HEIOCTAThLUHUTE Ha
KOHTPOJIMPAHOTO JiIabopaTOpHO OTIJIeKJaHe Ha MEJMIMHCKM TI'bOM W Ha
KOHTPOJIMPAHOTO OTIJIK/IaHe TIPU ecTecTBeHM ycioBusa. Hakpas JOKTOpaHTBHT €
HAMpaBWJI U3BOIM OT JIMTEpATypHUsi 0030p M € MOCOYMJI B KaKBa HacoKa Iie ce
pa3BHBa JMCEpTAl[MOHHMS TpPyJ ¥ KOM Ca HOBUTE €JIEMEHTH B HEro.
ABropedepaThT OTroBaps Ha JUCEPTALMOHHKS TPYI U € MHOro 1o6pe odopmeH,
TakKa 4e Ja 1aJie siCHa MpeJIcTaBa 3a Hero.

III. AktyaaHocTt Ha npobjema

OcHoBHaTa 11eJT Ha JUCEPTALMOHHUS TPy € pa3paboTBaHe HAa TEXHOJIOTHUs
3a [oJIy4aBaHe Ha OMOJOTHYHO aKTUBHH KOMIUIEKCH OT JIMBOPACTSIIIM BUCIIH I'bOH
¥ MHKpOOMaJIHM KyJITYPH ¥ BKIIOYBAHETO MM BbB (PYHKLMOHAJIEH IPOAYKT C
HACOYEHO 3/IpaBOCIIOBHO JielicTBUe. TemaTa e akTyanHa, Thii KaTO MeJIMIMHCKUTE
reOM ca IeHeH M3TOYHMK Ha OMOJIOrMYHO-aKTUBHU BELIECTBA M B IIOCJIEIHHUTE
roZMHHU ce pa3paboTBar peauiia OUONPOIYyKTH OT TsX. [IpunoxxeHu ca uHTepecHH
KOMOMHMpaHH OMOTEXHOJOTHYHHU TMOAXOAM 32 MOoy4yaBaHe Ha (QyHKIHOHAIHUS
MPOIYKT, CBABPXKAI] EKCTPAKTU OT BUCIIM MEAMLMHCKA I'bOu ¢ wu3bpana
OHMOOrMYHO aKTUBHA HAacoueHOCT. OChIIECTBEHO € KOMOMHUPAHO U3MOI3BaHe HA
rpOHM U MUKpPOOHMAJIHM €KCTPaKTH C Iiesl nojo0psiBaHe OMOJIOrMYHO aKTHBHOTO
neWicTBue Ha KpalHusi npoaykT. Ch3jajeHa € HOBa TEXHOJIOIMS, NPHU KOSTO
XpaHUTEJIHATA CcpeJia 3a KyJITUBUpaHe Ha MUKpOOUAJIHHUS 11aM € 4acT OT ChCTaBa
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Ha KpaiHuWs NPOAYKT W € M3TOYHHUK Ha IPOTEOIUTHYHH, (PUOPHHOIUTHUYHH,
IeyJia3HH|, TIIOKAHA3HW, XUTHHA3HU €H3MMHU M Jpyrd OHMOJIOTMYHO aKTHBHH
KOMIIOHEHTH.
IV. JlutepaTypHa 0CBeIOMEHOCT H TEOPETHYHA NOArOTOBKA HA KAHIH/AATA
Ot HanpaBeHUAT JIUTepaTypeH 0030p U Olile 0BeY€e OT HAIIpaBEHUTE U3BOU
KBbM JIMTEpATypHHsi 0030p cbM yOeleHa, 4e KaHAMAATHT MMa MHOro nobpa
JIMTEpaTypHa OCBEJIOMEHOCT U TeopeTHyHa nojaroToBka. Ha 6asaTta Ha cxOpanara
WHOpMaLMs KaHIUAAThT Ce OpPUEeHTHpa KbM 4 BHIA MEIUIMHCKH TI'bOM-
Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis W
Cordyceps militaris, 3a KOUTO € U3BECTHO KaKBU OMOJIOrMYHO aKTUBHM BELIECTBA
npoxyuupar. 3abens3Ba ce crabuiiHa TeOpeTHYHA MOArOTOBKA 10 OTHOLLEHHE Ha
KYJITUBUPAHETO HAa MEIUMLMHCKUTE I'bOU, H3MON3BAHUTE XPAHWUTEIIHU CpElH,
ONTUMHU3UPAHE HA yCIIOBUATA 3a KYJITUBUpaHe, EKCTPaXUpPaHEeTO Ha OMOIOTHYHU
AKTUBHHTE BEIIeCTBA, U3IOJI3BAHUTE OMOTEXHOJIOIMUYHUTE METOIH 3a TOJIy4yaBaHe
Ha OMOJIOrMYHO aKTUBHU €KCTPAKTH OT BHCILU I'bOM U METOIUTE 3a MOJyuyaBaHe
Ha CTaOMJIHU MEXIMHHH (HOPMHU Ha TOJIydeHHTe eKcTpakTh. Kanguaaretr uma
