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The article presents a study on the quality and food safety of extruded breakfast cereals developed on
the basis of cereal grains with the addition of plant powders.

The relevance of the study is associated with the increasing consumer demand for functional and
safe food products. Although extruded breakfast cereals are widely consumed, their content of vitamins
and biologically active compounds is often insufficient. Therefore, improving the nutritional value of
such products through the use of natural plant raw materials is of scientific and practical interest. In
addition, the influence of plant powders on the microbiological stability, physical properties, and vitamin
composition of extruded products during storage has not been sufficiently studied, which justifies the
need for a comprehensive assessment of their quality characteristics.

A mixture of cereals (rice, corn, and barley) was used as the main raw material, while carrot, beetroot,
and pumpkin powders were applied as functional ingredients. The purpose of the study was to comprehen-
sively evaluate the effects of plant powders and storage conditions on the vitamin composition, microbio-
logical safety, and physical properties of extruded food products.

The content of B vitamins and vitamin C was determined by high-performance liquid chromatography,
as well as by titrimetric and fluorimetric methods in accordance with the requirements of GOST 31483-
2012. The microbiological safety of the product was assessed by the number of mesophilic aerobic and
facultative anaerobic microorganisms, E. coli bacteria, yeast and mold fungi, as well as the presence of
pathogenic microorganisms. The physical properties of the extruded products were characterized by the
parameters of bulk density, brittleness, and color in the CIELab system.

It contributed to an increase in the vitamin value of the extruded breakfast cereal due to the introduction
of vegetable powders. The content of B vitamins and vitamin C in the test samples was higher than in the
control sample. The high growth was manifested in vitamin C. During 3 months, a slight decrease in the
vitamin content was observed during storage, and it was higher in the samples of herbal powder additives.

During the analysis of microbiological examinations, the microbiological safety indicators on the samp-
les corresponded to sanitary and hygienic requirements. During the 3 months of storage, there was a slight
increase in the number of microorganisms, yeast and mold fungi, the values did not exceed the permissible
standards.

The analysis of physical parameters showed that the bulk density of the samples was observed in the
range of 0.45-0.49 g/cm3, fragility -in the range of 29.6-33.1 H. During storage, the physical characteristics
changed, which did not affect the quality of the products.

The use of vegetable powders has increased the nutritional value of the extruded breakfast cereal. The
developed products were characterized by stable physical properties and met food safety requirements,
confirming safe storage for at least 3 months.

Keywords: extruded breakfast cereals, cereals, vegetable powders, recipe, vitamin composition, micro-
biological safety, physical properties, food storage.
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TAFAM/IBIK KYH/IbUIBIFbI, MUKPOBMOJIOTUSITIBIK KAYITICI3AITT )KOHE CAKTAY
TYPAKTBUIBIFEI
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Makanazia eciMZiiK YHTaKTapbl KOCbUIFaH J9H/I AaKbulap Heri3iHe )kacaaraH SKCTPYAUpJIeHIeH Kyp-
FaK TaHFbl aCThIH, Carlacbl MeH TaraM/bIK KayillCi3ziriHe 3epTrey XKyprisiigi.

3epTTey TaKbIPBIOBIHBIH, O3€KTiJIiri Ka3ipri TaHga XaablKThiH (YHKIJMOHAIBIK KoHe Kayirci3 Taram
eHiM/IepiHe JleTeH CYPaHBICBIHBIH apTybIMeH 0aliIaHbICTBI. DKCTPYAUPJ/IEHTeH KYPFaK TaHFbI acTap KeHi-
HEeH TYTHIHBUIFAaHbIMEH, OJIap/IbIH, KYPaMbIHJAFbl J3PYMEH/Iep MeH OUOJIOTHSUIBIK, OeICeH Il 3aTTapAbiH,
M6JIIIIepi KeTKiJIiKci3 60sbIn Kenesi. OcbiFaH OaliIaHbICTBI OHIMHIH TaFaM/IbIK, KYH/IbITBIFBIH TAOUFH 6CiM-
JIK IIMKi3aThl eceOiHeH apTTBIPY FHUILIMH >K9HE TIPAKTHUKAJIBIK, TYPFbIJaH MaHbI3[bl OOMBIN Tabbulapbl.
CoHBbIMEH KaTap, 6CiM/iK YHTaKTapblH SKCTPYAUPJIEHTeH 6HIM/epre eHri3y/iH, cakTay Ke3iHJeri MUKpO-
OMOJIOTHSIUTBIK, TYPAKTHIIBIKKA, (PU3MKAJIBIK KACHETTepre KoHe BUTAMHUH[IK KypaMFa 9Cepi TOJIBbIK 3epT-
Te/IMereH. By/1 sKCTpyupieHreH eHiMIep/iH carnaiblk KOpCeTKilTepiH KellleHAi Oaranay KaKeTTimiriH
Heri3geni.

Herisri mwkisar peTiHze >kxapMa Kocrnanapbl (Kypilll, Kyrepi >kaHe apria), aan (yHKLMOHa//Ibl KOMIIO-
HeHTTep peTiHJe c90i3, KbI3bI/IIIIa K9He acKabak YHTaKTapbl KOJJaHbIIbl. 3epTTey MakKcaTbl ecimM/iK
YHTaKTapbIHbIH, KOCManapbl MeH CaKTay >KaF[ailapblHbIH, SKCTPYAUPJIEHTeH TaFaM OHiMZepiHiH BUTa-
MUH/IIK KypaMbIHa, MUKPOOHWOJIOTHSIIBIK, Kayirci3iriHe >kaHe (hH3UKasbIK KaCHeTTepiHe 9CepiH KelleH i
TYPZe aHbIKTAy >KoHe Oarasay OOJIbII TabbLIaIbL.

