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BY
AHHOTAIHSA.

B mpornecce XxpaHeHHs HATypadbHBIH MEJ MOXKET MEHATh CBOM (PU3MKO-XUMHUUECKHe U Onoaorndeckue cpoiictsa. CormacHo
tpedoBarmsm [OCT 19792-2017 men cinenyet XpaHuTh npu Temrepatype He Boime 20 °C. CyniecTByIOT IUTEpaTypHBIC TaH-
HBIE O JUINTEILHOM XpPaHEHHU MeJa NIPH HU3KUX TeMIlepaTypax, 4To 00ecrednBaeT cTaOMIBHOCTh €ro HEKOTOPBIX (hHU3HKO-
XMMUYECKHX Moka3aTenei. HecMoTpst Ha mepcrnekTHBHOCTh MPAKTUYECKOTO HCIONb30BaHUS HU3KUX TeMIIepaTyp, HE00X0AUMO
YYHUTHIBaTh X BO3MOJXKHOE HETAaTHBHOC BIMSHNE Ha XMMHUYECKHH cocTaB Mena. Llenp nccinenoBaHus — U3ydeHUE BIHSHUS
pa3IMYHBIX TEMIEPATYPHBIX YCIOBHH XpaHEHHs Mea Pa3HOro OOTAaHMYECKOTO MPOUCXOXKICHNS Ha ero (PU3UKO-XUMHUYECKUE
1 OMOJIOrHYECKHe NMOKa3aTelu.

OOBexTaMu HcCIeJOBaHUS ObITH 00pa3Iibl CBEKEOTKAYaHHOTO JIMIIOBOTO, TPEUUIITHOTO | ITOCOTHEYHHKOBOTO Mezia n3 PocToBCKoi,
Bounrorpanckoii, Kypckoii, Boponexckoii n CaparoBckoit obnacteid, a Takxxe KpacHogapckoro kpas. OO6pa3ibl XpaHWINACE B
KIMMaTHYEeCKUX HCIbITaTeNbHbIX Kamepax M-60/100-500 KTBX B Teuenue 12 mecsues. st onpeaeneHus GU3NKO-XUMAIECKUX
1 OMOJIOTHYECKUX MTOKa3aTeNel MPUMEHSUIHCh O0IeNpu3HaHHbIe, CTAHAapTHBIE M aBTOPCKHE METOIUKH.

B pesynbraTe nccienoBaHuii 00HApYKHUIH, 9TO rUApoKcuMeTHIGypdypans crabmien npu —18 °C B Tedyenue 12 mecsues; Ipu
18 °C na 12-m Mecs1e HabIIOAATIOCh €To pe3Kkoe yBenuueHune Ha 472,5-488,1 %. BoisBuinu cHI)KeHHE aKTUBHOCTH (DEPMEHTOB
JmracTassl, D-Timok030- 1-0KCHIa3kl ¥ KaTanassl IPH BCEX TEMIIEPaTypHBIX PeXKUMaX yXKe Ha 1-M MecsIe XpaHeHus. MUHIMaIbHbIE
u3MeHeHus Habmoganuch pu 0 u 5 °C. B nannoM TemnepaTtypHoM auanasone ObuT cTabuiien nepokcua sogoponaa (H,0,): na
12-M Mecslie XpaHEeHHUs €T0 KOHLEHTPAIUs CHU3MUIach He Oonee ueM Ha 12,2 %. BraxxHocTh, MaccoBast A0S pelyIUPYIOLUINX
caxapoB M KUCIIOTHOCTH BCeX 00Pa3IloB 3HAUUTENFHO HE H3MEHMINCE. [IpoBeIeHHbIN aHTUMHUKPOOHBII TECT C HCIOIb30BAaHIEM
KyaeTyp Escherichia coli (mmramm 1257), Staphylococcus aureus (tutamm 209-P) u Bacillus cereus (muramm 96) mokasai, 4To
HAUOOJIBIIMM UHIHOUPYIOIIKMM AeiicTBHEM 00agann o0pasiibl JIMIIOBOrO U IPEYHIIHOrO Meja, XxpaHusiuuecs npu S u 0 °C B
TedyeHne 12 mMecsnes.

OnTuManbHbIe TEMIIEepaTyphl A XpaHEHUsI MeJla B TeYeHHe UIMTEIbHOTO BpEMEHH HaxoAsTcs B npenenax ot 5 xo 0 °C.
ITomydeHHbIE pe3yabTaThl MOTYT OBITh HCIIOJIb30BAHbI B KAUECTBE JIOMOJHUTEIbHBIX PEKOMEHAAINH TP BHECEHUH U3MEHEHU I
B HOPMAaTHUBHYIO JOKYMEHTAIHNIO, PETYIHPYIONyI0 TpeOOBaHHS K XPaHEHHIO MEJa.

Karouesbie ciaoBa. Men, Temneparypa XpaHeHus, rugpokcuMmermiidypdypaib, caxapa, KUCIOTbI, GEPMEHTHI, EPOKCHL
BOJIOPO/Ia, MUKPOOPTaHU3MBI

®unaHcupoBaHue. PaboTa BEINOIHEHA 110 HAYYHOH TeMe MOJIOASKHON J1abopaTopuy epepaboTKH NMPUPOJHOTO ChIPbs B PaMKax
peaTu3anuy IporpaMMBbl CTpPATErHIecKoro akagemMudeckoro nunepctsa «[Ipuopurer-2030» (mpoekt Ne 122122600056-9).

Jas uuTHpoBaHus: M3MeHeHHe XMMHYECKOT0 COCTaBa U AHTUMHKPOOHOH aKTUBHOCTH MeZa, XPaHsLIETOCs NPU HU3KUX

temmneparypax / 1. B. I'py3noB [u ap.] // TexHuka u TeXHOJOTHS MUIIEBBIX Mpou3BoAcTB. 2024. T. 54. Ne 2. C. 330-341.
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Abstract.

Natural honey can change its physicochemical and biological properties during storage. According to State Standard 19792-
2017, honey should be stored at < 20°C. Some publications promote long-term storage of honey at temperatures between 0
and —20°C that preserves its physicochemical parameters, especially the content of hydroxymethylfurfural. Promising as they
seem, such temperature modes may affect other physicochemical parameters of honey. The research objective was to study
the effect of different temperature conditions on various honey samples and their physicochemical and biological parameters
during long-term storage.

The study applied standard and authentic research methods to fresh linden, buckwheat, and sunflower honey samples obtained
from Rostov, Volgograd, Kursk, Voronezh, Saratov, and Krasnodar regions. They were stored in heat, cold, and moisture
test chambers M-60/100-500 for 12 months.

Hydroxymethylfurfural proved stable at —18°C for 12 months. After 12 months at 18°C, it showed a sharp increase of 472.5—
488.1%. The activity of enzymic diastase, D-glucose-1-oxidase, and catalase occurred at all temperature modes after 1 month
of storage. At 0-5°C, the changes were minimal: hydrogen peroxide (H,0,) remained stable, and its concentration decreased
by < 12.2% after 12 months of storage. Moisture, mass fraction of reducing sugars, and acidity remained stable in all samples.
An antimicrobial test by Escherichia coli (strain 1257), Staphylococcus aureus (strain 209-P), and Bacillus cereus (strain 96)
showed that the best inhibiting properties belonged to the samples of linden and buckwheat honey stored at 5 and 0°C for
12 months.

The optimal temperatures for long-term honey storage were in the range between 5 and 0°C. The results obtained can be
used in updated honey storage standards.

Keywords. Honey, storage temperature, hydroxymethylfurfural, sugars, acids, enzymes, hydrogen peroxide, microorganisms

Finding. The research was a project by the Youth Laboratory for Natural Raw Material Processing as part of Strategic Academic
Leadership Program Priority 2030 (No. 122122600056-9).
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Beenenne HeHmsiMH [ 1-5]. [To HEKOTOPBIM TUTEPATYPHBIM TAHHBIM,
HarypanbHblil MYETUHBIA M/ HA MPOTSDKEHUHM MHO-  aHTHMHKPOOHAs aKTHBHOCTh MEJIa 3aBUCHUT OT COJIEPIKAHUS
T'MX BEKOB CUMTACTCS HE TOJIBKO LIEHHBIM MHUILEBBIM, HO B HEM Ilepokcuzia Bojopona [6-8].
U JIEYEOHBIM TIPOYKTOM C BBIPaKEHHOI aHTUMUKPOOHOM [Tone3Hble CBOWCTBA MeAa COXPAHSIIOTCS B TEUYEHHE
aKTHBHOCTBIO, KOTOpast 00yCJIOBI€HA BXOASAIIUMHU B €TI0 JUTUTEITLHOTO BPEMEHH, HO TOJIBKO IIPH YCIIOBUH COOIIIO-
COCTaB MOHOCAXapuaaMH, (hepMEeHTaMH, OPraHUIECKIMHU JICHUSI OTIpeJIeTICHHBIX PEXKUMOB ero XxpaneHus. CormacHo
W HEOPraHWYECKHUMH KUCIOTaMH, (peHONbHBIMU coenn-  TpeboBanusMm neiictBytomero ['OCT 19792-2017 stor
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MPOAYKT CIEAYET XPAaHUTh B MECTAX, HEIOCTYHBIX BO3/IEH-
CTBHIO TIPSIMBIX COJTHEYHBIX JIydel, PU TeMIiepaType, He
npessimaronieid 20 °C, B IIOTHO YKYTOPEHHbBIX EMKOCTSIX
12 MecsIeB OT AaThl MPOBEICHUS YKCIEPTH3BI, B TepMe-
TUYHO YKYIIOPEHHOM Tape 24 MecsIa OT JAaThl YIaKOBKH
u 12 Mecs1eB nociie BCKPHITUS T€PMETUYHON yIIaKOBKU.

