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AnHoTauusa — HarypanbHblli NUENUHBIA MEA — LEHHBIM NUIIEBOH NPOAYKT, MOJIb3YHOIIMMCS
OO0JIBIION MOMYJISIPHOCTBIO BO MHOTUX cTpaHax mupa. OHaKo, BBICOKUI CIIPOC HAa HEro MpHUBEN K
yualieHuto ciaydaeB ganscudukanuii. B Poccun Hanbomnee pacnpocTpaHeHHBIMU U CIIOKHBIMH JUTS
BBISIBJICHUS MPEACTABISIIOTCA [Ba (aibcu(puKaTa — «MCKYCCTBEHHBIH Mea» M «caxapHblil men». B
COOTBETCTBHUH C TPpeOOBAaHUSAMH HOpMaTUBHOM nokyMeHTauuu (HJI) ux onpenenenue OCHOBBIBAETCS
Ha (U3UKO-XMMHMUYECKOM aHaJM3e, 4YTO, K COXKAJIECHHIO, HE BCErjla JaeT BO3MOYKHOCTh HOJIY4YHThb
JIOCTOBEPHBIE pe3yabTaThl. COIIACHO JIUTEPATYpPHBIM JaHHBIM, O KA4ECTBE ME/A MO3BOJISAIOT TAKXKE
CYIUTh TaKHE IOKA3aTeNIN, KaK YPOBEHb AKTUBHOCTHU KaTasla3bl U D-INI0K030-1-0KcHIassl, a Takxke
KOHIIeHTpauusi nepokcuna Bopopona (H>O,). B crathe mpuBeneHbl NaHHBIE 1O ONPEACICHUIO
BO3MOYKHOCTH BBISIBICHHS yKa3aHHbBIX (aJbCU(PUKATOB HAa OCHOBE OLIEHKH (PU3MKO-XUMHUYECKUX
IoKazarene, pekomMeHnoBaHHbIX HJI, M TOMONHUTENBHBIX KPUTEPUEB, C ILEJIBIO IOBBIIICHUS
00BEKTUBHOCTH MOJY4aeMbIX pe3ysbTaToB. [lonydyeHHbIe JaHHbBIE CPABHUBAINCH KaK ¢ KPUTEPUSIMHU
H/I, Tak ¥ ¢ GUBHKO-XMMHYECKUMHU MTOKA3aTEISIMH 33/ICCTBOBAHHBIX B DKCIIEPHUMEHTaX 00pa3IoB
HaTypaJbHOI'O I'PEYUIIHOIO Meaa. bbulo ycTaHOBIEHO, 4TO (aibCU(UKAT «MCKYCCTBEHHBIH M
HE CcooTBeTCTBOBal TpeboBanusiM HJI mo Bcem mapamerpaM KpoMme COAEp)KaHHS Biarv. Takxe,
OblIa JETEKTUpOBaHA HU3Kas (hepMEHTAaTHBHAs aKTUBHOCTh M KoHmeHTpauus H,O, (B 74 paza
MEHbIIIE, YeM B HaTypaJibHOM Meze). pyroi ¢ambcuduKaT — «caXxapHblii Mel», B IIEJIOM, 110 BCEM
KputepusM cootsercTBoBan HJI, mosToMy ero BbIsiBiIeHHE ObUIO Oosiee CIOKHBIM. AKTHBHOCTb
(dbepMEeHTOB XOTs M ObUIa CHIDKEHA, HO HE CTOJbh 3HauuTenbHO. K Hambonee moka3zaTenbHBIM
rmapamMeTpaM MOKHO OBIJIO OTHECTH TOJIEKO HU3KYIO KoHIeHTpanuto H,O; (B 7,1 pa3a MeHbIle, 4eM
B HarypaibHOM Mene). Kpome Ttoro, Henocrarounoe conepxkanue H,O, B ¢anbcugukarax
00yCIaBIUBAJIO CYILECTBEHHOE CHU)KEHHE MX AHTUOAKTEPHAIbHONM AKTMBHOCTH B OTHOLUCHHUHU
Escherichia coli (wramm 1257) u Staphylococcus aureus (mramm 209-P). Takum o0pazowm,
koHueHTpauus H,O, — BaxHBIIM oKa3zaTellb HaTypalbHOCTH ME/a, €r0 UCIIOJIb30BaHUE MOKET OBbITh
11es1eco00pa3HbIM MpH MOA03PEHNUHN Ha (paabcu(UKALINIO B KAUECTBE JTOTIOJIHUTEIIEHOTO KPUTEPHSL.
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Abstract — Natural bee honey is a valuable food product, which is very popular in many countries
around the world. However, the high demand for it has led to the increase in adulteration cases. In
Russia, two adulterations seem to be the most common and difficult to detect — “artificial honey”
and “sugar honey”. In accordance with the requirements of State Standards, their detection is based
on physicochemical analysis, which, unfortunately, doesn’t always make it possible to obtain
reliable results. According to the literature data, the quality of honey can also be evaluated by such
indicators as catalase and D-glucose-1-oxidase activity, as well as the concentration of hydrogen
peroxide (H,O;). The article presents data on determining the possibility of identifying these
adulterations based on the evaluation of physicochemical parameters recommended by State
Standards, and additional criteria, in order to increase the objectivity of the obtained results. The
obtained data were compared both with State Standards criteria and with physicochemical
parameters of natural buckwheat honey samples involved in this experiment. It was found that
"artificial honey" didn’t meet the requirements of State Standards in all parameters except for
moisture content. Also, low enzymatic activity and concentration of H,O, (74 times less than in
natural honey) was detected. Another adulteration "sugar honey" according to all criteria met State
Standards, so its identification was more difficult. The enzyme activity was slightly reduced. Only a
low H,O, concentration could be attributed to the manifesting indicators (7.1 times less than in
natural honey). Thus, the obtained data made it possible to conclude that it is expedient to use the
measurement of H,O, concentration as the additional parameter in case of suspected honey
adulterations. In addition, the insufficient H,O, content in honey adulterations caused the
significant decrease in their antibacterial activity against Escherichia coli (strain 1257) and
Staphylococcus aureus (strain 209-P). Thus, the H,O, concentration is the important indicator of
honey naturalness, its use may be appropriate as the additional criterion in case of falsification
suspicion.

