I AU # A F BFESESTRY

Office of International Cooperation and Exchange, Northwest A&F University

REVIEW |
By Fgreign Consultant, Professor, Ph.D Lii, Xin,
of the dissertation by Shaimenova B.S.,

submitted for the degree of Doctor of Philosophy (Ph.D)

The dissertation is dedicated to the relevant and significant problem of
improving the technology for citric acid production, which is in high demand across
various industries, including food, processing, pharmaceutical, and chemical sectors.
Citric acid is widely used as an acidulant, preservative, and raw material for
synthesizing various chemical compounds, highlighting the importance of

developing efficient and economically viable production methods.

The author convincingly substantiates the relevance of this study. Given
Kazakhstan's dependence on citric acid imports, the development of domestic
production is a strategically important step toward ensuring national food and
industrial security. This study aims to address this issue by optimizing the
fermentation process using locally available carbohydrate-containing raw materials,
thereby reducing the cost of the final product and decreasing import dependency.

The scientific novelty of the research lies in a comprehensive approach to
improving citric acid production technology, encompassing several key aspects:

e The use of carbohydrate-containing substrates, such as maltodextrin derived
from corn starch with a dextrose equivalent of 18-20%, which enhances
fermentation efficiency and increases the yield of the target product.

The implementation of modern fermentation process optimization methods,
including statistical experimental design techniques, ensuring precise

modeling and prediction of optimal production parameters.
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e The use of a novel microorganism strain adapted to the specific fermentation
conditions, thereby enhancing the productivity of the biotechnological
process.

The research objective is clearly defined as the improvement of citric acid
production technology based on carbohydrate-containing raw materials through
fermentation process optimization using a novel highly efficient microorganism
strain. To achieve this goal, a series of specific tasks were set, covering all stages of
the study: from literature review and strain screening to the development of the
technological process and its pilot-industrial testing.

The practical significance of this research lies in the development and
implementation of a new citric acid production technology, which can be utilized in
the food industry, pharmaceuticals, and biotechnology. The adoption of this
technology contributes to:

e Enhancing Kazakhstan's competitiveness in the global market by reducing
import dependence and establishing a domestic production base.

e Increasing the added value of products through the efficient use of local raw
materials.

e Improving production efficiency by optimizing the fermentation process and
using ozone for sterilization, thereby reducing costs associated with
traditional disinfection methods.

The reliability of the presented results is ensured by the use of validated
methods of computer and experimental modeling. The application of modemn
analytical techniques allows for an objective assessment of the impact of
technological parameters on the fermentation process, as well as confirmation of the
high efficiency of the proposed approach. The scientific positions put forward for
defense are supported by compelling data, which confirms their validity and
reliability.

The scientific significance of the research is further corroborated by the

author's active publication record. B.S. Shaimenova is the author of nine scientific



publications on the dissertation topic, including two articles indexed in the Scopus
database (with percentiles of 45 and 18 according to CiteScore) and seven articles
presented at international scientific conferences. Furthermore, the author holds two
patents for inventions registered in the Republic of Kazakhstan, underscoring the
practical significance and novelty of the proposed developments.

Thus, the results presented in the dissertation hold substantial scientific and
practical value, contributing to the advancement of the domestic food and processing
industry and expanding opportunities for industrial-scale citric acid production in
Kazakhstan.

Considering the scientific contributions, practical applications, and academic
rigor demonstrated in this dissertation, I firmly believe that Shaimenova B.S.

deserves to be awarded the degree of Doctor of Philosophy (Ph.D).
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OT3bIB
3apyGexHOro KoOHCYJbTaHTa, npodeccopa, PhD. Lii Xin
Ha quccepTauuoHHyI0 padorty lllaiimenosoii b.C.,
NPeICTABJICHHYI0 HA COMCKAHMeE cTeneHn noxkTopa ¢puaocopun (PhD)

I[IpencraBnenHas quccepranMoHHas paboTa IIOCBANIEHA aKTyIbHOM U BayKHOM Mpobieme
COBEPIICHCTBOBAHMS TEXHOJIOTMH MPOM3BOACTBA JIMMOHHOW KHCJIOTBI, KOTOpas IOJB3yeTCs
BHICOKHM CIIPOCOM B  DPa3MYHBIX OTPacisaX MNPOMBIIUICHHOCTH, BKIIIOYas IHINEBYIO,
mepepabaThIBAIONTY 0, (apMaleBTHYECKYI0O M XUMHYECKy0. JIMMOHHAS KHCIOTAa IIHPOKO
IIPHMEHSAETCS B Ka9eCTBE MOAKUCIUTENS, KOHCEPBAHTA, a TAIOKE CHIPBSA JUIS CHHTE3a Pa3jIMYHBIX
XMMWYECKMX COCNWHEHHMH, 4YTO ONpElNeNAeT 3HAYUMOCTh pPa3paboTKu 3PPEKTUBHEIX H
SKOHOMMYECKH BBINOJHBIX METOIOB €€ IPOU3BOJICTBA.