CymiecTBYIOT JaHHBIE O XpPaHEHUH MeJla IPU HU3KUX
temrieparypax [9—12]. JlaHHbII OIX0] UCHIOJB3YIOT [Tt
10JIaBJICHUsI OPOXKEHHUs, KOTOPOE MOYKET BOSHUKHYThH B
Mejie ¢ copiepykanuem Biaru 6osee 20 %, a Taxke IS Tpe-
JIOTBpamnieHus kpuctammusanmu [9, 13, 16]. Bo3neiictBue
Hu3Kkux Temmeparyp (ot 0 1o —20 °C) B TeUeHUE JUTUTEIb-
HOTO BPEMEHH MPUBONT K 3aME/IICHIIO XUMUIECKHUX ITPO-
IIECCOB ¥ CTAOMIIN3ALNH TAKNX (PU3UKO-XUMHUYECKUX MOKa-
3aTeneil Mena, Kak 3JIeKTPOIPOBOJHOCTb, BIAXHOCTD,
KHCIJIOTHOCTb, COoJiepKaHue (DeHONBHBIX coeTMHeHHH [9].
XpaHeHne Meia IpH yKa3aHHBIX TEMIIEpaTypax 3aMezyIsieT
o0pa3oBaHue ¥ HAKOTUICHNE THIPOKCUMETHIA(GYpypasst —
MIPOAYKTA AETUApATALUH MOHOCAXapua0B, 00JIaAaI0IIEero
HEHPOTOKCHYECKNM, IINTOTOKCUYECKIM, TeHOTOKCHIECKUM
U MyTareHHbIM feictBusimu [15-19].

Takum 00pazom, XpaHeHHE Me/ia [PU HU3KNX TeMIepa-
Typax MOKET OBbITh HEPCIIEKTUBHBIM IS TIPAKTHIECKOTO
ncnosb3oBadnsl. OTHAKO CIeqyeT YIUTHIBATh TOT (PaKT,
YTO, CTPEMSACH K NIPEAOTBPALICHUIO HAKOTJICHHSI THIPOK-
cuMmeTundypdypanis, Helnb3sl 3a0bIBATh O TTOTEHITHAIb-
HOM HETaTHBHOM BO3JCHCTBUU HU3KUX TEMIIEpATyp Ha
ocTaJIbHbIE (PU3UKO-XUMHUYECKHE MTapaMeTphl Me/a, 0Co-
OCHHO Te, KOTOpPhIC 00YCIIaBIMBAOT €r0 AaHTHOAKTEPHU-
aJbHOE JIeHiCTBUE.

OJHMMH U3 CaMbIX PaclpOCTPAaHEHHBIX U Ba’KHBIX
MenoHocoB Poccun, crpan CHI' u EBpomnsl sBastoTes
rpeunxa (rpedynxa moceBHas, Fagopyrum esculentum
Moench.), muna (yuna menkonuctHast, Tilia cordata Mill.)
U TI0JICOJIHEUHHUK (TIOACOIHEYHYK otHONeTHUH, Helianthus
annuus L.). B Poccun (IpemMyIieCTBEHHO B JIECOCTETI-
HOM 30HE €BPONENCKON YaCTH CTpaHbl, ANTaliCKOM Kpae,
3abaiikaibe 1 [IppuMOpcKO-AMYpPCKOM PETHOHE), a TAKKE
Ha Tepputopun Kazaxcrana rpednxa moceBHast oOecre-
yyBaeT nonydenue ceeime 50 % toBapHoro mena [18].
MenonpolyKTUBHOCTh IPEUUXH MOXKET AOCTUraTh 60—
362 xr/ra [19]. JIpyroe neHHeliee MeIOHOCHOE pacTe-
HUE — JINTIa MEJIKOJIMCTHAS, KOTOPasi 3aHUMAaEeT OOJIBIIOHN
apeas B 30HE HIMPOKOJUCTBEHHBIX JIECOB €BPONENHCKOI
yactu Poccun, pacnpoctpassisach 10 Ypaia, a Takxke
BcTpeuaercst B Kpeimy u Ha KaBkaze. Ee megonpoayk-
THBHOCTB cocTaBisieT B cpeqaemM 700—1000 kr/ra [20].
[TomconHEYHUK OHOJIETHUN — MEIOHOCHAS U MBUIbIIE-
HOCHasl KyJIbTypa, o0ecrieunBaromas menocoop B Poccum,
B Kazaxcrane, Ha YkpaunHe, a Takke B CTpPaHaX FOKHOM
1 I0ro-BOCTO4YHOM EBponbl. MeaonpoyKTUBHOCTb HaX0-
mutcst Ha yposae 4050 kr/ra [21].

Llenpio HcciiefoBaHMs CTAIO N3YUCHHE BIUSHAS pa3-
JIMYHBIX TEMIIEPaTyPHBIX YCIOBUH XpaHEHUS Meia Pa3HOTro
00TaHNYECKOTO TMPOUCXOKICHHS Ha €T0 (hU3UKO-XHMH-
YecKnue W OMOJIOrMYecKHe IOoKa3aTesld B TeUCHHE JIN-
TEIHHOTO BPEMEHHU.
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OO0BbeKTHI U METO/IbI HCCIeJOBAHUS

OOBEKT HUCCIICIOBAHUSI — 00PA3IIbI [TOICOTHEYHHKO-
Boro Helianthus annuus L. (n = 36), munoBoro Tilia cor-
data Mill. (n = 31) u rpeunmnoro Fagopyrum esculentum
Moench. mena (n = 34), noctynugiiue B 1a00paToOpUI0
BETEPHHAPHON CAaHUTApWUU M SKOJIOTHYECKOH Oe3orac-
HoctH B mmuenoBoactBe BHUMBCID — dumman ®TBHY
®HIL BUBB PAH u3 cneayronux pernonos Poccuu:
Pocrosckoit, Bonrorpanckoii, Kypckoit, Boponesxckoit u
CapatoBckoii o0nacrel, a Takxe n3 KpacHogapckoro
kpast B iepron 2021-2022 rr. O6pasibsl XpaHUITHCh B KITH-
MAaTHYECKHX HCIBITATeNbHBIX kKamepax M-60/100-500
KTBX (AO «JIOUIl», PD).

MouodepHOCTh 00pa3ioB MeJia MOATBEPKIAIH C
MOMOIIbI0 MUKPOCKOITMYECKOTO aHAJIN3a MaJHHOIOTH-
yeckoro cocrasa B coorBetcTBuu ¢ [[OCT 31769-2012.
CBETOBYIO MHKPOCKOITHIO 00pa31oB MeJa MPOBOIMIN
C UCHOJB30BAHNEM TPUHOKYJSIPHOTO MHKpOCKONa Am-
Scope T390C («AmScope», KHP) mpu yBemmaernu x400.
®dororpaduueckoe n300paXKeHHE MbUIBIIEBBIX 3€PEH MOJTy-
qaim ¢ moMoIipio mudposoii kamepsl Levenhuk M 1000
PLUS («Levenhuky, CIIIA).

MaccoByro 10110 BOJIbI (BJIaXKHOCTB ) HCCIIELYEMBIX 00-
Ppas3I0B ONpeAeIsTN pehpakKTOMETPUIECKUM METOI0M TI0
I'OCT 31774-2012 npu momoru pedppakromerpa MPD-454
B2M («OAO «Ka3zaHCKHl ONITUKO-MEXaHIMUYCCKHIA 3aBOI»
(KOM3)», Poccus).