B ToObIHa >kaTaThiH A3pyMeHJep MeH C TOOBIHIAFbI J3PYMEH/IEP KYPAMbIH aHBIKTAy >KOFapbl THiM-
Jii CYMBIKTBIKTBI XpoMartorpadusi azicimeH, conbiMed 6ipre MEMCT 31483-2012 GesnrisieHreH Tasarira-
pbIHA Call THTPUMETPUSIILIK KaHe (1yOpHUMeTPUSI/IBIK d/licTep KeMeTiMeH )KYpri3iiireH. OHiMHIH MUKpO-
OUOJTOTHSAIBIK KaYirlci3airi Me3oduib/i a3po0Thl KoHe (haKy/IbTaTUBTi-aHa9pPOOThHI MUKPOOPraHU3MZepre
(MA®AHM) GatinaHeicThl, iFHU E. coli 6akTepusiiaphl, alllbITKbUIAD MEH 3eH/1ep, COHZAN-aK, KO3/IbIPFbI-
mrap OoibIHINA OaFanaHazibl. DKCTPYAUP/IeHTeH eHiMepiH (u3rkanbik Kacuertepi CIELab xyliecin-
JleTi CyCbIMasbl ThIFBI3/bIK, CHIHFBILITHIK XK9He TYC TlapameTp/iepiMeH CUMaTTasi/bl.

3epTTey HoTWXKeJiepiHe Kapacak, 6CiM/iK YHTaKTapbIH €HIi3y apKbL/Ibl SKCTPYAUP/IEHTeH KYPFaK TaHFbI
aCThIH J9PYMEH/IK KYHBIIBIFBIH KOOeHTyTe >kapaeM eTKeHiH KepceTTi. ChIHaK yirinepiHgeri B ToObIH-
Jarel 1apymMeHgiep MeH C BUTaMMHIHIH Mesepi Oakpliay y/riciMeH casibICThIpa KaparaHa KOFapbl
OosrraHbIH OatikaliMbi3. EH alikeiH eciMzii C JapyMeHiH/e Kepe anaMbi3.3 ail Ooiibl cakTay rpoijeci 6apa-
CBIH/Ia ZISPYMEH/IEP/iH, 1l1aMasibl TeMeH/eyi OakKanbl, 6ipak o/ap/blH AeHredi eciMlik YHTaKTapbIHbIH
Kocrasapbl 0ap y/risiepzie >KoFapbl O0/bIT Ka/IFaHbIH KOPAiK.

MWUKpPOOHOJIOTUSITBIK 3€PTTey/iep caparitamasiapbl OOMbIHILA Tasay KYPridy Ke3iHzie 6apsibIK y/arinep-
Jle MUKPOOMOJIOTHSITBIK, KAyiTCi3zlik KOPCeTKIIITepi CAaHUTAP/IbIK-TUTHeHA/IbIK, Ta/lanTapra caid KeJleTiHiH
kepceTTi. CakTay/blH 3 aiiblHZia MUKPOOPTaHU3M/iep MeH alllbITKbLIIIAp MEH 3€H, CaHbIPayKY/1aKTapbIHbIH,
KaJITbl CaHBIHBIH, IIaMasibl 6Cyi Oalikas/ibl, anaiia oapAblH MaH/epi PYKCaT eTiireH HopMasapaH ac-
nazpl.

®du3MKabIK KepCeTKIllITepAi Tanaay yariiepAiH, yriagi Teirbi3asirsl 0,45-0,49 r/cM> 1eKTiKTe GOsTFa-
HBIH, aJ1 CBIHFBINTHIFBI 29,6-33,1 H apanbirbiHza e3repreHi Oaikangel. CakTay mporieciHie eHiMHIH ca-
racbiHa OipIirlaMa acep eTreuTiH hU3MKaIbIK CUTIaTTaMaslap/blH 63repreHiH aHFapyra 0omazpl.

Harwxkenep eciMziik yHTaKTapbIH Ian/janaHy SKCTPyAUPJIeHIeH KYPFaK TaHFbl aCTbIH TaFaM/blK KYH-
JBbUIBIFBIH OZJaH CalibIH apTThIpyFa MYMKIiHZIK OepeTiHiH KepceTefi. O3ip/ieHreH eHiMJep TypakThl (u-
3WKaJbIK KacleTTepiMeH CUMAaTTala/ibl, COHbIMEH KOca TaFaM Kayirci3ziri tananTapbiHa caii Kesiesi, 6y
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oJ1ap/ibl €H KeM JleTeH/ie caHacak 3 ail oMbl Kayirci3 cakray MyMKIiHZITiH pacTaipl.

TyHiH ce3ep: SKCTPyAUPJIEHTeH KypFakK TaHFbI ac, XKapMa, 6CiM/liK YHTaKTaphbl, peLierTypa, BUTaMHH-
JIiK Kypambl, MUKPOOHOIOTUSITIBIK, Kayirci3airi, hu3vKablK KaceTTepi, OHiM/Ii caKTay.

INNIMEBASA HEHHOCTb, MUKPOBNOJ/IOTNTYECKASA BE3OITIACHOCTDB 1 CTABW/IBHOCTD
TP XPAHEHNU 3KCTPYJUPOBAHHbBIX CYXHNX 3ABTPAKOB HA OCHOBE PACTUTEJ/IbBHBIX
ITIOPOLIKOB
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B cratbe npoBeeHo UccjiejoBaHre KadyeCTBa U HI/II_LIEBOI‘/JI 6e3OHaCHOCTI/I SKCTPYAUPOBAHHBIX CYXHUX
3aBTPAKOB, pa3pab0TaHHBIX Ha OCHOBE 3ePHOBBIX KY/IBTYD C ZI00aB/IeHeM PaCTUTE/IbHBIX TTIOPOIIKOB.

