VuusepsureT y beorpany

HHCTUTYT 332 MyNTHINCUMILTUHAPHA UCTPAXKUBAMa
Kuesza Bumecnasa la

11030 Beorpan

Hay4ysnom Behy
Momroranmy,

obpahaM BaM ce NMOBOAOM TeXHHUYKOT peuiera “CrlaHu KeKc ca JeXUApHpaHuM LenepoM”
ayropu cy ap Jenena Oununosuh, nayunu casemnux, ap Munenko KowryTtuh, euwwu nayunu
capadnux, np Bnapumup @ununosuh, nayynu caeemnux, Ap Munuua Huherwn, sumu nayunu
capadrux, np Visuna Banosuh, wayunu casemnux, ap I'opan TpuBaH, HayuHu capaduux, Ip
Hparuna Crankosuh, wayuwu cagemmnux, ca monboMm pa poHecere OIIyKy O ycBajamy
HpeMETHOT TeXHHYKOT pelliera, Kao M Aa JOHeTa oJylyKa ca nparehom JOKyMeHTaLujoM Oyne
npocnehena MaruuyHom HayyHoM on6opy 3a GUOTEXHONOTH]Y M NOJBONpUBpeNY MHHHCTPCTBA
HayKe, TEXHOJIOUIKOT pa3Boja M MHOBalHja.

VY beorpany, 23.01.2025.ronuue

{ opau Tpubai
AyuYHM CapagHUK

M




TexHW4Ko pewere

CNAHU KEKEKC CA AEXWAPUPAHUM LIENNEPOM

AyTOpu TEXHWYKOT peLlerba:

1. Op JeneHa ®dununnosuh, HaydyHM caBeTHUK, YHUBep3uTeT y Hosom Cagy, HayuHu
WMHCTUTYT 3a npexpambeHe TexHonoruje, Hosu Cag,

2. Op MuneHko KowyTtuh, BUWIK Hay4yHW capagHUK, YHusep3utet y Hosom Cagy,
Hay4Hu MHCTUTYT 3a NnpexpambeHe TexHonorunje, Hosu Cag,

3. Op Bnagnmup duannosuh, HaydHM caBeTHUK, YHMBep3uTeT y HoBom Caay,
TexHonowku ¢pakynteT Hosu Cag,

4. Op Munnua HuheTtuH, BULLIM HayyYHM capagHuK, YHusepsutet y Hosom Caay,
TexHonowku ¢pakynteT Hosu Capg,

5. Op Weuua hanosuh, HayyHW caBeTHUK, WMIHCTUTYT 3a paTapcTBO M MOBPTAPCTBO,
MHCTUTYT o4, HauMoHanHor 3Havaja Penybanke Cpbuje,

6. Op FopaH TpuBaH, Hay4yHW capaZHUK, MHCTUTYT 38 MyATUAMCUUNAMHAPA
UCTpa*kmBara, YHnBep3nteT y beorpagy,

7. Op Oparnua CtaHkosuh, Hay4YHW caBeTHUK MHCTUTYT 338 MyaTUANCLMNANHAPpA

ncTpaxkmneatba, YHMBep3uTeT y beorpaay.



Op JeneHa Pununosuh, Hay4YHU casemHuUK
Op Munenko KowyTtuh, suwu Hay4YHU capadHuUK
Op Bnagumup ®dunmnosuh, HayyHu casemHuK

AYTOPU TEXHUYKOTI PELLEHA: Op Munuua HuheTtuH, suwu Hay4YHU capadHUK
Op Uenua banosuh, HayyHU casemHuk
Op FopaH TpuBaH, Hay4YHU CapadHuUK
Ap Oparvua CtaHkoBuh, HayYHU casemHUK
HA3UB TEXHNYKOT PELUEHA: CnaHu KeKc ca gexuapupaHmm Lenepom

K/bYYHE PEYMU:

KombuHoBaHa meToaa Aexuapartaumje,
TEXHO/IOWKWN KBA/IUTET, HYTPUTUBHM CacTas

KeKc, uenep,

BPCTA TEXHUYKOTI PELLUEHA:

HoBO TexHMYKO pellere NpumMerbeHo Ha mehyHapoaHom
HuBoy (M81=10)

3A KOTA JE TEXHNUYKO PELLEHE
PABEHO:

KOPHW g.0.0 beorpaacka 39, 85 000 bap, LipHa lNopa

FOAMHA KAJA JE TEXHUYKO

PELLIEHE KOMMETUPAHO : 2024. rop,
FOAMHA KAQA JE NOYENO

TEXHWUYKO PELLIEHSE AA CE 2024. rog,

NMPUMEHYIE U KO JE TEXHUYKO
PELLUEHE NMPUXBATUO :

KOPHW g.0.0 beorpaacka 39, 85 000 bap, UpHa lNopa

KAPAKTEP TEXHUYKOI PELLUEHA:

HoB npexpambeHu Nnponssoa,

OBJIACT U HAYYHA
AUCLIUIM/IUHA:

BuoTexHWYKe HayKe 1 NpexpaMbeHo NHKeHepcTBO

MPOBJIEM KOJU CE TEXHUHKUM
PELLEHEM PELLUABA:

Hoe npoussog pewaBa npobnem yHanpehewa npoueca
cylwemna aomaher uenepa npu yemy ce Aobuja HyTPUTUBHO
M ceH30pHO oboraheH npax, Koju je, Kao NPUPOAHU W
®YHKUMOHANHU cacTojak, WMHOBAaTMBHA 3aMeHa 3a Aeo
bpawHa nNpu CTaHAAPAHOM  TEXHOJIOWKOM  npouecy
NPOu3BOAHE KEKCa.




CTAHE PELUEHOCTU TOTI
MPOBJZIEMA'Y CBETY

Lenep apexuapvpaH npeasoeHMMm  KOMBUHOBAHUM
MeToAMMa OCMOTCKe gexugpaTtauuje y Menacu u
nvodunmsaumje, Ao caga ce HUje A0AABa0 Y C/AHWU KeKc.
MpumeroeHa TEXHONOWKa pelera Ccy Yy CcKaagy ca
npenopykama  34pacTBeHMX cTyavja o  beHeduty
KOH3yMUpatba noBpaha, teroBom oborahuBawy u
npahery caBpemMMHUX TpeHA0Ba nNpexpambeHe MHAYCTpUje
y nornesy O4pPXMBOCTM WM EKOHOMWMYHOCTM npoueca
npousBoaHe.

KAKO CY PE3Y/ITATU
BEPUOUKOBAHMU:

Hay4yHM npojeKaT y OKBMpPY Kora je pasBujeHa HoBa BPCTA
npoussoda: ,CnaHu Kekc ca gexvapupaHum uenepom”,
duHacupaH je o ctpaHe [MOKpauMHCKOr ceKpeTapujata 3a
BMCOKO 06pa3oBarbe M HAYYHOUCTPAMKMBAYKY [eNaTHOCT
ANB, 6poj yrosopa: 000882147 2024 09418 003 000 000
001 04 002. PesyntaTM TEeXHUYKOr pelewa Ccy
BepMOMKOBAHM M CAONWTEHUM Ha  MehyHapoaHUM
cKynosumma (2 Kom.) n y yaconucy (1 kom.).

NPOU3BOBHAY OMPEME U
APECA:

Esmach

APECA:

Via Vittorio Veneto, 143, Utanuja

KOPUCHUK TEXHUYKOT PELLIEFbA
N ALPECA :

KOPHW ga.0.0 beorpaacka 39, 85 000 bap, LipHa lNopa

ro4MHA OCHUBAHA ®UPME: 1990. rog,
OBO TexXHWYKO pellerbe MokKasyje moryhHocT ynoTpebe
npaxa uenepa AobujeHor KOmMBMHOBAHMM MeToAama
ONMNC TEXHUYKOT PELLIEFbA: Cywera, Kao CYNCTUTYeHTa MWeHuYyHor 6pawHa vy

dopmynaumjn Kekca. HoB npomsBoa Kekca MMa 3HauajHo
nobosblaHy HYTPUTUBHM WM  (YHKLMOHANHM cacTas, V3
CMatbetbe eHepreTcke BpeaHOCTH.




NMPUMEHA TEXHUYKOT PELLUEHA:

HoBopasBujeHn CNaHM KeKC MOoXKe ce npousBoanTM Yy
noctojehum noroHMma npexpambeHe wWHAyCTpuje, 6e3
nocebHMX WHBECTUUMOHWUX Yynaraka W notpebe 3a
MoaudUKaumMjy TEXHONOLWKOr MOCTYyMaka MNpou3BOAHE U
KoHourypaumnje noroHa. OBaj HOBM KeKC AONPUHOCK
npowupery  acopTMMaHa noctojehux  6pawHeHo-
KOHOAMTOPCKMX npousBoga, Hyaehu yHanpeheny wu
KBAZIMTETHUjy anTepHaTUBYy.

Onctpnbyumja HOBOr KeKCa MOXKe Ce OCTBapuUTU Kpos3
noctojehe TProBMHCKE mMpexKe, Ka CBMM npexpambeHum wm
cneumnjann3oBaHUM NPoSABHMLAMA 34paBe XpaHe, Yume 6u
0Baj Npou3BOA MOCTAa0 MNPUCTyNayaH MoTpoWayYnma
pernoxa.

OAroBOPHO JIULE 3A TEXHUYKO
PELLUEHHE:

[Op JeneHa dununosuh, HayyHU cagemHuUK

oAroBopPHO /IMLIE KOPUCHUKA
TEHXUYKOI PELLEHA:

CteBaH MhaBununh, AMnNA. NHXK.




YHUBEP3UTET Y HOBOM CALY

HAYYHU UHCTUTYT 3A NPEXPAMBEHE TEXHOJ/TOITMJE
bynesap uapa /lasapa 1
21000 Hoswu Capg,

Onuc TexHU4Kor pewera

AyTOpU TEXHUYKOT peLlerba:

e [lp JeneHa ®dununosuh, HayyHU casemHuk,

e [p MuneHko KowyTtuh, suwiu Hay4HU CAPAOHUK,
e [lp Bnagnmnp dunnnosuh, HayyHU casemHuk

e [p Muanua HuheTtuH, suwiu Hay4YHU capadHuUK
e [lp MBuua banosuh, HayyHU CABEMHUK,

e [p lopaH TpuBaH, Hay4YHU CapadHUK

e [p Aparunua CraHkosuh, HayYHU cagemHUK

CNNAHU KEKEKC CA AEXWOPUPAHUM LENEPOM

Hosu Cap, 2024



1. O6nacT TexHUKe Ha KOojy Ce TEXHUUYKO peLlere 04HOCU

TexHMYKO pewerbe "CnaHM KeKc ca AexuapupaHum uenepom" ce ogHocuM Ha obnact
npexpambeHe MHAYCTpUje, OAHOCHO BpallHEHO KOHAUTOPCKY MHAYcTpujy. Kekc je nonynapaH
nNpoun3Bo, LWMPOM CBETa, MOCTOjMU BE/IMKA MOHYAA CAATKMX M CNAaHUX KEKCOBA Ca PasIMuUTUM
YKyCMMa M npucTynadyHMm ueHama. OBaj npoms3Boda je ogmax CnpemaH 3a jeno ca Ayrum
POKOM Tpajatba, WTO ra YMHM BeOMa nonynapHuUm npexpambeHmm npomssogom (Calanlis et al.,
2020).

KeKc je cnoxeH cuctem y KOMe CBaKM CAcTOjaK MMa BaXKHY YyAOry, a CBaka MpPoOmMeHa Yy
dopmynaumju Kekca o6MYHO 0BOAM OO0 NMPOMEHA Yy TecTy, KOje yTU4y Ha KBanuTeT rotosor
npoussoda. 3a ¢opmoparbe CTPYKTYpe KeKCa HEMOoXKe/baH je pasBoj INYTEHCKE CTPYKType
6pallHa, jep TECTO OBe BPCTE KeKCa KapaKTepulle HeA0BO/bHA PacTer/bMBOCT U €1aCTUYHOCT.
KeKkc KapakTepuwe BWUCOK cagpaj mactm u wehepa, a Mana KoAMYMHA BoAe WTO My
obe3behyje NNacTMYHOCT, OAHOCHO Makby €1aCTUYHOCT, MPU Yemy BUTHY yaiory umajy wehepm u
mactn y Tecty. LLlehep 6UTHO yTnye Ha ocobMHe TecTa Kao M Ha KBAUTET M YKyC neyeHor
npoussoga. Lehep ponpuvHOCK cmarberby BUCKO3MTETA M BPEMEHY OAMaparba TecTa, a
MCTOBPEMEHO A0BOAM M A0 LMpEeHa KeKCa M CMarberba HeroBe BUCMHE M Mace. KeKc ca
BMCOKUM CaZprKajem wehepa KapaKTepulle BUCOKO KOXE3UBHO TECTO M XPCKaBa TeKcTypa. Mact
y TecTy genyje Kao MasuBO NpU Yemy AONPUHOCK MAACTUYHOCTM M OMeKLIaBaky Tecta. Mact
yTH4Ye Ha TEKCTYPY M YKYC, @ AONPUHOCK noBeharby AyKUHE U CMakbetby BUCUHE U MAce KeKca,
KOra KapakTepulle meKa CTpYKTypa v aka nomsbuoct (Calanlis et al., 2018).

TpeTmaH cywemwem (gexmgpataumjom) Boha u noBpha jegHa je o Hajuyewhux TexHonoruja
obpage 1 yyBama XpaHe. KnacMyHe meToge cyliera ce 3aCHMBaAjy Ha BUCOKMM TemnepaTtypama
M OYyrom BpeMeHy Cyllerba WTO AoBoAM A0 owTehera HEeKUX HYTPUTUjeHaTa U KBAJIUTETHUX
cBojctaBa y npoussogy (Lyu et al.,, 2019). Y uyu/by pelwaBata oBMX npobnema, Kopucte ce
KOMbBMHOBaHe MeToAe AexuapaTtauuje.

KOHBEKTMBHO cyllewe jeaHa of Hajuewhe KopuwheHMx meToda 3a gexuapaunjy Boha wm
nospha, aAn Mma cBoje HegoCTaTKe Y3POKOBaHe MPMMEHOM BMCOKUX TeMNepaTypa, Koje yTuuy
Ha rybutak 6oje, moropliare TEKCType, MPOMEHY YyKyca WU TrybuTak BaKHUX HYTPUTUBHUX
matepuja (Krecisz et al.,, 2023). CynpoTHO Tome, meToAa AnoduaMsauumje MNpyKa BeSUKK
noTeHUMjan 3a 04YyBatbe HYTPUTUBHOTN U CEH30PHOr KBanuTeTa AexXnapupaHux npovssoaa, anm
NCTOBPEMEHO yTMYe Ha nosBeharbe TPOLWKOBa M BpemeHa m3Bohera npoueca (Maric¢ et al.,,
2020, Ignaczak et al., 2023).

KopuwheHa KombuHOBaHa MeToda pAexugpartaumje obyxsaTa HUCKOEHEPreTCKM OCMOTCKM
npeaTpeTMaH y mMenacu U ckpaheHu MocTynak 3axTeBHe, BUCOKOEHepreTcke nnodunmsaumje.
dexuapupaHa cnposuHa oboraheHa je HYTPUTMBHMM MaTepujama U3 menace, a Aobuja ce Ha
€KOHOMMYAH 1 eHepreTckn epuKkacaH HauumH (Filipovic et al., 2022).

Mpouec ocmoTcKe agexuapaTtaumje nogpasymeBa MnoTanakbe npexpambeHor matepujana vy
XMNEePTOHMYHE pacTBope, rae Boga AMdyHAyje N3 XxpaHe Ka pacTBopy Kpo3 noaynponycr/bmee
mebpaHe henujckor TKMBA XpaHe, AOK Y CYNMPOTHOM CMepy, PacToBpPaK KOju ce Hanasu y
OCMOTCKOM pacTBopy, AndyHayje y marbem obumy Ka npexpambeHom matepwujany. Menaca
wehepHe pene ce Nokasana Kao gobap n3bop 3a OCMOTCKM PacTBOP, YC/1e[ BUCOKE TEXHONOLLKe
edpuMKacHOCTM peHoMeHa NpeHoca Mace, BUCOKO BPeaHOr HYTPUTUBHOF CAcTaBa M HUCKe LEeHe,
0b63unpom aa je Hycnpoussog TexHonoruje npomssogme wehepa (Filipovi¢ et al., 2017; Nicetin



et al.,, 2021). OcmoTcKa pgexuapaTaumja ce OBMYHO KOPUCTU Kao NpeaTpeTMaH OocCTaium
npouecnma gexmapaTaumje, Kao WTO je HA npumep Anodunmsaumja.

2. TexHU4Kn npobnem

MponsBoaM oA XuTa CYy CBAaKOAHEBHM CacCTojuM CBUX PEXMMMA MCXPaHe, cTora oA/In4Ha BPCTa
npovsBoda 3a nobo/bllatbe HYTPUTUBHUX W (PYHKUMOHANHUX OCOOMHA, Yy YycKknagy ca
CaBpPeMEHUM TPEHAOBMMA Y UCXPAHMU.

MpumeHOM MeToga KOMBOMHOBAHE AexugpaTtauuje, Koja ce cacToju 04, eHepreTCKM HesaxTeBaHe
OCMOTCKe gexuapaTtauumje y menacu u CyKUecMBHOr cKpaheHor BMCOKOEeHepreTcKor noctynaka
nodunmnsaunje, NCTOBpeMeHoO ce pellaBajy npobaemu nckopuwhasakba U NoHoBHe ynoTpebe
menaca - cnopegHor npovssoga mayctpuje wehepa u ckpahuBartbe obMma nNpuMeHe BUCOKO
€HepreTcKM 3axXTeBHOTr NOCTYMNKa Anodunmsauymje. lexmapupaHu nponssoa, Koju ce gobuja Kao
pes3ynTat npMmeHe metoae KOMOMHOBaAHe gexuapaTauuje, je BPXYHCKOr KBanuteTa, 063Mpom
Ha ou4yBaHe, MoOJla3He TepMOCTabuiHe KOMMOHEHTe, [A04aTHO YHanpeheHe NOBO/bLHUM
HYTPUTUBHMM CacTaBOM menace.

JopaTkom gexvapupaHor uenepa KOMOMHOBaHOM MeToA0M AexuapaTtauuje y Kekc, aobuja ce
npousBog, YyHanpeheHux KBa/NUTAaTUBHUX KapaKTepUCTMKa Yy nornegy HYTPUTUBHUX U
bYHKLUMOHaNHMX ocobuHa, Aobpor TeEXHO/IOWKOr U Ce30PCKOT KBanTeTa. KeKc je npon3Bog Koju
Ceé CKOPO CBAKOAHEBHO KOH3ymMMpa Yy pPasaMuntMm ob6anuMma M [OCTynaH je BEeMKOj
nonynaumju. U3 Tor pasnora je onpasgaHa moryhHOCT ananKauuje AexmapupaHor Lenepa Kako
6 ce cmambuna eHepreTcka BpeaHOCT, noBehao caAp)kaj MUHepanHUX MmaTepuja W
aHTMOKCUAATUBHM NOTeHUMjan, WTo ce pednekTyje Ha oAprkakbe U nobosbluarbe 34paB/ba

JbyaN.

3.Crarbe pewueHocTM Tor npobnema y ceety

MpounsBogm of xuTa 0b6e3behyjy HeonxogHe XpaH/bMBE MaTepuje U eHeprujy n npeactas/bajy
OCHOBHY XpaHy pasnumMTUX nonynaymja wupom ceeta (Shahidi, Chandrasekara, 2015). *uta ce
raje Ha suuwe og 73% nosbonpmBpeaHoOr 3eM/bULLITa M YMHe BULle og 60% nponssoaHe XpaHe y
cBeTy. XpaH/bUBY BPEAHOCT UTA AOMUHAHTO YMHE YI/bEHU XMAPATU, 3HATHO Makbe je OCTanmnX
XPaH/bUBUX MaTepuja (NpoTerHa, MacTu, MMHepana U BUTaMWUHA).

[aHac, nocToju TpeHA, pacta noTpowre npexpambeHnx npoussoga nobosbluaHe HYTPUTUBHE
BPEAHOCTM W YNa)Ky Ce Hamopu ga Ce OHa MPOMEHM nNpeko moauduKaumje HyTPUTUBHOT
cacTaBsa. [lpeTBapatrbe cnopegHMX NPOMN3BOAA KOjU HACTAjy Y TOKY NPOU3BOAHE XpPaHe Y BUCOKO
BpeAHe KOMMNOHEHTe U goaaTKe 3a npexpambeHe NpousBoae, M3a3MBa BEIMKO MHTEpecoBake
npexpambeHe WHAYCTPUje NOroToBO jep noTpowayn npedepupajy npupogHe n[oaaTKe,
nnawehu ce ga CUHTETUYKM cacTojuu mory 6utn nssop TokcnuHoctu (Elleuch et al., 2011).

Y unsmpy nobosbluara 34paB/ba /byau M NopacTa CBECTM NOTOpLUayYa O NOBE3aHOCTU UCXPaHe U
3[1pacTBEHOr CTarba NOCTOjM NoTpeba 3a NPOMEHOM Yy CacTaBy KeKca Kako bu ce nobosblianu
HEroB HyTPUTUBHM cacTaB U GyHKLMOHaNHa cBojcTBa. CTyAnje 0 MCXpaHU Npenopyyyjy peaoBHO



KOH3ymupare Boha M noBpa y uu/by nobosbliarba 3gpasba (Calanlis et al., 2020).
Ennaemuonowke ctyamje cy noKasane pf[a KoH3ymupare nospha, Boha v aepwvBata
npexpambeHnx NpomM3BoAn MMa 34PaBCTBEHE NPEAHOCTU Y NPEBEHLM|M XPOHUYHUX HE3aPA3HUX
6onectn, ykwydyjyhu KapamosackynapHe 6onectn n ogpeheHe BpCcTe KaHuepa. 34paBCTBEHa
csojctBa Boha M nospha ce npunucyjy NpucycTBOM BUTaMWHA, NpexpambeHMX BRaKaHa U
nonudeHona.

4. Ctarbe TeXHUuKe

OcmoTcKka pexuapaTtaumja y MHAYCTPUJCKMM YCOBMMA Ce U3BOAWM pPacTBOPUMA HATpUjym
xJiopuaa UanM caxapose, y 3aBUCHOCTU Of, CMPOBMHE Koja ce aexuapupa. Y 0BOM TEXHUYKOM
pewery KAo OCMOTCKM pacTtBop KopuwheHa je menaca wehepHe pene Koja npeacTtas/ba
CropeaHn Npou3BOA Y UHAYCTPUjM Wwehepa, a KapaKTepuLe ra HACKa LieHa, A06p HYTPUTUBHMU
caCcTaB, a Cam MNpPOUEC je eKOHOMMYaH 360r WCKopUWHEHA CNOPeaHOr MNpPOoM3BOAA
npexpambeHe nHAycTpuje.
KombMHOBAHO cyllere ce CcacToju Of, €HEepPreTCKM He3axTeBHE OCMOTCKE AexuApaTauuja Kao
npeaTpeTMaHa M ckpaheHor noctynka avoduamsaumje npu yemy ce gobuja BUCOKO BpeaaH
AexngpupaH npousBog yHanpeheHnx HyTPUTUBHUX KapaKTepucTuka (Filipovic et al., 2022).
Mpouec npunpeme KOMBMHOBAHOT cylweha paheH je y noroHy ,,ESSALK d.o.0.” TpHaBa 66, Hou
Ma3ap, Ha nocTtojehoj onpemn 3a OCMOTCKY AexuapaTtaunjy u nvodunusaunjy. TeXHONOLWKM
napameTpu KOMbBMHOBAHOr Mpoueca OCMOTCKe Aexugpartauuje y menacum n avodpunmsaum
uenepa ypaheHu cy y nabopatopujckmm ycnosuma TexHonowkor ¢akyteta Hosu Cag,
YHusep3suteta y Hosom Cagy.
OBaj HOBM KEKC Ce MOKe MPOU3BOAUTM Yy CBMM MOroOHMMA npexpambeHe MHAyCTpuje, jep He
3axTeBa 40AATHE MHBECTULMjE U TEXHOJIOWKe MmoguduKaLmje Npon3BoLHOT NOCTYMKa M MOroHa.
JeanHo y dasm npunpeme cMpoBMHa nopes oamepaBarba CMPOBMHA 33 3amec, NOCTOjM joL
jeAHO oamepaBaBatbe AexuapupaHor uenepa y oapeheHoj KoanumHmn (cnmka 1). TeXHONOLWKM
NocTynaK NpousBoAHe ce cacTojao o cnepehux dpasa (camka 1):

- oAmepaBarba CUPOBUHA,

- 3ameca TecTa,

- obpage TecTa,

- rneyema TecTa,

- M Ha Kpajy xnahera rotoBor Nnpo13Boaa.
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Cnuka 1. TeXxHONOLWKKM NOCTyNaK Npou3Boare obraheHor cnaHor Kekca ca AexuapupaHum
Luenepom

5. U3narare CyluITMHE TEXHUYKOT pellerba

MpumeHoM KOMbBMHOBaHe MeTode JAexuapataumje uenepa Koja ce caToju 0f, OCMOTCKe
Aexvapataumje y Menacu Kao npearpetmaHa v ckpaheHe BUCOKoeHepreTcke anodpunnsauuje
fobuja ce npax uenepa o4yBaHWX U 060rahHUX HYTPUTUBHUX U GYKLMOHANHUX KOMMOHEHTA.
Jopasarbem 20% pexuppupaHor npaxa uenepa JobujeHor KOMOBMHOBAHMM MmeToAama
Aexvapataumje y CTaHgapAHy peuenTypy CaaHor Kekca gobuvja ce HOB MHOBATUBHM NPOM3BOA,
ca Nobo/blaHUM HYTUTUBHUM Y GYHKUMOHANHMM KapaTKTEPUCTMKAMA, a Menaca wehpeHe
pene Kao CnopeaHn Mpous3Bog, Y TEXHO/IOWKOM MOCTYMNKy npoussoare wehepa ce Bpaha y
NlaHau, ucxpaHe sbyan un gobuja HoBy ynoTpebHy BpeaHOCT.