TunpoxcumeTrndypdypais ObUT IETEKTUPOBAH METO-
oM OD-BOXKXX B coorBerctBuu ¢ 'OCT 31768-2012.
AHanm3 NpoBOJIMJICS € UCIIONb30BaHueM xpoMarorpada Shi-
madzu LC-20 Prominence u komorku Eclipse XDB-C18
(150%4,6 MM, 5 MKM) C JHOTHO-MATPUIHBIM JICTCKTOPOM
(1nana3oH OJHOBPEMEHHO JIETEKTUPYEMbIX JUTHH BOJH
210-400 aMm), pabodas [uTHA BOITHEI 283 HM, B TPaIHCHT-
HOM peXHMe IpHU cKopocTu noroka 1,0 mi/mMun. Bpems
yaepxuBanus nuka — 3,83 muH. Mcnons3oBanu kommep-
YEeCKUH THAPOKCHMETHIIPYP(Ypab ¢ COTepKaHIEM OCHOB-
Horo BeniecTBa He MeHee 99 % («Sigma-Aldrichy», CILA),
W3 KOTOPOTO MPUTOTABIMBAIN CTaHIAPTHBIE PACTBOPHI
¢ xounerTpamusamu 150,0, 100,0, 50,0, 30,0, 25,0, 20,0,
15,0, 10,0, 5,0 u 1,0 MKr/MiI ajist IIOCTPOCHHS KaTuOpo-
BO4HOI1 kpuBoi. PactBops! Kappesa I u II nis ocaxne-
HUS IPOTENHOB U CTA0MIIN3ANNN THAPOKCUMETHIDYP-
(dypaist B BOZHOM pPacTBOpPE TOTOBHIIM COTJIACHO YKa3aH-
Homy ['OCTy.

OrmpeneneHne CyMMapHOH MacCOBOH JTOJIA PeIyIIH-
PYIOIINX caxapos (TIIFOKO3bI ¥ (PPYKTO3BI) MPOBOIUIIH IO
TI'OCT 32167-2013 xonopumerpuueckum MetoioM. Cyii-
HOCTbH JaHHOTO METO/Ia 3aKJIF0YAETCSs B ONPEACIICHNH OII-
TUYECKOH TUIOTHOCTH PacTBOPA JKEJIE30CHHEPOUCTOTO
kanus K [Fe(CN), ] (= 99,5 %, «JlenPeaxtus», Poccus)
MoCJIe €0 B3aMMOACHCTBUS C PEAYLUPYIONINMH caxa-
pamu Mena. AHaJIM3 IPOBOAWICS Ha (POTOKOJIIOPHMETPE
K®K-2 («AO 3aropckuii onTHKO-MeXaHHYECKHH 3aBOJT
(BOM3)», Poccust) npu mymHe BosHBI A = 440 HM.

Jast onipenenienust CBOOOIHON KHCIIOTHOCTH ITPOBEITN
TUTPOBAHKUE BOJHBIX PacTBOPOB o0OpasioB mena 0,1 M
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pactBopoM ruzapokcuaa Hatpust NaOH (99,2 %, «JlenPeak-
tuB», Poccnst) no pH 8,30. 3nauenne pH koHTpompoBanu
C TTOMOIIbIO MOTEHIIHOMEeTpUYecKkoro aHanusaTopa (pH-
Mmetpa) Hanna edge ¢ pH-amexrpogom HI11310 («Hanna
Instruments», CIIIA). Pe3ynbTarsl BeIpaaad B MUJIIH-
SKBUBAJICHTAaX COJISTHOM KUCIIOTHI B | KT MeZla — MIKB/KT.

AKTHBHOCTB TMacTasbl onpenensii Ha ocuoBe [[OCT
34232-2017 K0nOpUMETPUUECKUM METOJIOM U BBIpAXKaJIH
B cM’ 1 % (Mmac.) pacTBopa Kpaxmalia, pacuieruisieMoro
3a | 9 aMHIOMUTHUECKUMH (PepPMEHTAMH, COAEPKAIIUMHUCS
B | r 6€3BOIHOTO BeleCTBA MEAA.

OrnpezieneHne akTHBHOCTH KaTala3bl OCYIIECTBISUIN B CO-
OTBETCTBHH C METOIMKOM, pa3paboTanHOH A. B. AraHUHbBIM.
CoracHo JaHHOI METO/IMKE aKTUBHOCTD BBIPAJKAIH B MM
KHUCJIOPO/A, BBLIETSAIONIEr0Cs! IPH BO3ICHCTBUY KaTaslasbl, CO-
nepxameics B 1 T mena, na 10 Mt 1 % (mac.) pacteopa H,0,
B TeueHwue 24 4 [22].

AKTUBHOCTH D-T110K030- 1 -OKCH 14361 ONPEEIISITN 110
MeTo/1y, onucanHomy B padorte I. Flanjak u coaTopos [23].
CyIIHOCT JAHHOTO METO/IA 3aKITI0UAETCsl B BOCCTAHOBIIE-
HUU H202 JI0 BOJIbI [IEPOKCHU/1a30i1 C UCHoNb30BaHueM 3,3’-
JIUMETOKCHOCH3H/IMHA B KauecTBe cyOcTpara. OOpa3oBas-
LIMICSI OKPALIEHHBIN IPOLYKT IETEKTUPOBAJICS CIIEKTPO-
(hOTOMETPUUECKH 1 IMEIT MAKCHMAJILHOE TOTJIOIICHHUE TIPH
e BostHbl A = 400 uM. Peakiimonnas cMech cocTosia u3
0,7 mi 2,14 MM timrok036I (> 99,5 %, «Mercky, I'epmanus),
pactBopenHo# B 100 MM HaTpuii-pocharHoro Oydepa
(pH 6,1), 0,1 M 3TaHOIBHOTO pacTBOpa 3,3’ -TUMETOKCH-
oensuauna (1 mr/min) («Mercky», ['epmanust), 0,1 M nepok-
cumasbl xpeHa («Servay, ['epMaHus), IPUTOTOBICHHON B
100 MM narpuii-pocharaom Oydepe (pH 6,1), n 0,1 mn
pactBopa mena (0,2 r/mi), npurorosiieHHoro B 100 MM
Hatpuii-pocharaom Oydepe (pH 6,1). [Tocre nodaBeHws
pacTBOpa Mejia peakIMOHHYI0 CMeCh HHKYOHPOBAJIH B Te-
yenue 30 muH ripu 37 °C v OCTaHABIMUBAIN T0OABICHHEM
0,1 mur 1 M comstaoit kuciiotsl — HCI (> 37 %, «JlenPeak-
hBY», Poccns). Iormomenune cmecn namepsim npu OD,  AM
(ciekrpodoromerp 135400V D, «Ikpocxum», Poccus)
MPOTHB KOHTPOJIBHOTO 00pa3iia, COCTOSIIIETO U3 BCEX KOM-
TIOHEHTOB PEaKIIH1, KpOMe MeJia. 3aTeM H3MEepPEHHOE MOTII0-
IIEHHE KOPPEKTUPOBAIIH MO OTHOUICHUIO K MOTJIOIIEHUIO
PeaKkIMOHHOM cMecH HyJIeBOM MUHYTHI. PeakiinonHast cMech
HYJICBOIl MUHYTBI COCTOSIIA M3 BCEX KOMITOHEHTOB, HO pac-
TBOP MeJla BHOCHIIH [10CIIE J100aBICHHs COJISTHOM KHCIIOTHI.
PesynbraTe! Bbipaskanu B Mkr H O /4 T mena.

Conep:xaHre H202 B Me/JI€ OTIPEACIISIIH C ITIOMOIIBIO pa-
HEe a/IanTHPOBAHHOTO ¥ MOM(HIIMPOBAHHOTO HAMH CIIEK-
TpaJbHO-HOAOMETpHUecKoro Merosa. CyTh TaHHOTO Me-
TO/1a 3aKJIFOYAETCSI B TOM, YTO IIPH B3aUMOJICHCTBUH HOIH/IA
kanust ¢ H,O, B KUCIION CpeIe BBIENSETCS MOJIEKYIAPHBINA
fiof, 0O6pa3yronuii ¢ U30BITKOM HOTUI-aHHOHA KOMITJIEKC-
HBII aHUOH, PETHCTPUPYEMBII METOIOM JICKTPOHHOH a0-
COpOIMOHHOHN CHIEKTpOCcKOHY [24]. AHAITUTHIESCKUE pacT-
BOpBI 00pa31I0B MeJia Moyyyaiy myTeM B3pewBanus 1,00 +
0,01 T kaxkmoit MPOOHKI, TOCIIE YeTo K HUM JOOABIISIIH 110
2,0 mu Bogbl BOXX («Xumus XXI Bex», Poccust) n mepe-
MEIINBAIN B Te4eHHE 3—5 MUH Ha BUXPEBOM CMECHUTENe
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Vortex mixer VM-300S («Joan Lab Equipment», KHP)
W YIIBTPa3ByKOBOM romorenusarope Bandelin Sonopuls
HD 2200 (Bandelin, 'epmaHust) 10 OIHOTO pacTBOPEHUSL.
W3 mosmy4eHHBIX aHATUTHYECKIX PACTBOPOB OTOMPAITH IO
1,0 M n no6asnsm 1,0 M 0,2 M ceproit kncnorsl H,SO,
(> 93,6 %, «JlenPeakTuBy», Poccus), mocie 4ero mpoBo-
JTH Tportyckanue nuokcuaa yriepoaa (FOCT 8050-85).
Ha mocneanaem starme mpoOomoroToBKY K aHATATHYECKAM
pactBopam j1obaBisuin S % pactBop Hoanaa kanus Kl
(99,5 %, «Pycxumy», Poccus), yepe3 KOTOphIi 3apaHee ObLT
MIPOMYIICH TUOKCHI yTepoaa. [ 0TOBbIC aHATUTHICCKUE
pacTBOpHI TPOO Meta MHKYONPOBAJIM TIPH KOMHATHOM TeM-
neparype B TeueHue 24 4 B TeMHOM MecTe. DIIEKTPOHHBIC
CIIEKTPHI IOTJIOMIEHHS PETHCTPUPOBAIIH C TOMOIIBIO CTIe-
krpodoromerpa [135400V D («Dxpocxumy», Poccust). Mak-
CUMYM TOTJIOIIeH!s Habmoaancs npu 4 = 351 Hm.