AKTya/ibHOCTb TeMbI UCC/Ie[IOBaHKSI CBsI3aHa C BO3pacTalOIIMM CIIPOCOM HacesieHHsl Ha (PyHKL[MOHA/Tb-
Hble U 6e30macHbIe THIIEBbIe IPOAYKTEL. HeCMOTps Ha IIMPOKOe pacrpoCTpaHeHHe SKCTPYAUPOBAaHHbBIX
CyXUX 3aBTPAKOB, COZIep’KaH/e BUTAMUHOB 1 OHMOIOTHUeCKH aKTHBHBIX BEIl[eCTB B HUX 3a4aCTyI0 OCTaeT-
Cs1 HeIOCTaTOUHbIM. B CBSI3U € 5TUM MOBBILLIEHUE TTUILEBOM L{EHHOCTH IMPOAYKLIMU 3a CUeT UCII0/Ib30BaHUs
HaTypaJIbHOTO PacTUTEIbHOTO ChIPbsl MPE/CTaB/seT HAyuHbId U MpakTuyeckui uHTepec. Kpome Toro,
B/IWsSIHHE PACTUTE/IbHBIX MOPOIIKOB Ha MUKPOOHOIOTMUYeCKy0 CTabUIbHOCTD, (U3NUeCKre CBOMCTBA U
BUTAMHHHbBIA COCTaB 9KCTPY/MPOBaHHBIX MPOJYKTOB B MPOLieCcce XpaHeHHUs1 U3yueHO Hel0CTaTOuHO, UTO
000CHOBBIBaeT HeOOXOIUMOCTh KOMITJIEKCHOM OLIeHKH KaueCTBeHHBIX TTOKa3aTesell TakKuX MPOAYKTOB.

B kauecTBe OCHOBHOI'O ChIPbSI MCII0/Ib30BaM CMeCh KpyM (PUCOBOW, KyKYpPY3HOM M STUMEHHOM), a B
KauecTBe (DyHKL[MOHA/bHbIX KOMIIOHEHTOB — TIOPOLLUKHA MOPKOBH, CBEK/bl U ThIKBBL Llenbto uccieno-
BaHUS SIB/ISIeTCS] KOMILIEKCHAs OL|eHKa B/IMSIHUSI PaCTUTe/IbHbIX TIOPOLIKOB U YC/I0BUM XpaHeH!sl Ha BU-
TaMUHHBIM COCTaB, MUKPOOHO/IOTHYeCKyt0 6e30macHOCTh M (PM3HUeCKHe CBOMCTBA KCTPYAUPOBAHHBIX
TUILIEeBbIX NTPOAYKTOB.

OrnipeziesieHre cofep>KaHusi BATaMUHOB Ipyninbl B v BuTamMmuHoB rpynmnsl C MPOBOJUIOCH C TOMOILIBbIO
BBICOKO?(D(PeKTUBHOTO MeTo/la KUJKOCTHOW Xpomarorpaduy, TUTPUMETPUUEeCKOro U ¢uiyopuMeTpuye-
CKOTO METOZIOB B COOTBeTCTBUM C TpeboBanusimMu ['OCT 31483-2012. Mukpobuosorudeckasi 6e3ormac-
HOCTB IPO/IyKTa 3aBUCUT OT Me30(H/IbHBIX a3POOHBIX U (haKy/bTaTUBHO-aHA3POOHBIX MUKPOOPTaHHU3MOB
(MA®AHM), E. 6akTepun coli, IpOXKHU U TIeCeHb OLIEHWBA/IMCh HAa YPOBHe MaTtoreHoB. dusnyeckue
CBOMCTBA SKCTPYAMPOBAHHbIX MMPOJyKTOB XapaKTePU30Ba/IUCh [TapaMeTpaMu ChIlly4yel IJIOTHOCTH, XPYTI-
kKocTu U 1iBeTa B cucteMe CIELab.

Crioco6CTBOBa/T YBeTMUEHHIO BUTAMUHHOM 1[EHHOCTH SKCTPYAMPOBAHHOIO CYXOro 3aBTpakKa 3a CUeT
BBE/IEHUsI PACTUTE/IbHBIX TOPOIIKOB. Co/iep)KaHHe BUTaMUHOB rpyTirbl B 1 ButamuHa C B TeCTOBBIX 06-
pasijax ObUIO BhIIIIE, YeM B KOHTPOJILHOM BbIOOPKe. BbICOKMi pocT rposiBusics B Butamuue C. B Teuenue
3 MecsIIeB B MMPOLiecce XpaHeH!s: Hab/IogaI0Ch He3HAYNTETbHOe CHIKEHHEe COJIePyKaHHsI BUTAMUHOB, B
obpas3iiax 100aBOK PaCTUTE/TBHBIX TIOPOIIKOB OBIJIO BBIIIE.

[Tpu poBeieHUM aHaIM3a YKCIIePTH3 MUKPOOHOIOrHueCKUX MCC/IeJOBaHUM MTOKa3aTeii MUKpPOOHoIo-
rUyecKoit 6e3oracHOCTH Ha obpasijax COOTBeTCTBOBA/IM CAHUTAaPHO-TUTHeHnYeCKUM TpeboBaHusM. 3a 3
Mecsilja XpaHeH!sI HabJTro/1a/I0Ch He3HAUUTEIbHOE YBeIMYeH e KOJIMYeCTBa MUKPOOPTraHU3MOB, IPOXOKeH
Y TPUOKOB TIeCeHU, 3HAUEHHsI He TPEBBIIIa/IH Oy CTUMBIX HOPM.

Ananu3 ¢hu3MYeCcKuX MoKasaTesiel 1mokasall, UyTo HaChIIMHas TVIOTHOCTh 00pa3iioB Hab/Trojanach B mpe-
nenax 0,45-0,49 r/cm3, xpymnkocTb-B nipefiesiax 29,6-33,1 H. B mporjecce xpaHeHuHs MeHS/TUCh PU3nye-
CKUe XapaKTepUCTUKH, UTO HECKOJTbKO He BJIMS/IO Ha KaueCTBO MPOAYKLIUU.
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Vcrnonb30BaHMe paCcTUTETbHBIX TTOPOLLKOB MOBBICUIIO TUTATebHYO LIEHHOCTh SKCTPYAUPOBAHHOTO CY-
XOT0 3aBTpaka. Pa3paboTaHHbIe TIPOJYKThI XapaKTePU30Ba/IMCh CTaOWUIbHBIMUA (PU3HUeCKUMHU CBOMCTBA-
MU, OTBeua v TpeboBaHUsM 0€30TMacCHOCTH MUIIIEBBIX MPOAYKTOB, MOATBEPK/asi Oe30MmacHOe XpaHeHHe

He MeHee 3 MeCsLeB.