6. leTa/baH ONUC TEXHUYKOT pelueHa
6.1. HytpuTnBHU cacTtaB gexnapuapaHor yenepa

CsexX KopeH uenepa (Apium graveolens L. var. rapaceum, Alabaster variety) nma nNpoceyHu
caapkaj cyse maTtepuje: 9,05%. 3a notpebe aHan3e XeMMUjCKOT U MMHEPAJTHOT CacTaBa KOpeHa
uenepa gexuapupaHor KombuHoBaHMM MeTogama, y Tabenama 1. m 2., npuKasaHu cy
pe3ynTaTu HyTPUTUBHOT cacCTaBa Lesiepa AeXUAPUPAHOT PA3ANYUTUM METO4aMa: KOHBEKTUHUM
cywerwem, AnoduamMsaumjom M KOMOMHOBAHOM METOAOM (OCMOTCKa AexuapaTaumja U
nodunmusaumja). M3 npukasaHux pesyntata y Tabenm 1., BuAM ce Oa uenep CyweH
KombruHoBaHoM meTopom (O.[.+/1.Ll.) nma cTaTUCTUYKM 3HadvjaHO Behu cagpikaj nNpoTeuHa,
YKYNHUX wehepa 1 nenena, a makbM cagpaj Lenynose u nmnuaa y nopehemy ca ysopumma
uenepa cyweHux KoHsekTumHom metogom (Kos. A.U.) n amonndunmsaymom (/ino.4.11).

Tabena 1. Xemnjcku cactas gexmapuparor uenepa (Kosutic et al., 2024)

MpotenHn  Ckpob VK. wehepn Uenynoza Jiunmngm MNeneo

Yopun (% c.m.) (% c.m.) (% c.m.) (% c.m.) (%cm.)  (%c.m.)

Kos.[.LL.* 1.04 + 0.85 + 5.25 + 2.64 + 0.30 + 0.81+
0.04° 0.08° 0.15° 0.09° 0.01° 0.03°
131+ 1.01 + 5.31+ 271+ 0.30 + 0.79 +

* %k

Jino.A.L. 0.05° 0.05° 0.09° 0.05° 0.01° 0.02°

4.36 + 1.04 + 24.99 + 1.57 + 0.26 + 4.97 +
%k %k k
OA+N.L. 0.19° 0.03° 0.99° 0.04° 0.00° 0.49°

* KOHBEKTUMBHO AexuapupaHu uenep

** InodpunnsmnpaHmn gexnapupanu uenep

**%* OCMOTCKM gexnapupaHn u AModUAn3npaHn Lenep

Pe3ynTaTu npuKasyjy cpearby BpeaHOCTECTaHAAPAHY AEBUjALN]Y Y TPU Meperba

¥C Pa3nMuMTa CNOBa Y EKCMOHEHTY Yy MCTUM KOJIOHaMa YKasyjy Ha CTaTUCTMYKM 3HauyajHe pas/iMKe Npu HUBOY
3HayvajHocTh og, od p<0,05 (TecTnpaH post hoc Tukey HSD test)

MuHepanHu cacTaB uenepa AeXuapupaHor pasinuuTMM MeTogama je npukasaH y Tabenu 2.
Lenep pexnapupaH kombuHosaHom metozom (O.4.+/1.LL.) nma cTaTUCTMUKKM 3Ha4vajHO Behwu
MUHepanHu catcas y nornegy K, Mg, Ca, Fe, Zn n Cu y ogHocy Ha uenep gexugpuapa
KOHBEKTMBHOM METOoA0M U Anoduamsaumjom, Kao nocneguua npupacra cyse maTepuje, us
MUHEpannm matepujama boratom menacom, y npoL,ecy 0CMOTCKe AexmapaTaumje.



Tabena 2. MuHepanHu cactaB gexuapupaHor ueneta (Kosutic et al., 2024)

K
Ysopuu (mcg/Nl‘(;Og (mg/ll\(floi c.M.) (mg/lg(?g c.M.) (mg/lg(?g c.m.) (mg/lﬁ(?g c.m.) (mg/lg(t)jg c.M.)
Kos. AL * 308.43 23.13 % 73.08 £ 0.78 £ 071+ 051+
o 0.94° 0.11° 0.21° 0.03° 0.02° 0.02°
Mvo.A.Ll . 309.75 % 23.94 % 7394t 0.79 % 0.74 0.52 +
o 1.05° 0.24° 0.34° 0.02° 0.04%° 0.00°
O.,ﬂ,.+f|.Ll,.*** 1825.71:J * 42.74bi 120.49b + 5.39 bi 1.35 :f 0.84 bi
20.16 1.75 1.55 0.75 0.15 0.03

* KOHBEKTUBHO AeXMApUpaHu Lenep

** NInodunmsnpanHu gexmapupaHm uenep

**%* OCMOTCKM AexuapupaHn U AModunnsnpaHn uenep

PesynTtaTv npukasyjey cpeatrby BpeaHoC tcTaHAaPAHY AeBUjaumjy y TP meperba

a-c Pa3nnynTa cN10Ba y EKCMOHEHTY Y UCTUM KOJIOHaMa YKasyjy Ha CTaTUCTMUKM 3HAYajHe pasanKe nNpu HUBOY
3HayajHocTu o4 od p<0,05 (TecTmpaH post hoc Tukey HSD test)

3a npomn3BoAY CNAHOT Kecaca ca AexXuapupaHnm uenepom KopuwheH je uenep aAexmapupan
KomobuHoBaHom meTtoam (O.4.+/1.Ll.) ycnen Haj6oswer xemujckor (Tabena 1) n muHepanHor
(tabena 2) cactaBa y oAHOCY Ha Uenpep AexuapupaH KOHBEKTUBHOM M /MOPUIN30BAHOM
METO/ZIOM.

6.2. TexHONOLWKM NOCTYNaK gobujarba gexmapuapaHor uenepa

TexHONOWKM NOCTynak Aexvapupara uenepa KOMOMHOBAHOM MeETOAOM CacToju ce of
OCMOTCKOI MpeaTpeTmaHa y menacu wehepHe pene, a 3aTUM CyKuecuBHe nuoduansaumje.
Mpouec aexuapartaumje uenap ce nssoam y ,,ESSALK a.o0.0. “ TpHasa 66, Hosu Ma3sap.

Mpouec nountbe JonNpematbem CBeXKer Luesiepa y MPOU3BOAHM MOroOH, rae ce 4yBa vy
pacxnagHum ypehajuma 3a cknaguwTtere, Ha TemnepaTypu og 4 °C. HakoH cKnaguwTtera
uenep ce J/bywTu, nepe n ycutasa. OCMOTCKM TpeTMaH uesnepa ce M3BoaM Ha noctojehoj
onpemu 3a 0OCMOTCKy gexuapaTtaumnjy, y menacu wehepHe pene, Kao XMNepPTOHUYHOM PACTBOPY.
TexHONOWKM napameTpu npoLeca OCMOTCKe aexuapaTaunje uenepa y menacu ytepheH je y
NabopaTopmjcKMM yCNoBUMA U U3HOCUAIU CY:

- [ly}knHa Tpajarba npoueca: Sh,

- Temnepatypa npoueca: 20 °C,

- MaceHu ogHOC maTepujana n OCMOTCKOr pactBopa (menace): 1:5,

- KoHueHTpaumja oCMOTCKOr pacTBOpa: KOHUEHTpOBaHa menaca: 85,04%.

HakKoH OCMOTCKOr TpeTmMaHa, AexuapupaHu uenep ce 4YyBa Yy pacxlagHMM KOmMoOpama Ha
Temnepatypu og -30°C, 24 carta. 3amp3HyTU Uenep ce Aexuapupa nomohy noroHckor
nmodunnmnsartopa.

Mpouec nnodpunmszaumje Tpaje 24 cata Ha npuTmucaKky og 1.6 Pa 1 TemnepaTypmn KoHAeH3aTopa -
57 °C.

dexvnapupaHu uenep ce ycuTHaBa Ha MAWHY A0 Aobujarba npaxa yjeAHauyeHe rpaHynayuje.



OBakKo A06MjeH aexnapupanm npax uenep nma oboraheH HyTPUTUBHU cagprKaj (Tabena 1 m 2),
6e3 Bnare, WwWTo obesbehyje AyroTpajHoO CKNAAMLITEHE U JOCTYNHOCT KA0 CUPOBUHE 3a NEKAPCKY
N KOHAUTOPCKY UHAYCTPMU]Y.

6.3 TexHONOLWKMU nocTynak npounssoare U TEXHOJIOWKU KBAaJZIUTET KEeKCa Ca AeXxnagpupaHmm

uenepom

Ha Tp»XuUwWTy pernoHa Hema oBaKBe BPCTe NPOM3BOAaA - CNAHOT KeKca ca 3aMeHOM gena bpallHa
AexngpupaHmm n oboraheHum uenepom. MNpu npomssoaHM 0BOr HOBOT NpoM3Boaa BUTHO je Aa
Ceé He HapyllM TEXHO/IOWKWN KBA/NUTET M CEH30PCKa CBOjCTBA NpoOM3BOAa, a Aa ce nobosblia
HYTPUTUBHM M YHKLMOHANHK cacTaB. ObraheHn cnaHW KeKeKc ca AexnapupaHum LLefiepom ce
npou3BoAM NO CTaHAAPAAHOM TEXHOJ/OWKOM MOCTYNKY Y MHAYCTPUjckum ycnosuma KOPHU
4.0.0, y bapy, y UpHoj F'opu. TecTo 3a cnaHuM KeKc ce Npunpema Ha OCHOBY CMPOBMHCKOT CacTaBa
KOju je npuKasaH y Tabenu 3, a KOAMYMHA AoAaTe BoAe NpepadyHaTa je Kako 6u ce gobuno
Tecto Bnare 18%.

Tabena 3. CMpOBMHCKM CaCTaB TeCTa 3a Npoun3Boary KeKaca Ca AeXUAPUpPaHUM Lenepom

KOHTpOAHM y30paK Kekc ca 20% O.4+/1.1.
BpawHo (%) 100 80
Oexvnapupann uenep (%) 0 20
Ba3a 3a obpavyH: maca bpaliHa
Shortening/maprapuH (%) 28,5 28,5
LWehep (%) 1 1
NaCl (%) 0,9 0,9
NaHCO; (%) 1 1
Boaa (%) 22 22

6.4 TeXHONOLIKN KBANUTET KeKca ca AexungpupaHumm uenepom

3ameHa 6paluHa 610 KOjoM KOMMHEHTOM Y OCHOBHOj pOpMYynauUmju KEKCA MOXKe A0BEeCTU A0
npomeHe Yy @U3MYKO-XEMMUjCKMM CBOjCTBMMA nNpe cBera napameTpa Koju aedpuHuwy
TEXHONOLWKN KBANUTET, KAao WTO Ccy AMMEH3Mje Kekca M TekcTypa (Klunklin et al., 2018).
MPUAMKOM MEXaHWYKOT Mellakba, CUMPOBMHA KOje ce KOPUCTe Yy CacTaBy KeKca A0/1asn Ao
HUXOBE MHTEpPAKLNje Kako 6u ce bopmMmmnpo jeanHCTBEH 061K, KOH3UCTEHUM]ja U U3rneq, a 6oja
M YKyCc y nocneamwoj dasm nevewva (Galla et al.,, 2017). YTMuaj 3ameHe pgena bpalwHa ca
AeXNOpUPaHUM Lenepom y KonnumHu og 20% Ha TexXHO/IOWKe napameTpe KBanuTeTa Kekca
npuKasaH je y Tabenu 4.



Tabena 4. TexHONOLWKM NapemMeTpu Kekca ca gexmapupanum uenepom (Niéetin et al., 2024)

KoHTponHM y30pakK Kekc ca 20% O.4+/1.L.
TexHONOWKM napameTpu
BWL (%) 25,22+0,51 17,00+0,46
DWL (%) 0,96%0,13 0,65+0,04
T (mm) 55,0540,81 48,42+0,49
R (mm) 97,05+0,83 99,7310,38
R/T 1,76+0,01 2,06+0,01
TeKcTypa Kekca
Tvr (N) 2091,73+193,53 3923,50+300,59,
Lom (mm) 1,30+0,20 2,4910,1

BWL- rybutak mace npu neverby, DWL —ry6uTak mace npw cywery , T — BUCMHaA KeKca, R —npoceyaH npeyHuk, R/T
— dakTpop wupera, Tvr- TBpAoha, Lom- nombuBoCT
Pe3syntatu npukasyjy cpeatby BPeAHOCT = CTaHAAPAHY AeBUjaumjy TpU meperba

TexHONOWKM NapameTpu KBa/IUTETa KeKkca cy ogpeheHn no metoam AACC 10-50D (1999), 30
MUWHYTa HaKoOH xnaherba Kekca, a obyxBaTana Cy Mepere AMMEeH3Mja Kekca U rybuTka mace
KeKca npu neyemwy U cywemy. Nybutak mace npu nedyewy (BWL) n rybutak mace npm cywery
(DWL) cy 6UTHM napameTpu TEXHOMOLKOT KBa/IMTETA jep YKa3yjy Ha TEKCTYPY M NPUHOC roToBor
npoussoga. HAdopgasarwwem 20% pexmapupaHor uenepa y peuentypy Kekca A[osogum Ao
CTCTUCTMYKM 3HAYaAjHOT CMakbeHa NnapameTapa rybmutaka mace npu nedvemwy (BWL) n npm cywemry
(DWL) y ogHoCy Ha KOHTPO/IHK y30pakK. OBO ce MoKe 06jaCHUTU YMHEHULIOM A3 AeXUAPUpPaHn
npax uenepa je BUCOKO LENYA03HM mMaTepujan y nopehery ca afeKBaTHOM  KOJIMYMHOM
OpallHa Koja je OCKygHa y HepacTBOP/bUBUM MpexpambeHum BAaKHMMA, Npu Yemy O0BOAMU
Behe ancopnuuje Boge u cnabsberba npotemHcke mpexe (Wang et al.,, 2020). LenynosHa
BNAKHA mory aa ancopbyjy ogpeheHy KoNnnumHy BoAe M BEPOBATHO Ha Taj HAYMH yTU4Yy Ha 60sby
anctpmbyumjy Bnare y TecTy, Na ce TOKOM Meyera Kaga ce TemnepaTypa noseha, Boaa jaue
Be3yje n marbe Boge ucnapasa (Salehi et al., 2020). ®aKkTOpK KOjU ONUCYjy AMMEH3Nje KeKca
(BucKHa, NnpoceyaH NpeYHUK 1 GaKTop WKpPerba) Cy BaxKHM 3a gedurHUCaHE YTMLAja AoAaTKa Ha
HEroBe TEXHOJIOLWKE KAPaKTEPUCTMKE M Y KOHTPOJM KBaZUTETA roTOBOr nNpou3sBoaa. BucuHa
KeKca je nocnegmua ¢opmuparba CTPYKTYpe TecTa TOKOM TMedvyerba KpPo3 MNOoCTaB/bakbe
paBHoTexe wu3mel)y Koarynauuje npoTeMHa W lWKpeHa TecTa, ycnen CTBapara nape WU
ocnobaharba raca us cpeacrtaBa 3a gusawe (Mamat et al.,, 2010). JoaaBarbe AexvapupaHor
uenepa A0BesO je A0 AecTabununslaumje CTPYKType TecTa, WTO je A0BESIO A0 CMatbeHa BUCUHE
KeKca Yy OZIHOCY Ha KOHTPOJIHM Y30paK LUTO je y cknady ca uctapkunsadnma Wang et al., (2020).
N3 Tabene 4, ce BUAM Aa OAaBatbe AEXMAPUPAHOr Lenepa y Kekc, MPeyYHnK Kekca u ¢pakropa
wupera (R/T) 3HavajHo nmoseho y OAHOCY Ha KOHTPOJ/IHM Yy30paK, OAHOCHO AOLW/O je Ao
nosehara gedopmaue ob6/MKa Kekca ycned nopatka gexvgpupaHor uenepa. KombuHauuja



NCTUX paKTopa TOKOM GpopMUparba TECTA M NeYetba KeKea yTUYy Ha BUCUHY, NPOCEYaH NpeyrH u
baKTOp WKMperba KeKca.

TeKkcpypa KeKkca je ogpheHa Ha anapaty TA.XT2 Texture Analyser (Stable Micro Systems,
Godalming, UK), rge cy geduHucanum tBpaoha (Tvr) u nomsbmBocT (Lom) Koju Cy K/byYHWUX
napameTapa Ha OCHOBY KOjuX MOTPOLLAYM MPOLEHYjy KBanuTeT Kekca. Tepaoha ce geduHwe
CMJIOM Koja je noTpebHa Aa M3a30Be NOTNYHWU MPEsSIOM KeKca, AOK je JIOM/bUBOCT NMOoKas3aTesb
KPXKOCTU TEKCTYPE U HeHe CKNAOHOCTM aa ce mpsu (Galla et al., 2017). U3 Tabene 4 ce Buan aa
ce TBpaoha Kekca 3Ha4ajHo nosehaBa ca A0JATKOM AexuapuaHor uenepa y ogHocy Ha
KOHTPO/IHK y30paK. OBO ce objalltbaBa YMHEHULOM Aa A0AATKOM CajpiKaja B/laKaHa y KeKc
OHM MEXaHWUYKM OMeTajy WMHTEepaKLMjy MpoTeMHA M CNoCcobHOCTU dopmuparba NPOTEUHCKOT
maTpuKkca. Takohe, BnakHa ancopbyjy BoAy Tako Aa KOJIMYMHA BOAE KOja je AoCTynHa 3a
XvapaTtaumjy M pas3Boj NPOTEMHCKOr MaTpUKCa Ce Cmakbyje, WTO AoBoAM A0 pasbnaxkera
KOHLEeHTpaunje NpoTenHa, WTo MMa 3a nocneauuy Behy TBpaohy Kekca (Galla et al., 2017,
Sowmya et al.,, 2022). Takohe ce 3ana*ka UCTM TpPeHA 3a NapameTap SIOM/I/bUBOCTM Kao U 3a
yBpcTohy KeKca, Aa A0Na3M [0 3Ha4vajHor noBehakba IOM/bUBOCTHM Ca A0AATKOM AeXMAPUPAHOT
uenepa. Jlom/bmBoCT Kekca ce nosehaBa ca noBeharem cafpikaja B/flaKaHA YK/byYMBatbeM
HEernyTeHCKMX CMpoBUHa (uenepa n menace) y popmynaumjy Kekca, Koju omeTtatu dopmuparse
NPOTEMHCKOr MaTPMKCa, MO UCTOM MeXaHU3My Kao 1 Kog TBpohe (Sowmya et al., 2022).

boja je 6uTaH napameTap KBanuTeTa MNPOM3BOAA KOja AMPEKTHO yTUYEe HaA Mepuenuujy u
NPUXBaT/bMBOCT NpPOM3BOAA Of, CTpaHe noTpowaya. boja Kekca je opgpeheHa Ha
TpuctumynycHom konopmumetpy Chroma meter (CR-400, Konica, Minolta, Japan) un uspadyHata y
CIELAB cucremy.

Tabena 5. boja Kekca ca gexuapupaHum uenepom (Nicetin et al., 2024)

KOHTpOAHM y30paK Kekc ca 20% O.4+/1.1.
L* 57,79+41,01 47,98+0,37
a* 6,55+0,13 8,99+0,57
b* 22,7210,29 14,83+0,30
AE 0 17,84+0,65

L — ceetnoha (0 upHo, 100 6eno), a — yaeo 3eneHo (-)/upseHor (+) ToHa, b- yaeo nnaso (-)/kytor (+) ToHa, AE —
Bapujaumja y boju
Pe3ynTaTu cy NpMKasaHW Kao NpoceYHa BPeAHOCT + cTaHAapAHa AeBUjaLMja Of, WeCT NoHaB/batba.

Pesyntatu (Tabena 5) nokasyjy aa popatak 20% AexuApuUpaHoOr Lenepa y Kekcy A0onpuUHOCK
3HavyajHoMm cmamery ceetnohe (L*) u yaena xytor ToHa (b*) n nosBehamwy yaena ypseHor ToHa
(a*). Ha ocHoBy cmamerba napameTtpa L n b* moxe ce Buaetn aa gogartak aexvapupaHor
uenepa A0BOAW A0 TaMhera FOTOBOr Mpou3Boga, a nosehare yaena UpPBEHOr TOHA Koju
notTuye of KOMOWHOBaHe MeToAe AexuapaTtaumje uenepa, rae ce Kao Meanjym KopucTu



menaca. Ha ocHoBy M3payyHaTe BpeAHOCTU Bapujaumje y 6oju (AE) jacHo ce BMAKM Aa popaTtak
AeXNapUpPaHor uenepa y Kekcy yTmde Ha npomeHy 6oje Koja je Bua/bmsa ronmm okom (Niéetin
et al., 2024).

CeH30pCKa oLeHa KBaanTeTa Npoussoaa je 6UTHa npuaMkom ¢opmuparba HOBOTF NMPOU3BOAA U
HEroBOr naacMpara Ha TPXKULWTY, jep CMakbyje PU3KMK Of, Heycnexa y norneay notpollayke
NPUXBaT/bMBOCTM U AeduUHULIE rpaHULEe Yy KOjum je moryhe goaatu goaaTak y Npov3BoA a 43
YyTOME MHOromMe He Hapylwu KBaAUTeT M NPUXBAT/bMBOCT Kog noTtpowada (Milicevié, 2018).
CeH30pCKa OuEHa KeKca ca gexnapupaHum Lenepom cnposegeHa je no I1SO 6658:2017, a 3a
NPOLEHY CEH30PCKUX KapaKTEPUCTMKA NMpUMeHeHa je ckana y 7 HuBoa (1 je o3HayeH Kao
Hajnowmnju a 7 je 03Ha4YeH Kao Hajbosba oueHa).

Tabena 6. CeH30pCKa oueHa KeKca ca aexngpupaHmm yenepom (Nicetin et al., 2024)

KoHTponHu y3opak Kekc ca 20% O.O+/1.LL.