MHOro no0pa TeopeTH4Ha MOArOTOBKA IO OTHOLIEHHWE Ha CyOJIMMAaIlMOHHOTO
cylleHe, a OMX JONBJHWIA M TpaKkTUYHA MOJArOTOBKAa, Thid KaTo paboTu B
HHcTuTyTa 10 KpUOOHMOJIOTUS ¥ XPAHUTETHU TEXHOJIOTMH, KOMTO MMa 3HAYUTETHH
yCHexu B Ta3u 00JiacT.
V. MeTroauyeH moaxosn
OnpeneneHo MoXxe Ja ce KOHCTAaTHpa, Y€ METOJAMYHHUST TMOJIXOM IpH
pa3paboTBaHeTO Ha JUCEPTALMOHHUS TPy € MHOro noowp. ITogbpanu ca 4 Buga
MEeIMLUHCKU I'eOU - Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps
sinensis n Cordyceps militaris, NpoAyUUpaIld LEHHH OWOJOTHYHO AKTHBHHU
BEILIeCTBA. 3a J1a Ce TOJy4YH MO-TOJISIM IPOLEHT OMOJOTHYHO aKTUBHH BEIEeCTBa C
omnpezeneHa OMOJIOrMYHA HACOYEHOCT, KaHAWAATHT OOpbIa BHUMaHHE Ha
ONTHUMHM3UPAHETO HA YCIIOBHUATA Ha KyJITHBUpAaHE Ha MEOUIIMHCKUTE I'bOU. 3a
MOCTUIaHETO Ha Ta3M LieJl BapupaH € ChCTaBa HAa XpaHUTEJHATA Cpella U ca
NPOBEICHH EKCIIEpUMEHTH 3a KyJITUBHpaHE Ha MHIEIHU KYJITypH B TeYHa H
TBbp/Ia CpeJia, B 1abOpaTOPHU U MOTYIPOMHUIIIEHH KOHTPOJIUpaHu ycioBus. [1pu
HAIIPaBEHOTO CPaBHEHHUE SICHO Ce OouepTaBaT MPeJUMCTBATa U HEJIOCTATHIUTE Ha
Bcekd MeroJ. Pa3paboreHn ca OMOTEXHOJOrMYHM METOAM 3a XHAPOJHW3a Ha
BUCIIMTE I'bOM Ype3 U3I0JI3BaHe HAa TOTOBH €H3UMHM KOMILUIEKCH U (hepMeHTaIHsl
4pe3 TUPEKTHO M3I10JI3BaHe Ha )KUBU KJIETKHU OT IaM npoayuenta Bacillus subtilis
NBIMCC 2353. 3HauyuTenHO BHMMaHHe € OTAEJIeHO Ha ONTHMH3HpAHE Ha
XpaHHWTeJIHaTa cpea 3a KyatuBupane Ha Bacillus Subtilis NBIMCC 2353 ¢ nen
yBejM4yaBaHe Oposi Ha >KM3HECIOCOOHHMTE KJIETKM W yBeJlWYaBaHe Ha obmara
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NpOTEOJUTHYHA M XWUTHHAa3Ha aKTUBHOCT. [IpuiiokeHM ca ajeKkBaTHH u
ChbBPEMEHHH aHAJIMTHYHH METOAM 3a JOKa3BaHE HAJIWYMUETO HAa OMOJIOMHMYHO
akTHBHHUTE KOMNOHeHTH — HPLC 3a noka3Bane Ha MpOM3BOAHMUTE Ha a/leHO3MH
(kOopMUenuH), eneKTPOGOPETHYHH AaHANM3H 3a JOKAa3BaHEe Ha MIOJIy4YE€HHUTE
NEeNTHIM C pasjiiiyHa MOJIEKyJHa Maca M CIHeKTPO(GOTOMETPHYHHM METOIH 3a
onpezensiie Ha ()eHOJeH NMPOGHI U aHTHOKCHIAHTHA AKTHBHOCT B MHIE/IHA
KyJITypa OT W3CJie/IBAHUTE BUCIIM I'bOM B Pa3IMYHH €TallH OT pa3BuTHeTo uM. Ha
Oasara Ha mONyueHHTE pe3yITaTH W TSAXHATA MHTEPIpETauys ca oInpeeeH
ONTHUMAJIHUTE YCJIOBHS OCHMIypsiBallld IIOCTUraHE Ha JKejaHaTa OMOJIOTrHYHA
aKTUBHOCT Ha OWorpojykra. Hakpas Ha JucepTalMOHHHs TpyJ € MpejiokeHa
TEXHOJIOTHs 32 pa3paboTBaHe Ha YyHKLUMOHAJICH IPOLYKT, ChABPIKAI eKCTPAKTH
OT BHUCIIM MEIULMHCKU I'bOM ¢ u30paHa OMOIOrHYHO-aKTHBHA HACOYEHOCT U IO
TO3M HA4YWH € OCBIUECTBEHA OpUIMHAJIHA IIPAKTHYECKa 3aBbPIIEHOCT Ha
JMUCEPTALlMOHHHUS TPY/I.