Key words: honey adulterations, sugars, enzymes, 5-hydroxymethylfurfural, hydrogen peroxide
(H,0,).
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BBEJEHUE

HartypanbHblii M€l — OCHOBHOW MPOJYKT IMMUYEIOBOJCTBA, BbIpaOaThIBAEMBbIil
myeraMd M3 HEKTapa L[BETKOB WM TaAW, W O00JaJaroluil  yHUKAJIbHBIMH
MUTATEIbHBIMU CBOMCTBAMU, a TAK)KE OMOJIOTHYECKON akTUBHOCTHIO [ 1, 2]. LleHHOCTh
Mena O0OycCiIOBI€HA BXOJASIIMMU B €ro COCTaB MOHO-, JIM- WU TpHUCaxapuaaMu,
Oenkamu, AMUHOKHUCIIOTAMH, dbepmeHTamu, BUTAMUHAMU, KHCJIOTaMH,
¢d1aBoHOMAAMHU U IPYTUMHU KOMIIOHEeHTaMHU [3, 4]. Ciiagkuii BKyC MO3BOJSET IIUPOKO
UCIIOJI30BaTh €ro B KAadeCTBE IOJCIACTUTEN HIpPU MPOHU3BOACTBE INPOAYKTOB
MUTaHUS U JIeKapCTBEHHBIX cpeAcTB [S]. [loaToMy BO MHOTMX CTpaHax MHpa CIpOC
Ha MeJl JOBOJBHO BBICOK, YTO JIEJIAET €ro, C OJHOM CTOPOHBI, OYE€Hb MPUOBLILHBIM
SKOHOMHUYECKHUM TOBAPOM, a C APYro, — 00bekToM ¢anbcudukaiuu [6].