NHTeH3nTeT 60je 3,510,2 5,640,2
MN3rnep nosplunHe 5,940, 3 3,5+0,4
YKyc 4,0+0,1 3,3%0,5
Mupuc 4,0+0,1 3,320,4
Tepaoha 3,040,2 5,020,5
Nlomsmsoct 4,0+0,0 6,1+0,1

Pe3ynTaTtu cy NnpuKasaHM Kao NpoceyHa BpegHOCT * cTaHg4apAHa AeBUjaumja o4 AeceT NOoHaB/bakba.

Ha ocHOBY CeH30CKe aHa/nMn3e KeKkca ca AexvgpupaHum uenepom (Tabena 6) Buamn ce aa je
WMHTEH3MTET 60je NPaTMO TPEeHA MHCTPYMEHTANIHOT Mepera 6oje M3paXKeHor NPeko napamertpa
L*, oAHOCHO Aa AoAaTak AexuapupaHor uenepa 3HavajHo nosehBa MHTeH3UTET boje KeKca.
NHTeH3nTeT 6oje Kekca 6e3 goaaTka, oueweH je oueHom 3,5 mM3mehy cBeTno pymeHe u
onTMmanHe 60je, AOK AofaTaKk AexnMapupaHor uenepa 3HadajHo je nosehao 60jy og onTumanHe
[0 Mano TamHe. M3rnen noBpLUMHE KOHTPOJIHOT KEKCa OLEHEH je CKOPO HajBMLWOM OLLEHOM
(oueHa 5,9) ook ce noroplwao gogaTkom gexmapupaHor uenepa (oueHa 3,5) (Nicetin et al.,,
2024).

Pe3yntaTh aHanM3e yKyca U MMpUCca KeKca Cy NoKasaau CanyaH TpeHAa, O4HOCHO Aa je goAaTak
AEXNOpUPaHOr Lenpa y ClaHM Kekca yTMLAo Ha CMakbMBakbe AEeCKPUNOTopa 3a CKOPO jeaHy
OoLEeHY. YKYC M MUPUC KEKCa ca AeXMAPUPAHUM LEeNepoM Ce 0f, OTUMAIHOT MOMEPMO Ka OLLEHM
"Masnio u3parkeH cTpaH ykyc u mmpuc” (Nicetin et al., 2024).

Tepooha M NOM/BMBOCT Yy KEKCy ca AexuApupaHum uenepom je nosehaHa y oaHocy Ha
KOHTPO/IHK y30pak. TBpgoha ce oa mano TBpae (oueHa 3) Koa, KOHTPONHOT y30pKa nomepuaa
[0 cpepre TBpAe (oueHa 5,0), WTO je y Kopenaumju U ca MHCTPYMEHTaNHMM MeToaMMa



oapeheHnm 3a TBpaohy Kekca (Tabena 4), a NoMA/bUBOCT ce oA onTumanHe (oueHa 4) ce
nomepuna Ka cpeare 1oM/bMBom (oueHa 6,1).

6.5 HyTpuTuBHe 1 PpyHKLMOHANHE 0OCOBUHE KeKca ca AeXUapUpPaHum Leiepom

KeKc je KoMnneKcaH BUWe KOMMNOHETHN CUCTEM KOjU Ce CacTOju 04 MaKPOMOEKYa, KAo LITO cy
NPOTEUHU, YI/bEHU XMAPATWU, AMNUAM U popaur. CnaHu KeKe KapaKTepulle HU3aK CafprKaj
NPOTEeMHa M BUCOK CafprKaj MacTu. JoaaTak AexuapupaHor wenepa Kekey, y Konnunum og 20%
3aMeHe 6pallHa, A0BOAM [0 3HAYAjHOI CMarberba Cagplkaja MpoTemHa, CKpoba U nmMnuaa u
noseharba yKynHux wehepa, uenynose v nenena y nopehery ca KOHTPONHUM y30pKom (Tabena
7). MpomeHe y XeMUCKOM CacCTaBy KeKca ca AexnapuaHum Lesnepom nocnegmua cy yrpahusarba
HECKPOBOHMX U HEAUNUAHUX jefutberba Koje yaase Y CUPOBUHCKM cacTaB Kekca. OBM pe3ynTaty
YKasyjy aa gopatak 20% pexvapupaHor uenepa A40BOAM A0 3HAYajHUX MPOMEHA Y XEMMUjCKOM
CacTaBy CNAHOT KEKCA M 3HAYajHOr CMakberba eHepreTcke BpeaHOCTH, 3a oko 20%, 36or foaaTka
AexnapupaHor uenepa.

Tabena 7. HyTpMTUBHM cacTaB KeKca ca aexnapupaHmm uenepom (Nicetin et al., 2024)

KOHTpOAHM Kekc ca 20% O.4+/1.L.
XeMunCKn cacTtas
MpotenHn (% s.m) 10,85+0,10 9,67+0,07
CKkpob (% s.m) 47,3340,27 38,06+0,39
YK. wehepu (% s.m) 2,17+0,03 6,84+0,04
Uenynosa (% s.m) 0,3210,01 0,59+0,01
Nnnnam (% s.m) 23,07+0,19 18,43+0,21
Meneo (% s.m) 0,41+0,00 1,35+0,01
EHepreTcka BpeaHocT (kl/g) 2018,1+157,4 1614,3+97,8
MwuHepanHu cactas
K (mg/100g s.m) 90,63+0,57 438,46%3,14
Mg (mg/100g s.m) 16,79+0,15 21,99+0,13
Ca (mg/100g s.m) 24,54+0,19 43,6010,26
Fe (mg/100g s.m) 1,20+0,01 2,11+0,02
Zn (mg/100g s.m) 0,39+0,00 0,59+0,00
Cu (mg/100g s.m) 0,24+0,00 0,36+0,00

Pe3ynTtaTv cy npuKasaHu Kao NpoceyHa BPeAHOCT £ cTaHAapAHa AeBujaumja o4 AeceT NoHaB/bakba.

[OHeBHe noTpebe y MWHEpanHMM maTepujama Ccy Masie aan HeonxogHe 3a HOPMAJIHO
GYHKLMOHUCabe opraHn3ma 1 U3 Tor pPas/ora je NoXKe/bHO 060raTUTU KeKC OBUM jeautberbnma.
Pesyntatn cy nokasanu pa popatak 20% pexuppupaHor uenepa AOBOAM A0 3HAyajHOr
noseharba y cagpajy K, Mg, Ca, Fe n Zn y o40HOCY Ha KOHTPO/IHM y30paK Kekca (Tabena 7).
OBu nogaum yKasyjy ga ynotpebom KombuHOBaHe meTode AexuapaTtauuje n menace Koja ce



KOPUCTU Kao mMegujym 3a OCMOTCKY AexugpaTaumjy, a borata je mMMHepanHMM MaTepujama,
AonNpuHOCK ce Nnobosbluakby MUHEPAHOT cacTaBa Kekca. Keke ca foaaTtkom 20% aexuapupaHor
uenepa AONPUHOCK 3aZ0BO/baBakby AHEBHUX MOTpeba YOBEKA Y MUHEpPAZIHUM MaTepujama 3a
HOPMaNHO GYHKLMOHUCaHE OpraHM3ma.

Y unby aeduHucarba GyHKLUMOHANHMX CBOjCTaBA KEKCa Ca AexvuapuHanm uenepom ogpeheHa je
aHTUOKCMAATMBHA aKTMBHOCT. BehuMHa aHTMOKCMAATMBHOr MNoOTeHUMjana y XpaHu 6usbHor
nopekna notuye of ocobuHe GeHONHUX jeantberba, Koja MOry ga Aenyjy Kao peayKLMoHa
CPeACTBa, YNCTaum cnoboaHUX pasmKana u JOHOPU BOoAOHMKa (Galanakis, 2012).

YKyNHU cagpskaj ¢eHona M aHTMOKCMAATMBHA aKTMBHOCT yTBpHeHW aBema pasanynuTtum

metogama (DPPH wn ABTS) y y3opumMma Kekca. U3 Tabene 8, ce Buam ga gopatak 20%
AeXnppupaHor uenepa 3aH4YajHo je nosehao cagprkaj yKynHuXx ¢eHosna M aHTMOKCUMAATUBHY
aktnsHocT (DPPH n ABTS) y oaHOCY Ha KOHTPOJIHWM y30pakK Kekca. OBM pe3ynTtaTu yKasyjy Aa
AoJaBakbe AeXMpUpPaHor Lenepa, AexmapmpaHor KOMOMHOBaAHOM MeToA0M je eduKacaH HauuH
[a ce cayyBa aHTUMOKCMAATUBHM NOTEHUMjan AofaTKa M Nobosblla aHTUOKCMAATUBHA aKTUBHOCT
KeKca. Cagp:kaj YRynHux deHona y Kekcy ca 20% aexvpupaHor uenepa nosehao ce 29,5 nyta y
O4HOCY Ha KOHTPOAHW y30pakK. OBO ce MOXKe ce NpUNUMCcaTM CUHEPrUCTUYKOM  AO0NPUHOCY
oyyBarba cafprKaja GEeHONHUX jeautberba LENepa M OCMOTCKOj AexupgpaTaumnju y menacw,
MOCTYMKY KOju je gogaTHo oboraTtvo AexugpupaHu uenep ca GeHONHMM jegubbersuma U3
menace. AHTUOKCMAATMBHU noTeHunjan ogpeheH DPPH n ABTS meTtogama, nosehaH je kop,
KeKca ca gexnapupaHum uenepom og 56,6 oo 49,3 nyta y ogHOCY Ha KOHTpPOAHM y30pa. Osu
pe3ynTaTu NoKasyjy Aa Ao4aBarbem maTepujana boratumx deHonMma n Apyrum 6GMOaKTUBHUM
jegurberbmma  gosoan A0 nobosbliakba  aAHTUMOKCMAATUBHMX CBOjcTaBa npexpambeHor
npoussoaa (Deepali et al., 2019).

Tabena 8. PyHKUMOHaNHE 0cObUHE KeKca ca gexuapupaHum uenepom (Nicetin et al., 2024)

KOHTpOAHM y30paK Kekc ca 20% O.4+/1.1.

YKynHu deHonmm (mg 6,4240,04 1894142 54
GAE/100g s.m)
A

HTMOKCMAATUBHA aKTUBHOCT 0,60£0,00 33,0740.57
DPPH (umol TE/100g s.m)
AHTMOKCMAATUBHA aKTUBHOCT

2,43+0,02 119,71+1,02

ABTS (umol TE/100g s.m)

Pe3yaTtaTv cy npuKasaHu Kao NpoceyHa BPeAHOCT £ cTaHAapAHa AeBujalmja o4, AeceT NoHaB/bakba.

6.6 MpUXBaT/LUBOCT KEKCA Ca AEXUAPUPAHUM LLe/IePOM Ha TPXKULLTY

PasymeBare moTmBa Koju oapehyjy nsbop xpaHe Beoma je BarkaH 3a yCnewHo NpoMoBUCatbe
WHOBATMBHOI MPOM3BOAA, WTO je 04 CYWTMHCKOr 3Hayaja 3a pa3Boj eduKacHe cTpaTerunje
yHanpehewa ucxpaHe M 3gpassba (Honkanen and Frewer, 2009). Jow yBeK ce He 3Hajy



ncuxocoumjanHn GakTopu KojM MMajy yTMUAj Ha CTaBOBe MnOTpollaya npema HOBOM
npexpambeHom npowussoay. lpetnoctas/ba ce Aa he notpowayn npe Aa nNpuxsaTe HOBM
NPoM3BOA, ako NOMeHyTa HamMpHULa o0be3behyje ogpeheHe 3apascTeeHe 6eHepute (Milner et
al., 2020).

Y uwby carnegasarba MpuxsaTakba HOBOr MPOM3BOAA CMPOBEAEHO je UCTpaXusarbe
NPUXBaT/bUBOCTU KeKca ca 20% aexuapupaHor uenepa Ha 427 cnydajHo ogabpaHa noTpollaya
PasNIMUUTUX COLMOAEMOrPaABCKMX KapaKTEPUCTMKa (cTapocT, HMBO 06pa3oBarba, BMCUHA
npumarba M non). AHKeTa ce cacToja o4 ABe BPCTe NUTarba, MUTakba OMWITEr Kapaktepa M
cneundmnyHa NMTakba Be3aHa 3a HOB NpousBoA (Tabena 9).

Tabena 9. MuTarba 3a aHKeTy noTpowaya (Filipovié et al., 2024)

Bpcra WHbopmaumja/ 6p NHpopmaunje/ nutarba oarosopwu/pesyntart
nuTakba | NMTarba
CrapocT noTtpoluaya
o M P P <181./18-30 . /31-50 1./>51 .
s
(g Hueo obpasoBatba OcHoBHa WwkKona/ cpeasba
g n2 wkonal/ paryntet/
? YHusepsuter
GSJ "3 BucuHa npuxoaa HUCKo/cpearbe/
5 BMCOKO/HajBuLLE
S Mon
na MYLLIKO/>KEHCKO
n1 [a nv unitaTe geknapauujy Ha
3 nakoBakby KeKca?
©
E a /W Balle 34PaBCTBEHO CTakbe
= n2 A AP Oarosop:
S 3axTeBa nocebHy ncxpaHy? Na/He
5 Ha ocHOBY Balller MULLI/bEHA,
S n3 Aa 1 BPCTa UCXpaHe yTude Ha
3[paBCTBEHO CTakbe?
na [a nu je 60ja Kekca
© npMxBaT/bMBa?
g ns [la nn je yKyc KeKca
= NPMXBaT/bMB?
© [a nn je mnpunc Kekca Pesyntar:
S ne 0a1 po9,
s nNpWxBaT/bMB? . .
o - 1 —Hajmarby, 9 Hajsehn
s n7 [a nv je ueHa KeKkca BaaHa 3a
o OANYKY O KYNMOBUHU?
© ns [a nn xenuTe 0Baj KeKc aa
YK/byunTe ¥ PeloBHY UCXPaHy?

Ha ocHoBy pe3yntata aHKeTe MOXKe Ce 3aK/by4uMTu Aa Cy MOTPOWA4M y CBMM COLMO-
aAemorpadckmm rpynama 6uam nobpo ceBecHW 3Ha4vaja geKknapaunja NpousBoaa U MHTepakLumje
namehy McxpaHe WM 34paB/ba, MAKO je Mano WX MMano cneumdpuyHe notpebe y MCXpaHu
(34.0940,18) v TO Nonynauuja ctapuja oa 50 roamHa. Boja, yKyc n mmpuc HOBOr nNpounssoaa



6unm cy wupoko npuxeahenn (7 oo 8) 6e3 o063upa Ha pasnmuuTe coumomemorpadcke
KapaKTepuctmnke ncnutaHuka (Filipovié et al., 2024)

Pe3ynTaTv npoueHe NpMXBaT/bMBOCTU HOBOT MPOM3BOAA OZ CTPaHe NOTPOLLAYa Nokasaam cy aa
BeNMKa rpyna (427) HacymmyHo opabpaHMx NOTpOLWayvya MMa BUCOK CTEMeH NPUXBaT/bUBOCTM
KEeKca ca AOexvAPVMHAHUM LUeNnepom, Ha OCHOBY CEH30PCKMX KapaKTepuUTMKa Mpou3BoAa.
MoTpoLwaym cy NoKasaam BUCOK NO3UTMBAH CTaB NPemMa HOBOM NMPOM3BOAY M YKA3a/u Ha HEros
BE/IMKM NOTEHLMjaN 33 TPXKMULIHY NPUXBAT/bUBOCT.
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U3BoA:

MpumeHOM KOMBWMHOBaAHOr MeToga AexuapaTtaumje Koju obyxBaTa eHepreTCKM HesaxTeBaH
OCMOTCKM NpeaTpeTmMaH y MeflaCcM U CYKLECUBHM, CKpaheHW, BMCOKOEHEPreTCKM MOoCTynak
nodunmnsaumje, Ha €KOHOMCKM M eHepreTcku yHanpeheH HauuMH ce pobuja npax uenepa
oboraheH BpeaHWUM HYTPUTUBHUM KOMMNOHEHTamMa U3 menace. Menaca je cnopeaHu Npou3Bos,
naycrpuje wehepa n gaHac ce cmatpa jepTUHMM M3BOPOM HYTPUTUBHUX KOMMHETU Koje ce
Bpahajy y naHay, ucxpaHe, NPUMeHOM KOMOWHOBOI MeToAa AexuapaTtaumje, WTO yTvye Ha
OAPXMBOCT N EKOHOMCKY PEHTAbU/IHOCT NpexpambeHe nHAycTpuje.

Mocnegtbnx rogmHa ce 3HAYajHO MNPOMEHMAO MMULI/bEHE O CTaTycy XpaHe. [aHac je
nexpambeHa waycTpuja ycmepeHa npema KBaautety u 6es3begHocT npexpambeHumx
npous3BoAa, a XpaHa Aobuja goaatHe dyHKUMje - Aa cnpeyn 601ecTn NoBe3aHe ca UCXPaHOM U
no6osba GU3NYKO M MEHTaJIHO CTakbe NnoTpoLlaya.

KeKkc je npousBog KOju Ce CKOPO CBAKOAHEBHO KOH3YMWUpA Y Pasanuyntum obsmumma u
OOCTYyMaH je BE/WKOj nonyaaumju, a Herobe HYTPUTUBHE M EHEepreTcKe KapaKTepucTuke
OCTaB/bajy NPOCTOPa 3a yHanpehere Kpo3 nHosauuje.

Kekc ca pgoaaTtkom gexvapupaHor uenepa wuma 3HaTHO nobosbluaH  HYyTPUTUBAH U
GYHKLMOHANHM cacTaB WTO Ce Orneja y CMakbehy cagprkaja avnuga u ckpoba, nosehaH
cagprkaj Lenyno3e U CMakbeHy eHepreTcky BpeaHcT 3a 20%, 3HaTHO nosBehaH MUHepasiHK
cacTaTB M aHTUMOKCUMAATUBHM noTeHuMjan. Kekc ca gexvapupaHum Uenepom je UHOBATUBHMU
npou3BoA, A06pOr TEXHOJIOWKOr KBa/IMTETA U CEH30PCKMX KapaKTEPUCTUKA KOora KapakTepulle
BUCOK CTerneH npuxBaTakba Of CTPaHE MoTpollaya pasanuymTux coumogemorpadckmx
KapaKTepUCTuKa.



Mpwnor 1.
MalwunHCKO — TeXHONOLWKa onpema NoroHa 3a NPou3BOAHY CAHOr KeKca ca AexuapupaHum

uenepom
PepHu Jeq.
. | HasuB onpeme ca TeXHUYKMM NojaLmma Kon.
6poj mepe
PapHu cTO 33 Nnpunpemy CUPOBUHY,
1 MeTaNIHe KOHCTPYKUMje 1 pagHe naode oa Hephajyher yenunka Kom. 1

aAnmeH3mnja: 1600 x 800x 850 mm

MoKpeTHU caHAYK 3a bpaluHo
2 MeTasIHe KOHCTPYKLUUnje Kom. 2
anmeHsunje: 600 x 750 x 700 mm (3anpemumHe 300l)

CroHa Bara 3a ogmepaBate nomohHUX cMpoBUHA

oncera mepera oA 5 kg,

ammensmje 450 x 350 mm ca NPUKA/bYHYKOM Ha ENKTPOMEPAXKY,
noTpolwma en. eHepruje N=0,2 kW/h

Kom. 1

JegHoaenHu cyponep
og, Hephajyher Yenuka ca NpUK/bYYLUMMA 3a TOMAY WU XAagHY

BoA4y,
ammeHsmnje:600 x 500 mm

Kom. 1

PacxnapgHa Komopa 3a YyBatbe CUPpOBUHA npe obpaae

MeTasiHe KOHCTPYKuuje

AnmeH3mnja:800 x 800 x 1500 mmm pexum paga ao -4°C, ca
Komnpecopom caHare N=0,55 kW

Kom. 1

CnopoxogHa mecuauua
MEeTa/IHE KOHCTPYKUHUje
anmensuja: 490 x690 x 610 mm,
6 ca oaBojeHom nocyaom og Hephajyher yenuka aumensuja @ Kom. 1
360 mm, kanaumteta nocygeso 10 kg Tecta no wapxu,
KOMIMJIEHT ca cBMM npunagajyhum aenosnma ca NOroHOM cHare:
N=0,75 kW

Ypehaj 3a okpyrno o6ankoBame Tecra
MeTaNHe KOHCTPYKUuuje
AMMeH3mMja:1055 x935 x 1410 mm

7 oncera 10-300 g, kanauuteta 801000 kom/h Kom. 1
Komnner ca jegHum Oybwem 3a rpamatype M CBUMM
npunagajyhum genosmma, ca noroHom cHare: N=0,75 kW

PacxnagHa Komopa 3a xnaheme Tetca npe obpage
METa/IHE KOHCTPYKLUHNje

ammeHnsmja: 800 x 800 x 1500 mm pexnm paga go -4 °C, ca
Komnpecop cHare: N= 0,55 kW

Kom. 1

9 PapHu cTo Kom. 2




Ca METa/lHOM KOHCTPYKUMjOM M PagHOM MJI0OHOM Of, KyBaHe
H6YKOBMHE U METANIHOM MOIULLOM
ammeHnsmja: 300 x 850 x 850 mm

10

NamuHarop

MeTaNHe KOHCTPYKUMje ca BecKoHayHOM TpaKom og ¢uauaHor
maTtepwujana

anmensmja: 2500 x 1025 x 1300 mm

ca noroHom cHare: N=0,90 kW

Kom.

11

Ypehaj 3a uceyare TercaHMx Komaaa
MeTasIHEe KOHCTPYKUKje

KanayuTerta: 50-100 kg/h

AnmeHnsmja: 1200 x 1000 x 1250 mm
ca noroHom cHare: N=0,90 kW

Kom.

12

YeTBOopoeTarkHa napaHa neh

MeTasiHe KOHCTpyKuuje

ammeHsmnja: 2650 x 2850 x 2000 mm

YKYMNHe rpejHe nospwmHe 5,0 m?

KOMNAeT ca CBUH npunagajyhum penosuma, ropvoHMKOM 3a
raCHo ropuso, AWMOBOAOM, MNPUK/bYYKOM Ha BOAOBOAHY
MpEeXKY, MOTOPOM BEHTUAATOpa CHare

Kom.




JNucta paHuje npuxsaheHUX TEXHUUKUX pellerba ayTopa:
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Abstract: Combined drying, an energy-efficient method that includes osmotic pretreatment in
molasses and shortened successive lyophilization, was used to obtain celery root powder and
incorporate it in the formulation of cookies, with the aim of obtaining a new product. Wheat
flour was substituted with combinedly dehydrated celery root powder at levels from 0 to 30%,
and optimization of the amount of wheat flour substitution regarding technological, sensory and
nutritive characteristics was performed. The optimal level of 20% substitution was determined
using Z-score analysis, from the aspect of the best nutritive improvement and the mildest adverse
impact on the technological and sensory quality. In the second research phase, comparison of the
cookies with the 20% celery root powder substitution, dehydrated by different methods, indicated
that combined dehydration showed upgraded results in terms of the overall quality of the final
product, for 28.85 percentile points higher than cookies with lyophilized and for 65.24 percentile
points higher than cookies with the addition of convectively dried celery root powder. The cookie
containing celery powder previously osmodehydrated in molasses had higher contents of analyzed
minerals (1.2-3.3 times), total phenols (10.8%) and antioxidant activities (14% for DPPH and 4% for
ABTS) compared to the cookie with lyophilized powder.

Keywords: combined dehydration; convective drying; lyophilization; Apium graveolens L. powder;
molasses; biscuit

1. Introduction

Celery root (Apium graveolens L.), a plant of the Apiaceae family, contains many com-
pounds beneficial to health, including dietary fibers (primarily cellulose, hemicellulose and
pectin), minerals (significant amounts of K, Ca, Mg, P, Zn, Fe), numerous vitamins and
essential oils [1-3]. Various studies have confirmed the great presence of phenolic com-
pounds and other phytochemicals in celery root (kaempferol, luteolin, apigenin, quercetin,
caffeic acid, ferulic acid, p-coumaric acid, tannins, saponins), which are responsible for its
pronounced antioxidant, anti-inflammatory and antimicrobial characteristics and role in
the prevention of many diseases and disorders [4-7]. Due to its characteristic organoleptic
properties, aromatic smell and pungent taste, celery root is mainly consumed in the daily
diet as a vegetable or as a spice in cooking, while its use as an ingredient in food products
is limited [8,9].