AHTUMHKPOOHYIO aKTHBHOCTB UCCIEAYEMBIX 00pa3IoB
Mezaa 10 U Ha 12-M Mmecsine XpaHeHHs IPH YKa3aHHBIX
TeMmIieparypax OnpeaessuIn, UCTIoIb3ys MeTo 1 tuddy3un B
arap ¢ MHKpOOpTraHMU3MaMH CYyTOYHBIX TECT-KyJIbTyp. B
Ka4eCTBE TECT-MUKPOOPTraHU3MOB Opaiu Escherichia coli
(mwrramm 1257), Staphylococcus aureus (mramm 209-P) u
Bacillus cereus (mramm 96) (xomnexuus BHUMBCID —
¢ummana ®T'BHY ®HILI BU3B PAH). 13 cMbiBa kakoit
KYJIbTYpPbI TOTOBHIIN CYCIICH3HIO C KOJIMYECTBOM MUKPOO-
HBIX KJIETOK B 1 MuI, paBHOM 10* (KOJIIM4€ECTBO yCTaHaB-
JIMBAJIOCH IO CTAHAAPTY MyTHOCTH), U BBICEBAJIH €€ B TIPe/I-
BapHTENBHO ITOATOTOBJICHHbIE CTEPHIIBHBIC Yaiku [letpu ¢
MSCO-TIENTOHHBIM arapoM ¢ JIyHKOM B IIeHTpe (6 JaIek Ha
KaKIYI0 TTapy MUKPOOPTaHU3M — 00paserl Mea), B KOTo-
pble moMeranick oopasusl meaa Becom 0,10 + 0,01 . To-
CeBbI UHKYOUPOBAIKCH B T€UeHUE 24 4 IpU TeMIiepaType
37 °C. Y4er pe3ynbTaToB MPOBOIUIICS MO THAMETPY 30HBI
3aJIep>KKH pocTa BOKpYT oOpasiia Mena. B kauecTBe KoH-
TPOJISL UCIIONIB30BAIMCH YallKU IleTpu ¢ TecT-KyabTypoi,
B KOTOpBIE HE BHOCHIICS 00pa3er Meaa.

Cratuctraeckyio 00paboTKy pe3yJIbTaToB IPOBOANIIH C
HCII0JIb30BAHUEM MIPOrpaMMHOTo obecrieuenus MS Ex-
cel 2010. Bee n3MepeHust BBITOTHSITH B 3-X TIOBTOPHOCTSIX.
JIoCTOBEpHOCTh Pa3IHYUS CPSIHUX BEIUYHH yCTaHAB-
JIMBAJIM C NOMOMIBIO f~KpHuTepust CThIOIEHTA IIPH YPOBHE
3HaunMocTH p < 0,05.

Pe3yabTaThl M HX 00CyKIeHUE

Cornacno 'OCT 31766-2022 u 'OCT 31766-2022
HaTypaJIbHBIN JUIIOBBIM M TPEUHIIHBIA MEJ 1OJDKHBI COJIEP-
*athb He MeHee 30 % TOMHHHUPYIOMINX MBLIBLEBBIX 3€PEH,
MIO/ICONTHEYHUKOBBINA Men — He MeHee 45 %. B cooTBeTcTBUH
¢ tpeboBanusamu ['OCT 31769-2012 obmiee konm4yecTBO
IIBUTBLEBBIX 3€PEH NPH MPOBEICHUN MATMHOJIOI NYECKOT0
aHaJu3a JI0JKHO COCTaBIATH He MeHee 500.

N3yueHHble 00pa3iibl MOJHOCTHIO COOTBETCTBOBAIIN
YKa3aHHBIM TPEOOBaHMAM: 00I1ee KOJTMYECTBO MBIIBIEBBIX
3€peH JIMMOBOro Mea npesbimano 600, uz Hux 42 + 2 %
OBUTH OTIpe/IeNIeHbl KaK MbUIbLeBbIe 3epHa nunsl (7ilia).
Pe3ynpTaThl MATMHOIOTMYECKOT0 aHAIN3a MTPO0 rpednI-
HOTO M TIOJICOJTHEYHUKOBOI'O Meaa OBbUIM TaKKe IMOJI0-
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JKUTEJBHBIMU: O0IIee KOJIMYECTBO MBUIBIEBBIX 3€PEH COBIIA/IACT C MPUBECHHBIMH B JTUTEPATYPHBIX HCTOYHHKAX
coctaBmwiio 620 n 680 cooTBeTCTBEHHO. I3 HUX IOMMHU-  XapaKTePUCTHUKAMHU MBLIBIBI 3TUX MEIOHOCOB [25, 26].

pyromux 3epeH 0buto 45 + 3 % (Fagopyrum) u 63 + 2 % [lepen 3akmaakoil Ha XpaHeHHE 00PaA3LIOB CBEXKEOT-
(Helianthus). Ha pucynke 1 npencrasieHs! potorpadun Ka4aHHOTO JIUTIOBOT'0, TPEUUIITHOTO U TMOJICOTHEUHHKO-
IIBUTBLIEBBIX 3€PEH yKa3aHHBIX MeJOHOCOB (%400). BOT'O MeJia MIPOBEJIN OLEHKY UX (PU3UKO-XUMUYECKUX

3epHO JTUMBI MEIKOIUCTHOH — TPeX00pO3IHO-0pOBOE, rokasareneit (tadm. 1).

LIaPOBUIHO-CILTIONICHHON (POPMBI, IIBET CBETIIO-KEII- Kak BUIHO M3 AaHHBIX TaOIUIbI 1, BCe MoKa3aTesH,
ThIH. ['peunxa nmoceBHast HIMEET AILIUIICONIATBHYIO hopMYy, perinaMeHTupyeMble HOpMaTHBHBIMHU JOKYMEHTaMH, Ha-
CEeTYATYIO CKYJBIITYPY, IBET 3¢pHA TEMHO-KEITHIN. 36pHO XOJIMJINCh B YCTAHOBJIEHHBIX npenenax. Omnpenenenne
I10JICOJTHEYHHKA OJTHOJIETHETO 30JI0TUCTOE, IIAPOBUAHOM AKTMBHOCTH KaTajia3bl U D-Ti110K030-1-0KCH1a3bl, a Tak-
(OpPMBI ¢ XapaKTepHOH IMIOBATON CKYJIBNTYPOH, pacriono- ke conepxkanus H O, B HacTosiIee BpeMsl HE peryIiu-
’KEHHE IIIHIOB paBHOMEpHOE. JlaHHOE OIMCaHUE TTOTHOCTHIO pyercs 3akoHoaTenbCcTBOM P®. OnHAKO CymECTBYIOT

Pucynok 1. ®ororpaduueckue uzo0paxeHus NblIbIeBbIX 3epeH (X400): a — muna menkonuctHas (Tilia cordata Mill.),
b — rpeunxa nocesHas (Fagopyrum esculentum Moench.), ¢ — mogconHeunuk ognonetuit (Helianthus annuus L.)

Figure 1. Pollen grain (x400): a — linden (Tilia cordata Mill.), b — buckwheat (Fagopyrum esculentum Moench.),
¢ — sunflower (Helianthus annuus L.)

Tabmuma 1. AHaIH3 XUMIYECKOTO cOocTaBa 00pa3oB JUIOBOTO, TPEYHITHOTO U MOICOTHEYHUKOBOTO Meia

Table 1. Chemical composition of linden, buckwheat, and sunflower honey samples

AHanmm3upyeMblil TOKa3aTelb Permamentupyemas O06pa3upl Mena
HOpMa JIunosbrit I'peuniunbrit [TonconHeuHUKOBBIN
T'OCT 31766-2022
Bnaxuocts, % ne 6osee 20,0* 182+0,5 17,9+0,7 16,8 £0,8

He Oonee 19,0%*
He Oosee 18,0%***

CymmapHasi MaccoBast 1015t He MeHee 66,0* 86,6 + 3,9 86,8 +3,6 89,9+ 1,6
peayLHUpYIOIHUX caxapos, %o He menee 68,0%*
He Menee 71,0%**
CB00OO/IHAsI KHCJIOTHOCTh, MOKB/KI 10,0-25,0% 24,6 £0,8 263+ 1,1 25,1+£0,9
10,0—40,0**
10,0-30,0%*%*
Jlnacraznoe uucio, exn. [ore He MeHee 8,0% 17,5 +0,8 40,2 +0,8 16,5+ 14

He MeHee 18,0%*

He MeHee 15,0%**
T'OCT 19792-2017

MaccoBas most He 6oiee 25,0 2,36 £0,11 3,25+0,15 2,44 +£0,10
THAPOKCUMETHI(DYpdypast, MI/KT

HeperﬂaMeHTI/IpOBaHHHe moKas3areiin

Karanasa, mm® O, - 330+ 14 485 +£22 850 +22
D-nimroko30- 1 -okcugasa, MK HZOZ/q r - 432,1+10,5 385,9+ 12,3 187,8 £ 9,1
Conepxanne H,0,, x10*M - 1,71 £ 0,05 1,48 +£0,07 0,79 + 0,03

Ipumeuanue. TpeOoBaHuss HOPMATUBHBIX JOKYMEHTOB [UTS *JMIOBOTO Meaa, **rpedrinHoro Meaa, ***oIconHeYHHKOBOTrO Meia.