[lon mnouaruem «danbcudukanus» TPUHATO TMOHUMATh pEATU3ALUI0 O]
BUJIOM HATypaJIbHOTO MPOAYKTa Pa3IWYHBIX MOJJENIOK, O0JaJalolMX HE TOJIBKO
HU3KUMU MUTATEIbHBIMUA CBOMCTBAMHU, HO M COAEPIKALIUX, B pAJI€ CIIy4aeB, ONACHbIE
IUIA 3110pOBbs MOTpeduTens BemiecTBa. [1o naHHBIM 3apyOeKHBIX HCCleqoBaTenei,
Haubosiee paclpoCTPaHEHHOW U3 HE3aKOHHBIX IPAKTUK SIBIAETCA J00aBJICHHE
CHUPOIOB U3 KYKYpPY3bl, KJI€HA, prca, BUHOTPA/ia, a TAKXKE UHBEPTHOTO caxapa [7-9].

JInsi Ka4eCTBEHHOIO0 M KOJMYECTBEHHOTO OIPENENIEHUs NPHUMECEN CUPOIIOB
pa3pabaThIBalOTCS W TNPUMEHSIOTCA aHaiauTHueckue meroabl. Tak, J. Cardenas-
Escudero ¢ coaBT. cooOmanu 00 yCHENIHOM WCIOJIb30BaHUN HWH(GPAKPACHOM
cnekrpockonuu ¢ mnpeodpazoBannem Dypre (UK-Dypre-cnexrpockonuu) [10]. F.
Dranca ¢ coaBT. MNOpPOBOAWIMA BbISIBICHUE (QaIbCU(PUKATOB C  MOMOILBIO
muddepennnanbHo-ckanupytomein  kamopumerpuu  (JICK) [11].  Taxxe,
ONpEeEICHHbIA UHTEPEC MPEACTABISIET UMIIEJAHCHAsA CHEKTPOCKONUS MEPEMEHHOIO
TOKa, IIMPOKO HCIOJb3yeMas ISl OLEHKH KayecTBa MUIIEBBIX MPOAYKTOB, BKJIHOYAs
u men [12-14]. B nocnennee Bpemsi, i JETEKIUUA Pa3IUYHBIX KCEHOOMOTHKOB, B
TOM YHCJIE W YKa3aHHbIX BBIIIE MNPUMECEH, XOPOLIO 3apEKOMEHAOBAIM CeOs
pasznuyHbie MOAU(UKAIIMN XpoMaTOrpadhuIeCKUX U CIEKTPAIbHBIX METOOB [15-21].

B Poccuu, Ha mpoTSHDKEHHMM MHOTHX JIET, Hauboliee pachpOCTpAaHEHHBIMU U
CJIOKHBIMU JIJIs1 BBISIBIICHUS MIPEACTABIISIOTCA cleayromue parbcuukaro:

— «UCKYCCTBEHHBIM MeJ», MPOU3BOAUMBIN W3 MOJBEPTHYTON (EepMEHTATUBHOMY
TUAPOJIM3Y CaXapHO-MEJI0BOM CMECH;

— «CaxapHBIA M€y, MOTYyYaeMbI IMOJKOPMKOM IMUYEIl CaXapHbIM CHPOIIOM B IIEPUOJ
menocoopa [22-25].

Crnenyer OTMETHTbB, YTO IO OPTraHOJIENITUYECKUM MMOKA3aTeNsIM (BHEIIHUNA BU],
apoMar, BKycC) AaHHbIe (anbcu(UKaThl, KaK MPaBUiIO, CYIIECTBEHHO HE OTINYAIOTCA
OT HaTypajbHOTO Mena. VX ompeneneHne OCHOBBIBAETCS Ha (DU3UKO-XMMHYECKOM
aHaJIM3€ B COOTBETCTBUU C TpeOOBaHUSIMHU HOpMATUBHOM qokymeHTaruu (H/I), uto, k
COXKaJICHUIO0, HE BCErJa J1aeT BO3MOYKHOCTb MOJIYYUTh JIOCTOBEPHBIE PE3YJIbTATHI.
OnHako, COrjacHO JHUTEPATYpHBIM JIaHHBIM, O KayeCTBE MeEAa MO3BOJIIOT TaKXKe
CyIUTh Takue TOKa3aTelu, Kak KOHIEeHTpamus mnepokcuaa Bojopoaa (H,O,) wm
YpOBEHb aKTUBHOCTH (PepMEHTOB — KaTasia3bl U D-rimoko30-1-okcuaasel [24, 26, 27].