Although convective drying is one of the most relevant methods for dehydrating
vegetables, many studies indicate the disadvantages of this procedure caused by the
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application of high temperatures, which affect the loss of color, deterioration of texture,
change in taste and loss of important nutrients [9,10]. Conversely, the lyophilization
method provides great potential for preserving the nutritional and sensory qualities of
dried products but at the same time contributes to the increase in process costs and process
execution time [11,12]. Using the combined dehydration method presented by the authors
Filipovi¢ et al. [13], which includes low-energy osmotic pre-treatment in molasses and an
abbreviated successive procedure of high-energy-demanding lyophilization, dehydrated
raw material enriched with valuable nutrients from molasses is obtained in an economical
and energy-enhanced way.

Nowadays, particular focus is on increasing the use value of secondary products of
the food industry (such as the above-mentioned sugar beet molasses), which are good
sources of natural antioxidants, minerals and other functional ingredients that can be used
to enrich food products [14,15]. In addition to the ecological advantage, the implementation
of molasses as an osmotic solution in the process of osmotic dehydration is simple; it
does not require energy consumption or elevated temperatures. By immersing fresh
vegetables in molasses, due to the concentration gradient between the highly concentrated
and highly hydrated material, the multicomponent mass transfer results in the loss of water
from the submerged vegetable tissue, into which the components from the molasses are
simultaneously incorporated [16-18].

The consumption of cookies has been widely popularized due to their good shelf life,
ready-to-eat form, recognizably pleasant taste and texture and economic availability [19].
The cookies are traditionally produced from wheat flour, with a high percentage of fat and
carbohydrates and a small amount of dietary fiber, minerals and other functional compo-
nents, which can have a negative impact on the health of people who regularly consume
them, especially excessively [20,21]. With increasing living standards and health awareness,
there is a greater demand for the production of cookies with improved nutritional and
functional value [22,23]. The cookie can be a good candidate for the production of upgraded
quality food because its nutritional value can be improved by changing its basic composi-
tion by flour substitution or supplementation with health-promoting ingredients [22-24].
Since any change in the standard dough formulation affects the final sensory and textural
properties of the newly formulated cookie, it is necessary to carefully select and optimize
the amounts of the ingredients in order to meet consumer expectations [21,25].

The goal of the research was structured in two consecutive phases. In the first phase,
the goal was set to define the optimal substitution amount of wheat flour with osmode-
hydrated and lyophilized celery root powder in the cookie, in which the most favorable
technological and nutritive profiles were achieved. In the second phase, the influence of
different dehydration methods (combined osmodehydration and lyophilization, convective
drying and lyophilization) on the same technological and nutritional parameters of cookies
with the optimal addition of celery powder was examined.

2. Materials and Methods
2.1. Material

Fresh celery root (Apium graveolens L. var. rapaceum, Alabaster variety) was acquired
at the local greengrocery in Novi Sad (Serbia), of which the average dry matter content
was 9.05%. Sugar beet molasses, used as an osmotic solution in the osmotic pretreatment,
was obtained from a sugar factory in Crvenka, Serbia, with an average dry matter content
of 86.04%. The following material was used for the preparation of cookies: white wheat
flour, type T-400 (moisture content of 14%), produced by “Danubius”, Novi Sad, Serbia;
margarine produced by “AD Dijamant”, Zrenjanin, Serbia; sugar produced by “Sajkagka”
Zabalj, Serbia; NaCl produced by “SO Produkt”, Stara Pazova, Serbia; and NaHCOs,
produced by “Aleva”, Novi KneZevac, Serbia.
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2.2. Combined Method of Dehydration

The combined method of celery root dehydration was carried out in two stages: first
the process of osmotic dehydration in molasses, and then lyophilization. Fresh celery root
was initially washed with running tap water, dried with paper towels, peeled and cut into
cubes of approximately 1 cm x 1 cm x 1 cm. Then the celery cubes were immersed in
vessels filled with enough molasses to obtain dehydrating material in an osmotic solution
ratio of 1:5 in an effort to prevent excessive dilution of the molasses and slowing down the
kinetics of the process. The osmotic dehydration process took place for 5 h at atmospheric
pressure in a thermostatic chamber (Memmert IN160, Schwabach, Germany) where the
temperature was set and maintained at 20 °C. After 5 h, the osmotically treated celery
samples were separated from the molasses, washed with running water to remove excess
solution on the surface of the cubes and then blotted with paper towels to remove excessive
water. Obtained osmotically dehydrated celery samples were frozen and stored at —30 °C
for 24 h and then subjected to the lyophilization process, using the following device: Christ
ALPHAI1-2 LDPLUS (Osterode am Harz, Germany). The lyophilization parameters were set
at the following: pressure of 1.6 Pa, condenser temperature of —57 °C, shelf temperature at
room temperature and a process duration of 24 h. After lyophilization, dehydrated samples
were finely ground into a powder of uniform particle size using a universal laboratory mill,
type WZ-1 (Solem, ZBPP, Bydgszcz, Poland).

2.3. Convective Drying

Diced celery samples were dried to a constant mass in a dryer (Instrumentaria, Zagreb,
Croatia) at 50 °C and then pulverized using a universal laboratory mill, type WZ-1 (Solem,
ZBPP, Bydgoszcz, Poland), to obtain convectively dried celery root powder.

2.4. Lyophilization

Fresh samples of diced celery were previously frozen for at least 24 h and then were
placed on metal trays of a freeze-dryer (Christ ALPHA1-2 LDPLUS, Osterode am Harz,
Germany). The lyophilization process was set to the same parameters as in Section 2.2,
with the difference being that the time required to obtain the dried samples was 48 h. After
this time, the samples were ground using a universal laboratory mill, type WZ-1 (Solem,
ZBPP, Bydgoszcz, Poland).

2.5. Cookie Samples Preparation

The design of an experimental plan was based on different cookie dough formulations,
which included the standard (sample 1) and modified formulations. The first phase of
research defined the first seven cookie sample formulations, where osmodehydrated and
lyophilized celery root powder substituted for different quantities of wheat white flour
(from 5% wheat white flour substitution with celery powder in sample 2 to 30% in sample
7). After performing the cookies” quality optimization and defining the optimal level of
wheat white flour substitution, in the second phase of the research, two more samples (8
and 9) were produced, where the same level of substitution was done but with different
types of celery root dehydration methods (convective drying, sample 8; lyophilization,
sample 9).

In Table 1, the formulations of all produced samples in both phases of the research
are presented.

The cookie preparation included dough production operations such as mixing, pro-
cessing and baking in a pilot plant for bakery products of the Institute for Food Technology
in Novi Sad, Serbia, in accordance with the AACC method 10-50 D [26], as described by
Sobot et al. [17].
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Table 1. Experimental design of the flour substitution with dehydrated, pulverized celery root and
formulation for tested cookie samples.

Research

Phase: The First The Second

Sample no: 1 2 3 4 5 6 7 8 9

Wheat white flour (%) 100 95 90 85 80 75 70 80 80
O.D. + L. celery root

(% dry matter (d.m.)) * 0 5 10 15 20 25 30 0 0

C.D. celery root (% d.m.) ** 0 0 0 0 0 0 0 20 0

L. celery root (% d.m.) *** 0 0 0 0 0 0 0 0 20

Cookie samples formulation, uniform for all samples

Wheat white flour/flour mixture (g) 56.25
Margarine (g) 16.00

Sugar (g) 0.56

NaCl (g) 0.53

NaHCOs (g) 0.63

Tap water (g) 12.50

* Osmotically dehydrated and lyophilized, pulverized celery root. ** Convectively dried, pulverized celery root.
*** Lyophilized, pulverized celery root.

2.6. Technological Parameters Analysis

The technological quality parameters of the cookies were determined by the AACC
10-50D [26] method. Baking weight loss (BWL) was determined by measuring the weight
of cookies before and after the baking stage using Equation (1):

mo — my

BWL (%) = 100 1)

Mo
where, my is the cookie’s weight before baking (g) and 1 is the cookie’s weight after baking
(g)- Analysis was performed on six samples.
Drying weight loss (DWL) was determined by measuring the weight of cookies after
the baking stage and after 30 min of cooling at the room temperature, using Equation (2):

mO/ — mt/

DWL (%) = —
O/

-100 )
where, my is the cookie’s weight after baking (g) and m; is the cookie’s weight after 30 min
of cooling (g). Analysis was performed on six samples.

Measurements of cookies” dimensions were performed after a 30 min cooling period.
Measurements were made of the cookie diameter in the lamination direction (length-L),
the cookie diameter perpendicular to the lamination direction (width—W) and cookie
thickness (T). The average cookie diameter (R) was determined by the lowest W and the
highest L. T was measured by stacking six cookies and measuring their total height. After
the first measurement, the six cookies were rearranged into a column, and their height was
measured again. Finally, the mean of these measurements was divided by the number of
cookies (6) to calculate the mean value of the cookies (T). The expansion factor (R/T) was
determined by the ratio of the mean values of R and T, which indicates the deformation of
the cookie shape during baking.

2.7. Texture Instrumental Analysis

Cookie texture parameters were determined using the texture analyzer TA-XT2 Texture
Analyser (Stable Micro Systems, Godalming, UK) equipped with a 25 kg load cell and
Knife Edge with Shotted Insert HPD/bs tools. Measurements were performed by applying
compression mode at the crosshead speed of 1 mm/s prior, 3 mm/s during and 10 mm/s
after the analysis. Using Exponent Stable MicroSystems computer software, version 6.0,
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maximum force (n) and distance at break were recorded as a function of time and are
indicators of cookie hardness. The measurement of the textural parameters of the cookies
was performed in six repetitions, in each batch of cookies, 24 h after baking, at a temperature
of 25 °C and dimensions of 50 mm x 50 mm.

2.8. Color Instrumental Analysis

Color parameters of the cookies’ surfaces were determined in six replications, 24 h after
baking, using a Chroma meter (CR-400, Konica, Minolta, Tokyo, Japan) tri-stimulus col-
orimeter (contact surface diameter: 8 mm). Before measuring the samples, calibration was
done using a white color standard. The results of the color analysis are presented according
to the CIElab color system, where the coordinates are defined as follows: L—brightness
(from 0O (black) to 100 (white)), a—greenness/redness (from —a (green) to +a (red)) and
b—blueness/yellowness (from —b (blue) to +b (yellow)) [17,27].

The color variation between the control sample and samples with the celery powder
addition (AE) was determined by Equation (3):

AE = \/AL2 + Ad* + AD? 3)

where AL is the difference in the L parameter between the control and the cookie sample
with the celery powder addition, Az is the difference in the a parameter between the control
and the cookie sample with the celery powder addition and Ab is the difference in the b
parameter between the control and the cookie sample with the celery powder addition.
The measurement of the instrumental color parameters of the cookies was performed in
three repetitions.

2.9. Descriptive Sensory Analysis

In an effort to obtain a sensory profile of the cookie samples, a panel of ten evaluators
with previous experience in evaluating various food products was formed according to the
appropriate standard: ISO 6658:2017 [28]. The selection of descriptors for the sensory profil-
ing of the cookie samples using the descriptive sensory method was previously performed
by the leading evaluator and further adjusted by the rest of the evaluators to better define
the sensory profiles of the cookies. The final list comprised six descriptors, where two
descriptors characterized cookie appearance (color intensity and surface appearance), one
descriptor characterized deviation from the standard taste, one descriptor characterized
deviation from the standard odor and two descriptors were used for the textural properties
definition (sensory hardness and fracturability). A seven-point scale described the intensity
of each descriptor, where 1 was marked as the lowest intensity and 7 as the highest inten-
sity [29], except for descriptors for taste and odor where optimal descriptor values were set
to value 4 and deviations from this value were characterized by different cookie sample
sensory attributes.

Sensory testing of each cookie sample was performed 24 h after baking in the sensory
analysis laboratory of the Institute of Food Technology, Novi Sad, Serbia, and designed
according to the ISO 8589:2007 standard [30]. The tasting began after panelists filled out the
informed consent form following the Declaration of Helsinki guidelines. Cookie samples
were served to the panelists on white plastic plates, coded by random three-digit codes
from the table of random numbers. The evaluators were given enough water to rinse their
mouths between each tasting.

2.10. Chemical Analysis

An approximation of the chemical composition of cookie samples was conducted
according to AOAC standard methods [31]: protein content (method No. 950.36), starch
content (method No. 996.11), total sugars content (method No. 2020.07), cellulose content
(method No. 973.18), lipid content (method No. 935.38) and ash content (method No.
930.22). Each measurement was performed in three replications.
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2.11. Minerals Analysis

The mineral contents of potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc
(Zn) and copper (Cu) of the cookies were determined in accordance with the standard
methods of AOAC [31]. Minerals were determined by atomic absorption spectrophotometry
(method No. 984.27) on a Varian Spectra AA 10 (Varian Techtron Pty Ltd., Mulgvare,
Melbourne, VIC, Australia). Each measurement was performed in three repetitions.

2.12. Phenol Content and Antioxidant Activity Analysis

For the determination of total phenol content and antioxidant activity, 2.5 mL ethanol,
acetic acid and water (50:8:42) were mixed with 500 mg of powdered cookie sample on
Vortex for 2 min, then centrifuged at 12,000 rpm for 3 min. The liquid part was collected
and filtered through a 0.45 pm filter.

Total phenol contents in cookie extracts were determined by the Folin-Ciocalteau
method adapted to microscale [32]. Results were expressed as mg gallic acid equivalents
per 100 g cookie (mg GAE/100 g dry matter). The antioxidant activity was determined using
two different methods of free radical scavenging: 2,2-diphenyl-1-picrylhydrazyl (DPPH)
as described by Tumbas Saponjac et al. [33] and 2,2’-azino-bis-3-ethylbenzothiazoline-6-
sulphonic acid (ABTS) according to Aborus et al. [34]. Results were expressed as pmol
of Trolox equivalents per 100 g cookie (umol TE/100 g dry matter). Phenol content and
antioxidant activity testing was performed in three repetitions.

2.13. Methods of Statistical Analysis
2.13.1. Analysis of Variance

Analysis of variance (ANOVA) was applied in order to determine the variations’ sta-
tistical significance on the set of all cookie samples’ tested quality responses. ANOVA
analysis was performed by using STATISTICA 12.0 software (2013) (StatSoft Europe,
Hamburg, Germany).

2.13.2. Z-Score Analysis

In the Z-score analysis, min-max normalization is used for cookie samples’ different
response values. They are recalculated and presented in a new dimensionless unit system,
with the effort of comparisons and further mathematical calculations of different cookie
samples’ quality responses [7].

The maximum obtained value of total Z-score values indicates the optimum value of
all segment Z-scores mathematically combined in a defined manner, pointing at the optimal
combination of all tested quality parameters of cookie samples.

The calculation of individual segment Z-scores is as follows:

Cookie samples’ technological quality segment Z-score:

24 1 __Xki — Xkmin + xfi_xj”‘i"
o k=1 Xkmax —Xkmin Xjmax —Xjmin

4
1i 5 ( )
where x; are BWL, DWL, R and R/T, and x; is T.
Cookie samples’ texture instrumental analysis segment Z-score:
2 i mi
_ Zl:l (1 o xljzz;xfgc’lln}zm ) (5)
2i — 2
where x; are hardness and fracturability.
Cookie samples’ color instrumental analysis segment score:
Do () + (1 s
S3i = (6)

4
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where x;,;, are L, a and b, and x;, is AE.
Cookie samples’ descriptive sensory analysis segment score:
3 __Xoi—Xomin x?’i_xl’mi"
anl (1 Xomax_xgmin) + (xpmax_xpmin
Sy = 7)

6

where ¥, are color intensity, hardness and fracturability, and x, are surface appearance,
taste and odor.
Cookie samples’ chemical composition segment Z-score:

5 Xqi — Xqmin 1— Xri = Xrmin
Zr—l — |+ -
[ - Xqmax —Xqmin Xrmax —Xrmin

5i 6

where x; are proteins, starch, total sugar, cellulose and ash, and x; is lipids.
Cookie samples” mineral matter content segment Z-score:

6 Xgi — Xgmi
+ZS:1( si smin )

Xsmax —Xsmin

6

Sei

where x; are K, Mg, Ca, Fe, Zn and Cu.
Cookie samples’ phenol content and antioxidative activity segment Z-score:

23 Xui —Xumin
- E=1\ Xumax—Xumin

7i 3

(10)

where x; are total phenolic content, DPPH and ABTS.
Total quality cookie samples’ Z-score:

S; = 0.15-51; + 0.05-Sy; 4+ 0.1-S3; 4+ 0.20-S4; + 0.20-S5; 4 0.2-Sg; 4+ 0.1-Sy; (11)

where cookie samples’ technological quality characteristics Z-score values (Sy; to S3;) con-
tribute 30%, descriptive sensory characteristics Z-score values (S4;) contribute 20% and
nutritive quality characteristics Z-score values (Ss; to Sy;) contribute 50% to the total Z-score,
or total quality.

max [S;] — optimum (12)

Z-score values were calculated using Microsoft Excel ver. 2016. (Microsoft Corporation,
Redmond, WA, USA).

2.13.3. Principle Component Analysis

Principal component analysis (PCA) was applied as a pattern recognition technique
for data analysis. XLSTAT Version 2014 5.03 Add-in (Lumivero, Denver, CO, USA) in
Microsoft Excel ver. 2016. (Microsoft Corporation, Redmond, WA, USA) software was used
for the PCA calculation.

3. Results and Discussion
3.1. Technological Quality of Cookies

Replacing wheat flour with any material in the basic formulation of cookies can
distinctly change their physicochemical properties, primarily parameters that define tech-
nological quality, such as cookie geometry and texture profile [24,35]. During mechanical
mixing, the raw materials used in the composition of the cookies interact to finally form a
unique shape, consistency, appearance, color and taste in the last stage of baking [25,36].
The influence of substituting flour with combined dried celery root powder at the level of
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5 to 30% on the parameters chosen to characterize the technological quality of cookies is
shown in the Table 2.

Table 2. Cookie samples’ technological quality.

Sample

BWL

DWL

T

R

No: %) %) (mm) (mm) R/T
1 2522 +051°¢ 0.96 £0.13 ¢ 55.05 4+ 0.81 f 97.05 + 0.83 2 1.76 +0.01 2
2 21.37 £0.73 ¢ 0.91 4+ 0.09 © 53.12 4+ 0.76 ¢ 98.43 4+ 0.49 @ 1.85+0.02b
3 18.97 +1.04¢ 0.86 + 0.06 9e 50.43 + 0.63 4 98.91 4 0.39 @< 1.96 + 0.02 ¢
4 17.91 + 0.44 be 0.77 £ 0.03 ¢® 49.74 +0.81 <d 99.27 £0.23bd 2,00+ 0.03¢
5 17.00 + 0.46 2P 0.65 + 0.04 be 48.42 + 0.49 be 99.73 4+ 0384 2,06 4+ 0.01¢
6 16.59 + 0.36 2P 0.53 + 0.05 2 4712 40373 10051 +£0.73¢4 213 +0.00¢
7 15.96 + 0.30 2 0.37 £0.012 46.24 + 0.67 2 101.12 + 1.20¢ 219 +0.01f

BWL—baking weight loss, DWL—drying weight loss, T—cookie samples’ thickness, R—average diameter,
R/T—diameter-to-thickness ratio; results are shown as average value + standard deviation of six replications.
af Different letters in superscript of the same table column indicate the statistically significant difference between
values, at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test).

Weight reductions during baking and drying are important indicators of technological
quality because they indicate the final texture and yield of the finished product [37]. The
results from Table 2 revealed that the addition of different quantities of pulverized celery
root in cookie formulations exerted statistically significant influence on the baking weight
reduction response. By increasing the amount of celery powder substitution (5%, 10%,
15%, 20%, 25%, 30%), there was a corresponding decrease in baking weight loss in samples
2-7 compared with control sample 1 (without combined dehydrated celery addition). A
possible explanation for this observation could be found in the fact that the celery powder
added to the cookies is a high cellulosic material compared to an adequate amount of wheat
flour, scarce in insoluble dietary fiber [8]. Cellulose fibers can absorb a certain amount of
water and probably thereby influence the better distribution of moisture in the dough, so
during baking, when the temperature rises, water is more strongly bound, and less water
is subject to evaporation [35,38]. This observation is consistent with the research of Wang
et al. [8], where it was reported that the water absorption of wheat dough increases with
the increase in added celery powder, while the gluten protein network is weakening. The
drying weight loss parameters followed the same trend of a significant (p < 0.05) reduction
with a percentage increase in the quantity of added dehydrated celery. The same proposed
explanation that is related to a more uniform moisture distribution and a higher content of
bound water in the dough can be attributed to the behavior of the drying weight loss in the
tested cookie samples (2-7).

Factors that describe cookie dimensions (thickness, average diameter and diameter-to-
thickness ratio) are important for defining the influence of additives on its technological
characteristics and the quality control of the finished product [35,37]. The thickness of the
cookie is a consequence of the formation of the dough structure during baking through
setting the balance between the gluten protein coagulation and the expansion of the dough,
due to the steam creation and gas release from leavening agents [24,37]. The addition
of dehydrated celery root powder led to a destabilization of the dough structure, which
resulted in a decrease in the cookie’s thickness (2-7) compared to the control sample (1).
Even the smallest addition level of 5% (sample 2) caused a statistically significant decrease
in the thickness of the cookie, and an increase in the addition up to 30% led to obtaining
even thinner cookies. Similar results were reported by Wang et al. [8] and Laukova et al. [39],
where the addition of celery root powder caused the reduction of a specific volume in
breads. These authors stated that replacing wheat flour with celery powder disrupts the
homogeneity and continuity of the gluten network, resulting in bread with a lower specific
volume and more compact gas cells. The average diameter response, which indicates the
extent of dough spread during baking [35], showed the reverse trend. After the addition
of celery root powder in an amount greater than 10% (samples 4-7), the diameter of the
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cookie was statistically significantly increased compared to the control. The combination of
the same factors during the dough formation and baking that affect thickness also affects
the final diameter and diameter-to-thickness ratio of the cookie. The value of the R/T
ratio indicates the extent of a cookie’s shape deformation [27,35]. Increasing the quantity
of celery powder in the formulation of the samples (2-7) caused linearly increased shape
deformation, statistically significant at all addition levels.

3.2. Textural Parameters of Cookies

In Table 3, the results of instrumental texture analyses of the hardness and fracturability,
key parameters on the basis of which consumers evaluate the quality of cookies, are
presented. Hardness is defined by the force required to cause complete breaking of the
cookie, while fracturability is an indicator of the texture’s fragility and its tendency to
crumble [25,36]. With a percentage increase in celery powder content (2-7), there was an
increase in cookie hardness, ranging from 2091 to 5299 N, for the cookie samples 1 and 7,
respectively. The increase in cookie hardness was directly proportional to the increase in the
level of incorporated combinedly dehydrated celery root powder, and these values were
statistically significantly higher with the samples containing higher levels of substitution
compared to the control sample. However, the differences were not statistically significantly
pronounced between samples 2 and 3 in comparison to the control cookie. Sample 7, with a
30% addition level of celery root powder, has the highest value of hardness, about 2.5 times
more than the control cookie. This outcome is expected and in agreement with the research
of several authors: Galla et al. [25] observed increased hardness of cookies with the addition
of spinach powder at a 5-15% level; Sowmya et al. [40] proved that basil-incorporated
cookies were harder compared to control cookie; Drisya et al. [41] noticed that cookies’
hardness increased with increased addition of dried Murraya koenigii powder; Deepali and
Roji [42] reported that biscuits with increased concentrations of coriander powder (10-30%)
had greater hardness. All of these studies showed that firmness tends to rise with the
addition of fiber content in cookies, because polysaccharides mechanically interfere with
gluten proteins’ interaction, reducing their ability to form a strong network. In addition,
since fiber absorbs water, the amount of water available for hydration and development
of the gluten matrix decreases, leading to a dilution of the gluten protein concentration,
which results in a harder cookie texture [25,40,43]. Accordingly, the increased hardness
in tested samples compared to the control cookie could be explained by substitution of
wheat flour with a corresponding quantity of combinedly dehydrated celery root powder—
cellulose-rich material.