Note: Standard requirements for *linden honey, **buckwheat honey, ***sunflower honey.
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JTUTEepaTypHbIC HCTOYHUKH, B KOTOPBIX MTPUBEICHBI METO-
JIUKU X OTIpEJeNICHUs, ¥ JaHHbIC, JEMOHCTPUPYIOIIHNE
YCIIEIIHOCTh UX IPUMEHEHHS IIPU NIPOBEACHUH aHaIU3a
XUMHUYECKOTO cocTaBa Mena [22, 23, 27].

Jnis m3yveHust n3MeHEHHH (QI3UKO-XUMITYECKUX U OHO-
JIOTHYECKHUX [TOKa3aTeliel Me/ia B MPOoIecce TUTEITLHOTO
XpaHEeHUS TIPH PA3HBIX TEMIIEPATYPHBIX PEXKUMAX IOy IeH-
HBIC MICXO/IHBIC 3HAYCHUS OBIIH MIPUHSTHI 38 KOHTPOIIBHBIC.

Opmunakossie 1o Macce (100,0 £ 0,1 r) HaBecku 0Opa3-
OB ME€1a ObLIH TIOMCIHICHBI B CTCPUJIBHBIC ITOJIUIIPOITUIIC-
HOBBIC KOHTCHHEPHI C TEPMETHYHO 3aBHHYMBAIOIIUMICS
KPBIIIKaMH ¥ 3JI0)KEHBI Ha XpaHEHHE B KIIMMaTHYECKHE Ka-
MepsI ipu Temmepatypax 18, 10,5,0,-5,-10u—-18 (+2) °C,
BIaxHOCTH 55 (£ 3) % Ha cpok 12 mecsiues. Beibop Tem-
neparyp o0ycIoBIieH TeM, 9To 18 + 2 °C — MaKCHMaITbHBIH
npeies TeMrnepaTypbl XpaHEeHHs Me/1a, COOTBETCTBYHOIINN
tpeboBarmsiM ['OCT (ue 6omee 20 °C), xpaHeHue npu
10, 5,0,-5,-10 u—18 (+ 2) °C — MmomenmpoBaHUE BO3ICH-
CTBHSI HU3KUX TEMIIEPATyp, IPU KOTOPBIX HAOIIOAAINCH
M3MEHEHHS B XUMHUYECKOM cocTaBe Mefa. [lomydeHnas
JTUHAMAKA TIPECTaBICHA Ha PHCYHKE 2.

MaccoBast nosst ruapokcuMetTmihypdypans Bo Bcex
AQHAIM3UPYEMBIX 00pa3Iax MOCTEIICHHO yBEINYNBAJIACH
TIPH BCEX TeMIIeparypax, 3a uckmodenueM —18 °C. Hanbo-
Jiee MHTEHCUBHO 3TOT MPOLECC HAYMHAI IIPOTEKATh I10CiIe
3-ro Mecsma xpanenus. Ha rpagukax (puc. 2) MOXHO
OTCIICTUTH 3aBUCHMOCTD YBEITUYCHHS THAPOKCUMETUII-
bypdypais oT TemriepaTypbl XpaHeHHs1. MakcuMabHOe
coziepKaHue THIPOKCUMETHIIDYpdypaist oTMedanoch
B oOpasmax, xpausmuxcs npu 18 °C. Ha 12-m mecsme
OBIIO YCTAHOBIICHO €T'0 MOBBIIICHHE OTHOCUTEIILHO HCXO-
HOro 3HaveHus Ha 472,5 % B oOpasuax JIMIIOBOro Meaa
nHa484,0 1 488,1 % — rpeUnIITHOTO U TTIOJICOTHEYHHKOBOTO
co0TBeTCTBEHHO. OIHAKO IPEAEIBbHO 0y CTHMAs! KOHIIEHT-
parmst (25 Mr/kr) He ObUTa npeBbiicHa. Ha npoTspkeHuu
BCETO MePHO0/Ia UCCIEIOBAHMUI COJepKaHNE THIPOKCHME-
tindypdypains 610 crabunsho npu —18 °C. B 06pasz-
[ax JMIIOBOTO M TO/ICOJHEYHUKOBOTO MeJa B IIpoliecce
XpaHEHHS 0TMEYaI0Ch HEOONMBIIOE €ro CHIDKEHHE: Ha
12-m mecsane —Ha 5,9 u 2,5 % coorBercTBeHHO. [Tomyuen-
HBIC TaHHbIE COTJIACYIOTCSI C pe3yJIbTaTaMH HCCIIeJOBaHUN
M. Kedzierska-Matysek ¢ coaBropamu u 1. N. Pasias ¢
COaBTOpaMH, B KOTOPBIX ObLIIa ITPOIEMOHCTPUPOBAHA CTa-
OMIIBHOCTB THAPOKCUMETHIQYpdypais B oOpasiax mena
pasImYHoro 60TaHI/I‘ICCK01"O MPOUCXOKICHUA, XPAHAIITHUXCA
TIPU OTPHULIATEITFHBIX TEMITEPATyPaXx, U TIOBBIIICHIE YPOBHS
9TOTO MOKa3aresisi B Npo0ax, MOJBEPrHYTHIX XPaHEHUIO
pu KOMHATHOU Temmeparype [9, 10].

CHIKeHNEe TUacTa3HON aKTHBHOCTH O00pa3lloB Mena
Ha0JII0/1aJ10Ch YK€ Ha 1-M Mecsle XpaHeHHs IIPU BceX
TeMIepaTypHbIX pexkumax (puc. 2). OnHako asst 00pasioB
TPEYHITHOTO MeJa, XPAHUBIINXCS NP BCEX YKa3aHHBIX
TEMIIepaTypax 3a BeCh IEPUOJ HCCIICTOBAHUS, STOT MOKa-
3aTeJb HaXO/IMIICS B IIPE/ieliax, yCTAHOBICHHBIX HOPMaTHB-
HBIMHU JOKYMEHTaMH. Ta ke TeHICHIIHS IPOCIeKIBAIIACh
1 JIJTSL TMITOBOTO MeJTa, 33 UCKITIOUeHHEM 00pasIioB, TOIBEP-
THYTBIX XpaHeHHo B TeucHue 12 mecsies nipu 18 °C (cpen-
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Hee oTKIOHeHHe oT HopMmatuBa 0,9 ex. ['ote). [lnacrazHoe
YHUCIIO0 00pa3oB MOICOTHEYHHKOBOTO Me/Ia ObLIO HIKE
JIOMyCTAMOW HOPMBI BO BCEX BapUaHTaX dKCICPUMCHTA,
kpome xparenus npu 0 u 5 °C B TeueHue 3 MecsIeB.

B pesynbrare xpanenus npu 18 °C quacrasHas akTHUB-
HOCTh BCEX 00pa3lOB 3HAYUTEIIEHO CHUXKAJACh K KOHILY
nccnenoBanuid. Ha 12-M mecsiie axcriepuMenTa B 00pasiax
JUTIOBOTO Mela OHA CHHM3MIAch Ha 42,3 %, B oOpasmax
TPEUUIIHOTO Meaa — Ha 66,4 %, MOJCOTHEYHUKOBOIO —
Ha 55,8 %. HebnaromnpusTHOE BIHUSHUE OKa3alia TeMIepa-
Typa—18 °C: Ha 12-M MecsiIe B TUTIOBOM MeJIe THACTa3HOE
yucio coctaBuiio 11,90 £ 0,96 en. I'ote, uro Ha 32,0 %
MEHbIIIC, YEM 10 3aKJIaIKA Ha XPAHCHUE, B IPCUHIITHOM —
33,4+ 0,7 en. T'ore (pa3HuUMa ¢ UCXOAHBIM 3HAYCHUEM
16,9 %), B monconHeyHUKOBEIM — 8,9 = 0,7 exn. [ote (pas-
Huna coctasmia 46,1 %). MunuMaabHble U3MEHEHUS B
sToM mapametpe npomsonuty mpu 0, 5 u 10 °C.

