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Y emammi docniooceno xKinemuxy cywinHs Qonamoemicnoi KoMOIHO8AHOT CUPOBUHU, A camMe CYMIuL HA OCHOBL WNUHAMY,
KpONY, NempywKu ma cymiuli Ha 0CHOBI CMpYyuKo8oi Keaconi ma 3enenoi yubyni. Busnaueno, wjo 015 3He600HeH s PoNamMOBMICHOT
CUPOBUHU OOYINILHO 3ACOCOBYBAMU He GUCOKT MeMNepamypu CyWinHsa, 0Jis 30epedtcents AKICHUX Xapakmepucmux mamepiay.

The article investigates the kinetics of drying folate-containing combined raw materials, namely a mixture based on spinach,
dill, parsley, and a mixture based on green beans and green onions. It has been determined that it is advisable to use low drying
temperatures for the dehydration of folate-containing raw materials in order to preserve the quality characteristics of the material.

bion. 38, puc. 5.
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U — BOJIOTOBMICT, KT BOJI./KT CyX.pEUOB.;
T—y4ac, XB;
V — WIBUIKICTH TEIJIOHOCIS, M/C;

Bcemyn

Ilocmanoexa npoonemu. 3 KOXKHUM POKOM Yy CBITi IPH
nepepoOLii POCIMHHOT CUPOBHHU aKTyaJbHHUM € SIK 30epe-
JKEHHSI MOKUBHUX PEYOBUH Ta CHEPropecypciB.

3araiom OBOYi € OCHOBHHM TPOIYKTOM Xap4yBaHHS,
OCKIJIbKM BOHHU 0arari Ha KJIITKOBHHY, MiHEpaJld, BiTaMiHH
Ta aHTHOKcHIaHTH [1]. OBoui MaroTh Oararo mepeBar
JUI CIIOKMBaya, 30KpeMa BOHU CIIyKaThb EKCIEPTaMHu Y
Oydepu3artii KUCJIOTH, 1110 YTBOPIOETHCSI ITiJ] YaC TPABJICHHS
[2]. [IpoBeneHi AOCHIIKSHHS TTOKa3yBaJH, 10 3€JICHI OBOYI
MOXYTb 3aXHUIIATH, JOIOMAraTu 3ano0iraTu yTBOPEeHHIO Ta
3HIDKYBATH 3aXBOPIOBaHICTh Ha pak paky [3]. [Ipu mpomy
0BOUI SIK1 MICTSATB y c001 (posaT HeoOXiAH1 )11 HOPMaIbHO-
T'O POCTY Ta 30POB's JIIOAWHH MIPOTATOM yYChOTO YKUTTEBOTO
nukiy [4].

®dosaTi MarOTh BUpIMIATbHE 3HAYCHHS JUTS KHUTTS, SK
KOMITOHEHT 1 KaTaji3arop BaKJIMBHX O10XIMITHHX peaKIlii,
30KpeMa, i 0COOJMMBO 3aBISKW CBOIW IEHTpAIbHIM poii B
MeTaboumizmi HykieoTu B ais cuatesy JIHK ta mporecax
METHIIFOBaHHS [5, 6].

®dosar — 11e BOAOPO3UMHHUIN BiTaMiH rpynu B, sikuit
BiJIITpa€ JKUTTEBO BAXKIIUBY POJIb Y POCTI Ta PO3BUTKY KIIITHH
[7, 8]. ¥ cBoiii npupomHiii dhopmi (onar HecTabLILHUI
npu 30epiraHHi Ta MPUTOTYBaHHI ki [9], mpu mboMy came

t — TemrepaTypa TertoHocis, °C;
0 — TOBIIHA TITAPY, MM;
N — MBUAKICT CYMIiHHA, %/XB.

(omieBa kucmora ctabinpHa [9 - 11] Ta BUKOPHCTOBYETHCS
SK go0aBKa Ta 11sl 30aradeHHst IPOAYKTIB XapuyBaHHSI.

Ha3eu ¢omieBoi kucnoru abo Qonary moxomsts Bif
JIATUHCHKOTO CJIOBA folium, 1m0 o3Hadae «mmct» [12, 13].
Brepiie #oro Oyino By IiIeHOT 3 IMcTs mmuHaTy B 1941 pori
[13, 14].

dormieBa kucaoTa — e popma Qorary, ska TPUPOTHIM
YUHOM HPUCYTHS Yy BHCOKHMX KOHIIEHTPALisX y JHCTOBUX
OBOYax, TAKHUX 5K 0BOUi (ILMHUHAT, cajart, Karmycra, OpoKoi,
criapika, TOMaTH, HUOYIIsI-TIOpeH, uepeMiIiia, 3eeHa HuoyIs),
(pykrax, 0000BUX (CTpydYKOBa KBACOJs, KBACOJIs, TOPOX,
COYEBHIIA), TOpiXaX, IPiKIKaX, Tpudax Ta TBAPUHHUX TIPO-
nykrax [15].