Table 3. Cookie samples’ textural analysis responses.

Sample No: Hardness (N) Fracturability (mm)
1 2091.73 4+ 193.53 2 130 +£0.202
2 2483.43 4 204.43 2P 1.71 +£0.122b
3 2798.05 + 424.90 2P 2.09 =+ 0.09 be
4 3297.34 + 241.17 b¢ 227 +0.19 <
5 3923.50 + 300.53 <4 249 £+ 0.16 <*
6 4643.45 + 401.27 de 2.65 + 0.21 de
7 5299.71 + 534.12 ¢ 2.84 +0.25¢

Results are shown as average value =+ standard deviation of six replications; ¢ different letters in superscript of
the same table column indicate the statistically significant difference between values, at a level of significance of
p < 0.05 (based on post-hoc Tukey HSD test).

It can also be observed that the results for cookie fracturability follow the same trend.
The addition of increasing amounts of celery powder from 0 to 30% led to statistically signif-
icantly enhanced values of samples’ fracturability. It was noticeable that the fracturability
of the cookies increased with the increase in the fiber content by including non-gluten raw
materials (celery and molasses) in the cookie’s formulation, which can interfere with the
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formation of the gluten matrix by the same mechanism as that proposed in the case of the
hardness response discussion [40,42]. These results are correlated with the investigation
of Parul et al. [44], where the incorporation of high-fiber spirulina and sorghum flours
indicated a higher fracturability of biscuits.

3.3. Color Parameters of Cookies

Color is considered an essential factor that directly affects the perception and accept-
ability of the product by consumers [24]. Four instrumental color parameters of cookies
fortified with different levels of combinedly dehydrated celery root powder are presented
in Table 4. The results revealed that addition of osmotically pre-treated celery root powder
statistically significantly reduced the brightness of cookies in all tested samples, as com-
pared to the control cookie. The contribution to darkening was more pronounced as more
celery powder was added to the cookie. This outcome could be attributed to the content of
molasses in the combinedly dehydrated celery root powder, which, owing to the presence
of colored substances, contributed to the darker color of the final products to which it was
added. This was confirmed by the research of Sobot et al. [17] and Filipovi¢ et al. [27],
where the darker color of the cookies was due to the addition of raw materials (wild garlic,
peach) that have been subjected to the osmotic dehydration in molasses. The dark color of
sugar beet molasses is a consequence of the formation of melanoidins and caramelization
products during the production of sucrose, with the intensity of the melanoidins’ color
being up to six times more pronounced than other present colored substances [45,46].

Table 4. Cookie samples’ instrumental color analysis responses.

Sample No: L a b AE

1 57.79 +1.01°f 6.55 + 0.13 2P 2272+ 0.29f 0

2 55.19 + 1.09 © 6.81 +0.19 2 20.19 +0.18¢ 3.64 +0.022
3 50.97 + 0.51 4 7.35 + 0.28 b¢ 18.11 +0.13 4 827 £052°¢
4 46.53 + 0.61 ¢ 8.24 + 0.47 <d 16.01 +£0.29 13.22 +0.38 d
5 41.98 +0.37P 8.99 + (.57 de 14.83 +£0.30 P 17.84 +£0.62°¢
6 39.68 =+ 0.49 2P 9.37 £0.30 ¢ 13.71 £ 0.20 2 2042 +0.52f
7 37.61 +0.782 9.67 £0.39°¢ 12.97 +£0.172 22.63 +0.298

L—brightness, a—greenness/redness, b—blueness/yellowness, AE—color variation. Results are shown as
average value =+ standard deviation of six replications. 78 Different letters in superscript of the same table column
indicate the statistically significant difference between values at a level of significance of p < 0.05 (based on
post-hoc Tukey HSD test).

The cookies supplemented with celery root powder showed an increase in the share of
red tone, proportional to the increase in the level of the supplement, ranging from 6.55 to
9.67, although the differences in cookies’ redness between samples 1-3, 4-5 and 6-7 were
not statistically profound. The cookies enriched with increasing levels of celery root powder
trended in the opposite direction in terms of yellowness. Proportional augmentation of
celery root powder quantity led to a statistically significant decline in yellow tone compared
to the control sample. Based on the measured values of color variations, it can be seen that
the addition of combinedly dehydrated celery root had a statistically significant effect on
the deviation in the color of the tested samples in relation to the color of the control sample.
The most noticeable variation in color was recorded in samples 5-7, where the additive
level was higher (20, 25 and 30%), while in cookies 2—4, color change was moderately
expressed (AE = 3.64-13.22).

3.4. Sensory Profile of Cookies

Sensory assessment plays an important role during the creation of a new product, and
it can be used to define the limits within which it is possible to substitute or incorporate
the new addition in formulation without significantly impairing products’ quality or con-
sumers’ acceptability [19,43]. The data related to sensory evaluation of tested cookies with
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dehydrated celery root previously osmotically treated in molasses are presented in Table 5,
from which it can be seen that color intensity followed the same trend as instrumental
color measurement for the parameter of brightness. With an increase in the quantity of
incorporated celery root powder, there was a statistically significant augmentation in the
intensity of the color of the cookie, i.e., a darker appearance of the products. The intensity of
the color of the control sample (1) was rated with grade 3.5 as a light ruddy (optimal color),
and the addition in the amount from 5% to 30% of celery dehydrated by the combined
method (samples 2-7) increased the color from slightly dark to extremely dark.

Table 5. Cookie samples’ descriptive sensory analysis responses.

Sample No: Color Intensity ~ Surface Appearance Taste Odor Hardness Fractur-Ability
1 35402 59+03¢ 40+00P° 40+01° 30+02° 404002
2 41 +03bc 53+ 0.2de 38+02b 39+01°¢ 35403 4640002
3 45+ 0.3 45+ 0.6 36+04b 37+04° 42+ 05 49 +0.72
4 51+044de 3.9+ 0.6b¢ 35+0.1b 36+0.1°¢ 46+03bc 5.5+ 0.0 b¢
5 56+ 0.2¢f 3.5+ 0.4bc 33+05b 35+04° 5.0 + 0.5 6.1+ 0.1¢d
6 6.1+0318 294023 24+022 26+01P 5.5+ 0.5 ¢ 69 +0.14
7 6.6+048 204032 204022 19+0.12 6.1+03d 7.0+00d

Results are shown as average value + standard deviation of ten replications (10 assessors). > Different letters in
superscript of the same table column indicate the statistically significant difference between values at a level of
significance of p < 0.05 (based on post-hoc Tukey HSD test).

With the increasing levels of addition of combinedly dehydrated celery root powder
in cookies, statistically significant deterioration of cookie samples” surface appearance
was observed.

It can be observed that the descriptors for the taste and odor with the increase in
lyophilized celery root powder osmotically pre-treated in molasses deviated from the
characteristic cookies’ taste and odor, represented by cookie sample 1. In the samples that
include the levels of celery root powder additions from 5% to 20% (samples 2-5), statistically
insignificant deviation from the standard cookie taste and smell was noted. These findings
could be related to the molasses content of the celery powder supplements, which probably
masks the pronounced herbaceous and pungent notes derived from the celery.

The addition of 25% and 30% celery root powder to the cookies’ formulations (samples
6 and 7), had a more adverse effect on the overall flavor, introducing statistically significant
molasses notes to the cookies’ sensory characteristics.

The results of sensory hardness and fracturability analysis are highly correlated with
results obtained by instrumental textural analysis (Table 3), underlying that subjective
experience of cookie consumption meets the instrumental analysis. Along with the increase
in the level of addition of combinedly dehydrated celery root powder, the sensory hardness
and fracturability of the cookies increased as well. The same ingredients interaction
discussion, proposed in Section 3.2. Textural parameters of cookies, can be referred to for
the discussion on the results of sensory hardness and fracturability.

3.5. Chemical Composition of Cookies

The results obtained from the analysis of the basic chemical composition of cookies
prepared with a varied concentration of added combinedly dehydrated celery root powder
and the cookie without the addition of celery powder are shown in Table 6.

It was noted that the addition of celery root powder led to a decrease in protein, starch
and lipid content in samples 2-7 compared to the control. The content of starch and lipids
in cookies proportionally and statistically significantly decreased at all increasing levels
of addition, while for a statistically significant decrease in protein content, the amount of
addition must be at least 10%. Protein, starch and lipid content in cookies declined from
10.85% to 8.91%, from 47.33% to 33.30% and from 23.07% to 16.15%, respectively, comparing
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the control cookie sample with the cookie sample with the highest quantity of substitution.
Therefore, in sample 7, the most enriched with celery root powder (30%), compared to the
sample with the standard formulation, the decrease in the content of these components
was the most pronounced: 21.77% for protein content, 42.13% for starch content and 42.84%
for lipid content. This can be explained by the fact that celery root and molasses, which
were included in the cookie formulation as a substitute for an equivalent amount of wheat
flour, are raw materials with low starch and fat contents and with a lower protein content
compared to wheat flour. Similar results were reported by Mitrovski et al. [47], where with
an increase in the share of beetroot powder in cookies up to 25%, protein content decreased
from 9.17% to 8.94%, and fat content decreased from 25.55% to 25.11%.

Table 6. Cookie samples’ chemical composition.

Sample No: Starch Total Sugars Cellulose Lipids Ash
(% d.m.) (% d.m.) (% d.m.) (% d.m.) (% d.m.) (% d.m.)
1 10.85 + 0.10 ¢ 4733 +0.27 8 2.17 +0.03 2 0.32+0.012 23.07 +£0.198 0.41 +0.002
2 10.65 + 0.06 © 45.00 + 0.34f 3.35+0.01° 0.41+0.01b 21.99 +0.13f 0.64 £0.01°¢
3 10.27 +£0.17 4 42.64 +0.38¢ 459 + 0.05 0.46 +0.01°¢ 20.70 £ 0.17 ¢ 0.88 +0.004
4 9.99 +0.08 4 40.31 +£ 0434 5.70 4+ 0.05 ¢ 052 +0.004 19.61 £+ 0.09 4 1.11 £ 0.00©
5 9.67 +0.07 ¢ 38.06 + 0.39 ¢ 6.84 +0.04f 0.59 +0.01°¢ 1843 +0.21°¢ 1.35+0.01f
6 924 +0.13b 35.71 +0.30 P 7.99 + 0.06 8 0.65 + 0.00 17.20 +£0.13 b 1.59 +0.01 8
7 8.91 4+ 0.072 33.30 £0.272 9.09 + 0.06 1 0.71 +0.018 16.15 £ 0.09 2 1.82 +£0.01h

Results are shown as average value =+ standard deviation of six replications. * Different letters in superscript of
the same table column indicate the statistically significant difference between values at a level of significance of
p < 0.05 (based on post-hoc Tukey HSD test).

Conversely, cookies containing osmotically pre-treated celery root powder showed
a statistically significant increase in total sugars, cellulose and ash content compared to
the control sample. With the increase in the celery root powder share in cookies 2-7, the
percentage of these components in the samples was higher, which may be explained by
the relatively higher content of total sugars, cellulose and ash in celery root and molasses
in comparison to the same quantity of wheat flour. Compared to the control cookie, the
increase in total sugars, cellulose and ash content in tested cookies ranged from 1.5 to
4.1 times, from 1.3 to 2.2 times and 1.6 to 4.4 times, respectively, depending on the level
of addition (5-30%). Thorat et al. [48] also confirmed that cookies incorporated with
lemongrass powder show increased ash, crude fiber and carbohydrate content.

3.6. Mineral Composition of Cookies

Replacing wheat flour with lyophilized celery root previously osmodehydrated in
molasses had a statistically significant positive effect on the mineral composition of cookies
at all analyzed levels of substitution (Table 7). Since wheat flour contains minerals to a much
lesser extent than other types of flour [20,23], increasing the proportion of celery powder
including molasses, at a substitution level from 0 to 30%, caused increases in potassium
content by 6.85 times, magnesium content by 45.27%, calcium content by 2.17 times, iron
content by 2.14 times, zinc content by 1.77 times and copper content by 79.17%. Many
studies correlate with these results. Somway et al. [40] reported that the incorporation of
basil caused 35.21% higher potassium content, 42.47% higher calcium content, 200% higher
iron content and 111.11% higher zinc content in cookies. Deepali and Roji [42] confirmed
the improved contents of calcium, iron and phosphorous of biscuits fortified with 30%
coriander powder. Agrahar-Murugkar [49] proved higher contents of calcium and iron in
biscuits after fortification with cumin and moringa powder.



Foods 2024, 13,2712

13 of 24

Table 7. Cookie samples’ mineral contents.

Sample No:

K (mg/100 g d.m.)

Mg (mg/100 g d.m.) Ca (mg/100 g d.m.) Fe (mg/100 g d.m.) Zn (mg/100 g d.m.) Cu (mg/100 g d.m.)

N O Ul QN =

90.63 4 0.57 2
179.50 + 0.66
265.84 4 3.19 4
353.43 4+ 4.85 ¢
438.46 + 3.14f
530.73 + 5.80 &
620.76 + 5.21 1

1.20 £0.01°
1.42 4 0.00¢
1.64 +0.014
1.89 +0.02¢
211 +£0.02f
230+ 0.018
2.57 £ 0.02h

0.39 & 0.002
0.48 £ 0.00®
0.53 +0.01°¢
0.55 +0.00 4
0.59 4 0.00 ©
0.67 +0.01f
0.69 + 0.018

0.24 +0.002
0.26 +0.00°
0.30 4 0.00 4
0.33 + 0.00 ¢
0.36 £ 0.00 f
0.39 & 0.00 &
0.43 £ 0.00 1

16.79 £ 0.152
18.22 4+ 0.18P
19.55 + 0.18
20.79 £ 0.16 4
21.99 +0.13 ¢
2330 +0.23f
24.39 4+ 0.06

2454 +0.19°
29.43 +0.20°
33.99 4+ 0.13 ¢
39.00 + 0.45 4
43.60 4+ 0.26
49.01 +£0.67F
53.20 4 0.46 &

Results are shown as average value + standard deviation of six replications. > Different letters in superscript of
the same table column indicate the statistically significant difference between values at a level of significance of
p < 0.05 (based on post-hoc Tukey HSD test).

3.7. Antioxidant Activity of Cookies

Total phenolic content and antioxidant activity of cookies incorporated with celery
root dehydrated by the combined method were determined by two different methods
(DPPH and ABTS) and are present in Table 8. As the level of celery powder in the cookie
samples increased from 5 to 30%, the values of TPC, DPPH and ABTS radical-scavenging
activity statistically significantly (p < 0.05) increased. These results indicate that addition
of combinedly dehydrated celery root powder could be an effective way to enhance the
antioxidant activity of the cookies. The control sample contained 6.42 mg GAE/100 g phe-
nolic content, and supplementation at levels of 5-30% statistically significantly increased
this content by 8.17-46.57 times, respectively. The enhancement of cookies” TPC content
can be attributed to the synergistic contribution of celery root and molasses, which are
both reported to be rich in phenolic compounds. In addition, the results from both an-
tioxidant activity determinations showed an increase in initial values from 0.6 (sample 1)
to 50.84 pmol TE/100 g for DPPH and from 2.43 (sample 1) to 180.61 umol TE/100 g for
the ABTS method, via the maximum substitution level of wheat flour with celery powder.
Similar to the presented results, many authors have found that the addition of materials
rich in phenols and other bioactive compounds led to an improvement in the antioxidant
properties of the final products [42,47,48].

Table 8. Cookie samples’ phenol content and antioxidant activity.

Total Phenolic Content

Antioxidant Activity by DPPH Antioxidant Activity by ABTS

Sample No:

(mg GAE/100 g d.m.)

(umol TE/100 g d.m.)

(umol TE/100 g d.m.)

N OOl LN -

6.42 +0.042
52.46 + 0.49 P
97.82 +1.15¢
141.69 + 0.72 4
189.41 + 254
234.76 +1.958
299.46 +2.02h

0.60 + 0.002
857 +0.04P
17.17 £0.12°¢
26.10 £ 0.28 4
33.97 £0.12f
4247 40128
50.84 +0.351

243 +0.022
32.44 +0.28"°
60.46 & 0.29 d
90.73 + 0.51 ¢
119.71 +£1.02 8
153.76 + 1.63 1
180.61 4+ 1.951

Results are shown as average value + standard deviation of six replications. * Different letters in superscript of
the same table column indicate the statistically significant difference between values at a level of significance of
p < 0.05 (based on post-hoc Tukey HSD test).

3.8. Optimization of Celery Powder Addition

Z-score analysis was applied in an effort to define the optimal quantity of osmode-
hydrated and lyophilized celery root powder added to the cookies’ formulation from the
aspect of all combined quality characteristics. The change in individual quality characteris-
tics with the celery root powder addition can be observed by analyzing segment Z-score
values (from S; to Sy), where it can be seen that maximal Z-score values for technological
quality, textural analysis, instrumental color analysis and descriptive sensory analysis
(51-S4) were obtained for the cookie sample without the addition of celery root powder
(Figure 1). Maximal Z-score values for chemical composition, mineral matter and phenol
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Sl

content and antioxidant activity (Ss—Sy), however, were obtained for the cookie sample
with the addition of the maximal quantity of celery root powder.

52 S3 4 S5 56 S7 Total Z-

Score

Sample number: H1 B2 @3 04 @5 @6 W7

Figure 1. Z-score analysis of cookies with and without the addition of osmodehydrated and
lyophilized celery root.

Total Z-score values mathematically combine all tested quality characteristics in the
following manner: 15%, 5%, 10%, 20%, 20%, 20% and 10% of technological quality, textural
analysis, instrumental color analysis, descriptive sensory analysis, chemical composition,
mineral matter, phenol content and antioxidant activity contribution to the total cookies’
quality, respectively. Maximal obtained total Z-score value, with the value of 53.13%,
marked cookie sample number 5 (20% of osmodehydrated and lyophilized celery root
powder substitution for wheat flour in the cookie’s formulation) as the cookie sample with
the maximal total quality, hence marking the amount used in this sample as the optimal
quantity of celery root powder substitution.

The obtained results of optimization directed the additional research direction and
defined the second research phase—evaluation of the combined osmodehydration and
lyophilization method of dehydrating celery root via comparison to the more conventional
dehydration methods of convective dehydration and lyophilization and their application
to the cookies’ formulation. For the evaluation of wheat flour substitution with the celery
root powder obtained by the combined osmodehydration and lyophilization method on
the cookies” quality characteristics, the amount of 20% of wheat flour substitution with
the celery root powder was chosen, and cookies with the same amount of wheat flour
substitution but with differently dehydrated celery root powder were compared.

3.9. The Influence of Dehydration Method of Celery on Technological and Nutritional Quality
of Cookies

The addition of the same amount of celery powder (20%) obtained by different dehy-
dration methods resulted in higher values for baking and drying weight loss in samples
8 and 9 (celery root dehydrated by convective and lyophilization methods) compared to
sample 5 (dehydrated by the combined method), although these values are not statistically
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significantly different (Table 9). The lowest BWL and DWL parameters in sample 5 could be
elucidated by the fact that the added celery powder in this cookie formulation also contains
a certain amount of molasses, which penetrated into the celery tissue via secondary mass
transfer during osmotic pre-treatment, and since it has known humectant properties, it can
thereby affect water retention in the final product [45,50]. Results from Table 9 showed that
with the same addition level of celery root powder in samples 5, 8 and 9, there were no
statistically significant differences in the values of the thickness and diameter, indicating
that the celery root dehydration method did not have a significant effect on the cookies’
dimensions. Slightly higher thickness and lower diameter, however, were observed in sam-
ple 5, with celery powder produced by the combined dehydration method. The influence
of the dehydration method shows that the cookie sample with celery dehydrated by the
convective drying (8) had a statistically insignificantly higher shape deformation compared
to cookies with celery dehydrated by the combined method and lyophilization. Hence, the
differences in the values of the R/T ratio of samples 5, 8 and 9 are not expressed to a great
extent and do not deviate much from the value for the control sample (1), which indicates
that the celery root is well-dried and pulverized at the level of flour particles, and it is well
incorporated into the dough structure. Considering that it is preferable that the values of
BWL, DWL, R and R/T are lower, while T is higher, it is worth noting that the addition
of celery root dehydrated by a combined method, including osmotic pre-treatment in
molasses, had a more positive effect on the cookies’” technological quality than the addition
of celery root dehydrated by convective and lyophilization procedures.

From Table 9, it can be seen that samples 8 and 9 have higher hardness values com-
pared to sample 5, although the differences were not statistically significant. These results
indicated that osmotically pre-treated and successively lyophilized celery root affected
the softer texture of cookies compared to celery root dehydrated by lyophilization and
convective methods. Molasses, which is used as a medium for osmotic treatment during
this process, diffused into the celery tissue, enriching it with its content. Although the same
amount of powder is incorporated in samples 5, 8 and 9, in sample 5, the cellulose content is
lower, considering that molasses does not contain cellulose. There is a possible explanation
for the fact that the sample with celery root dehydrated by the combined method showed
the lowest hardness, as it was previously mentioned that the higher fiber content leads to
higher hardness and fracturability of cookies. The values showing fracturability of cookies
did not differ statistically significantly depending on the type of celery drying. Cookie
sample 8, containing celery powder obtained by convective drying, showcased the highest
hardness and fracturability values.

When comparing cookies with 20% celery root powder dehydrated by different meth-
ods, the brightness parameter of the sample was not statistically significantly different
for samples with celery dried by combined and convective methods (samples 5 and 8).
It was even shown that the cookie with convectively dried celery was darker than the
cookie with combined dried celery, where the darker coloring partly comes from molasses.
This outcome is consistent with the findings of Galla et al. [25], where darkness increased
with increased content of convectively dried spinach powder content in cookies, due to
the browning of spinach carbohydrates during baking. On the other hand, the cookie
containing lyophilized celery root powder showed an increase in the brightness param-
eter. Sample 9 was even lighter than the control sample (Table 4), which indicated that
this dehydration technique is successful in maintaining the color of the celery root and
affects in a positive manner the final product color. The share of red tone (a values) did
not differ significantly between cookie samples fortified with combined and convectively
dehydrated celery root, but the a values of both samples were increased when compared to
the control cookie. However, the cookie with convectively dehydrated celery root powder
has a slightly more pronounced redness. Compared to samples 5 and 8, sample 9 showed a
statistically significantly lower proportion of red tone, a somewhat lower value compared
to the control sample. In terms of yellow tone, cookies with convectively and combinedly
dehydrated celery root showed lower values, while the cookie with lyophilized powder
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had a higher value, even compared to the cookie without celery (sample 1). Compared
to the cookie containing combined dried celery, the cookie containing convectively dried
celery exerted higher yellowness. Similar to the presented results, Mitrevski et al. [47]
demonstrated that biscuits produced by substituting 15%, 20% and 25% spelt flour with
convectively dried beetroot powder showed increases in L and a coordinate values and a
decrease in the b coordinate value compared to the control sample without beetroot. The
value of the parameter that indicates the variation in color in relation to the cookie with the
standard formulation was the highest in sample 5 (AE = 17.84), slightly lower in sample
8 (AE = 13.60) and the least expressed in cookie 9 (AE = 6.63), from where the impact of
incorporated molasses in the cookies” composition on its color change is evident.

Sensory analysis revealed that the color intensity was the highest in the sample en-
riched with combinedly dehydrated celery root powder, while the sample with convectively
dried powder received a similar grade, only slightly lower. The sample with lyophilized
powder received the lowest score for color intensity, close to the color intensity of the
control sample. These results of subjective cookie evaluations were in accordance with pre-
viously reported results of instrumentally detected color parameters. Celery root powder
produced by the combined dehydration method caused the higher value of the cookie’s
surface appearance descriptor compared to the convectively dried and lyophilized celery
root at the same addition level. By observing the influence of the celery drying method
on the final taste and smell of biscuits with 20% addition of dehydrated powder, it can
be seen that the sample with combinedly dehydrated celery root deviated moderately
(grade 3.3 for taste and grade 3.5 for odor) from the optimal descriptors set to value 4.
This observation is similar to the findings of the sensory evaluation performed by Pestori¢
et al. [43], Shuchi et al. [51], Thorat et al. [48], Kajal et al. [52] and Sowmya et al. [40], who
all reported that herbal cookies had acceptable sensory attributes. The most pronounced
deviation from the standard taste and smell of cookies was characterized in the sample
fortified with convectively dried powder (grades 6.5 and 6.3, respectively), followed by the
sample enriched with lyophilized celery (grades 6.3 and 6.1, respectively). In sample 8, the
burnt notes were more pronounced, and in sample 9, notes originating from celery were
more pronounced. These results are consistent with Deepali and Roji [42], who claimed
that coriander-fortified biscuits had a lesser score in appearance, aroma, texture, taste and
overall acceptability than the control biscuits without any fortification.