VI. 3nauumoctr wu yOeaureanocr Ha NOJIy4eHHTEe  pe3yJITaTH,

HHTEpNpeTalHH U H3BOIH

be3 cbmHeHue monydenute pesynraTd ca 3Haunmu. Ch3aneHa e HOBA

TEXHOJIOTHs 32 MOJTy4aBaHe Ha (yHKIMOHANEH IIPOAYKT C HACOYEHO 3JPaBOCIIOBHO
neicTue. Pesynrature ca yGeauTesnu, 3amoTo Ipi ThPCEHETO HA ONTHMATHHTE
YCJIOBHS 3a KyJITHUBMPAHE, HETIPEKbCHATO C€ MPaBHU KAYECTBEHO U KOJIMUYECTBEHO
CPaBHEHHE Ha IOJIy4YeHUTE OMOJIOrMYHO-aKTUBHY BEILECTBA MPU KyJITHBUPAHE B
T€Ha 1 B TBBP/JA CPe/ia, NpH JIADOPATOPHO M MOJYNPOMHILIEHO KYyJITHBHpAHE,
[Ip¥ BapupaHe Ha XpaHWTeIHaTa cpeJa. HanpaseHo e cpaBHeHue Ha Xuaponmu3aTa
Ha BHCIIH I'bOM Ype3 U3I0JI3BaHE Ha FOTOBU €H3UMHM KOMILIEKCH U bepmenTanus
p€3 TMPEKTHO M3II0JI3BAHE HA XMBHU KJIETKH OT IaM npoayuenta Bacillus subtilis.
IIpunokenu ca noaxosuy chbBpeMeHHN METOM 3a IOKa3BaHe Ha GHONOMHYHATA
aKTMBHOCT Ha Ouomnpoxykra. MHTepnperauusta Ha pesynrtatute e JIOCTOBEpHa.
MHoro n06pe e H3SICHEHO NpU KAaKBH YCIIOBHS MOXKE 1a ce IIOJIy4YH €KCTPakT C
BHCOKa aHTHOKCH/IAHTHA aKTMBHOCT, WJIM €KCTPAKT C BUCOKA €H3MMHA aKTHBHOCT,
WK €KCTPaKT ¢ BUCOKO chabpikanue Ha Cordycepine w Adenosin. 3Bomute Ha
AUCEPTALHOHHMS TPYJI Ca 100pe 0pOpPMEHH, MONKPENEeH) ¢ KOHKPETHHU JaHHH.

VII. Ilpunocu Ha [ucepTaunoHHus TPy

JluceprauusTa e ¢ Hay4HH, HAYyYHO-IPUIOKHH U IPUIIOKHHU MPUHOCH. T3

OTpassiBa e[Ha MHOTO 100pa 3aBBPUIEHOCT Ha E€AMH Hay4eH NPOAYKT — OT
n1abOpaTOpHUTE EeKCIIEPUMEHTH, IIpe3 MOJIYTIPOMHIIUIEHUTE EKCIIEPUMEHTH J10
U3pabOTBaHe Ha HOBA TEXHOJIOTUS ¥ TOTOB IPOAYKT C periiaMeHTUPaHu KPUTEPUH.
Pasbupa ce muceprarmsta uma HayuH# pHHOCH, HO Hak-BIEYaTISIBAIIOTO B HEs



€, 4e Ce BIK/Ia KpaifHaTa 11eJ1 Ha e/lHa Hay4Ha 1/iesl, a MIMEHHO HelHaTa peaiu3aius
B IIPAaKTHKaTa.

Hayuno-¢pynoamenmannu npurnocu

1. OnTuMHU3HpaHa e XpaHUTeJIHaTa Cpe/ia 3a KyJITUBUpaHe Ha BUCIITH MEIUITHHCKH
re0u, Taka 4e MpoLechT Ha KyJITUBHpaHE [1a € HacoYeH KbM IMpOAyLHpaHe Ha
NENTUIM C HACOYEHO €H3MMHO JeHCTBHE U IPOJyLHpPaHe Ha IMO-BUCOK IIPOLIEHT
IIPOU3BO/JIHU Ha aJICHO3MH.

2. YcraHOBEH € ONTHMAaJIHUs KOMIIOHEHTeH ChCTaB Ha XpaHMUTEIHATa cpeja 3a
KyituBupane Ha maM Bacillus subtilis NBIMCC 2353 ¢ uen yBenuuaBaHe Opost

Ha >KHU3HECIIOCOOHUTE KJIETKU M yBE€JIH4aBaHE Ha 061ua'ra IIpOTEOJIMTUYHA H
XHUTHUHaA3Ha aKTHBHOCT.