Kak u quacrazHoe uncio, akTUBHOCTh D-TI1r0K030- 1 -
OKCH/Ia3bl HAUMHAJIA [IaJ]aTh HA [ICPBOM MECSIIC XPAHCHUS
TIPH BCEX TEMIIePaTypHBIX pekumax (puc. 2). IHTeHCcHB-
HOCTB CHIDKCHHSI aKTUBHOCTH (DePMEHTA 3aBHCEIIa OT TEMIIC-
paTyphl XpaHEHHs: MAKCUMAJIbHOE CHIYKECHUE HAOJTFOIATIOCh
Ha 12-m mecste npu —18 °C: Ha 64,0, 59,1 u 81,6 % (1o
CpPaBHEHUIO C KOHTPOJIEM) U 00pa3IoB JUIIOBOTO, Tpe-
YUIITHOTO ¥ TOJICOTHEYHUKOBOTO ME/Ia COOTBETCTBCHHO.
3naunTenbHbIe n3MeHeHus (Ha 34,0-76,9 % B 3aBucUMOCTH
OT OOTAaHWYECKOTO MPOUCXOKICHUS Me/la) MPOU30IILIH
B pe3ynbTare xpanenus npu —10, =5 u 18 °C. Hanbosnee
0JIaTONPHUATHBIM PSKHUMOM OKa3aJIoCh XPaHCHHUE TIPH
temneparypax 5 u 0 °C: Ha 12-M MecsIe uccae10BaHni
aKTHBHOCTH (pepMEHTa CHU3MIIACh Bcero Ha 14,6-23,5 %.

AHanu3 comep)kanus (pepMeHTa KaTajaasbl 3aJ0KCH-
HBIX Ha XpaHEHHE 00pa3loB Meaa MPOIEeMOHCTPUPOBAIT
ee OOIBIIYI0 YCTOWYHBOCTD K BO3JICHCTBHIO KaK HUA3KHX,
TaK ¥ KOMHATHOU TeMIepaTyp, 10 CPaBHCHUIO ¢ (hepMeH-
TaM¥, OMMCAaHHBIMHU BhITIe. Kak u B ciryuyae ¢ nuacra-
301 U D-riroko30-1-okcuaa3oi, Ha TPOTSXKEHUH BCETO
Mepuojia UCCIeI0BaHUN OTMEYaIOCh MTOCTENEHHO CHU-
JKeHHE aKTMBHOCTH KaTasla3bl. ITOT MPOIECC MPHU BCEX
TEMIIEPaTYPHBIX peKAMaX MPOTEKa He TAK HHTCHCUBHO
(puc. 2). B oOpa3uax moJCOMHEUHNKOBOTO Me/ia, Xapak-
TEpU3YIOIIETOCS N3HAYaIbHO BBICOKUM COJIepKaHUEM
katanaspl (850 + 22 MM’ O,), OTMeYanuch MUHAMAITbHbIE
M3MEHEHHS ATOTO IMOKa3aTels: Ha 12-M Mecsiie kaTaias3a
canzmnack Ha 10,0-17,4 % B 3aBUCHMOCTH OT TeMIIEPaTypHI
xpaHeHUs. B oOpasmax JUIIOBOTO U TPEUUIITHOTO MEIa,
B KOTOPBIX HaYaJIbHBI YPOBCHb KaTaJla3bl ObLT HUXKE
(330 + 14 n 485 £ 19 MM’ O, COOTBETCTBEHHO), K KOHITY
SKCIIepUMeHTa OH cHU3miIcs Ha 12,7-35,5u 11,3-29,5 %
COOTBETCTBCHHO. He3aBHCHMO OT OOTaHHMYECKOTro Mpo-
HUCXOKJICHUS, MUHUMAJIbHbIC M3MCHCHHS aKTHUBHOCTH
(depmenTa HabIrOMATHCH TIpU TemmepaTypax 5 u 0 °C.

Coneprxanne B o6pasnax mena H,O, Ob110 cTabunbHo
npu temneparypax 5 u 0 °C: Ha 12-M mecsiIe ero KoH-
LIEHTpaIusa B 00pa3iax JUIIOBOTO MeJa CHU3UIAch Ha
5,31 2,9 %, B 0Opasmax rpeqnmrHoro —Ha 15,5 u 12,2 %,
MOJICOTHEYHUKOBOTO — Ha 5,1 1 2,5 % COOTBETCTBEHHO.
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Ipumeuanue: 0 MecsilieB — HCXOAHbBIE JaHHbIC (KOHTPOIb), MOTY4YCHHbIE 10 3aK/IaK1 00pa3ioB Ha xpaHenue; 'M® — rugpokcumerundypdypainb

Pucynok 2. I3meHenne pU3NKO-XUMHUECKUX ITapaMeTpOB 00pa3noB JUIOBOro (a), rpeduuHoro (b) U M0ACOTHEYHUKOBOTIO
(c) Mena B mporecce XpaHCHUs B TCUCHHE 12 MeCsIEB MPHU pa3HBIX TEMIIEpaTypax

Figure 2. Physicochemical parameters of linden (a), buckwheat (b), and sunflower (c¢) honey samples during 12 months of storage

at different temperatures
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B obpasmax, xparsimmxcs npu 18 °C, 3HaunTeTbHOE YMEHB-
menne H O, HaunHamocs Ha 6-M MecsIEe, YTO COTIIacyeTcs
C paHEC MOJYYCHHBIMHU HaMU OTaHHBIMU, IPOACMOHCTPU-
poBaBuMu cHikenne H O, B o6pasuax qunoBoro Meaa Ha
5,6 % ¢ MOMEHTa OTKa4KHu JI0 6-ro Mmecsia, a ¢ 6-ro 10
12-ro mecsitia — Ha 36,2 %; B 00pa3iax rpeurIrHoro Mea —
Ha 4,7 44,3 % cOOTBETCTBEHHO; B 00pa3Ilax MOICOTHEY-
HHUKOBOTO Meaa — Ha 7,3 1 57,6 % COOTBETCTBEHHO.

Takas ke TeHIEHIMS IPOCIeKHUBaIach U A obpas-
1I0B, NOJBEPrHyTHIX XpaHeHuto npu 10 u -5 °C. B to xe
BpeMs xpaHenue npu —10 n —18 °C npuBoauiIO K IOHMKe-
HUIO ATOTO TIOKa3aTels y)Ke Ha epBOM MecsIe (puc. 2).
ITpomsomenmue B nporecce Xxpanenus nsmenenws ¢ H,0,
MOTYT OBITh 00YCJIOBJICHBI CIICTYIOIIUMHE (PaKTOpPaMH: He-
crabuibHOCTLIO Monekybl H O, ipu Temmepatypax, Bbl-
xoaamux 3a auanazod 0-5 °C; camxenuem npu 18 °C,
a TaK)Ke HU3KHUX TeMIlepaTypax akTHBHOCTH D-Tiroko30-1-
OKCHUJAa3bl, 0] BO3JEHCTBUEM KOTOPOI H202 oOpasyercst
B MeJle B pe3yibTaTe ABYXCTAIUHHON OKHCIUTEIBHO-
BOCCTAHOBHTEIIEHOW PEaKINH; OTHOCUTEIFHON CTaOMIh-
HOCTBIO (pepMeHTa KaTanasbl, ruaposusyiomei H O, 1o
BOZIBI M KUCIOpOoAa [7].

B pesynbrare 12-MecsiaHOTO XpaHeHUs 00pa3IoB Mesia
IIPY yKa3aHHBIX TEMIIEPaTypax BIAXHOCTh, CyMMapHast
MaccoBasi JI0JIs peAyIUPYIOIINX CaXapoB U CBOOOHAs
KHCJIOTHOCTh 3HAYNUTENIBHO HE M3MEHIUINCH (OTIHYHE
OT KOHTPOJISt MeHee 5 %) 1 HaXOIUITUCh B TIpeiesiax, peria-
MCHTHUPOBAHHBIX HOPMATUBHBIMU JOKYMCHTaMU. B cBs3u

C 5TUM B Ta0nwuie 2 IpUBEIEHH JaHHBIE, TOTyIeHHBIC
B KOHIIE dKCIIEpUMEHTa — Ha 12-M MecsIe XpaHeHusl,
a TaKXKe UCXO/THbIC 3HAUSHHUS ITUX MOKa3aTeneil (KOHTPOIIb).

MakcumainbHOe CHU)KECHHE BIXXHOCTH 00paslioB JIH-
moBoro Mena cocrasuio 4,9 % npu temneparype 18 °C
(OTHOCHUTETHHO KOHTPOJIS), TPEUHIITHOTO H TTOICOTHETHH-
koBoro Mena —4,5 1 4,8 % COOTBETCTBEHHO TIPH TOI JKE TEM-
nepatype. MUHHMabHBIE OTKIIOHEHHSI OT HCXOIHBIX 3HA-
yeHuit Habmroaanuck mpu 0 °C 1 OTpHUIIATENBHBIX TEMITEpa-
Typax. [lomyueHHbIe pe3yIbTaThl COrNAcyOTCs C JaHHBIMH,
noryuenHsiMua M. Kedzierska-Matysek ¢ coaBTopamu [9].
CTalmIbHOCT BIQXKHOCTH 00pa3LOB, XPAHSIIUXCS TIPU
HU3KUX TeMIIepaTypax, MOXeT OOBACHATHCS Oonee ObI-
CTPBIM MEPEX0JIOM MOJIEKYJI BOBI B CBSI3aHHYIO hopmy [28].