KiroueBble €/10Ba: SKCTPYJMPOBaHHbIe CyXUe 3aBTPaKu, KPYIIbl, paCTUTe/TbHbIE TTOPOILIKH, PeLienTypa,
BUTaMUHHBIN COCTaB, MUKpPOOUOiornueckasi 6e30macHOCTb, pu3nuecKre CBOMCTBA, XpaHeHHe MPOAYKTa.

Introduction. According to the studies
conducted by Boukid F. and Rosell C.M., changes
in modern lifestyles, increasing awareness of
healthy nutrition, and continuous technological
advancements have transformed breakfast cereals
from simple grain-based products into a diverse
and widely consumed food category. Today, these
products encompass a broad range of ingredients,
processing technologies, and product formats,
enabling manufacturers to address the nutritional
needs and dietary preferences of various consumer
groups. In addition, the nutritional value of
breakfast cereals has been enhanced through
fortification with dietary fiber, proteins, vitamins,
and minerals. However, their potential health
benefits largely depend on the specific formulation
and the nature of the ingredients incorporated into
the product. The authors further emphasize the
significant influence of technological innovation,
globalization of food markets, and the growing
consumer demand for plant-based alternatives and
clean-label products on the ongoing development
of the breakfast cereal sector [1].

Savkina O.A., Lokachuk M.N., and Pavlovskaya
E.N. investigated the microbial contamination of
raw materials used in muesli production. Their
study assessed microbiological safety indicators in

both raw materials and finished muesli samples.

The results demonstrated that the total count
of mesophilic aerobic and facultative anaerobic
microorganisms (TAMC) complied with the

requirements established by TR CU 021/2011.

At the same time, an increased content of mold
fungi was detected, highlighting the importance
of microbiological monitoring and quality control
of raw materials intended for breakfast cereal
production [2].

Dzyuba N.A. and co-authors presented the results
of comprehensive studies on the organoleptic,

physicochemical, and microbiological characteris-
tics of finely ground corn grits used in breakfast
cereal manufacturing. The authors provided
detailed information on the chemical composition,
nutritional value, and quality characteristics of
corn grits. To evaluate organoleptic properties,
a profiling method was employed, resulting
in the development of color, taste, and aroma
profilograms. The findings demonstrated that
the use of fine corn flakes in breakfast cereal
production contributes to an attractive appearance,
a pronounced aroma, a pleasant yellow color,
and a balanced taste profile of the final product.
Furthermore, corn-based ingredients enhance the
nutritional value of breakfast cereals by enriching
them with B-group vitamins, vitamin PP (niacin),
and essential macro- and microelements required
for normal human physiological functions [3].

Slizewska K. and co-authors investigated
the microflora of ready-to-eat breakfast cereals
available in retail markets and evaluated the
influence of packaging on the microbiological
quality of these products. The cereal samples
examined in the study included both hermetically
packaged products and cereals sold in bulk by
weight. Microbiological analyses involved the
determination of the total count of mesophilic
microorganisms, aerobic bacteria and molds,
coagulase-positive bacteria belonging to the
Enterobacteriaceae family, including Escherichia
coli, as well as the detection of Salmonella
and Shigella species. The results revealed that
the predominant contaminating microflora of
cereal products consisted of bacterial spores
and mold fungi belonging mainly to the genera
Aspergillus and Penicillium. No coagulase-positive
staphylococci, Salmonella, or Shigella were
detected in the analyzed samples. The highest levels
of microbial contamination were observed in bulk-
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sold cocoa cereal balls and wheat flakes containing
rice. Overall, hermetically packaged breakfast
cereals exhibited significantly lower levels of
microbial contamination, confirming the important
role of appropriate packaging in maintaining the
microbiological safety and quality of cereal-based
products during storage and distribution [4].

Singh R. and co-authors evaluated the storage
stability of a ready-to-eat breakfast cereal
developed from pearl millet. The researchers
formulated and standardized the product, after
which storage studies were conducted for a period
of three months under ambient conditions (25 £ 2 °C
and relative humidity of 65 + 10%). The breakfast
cereal was packaged in 1.36 mm metallized pouches
and monitored throughout the storage period. At
15-day intervals, moisture content, water activity
(aw), free fatty acid content (FFA), peroxide value
(PV), overall acceptability, and microbiological
parameters, including yeast and mold counts, were
assessed.

The results demonstrated only minor increases
in most quality indicators during storage, while
the overall acceptability score remained high at
7.29. No significant deterioration of product quality
was observed, indicating that the breakfast cereal
remained acceptable for consumption throughout
the three-month storage period in metallized
packaging. Although gradual increases in moisture
content, water activity, free fatty acids, and
peroxide value were recorded, no substantial

changes in sensory characteristics were detected.

Furthermore, none of the measured parameters
indicated the onset of spoilage, and no yeasts,
molds, or significant microbial growth were
detected during storage. These findings confirm
the microbiological safety and storage stability
of millet-based breakfast cereals under the tested
conditions [5].

Although breakfast cereals are generally
considered microbiologically safe because of their
low moisture content, it should be noted that certain
ingredients, including cereal grains, dried fruits,
and cocoa products, may serve as potential sources
of contamination. Among the most significant
hazards are mycotoxins, which are secondary

metabolites produced by filamentous fungi. To
assess the occurrence of these contaminants, 140
breakfast cereal samples collected from the Istanbul
market were analyzed using liquid chromatography
coupled with mass spectrometry (LC-MS/MS),
providing valuable information on the prevalence
of mycotoxins in commercially available breakfast
cereal products.

The study revealed that 71% of the analyzed
samples contained at least one type of mycotoxin.
Aflatoxin B1 was detected in 17% of the samples,
while total aflatoxins were identified in 31% of
the products, with several samples exceeding the
maximum permissible limits established by food
safety regulations. The authors emphasized the
necessity of continuous monitoring of mycotoxin
contamination and highlighted the importance of
developing regulatory standards that consider the
co-occurrence of multiple mycotoxins in food
products, as simultaneous exposure may pose
additional risks to consumer health [6].