Ananiz ocmannix oocnioxycens i nyonikayin. 11lnu-
Hat (Spinacia oleracea L.) — onHOpiYHA JIMCTOBA 3€JICHA
pOCTvHa, SIKa B OCHOBHOMY ITOXOJHUTbH 3 LIEHTPAIBHOI 4a-
ctuan A3ii Ta Ipany [16]. IUnunar (Spinacia oleracea L.)
HAJEeXUTh N0 psAxy TBo3aukoBux (Caryophyllales) pomu-
HU amMapaHTOBHUX (Amaranthaceae), € HU3BKOKAJIOPITHIM
MPOIYKTOM, OaraTUM Ha TIOKMBHI PEUOBHMHH, KOPHUCHI
Uit opranismy JromuHu [17]. Jlucts wmmuuary Oara-
Te Ha OeTa-kapotuH (mpoBiTamiH A), (GOJIEBY KHCIOTY
(Bitamiam A, C), minepanbHi pedoBuHU (Pocdop, HATPiH i
Kalliil) Ta Xap4oBi BOJIOKHA, BOHO TaKOX BHU3HAHE I[IHHUM
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XapYOBUM JDKEPEIOM aHTUOKCUJIAHTIB, MalOuM Ha 3BUYAii-
HO BucoKy ORAC (31aTHiCTh MOTIMHATH KUCHEBI pajiuKa-
) [18 - 20].

CrpyukoBa KBacoss ado 3ejieHa KBacoJs — 11e MOJIOJ],
HE3p1JTi 10K Pi3HUX cOpTiB 3BMYaiiHOi kBacoui (Phaseolus
vulgaris ) [21]. 3emena kBacomnsi Bigpi3HSETbCSA Bin Oara-
THOX IHIITUX COPTIB KBAcCOJII THM, IO ii 30MParOTh Ta BKH-
BalOTh Pa3oM 31 CTpydYKaMH, IO i BKPHUBAIOTh, 10 TOTO, K
HaciHHS BCepeauHi MoBHICTIO mo3pie [21]. Cupa cTpydkoBa
kBacoss Ha 90% ckiagaerbes 3 Boau, 7% ByreBoniB, 2%
Oinka 1 MiCTUTh HE3HAYHY KibKIicTh kupy . Y 100 rpamax
(3,5 yHmii) 6a30B01 KITBKOCTI cHpa 3eJieHa KBacolls MiCTHTb
31 xanopito 1 € momipHuM mxepesioM (amianasoH 10-19%
no6oBoi Hopmu ) Bitaminy C, Biraminy K, Bitaminy B6 i
Maprasiiio, a TakoX 0araTuM Ha (oJIi€BY KUCIOTY (BiTaMiH
B9) [21, 22].

InuHAaT i cTpyYKOBa KBAcoIsl — 1€ POCIIMHU, SIKi IIBH/I-
KO TICYEThCS Micisl 300py BPOXKAKO Ta CIIOKUBAETHCSI JIHIIIE B
CE€30H BUPOIILYBaHHs. IX 4acTO MPONAIOTh KOHCEPBOBAHUMHU
a00 3aMOPOKECHUMH.

CylniHHS — 1€ OJMH 13 METOIIB 30€piraHHs, SKHUi
JIO3BOJISIE TIPOJOBKUTH TEPMIiH CIIO)KUBAHHS POCIMHHOI
CHUPOBUHHM, 30epirarodd NpU IHOMY BMICT BiTaMiHIB Ta
3armo0iraroun pocTy Ta BUPOOJIECHHIO MIKPOOPTaHI3MiB, IO
CTIPUYHHSIOTH THUTTS [23 - 25].

[Ipu cymriHHI maHOI CHUPOBHMHH MOXIIMBO 3aCOBYBa-
TH pi3HI METOAM, a caMe KOHBEKTWBHHWH, CyOmimMamiiHui,
MIKpOXBWJIBOBUH, PO3IMUIIO-BalibHE Ta Pi3HI KOMOiIHOBaHi
Metoau [26 - 28]. Bci HasgBHI METOM MaloTh SIK TIepeBaru
Tak 1 Hegomiku. [Ipyu 1bOMy KOHBEKTHBHE CYILIiHHS TaKOX
Mae CBOi HEJOMIKH, Ha SIKI MOKHA BIUTMHYTH 32 JOTIOMOTOIO
nornepeanboi 0OpoOKK Marepially, CTBOPEHHSI KOMOiHAIii
Ta BUKOPUCTAHHS KOMOIHOBaHMX Ta CTYIIEHEBHX PEKUMIB.

Jus  crabimizanii  ¢ornariB  pOCIMHHY CHPOBUHY
MOTPIOHO TIOEJHYBATU 13 CHUPOBUHOIK, KA Ma€ BUCOKHIA
BMicT BiTaminy C [29].

Kpin (Anethum graveolens L.) — 11e 1McTOBa OBOYEBa
KYJIBTYpa, M0 TOXOAUTh 3 IMBACHHOI €BPOMH Ta 3aXigHOT
A3ii, 1 pocTe K quKopocia pociuHa B Cepea3eMHOMOPCh-
KOMY peTioHi, Ae Oyia BijiomMa IIe cTapoJaBHIM T'peKaMm Ta
pumistHaM [30]. 3eeHp KpoIy MICTHTh BETHKY KUIBKICTh
Bitaminy C, takox Bitamiam B, B1, P, PP, kaporun, comi
KaJbIlito, Kalito, 3aii3a, Gocdopy, HIKOTHHOBY 1 (omieBy
KHCIIOTH, OIIKH, BYTJIEBOIHU, PYTHH, (IaBOHOIIM (KBeplle-
THH, 130paMHETHH, keMIihepoi), GpiToHImaM 1 edipHy odito,
KOMIIOHEHTaMH KO € KapBOH, (hetanapeH i 1iMoneH [31].