3. Jloka3aHo € HaJIMYMeTO Ha OMOJOTHYHO AKTUBHU KOMIIOHEHTH - IPOM3BO/IHH Ha
aJIeHO3UH (KOPAMLEIHH ), IETNTUIM C pa3IMYHa MOJIEKYJTHA Maca, TeXHHUs (eHOIeH
npo(duII ¥ AHTHOKCHIAHTHA aKTUBHOCT B €KCTPAKTH OT MULen Ha Ganoderma neo-

Jjaponicum, Ganoderma lucidum, Cordyceps sinensis u iioHo Tsu10 ot Cordyceps
millitaris.

Hayuno-npunoscnu npunocu

1. Pa3paboten e mMeToJ1 3a mpoJyliupaHe Ha CBeX MHLEN B chepudyHa ¢popma oT
BUCIIKM MeIuUUHCKU I'vou (Ganoderma lucidum, Ganoderma neo-japonicum,
Cordyceps sinensis u Cordyceps millitaris) B Te4Ha XpaHUTEJIHA cpejia ¢ JoOaBsiHe
Ha crienuUIHU OeNTHYUHHU, XUTHH C LIeJT [10Jly4aBaHe Ha BUCOKO ChIAbpKaHUE Ha
OHMOJIOrMYHO AaKTUBHH MENTHIM C HACOYEHO €H3MMHO JIeHCTBUE U I10-JIECHOTO MY
OTJIeNIsIHE OT TeyHaTa (a3za Ha KyJITypajHara cpeja.

2. Pa3paboten e MeToa 3a MpoylMpaHe Ha MULEN OT BUCIIM MEIULMHCKU I'bOU
(Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis u
Cordyceps millitaris) BbpXy TBbpJla XpaHUTEIHA cpea, odoraTeHa ¢ Opu3 ¢ Lell
NIOJTy4aBaHe Ha BUCOKO ChAbpIKaHHe Ha OMOJOrHYHO aKTHBHH nosinzaxapuau (P —
IVIIOKaHU) U TPUKPATHO ChKpallaBaHe Ha BPeMeTO Ha KyJTUBHpPAaHE Ha MULIETHATA
KyJITypa.

3. Ilpuio>keH e noyIpOMHUIILUIEH METO/1 3a MPOAYLUPaHe Ha MUILIEJT U TUIOAHO TSUIO
oT BUclIU MeauuuHcku rvou (Cordyceps sinensis u Cordyceps millitaris) BbpXy
TBbpJla XpaHWUTENHA Cpela, Karo € IOCTHUIHATO yBEJIWYeHHE ChIAbpPKAHUETO B
excrpakta Ha Cordycepin, Adenosin u HeroBUTE MPOM3BOJHHU 5,25 MBTH CHPSIMO
CTaHJJAPTHUTE METO/IU 3a IPOU3BOJICTBO.

4. lloxasaHo e, ye Bacilus subtillis NBIMCC 2353 e noaxomsuy 1am MnpoayueHT
3a €H3MMHO CMMWJIaHe Ha rebeH cyOcTpar OT CBeX MHMIIEN, YCIeIIHO MOXe Ja
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3aMECTH HM3I10JI3BaHETO HAa IOTOBM E€H3MMHHM KOMIUIEKCH M Ja Ce TNPUJIOKH B
IPOM3BOJICTBOTO Ha pa3paboTBaHusl (yHKIHOHAIEH IMPOIYKT.

5. PazpaGoteH e meron 3a KynTHBUpaHe Ha wiam npoayuenta Bacillus Subtilis ¢
el yBeluyaBaHe Opos Ha JKM3HECIIOCOOHMTE KIETKH M TPOAyLIMPAHETO Ha
€H3MMHM C pa3jM4yHa MOJIeKyJlHa Maca, 4Ype3 OINTUMHU3UpaHE ChCTaBa Ha
XpaHUTeJHaTa cpefa ¢ Jo0aBsiHe Ha IPOMHIIUIEHO IOJIY4YeH EKCTPakT oOT
Ganoderma lucidum n Cordyceps sinensis ¢ BUcoko cbabpxanue (40%) Ha B —
TJTFOKaHH.

6. @opmynupaH € peLenTypeH CbhCTaB W € pa3paboTeHa TEXHOJOIHs 3a
MPOM3BOJACTBO Ha (QYHKIHOHANEH MNpOAYKT - . FibrinoZIME ’c ¢usnonorndsa
HACOYEHOCT KBbM pasrpakaane Ha GUOPUHOB U aMHJIOUIEH OENTHK.

3. llpunosicnu npurocu

1. PazpabGoTeHa € TEXHOJIOrHYHa CXeMa 3a MPOU3BOJCTBO Ha IUIOAHO TSAIO U
ekcrpakt ot Cordyceps millitaris ¢ nosuieHo chabpxanue Ha Cordycepine.

2. VYcraHOBEHM ca IIapaMeTpUTe Ha MOJYIPOMHMIIEHO ITPOM3BOACTBO Ha
Cordyceps millitaris B peaiiHu yCIIOBHsI BbB (hepMa 3a OTIVIENkK/JaHEe Ha MEUIIMHCKH
re0M W C TpeanpusTHE 3a MPOU3BOACTBO HA €KCTPAKTH, HAMHUPAILO Ce B Ipaj
Jlxunxya, Kuraid.