Mardar M. and co-authors investigated the
microbiological characteristics of instant breakfast
cereals during storage. Product safety was evaluated
immediately after production and throughout
storage under different temperature conditions
and packaging systems. The study examined the
influence of flexible packaging, plastic cups with
foil sealing, and metallized biaxially oriented
polypropylene film (BOPF) packages on the
preservation of consumer and microbiological
quality attributes. The results demonstrated that
the incorporation of natural fortifying additives
contributed to an extension of shelf life and
effectively inhibited microbial growth. A reduction
in the total microbial count was observed in all
samples during storage, with the most pronounced
decrease (1.5-fold) recorded in products packaged
in metallized BOPF bags. The findings further
indicated that breakfast cereals packed in metallized
BOPF materials could be safely stored for up to
12 months at room temperature and a relative
humidity of 60-75%, while maintaining acceptable
microbiological quality and consumer properties
throughout the storage period [7].

Sa S.VM. and co-authors reported that
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breakfast cereals play an important role in
the daily diet of children by contributing to
nutrient intake and supporting healthy eating
habits. However, the authors also emphasized
that children are particularly vulnerable to food
contaminants, especially mycotoxins, because of
their lower body weight and higher dietary exposure
relative to adults. The study investigated the
occurrence and bioaccessibility of aflatoxin B1
(AFB1), enniatin B (ENNB), and sterigmatocystin
(STG) in breakfast cereal products. An in vitro
gastrointestinal digestion model simulating human
digestive conditions was employed to evaluate
the bioaccessibility of these mycotoxins when
breakfast cereals were consumed alone or in
combination with milk. The results demonstrated
that the bioaccessibility of the investigated
mycotoxins increased as the food matrix passed
from the gastric to the intestinal phase of
digestion. In addition, the presence of milk
significantly influenced the release and availability
of these contaminants, indicating that food matrix
interactions may affect the potential exposure of
consumers to mycotoxins present in breakfast
cereals [8].

To improve the nutritional value and sensory
quality of breakfast cereal products, Edima A.P.
and co-authors developed formulations based
on yellow maize, soybean, and ripe banana
flour. Composite flour prepared from maize and
soybean flour in a ratio of 70:30 was blended
with banana flour at different inclusion levels
ranging from 5% to 25%. The resulting products
were evaluated for their proximate composition,
vitamin and mineral content, microbiological
quality, and sensory characteristics. The findings
indicated that increasing the proportion of banana
flour led to a reduction in protein and lipid
contents, while dietary fiber and carbohydrate
levels increased. A slight decrease in the overall
energy value of the products was observed.
Furthermore, the concentrations of potassium and
magnesium increased, whereas vitamin A content
decreased and vitamin C content increased with
higher banana flour incorporation. Microbiological
analyses confirmed that all samples complied with

acceptable safety standards. Sensory evaluation
revealed that samples F and A received the
highest overall acceptability scores among the
tested formulations. The authors concluded that the
incorporation of banana flour positively influenced
both the nutritional characteristics and sensory
attributes of breakfast cereal products, thereby
enhancing their consumer appeal and functional
value [9].

Okoye J.I., Ebeh O.C., and Eze S.I. investigated
breakfast cereal products formulated from blends
of maize, soybean, and carrot flours, with particular
emphasis on their nutritional composition,
functional characteristics, microbiological quality,
and sensory properties. The study demonstrated
that the incorporation of soybean and carrot flours
at levels ranging from 5% to 25% significantly
enhanced the nutritional profile of the products.
Increases were observed in moisture, protein, lipid,
dietary fiber, mineral content (Ca, Mg, P, K, Fe,
and Zn), and vitamins, including vitamins A, C, B-
complex vitamins, and folic acid.

Microbiological evaluation indicated that the
total viable microbial count ranged from 0.42 x
104 to 1.14 x 104 CFU/g. No coliform bacteria
or fungal contaminants were detected in the
analyzed samples, confirming that all products
met acceptable microbiological safety standards.
The researchers also reported improvements in
several functional properties as the proportion
of composite flour increased. These included
bulk density, water absorption capacity, solubility,
gelation characteristics, swelling capacity, and
oil absorption capacity, all of which are
important quality attributes influencing processing
performance and consumer acceptance.

Sensory evaluation revealed that the sample
produced from 100% maize flour achieved the
highest overall acceptability score. Nevertheless,
formulations containing soybean and carrot flours
were also highly rated by the sensory panel and
demonstrated satisfactory consumer appeal. Based
on the obtained results, the authors concluded
that the partial replacement of maize flour with
soybean and carrot flours effectively improved
the nutritional value and functional performance
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of breakfast cereal products while maintaining
acceptable sensory quality [10].

Kambarova A. and co-authors developed a
multicomponent cereal formulation based on rice,
buckwheat, oats, and corn with enhanced nutritional
and functional properties. The composition of
the blend was optimized through computer
modeling to achieve a balanced profile of
essential amino acids and an appropriate energy
value. The technological process included raw
material cleaning, sorting, hydrothermal treatment,
processing, drying, cooling, milling, and blending.
The developed product demonstrated favorable
organoleptic characteristics and a balanced
nutritional composition, containing 14.43 g of
protein, 59.92 g of carbohydrates, and 4.48 g
of fat per 100 g of product, with an energy
value of 322.74 kcal/100 g. In addition, the
cereal blend was a source of B-group vitamins
as well as essential macro- and microelements.
Microbiological analyses confirmed compliance
with established food safety requirements, and the
product maintained acceptable quality for up to 4—
5 months of storage. These findings indicate its
potential application as a nutritionally complete and
health-promoting food product [11].

In another study, Daniels G.A. evaluated
the sensory characteristics and storage stability
of ready-to-eat breakfast cereals fortified with
functional enzyme additives, including tolerance
phosphatase (TolP) and tolerance lipase (TolL).
The organoleptic properties of fortified and control
samples were compared in terms of aroma, taste,
and texture. The results demonstrated that the
incorporation of these enzymes did not adversely
affect the sensory quality of the products (p > 0.05).
Furthermore, the fortified cereal samples exhibited
substantially increased mineral bioavailability, with
calcium, zinc, and iron levels increasing by 43.3%,
49.7%, and 56.7%, respectively, compared with the
control. These findings confirmed the effectiveness
of enzyme fortification in improving the nutritional
quality of breakfast cereals. Stability studies further
revealed that TolP retained its activity for up to 12
months of storage, whereas TolL. remained active
for approximately 9 months, indicating good long-

term functionality of the incorporated enzymes
[12].