The highest sensory hardness and fracturability was shown by the cookie with the
addition of convectively dried celery root, the lowest hardness was in the cookie with the
combinedly dehydrated celery root and the lowest fracturability was seen in the cookie
with lyophilized celery root. These results obtained in sensory evaluation correlated with
instrumental analysis of texture, indicating subjectively measurable differences in cookies’
texture depending on the type of celery root powder addition.

The influence of the dehydration technique on celery root, which was used as a
substitute for wheat flour in the optimal amount of 20% at the final chemical composition of
the cookies, is shown in Table 9. The results indicate that the dehydration method of celery
root had no statistically significant effect on the contents of fat and starch in tested cookie
samples. On the other hand, the cookie with celery powder previously osmodehydrated in
molasses had a higher protein content and higher total sugar and ash contents compared
to cookies with celery that was convectively and freeze-dried. It was evident that the
higher cookie contents of protein and especially total sugars and ash can be attributed
to molasses containing large amounts of sugar (over 50%) and minerals [50]. In terms of
cellulose content, it is obvious that samples with the addition of convective and lyophilized
celery powder showed higher proportions, because celery is a cellulose-rich material, while
molasses does not contain cellulose [53].
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Table 9. Cookie samples’ quality.

Technological Quality Responses

Textural Analysis Responses

Instrumental Color Analysis Responses

X BWL DWL T R Fracturability
Sample No: (%) (%) (mm) (mm) R/T Hardness (n) (mm) L a B AE
5% 17.00 =+ 0.46 % 0.65 =4 0.04 b¢ 48.42 + 0.49 be 99.73 4 0.38 b4 2.06 4 0.01 ¢ 3923.50 = 300.53 <d 2494016 4198 +037° 899+ 0574 14.83 £0.30° 17.84 £ 0.62°
8 1753 £ 0.84%¢  0.69 £ 0.09 b 48.05 4 0.29 be 100.21 + 0.67 b 2.09 +0.004 4713.87 + 155.54 de 2.57 +0.26 <¢ 45.06 +0.25¢ 9.46 +0.47°¢ 18.93 +0.33 4 13.60 £ 0.77 4
9 17.18 £ 0.19 2 0.67 4 0.04 >4 48.11 4 0.41 b¢ 99.83 + 0.48 b4 2.08 +0.004 434345+ 69120 243 4+0.10°° 64.34 +1.448 6.07 £0.102 2355+ 0.72f 6.63 +0.48"
Descriptive Sensory Analysis Responses Chemical Composition Responses
| . Surface i Proteins Starch Total Sugars Cellulose Lipids Ash
Sample No:  ColorIntensity 0 ance Taste Odor Hardness Fractur-ability © d.m.) (% d.m.) % d.m) (% d.m.) % d.m.) % d.m.)
5% 5.640.2¢f 354045 33405°b 354+04° 50405 61401 9.67 +0.07 38.06 & 0.39 6.84 +0.04f 0.59 +0.012 1843 +0.21°¢ 1.3540.01f
8 5.0+ 0.2 5.0 £ 0.0 de 65+04°¢ 6.3+0.049 53408 6.4+ 0.6 8.84 +0.122 38.03 4 0.63 2.78 £ 0.02° 0.79 £ 0.01° 18.53 £0.10 0.49 £+ 0.01°
9 33+03° 56+03¢ 63+03¢ 6.1+0.24 5.2+ 0.7 59+02°¢ 8.95 + 0.09 2 38.09 4 0.42 2.8140.01° 0.82+0.01°¢ 18.47 + 0.06 0.48 4 0.00®
Mineral Content Responses Phenol Content and Antioxidative Activity Responses
Sample K Mg Ca Fe Zn Cu (mg/100 g d.m.) Total Phenolic Content Antioxidative Activity by Antioxidative Activity by ABTS
No: (mg/100 gd.m.) (mg/100 gd.m.) (mg/100 g d.m.) (mg/100 g d.m.) (mg/100 g d.m.) u g d-m. (mg GAE/100 g d.m.) DPPH (umol TE/100 g d.m.) (umol TE/100 g d.m.)
5% 438.46 +3.14f 21.99 +0.13 ¢ 43.60 4+ 0.26 211 +£0.02f 0.59 & 0.00© 0.36 4 0.00 f 189.41 +2.54 33.97 +0.12f 119.71 + 1.02 8
8 135.46 4 0.29 ® 18.24 +0.11° 34,01 +0.17¢ 1.13 +£0.012 0.48 4 0.00® 0.27 4 0.00 51.76 + 0.49 ® 8.43 £ 0.06° 35.70 +0.32 ¢
9 13413 + 1.75° 18.23 £ 0.09° 34154+ 0.17 1.14 £ 0.012 0.49 4 0.01° 0.29 4 0.00 4 170.94 4+ 0.88 © 29.73 +0.22°¢ 115.09 & 0.82

* Response values for sample 5 are repeatedly shown in Table 9. for easier comparison with the response values of samples 8 and 9. % Different letters in superscript of the same table
column indicate the statistically significant difference between values at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test).
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The data from Table 9 revealed that the cookie with 20% celery root powder osmot-
ically pre-treated in molasses had statistically significant higher contents of all analyzed
mineral matters. The mineral contents of cookies with the same addition of convective
and lyophilized celery root powder did not differ statistically significantly. In compari-
son with the control cookie (Table 7), these samples (8 and 9) showed about 49% higher
potassium content, 8.6% higher magnesium content, 39% higher calcium content, 25%
higher zinc content and 16% higher copper content, with an exception for iron, where
6% lower content was recorded. The increase in the contents of K, Mg, Ca, Zn and Cu
in cookies indicates that celery is a good source of these minerals. In celery root, Kresi¢
et al. [10] reported 308 mg/100 g of potassium and 73 mg/100 g of calcium, while Gol-
ubkina et al. [2] demonstrated quantities of 4.7 mg/100 g of iron, 0.5 mg/100 g of copper
and 0.7 mg/100 g of zinc. Sample 5, containing celery powder enriched with molasses,
gained 383.79% higher potassium content, 30.97% higher magnesium content, 77.76%
higher calcium content, 75.8% more iron, 51.28% higher zinc content and 33.33% more
copper than the control cookie. The explanation for the greatly improved mineral status
can be found in the literature, which confirms that sugar beet molasses is a powerful source
of minerals. The dominant macroelement is potassium, which quantitatively accumulates
in the molasses during industrial sugar production and varies in amount from 2190 to
6000 mg/100 g, while the dominant microelement is iron, which can vary in the range
from 2.7 to 11.7 mg/100 g [16,50]. Mordenti et al. [54] reported that sugar beet molasses
contains 70 mg/100 g of calcium, 50 mg/100 g of magnesium, 1.3 mg/100 g of copper and
0.7 mg/100 g of zinc.

Comparison of the samples with the same level of celery root powder incorporation
but dehydrated by different methods indicated statistically significantly different TPC,
DPPH and ABTS values for all three observed samples. As seen from the data in Table 9, the
cookie containing celery powder previously osmotically dehydrated in molasses had 10.8%
higher content of total phenols, 14% higher antioxidant activity determined by the DPPH
method and 4.01% higher antioxidant activity determined by the ABTS method in relation
to the cookie with only lyophilized celery powder. The process of lyophilization has been
rated by other authors as relatively successful in preserving antioxidant and phenolic com-
ponents [11,12], so the higher values of the parameters describing the antioxidant potential
of cookie sample 5 most likely come from molasses, which distinguishes the compositions
of samples 5 and 9. In the research by Filip¢ev et al. [50] and Chen et al. [55], sugar beet mo-
lasses is characterized as a raw material with excellent antioxidant properties. Conversely,
sample 8 prepared by the addition of convectively dried celery root in the formulation
had distinctly lower total phenolic content and antioxidant activity as determined by both
methods as compared to samples 5 and 9. Sorouret al. [56] analyzed the effect of convective
drying at T =70 °C and T = 90 °C on the concentration of phenols in celery, and significant
loss of total phenols was found, especially at higher drying temperatures, which is consis-
tent with the presented results. Salamatullah et al. [57] revealed that after heat treatment,
the phenol content in 100 g celeriac decreased from 22.2 mg GAE in the control to 3.0 mg
GAE. Ramachandraiah and Chin [58] also proved the loss of celery root phenol content
after applying convective drying at T = 50, 70 and 100 °C. Maric¢ et al. [11], in their study,
confirmed that lyophilization was a more effective method in retaining the antioxidant
activity in carrots compared to convective drying. After drying at T = 50 °C, total phenolic
content in carrots was reduced by approximately 50% and after drying at T = 70 °C by
approximately 75% in relation to the fresh sample. Krecisz et al. [9] reported the effect of
dehydration methods on the content of bioactive compounds in fresh celery root in the
following way: TPC 143.43 mg GAE/100 g d.m.; DPPH 386.01 umol TE/100 g d.m.; ABTS
721.53 umol TE/100 g d.m for freeze drying and TPC 128.29 mg GAE/100 g d.m.; DPPH
222.48 umol TE/100 g d.m.; and ABTS 624.41 umol TE/100 g d.m for convective drying.
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3.10. PCA

The ability of PCA to decrease the number of parameters involved in complex systems
was used to simplify the correlation structure [59] between 32 responses of technological
quality; textural, instrumental color and descriptive sensory analysis; chemical and mineral
matter composition; and phenol content and antioxidant activity and all nine cookie
samples produced and tested in this research. In an effort for data trends visualization and
applied descriptors discriminating efficiency, a scatter plot was made, showcasing the first
two principal components of the data matrix. At the x-axis and y-axis, the first and second
principal components are placed, respectively, as seen in Figure 2.
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Figure 2. PCA of the tested cookies, with and without the celery root powder substitution.

From the scatter plot, it can be visually determined that the separation of all tested
cookie samples is significant, since they are characterized by different quality responses.
By observing the set of cookie samples with the same type of celery root powder addi-
tion (samples 1 to 5), it can be seen that the increasing quantity of celery root powder
addition affected the transition from negative first principal component values to posi-
tive values, without affecting the significant shift in second principal component values,
between samples.

Addition of celery root powder dehydrated by convective dehydration and lyophiliza-
tion to the cookie recipes (samples 8 and 9) caused their location shift to higher second
principal component values in comparison to samples with the addition of osmodehydrated
and lyophilized celery root powder.

Cookie samples without (sample 1) and with the addition of small quantities of
osmodehydrated and lyophilized celery root powder (samples 2 and 3) were characterized
by high values of technological characteristics responses; lipid, starch and protein content;
surface appearance and lightness. Cookie samples with the addition of more significant
quantities of osmodehydrated and lyophilized celery root powder (samples 4-7) were
characterized by higher values of all mineral content responses, phenolic content and
antioxidant activity, ash and total sugar content and instrumental and descriptive sensory
hardness and fracturability.
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Cookie samples with the addition of celery root powder dehydrated by convective
dehydration and lyophilization were differentiated on the basis of higher values of odor
and taste responses.

Analysis of the method quality showed that the first two principal components
accounted for 94.66% of the total variance, indicating that the given data description
is significant.

All tested responses except taste, odor and cellulose significantly contributed to the
first principal component. On the other hand, previously mentioned exceptions signifi-
cantly contributed to the second principal component.

3.11. Evaluation of the Overall Quality of the Cookies with Celery Root Powder Addition

Z-score analysis was applied again, but in this case with the goal of evaluating the
quality characteristics of the cookies with the addition of osmodehydrated and lyophilized
celery root powder (sample 5) in comparison to the quality of the cookies with the addition
of celery root powder dehydrated by more conventional methods of convective dehydration
and lyophilization (samples 8 and 9, respectively).

Analysis of segment Z-score values, in Figure 3, showed that sample 5 was character-
ized by the highest values for technological quality, textural analysis, chemical composition,
mineral matter and phenol content and antioxidant activity, while sample 9 was marked
with the highest scores for instrumental color analysis and descriptive sensory analysis.
Total Z-score, which mathematically combined segment quality characteristics in the same
manner as in the case of the previous Z-score analysis of the quantity of celery root powder
addition optimization, showed significant differences between cookies” quality characteris-
tics. The cookie sample with the addition of osmodehydrated and lyophilized celery root
powder had total quality characteristics that were 28.85 percentile points higher than the
cookie sample with the addition of lyophilized celery root powder and 65.24 percentile
points higher than the cookie sample with the addition of convective celery root powder.
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Figure 3. Z-score analysis of cookies with the addition of celery root dehydrated by different treatments.

4. Conclusions

The results revealed that an increase in the addition of combinedly dehydrated celery
root powder in cookies led to decreases in weight reduction during baking and drying;
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thickness; brightness; yellowness; standard taste and odor; surface appearance; and protein,
starch and fat content but increases in average diameter, shape deformation, redness, color
variation, color intensity, sensory hardness and fracturability, total sugars, cellulose and
ash content, mineral and phenolic content and antioxidant activity as determined by DPPH
and ABTS methods. The cookie with the 20% osmodehydrated and lyophilized celery
root powder addition with a maximal Z-score value of 53.13% represented the cookie
sample with the maximum overall quality and therefore the optimal amount of wheat flour
substitution in the cookie formulation.

Considering the influence of the celery root dehydration type on the nutritional and
technological quality of cookies with the same substitution level of wheat flour with
dried powder, the combined method proved to be more effective than the convective and
lyophilization methods. The cookie with celery root powder previously osmodehydrated
in molasses had even higher contents of analyzed minerals, protein, total sugar and ash and
total phenols and antioxidant activities compared to the cookie with lyophilized powder,
although lyophilization is considered one of the best drying methods in terms of preserving
nutritional and bioactive compounds. It is worth pointing out that combined drying,
which implied pre-treatment in molasses and shortened lyophilization, in addition to
affecting the improvement of the final product quality, also has environmental, energy and
economic advantages.

Further research should be focused on finalizing the cookie recipe in terms of optimiz-
ing other ingredients, besides the wheat flour, as well as testing its acceptability for a wider
consumer population and the possibility of market placement.

Author Contributions: Conceptualization, M.N., ].E. and V.F.; methodology, J.F. and M.N.; software,
M.K.; validation, J.E,, D.Z. and D.S.; formal analysis, J.E, G.T., M.N. and 1.D.; investigation, M.N.;
resources, V.F.,, J.F. and I.D.; data curation, M.K. and D.Z; writing—original draft preparation, V.F.
and M.N.; writing—review and editing, V.F. and J.F; visualization, V.E,; supervision, .D. and D.S;
project administration, V.F., M.N. and I.D.; funding acquisition, .D. and M.N. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Provincial Secretariat of Higher Education and Scientific
Research, Autonomous Province of Vojvodina, Republic of Serbia, contract number: 000882147 2024
09418 003 000 000 001 04 004. The APC was funded by the Provincial Secretariat of Higher Education
and Scientific Research, Autonomous Province of Vojvodina, Republic of Serbia, contract number:
000882147 2024 09418 003 000 000 001 04 004.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in the study are included in the
article material; further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1. Priecina, L.; Karlina, D. Natural antioxidant changes in fresh and dried spices and vegetables. Int. |. Food Eng. 2014, 8, 492—-496.

2. Golubkina, N.A.; Kharchenko, V.A.; Moldovan, A.l.; Koshevarov, A.A.; Zamana, S.; Nadezhkin, S.; Soldatenko, A.; Sekara, A.;
Tallarita, A.; Caruso, G. Yield, growth, quality, biochemical characteristics and elemental composition of plant parts of celery
leafy, stalk and root types grown in the northern hemisphere. Plants 2020, 9, 484. [CrossRef] [PubMed]

3. Goldewska, K.; Pacyga, P.; Michalak, L; Biesiada, A.; Szumny, A.; Pachura, N.; Piszcz, U. Field-Scale evaluation of botanical
extracts effect on the yield, chemical composition and antioxidant activity of celeriac (Apium graveolens L. var. rapaceumnt). Molecules

2020, 25, 4212.

4.  Kaiser, A.; Hartmann, K.I.; Kammerer, D.R.; Carle, R. Evaluation of the effects of thermal treatments on colour, polyphenol
stability, enzyme activities and antioxidant capacities of innovative pasty celeriac (Apium graveolens L. var. rapaceum (Mill.) DC.)
products. Eur. Food Res. Technol. 2013, 237, 353-365. [CrossRef]


https://doi.org/10.3390/plants9040484
https://www.ncbi.nlm.nih.gov/pubmed/32283805
https://doi.org/10.1007/s00217-013-1998-6

Foods 2024, 13,2712 22 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Pajevic, S.P.; Mimica-Duki¢, N.M.; Nemes, LM.; Zupunski, M.D.; Simin, N.D.; Watson, M.A.; Arsenov, D.D. Arsenic content and
phenolic compounds in parsley (Petroselinum crispum (mill.) Fuss) and celery (Apium graveolens L.) cultivated in Vojvodina region,
Serbia. Food Feed Res. 2021, 48, 213-225. [CrossRef]

Beltran Sanahuja, A.; Ponce Landete, M.; Domingo Martinez, M.I.; Prats Moya, M.S.; Valdés Garcia, A. Optimization of volatile
compounds extraction from industrial celery (Apium graveolens) by-products by using response surface methodology and study
of their potential as antioxidant sources. Foods 2021, 10, 2664. [CrossRef]

Szarek, N.; Jaworska, G.; Hanus, P. Profile of phenolic compounds and antioxidant activity of celery (Apium graveolens) juices
obtained from pulp after x-amylase treatment from Aspergillus oryzae. Molecules 2024, 29, 1438. [CrossRef]

Wang, N.; Xu, Y.; Chao, H.; Zhang, M.; Zhou, Y.; Wang, M. Effects of celery powder on wheat dough properties and textural,
antioxidant and starch digestibility properties of bread. J. Food Sci. Technol. 2020, 57, 1710-1718. [CrossRef]

Krecisz, M.; Kolniak-Ostek, J.; Lyczko, J.; Stepieni, B. Evaluation of bioactive compounds, volatile compounds, drying process
kinetics and selected physical properties of vacuum impregnation celery dried by different methods. Food Chem. 2023, 413, 135490.
[CrossRef]

Kresi¢, G.; Lelas, V.; Simundi¢, B. Effects of processing on nutritional composition and quality evaluation of candied celeriac.
Sadhana 2004, 29, 1-12. [CrossRef]

Mari¢, L.; Malesi¢, E.; Jurinjak Tusek, A.; Benkovi¢, M.; Valinger, D.; Jurina, T.; Gajdos Kljusuri¢, J. Effects of drying on physical
and chemical properties of root vegetables: Artificial neural network modelling. Food Bioprod. Process. 2020, 119, 148-160.
[CrossRef]

Ignaczak, A.; Salamon, A.; Kowalska, J.; Marzec, A.; Kowalska, H. Influence of pre-treatment and drying methods on the quality
of dried carrot properties as snacks. Molecules 2023, 28, 6407. [CrossRef]

Filipovi¢, V.; Filipovi¢, J.; Loncar, B.; KneZevi¢, V.; Nicetin, M.; Vujaci¢, V. Modeling the effects of osmotic dehydration pretreatment
parameters and lyophilization kinetics on mass transfer and selected nutritive parameters of peaches. Period. Polytech. Chem. Eng.
2022, 66, 650-659. [CrossRef]

Molina-Cortés, A.; Sanchez-Motta, T.; Tobar-Tosse, E.; Quimbaya, M. Spectrophotometric estimation of total phenolic contentand
antioxidant capacity of molasses and vinasses generated from the sugar industry. Waste Biomass Valoriz. 2020, 11, 3453-3463.
[CrossRef]

Shafiqa-Atikah, M.K.; Nor-Khaizura, M.A.R.; Mahyudin, N.A.; Abas, F.; Nur-Syifa’, ].; Ummul-Izzatul, Y. Evaluation of phenolic
constituent, antioxidant and antibacterial activities of sugarcane molasses towards foodborne pathogens. Food Res. 2020, 4, 40-47.
Cvetkovi¢, B.; Pezo, L.; Misan, A.; Mastilovi¢, J.; Kevresan, Z.; Ili¢, N; Filipcev, B. The effects of osmotic dehydration of
whitecabbage on polyphenols and mineral content. LWT—Food Sci. Technol. 2019, 110, 332-337. [CrossRef]

Sobot, K.; Lali¢i¢-Petronijevié, J.; Filipovi¢, V.; Niéetin, M.; Filipovi¢, J.; Popovi¢, L. Contribution of osmotically dehydrated wild
garlic on biscuits” quality parameters. Period. Polytech. Chem. Eng. 2019, 63, 499-507. [CrossRef]

Nicetin, M.; Pezo, L.; Filipovi¢, V.; Lon¢ar, B.; Filipovi¢, J.; Suput, D.; KnezZevi¢, V. Effects of solution type temperature and time on
antioxidant capacity of osmotically dried celery leaves. Therm. Sci. 2021, 25, 1759-1770. [CrossRef]

Zlatanovi¢, S.; Kalusevi¢, A.; Mici¢, D.; Lali¢ié-Petronijevi, J.; Tomié, N.; Ostoji¢, S.; Gorjanovi¢, S. Functionality and storability
of cookies fortified at the industrial scale with up to 75% of apple pomace flour produced by dehydration. Foods 2019, 8, 561.
[CrossRef]

Dauda, A.O.; Abiodun, O.A; Arise, A.K,; Oyeyinka, S.A. Nutritional and consumers acceptance of biscuit made from wheat flour
fortified with partially defatted groundnut paste. LWT—Food Sci. Technol. 2018, 90, 265-269. [CrossRef]

éoronja—Simovié, D.; Pajin, B.; Subari¢, D.; Doki¢, L.; Seres, Z.; Nikoli¢, 1. Quality, sensory and nutritional characteristics of cookies
fortified with chestnut flour. J. Food Process. Preserv. 2017, 41, €12887. [CrossRef]

Pinto, D.; Moreira, M.M.; Vieira, E.E,; évarc—Gajié, J.; Vallverdu-Queralt, A.; Brezo-Borjan, T.; Delerue-Matos, C.; Rodrigues, F.
Development and characterization of functional cookies enriched with chestnut shells extract as source of bioactive phenolic
compounds. Foods 2023, 12, 640. [CrossRef] [PubMed]

Kaur, M; Singh, V.; Kaur, R. Effect of partial replacement of wheat flour with varying levels of flaxseed flour on physicochemical,
antioxidant and sensory characteristics of cookies. Bioact. Carbohydr. Diet. Fibre 2017, 9, 14-20. [CrossRef]

Klunklin, W.; Savage, G. Biscuits: A substitution of wheat flour with purple rice flour. Adv. Food Sci. Eng. 2018, 2, 81-97.
[CrossRef]

Galla, N.R.; Pamidighantam, R.P; Karakala, B.; Gurusiddaiah, R.M.; Akula, S. Nutritional, textural and sensory quality of biscuits
supplemented with spinach (Spinacia oleracea L.). Int. ]. Gastron. Food Sci. 2017, 7, 20-26. [CrossRef]

AACC International. 10-50D: Baking Quality of Cookie Flour. In Approved Methods of the American Association of Cereal Chemists,
10th ed.; AACC International: St. Paul, MN, USA, 2000.

Filipovi¢, V.; Loncar, B.; Filipovi¢, J.; Nicetin, M.; KneZevi¢, V,; éeregelj, V.; Kosuti¢, M.; Bodroza, S.M. Addition of combinedly
dehydrated peach to the cookies—Technological quality testing and optimization. Foods 2022, 11, 1258. [CrossRef] [PubMed]
ISO 6658:2017; Sensory Analysis—Methodology—General Guidance. ISO: Geneva, Switzerland, 2017.