VIIL Ily6/imkannoHHAa AKTHBHOCT H OLIEHKA HA KA4YeCTBOTO HA HAYYHHTE
nyoaHKaHH
O6emMbT Ha MOMy4YEHUTE EKCIIEPUMEHTAIHH DPEe3yJTaTH € TrojisiM, HO He
BCHYKM pe3ynTaTu ca myOnaukyBaHu. UyBcTBa ce, 4e HMHTEPeChT W CHMjIaTa Ha
JOKTOpaHTa € B MpHJIOXKHATa 4acT. JIOKTOpaHTBT NpeAcTaBs TPH HAyYHH
nyonukanuu. ITonyyeHute pesynTari, OTHOCHO IOJy4aBaHETO Ha OMOJIOTHYHO
aKTUBHHU €KCTPAKTH OT M3CIe/IBAHUTE MEIULMHCKU I'bOM 4pe3 depMmeHTanms
Bacillus subtilis NBIMCC 2353 ca nyGiuKyBaHH B PEHOMHMPAaHOTO CIIMCAHHUE
Applied Sciences, 2022 ¢ IF 2.838, xoeTro e yGeIuTeNHO IOKAa3aTENCTBO 3a
Ka4eCcTBOTO Ha NyOnuKkanusra. Pesynratute B Tasu myOnMKalms MOKa3BaT siCHA
TCHJCHLMS Ha yBeJMYaBaHe Ha ChAbPKAHUETO HA KOPAMLIENIHH M aJeHO3MH B
npoba ot Cordyceps militaris, oTrienana B Ky/nTypajHa Cpejia C ONTHMH3HMPAH
cbcTaB. JIOKTOPaHTBT € NpeJCTaBUII OLe [Be CTATHH, €JHara MyOIMKyBaHa B
pedepupano cnucanue Journal of Mountain Agriculture on the Balkans, a gpyrara
B Hepedepupano cnucanue International Journal of Development Research. Ha
Oaszara Ha Te3W TpU MyONMKALMM JOKTOPAaHTBT MMa 56,66 TOUKH. 3aeqHO C
AUCEPTALIMOHHUAT TPy 1 TOYKUTE ca 106,66 1 HarbJIHO ce MOKPUBAT MUHUMAJIHUTE
HauuoHanHu u3uckBanusATa Ha 3PACPD u IlpaBunHuka 3a ycinoBusta U peaa 3a
npuaoOuBaHe Ha Hay4yHaTa cTerneH ,, Jlokrop* Ha CCA.
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IX. KpuTnunu 0e/ieskKH, BLIPOCH H NPEeNnopbKH KbM KaHAHAATA
KBM 10KTOpaHTa MMaM e/lHa He3HauuTelHa 3abenexka. B nmureparypHus
0030p B Tabmuum (1,2) u ¢urypu (9,10) 6u O6wio nobpe na ce mpeBenar Ha
ObArapcku HaMMEHOBaHHMSATAa Ha AaKTUBHUTE CBHEAUHEHHS M O3HAYEHHUSATA,
HE3aBUCUMO, Y€ ca B3eTH OT JIMTepaTypPHH U3TOYHHIIMA, KOUTO Ca [IUTHPAHH.
VimMaM HSKOJIKO BBIIPOCH:
1. Or Tabmuua 21. KommoHeHTeH M KOJMYECTBEH CHCTaB Ha (PYHKIMOHAJIEH
nponykt FibrinoZIME ce Bwxna, 4ye ca BKIIOYeHU Muuen ot Ganoderma lucidum
u wioaHo tsno ot Cordyceps millitaris, a B peuentypHus cberaB B [IpuiiokeHue
1, Te nuncBar. 3aIo CcTe ce 0TKa3aJId OT TAX?

2. KakBu ca HaMepeHHUsTa BH 3a IIPOU3BOACTBOTO Ha (hyHKIIMOHAIHATA H00OaBKa —
BUE JIM 1lle MOoJy4yaBare rbOHMSI MULEN M TUIOAHOTO Tsio WM oT Kurtaii me ru
BHacsiTe. Te 1o BaliuTe ONTUMHU3UPAHU YCJIOBUSA 3a KYJITUBHpAHE JIH Iiie paboTsaT
WJIK 110 CTaHAApTHA TAXHA METOIHMKA?

3. Wma 1M wusuckBaHus 3a (U3MOIIOTHYHA AKTUBHOCT, O€3BPEAHOCT U
MHKpoOHanHa ctabuiHocT B uutupanus ot Bac Perimament EC 2018/1023, Touno
3a U3I0JI3BaHUsl MHIENl OT 4-Te BH/Ja MEJMLMHCKM I'bOM M 3a TUIOJHO TSJIO Ha
Cordyceps millitaris?