Materials and Methods. Cereal grains were
used as the primary raw materials for the production
of extruded breakfast cereals, including rice, corn,
and barley groats. The formulation of the cereal
base consisted of 65% rice groats, 10% corn
groats, and 10% barley groats. A control sample
was prepared without the addition of vegetable
powders. The formulation of the control sample was
identical to that of the cereal base and included
65% rice groats, 10% corn groats, and 10% barley
groats. The control sample was produced under the
same technological conditions as the experimental
samples. Prior to processing, the raw materials
were cleaned, sieved, conditioned, and subjected to
extrusion.

The cereal raw materials complied with the
requirements of the relevant regulatory standards:
rice groats according to GOST 6292-93, corn groats
according to GOST 6002-2022, and barley groats
according to GOST 26312.1-84.

To enhance the nutritional and biological value
of the developed products, pumpkin, carrot, and
beetroot powders were incorporated as plant-based
ingredients. The vegetable raw materials were
thoroughly washed, cleaned, and mechanically
reduced in size before drying. Convective drying
was carried out at a temperature of 55-60 °C until
a residual moisture content of 8—10% was achieved.
The dried materials were subsequently milled under
laboratory conditions to obtain powders with a
particle size of less than 0.5 mm. Prior to use, the
powders were stored in airtight opaque containers
at room temperature to protect them from moisture
and light exposure.

Formulations of Experimental Samples. Several
formulations of extruded breakfast cereals were
developed based on the cereal mixture, differing
in the type and proportion of vegetable powder
incorporated into the formulation:

Formulation Ne 1 - 10% carrot powder;
Formulation Ne 2 - 10% beetroot powder;
Formulation Ne 3 - 10% pumpkin powder;

Formulation Ne 4 - 5% carrot powder and 5%
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beetroot powder;

Formulation Ne 5 - 5% carrot powder and 5%
pumpkin powder;

Formulation Ne 6 - 5% beetroot powder and 5%
pumpkin powder.

All ingredients were thoroughly blended until
a homogeneous mixture was obtained. Prior to
extrusion, the cereal blends were conditioned, and
the moisture content of the raw material was
adjusted to 18%. The mixtures were then held for
20-30 min to ensure uniform moisture distribution
throughout the material.

Extrusion processing was carried out using a
laboratory-scale single-screw extruder (Model D-
PHJ-I, Shandong Honor Automation Technology
Co., Ltd., China). The technical specifications of the
extruder were as follows: power consumption — 7.3
kW, operating voltage — 380 V, 50 Hz, production
capacity — 40-50 kg/h, screw length — 550 mm, and
screw diameter — 40 mm.

The extrusion process was performed at a barrel
temperature of approximately 170 °C and a screw
rotation speed of 180 rpm. During processing,
the material was exposed to elevated temperature,
pressure, and mechanical shear forces, resulting
in starch transformation and the formation of
a porous structure characteristic of expanded
breakfast cereal products. The extrudates emerging
from the die were cooled to room temperature
and subsequently packed in airtight containers.
The resulting samples were used for further
physicochemical and microbiological analyses.

Storage Conditions of the Samples. To evaluate
product stability and establish a safe shelf life,
the breakfast cereal samples were stored at a
temperature of 23 + 2 °C and a relative humidity of
60—65%. Microbiological and chemical parameters
were determined after 0, 3, and 6 months of storage.

The moisture content was determined by
the oven-drying method to constant weight in
accordance with GOST 15113.4-77.

The content of vitamins (B-group vitamins
and vitamin C) was determined using high-
performance liquid chromatography (HPLC), as
well as titrimetric and fluorometric methods

according to GOST 31483-2012.

Microbiological Analysis. The microbiological
safety of the samples was assessed using the
following indicators:

Total mesophilic aerobic and facultative
anaerobic microorganisms (TAMC) — according to
GOST 10444.15-94;

Coliform bacteria — according to GOST 31747-
2012;

Yeasts and molds —according to GOST 10444.12-
2013;

Salmonella spp. — according to GOST 31659-
2012;

Escherichia coli — according to GOST 30726-
2001;

Staphylococcus aureus — according to GOST
10444.2-94.

All microbiological analyses were performed
in accordance with the sanitary and hygienic
requirements  established for food safety
assessment.

Determination of Physical Properties. The
physical characteristics of the extruded products
were evaluated using the following parameters:

Bulk density — according to GOST 15113.6-77;

Texture (fracturability/crispness) — determined
using an instrumental texture analysis method with
a texture analyzer;

Color characteristics — determined by the
colorimetric method.

All experiments were conducted in triplicate. The
obtained data were processed using methods of
mathematical statistics. Results are presented as
mean values and standard deviations. Statistical
analysis of the experimental data was performed
using Microsoft Excel software.

Results and Discussion. A comprehensive
evaluation of the quality and nutritional safety
of the developed extruded breakfast cereals was
conducted by assessing their vitamin composition,
microbiological characteristics, and physical
properties. Particular attention was given to
the influence of formulation composition and
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storage conditions on these quality parameters.
The analyses were performed immediately after
production and throughout storage at a temperature
of 23 £ 2 °C and a relative humidity of 60-65%.

Microbiological investigations were carried out
to determine the sanitary and hygienic safety of
the extruded products during storage. In addition,
physical characteristics, including bulk density,
textural properties, and color parameters, were
evaluated as indicators of structural changes
occurring in the products throughout the storage
period.

The obtained results made it possible to assess the
effect of vegetable additives on the nutritional value
of the breakfast cereals and to evaluate the stability
of their quality and safety indicators during storage.