[erpymika (Petroselinum crispum Mill.) — nonynspauit
OBOY ponuHH Apiaceae, 10 TOXOAMUTH 3 MiBJEHHO-3aX1THOT

€Bporn Ta 3axigHoi A3ii. IleTpymka — mikapchka Tpasa,
sIKa IIUPOKO BUKOPUCTOBY€eTheA B CepenzeMHOMOP'T MOHaL
2000 poxiB. Hapasi i BHpONIyIOTH y BCHOMY CBIiTi SK
KymiHapHy cremito [32, 33]. Ilerpymka € mxepenom
(IaBOHOIIB Ta AHTHOKCHIAHTIB, OCOOJHMBO JIIOTEONIHY,
amireHiny, ¢onary, siraminy K, Bitaminy C Ta Bitaminy A
[34].

3enena MOyl — 1€ ICTiBHI OBOYi Pi3HUX BUAIB POLY
Allium. 3enena uuOyns 3a3BUuail Mae M’ SIKIIMKA CMakK, HIX
OUTBLIICT BUAIB IOy, 3esieHa U0yl Ma€ JIOBIe, HIXKHE
3eneHe cTe0o, Oiie OuIst KopeHs. Y Hel HeMae UOYJIUHH,
1 BOHA Ma€ M’sIKHid, COJIOKUE 1uOyneBuii cMak [35]. 3ene-
Ha 1Oy MIiCTATh OUTKU, BYIJICBOJAM, KIITKOBUHY, MEKTH-
HU, a Takox BiTaminu A, C, E, BiTaminu rpynu B, kapoTus.
Taxoxx Oarara 3emeHa mHOyNsT HAa MIKPOEJIEMEHTH: Kalii,
KaIbIlii, MarHii, Gocdop, 3aimizo [36].

st crabimizarii gonariB 10 MIMMHHATY AOAAEMO KPiIT
Ta METPYIIKY, a I0 CTPYYKOBOI KBAcOIi 3eNeHy IHOYITTo, SKi
MICTSTH Y cO01 BENTUKY KiNTbKiCTh BiTaMiny C.

Memor pobomu € NOCTIKEHHS KIHETHKH CYIIiHHS
(honmaroBMiCHOT KOMOIHOBAaHOI CHPOBHHHU, a caMe CyMIIlll Ha
OCHOBi LINMUHATY, KPOITy, METPYIIKH Ta CyMillli Ha OCHOBI
CTPYYKOBOi KBacoJli Ta 3e1eHoi HuOyIi.

Mamepianu ma memoou 0ocnioricens

Hnst mocnmijykeHb BUKOPUCTOBYBAlW IINMHHAT, KPill,
NEeTPYIIKY, CTPYUYKOBY KBacoio, 3eieHy uuOymto. [lepen
CYIIIHHSIM CTPYYKOBY KBAcCOJIIO, IIMUHAT, KPIiIl, METPYIIKY
Ta 3eJeHy HUOYJI0 BiJIOBIAHO A0 JITEPaTYpHUX JAHHX,
000B’s13k0BO ONaHITYIOTh. Llih OnanTyBaHHS — 301BIIUTH
€JTACTUYHICTh TUIO/IOBOI TKAHWHH, iIHAKTHBYBAaTH (DEPMEHTH,
T IBUIITUTH TPOHUKHICTH 30BHINIHIX ITApiB IUIOTY, BHIAIH-
TH TIOBITPS 13 TKaHUH [29].

Buxonsam 3 ocobnmuBocTeil oaaToBMiCHOT CHPOBHHH
CTPYUYKOBY KBAacoJil0 OJIAaHIIYBajaW HPU M SIKUX PEXHUMax
nipu Temreparypi 85 - 90°C na nporssi 2 xB. LlnuHar, kpim,
NETPYLIKY Ta 3eJieHy LMOYII0 3aMOYyBajH y BOJI 33 TEM-
neparypu 20 — 25°C nporsrom 10 - 15 xBunun. IIpu Takux
peKUMax BifOyBarOThCS MiHIMANbHI BTpaTH BiTaMiHIB Ta
1HIINX O10JIOTIYHO AaKTUBHUX PEYOBHH.

[licns GnaHuIyBaHHS OO CTPYYKOBOI KBACOIMi JOAAEMO
3eJeHy HUOyI0 y criBBigHOMmICHH] 2 : 1 ans crabumizarii
¢onariB. Ta 00’eaHyeMO MIMUHAT, Kpill Ta NETPYLIKY Y
crmiBBigHomenHi 1:0,5:0,5 3amimyroun Ta 3aJIMIIAI04YM HA
10-15 xBuiuH s cradumizanii.