ISO 4121:2003; Sensory Analysis—Guidelines for the Use of Quantitative Response Scales. ISO: Geneva, Switzerland, 2003.

ISO 8589:2007; Sensory Analysis—General Guidance for the Design of Test Rooms. ISO: Geneva, Switzerland, 2007.

Horwitz, W. Official Methods of Analysis of AOAC International, 21st ed.; AOAC International: Gaithersburg, MD, USA, 2019.


https://doi.org/10.5937/ffr48-34625
https://doi.org/10.3390/foods10112664
https://doi.org/10.3390/molecules29071438
https://doi.org/10.1007/s13197-019-04204-8
https://doi.org/10.1016/j.foodchem.2023.135490
https://doi.org/10.1007/BF02706997
https://doi.org/10.1016/j.fbp.2019.11.002
https://doi.org/10.3390/molecules28176407
https://doi.org/10.3311/PPch.20242
https://doi.org/10.1007/s12649-019-00690-1
https://doi.org/10.1016/j.lwt.2019.05.001
https://doi.org/10.3311/PPch.13268
https://doi.org/10.2298/TSCI191101184N
https://doi.org/10.3390/foods8110561
https://doi.org/10.1016/j.lwt.2017.12.039
https://doi.org/10.1111/jfpp.12887
https://doi.org/10.3390/foods12030640
https://www.ncbi.nlm.nih.gov/pubmed/36766171
https://doi.org/10.1016/j.bcdf.2016.12.002
https://doi.org/10.22606/afse.2018.23001
https://doi.org/10.1016/j.ijgfs.2016.12.003
https://doi.org/10.3390/foods11091258
https://www.ncbi.nlm.nih.gov/pubmed/35563980

Foods 2024, 13,2712 23 of 24

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Tumbas éaponjac, V.; Cetkovi¢, G.; Canadanovié-Brunet, J.; Pajin, B.; Dilas, S.; Petrovi¢, J.; Loncarevi¢, L; Stajci¢, S.; Vuli¢, J. Sour
cherry pomace extract encapsulated in whey and soy proteins: Incorporation in cookies. Food Chem. 2016, 207, 27-33. [CrossRef]
Tumbas gaponjac, V.; Girones-Vilaplana, A.; Djilas, S.; Mena, P; Cetkovi¢, G.; Moreno, D.A.; Canadanovié-Brunet, J.; Vuli¢, J.;
Stajci¢, S.; Kruni¢, M. Anthocyanin profiles and biological properties of caneberry (Rubus spp.) press residues. J. Sci. Food Agric.
2014, 94, 2393-2400. [CrossRef] [PubMed]

Aborus, N.E.; Tumbaséaponjac, V.; Canadanovié-Brunet, I Cetkovi¢, G.; Hidalgo, A.; Vuli¢, J; éeregelj, V. Sprouted and
freeze-dried wheat and oat seeds—Phytochemical profile and in vitro biological activities. Chem. Biodivers. 2018, 15, e1800119.
[CrossRef]

Filip¢ev, B.; Simurina, O.; Bodroza, S.M.; Brklja¢a, J. Dough rheological properties in relation to cracker-making performance of
organically grown spelt cultivars. Int. . Food Sci. Technol. 2013, 48, 2356-2362. [CrossRef]

Ghaboos, H.; Ardabili, S.; Kashaninejad, M. Physico-chemical, textural and sensory evaluation of sponge cake supplemented
with pumpkin flour. Int. Food Res. ]. 2018, 25, 854-860.

Mamat, H.; Hardan, M.; Hill, S. Physicochemical properties of commercial semi-sweet biscuit. Food Chem. 2010, 121, 1029-1038.
[CrossRef]

Salehi, F.; Aghajanzadeh, S. Effect of dried fruits and vegetables powder on cakes quality: A review. Trends Food Sci. Technol. 2020,
95, 162-172. [CrossRef]

Laukovd, M.; Kohajdova, Z.; Karovi¢ova, J.; Kuchtova, V.; Minarovi¢ova, L.; Tomasikov4, L. Effects of cellulose fiber with different
fiber length on rheological properties of wheat dough and quality of baked rolls. Food Sci. Technol. Int. 2017, 23, 490-499.
[CrossRef]

Sowmya, R.S.; Sugriv, G.; Annapure, U.S. Effect of basil herb on cookies development and its effect on the nutritive, elemental,
phytochemical, textural and sensory quality. J. Food Sci. Technol. 2022, 59, 3482-3491. [CrossRef]

Drisya, C.R.; Swetha, B.G.; Velu, V.; Indrani, D.; Singh, R.P. Effect of dried Murrayakoenigii leaves on nutritional, textural and
sensory characteristics of cookies. J. Food Sci. Technol. 2015, 2, 500-506. [CrossRef]

Deepali, M.; Roji, W. The fortification of biscuits with coriander leaf powder and its effect on physico-chemical, antioxidant,
nutritional and organoleptic characteristics. Int. J. Food Stud. 2019, 9, 225-237.

Pestori¢, M.; Simurina, O.; Filipev, B.; Jambrec, D.; Belovi¢, M.; Misan, A.; Nedeljkovi¢, N. Relationship of physicochemical
characteristics with sensory profile of cookies enriched with medicinal herbs. Int. J. Food Prop. 2015, 18, 2699-2712. [CrossRef]
Parul, S.; Rakhi, S.; Alok, ].; Prasad, R.; Anuj Kumar, G. Optimization of a process for high fibre and high protein biscuit. J. Food
Sci. Technol. 2015, 52, 1394-1403.

Sari¢, L.; Filip¢ev, B.; Simurina, O.; Plavsi¢, D.; Sari¢, B.; Lazarevi¢, J.; Milovanovig, L Sugar beet molasses: Properties and
applications in osmotic dehydration of fruits and vegetables. Food Feed Res. 2016, 43, 135-144. [CrossRef]

Lon¢ar, B.; Pezo, L.; Filipovi¢, V.; Nicetin, M.; Filipovig, J.; Pezo, M.; éuput, D.; A¢imovi¢, M. Physico-chemical, textural and
sensory evaluation of spelt muffins supplemented with apple powder enriched with sugar beet molasses. Foods 2022, 11, 1750.
[CrossRef]

Mitrevski, J.; Panteli¢, N.D.; Dodevska, M.S.; Koji¢, ].S.; Vuli¢, J.].; Zlatanovi¢, S.; Gorjanovi¢, S.; Lali¢i¢-Petronijevi¢, ].; Marjanovig,
S.; Anti¢, V.V. Effect of beetroot powder incorporation on functional properties and shelf life of biscuits. Foods 2023, 12, 322.
[CrossRef]

Thorat, P.P.; Sawate, A.R.; Patil, B.M.; Kshirsagar, R.B. Effect of lemongrass powder on proximate and phytochemical content of
herbal cookies. J. Pharm. Phytochem. 2017, 6, 155-159.

Agrahar-Murugkar, D. Food to food fortification of breads and biscuits with herbs, spices, millets and oilseeds on bio-accessibility
of calcium, iron and zinc and impact of proteins, fat and phenolics. LWT—Food Sci. Technol. 2020, 130, 109703. [CrossRef]
Filipéev, B.; Misan, A; Sari¢, B.; Simurina, O. Sugar beet molasses as an ingredient to enhance the nutritional and functional
properties of gluten-free cookies. Int. J. Food Sci. Nutr. 2016, 67, 249-256. [CrossRef]

Shuchi, U.; Soobia, A.K.; Rajeev, T.; Sanjay, K.; Deepikakohli, I.R.; Poonam, M.; Richa, B. Nutritional and sensory evaluation of
herbal cookies. Int. J. Food Sci. Nutr. 2017, 2, 156-160.

Kajal, P; Salman, K.; Shubham, S.; Mhd Shahid, K.; Khinchi, M.P. Formulation of polyherbal antidiabetic cookies. J. Chem. Pharm.
Res. 2018, 10, 91-97.

Filipcev, B.; Simurina, O.; Misan, A.; Sari¢, B.; Filipovi¢, V.; Loncar, M.; Nicetin, M. Antioxidant activity and phenolic compounds
in gluten-free cookies enriched with sugar beet molasses. In Proceedings of the IV International Congress “Engineering,
Environment and Materials in Processing Industry”, Jahorina, Bosnia and Herzegovina, 4-6 March 2015; pp. 1135-1140.
Mordenti, A.L.; Giaretta, E.; Campidonico, L.; Parazza, P.; Formigoni, A. A review regarding the use of molasses in animal
nutrition. Animals 2021, 11, 115. [CrossRef]

Chen, M.; Zhao, Y.; Meng, H.; Proffesor, S. The antibiotic activity and mechanisms of sugar beet (Beta vulgaris) molasses
polyphenols against selected food-borne pathogens. LWT—Food Sci. Technol. 2017, 82, 354-360. [CrossRef]

Sorour, M.; Hassanen, N.H.M.; Ahmed, H.M. Natural antioxidant changes in fresh and dried celery (Apium graveolens). Am. ].
Energy Eng. 2015, 3, 12-16. [CrossRef]

Salamatullah, A.; Ozcan, M.; Alkaltham, M.; Uslu, N.; Hayat, K. Influence of boiling on total phenol, antioxidant activity, and
phenolic compounds of celery (Apium graveolens L.) root. |. Food Process. Preserv. 2020, 45, e15171.


https://doi.org/10.1016/j.foodchem.2016.03.082
https://doi.org/10.1002/jsfa.6564
https://www.ncbi.nlm.nih.gov/pubmed/24407975
https://doi.org/10.1002/cbdv.201800119
https://doi.org/10.1111/ijfs.12225
https://doi.org/10.1016/j.foodchem.2010.01.043
https://doi.org/10.1016/j.tifs.2019.11.011
https://doi.org/10.1177/1082013217704122
https://doi.org/10.1007/s13197-021-05338-4
https://doi.org/10.1007/s13197-013-1002-2
https://doi.org/10.1080/10942912.2015.1004586
https://doi.org/10.5937/FFR1602135S
https://doi.org/10.3390/foods11121750
https://doi.org/10.3390/foods12020322
https://doi.org/10.1016/j.lwt.2020.109703
https://doi.org/10.3109/09637486.2016.1157140
https://doi.org/10.3390/ani11010115
https://doi.org/10.1016/j.lwt.2017.04.063
https://doi.org/10.11648/j.ajee.s.2015030201.13

Foods 2024, 13,2712 24 of 24

58. Ramachandraiah, K.; Chin, K.B. Impact of drying and micronization on the physicochemical properties andantioxidant activities
of celery stalk. J. Sci. Food Agric. 2017, 97, 4539-4547. [CrossRef]

59. Filipovi¢, V.; Nicetin, M.; Filipovié, J.; Stupar, A.; Koji¢, J.; Lonéarevig, I.; Sobot, K.; Lalic¢i¢-Petronijevi¢, J. Evaluation of cookies
enriched with osmodehydrated wild garlic from nutritional and sensory aspects. Foods 2024, 13, 1941. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/jsfa.8321
https://doi.org/10.3390/foods13121941

XXVIII INTERNATIONAL
ECO-CONFERENCE®
25.27" SEPTEMBER 2024

PROCEEDINGS

NOVI SAD, SERBIA




XXVII INTERNATIONAL ECO-CONFERENCE
XIIT SAFE FOOD

25-27" SEPTEMBER 2024.
NOVI SAD, SERBIA




\XVIIT INTERNATIONAL ECO-CONFERENCE
XIII SAFE FOOD
527" SEPTEMBER 2024.
NOVI SAD, SERBIA

Publisher
ECOLOGICAL MOVEMENT OF NOVI SAD 21102
Novi Sad, str. Cara Lazara 83/1

Phone: (+381 21) 6372 940 Mob: (+381 69) 304 73 38
E-mail: ekopokretns@gmail.com
www.ekopokret.org.rs

Editorial Board
Academician Srbislav Dencig, President
Nikola Aleksic
Prof. Dr. Desanka Bozidarevic
Prof. Dr. Vladan Joldzic
Prof. Dr. Velibor Spalevic
Prof. Dr.Viktor Zakrevski

Project Editor
Nikola Aleksi¢

Copy Editor
Sasa Pesic
For the Publisher
Nikola Aleksi¢

Print
Ekoloski pokret Novog Sada
Cirkulation
100 copies
Publication year: 2024-09-25

TH’EIgUi%TORS »f\RE RESPONSIBLE FOR
ITY OF ENGLISH TRANSLATION



XXVII INTERNATIONAL
ECO-CONFERENCE

XIII SAFE FOOD
25427 SEPTEMBER 2024
NOVI SAD, SERBIA

SAFE FOOD

PROCEEDINGS
2024.



NUTRITIONAL FOOD VALUE
AND NUTRITIONAL QUALITY

Tamara Stosic, Vesna Vujasinovic, Jovana Bajkanovic,

Snjezana Gagic Jarakovic

THE INFLUENCE OF SOCIODEMOGRAPHIC CHARACTERISTICS

ON THE NUTRITIONAL HABITS OF STUDENTS AT

THE UNIVERSITY OF NOVI SAD ...occieieiiieniisennorennisennoninessssisisiosanossaioraienas 249

Viadimir Filipovié, Jelena Filipovic, Milica Nicetin, Milenko KosSutic,

Ivica Palovié, Dragan Zivancev

CONSUMER ACCEPTABILITY EVALUATION OF NEW COOKIE

TYPE WITH DEHYDRATED CELERY ROOT ADDITION. ..ccvovmnicaniisesanse 259

LEGAL ASPECTS OF HEALTHY SAFE FOOD
PRODUCTS PROTECTION

Sonja Tomas-Miskin, Jadranka Duranovic-Milici¢, Dijana Dugonjic

PRIMARY HEALTH CARE IN THE CONTEXT

OF SOCIO-ECONOMIC RELATIONS AS A CONDITION

FOR IMPROVING MANAGEMENT IN ORDER

TO IMPROVE THE HEALTH STATUS

OF THE GENER AL POPULATION s commmaimsppusssisivsstisssabyidss s 269

Jelena Lutovac
FORMATION OF THE ECONOMIC AND BANKING

FRAMEWORK IN THE COUNTRY FROM THE ASPECT
OF PRODUCTION SAFETY OF HEALTHY. FOOD PRODUCTION ... 273

ECOLOGICAL MODELS AND SOFTWARE IN THE
PRODUCTION OF HEALTHY SAFE FOOD

Milos Tubicé, Jadranka Puranovi¢-Milicic, Dijana Dugonjic

THE IMPORTANCE OF LINKING THE INSTITUTE

FOR STUDENT HEALTH CARE WITH HEALTH

CENTERS WITHIN THE FRAMEWORK OF OBSERVING

PROJECTS FOR THE ECOLOGICAL IMPROVEMENT

OF THE LIFE AND WORK OF THE STUDENT POPULATION ................, 283

|7




e, QU O
; J-I 1 i
‘E‘..{.N; f-\':...-k'. ‘1%
JER ey

e L CO-CONFERENCE 2024 | ﬁ
*ogor &®  ECOLOGICAL MOVEMENT OF THE CITY OIF NOVI SAD

—

Vladimir Filipovi¢ Ph.D.', Jelena Filipovi¢ Ph.D.%,
Milica Nicetin Ph.D.', Milenko KoSuti¢ Ph.D.2, Ivica Dalovi¢ Ph.D.’,
Dragan Zivancev Ph.D.?
|University of Novi Sad, Faculty of Technology Novi Sad,
Bul. cara Lazara 1, Novi Sad, Serbia
2University of Novi Sad, Institute for Food Technology,
Bul. cara Lazara 1, Novi Sad, Serbia
3Institute of Field and Vegetable Crops, National Institute of
the Republic of Serbia, Maksima Gorkog 30, Novi Sad, Serbia

CONSUMER ACCEPTABILITY EVALUATION
OF NEW COOKIE TYPE WITH DEHYDRATED
CELERY ROOT ADDITION

Abstract

In the research, a newly formulated cookie product with a 20% substitution of
wheat flour with osmodehydrated and lyophilized celery root was produced in
order to test 1ts’ consumers’ acceptability. The cookie samples colour, taste and
odour were widely accepted among a group of 427 randomly selected consumers.
Younger consumers with lower educational and income levels scored the price of
new product to be moderately important, but still a significant factor when making
a purchase decision. The obtained results from the proposed new cookie product
indicate the high potential for market success.

Key words: cookies, celery root, consumer acceptability, osmotic dehydration,
lyophilization, sugar beet molasses,

INTRODUCTION

Celery root (Apium graveolens L.), contains many compounds beneficial to
health, including dietary fibers, minerals, numerous vitamins and essential oils
(Goldewska et al., 2020), but due to its specific organoleptic properties, celery root
Is mainly consumed as a vegetable or as a spice in cooking in the daily diet, while
Its use as an ingredient in food products is limited (Krecisz et al., 2023).

The cookies, widely popularized food product, are traditionally produced from
wheat flour, With a high percentage of fat and carbohydrates and a small amount
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of dietary fiber, minerals and other l’unctiopa! Components, are 2800d ¢y, did.
the production of upgraded-quality food via the addition ofdchydratcd o d‘lc for
products (Pinto et al., 2023), ool
Vegetable products can be dehydrated by different metho
ualmnl:lgcs and disadvantages, while using the combined dehydrag
presented by Filipovié¢ et al, (202%3;1), which i-ncludcs low-en
pretreatment in molasses and abbreviated Succ.css.w ot
demanding lyophilization, dehydrate raw material in an eConomical gn Chey ]E-’»y
enhanced way while enriching it with valuable nutrients from molasses. &
The addition of dehydrated celery root to the cookies Standard
formulation affects the final sensory and textural properties of the new|
formulated cookie, and it is necessary to carefully select and Optimize the Elmoun{
of ingredients in order to meet consumer expectations (Galla et al., 2017).
dptinﬁzed new type of cookie product, regardless of jts nutritive
IS uncertain how it will be accepted among consumers. Therefore,
acceptance of products is recognized as a critical teature during functiq
positioning (Filipovi¢ et al.. 2022Db).
The goal of this research is to test the consumer acceptability of g newly
formulated cookie product with 20% substitution of wheat flour with

osmodehydrated and lyophilized celery root, as a final validation of the new cookie
product,

erg
C procedure of

dOUgh

enrichmenl,
Consumery’

nal product

MATERIAL AND METHODS

Material

Fresh celery roots (Apium graveolens L. var.
acquired at the local green grocery in Novi Sad (
a5 an osmotic solution in the osmotic pretreat

factory in Crvenka, Serbia. The following mate
cookies: white wheat flour, ty

margarine produced by

rapaceum, Alabaster variety) were
Serbia). Sugar beet molasses, used
ment, was obtained from a sugar
rial was used for the preparation of
pe T-400 produced by “Danubius”, Nov;i Sad, Serbia;

AD Dijamant”, Zrenjanin, Serbia; sugar produced by
“Sajkagka” Zabalj, Serbia; NaC] produced by “SO Produkt”, Stara Pazova, Serbia
and NaHCOs, produced by “Aleva”, Novi Knezevac, Serbia.

Combined method of dehydration

The combined method of celery root dehydration

ic dehydration in molasses, where fresh celery root was
mitially washed with running tap water, dried with paper towels, peeled and cut

into cubes of approximately: 1 cm x | cm X 1 em. Then, the celery cubes were
immersed in vessels filled with molasses

of the concentration of 85.04%, in
quantity to obtain dehydrating material to osmotic solution ratio of 1:5. The
osmotic dehydration process took place for

5 hours at
thermostatic chamber (Memmert IN160.

was done in two phases. First,

treated celery samples were Separated from the mol
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water to remove excess solution on the surface of the cubes and then blotted with
paper towels to remove excessive water, Obtained osmotically dehydrated celery
samples for the seccond phase, were frozen and stored al -30°C for 24h, and then
subjected to the lyophilization process, using device: Christ ALPHA1-2 LDPLUS
(Osterode am Harz, Germany). The lyophilization parameters were sel al: a
pressure of 1.6 Pa, a condenser temperature of -57°C and a process duration o'l 24h.
Afler lyophilization, dehydrated samples were fincly ground and sifted nto a
powder of uniform particle size, using a universal laboratory mill, type: WZ-1
(solem, ZBPP, Bydgszcz, Poland).

Cookie samples preparation

The following quantities of raw material needed for cookie samples’ production

were used: flour mixture: white wheat flour: 80%, osmodehydrated and lyophilized
celery root: 20%; margarine: 28.44% on the flour mixture basis; sugar: 1% on the
flour mixture basis; NaCl: 0.95% on the flour mixture basis; NaHCOs3: 1.12% on
the flour mixture basis; and tap water: 22.22% on the flour mixture basis (AACC,
2000).

The cookie preparation included dough production operations such as: mixing,
processing and baking 1n a pilot plant for bakery products of the Institute for Food
Technology in Novi Sad, Serbia, in accordance with the AACC method 10-50 D
(2000), as described by Sobot et al. (2019).

Consumer survey
The acceptability of new type of cookie samples with 20% of dehydrated celery

root substitution was assessed by a consumer survey. Based on the sample test,
consumers answered the questions listed in Table 1.

In this research, cross-sectional data were collected from Serbia’s Autonomous
Province of Vojvodina. Cookie samples were given to 427 randomly selected
consumers for testing, and the consumers were asked to provide answers to four
general information and eight questions, including three general and five specific
ones, formed according to Filipovi¢ et al. (2022b), as stated in Table |.

Information regarding consumers’ age, level of education, income level, and
gender was also anonymously collected to analyze consumers’ answers by different
socio-economic parameters.

RESULTS AND DISCUSSION

Little is still known about the psychosocial factors influencing consumer
attitudes toward choosing a new product on the market. Changes to the traditional
dough composition for cookies’ production can affect sensory properties in terms
of colour, taste, and texture, which may influence consumer acceptance of the
product. The quality and ratio of ingredients have a significant impact on the
acceptance of the final product (Milner et al., 2020).




lable [, L)m-,a-(:'r;:;.x"_/i*r;f;f the :'r_u_:_.\‘ff_n_u‘f'_rjf_u'.sjn_ruu_r{m'w

' ANSWEr/Score
NS el | . Score
l(;m stion ll:imulmlmn Information/Questions
Y PC uestion no, e —ee
— |l - = <18 y./18-30y, /3]
5 [ Consumer age | 50y./s1y,
T‘é e Primary school/
O 12 Education level Secondary schog),
E College/ Uuivcrsi[y
K - | Low/Medium/
2 13 Income leve Higher/Highest
14 Gender Male/Female
)] Do you read declaration on the e
S cookies’ packaging?
: Does your health condition require o
General Q2 e 5 Answer:
: special diet Yes/N
questions = e th es/No
Based on your opinion, does the
Q3 diet type affects the health
condition?
Q4 Is the cookies’ colour acceptable?
Q5 Is the cookies’ taste acceptable?
Q6 [s the cookies’ odour acceptable?
: : E— — Score from:
Specific [s the cookies purchasing price an Lt &
questions | Q7 important reason for the purchase 9 beine 1,' l
o 1€ highest
decision? 5 S
Would you by cookie with celery
QS8 root addition and include it In
regular diet?

The first part of the results obtained from the consumers’ questionnaire revealed
the socio-demographic characteristics of consumers, regarding consumers’ age,
level of education, income level, and gender.

Consumers were divided into 4 age groups: 1. Teenagers (under 18 years of
age) — 25 consumers, 2. Young people (18- 30 years of age) — 118 consumers, 3.
Middle-aged people (31— 50 years of age) — 176 consumers and 4. Older people
(over 50 years of age) — 108 consumers.

Consumers were divided into 4 groups based on the level of education: 1.
Primary school — 22 consumers, 2. Secondary school — 124 consumers, 3. College
— 48 consumers and 4. University — 233 consumers.

Consumers were divided into 4 groups based on income: 1. Low income — 96
consumers, 2. Medium income — 162 consumers. 3. Higher income — 127
consumers and 4. Highest income — 42 consumers.

Gender was divided into two groups: 1. Male - 210 consumers and 2. Female -
217 consumers,

Table 2 presents the processed results of consumer responses to the
q:[u,suc?nna:rc questions, based on which it can be seen that with the increase in age,
education level, and income level of consumers, there was also a statistically
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significant increase i the percentage of positive responses to the question FibOLIF
eading package labels. Younger respondents were not exposed (o hculth_ pmblc;ns
that would require a special diet, which changes and increases with the increasing
ace of the respondents. In the general population surveyed, a funa'll pcrccntagc of
consumers (20.69%) have a health condition that requires a special diet. /\. Iargc‘
pereentage ol respondents in all groups answered positively to the question ol
whether, in their opinion, the type of diet affects health.