Ta e TeHIeHIMS MPOCISKNUBAIach U B OTHOIICHUH
peAyLHUPYIOMHUX CaXapoB: UX HaUMEHbIIEe KOIUYECTBO
O0TMEYAJIOCh B aHATM3UPYEMBIX 00pa3iiax, MoABEPTHYTHIX
xpanenuto mpu 18 °C. J]nst 00pas3noB JIUNIOBOTO U Tpe-
YHIITHOI0 MeJa OTKJIIOHEHHE cocTaBmiIo 3,3 %, moacol-
HeuHnkoBoro — 1,7 %. ITo manaem G. P. Ribeiro u ap., co-
JIep)KaHue PeIyIUPYIONINX caxapoB B oOpasax Mena,
xpansuxcst pu —18 °C B reuenue 180 cyTok, u3MeHH-
nock Ha 4,9 % [11]. Pe3ynbTathl, mpencraBicHHbIE B padoTe
C. H. EceHKkHHOM, TPOJEMOHCTPUPOBAIIN OTKJIOHEHUE
9TOrO TIOKa3arens Ha 4,2 % mocie 3-MeCTYHOTO XpaHCHUS
TIpH aHAJIOTHYHOU Temriepatype [29].

CB00OOIHAS KUCIOTHOCTD 32 12 MECSIIeB MPU BCEX
TeMIIepaTypax, Ha000POT, HE3HAUYNUTEIHLHO MOBBICHIIACH.

Tabnuua 2. CoaepixaHue BIAXHOCTH, PEIYyLHUPYIOLUIMX caXxapoB U cBOOOIHOW KHCIOTHOCTH B 00pasiax JUIOBOro,
TPEYHIITHOTO U TOJCOJHEYHUKOBOTO Me/1a, XPaHUBIIUXCS TIPH Pa3HBIX TEeMIIepaTypax B TeueHue 12 Mecsien

Table 2. Moisture, reducing sugars, and free acidity in linden, buckwheat, and sunflower honey samples stored at different temperatures
for 12 months

AHanmm3upyemblit KonTponn Temmneparypa xpanenus, °C
TOoKa3aTeib 18 10 5 0 -5 -10 —-18
JInmoBsIit Mex
Braaxuocts, % 182+0,5 | 17,3+02 | 174+02 | 174+0,2 | 174+0,3 | 17,5+0,3 | 17,6+0,3 | 17,9+0,6
CyMmmapHasi MaccoBast 86,639 | 83,8+3,7 | 84,5+29 | 846+1,7 | 84,8+3,5 | 851+3,8 | 852+3,5 | 85,723
JIOJISI PEAYLIUPYFOIIUX
caxapos, %
CaoOonHas 24,6+0,8 | 25,7+1,2 | 25,6+0,3 | 25,5+1,2 |25,5+0,9 | 254+0,7 | 248+0,6 | 24,7+0,2
KHCJIOTHOCTE, MOKB/KT
I'peuninbiil Men

Bunaxuocts, % 17,9+0,7 | 17,1 £0,5 | 172+0,6 | 173+0,5 | 174+0,4 | 17,5+0,7 | 17,8 £0,3 | 17,8 £0,5
CyMmmapHas MaccoBast 86,8+3,6 | 839+1,3 | 84,3+26 | 849+24 | 853+2,8 | 856+2.8 | 86,2+1,9 | 86,7+3,1
JIOJST PEAYLHPYIOIINX
caxapos, %
CBoOoaHast 263+1,1 | 27,3+£0,7 | 27,1 £0,9 | 27,0+0,5 | 269+ 1,3 | 26,8+ 1,1 | 26,8+ 1,2 | 26,6+ 0,6
KHMCJIOTHOCTh, MOKB/KI'

[TocoMHEYHUKOBBIN Me]T

Braaxuocts, % 16,8+0,8 | 16,0+£0,2 | 16,1 +03 | 16,2+0,1 | 16,2+0,1 | 162+0,2 | 16,3+0,3 | 16,4 £0,2
CyMmmapHas MaccoBas 899+1,6 | 884+1,4 | 894+27 | 895+29 | 89,6+3,1 | 89,7+2,8 | 89,8 +2,5 | 89,8 3,8
JIOJISI PEAYLHPYFOIIUX
caxapos, %
CpoOonHas 25,1+£0,9 | 258+13 | 25,6+1,2 | 25,6+0,8 | 255+1,2 | 254+0,7 | 253+09 | 252+ 1,1
KHCJIOTHOCTB, MOKB/KT
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bbia BIsIBIIEHA CIIE/IYIOIIAs 3aKOHOMEPHOCTh: YEM BBIIIIE
TeMIepaTypa XpaHeHHs, TEM BBIIIC 3HAYCHHE KHCIOTHO-
ctu. IIpu 18 °C s1oT mokazatens yBenuuuics Ha 4,5 %
JUTS TATIOBOTO Mena, Ha 3,8 % st rpeuntrHoro U Ha 2,7 %
T ofcotHewHrnKoBoro. F. Braghini ¢ coaBTopamu oT-
METHJIH TaKy0 JK€ TCHICHIIUIO TIPU MCCIICIOBAHUU MEa,
xpansmerocs mpu 22 °C [12].

V3MeHeHus1, TPOU3O0IISIINE C COICPKAHUCM PETyIIU-
PYIOIIUX caxapoB U CBOOOHON KUCIOTHOCTBIO, 00YCIIOB-
JICHBI CKOPOCTBIO TIPOXOK/ICHHUS IPOIECCa JISTHIPATAIHH,
B pPE3yJIbTaTe KOTOPOTo U3 MOHOCAXapoB 00pa3yroTces Oosee
MPOCThIE COCAMHEHHS, B TOM YUCIIE OPraHMYECKUE KUCIIOTHI,
a TakKe THAPOKCUMETHIPYPPYpaih (UTO OOBSICHSIET ero
CTaOMIM3aLUI0 HU3KUMU Temriepatypamu). K Tem xe Bbl-
Bonam npunomm M. Kedzierska-Matysek u ap., koTopsie B
CBOEM HCCIICIOBAHHIH PAIICOBOTO MEIa IIOKA3aIIH, YTO PH
TTOHIKEHUH TEMITEPATY Pl XPaHEHUS 3TOr0 MPOAYKTa XUMHU-
YeCKHe PeaKIny MPOTEKal B HeM ropasio MeieHuee [9].

C 1eNbI0 U3YYCHUS BIHSHUAS TEMIICPATYPHBIX yCIIO-
BUH IIpu AJTUTCIIBHOM XpaHCHHUH ME€Jla Ha €0 aHTUMH-
KpoOHOe aeiicTBre OBLT MpoBeneH TecT Ha Escherichia
coli (mrramm 1257), Staphylococcus aureus (muramm 209-P)
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[ 'peuniHblii Mex

u Bacillus cereus (mramm 96, BereraTuBHas ¢opma). Jlan-
HbIC MUKPOOPTaHU3MBI SBJISFOTCS. HAOOJIee pacipocTpa-
HEHHBIMH TECT-KYJbTYpaMH IPH MPOBEIACHUA MUKPO-
OMOJIOrHUYECKUX UCCIICI0BAHHH, a TAKIKE HCCIISI0BAHUN Pa3-
JINYHBIX OMOXUMHYCCKUX MEXaHU3MOB. E. coli u S. aureus
M3BECTHBI KAK KOHTAMUHAHTBI CIM3UCTOTO U KOYKHOTO JITH-
TEJINSI YeTIOBEKA U )KUBOTHBIX, TI0ITOMY TIPU OIPEIEIICHHBIX
YCIIOBHSIX MOTYT BBI3BIBATh BOCHAIUTEIILHBIC MPOIECCHI
U TIMIIEBbIC OTPABJICHHUS. B. cereus, XOTs U SBISIETCS IPE/I-
CTaBUTEIIEM MTOYBEHHBIX OAKTEPHIA, MOYKET TAKKE OBITh ITPH-
YHHOM TokcuKouH(pekwmii [30-33].

Hccnenyembie 00pasiibl CBEKEOTKAYaHHOTO MeJIa pa3-
HOTrO OOTAHUYECKOTO TPOUCXOXKICHUS OKA3bIBAIU UHIH-
Oupyrolee IeicTBUE Ha POCT BCEX TECT-KYIbTYp (puc. 3).