4. Wmare nu paspemieHue OT AreHuusra no 0e30MacHOCT Ha XpaHHWTE 3a
IPOU3BOZICTBO M Pa3lpOCTpaHeHHE Ha XpaHUTeTHaTa Jo0aBKa?

SAKJIIOYEHHUE:

Bb3 ocHOBa Ha IpHJIOKEHUTE OT JOKTOpaHTa pa3IMYHH METOAM Ha
U3Cjie[IBaHe, NPaBUJIHO U3BEJCHUTE €KCIIEPUMEHTH, HalpaBeHUuTe 0000IIeH s U
M3BOJIM CYMTaM, Ye IIPe/ICTaBeHHUIT [UCepTAllMOHEH TpyJ OTroBaps Ha
usrckBanusaTa Ha 3PACPD u IlpaBunnuka 3a ycioBusita U pesa 3a npuaoduBamHe
Ha Hay4YHW CTEIEHM U 3a 3aeMaHe Ha akajieMH4HH JIbxKHOCTH B CCA, KoeTo Mu
nasa ocHoBaHue Ja ro ouensi IOJIOKUTEJIHO.

Bb3 ocHOBa Ha ropensIoKeHOTO NpejyiaraM aa ce npuchau Ha Hukonai
Ankoe Conakoe nayunara crenet “Jlokrop” B obnact Ha BHciie oOpa3oBaHue 5.
Texnuueckn Hayku, mnpodecuoHanHo Hampasienue 5.12. Xpanurendu
TEXHOJIOTHM, Hay4yHa CIEUMaTHOCT ,, TeXHojoruss Ha OHOJOrMYHO-aKTHBHHTE
BEILECTBA (BKJI. €H3UMM, XOPMOHH, OEITHYHHM ).

Hara: 14.09.2023 MU3I'OTBUJI PELUEH3USITA:

/mpo¢. aTH LI. 'opxeBbprosa/
17D /7 7
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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 of
bioproducts based on organic sources, Nikolay Yankov Solakov

Member of the scientific jury: Prof. DSc Tsonka Ivanova Godzhevergova,
University "Prof. Asen Zlatarov, Ph.D.", Burgas, Scientific specialty "Technology
of biologically active substances (incl. enzymes, hormones, proteins)", order of
Director of the Agricultural Academy RD 05-75 dated 25.05.2023.

L. Brief presentation of the author of the dissertation

Nikolay Solakov graduated from secondary education in 1984 at the
"Dimitar Blagoev" USVS, Plovdiv. Educational qualification "Bachelor" was
obtained in 2013 at PU "Paisii Hilendarski", specialty Medicinal Chemistry.
During the academic year 2012-2013, he completed the qualification course
"Instrumental analysis" and received a professional qualification: specialist in
high-performance liquid chromatography. The following year, he received a
Master's degree in the scientific specialty "Food Chemistry", professional
qualification: chemist - food chemistry. It is obvious that with the last two
educational choices, the future direction and interests of Nikolay Solakov are
clearly outlined. From 1996 to 2018, he worked in two companies Gold Times 1
Ltd and Biofix Ltd as a consultant in the field of "Development in the food
industry". From 2018 to the present, he is a PhD assistant at the "Institute of
Cryobiology and Food Technology". Nikolay Solakov has acquired an additional
qualification by completing in 2019 the course "Introduction and internal auditors
of the HACCP system and labeling and determining the energy value of foods",
at the Food Industry Union - Sofia. An essential part of Nikolay Solakov's creative
autobiography is his two participations in the international exhibition "AGRA
2019 and AGRA 2020", where the presented innovative bioproducts
LyoCRUNCH and FibrinoZIME were honored and awarded with a diploma. The
doctoral student carries out active scientific research work and his participation in
4 scientific forums and 7 scientific research projects is proof of this.

II. General characteristics of the dissertation and author’s summer of
dissertation - volume and structure

The dissertation contains all the necessary sections - introduction, literature
review, materials and methods, results and discussion, summary conclusions,
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literature and appendix 1, a total of 168 pages. 207 literary sources are cited (1 in
Cyrillic and 206 in Latin). The dissertation includes 22 tables and 31 figures. The
literature review covers 51 pages. It covers absolutely all questions that are closely
related to the experimental part: application of various types of higher mushrooms
as sources of biologically active substances, methods of cultivation of wild
growing higher mushrooms, various biotechnological methods for obtaining
biologically active extracts of higher mushrooms and methods for obtaining stable
intermediate forms of the resulting extracts. Special attention is paid to freeze
drying - process mechanism and factors affecting the quality of the final product.
The advantages and disadvantages of controlled laboratory cultivation of
medicinal mushrooms and controlled cultivation under natural conditions are very
well described. Finally, the doctoral student drew conclusions from the literature
review and indicated the direction in which the dissertation will develop and what
are the new elements in it. The abstract corresponds to the dissertation work and
is very well designed so as to give a clear idea about it.