JocmipkeHHs KIHeTUKY CYIIIHHS Marepiaiy MpoBO/IU-
JIM Ha EKCIIEPUMEHTAIEHOMY KOHBEKTUBHOMY CTEH/II, SIKUI
oOagHaHUi aBTOMAaTUYHOIO CHCTEMOIO 300py Ta 00poOKH
iHdopmarii [37].
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Bororicts MaTepiany 1Mo BiIHOIIEHHIO O Mach CyXoi
PEYOBHHHM PO3PaXOBYETHCA 3a (hopMyIoro, Yo:

="27M3 100

mz—my

WC

Jie m, — Maca MOPOKHBOI OIOKCH (3 KPHILIKOIO), I'; 711, — Maca
OFOKCH 3 HABAXKKOKO JIO CYIIIHHS, I'; 7, — Maca OIOKCH 3 Ha-
BaYKKOFO TICJISI CYIIIiHHS, T.

SIK1110 BOJIOTiCTH MaTepiary BiIHOCHO MacH CyXoi pedo-
BHHU BUPA3HUTH B KT BOJL./KT C.p., TO OTPUMAEMO BOI0208MICHI
(nuroMuii MacoBMicT) Marepiany [35]:

m; — M3

u =
ms —my

[IBuaKiCTh CYIIIHHS BU3HAYAETHCS, Y0/XB:

aw du
=—=—-100
dt dt >

1€ T — Yac CyLIiHHS, XB.

Pesynomamu
JlociKeHHsl ITUHATY, KPOITY, MEeTPYIIKHA Ta CyMiIli
Ha iX OCHOBI MPOBOAWIM 3a peXHMOM cymriHHA 55 °C,
BUAKICTIO TertoHocis 3,0 m/c. CyuriHHS TPOBOIWIN 10
BoJIOTOCTI Marepiany 7+2%.
Ha puc. 1 moka3aHo 3MiHM BOJIOTOBMICTY Ta TeMIIe-

18

16

— —
2 +

—
=1

BoaorosmicT (u), Kr BO/KT ¢.p.
(=2 oo

0 20 40 60 80 100

parypu B IIapi MpHU CYyNIiHHI IITIMHATY, KPOIMY, METPYIIKH
Ta cymimni Ha iX OCHOBi. Sk BHIHO 3 puc. 1 TpuBaIiCTH
CYIIIHHS Y TaHUX OBOYiB 3HAXOMUTHCS B Mexkax 180-200xa,
NpY [IbOMY MalO4H Pi3Hi BOJIOTOCTI.

Sk BugHO 3 pHUC. 1 Y CTBOPEHOI CyMiIlli BOJIOTICTH Ta
TPHUBAJICTh HAONMKAETHCA N0 METPYLIKH, NPH IBOMY K
BKA3aHO BUIIIE B CITIBBITHOIICHHI OLIBIIE IITTHHATY.

Ha puc. 2 npezncrapneHo 3MiHa MIBHUAKOCTI CYIIiHHIO
CyMillli Ha OCHOBI IITIMHATY, KPOIy Ta METPYIIKX B HIapi.
SIK BUAHO 3 pHC. 2 MaKCHMaJIbHA WIBUAKICTD JUIS IIIIMHATY
CTaHOBHTS 45,4%/xB, 1ist kpony — 42,8 %/XB , AJIsl NETPyII-
ku — 35,7 %/xB Ta mns cymimi — 36,8%/XB.

JocmipkeHHst cyMili Ha OCHOBI CTPYUYKOBOi KBacoJi Ta
3ereHo1 muOYIT TTPOBOAMIIHN 3a pexkuMamu cyrmaHas 60, 70,
80, 100 °C, mBuakictio Terionocis 3,0 m/c. CymrinHs mpo-
BOJIMJTH 10 BOJIOTOCTI Matepiaimy 8+2%.

Kineruka mponecy Ta IBUAKICTh CYIIiHHS CTPYYKOBOT
KBACOJIi — 3€JICHOI U0yl IpeJICTaBIeHa Ha puc. 3, 4.

[ligBuieHHss TeMIepaTypd  TEIUIOHOCIS — 3HaYHO
IHTCHCU(]IKY€e Tpouec CyuriHHsA (OIAaTOBMICHOT CHPO-
BuHU. Tak miaBumieHHs Temmeparypu Bixm 60 mo 70°C
3MEHIIY€e TPUBAJICTh CyIIiHHS Ha 21% B cymimi criap»eBii
KBacoJi — uoysi (puc. 3). MiHiManbHa TPUBATICTH CYITIHHS
cTaHOBUTH 65 xB 3a pexkumoM 100 °C, ame mpu upomy
TICYEThCSI MaTepial.

MaxkcuMalibHa MIBUIKICTH CYIIIHHS IIPHU TeMIeparypi
100°C B cymimn cTpy4koBa KBacoisi — uOyist — 32,3%/xB.