AHTIMHKpPOOHASI aKTHBHOCTH JIUIIOBOTO Me/ia B OTHO-
meHud S. aureus (CpeoHUN THAMETP 30HBI 3aJICPKKH
pocta 38 MMm) npeBocxoauia AercTBre Ha E. coli (32 MMm)
u B. cereus (23 mm). I'peuniaeiii Me oka3bIBas 00Tb-
Iee HHruOupyroliee BIusHAE Ha S. aureus (31 MM), yem
Ha E. coli (26 mm) u B. cereus (19 mm). Iloaconneunu-
KOBBII MeJ] oaBIisi1 poct S. aureus (20 Mmm) B 60ombIIei
creneny, 4yeM E. coli (18 mm) u B. cereus (12 mm).

30Ha 3aJIepIKKU pOCTa, MM

0 TToaCOTHEUHUKOBEIN MeJ

Pucynok 3. Uurubuposanue pocra Escherichia coli (a), Staphylococcus aureus (b) n Bacillus cereus (c¢) odpa3uamu
JIUIIOBOTO, I'PEUYHIIIHOTO U MTOACOJHEYHUKOBOTO Mea: 10 3aKJIaJKy Ha XpaHeHue (KOHTPOJb), a Takxke Ha 12-M mecsue
XpaHeHus npu temneparypax 18, 10, 5,0, -5, -10 u —18 °C

Figure 3. Growth inhibition of Escherichia coli (a), Staphylococcus aureus (b), and Bacillus cereus (c) by linden, buckwheat,
and sunflower honey: before storage (control) and after 12 months of storage at 18, 10, 5, 0, -5, —10, and —18°C
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30JIOTUCTHIN CTAQUIOKOKK MMOKa3aJ HAMMEHBITYIO
YCTOHYMBOCTB K MeJly, HE3aBUCHMO OT €ro OOTaHW4ECKOro
MIPOUCXOKACHHS, YTO OOBACHACTCS Pa3INIHON PE3UCTEHT-
HOCTBIO MUKPOOPTaHM3MOB K BITUSIHIIO BHETITHHUX (DaKTOPOB.

Bo Bcex oOpasiax Meza, B 3aBUCHMOCTH OT TeMIIepa-
TypBI XpaHeHus B TedeHue 12 mecsiien, Ha0moanoch nase-
HHUE aHTUMHAKPOOHOW aKTUBHOCTH. Y POBEHbB €€ CHIKCHHS
0T OOJIBIIIETO K MEHBIIIEMY COOTBETCTBOBAJI CIICIYIOIINM
temnepartypam: —18, —10, =5, 18, 10, 5 u 0 °C. dannas
3aBHCHUMOCTb IIPOCIICKUBATIACH [T BCEX BUIOB MEJa.

CpeHsisi CTereHb CHIYKEHHS] aHTHMUKPOOHOM aKTHBHO-
CTH JTUTIOBOTO Me/a (110 CPaBHEHHIO C KOHTPOJIEM) B OTHO-
menuu S. aureus npu —18 u 0 °C cocraBuna 71 u 21 %
COOTBETCTBEHHO; B oTHOIIeHUU E. coli — 72 n 12,5 %;
B. cereus —69,5u 21,7 %. NarnOupytomee neicTBre rpe-
YHUIITHOTO Me/a B OTHOUICHWHU S. aureus CHU3NIOCH HA
61,3 u 22,6 % nipu —18 u 0 °C COOTBETCTBEHHO; B OTHO-
menun E. coli —na 57,7 u 15,4 %; B. cereus —Ha 57,9 u
15,8 %. Ta sxe TeHIeHIM OTMEYaIach U IS IOACOJIHEY-
HukoBoro mMeza: 60,0 mpu —18 °C u 10,0 % npu 0 °C ms
S. aureus; 66,7 u 5,5 % s E. coli; 50,0 u 0,0 % (6e3
yueTa OTKJIOHEHUSI OT CPeIHEero 3Ha4YeHust) Juisi B. cereus.

CHIDKeHIE aHTUMAKPOOHOM aKTHBHOCTH MOYKHO 00'BSIC-
HHUTH yMEHBIICHUEM B HCCIIEyeMbIX 00pa3nax Mesia KOH-
uenTpanuu H,O,, KoTopbIii ABIIAETCSA CTAOMIILHOM aKTHBHOM
(hopMoif KICITOpo/Ia, BEI3BIBAIOIICH OKCHIATHBHEINA CTpECC
MHKPOOHO# Ki1eTkH [34]. OOpas3iibl ¢ HU3KUM COJICPKAHUEM
H,0, mpoaeMOHCTPUPOBAI MEHBIINK WHTHOUPYFOIIUI
3¢ PEKT B OTHOIIEHUH BCEX TPEX MUKPOOPTaHU3MOB.

BoiBoabI

[IpoBoanMEIii B TeueHne 12 MecseB pU3NKO-XIMH-
YECKUH M OMOJIOTMYECKH aHaIU3 00pa3loB JUIIOBOTO,
TPEYHIITHOTO U MOICOTHEYHUKOBOTO MeJIa, XPAHSAIIETOCS
P Pa3HBIX TEMIEPATypax, MO3BOJMI BbISIBUTH ONpe/e-
JICHHBIC U3MEHCHHS B XUMHUYECKOM COCTaBe U OMOJIOTH-
YECKOW aKTHBHOCTH MCCIIETyEeMbIX 00pa3IloB.

ITonoXUTEABbHBIM PE3yIbTaTOM IPUMEHEHUSI OTPHU-
narenbHbIx Temneparyp (-5, —10 u ocobenno —18 °C)
IUISL JUTATEIFHOTO XPAaHCHH MeJa CTallo 3aMeJICHHE
CKOPOCTH XMMHUYECKHUX MPOIIECCOB, YTO 00YCIOBUIO MU-
HUMaJIbHbIE U3MEHEHHUS B COJIEPIKaHUN TOKCHYHOTO COe-
IUHEHUS — ruapokcuMeTindypdypansis. OmIHAKO Takue
TeMIlepaTypHbIe PEKUMbI XpaHEHHs] HETaTUBHO BIUSIIN

Ha (pepMEHTATHBHYIO aKTHBHOCTH 1 KoHIEeHTpanuio H,0,,
KOTOpBbIE, HApsLy C COJIEPKaHUEM CaxapoB M KUCJIIOT,
SIBJIAIOTCS (DAaKTOpaMU aHTUMHUKPOOHON aKTHBHOCTH MEJIa.
[TomoOHBIe M3MEHEHNS TTPOU3OIILTH U ¢ 00pa3IaMu, Xpa-
nsmucs pu 18 u 10 °C, B KOTOpbIX 0TMeuasoch Oosee
BBICOKOE COJICPIKAaHMs THAPOKCUMETHIQYpdypasis. Menee
WHTEHCHBHO XHUMHYECKHE TPOLIECCHI TIPOTEKAIH MIPU 5 U
0 °C. Conepxanue ruapokcuMetiidypdypais B oopas-
11aX, XPaHUBIIUXCS NIPU JaHHBIX TEMIEPATypax B Tede-
Hue 12 MecsIeB, COCTaBHIIO, B 3aBUCMOCTH OT OOTaHHYe-
CKOTO IIPOUCXOKICHUS Mena, oT 7,37 10 11,97 Mr/kr, uto
3HAYUTEIIEHO HIDKE TIPEJIEBHO AOITYCTUMON KOHIIEHTPAIHHL.

Ha 12-Mm mecsiie XxpaHeHust Bce 00pasiipl Mesia CooT-
BETCTBOBAJIU Tpe6OBaHI/I$IM HOPMATHUBHBIX JOKYMEHTOB
TI0 BCEM ITOKa3aTelsaM. VIcKiroueHne cocTaBmia InacTas-
Hasi aKTHBHOCTH B 00pa3iax MoJCOJIHEYHUKOBOTO MEa.
OjiHaKO MPOBE/ICHHBIH TECT M0 M3Y4YEHHIO aHTUMUKPOO-
HOM aKTHMBHOCTH MeJa B OTHouueHun Escherichia coll,
Staphylococcus aureus v Bacillus cereus mpoieMOHCTPH-
poBaJI, 4TO HAMOONBIIUM MHTHOUPYIOIINM IEHCTBHEM
oOnaganyu o0pasuel, xpanusiuecs npu S u 0 °C. Takum
o0pa3om, JJaHHbIE TEMIIepaTyphl MPEICTABISIOTCS OIl-
TUMAaJIBHBIMHU JUUIsI XPAHEHHSI ME/1a B TEUCHUE JUTUTEIb-
HOT'O BPEMEHH.

[TomyueHHbIe pe3yabTaThl MOTYT OBITh HCTIOJIb30BaHBI
B Ka4eCTBE JOMOIHUTEIBHBIX PEKOMEH /AN TTPH BHECCHNH
W3MEHEHHII B HOPMAaTUBHYIO JOKYMEHTAINIO, PEryIHpy-
IOLIYIO TPEOOBAHMUS K XPAaHEHHIO ATOTO MPOYKTA.
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