To determine the nutritional value of the
developed extruded breakfast cereals, the contents
of B-group vitamins and vitamin C were analyzed.
Vitamin determination was performed using high-
performance liquid chromatography (HPLC),
together with titrimetric and fluorometric methods
in accordance with GOST 31483-2012. The results
of the vitamin analysis are presented in Figure 1.

u Control

B Formulation Nel ® Formulation Ne2 ® Formulation Ne3

B Formulation No4 ® Formulation Ne5 = Formulation Ne6

Fig.1 - Changes in vitamin content during 3 months of storage

The incorporation of vegetable powders
contributed to an increase in the content of B-
group vitamins in the developed extruded breakfast
cereals. The concentration of thiamine (vitamin
B1) increased from 0.12 mg/100 g in the control
sample to 0.15-0.17 mg/100 g in the experimental
formulations. A similar trend was observed for
riboflavin (vitamin B2), the content of which
increased to 0.11-0.13 mg/100 g. The highest
concentrations of B-group vitamins were recorded
in formulations containing pumpkin powder and
combinations of vegetable powders.

A particularly pronounced increase was observed
for vitamin C. In the control sample, the
concentration of vitamin C was negligible (0.10
mg/100 g), whereas in samples enriched with
vegetable powders, its content increased to 0.72—
0.90 mg/100 g. This increase can be attributed to the

natural presence of ascorbic acid in carrot, beetroot,
and pumpkin powders.

Analysis of the data obtained after three months
of storage revealed a slight reduction in vitamin
content across all investigated samples. Vitamin
C exhibited the greatest sensitivity to storage
conditions, with losses ranging from approximately
8% to 15%, whereas B-group vitamins decreased
by an average of 5-10%. Despite these reductions,
samples containing vegetable powders retained
considerably higher vitamin levels than the control
sample. The results indicate that the incorporation
of vegetable powders effectively enhances the
vitamin value of extruded breakfast cereals and that
the majority of vitamins remain relatively stable
during three months of storage.

To evaluate the microbiological stability of
the extruded breakfast cereals, the dynamics of
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the principal microbiological safety indicators

were investigated throughout the storage period.

Analyses were performed immediately after
production and after three months of storage at a

temperature of 20 + 2 °C and a relative humidity
of 60-70%. The obtained results are presented in
Table 1.

Table 1 - Dynamics of microbiological indicators of breakfast cereals during storage

Sample Storage TAMC, | Coliform | Yeastsand | Salmonella] Escherichia Staphylococcu
period CFU/g bacteria molds, spp- coli aureus
CFU/g
0 months | 1,5x103 Not 1,0x102 Not Not Not detected
detected detected detected
Control
3 months | 1,8x103 Not 1,2x102 Not Not Not detected
detected detected detected
0 months | 1,4x103 Not 0,9x102 Not Not Not detected
Formulation detected detected detected
Nel 3months | 1,7x103 Not 1,1x102 Not Not Not detected
detected detected detected
0 months | 1,3x103 Not 0,8x102 Not Not Not detected
Formulation detected detected detected
No2 3months | 1,6x10° Not 1,0x10? Not Not Not detected
detected detected detected
O months | 1,4x103 Not 0,9x102 Not Not Not detected
Formulation detected detected detected
Ne3 3months | 1,7x103 Not 1,1x102 Not Not Not detected
detected detected detected
0 months | 1,3x103 Not 0,8x102 Not Not Not detected
Formulation detected detected detected
Ne4 3months | 1,6x103 Not 1,0x102 Not Not Not detected
detected detected detected
0 months | 1,3x103 Not 0,8x102 Not Not Not detected
Formulation detected detected detected
Ned 3 months | 1,6x103 Not 1,0x102 Not Not Not detected
detected detected detected
0 months | 1,4x103 Not 0,9x102 Not Not Not detected
Formulation detected detected detected
Ne6 3months | 1,7x103 Not 1,1x102 Not Not Not detected
detected detected detected

The results demonstrated that all investigated
samples exhibited low levels of microbial
contamination at the beginning of the storage
period. The total mesophilic aerobic and facultative

anaerobic microorganism count (TAMC) ranged
from 1.3 x 103 to 1.5 x 10® CFU/g, while the
counts of yeasts and molds varied between 0.8 x
102 and 1.0 x 102 CFU/g. In addition, coliform

409



KasTbY XABAPHIBICHI - VESTNIK KazUTB - BECTHUK Ka3YTb

bacteria, Salmonella spp., Escherichia coli, and
Staphylococcus aureus were not detected in any
of the analyzed samples.

After three months of storage, a slight increase

in the total microbial population was observed.

The TAMC values increased to 1.6 x 10°-1.8
x 10® CFU/g, whereas yeast and mold counts
rose to 1.0 x 102-1.2 x 10> CFU/g. Nevertheless,
these changes remained well within the permissible
sanitary and hygienic limits and did not show
statistically significant differences compared with
the initial values (p > 0.05).

Therefore, the obtained results demonstrate
that the developed extruded breakfast cereals

maintained their microbiological safety for at least
three months under the recommended storage
conditions of 20 + 2 °C and a relative humidity of
60-70%.

The physical properties of the extruded breakfast
cereals were evaluated based on bulk density,
textural characteristics (fracturability), and color
parameters. Analyses were performed immediately
after production and at the end of the storage
period. Bulk density is one of the key indicators
characterizing the structural properties of extruded
products, as it reflects the degree of expansion
achieved during the extrusion process. The changes
in bulk density observed in the investigated samples
are presented in Figure 2.

0.5
0.49

0.48

o 047

g 046
3045
0.44
0.43
0.42

Control

Formulation | Formulation | Formulation | Formulation | Formulation

Formulation
Ne6

u Bulk density (g/cm?)

Fig.2 - Changes in the bulk density of extruded breakfast cereals during storage

Formulation
No2

Formulation
Nel

Formulation

Formulation
Ne6

Formulation
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Formulation
Ne4

Ne3

& Fracture force (N)

Fig.3 - Changes in the fracturability of extruded breakfast cereals during storage

Analysis of the obtained results showed that
the bulk density values of all investigated samples
ranged from 0.45 to 0.49 g/cm3. Lower bulk

density values were observed in the experimental
samples containing vegetable powders, indicating
the formation of a more expanded and porous
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structure in the extruded products.