I1I. Relevance of the studied problem

The main goal of the dissertation work is to develop a technology for
obtaining biologically active complexes from wild-growing higher fungi and
microbial cultures and their inclusion in a functional product with a targeted
health effect. The topic is topical, as medicinal mushrooms are a valuable source
of biologically active substances and in recent years a number of bioproducts have
been developed from them. Interesting combined biotechnological approaches
were applied to obtain the functional product containing extracts of higher
medicinal mushrooms with selected biologically active targeting. A combined use
of fungal and microbial extracts was carried out in order to improve the
biologically active effect of the final product. A new technology has been created
in which the nutrient medium for cultivating the microbial strain 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.

IV. Literary knowledge and theoretical competence of the candidate

From the literature review and even more from the conclusions drawn to
the literature review, I am convinced that the candidate has a very good literary
awareness and theoretical training. Based on the collected information, the
candidate focuses on 4 types of medicinal mushrooms - Ganoderma lucidum,
Ganoderma neo-japonicum, Cordyceps sinensis and Cordyceps militaris, which
are known to produce biologically active substances. A solid theoretical
preparation is noted regarding the cultivation of medicinal mushrooms, the
nutrient media used, the optimization of cultivation conditions, the extraction of
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biologically active substances, the biotechnological methods used to obtain
biologically active extracts from higher mushrooms and the methods for obtaining
stable intermediate forms of the resulting extracts. The candidate has a very good
theoretical background in freeze-drying, and I would add practical background as
he works at the Institute of Cryobiology and Food Technology, which has
significant success in this field.

V. Methodical approach

It can definitely be stated that the methodical approach in the development
of the dissertation work is very good. 4 types of medicinal mushrooms were
selected - Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis
and Cordyceps militaris, producing valuable biologically active substances. In
order to obtain a greater percentage of biologically active substances with a
certain biological focus, the applicant pays attention to the optimization of the
cultivation conditions of medicinal mushrooms. To achieve this goal, the
composition of the nutrient medium was varied and experiments were conducted
to cultivate mycelial cultures in liquid and solid medium, in laboratory and semi-
industrial controlled conditions. The comparison clearly outlines the advantages
and disadvantages of each method. Biotechnological methods have been
developed for the hydrolysis of higher fungi by using ready-made enzyme
complexes and fermentation by directly using living cells of the producer strain
Bacillus subtilis NBIMCC 2353. Considerable attention has been devoted to
optimizing the culture medium for Bacillus Subtilis NBIMCC 2353 in order to
increase the number of viable cells and an increase in total proteolytic and
chitinase activity. Adequate and modern analytical methods were applied to prove
the presence of the biologically active components - HPLC to prove the adenosine
derivatives (cordycepin), electrophoretic analyzes to prove the obtained peptides
with different molecular mass and spectrophotometric methods to determine the
phenolic profile and antioxidant activity in micellar culture of the investigated
higher fungi in different stages of their development. Based on the obtained results
and their interpretation, the optimal conditions ensuring the achievement of the
desired biological activity of the bioproduct were determined. At the end of the
thesis, a technology was proposed for the development of a functional product
containing extracts of higher medicinal mushrooms with a selected biologically

active focus, and in this way an original practical completion of the thesis was
realized.

VI. Significance and persuasiveness of the obtained results, interpretations
and conclusions




Undoubtedly, the results obtained are significant. A new technology has
been created to obtain a functional product with a targeted health effect. The
results are convincing, because in the search for the optimal conditions for
cultivation, a qualitative and quantitative comparison of the obtained biologically
active substances is constantly made in cultivation in liquid and in solid medium,
in laboratory and semi-industrial cultivation, in varying nutrient medium. A
comparison was made between hydrolysis of higher fungi using ready-made
enzyme complexes and fermentation using live cells of the producer strain
Bacillus subtilis. Appropriate modern methods are applied to prove the biological
activity of the bioproduct. The interpretation of the results is reliable. It is very
well understood under what conditions an extract with high antioxidant activity,
or an extract with high enzyme activity, or an extract with a high content of
Cordycepine and Adenosin can be obtained. The conclusions of the dissertation
work are well formed, supported by specific data.

VII. Dissertation Contributions

The dissertation has scientific, scientific-applied and applied contributions.
It reflects a very good completion of a scientific product - from laboratory
experiments, through semi-industrial experiments to the development of a new
technology and a finished product with regulated criteria. Of course, the
dissertation has scientific contributions, but the most impressive thing about it is
that it shows the ultimate goal of a scientific idea, namely its implementation in
practice.

Scientific-fundamental contributions

1. The nutrient medium for cultivating higher medicinal mushrooms is optimized
so that the cultivation process is aimed at producing peptides with targeted
enzyme action and producing a higher percentage of adenosine derivatives.

2. The optimal component composition of the nutrient medium for the cultivation
of Bacillus subtilis strain NBIMCC 2353 was established in order to increase the
number of viable cells and increase the total proteolytic and chitinase activity.

3. The presence of biologically active components - derivatives of adenosine
(cordycepin), peptides with different molecular mass, their phenolic profile and
antioxidant activity in extracts from the mycelium of Ganoderma neo-japonicum,
Ganoderma lucidum, Cordyceps sinensis and the fruiting body of Cordyceps
millitaris has been proven.