Table 2. Consumer answers to the questions [rom the questionnaire

= Ql Q2 Q3 Q4 Q5 Q6 Q7 0%
Share of positive answers Consumers score
(%) (average value + standard deviation)
1024+ | 1.40+ | 74.61% | 7.80+ | 8.12+ | 7.86+ | 6.13+ | 4.86 +
o Bk 0.33* | 0.03* | 038 |0.12¢ | 008 | 023 |0.10" | 0.14*
s 43.16= | 11.15¢ | 91.05+ [ 7.94+ | 8.05+ | 7.74% | 4.33= | 6.40 =
w [ 1830 1 gs7¢ | 025t | 259 | 0.07¢ | 0.5 | 001 | 007° | 002
g 71.10+ | 27.46x | 8730+ | 7.25+ | 7.90+ | 7.52+ | 3.82+ | 791 =
2 3150 o069 |osii | 1320 | 009 |08 | 01224 | 0050 | 0230
S 80.30+ | 34.09+ | 90.82+ | 7.64= | 7.89+ | 730+ | S.15+ | 7.52 =
ol 1.058 | 0.18% | 0.47% | 0.05>¢ | 0.070 | 0.06® | 0.04¢ | 0.4
. 34.19+ | 16.50+ | 84.30+ | 7.83= | 8.05t | 791+ | 6.49= | 6.14 =
— 10000 [ 0239 | 0.75° | 0.09¢ | 0.132 | 0.10¢ | 0.098 | 0.02v
3 Middle | 60-01% | 18.15+ | 86.90+ | 7.90+ | 7.85+ | 7.31+ [ S58lx |577=
g | 0 [ 1619 007 | 1.76% | 0.05¢ |0.08 |0.11® | 009 | 010
3 Higher | SL18% | 25.99% | 85.97+ | 700+ 1809+ | 7.5t |560+ | 6.80=
E 0.768 | 0.43" [ 1.19%4 [ 0114 | 0212 | 0212 | 0.06¢ | 0.14¢
s 80.15+ | 30.11+ | 93.10+ | 7.39+ | 7.73= | 7.51& | 4.80+ | 7.66 =
5 1.828 | 0.74 | 2868 | 0.08% | 0240 | 0.072¢ | 0.12¢ | 0.132
T 41.05+ | 20.11+ | 85.00+ | 7.90+ | 8.09+ | 7.39+ | 5.10+ | 520+
2 0.99° | 0.16" | 0.78> | 0.08¢ | 0.16* | 0.11* | 0.07¢ | 0.07°
2 | Medium | 75-50% | 1949+ | 87.02+ | 7.75+ | 8.01= | 7.59+ | 486 | 6.80=
o 1.380 ] 0.28f | 2.20%¢ | 023« | 0.14* | 0.12%¢ | 0.07¢ | 0.10¢
5 | ighor | 81.90% [ 15.60% | 89.56+ | 7.50+ | 7.77+ | 7.62+ | 4.42= | 630+
2Bk 1.32¢ | 0.27¢ | 2.24c¢ | 0.12% | 0.06* | 0.07% | 0.04> | 0.11¢
The 79.90+ | 14,19+ | 9230+ | 741 | 7.97+ | 737+ | 3.96x | 7.29 +
highest | 2.478 | 0.29¢ | 2.48% | 0.11 | 0.07* | 0.11% [ 0.110 | 0.03%
5 | Male 60.10+ | 19.68+ | 86.70+ | 7.97= | 7.97+ | 7.60+ | 4.80= | 6.86 =
i 0.91¢ ] 049 | 0.70bc | 0.119 | 0.06* | 0.18%¢ | 0.05¢ 0.184%
S | Female | 6945+ | 21.93+ | 89.17+ | 7.80+ | 8.02+ | 749+ | 529+ | 7.23+
1.05¢ | 0.418 | 0.74%¢ | 0.13%¢ | 0.14* | 0.08+¢ | 0.06¢ | 0.03¢
Total in all [ 6431 | 20.69% | 87.81% | 7.89= | 7.99= | 7.55¢ | 5.02¢ | 7.03=
_BToups 0.97 0.45 0.72 0.12 0.10 0.14 0.05 0.11

" Different letters in superscript of the same tab

e column indicate the

Statistically significant difference between values, at a level of significance of p <
0.05 (based on post-hoc Tukey HSD test)

The answers (o specific questions about the acceptability of cookies' colour,
laste, and smell with dehydrated celery (Q4-Q6) were very high (close to the
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naximum score of 9), The colour of the biscuits was highly rated by all Cons
(from 7.25 to 7.94 of maximal 9), while somewhat lower ratings were rccbr;ju-m?rh
middle-aged consumers with a high level of education and the highest income% or
The difference between consumers’ gender acceptability of (he Cookigg’ c:cL|VCL
scores was statistically insignificant. The taste of the cookies was better ralcjl{Jur
the younger, less educated, and less-income population, However, 3] Scoreg :4 :
very similar, and very high (from 7.73 to 8.12 of maximal 9)- higher e
cookies’ colour scores. As in the case of a previous specific question, fep,
consumers gave statistically insignificantly higher scores for the Cookies’ m:’t.(:
than male consumers. Responses to the cookies’ odour scoring followe( the sz;:tL:
trends as in case of the cookies’ taste scoring, in all tested consumer groups. Su?-t:
values ranged from 7.15 to 7.86 of maximal 9. &
The price of cookies with dehydrated celery root was rated moderate g4
marked as a more important parameter when purchasing in YOUnger populations
with lower education and income levels. The answer to the last question, whethc;
consumers would buy cookies with dehydrated celery root and include them in thej,
regular diet, showed a high level of positive attitude towards the presented new
product, among all tested consumers (average score between all groups of 7.03 of
maximal 9). The older population, of higher education and income levels gave
statistically significantly higher scores to this most Important question regarding
cookies acceptability. As in all previous cases, female consumers gave statistically
insignificantly higher scores of cookies acceptability than male consumers

han

cally

CONCLUSION

From the presented results it can be concluded that consumers across all socio-
demographic gropus were well aware of the significance of product declarations
and the interaction between diet and health, though few had specific dietary needs.
The newly proposed product's colour, taste and odour were widely accepted.

Results of consumers’ acceptability evaluation showed high appreciation of
cookies with dehydrated celery root sensory characteristics by large group (427) of
randomly selected consumers. Consumers showed a hi gh positive attitude towards
presented new product and indicated on its’ high potential for market acceptability.
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Jlp Barajguninp Muwimmosuh'; JIp Jesena (I‘)HJIHIIOH;{hZ,
Jip Musnna Huherun', JIp Muitenko Kmny'l'ul: ,
Jlp Upuna Banosuh?’, JIp JIparan Kusanuen
'Vausepsurer y Hosom Cany, Texnonomiu hakiyrer,
by, napa Jlazapa |, Hosu Can, Cp6uja
*Yuusepsurer y Hosom Cany, Hayunn uricturyT 3a npcxpumﬁicn@ TCXHOJIOIH]e,
by, uapa Jlazapa |, Hosu Caju, Cpbuja |
TMreTuTyT 3a parapeTso u rmoBpTapeTBo, MHCTUTYT 011 HALMOHAIHOT '5\”21‘4&{]21 7
Perrybmnky Cpbujy, Maxcuma ['opkor 30, Hosu Can, Peny6anxa Cp6uja

UCIIUTUBAILE CTABOBA ITIOTPOIIIAYA
Y BE3U HOBE BPCTE KEKC [TIPOU3BO/IA
CA TIOAATKOM JEXUJIUPAHOI KOPEHA IEJIEPA

ANICTPAKT

3a noTpede OBOr HCTPAXMKMBAILA NIPOU3BEICHA Je HOBO (popMy.HcaHa BpCTa Kekca ca
3ameHom 20% mweHHaHOr OpauHa ¢a 0CMOTCKH ACXUAPUPAHUM W JIMO(DUIH3OBAHHU M
KOPEHOM Lesiepa, Kako OW ce uenuTaNu CTABOBH MOTPOWIaYa Yy BE3H ILErose
[IPHXBATILHBOCTH. boja, ykyc 1 MupHc kekca GHin Cy Wnpoko npuxsahenn Mely rpymom
OX 427 HWacyMHYHO ojabpaHHX moTponrada. Muahu norpomaun, ca HIDKHM HHBOOM
obpa3oBama U NpUXOAa, OLHEHMIH tY LCHY HOBOT IIPOU3BOJIA Ka0 YMEPEHO BaXKHY, i U
JldJbe Kao 3Ha4ajaH (pakTop Inpw JAIOHOIICHY OJUTYKE O KynoBHHH. Jlo6ujenn pesynratu 3a

HPHXBATIEHBOCT [I0TPOIIAYa HOBE BPCTE NPOH3BOJIA KEKCa, yKasy|y Ha BEJIMKH ITOTEHITH]al
3d YCTIEX Ha TPXKHINTY.

Kibyune peun: xexe, kopen HCJICpa, CTABOBH NOTPOILAYA, OCMOTCKA AEXHApPA-
Taluja, nnodunusanuja, Menaca iehepue perne.
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ABSTRACT

Celery (Apium graveoiens L.) is an aromatic vegetable, a member of the Apiaceae family. Celery is a
globally cultivated vegetable. Celery root is rich in dietary fibre, mineral elements, vitamins and
essential oils and, as such, has health benefits. Celery root has few calories, it can be consumed raw
or treated.There are different dehydration methods used to preserve plant material, such as
convective, lyophilisation and combined dehydration methods. Convective dehydration s
characterized by a high temperature which influences the sensory and nutritional characteristics of the
product. The lyophilisation method preserves the nutritional and sensory characteristics of products,
but it involves increased process costs and longer dehydration times. The combined dehydration
method consists of osmotic dehydration in molasses and lyophilisation as a successive dehydration
phase. This study aims to investigate the effect of different dehydration methods on the chemical and
mineral composition of the celery root. The significant differences between different methods of
draying of celery root are confirmed by the application of post-hoc Tukey's HSD test at a 95%
confidence limit. The calculation of Z-Score Analysis, based on chemical and mineral parameters,
points out the best score of celery root dehydration by the combined method, obtaining 91.67%, while
celery lyophilisation and convective dehydration obtained only 15.67% and 7.60% of maximal score
values, respectively. '

Keywords: dehydration methods, chemical composition, mineral composition, celery root

INTRODUCTION

The Apiaceae family, also known as the Umbeliiferae family, is a significant and diverse
family of flowering plants. It encompasses approximately 3780 species distributed across
434 genera. This family is globally widespread, with members commonly found in tropical
high-altitude regions and the northern temperate zones. Onions, celery, and kale are rich
sources of various health-promoting compounds. Scientific research has highlighted several
bioactive compounds in these vegetables, contributing 1o their health benefits, particularly
their antioxidant properties. A good deal of scientific articles have found that onions, celery,
and kale are good sources of health-promoting compounds, i.e. apiin, apigenin, rutin, oleic
acid, pantathenic acid, a-linolenic acid, succinate, vitamin E (Liu et al, 2020) glycosides of
quercetin, kaempferol, coumaric acid, ferulic acid, sinapic acid, coffee acid (Olsen, Aaby &
Borge, 2009), and have high antioxidant capacity (Liu et al., 2020, Krecisz et. al 2023).

Celery (Apium graveolens L.} is an aromatic vegetable, a member of the family Apiaceae.
Celery is a globally cultivated vegetable with three botanical varieties: var. Rapaceum,
known as ‘celeriac’ with a large root tuber (popular in Europe}; var duice, forming a crisp
stalk (popular in the USA and Western Europe); and var. secalinum (Asia) (Bruznican, De
Clercq, Eeckhaut, Van Huylenbroeck, & Geelen, 2020). Celery root which has low calories
can be consumed either raw or cooked (Kian-Pour 2023). In recent times, there is a growing
emphasis on enhancing the utilization of secondary products from the food industry, such as
sugar beet molasses. These by-products are valuable sources of natural antioxidants,
minerals, and other functional ingredients. They can be effectively used to enrich food
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products, thereby increasing their nutritional value and contributing to more sustainable food
production practices.

Besides changes in the attractiveness and quality of food after dehydration, another major
disadvantage of dehydration in the food industry is its high cost (Baysan et al. 2024).

In every technological process, it is very important to accurately define the production
parameters of the process to achieve a good and consistent product quality while minimizing
the loss of nutritional and functional propetrties of the raw materials (Kosuti¢ 2016, Kosutic et
all 2018), where combined dehydration method of peach was characterized by upgraded
overall dehydration effectiveness, reduced time and energy consumption, and enhanced
chemical and mineral matter content of dehydrated peach samples (Filipovic et al., 2022a),
indicating the research path for the celery root dehydration.

This study aims to investigate the effect of different dehydration methods on the chemical
and mineral composition of the celery root. The findings are expected to guide the food
processing industry in selecting the best dehydration technique to produce high-quality dried
celery root with maximum health benefits and desirable physical properties.

MATERIAL AND METHODS

Material

Fresh celery root {(Apium graveolens L. var. rapaceum, Alabaster variety)} was sourced from
a local greengrocery in Novi Sad, Serbia. The celery root had an average dry matter content
of 9.05%. Sugar beet molasses, used as an osmotic solution in the osmotic pre-treatment
process, was obtained from a sugar factory in Crvenka, Serbia, and had an average dry
matter content of 86.04%.

Convective Dehydration

Diced celery samples were subjected to convective dehydration using the following
procedure: Dehydration Process: The samples were dried to a constant mass in a dryer
{Instrumentaria, Zagreb, Croatia) set at 50°C (Krecisz et al., 2023; Mari¢ et al., 2020).

. @rinding: Once dehydrated, the samples were pulverized using a universal laboratory mill,
type: WZ-1 (solem, ZBPP, Bydgoszcz, Poland), to obtain convectively dried celery root
powder.

Lyophilisation

Fresh samples of diced celery were processed using the following lyophilisation procedure;
Freezing: The diced celery samples were frozen for at least 24 hours at -30°C.
Lyophilisation: The frozen samples were placed on metal trays in a freeze-dryer (Christ
ALPHA1-2 LDPLUS, Osterode am Harz, Germany). The lyophilisation parameters were set
as follows: absolute pressure: 1.6 Pa, condenser temperature; -57°C, duration: 48 hours,
Duration of the lyophilization process was determined on the basis of previous tests, where
the chosen process duration produced dehydrated products without water content.
Grinding: After lyophilisation, the samples were ground using a universal laboratory
milltype; WZ-1 (solem, ZBPP, Bydgoszcz, Poland).

Combined Method of Dehydration

The combined method of dehydrating celery root was executed in two stages: osmotic
dehydration followed by lyophilisation. Here are the detailed steps:

Preparation of Celery Root: fresh celery root was washed with running tap water, dried
with paper towels, peeled, and cut into cubes approximately 1 cmx 1 cm x 1 cm.

Osmaotic Dehydration: the celery cubes were immersed in vessels filled with molasses
(molasses content as described in Loncar et al., (2021)) at a ratio of 1:5 (dehydrating
material to osmotic solution) to prevent excessive dilution of the molasses and slow down
the process kinetics. This process took place over 5 hours at atmospheric pressure in a




thermostatic chamber (Memmert IN160, Schwabach, Germany), with the temperature set
and maintained at 20°C.

Post-Osmotic Treatment: after 5 hours, the osmotically treated celery samples were
separated from the molasses and washed with running water to remove excess solution
from the surface of the cubes, The samples were then blotted with paper towels to remove
excessive water,

Freezing: the osmotically dehydrated celery samples were frozen and stored at -30°C for 24
hours.

Lyophilisation: the frozen samples were subjected to lyophilisation using the device Christ
ALPHA1-2 LDPLUS (Osterode am Harz, Germany). The lyophilisation parameters were set
to a absolute pressure of 1.6 Pa, a condenser temperature of -57°C, and process duration of
24 hours,

Post-Lyophilisation Processing: after lyophilisation, the dehydrated samples were finely
ground into a powder of uniform particle size using a universal laboratory mill, type: WZ-1
(solem, ZBPP, Bydgoszcz, Poland).

Chemical analysis :

Proximate chemical composition of cookie samples was conducted according to AOAC
(Horowitz, 2019) standard methods: protein content (method No. 850.36), starch content
(method No. 996.11), total sugars content (method No. 2020.07), cellulose content (method
No. 973.18), lipid content (method No. 935.38) and ash content (method Ne. 930.22). Each
measurement was performed in three replications.

Minerals analysis

The mineral content of potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn)
and copper (Cu) of the cookies was determined in accordance to the standard methods of
ACAC (Horowitz, 2019). Minerals were determined by atomic absorption spectrophotometry
(method No. 984.27) on a Varian Specira AA 10 (Varian Techtron Pty Ltd., Mulgvare Vic-
toria, Australia). Each measurement was performed in three repetitions,

Methods of Statistical Analysis

Analysis of Variance

Analysis of variance ({ANOVA) was applied in order of determinating the variations statistical
significance on the set of all cookies’ samples tested quality responses. ANOVA analysis
was performed by using STATISTICA 12.0 software (2013), (StatSoft Europe, Hamburg,
Germany).

Z-Score Analysis

In the Z-Score anzalysis min-max normalization is used for samples’ different response
values. They are recalculated and presented in a new dimensionless unit system, with the
effort of comparisons and further mathematical calculations of different cookie samples’
quality responses (SzarekK et al., 2024).

The maximal obtained value of total Z-score values indicates on the optimum value of all
segment Z-scores mathematically combined in defined manner, pointing at the optimal
combination of all tested quality parameters.

The calculation of individual segment Z-scores is as following:

Cookie samples’ fechnological quality segment Z-score:

T (ki
Sii — k 1(kaa.x kain) (1)

12
where x, are; Proteins, Starch, Total sugars, Celullose, Lipids, Ash, Zn, Cu, Mg, Ca, Fe and
K

m.ax [Si}—optimum (2)

23




Z-score values were calculated using Microsoft Excel ver. 2016. (Microsoft Corporation,
Redmond, WA, USA).

RESULTS AND DISCUSSION

Tables 1 and 2 present the results of the nutritive composition of celery dehydrated by
different methods: convective dehydration, lyophilization, and a combined method (osmotic
dehydration and lyophilization).

From the results presented in Table 1, it can be seen that celery dried by the combined
method (O.D.+L.) has a statistically significantly higher content of proteins, total sugars, and
ash, but a lower content of cellulose and lipids compared to celery samples dried by the
convective method (C.D.) and Iyophilization (L.).

Table 1. Dehydrated celery root chemical composition

Total

. Proteins  Starch Cellulose Lipids Ash
Sample: (% dm.) (% dm.) ({?/:garf) (%dm) (%dm) (%dm)
cpr 104t 085% 525% 264 + 030+ 081t

- 0.04* 0.08° 0.15° 0.09° 0.01° 0.03°
L 131+ 101+ 531+ 2711 030 079t
. 0.05" 0.05° 0.09° 0.05° 0.01 0.02°
O.D.+L " 436+ 104 2499+ 157% 026t 497+

0.19° 003° 000" 0.04° 0.00° 0.49°

* Convectively dehydrated, pulverized, celery root

** 1 yophilizated, pulverized, celery root

*** Osmaotically dehydrated and lyophilizated, pulverized, celery root

Results are shown as average value t standard deviation of six replications

7 Different letters in superscript of the same table column indicate the statistically significant difference
between values at a levet of significance of p < 0.05 (based on post-hoc Tukey HSD test)

The mineral composition of celery dehydrated by different methods is presented in Table 2.
Celery dehydrated by the combined method (O.D.+L.) has a statistically significantly higher
mineral content in terms of K, Mg, Ca, Fe, Zn, and Cu compared to celery dehydrated by the
convective method and lyophilization. During osmotic dehydration stage of the combined
method, secondary mass transfer — uptake of the solid from the osmotic solution (sugar beet
molasses) in the dehydrating material (celery root) occurs, affecting the change of chemical
and mineral content of celery root dry matter (Filipovi¢ et al., 2022b). Obtained results in this
research also shows the increase of mineral matter content due to dry matter increase from
the mineral-rich molasses during the osmotic dehydration stage of the process.

Table 2. Dehydrated celery root mineral content
K Mg Ca Fe Zn Cu
Sample: {mg/M100g (mg/100  (mg/100 (mg/100 (mg/100 (mg/100
d.m.) gdm) gdm) gdm) gdm) gdm.)
30843+ 2313+ 7308 078% 071z 051+

C.D. 0.94° 0.11° 021 003 002 002
L 309.75+ 2394+ 7394% 079+ 074+ 052%

: 1.05° 0.24° 0.34° 0.02° 0.04*®  0.00°
OD.AL. 1825.74+ 4274+ 12049 539+ 135% 0.84+

20.16" 1.75° #1558 075 0.15° 0.03°

Results are shown as average value t standard deviation of six replications

" Ditferent letlers in superscript of the same table column indicate the statistically significant difference
between values at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)
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Table 3. Z-Score values of dehydrated celery root
Z-Score values

Sample: (%)
C.D. 7.60
L. 15.66
Q.D.+L. 91.67

The results of Z-Scote analysis, table 3, showed that convectively dehydrated, lyophilized
and combined dehydrated celery root obtained: 7.60, 15.66 and 91.67% of total quality,
respectively.

CONCLUSIONS

The significant differences between different methods of drying of celery root are confirmed
by the application of post-hoc Tukey's HSD test at a 95% confidence lmit. Osmotic
dehydration stage in the combined dehydration method, influenced mineral mater content
increase, due to the molasses content influx into the dehydrating celery root material. The
calculation of Z-Score Analysis, based on chemical and mineral parameters, points out the
best score of celery root dehydration by the combined method, obtaining 91.67%, while
celery lyophilisation and convective dehydration obtained only 15.67% and 7.60% of
maximal score values, respectively. Presented data suggests that the combined dehydration
method is far superior in retaining celery root's desired chemical and mineral properties
compared to lyophilisation and convective dehydration.
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PREDMET: Molba za davanje saglasnosti za predlozenu kategorizaciju tehnickog resenja

Tehnicko reSenje "Slani keks sa dehidriranim celerom" je nov proizvod koji se proizvodi u
pogonu d.o.o Korni u Baru na teritoriji Republike Crne Gore.

Predlaze se kategorija Novo tehnicko resenje primenjeno na medunarodnom nivou M81 jer
sadrzi sve neophodne elemente: dokaz o koris¢enju novog proizvoda na medunarodnom
nivou, ugovor o prodaji tehni¢kog resenja.

Autori tehni¢kog reSenja su: dr Jelena Filipovi¢, dr Milenko Kosutié¢, dr Milica Nicetin, dr

Vladimir Filipovi¢, dr Ivica Balovi¢, dr Goran Trivan, dr Dragica Stankovic.

Novi Sad, 14.10.2024. Podnosilac zahteva

Dr Jelena Filipovi¢, nauc¢ni savetnik
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Nauéni institut za prehrambene tehnologije u Novom Sadu
Broj: 2/1-3/6-1

Dana: 28. 10. 2024.

Izvod iz Zapisnika sa Kkonstitutivne sednice Naucnog veca Naulnog instituta za
prehrambene tehnologije u Novom Sadu (u daljem tekstu Institut), koja je odrZana
28. oktobra 2024. u prostorijama Edu centra na Ill spratu u 9 ¢asova.

nepotrebno izostavljeno

Ad VI

Nauéno veée Naucnog instituta za prehrambene tehnologije u Novom Sadu na
konstitutivnoj sednici odrzanoj dana 28, 10. 2024. godine donosi

ODLUKU

NV Instituta daje saglasnost za predloZenu kategorizaciju M81 tehnickog resenja pod

nazivom: "Slani keks sa dehidriranim celerom".
Autori tehni¢kog resenja: dr Jelena Filipovi¢, dr Milenko Kosuti¢, dr Milica Nicetin, dr
Vladimir Filipovié¢, dr Ivica Palovi¢, dr Goran Trivan, dr Dragica Stankovié.
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