ABTOpoM yGenuTenbHO OGOCHOBaHA AaKTYalnbHOCTH MCCIENOBaHHA. B YCIIOBHUSIX
3aBucHMocTH Pecny6mmkn KasaxcTan oT MMIIOpTa TMMOHHOM KHCIIOTHI, pa3BHTHE COGCTBEHHOTO
IIPOM3BO/ICTBA IIPEJCTABIIACTCS CTPATETMYECKH BaXKHBIM LIAroM, HalpaBJIEHHBIM Ha obecliedeHne
HAIlMOHATBHOH TIPOJOBOJILCTBEHHON M IIPOMBIIUIEHHON Ge3omacHocTH. PaGoTa opHeHTHpOBaHA
Ha PCIMICHUE NaHHOM MPOOJIEMbI ITyTeM ONTHMH3AUMH [poLecca GEPMEHTAIHH C IPUMEHEHUEM
MECTHOI'O0  YIIEBOACONEPIKAIIErO CHIPbS, YTO CIIOCOOCTBYET CHHIKEHHIO Ce0ECTOMMOCTH
KOHEYHOI'O MPOIYKTa M COKPAMIEHUIO HMIIOPTO3aBHCHMOCTH.

Hayunast HoBu3Ha paGoTHI 3aK/IFO9AETCS B KOMILIEKCHOM TTOIXOE K COBEPILIEHCTBOBAHHIO
TE€XHOJIOTHH IIPOU3BOJICTBA IMMOHHOM KHCJIOTHI, BKIIIOYAIOMIEM HECKOJIBKO KITFOUEBBIX aCMEKTORB:
Hcnone3oBanue yrieBoAcoepKaluX CyOCTPaToB, TAKHX KaK MAaIbTOAEKCTPHH KYKYPY3HOTO
KpaxMajia ¢ JE€KCTPO3HBIM SKBUBaICHTOM 18-20%, 4T0 mo3BojsieT MOBBICHTH 3(PEKTHBHOCTE
(dbepMeHTalMH U BBIXOJ LIEJIEBOTO IPOIYKTA.

BHenpenne COBpeMEHHBIX METONOB ONTHMH3ALMH IIpouecca (PEpPMEHTALMH, BKIIKOYAs
CTaTHCTHIECKHE METOIbI JU3aliHa IKCIICPUMEHTA, YTO 0OECTIEUNBAET TOYHOE MOJICIMPOBAHHE U
IIPOrHO3UPOBaHHE ONTHMAIBHBIX IApAMETPOB MPOU3BOCTBA.

HUcnonp3oBanne HOBOro TaMMa MHKPOOPTaHA3Ma, alallTHPOBAHHOTO K CTIENH(HYECKHM
YCIOBHAM (pepMEHTALMH, YTO [OBBIAET IPOAYKTHBHOCTH GHOTEXHOJIOTHYECKOr0 MPOLIECCa.

Ilenp uccnenoBaHus Y€TKO CHOPMYIHpPOBaHA M 3aKIKOYAETCA B YCOBEPILIEHCTBOBAHUH
TEXHOJIOTHMH NPOM3BO/CTBA TMMOHHON KHCIIOTEI HA OCHOBE YIJIEBO/ICONEPIKAIIETO ChIPhs [IyTeM
ONTUMH3ALMH NpoLecca GepMEeHTALMH C IPUMEHEHHEM HOBOIO BHICOKO3(h()EKTUBHOrO mITaMma
MHUKpoopranusma. Jis NOCTHXEHHs 5TOH HenH ObUl mocTaBneH psin KOHKPETHBIX 3ajad,
OXBATHIBAIOIIMX BCE ITalbl HCCIICJOBAHHA: OT aHATM3a HAyYHOW JIUTEPaTyphl M CKPHHMHTA
IITaMMOB /10 pa3pabOTKH TEXHOJIOrHYECKOro MpONEcca W €ro  OMBITHO-IIPOMBIIUIEHHOM
anpobanui.

IIpakTiyeckass 3HaYUMOCTh pabOTHI 3aK/04YaeTcs B pa3paGoTKe M BHEIPEHHHM HOBOM
TEXHOJIONHH IIPOM3BOJCTBA IMIMOHHOM KHCIIOTBI, KOTOpas MOXKET OBITh HCIOIb30BAHA B IIMIIEBOM
DPOMBIIUICHHOCTH, (apManeBTUKe H OHOTEXHOJOrMH. BHeapeHHWe HaHHONH TEXHOJIOTHH
CIIOCOOCTBYET:

[ToBenuenno KoHKypeHTOCHOCOGHOCTH Ka3zaxcraHa Ha MMpPOBOM phHIHKE 3a CYeT
CHIDKEHHS 3aBHCHMOCTH OT HMIIOPTa M CO3JaHHsI COOCTBEHHON NMPOM3BOACTBEHHOMN 6a3bl;

YBennueHuo JN00GaBNEHHON CTOMMOCTH NpOAYKIHUH IIyTEM B(b(beKTHBHOFO HCIIONBb30BaHHA
MECTHOI'O CBIPbS;



[ToBpiuieHHIo 3 deKkTHBHOCTH NpPOM3BOACTBA Onarojaps ONTHMH3AaUMM [ponecca
(epMeHTamMM M TNPHMEHEHMIO O030HA IJIi CTEpPHIM3aOM{, YTO COKpallaeT 3aTparkl Ha
TPaIUIIMOHHBIE METOABI 00e33apakHBaHHUS.