(puc. 4).
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Puc. 1. 3mina eonozoemicmy (1, 2, 3, 4)) ma memnepamypu eécepeouni wapy (1', 2', 3', 4') npu cywinni

cymiuii Ha OCHOGI WINUHAMY, KPORY Ma RemPYWKU 3a pexcumuumu napamempamnu t=55°C, V=3,0 m/c,

0= 10 mm: 1 —wmnunam; 2 — kpin; 3 — nempywika; 4 — cymint wununam/Kpin/nempyuika

Fig. 1. Change in moisture content (1, 2, 3, 4) and temperature inside the layer (1', 2', 3', 4') during

drying of a mixture based on spinach, dill, and parsley under the following operating parameters: t=55°C,

V=3.0 m/s, 6 = 10 mm: 1 — spinach; 2 — dill; 3 — parsley; 4 — spinach/dill/parsley mixture
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Puc. 2. 3mina wmeuokocmi cywinnsn (1, 2, 3, 4) Puc. 4. 3mina weuorkocmi cywinmn (1, 2, 3, 4)
npu cywtinHi cymimi Ha OCHOBI WINUHAMY, KPONY npu CYWiNHI Cymilui Ha OCHOGI CIPYUK060T
Ma REMPYWKU 34 PEHCUMHUMU NAPAMEMPAMU K6aconi 3 3¢J1eHOI0 uudynero 3a pescumHumu
t=55°C, V=3,0 m/c, 6 = 10 mm: 1 — mununam; 2 — kpin; napamempamu V=3,0 m/c, 6 = 10 mm: 1 — 60°C,
3 — nempywika; 4 — cymiwt wununam/Kpin/nempyuika 2-70°C, 3-80°C, 4-100°C
Fig. 2. Change in drying rate (1, 2, 3, 4) when Fig. 4. Change in drying rate (1, 2, 3, 4) when
drying a mixture based on spinach, dill, and drying a mixture based on green beans and
parsley under the following operating green onions under the following operating
parameters: t=55°C, V=3 m/s, d = 10 mm: 1 — spinach; parameters: V=3.0 m/s, 6 = 10 mm: 1 - 60°C,
2 —dill; 3 — parsley; 4 — spinach/dill/parsley mixture 2-70°C, 3-80°C, 4-100C
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Puc. 3. 3mina eonozoemicmy (1, 2, 3, 4) ma memnepamypu eécepeouni wapy (1', 2', 3', 4') npu cywinni
cymiuii Ha 0CHOBI CIMPYUKOB0T K8ACOJII 3 3e/1eH0I0 LUbYelo 3a pexcumnuumu napamempamu V=3,0 m/c,
0= 10mm: 1-60°C,2-70°C, 3—-80°C, 4—-100°C
Fig. 3. Change in moisture content (1, 2, 3, 4) and temperature inside the layer (1, 2', 3', 4') during
drying of a mixture based on green beans and green onions under the following operating parameters:
V=3.0 m/s, 6 = 10 mm: 1—60°C, 2 - 70 °C, 3 — 80°C, 4—100°C
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Ha puc. 5 moxaszanmii BMICT (DOI€EBOi KHCIOTH B
3JICKHOCTI BiJl TEMIIEpaTypPH TETUIOHOCIS B (hOJIATOBMICHIH
CUpPOBUHI mmicns cymriHHA. Tak MiABHINEHHS TeMIepaTypH
TEIUTOHOCISI HETaTWBHO BIUIMBA€E Ha (DONiE€BY KHUCIOTY i B
CTpPYYKOBiil kBacoii BTpayaeThes Bxe mpu 80°C Oinsa 72%,
a nogaineiie 30uteienHs o 100°C mpusBomuth 10 91%
BTpAT.

Po3pobneni kommno3unii ¢onaTroBMiCHOI CUPOBUHH Ta
PEKUMH CYLIIHHS 103BOIMIH Ha 29% 30epertu onatu mija
4ac nepepooKu.

Juns crabinizanii ¢onaris y ¢omaTtoBMicHIH CHpOBHHI
Oysia po3po0sieHa KOMITO3UILISl CTPYUYKOBa KBAacOJIs-3€JICHA
uoyJIs.

VY BHCYyHIEHIH CyMilli MpH TeMIlepaTypi TEIUIOHOCIs
60°C BwmicT (omariB cTaHOBUTH 71%, 3 MiIBUIICHHSIM TEM-
neparypu 10 80°C ta 100°C me¥l moka3HUK 3MEHITYETHCS
o 48% Ta 18% (puc. 5). B mopiBHAHHI 3 MOHOCHUPOBH-
HOI0, Yy KOMIIO3HWIIii 30epiraeThcsi BMICT (oariB HaBiTh
mpu 30UTBIIEHHI Temmeparypu TeruioHocis. [IpoBenewi
JMOCII/DKEHHST TIOKa3alld, IO Ha CTa0UIbHICTh (horariB
il Yac CyIIiHHS Mae BIUIMB TeMIleparypa Ta CKJIaJOBi
KOMITO3UII.

Bucnoexu

VY poOoTi BUKOHAHI JOCIHiKEHHS! KIHETUKU CYIIiHHS
(onaroBMicHOT KOMOIHOBaHOT CHPDOBHHH, a CaMe CyMillli Ha
OCHOBI HINMHATY, KPOIMy, METPYLIKH Ta CyMillli HA OCHOBI
CTPYYKOBOI KBAacOJIi Ta 3eJeHOI IHOYITi.