During the three-month storage period, a slight
increase in bulk density was recorded for all
samples. This change may be attributed to partial
structural compaction of the products and the
redistribution of moisture within the matrix during
storage. Nevertheless, the observed increase was
relatively small, suggesting that the structural
stability of the extruded breakfast cereals was
largely maintained throughout the storage period.

The textural properties of the products were
evaluated using the fracturability parameter. This
indicator characterizes the mechanical strength
and texture of extruded products and is closely

associated with consumer perception of crispness.

The changes in fracturability values observed
during storage are presented in Figure 3.

According to the obtained results, the
fracturability values of the extruded breakfast
cereals ranged from 29.6 to 33.1 N. The control

sample exhibited greater mechanical strength,
whereas the experimental samples containing
vegetable powders showed slightly lower fracture
force values. This behavior can be attributed to the
influence of vegetable additives on the porosity and
textural characteristics of the extruded products.

A slight increase in fracturability was observed
after three months of storage. This change indicates
an increase in the mechanical strength of the
products and may be associated with partial
stabilization of the product structure and moisture
redistribution occurring during storage.

The color characteristics of the products were
determined using the CIELAB color space (L*,
a*, b*), which enables objective and quantitative
assessment of color changes in extruded products.
In this system, L* represents lightness, a* describes
the color coordinate ranging from green to red, and
b* represents the color coordinate ranging from
blue to yellow.

Table 2 - Changes in the color characteristics of extruded breakfast cereals during

storage
Sample Storage period (months) L* a* b*
0 months 72,5 1,8 18,3
Control

3 months 71,4 1,9 17,8

0 months 69,4 6,7 21,5
Formulation Nel

3 months 68,2 6,9 21,0

0 months 64,8 9,6 16,7
Formulation Ne2

3 months 63,9 9,8 16,2

0 months 70,3 5,4 23,1
Formulation Ne3

3 months 69,1 5,6 22,4

0 months 67,2 7,8 20,4
Formulation Ne4

3 months 66,3 8,0 19,9

0 months 68,5 6,2 22,6
Formulation Ne5

3 months 67,4 6,4 22,1

0 months 66,1 8,3 19,2
Formulation Ne6

3 months 65,3 8,5 18,7

Note: L* - lightness of the product; a* - color coordinate ranging from green to red; b* - color
coordinate ranging from blue to yellow.
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The color characteristics presented in Table 2
were determined in triplicate (n = 3) and are
expressed as mean values + standard deviation.
Statistical analysis of the obtained data was
performed using Microsoft Excel software. The
significance of differences among samples was
evaluated at a confidence level of p < 0.05.

Analysis of the results showed that the L*
parameter decreased by approximately 0.8—1.2
units in all samples during storage, indicating a
slight darkening of the products. However, these
changes were not statistically significant (p > 0.05).
Higher a* values were observed in the samples
containing beetroot powder, which can be attributed
to the presence of natural red pigments. In contrast,
samples enriched with carrot and pumpkin powders
exhibited higher b* values due to the contribution
of carotenoid pigments.

Only minor variations in the a* and b*
parameters were observed throughout the storage
period, with fluctuations ranging from 0.2 to 0.7
units. Statistical analysis demonstrated that most
of these changes were not significant (p > 0.05),
indicating that the color characteristics of the
products remained relatively stable during the three-
month storage period.

The obtained results demonstrate that the
physical and color properties of the extruded
breakfast cereals remained largely unchanged
during storage. Furthermore, the incorporation of
vegetable powders contributed to maintaining the
stability of the products’ consumer-oriented quality
attributes throughout the storage period.

Conclusion. The present study provided a
comprehensive evaluation of the nutritional value,
microbiological safety, and physical properties of
extruded breakfast cereals enriched with vegetable
powders. The results demonstrated that the
incorporation of vegetable powders significantly
improved the vitamin composition of the products.
The experimental samples contained higher levels
of thiamine (B1), riboflavin (B2), niacin (B3),
pantothenic acid (B5), pyridoxine (B6), and folic
acid (Bc) compared with the control sample. A
particularly pronounced increase was observed for
vitamin C. Although its concentration decreased by

approximately 8—15% during storage, the vitamin C
content in the vegetable-enriched samples remained
substantially higher than that of the control. The
reduction in B-group vitamins during storage was
relatively limited, averaging 5—10%.

Microbiological analyses confirmed that the
total mesophilic aerobic and facultative anaerobic
microorganism count (TAMC) in all samples
remained within the permissible sanitary and
hygienic limits throughout the storage period.
In addition, Escherichia coli, Salmonella spp.,
and Staphylococcus aureus were not detected in
any of the analyzed samples. Although a slight
increase in microbial counts was observed during
storage, the recorded values remained well below
the established regulatory limits, confirming the
microbiological safety of the developed products.

Evaluation of the physical properties of the
extruded products revealed that the bulk density of
the experimental samples ranged from 0.45 to 0.49
g/cm3, while fracturability values varied between
29.6 and 33.1 N. Slight increases in both bulk
density and fracturability were observed during
storage, which may be attributed to structural
consolidation of the products and moisture
redistribution within the matrix. Variations in color
parameters (L*, a*, and b*) were also observed and
were dependent on the type of vegetable powder
incorporated into the formulation.

The scientific novelty of this study lies in
the comprehensive assessment of the -effects
of carrot, beetroot, and pumpkin powders,
applied individually and in combination, on the
vitamin composition, microbiological stability,
and physical properties of extruded breakfast
cereals. The findings demonstrated that the
incorporation of vegetable powders not only
enhanced the nutritional value of the products but
also contributed to maintaining the stability of their
quality characteristics during storage.

Overall, the obtained results confirm that the
use of vegetable powders in the production
of extruded breakfast cereals is an effective
approach for improving both nutritional quality and
consumer-related properties. Furthermore, under
the recommended storage conditions, the developed
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products can be safely stored for at least three
months while maintaining satisfactory quality and
microbiological safety.
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