HOCTOBEPHOCTE  NpeAcTaBleHHBIX  pe3ynbTaToB  OOecreueHa  HCNONB30BaHHEM
anpoOMpPOBAHHBIX METONOB KOMOBIOTEPHOTO M  JKCIEPHMEHTAIBHOTO  MOJEIMPOBAHHA.
IIprMeHeHNE COBPEMEHHBIX aHATMTHYECKMX METOMK T03BOJIsIeT 00BEKTHBHO OLEHHUTD BIIMAHHME
TCXHOJIOTMYECKMX IapaMeTpPOB Ha NpoLuecc (pepMEeHTalUWH, & TaKKe IOATBEPAHTE BLICOKYIO
30 eKTHBHOCTE TpPENIOKEHHOTo momxona. HaydHble MOJOXEHHs, BHIHOCHMBIC Ha 3allUTY,
NOAKPEIIEHE!  yOeNMTeNbHbBIMM JaHHBIMHM, 4YTO NOATBEPXKIAeT HX OOOCHOBaHHOCTH H
JIOCTOBEPHOCTE.

Hayunas 3HaYMMOCTB MCCIIeIOBaHHSA TAK)KE IOATBEPXKAaeTCsl aKTHBHOH ITyOTHKAIHOHHON
IeATeNBHOCTEIO aBTopa. 11laiiMenosa B.C. sBnseTcs aBTOpoM AEBSTH Hay9YHEBIX ITyOIMKalmil mo
TEME [HCCEpTallM{, BKIIOYAas [BE CTaTbM, HMHJAEKCHpyeMBle B 0ase JaHHBIX Scopus (cC
nepueHTmieM 45 u 18 no CiteScore), a Takke ceMH cTaTei, MpeACTaBICHHBIX Ha MEXIYHapOJHBIX

Hay4YHBIX KoH(epeHuusix. Kpome Toro, aBTop obnagaeT AByMs NaTeHTaMH Ha H300peTeHHH,
3apeTHCTPHPOBaHHEIMM B Pecmybnuke Kazaxcran,

470 NOATBEPXKAACT IIPAKTHICCKYIO
3HAaYUMOCTh U HOBU3HY NIPEIIOKECHHBIX pa3pa60T0K.

TaxuMm 06pasoMm, HpencTaBleHHBIE B OUCCEPTALIMOHHON paboTe pe3ynbTaTbl HMEKOT
BEICOKYIO Hay4YHYK) H IPaKTHYECKYIO LEHHOCTb, CIOCOOCTBYs Pa3sBHTHIO OTEYECTBEHHOH
MHAMEBONH M TepepabaThIBarome 0Tpaciu U paCUIHPEHHIO BO3MOXHOCTEH IS MPOMBIIIIEHHOTO
IPOM3BOJICTBA JUMOHHOH KucnoTH B Kazaxcrane.

YauThIBasg Hay4HBI BKJIaJ, IPaKTHYECKYI0 3HAYHMOCTB H aKaJEMHYECKYIO CTPOroCTh,
IPOACMOHCTPHPOBAHHBIE B JaHHOH IHccepTanuH, s cunTaro, 9to Illafimenosa b. C. 3aciyxupaer
NPHUCYXISHHs CTENeHH AoKTopa dmtocoduu (PhD).

3apyOexHBIA KOHCYJIBTAHT:

IIpopeccop, Ph.D., Komnemk NHIIEBBIX HAayK U Lo X
umxeHepru, CeBepo-3anaaHblii YHHBEPCHTET CEJILCKOro

u jtecHoro xo3siictea (KHP)

Ipencraputens NWAFU s MEX1y HapoHOTO obMena:
3aMecTUTENb IUPEKTOPA, NOLECHT,

KaHuenspus MeXIyHapoAHOro  COTPYJAHHMHYECTBA K
obMmena, Cepepo-3amnafHplii YHHBEPCHTET CCIIBCKOro M
JIECHOTO XO03AMCTBA.

Zou Yufeng
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I[TepeBomumk/Translator: \

Pecrry6muxka Kazaxcran, ropox Acrana.
HBanuars aeaToe aexabps JBe THICAYM JABALLATH MSATOO rOAA. }
51, norapuyc ropona Acrana, Ka6ensaunosa CaGuna KaiipaTtoBHa, ICHCTBYIOMAs Ha

OCHOBaHHM JHOEH3HH Ne 25000149 ot 09 smBaps 2025 roza, BeLIaHHOH MHHHCTEpPCTBOM
tocTHIME PecryGmukn Kasaxcran, cBuueTenscTBYIO MOJJIMHHOCTD TOAMHMCH IEPEBOAYHMKA
IxaiinayGaesa Anus BepukosHa, Homep aumioma XXB-B Ne 0023267, JInuHOCTE NepeBOAYHKa
YCTaHOBJICHA, A€ECNOCOOHOCTH | MOJHOMOYHS IIPOBEPEHEIL.
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