80
70
60

50

71
48
40
40
30 28
20 18
9
; ] l
0
1 2

H60C H80C ®100C
Puc. 5. 36epesicennn gponiceoi kuciomu 6io
muny gponamosemicnoi cuposunu ma
memnepamypu mennionocia: 1 — cmpyukoea
Keacona; 2 — cmpyukoea Keacona-3eneHa
yuoyna
Fig. 5. Preservation of folic acid depending on
the type of folate-containing raw material and
heat transfer fluid temperature: 1 — green beans;

2 — green beans and green onions

BusHaueHo, 1110 npu CyIIiHHI CyMillli Ha OCHOBI IITTHHA-
Ty, KPOILy Ta IETPYLLIKH, TPUBAJIICTh Ta XapaKTep KpUBUX Ha-
ONIDKAIOTHCS 710 PE3YJbTaTiB OTPUMAHUX MPH JOCIiIKeHH]
METPYIIKH.

Busnaueno, mo migBuieHHsT Temneparypu Big 60 1o
70°C npu cyIIiHHI CyMillli HA OCHOBI CTPYYKOBOI KBacoJIi
Ta 3e1eHoi uubymi inTeHcudikye npouec Ha 21%. Buxopu-
CTaHHSI HU3bKHUX TEMIIEPATYP TEIJIOHOCIS MiITBEPAKYETHCS
TAM, IO TIpH CymIiHHI 3a pexxnMoMm 60 °C 30epexeHHS
¢onariB y 3,9 pazu Ginbie 3a pexum 100 °C.
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Every year, the preservation of nutrients and energy
resources becomes increasingly important in the processing
of plant raw materials worldwide.

Vegetables are a staple food because they are rich in
fibre, minerals, vitamins and antioxidants.

Folate is a water-soluble B vitamin that plays a vital role
in cell growth and development. The names folic acid and
folate come from the Latin word folium, meaning ‘leaf,” and
it was first isolated from spinach leaves in 1941.

Folic acid is naturally present in high concentrations in
leafy vegetables such as spinach, lettuce, cabbage, broccoli,
asparagus, tomatoes, leeks, wild garlic, green onions, fruits,
legumes (green beans, beans, peas, lentils), nuts, yeast,
mushrooms, and animal products.

Spinach (Spinacia oleracea L.) is an annual leafy green
plant rich in beta-carotene (provitamin A), folic acid
(vitamins A and C), minerals (phosphorus, sodium and
potassium) and dietary fibre.

Green beans are young, immature fruits of various
varieties of common beans (Phaseolus vulgaris). In
100 grams (3.5 ounces) of raw green beans, there are
31 calories and a moderate amount (10-19% of the daily
value) of vitamin C, vitamin K, vitamin B6, and manganese,
as well as a rich amount of folic acid (vitamin B9).

Vegetables spoil quickly after harvesting and are only
consumed during the growing season. They are often sold
canned or frozen.

Drying is one of the preservation methods that allows
extending the shelf life of plant raw materials while

preserving their vitamin content and preventing the growth
and production of microorganisms that cause rotting.

Various methods can be used to dry these raw materials,
namely convective, sublimation, microwave, spray drying
and various combined methods.

Convective drying is one of the most common methods
for processing dark green leafy vegetables.

To stabilise folates, plant raw materials must be combined
with raw materials that are high in vitamin C.

The aim of the work is to study the kinetics of drying
folate-containing combined raw materials, namely a mixture
based on spinach, dill, parsley and a mixture based on green
beans and green onions.

The work studies the drying kinetics of folate-containing
combined raw materials, namely a mixture based on spinach,
dill, parsley, and a mixture based on green beans and green
onions.

It was determined that when drying a mixture based
on spinach, dill and parsley, the duration and nature of
the curves are close to the results obtained in the study of
parsley.

It has been determined that increasing the temperature
from 60 to 70°C when drying a mixture based on green beans
and green onions intensifies the process by 21%. The use of
low heat transfer temperatures is confirmed by the fact that
when drying at 60°C, folate preservation is 3.9 times higher
than at 100°C.

Ref. 38, figure 5.

Keywords: convective drying, infrared radiation, effective
drying modes, carotenoids, persimmon.

1. Nizam N. H. S., Azid A., Khalit S. I., Sidik N. M.,
Bakar M. F. A. Assessment of heavy metals accumulation
in leafy vegetables in Terengganu and Kelantan, Malaysia.
Sarhad Journal of Agriculture, 2025, 41(4), 1814-1823.
DOI: 10.17582/journal.sja/2025/41.4.1814.1823

2. Latif A., Bilal M., Asghar W, Azeem M.,
Ahmad M. 1., Abbas A., Ahmad M.Z., Shahzad T. Heavy
metal accumulation in vegetables and assessment of their

potential health risk. Journal of Environmental Analytical
Chemistry, 2018, 5(234), 2380-2391.

3. Agagiindiiz D., Sahin T. O., Yilmaz B., Ekenci K. D.,
Duyar Ozer S., Capasso, R. Cruciferous vegetables and their
bioactive metabolites: from prevention to novel therapies

of colorectal cancer.Evidence-Based Complementary and
Alternative Medicine, 2022, 2022(1), 1534083.