Scientific and applied contributions



1. A method was developed to produce fresh mycelium in spherical form from
higher medicinal mushrooms (Ganoderma lucidum, Ganoderma neo-japonicum,
Cordyceps sinensis and Cordyceps millitaris) in a liquid nutrient medium with the
addition of specific proteins, chitin in order to obtain a high content of biologically
active peptides with targeted enzymatic action and its easier separation from the
liquid phase of the culture medium.

2. A method was developed for the production of mycelium from higher
medicinal mushrooms (Ganoderma lucidum, Ganoderma neo-japonicum,
Cordyceps sinensis and Cordyceps millitaris) on a solid nutrient medium enriched
with rice in order to obtain a high content of biologically active polysaccharides
(B-glucans) and a threefold reduction in the cultivation time of the mycelial
culture.

3. A semi-industrial method was applied for the production of mycelium and
fruiting body from higher medicinal mushrooms (Cordyceps sinensis and
Cordyceps millitaris) on a solid nutrient medium, achieving an increase in the
content of Cordycepin, Adenosin and its derivatives 5.25 times compared to
standard methods for production.

4. Tt has been proven that Bacilus subtillis NBIMCC 2353 is a suitable producer
strain for enzymatic digestion of fungal substrate from fresh mycelium, it can
successfully replace the use of ready-made enzyme complexes and be applied in
the production of the developed functional product.

5. A method was developed for cultivating the producer strain Bacillus Subtilis in
order to increase the number of viable cells and the production of enzymes with
different molecular mass, by optimizing the composition of the nutrient medium
with the addition of an industrially obtained extract of Ganoderma lucidum and
Cordyceps sinensis with a high content (40%) of B-glucans.

6. A formulation was formulated and a technology was developed for the
production of a functional product - "FibrinoZIME" with a physiological focus on
the degradation of fibrin and amyloid protein.

Applied Contributions

1. A technological scheme was developed for the production of the fruiting body
and extract of Cordyceps millitaris with an increased content of Cordycepine.

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




VIII. Publication activity and evaluation of the quality of scientific
publications

The volume of experimental results obtained is large, but not all results
have been published. It is felt that the interest and strength of the PhD student is
in the applied part. The PhD student presents three scientific publications. The
obtained results regarding the preparation of biologically active extracts from the
studied medicinal mushrooms by fermentation with Bacillus subtilis NBIMCC
2353 were published in the renowned journal Applied Sciences, 2022 with IF
2.838, which is a convincing proof of the quality of the publication. The results in
this publication show a clear trend of increasing cordycepin and adenosine content
in a sample of Cordyceps militaris grown in a culture medium with an optimized
composition. The PhD student has presented two more articles, one published in
arefereed Journal of Mountain Agriculture on the Balkans and the other in a non-
refereed International Journal of Development Research. Based on these three
publications, the PhD student has 56.66 points. Together with the dissertation
work, the points are 106.66 and fully cover the minimum national requirements
of the Law on Acquisition of Scientific Degrees and the Regulations for the
conditions and procedures for acquiring the scientific degree "Doctor" of the
Agricultural Academy.

IX. Critical notes, questions and recommendations to the candidate

I have one minor remark about the doctoral student. In the literature review in
tables (1,2) and figures (9,10), it would be good to translate into Bulgarian the
names of the active compounds and the designations, regardless of the fact that
they are taken from literary sources that are cited.

I have a few questions:

1. From Table 21. “Component and quantitative composition of functional
product FibrinoZIME”, it can be seen that mycelium from Ganoderma lucidum
and fruiting body from Cordyceps millitaris are included, and in the recipe
composition in Appendix 1, they are absent. Why?

2. What are your intentions for the production of the functional supplement - will
you receive the mushroom mycelium and the fruiting body or will you import
them from China. Will they work under your optimized cultivation conditions or
their standard methodology?

3. Are there requirements for physiological activity, harmlessness and microbial
stability in the EC Regulation 2018/1023 you quote, exactly for the mycelium
used from the 4 types of medicinal mushrooms and for the fruiting body of
Cordyceps millitaris?



4. Do you have permission from the Food Safety Agency to manufacture and
distribute the food supplement?

CONCLUSION:

On the basis of 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 Law
on Acquisition of Scientific Degrees and the Regulations for the terms and
conditions for acquiring scientific degrees and for holding academic positions in
the Agricultural academy, which gives me reason to evaluate it POSITIVELY.
Based on the above, I propose to award Nikolay Yankov Solakov the scientific
degree "Doctor" in the higher education area 5. Technical sciences, professional
field 5.12. Food technologies, scientific specialty “Technology of biologically
active substances (incl. enzymes, hormones, proteins)”.

Date: 14/09/2023 THE REVIEW WAS PREPARED BY:

/Prof. DSc Tzonka Gogl}jevargova/
ol A_ s/ P
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