38

Tennogizuka ma mennoeHepaemuka, 2026, m. 48, Ne2



TEMNNO- | MACOOBMIHHI NMPOLIECU TA AMNAPATW, TEOPIA TA NPAKTUKA CYLIIHHA

4. Yoo S., Montazeri A., Bennett D., Bo Y., Chen P,
Duthie S., Jensen N., Kaminga A., Lai J. S., Li X,
MacFarlane A. J., Martinez H., McNulty H., Momoli F.,
Mossey P, Mullie P, Munger R., Parajuli R. P, Kent M. P,
Rubini M., Senekal M., Sikora L., Stintzi A., Theodoratou E.,
Wang H., Yajnik C., Yaktine A., Little, J. Folate and global
health umbrella review series, part 1: methodological
framework and syntheses on anaemia and neural tube
defects. Journal of global health, 2026, 16, 04014. https://
doi.org/10.7189/jogh.16.04014

5.Menezo Y., Elder K., Clement A., Clement, P. Folic Acid,
Folinic Acid, 5 Methyl TetraHydroFolate Supplementation
for Mutations That Affect Epigenesis through the Folate
and One-Carbon Cycles. Biomolecules, 2022, 12(2), 197.
https://doi.org/10.3390/biom12020197

6. Duthie S. J., Narayanan S., Brand G. M., Pirie L.,
Grant G. Impact of folate deficiency on DNA stability. The
Journal of nutrition, 2002, 132(8), 2444S-2449S. DOI:
10.1093/jn/132.8.2444S

7. Gunnala S., Buhlman L. M., Jadavji N. M. How
Increased Dietary Folic Acid Intake Impacts Health
Outcomes Through Changes in Inflammation, Angiogenesis,
and Neurotoxicity. Nutrients, 2025, 17(7), 1286. https://doi.
org/10.3390/nu17071286

8. Blatch S. A., Stabler S. P, Harrison J. F. The effects of
folate intake on DN A and single-carbon pathway metabolism
in the fruit fly Drosophila melanogaster compared to
mammals. Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology, 2015, 189, 34-39.
https://doi.org/10.1016/j.cbpb.2015.07.007

9. Eitenmiller R.R., Landen Jr. W.0., Ye L. Vitamin
Analysis for the Health and Food Sciences (2nd ed.).
CRC Press.: Boca Raton, 2007. 664 p. https://doi.
org/10.1201/9781420009750

10. O'Broin J. D., Temperley 1. J., Brown J. P,
ScottJ. M. Nutritional stability of various naturally occurring
monoglutamate derivatives of folic acid. The American
journal of clinical nutrition, 1975, 28(5), 438-444. DOI:
10.1093/ajcn/28.5.438

11. Temple C.T., Montgomery J.A. Chemical and
Physical Properties of Folic acid and Reduced Derivatives.
In: Blackey R.L., Benkovic S.J., Eds., Folates and Pterins,
Vol. 1, Chemistry and Biochemistry of Folates, 2nd Edition.
John Wiley and Sons: New York, 1984. 61-120.

12. Sharma N., Gaikwad A. B., Kulkarni Y. A. Folic Acid
in Pain: An Epigenetic Link. In Nutritional Modulators of
Pain in the Aging Population. Academic Press, 2017. P. 245-
251. https://doi.org/10.1016/B978-0-12-805186-3.00021-7

13. Shulpekova Y., Nechaev V., Kardasheva 8.,
Sedova A., Kurbatova A., Bueverova E., Kopylov A.,
MalsagovaK., DlaminiJ. C., Ivashkin V. The Concept of Folic
Acid in Health and Disease. Molecules (Basel, Switzerland),
2021, 26(12), 3731. doi: 10.3390/molecules26123731

14. Evans W. C., Evans D. Vitamins and hormones. In
Trease and Evans' Pharmacognosy. Elsevier: London, 2009,
P. 451-458. DOI: 10.1016/b978-0-7020-2933-2.00031-9

15. Bansal M., Singh N., Pal S., Dev I., Ansari K. M.
Chemopreventive role of dietary phytochemicals in
colorectal cancer. Advances in molecular toxicology, 2018,
12, 69-121. DOI: 10.1016/B978-0-444-64199-1.00004-X

16. Hasnain M. S. U., Zafar A., Rukh M., Khan M. K.,
Sultani H. M. A., Ashraf M. J. B. The botanical effects of
selenium and zinc on biochemical attributes of spinach under
varying salt conditions. The Research of Medical Science
Review, 2025, 3(8), 331-338. https://doi.org/10.5281/
zenodo.16809962

17. Balkrishnaa A., Gautama A. K., Sharmaa N.,
Aryaa V., Khelwadea V. Effects of organic fertilizers
on growth, and yield potential of spinach. Agriculture
Extension in Developing Countries (AEDC), 2025, 3(2),
109-115. http://doi.org/10.26480/aedc.02.2025.109.115

18. Balkrishnaa A., Gautama A. K., Sharmaa N.,
Aryaa V., Khelwadea V. Effects of organic fertilizers
on growth, and yield potential of spinach. Agriculture
Extension in Developing Countries (AEDC), 2025, 3(2),
109-115. http://doi.org/10.26480/aedc.02.2025.109.115

19. Zhao X., Iwamoto T., Carey E. E. Antioxidant capacity
of leafy vegetables as affected by high tunnel environment,
fertilisation and growth stage. Journal of the Science of
Food and Agriculture, 2007, 87(14), 2692-2699. https://doi.
org/10.1002/jsfa.3032

20. Watanabe M., Ayugase J. Effect of low temperature
on flavonoids, oxygen radical absorbance capacity values
and major components of winter sweet spinach (Spinacia
oleracea L.). Journal of the Science of Food and Agriculture,
2015, 95(10), 2095-2104. https://doi.org/10.1002/jsfa.6925

21. Green bean

https://en.wikipedia.org/wiki/Green beant#cite note-1

22. Struchkova kvasolia [Green bean]

https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D]1
%80%D1%83%D1%87%D0%BA%D0%BE%D0%B2%D
0%B0_%D0%BA%D0%B2%D0%B0%D1%81%D0%BE
%D0%BB%D1%8F (in Ukr.).

23. Simha P, Gugalia A. Thin layer drying kinetics and

modelling of Spinacia oleracea leaves. International Journal
of Applied Engineering Research, 2013, 8(9), 1053-1066.

Tennogpisuka ma mennoeHepaemuka, 2026, m. 48, Ne2

39



TEMNNO- | MACOOBMIHHI NMPOLIECU TA AMNAPATW, TEOPIA TA NPAKTUKA CYLLIHHA

24. Sniezhkin Yu.F, Paziuk V.M. Husarova O.V.
Intensyvni sposoby sushinnia yabluchnykh slaisiv z
konvektyvnym ta kombinovanym enerhopidvedenniam
[Intensive methods of drying apple slices with convective and
combined energy supply]. Teplofizyka ta Teploenerhetyka,
2024,46(4), 5-14. https://doi.org/10.31472/ttpe.4.2024.1 (in
Ukr.).

25. Inyang U., Oboh 1., Etuk B. Drying and the different
techniques. International Journal of Food Nutrition and
Safety, 2017, 8(1), 45-72.

26. Doymaz I. Thin-layer drying of spinach leaves in
a convective dryer. Journal of Food Process Engineering,
2009, 32(1), 112-125. https://doi.org/10.1111/j.1745-
4530.2007.00205.x

27.Karaaslan S. N., Tuncer I. K. Development of a drying
model for combined microwave—fan-assisted convection
drying of spinach. Biosystems Engineering, 2008, 100(1),
44-52. https://doi.org/10.1016/j.biosystemseng.2007.12.012

28. Grace M. H., Hoskin R. T, Hayes M., lorizzo M.,
Kay C., Ferruzzi M. G., Lila M. A. Spray-dried and freeze-
dried protein-spinach particles; effect of drying technique
and protein type on the bioaccessibility of carotenoids,
chlorophylls, and phenolics. Food chemistry, 2022, 388,
133017. https://doi.org/10.1016/j.foodchem.2022.133017

29. Sniezhkin Yu.F., Petrova Zh.O. Enerhoefektyvni
teplotekhnolohii  pererobky funktsionalnoi syrovyny
[Energy-efficient heat technologies for processing functional
raw materials]. Kyiv: Naukova dumka, 2018. 187p. (in
Ukr.).

30. Milenkovi¢ L., 1li¢ Z. S., Stanojevi¢ L., Danilovi¢ B.,
Sunié¢ L., Kevresan 7., Stanojevic J., Cvetkovi¢, D. Chemical
Composition and Bioactivity of Dill Seed (Anethum
graveolens L.) Essential Oil from Plants Grown under
Shading. Plants, 2024, 13(6), 886. https://doi.org/10.3390/
plants13060886

31. Krip [Dill]
https://spiceryshop.com.ua/content/enciclopedia/ukrop

32. Dziki D., Hassoon W. H., Biernacka B., Gawlik-Dziki U.
Dried and Powdered Leaves of Parsley as a Functional
Additive to Wheat Bread. Applied Sciences, 2022, 12(15),
7930. https://doi.org/10.3390/app12157930

33. Jadczak D., Bojko K., Wysocka G., Szymanska M.
Yield and biological properties of leaf parsley (Petroselinum
crispum (Mill.) Nym. Ex AW Hillc Convar. crispum).
Journal of Elementology, 2019, 24(2). DOI: 10.5601/
jelem.2018.23.4.1697

34. Parsley https://en.wikipedia.org/wiki/Parsley
35. Scallion
https://en.wikipedia.org/wiki/Scallion

36. Buket vitaminiv u puchku tsybuli [A bouquet
of vitamins in a bunch of onions] https://wz.lviv.ua/
health/488676-buket-vitaminiv-u-puchku-tsybuli

37. Petrova Z., Sniezhkin Y., Paziuk V., Novikova Y,
Petrov A. Investigation of the Kinetics of the Drying Process
of Composite Pellets on a Convective Drying Stand. Journal
of Ecological Engineering, 2021, 22(6), P. 159-166. https://
doi.org/10.12911/22998993/137676

38. Tkachenko S. Y., Spivak O. Yu. Sushylni protsesy
ta ustanovky. Navchalnyi posibnyk [Drying processes and
installations. Study guide]. Vinnytsia: VNTU, 2007. 76 s.
(in Ukr.).

Ompumano 24.02.2026
Received 24.02.2026

Ipuiinsamo oo opyxy 04.05.2026
Accepted for publication 04.05.2026

Jlama nyonixayii 30.06.2026
Publication date 30.06.2026

40

Tennogizuka ma mennoeHepaemuka, 2026, m. 48, Ne2