Takum 006pa3om, 11eJIbI0 HACTOALIEH PabOThl CTANIO ONPEACIIEHUE BO3MOKHOCTH
BbISIBIICHUST  (DanbCU(PUKATOB TIO KOMIUIEKCHOW OIEHKE (DU3UKO-XUMHYECKUX
noKasarejed, peKoMeHIoBaHHBIX HJI, W yKa3aHHBIX BbIIIE JOMOJHUTEIBHBIX
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KpUTCPUCB, YTO ITIO3BOJIMIIO 6I)I, B HUTOIC, IOBBICHUTH 00BEKTHUBHOCTD IMOJIy49acMbIX
JaHHBIX.

IKCIIEPUMEHTAJIBHAS YACTbD

Oodvexkm uccneoosanus

OOBEKTOM HCCIIEA0BAHMS SABIISUIMCH 00pa3iibl rpeuniHoro mMena (Fagopyrum
esculentum Moench.), otobpanHsie B Boponexckoit, Kypckoit u PocroBckoit
obnactsax (n = 22) B mepuoa 2021 — 2022 rr., a Taxxe 00pasibl hanbcupuKaToB:
«MCKYCCTBEHHBIN Meq» (n = 12) u «caxapHbiit Men» (n = 12).

danbcupUKaT «UCKYCCTBEHHBIH MeI» IMOJydadd MTyTeM (PEpMEHTaTHBHOTO
TUAPOJIM3a Caxapo3bl, [JIi 4Yero ObUIM B3ATHI caxapo3a, MHThEBas BOJa W
HaTypaJbHbII TPEUUIIHBIA Mell B cooTHomeHuu 5:2:1 (mac.%), a Takxke yKCycHas
kuciota B konmuyectBe 0,4 T/Kr caxapHo-menoBod cmecu. [lomydeHHYIO cMech
BBIJIEPKUBAIIA B TepMocTarte npu temnepartype 37+1 °C B Teuenue 1 mec.

danbcudukat «caxapHblii Me» ObUT MOJyYeH Ha SKCIEPUMEHTAIBHON MaceKe
BHUUBCID — dunmuana ®I'BHY OHI[ BB PAH B pesynbrate mMOIKOPMKH
ceMel myelt caxapHbIM cuporioM B koHIeHTpanuu 50% (mac.%) B mepro meaocOopa
(uronb 2022 1.).

Ilanunonozuueckuii ananus

[lbubIeBOM  cocTaB  OOpa3loB  MeJa THOATBEPKAAIM € MOMOIIBIO
MAJIMHOJIOTUYECKOr0 aHan3a B cooTBeTCTBUM ¢ neictByrommM ['OCT 31769-2012.
MUKpPOCKOIIMIO TPOBOJAWINA C HCIOJB30BAaHUEM TPHHOKYJISIPHOTO MHKPOCKOTA
AmScope T390C («AmScope», KHP). [ns mnomnyuenuss Qororpaduueckoro
M300paKeHHsI MBUIBIBI UCTIONB30BaIu mudpoByto kamepy Levenhuk M1000 PLUS
(«Levenhuk», CIIIA).

Memoowt uccneoosanusn 0opazuoe meoa no PU3UKO-XuUMU4EeCKUM NOKA3aAmenam
Onpenenenne maccoBoil fonu BoAwl nmpooaunu no 'OCT 31774-2012, 5-
runpokcumetunpypdypans (5-I'M®D) — o 'OCT 31768-2012, cogepxanus caxapos
(rmroko3bl, ¢Gpykto3sl u caxapo3sl) — mno ['OCT 32167-2013, cBo6ogHOM

kucinotHocTH — 110 'OCT 32169-2013, nuacrasznoro uncia — no 'OCT 34232-2017.

Onpeoenenue akmusnocmu Kamana3zol, D-2n10x030-1-okcuoaszvt u KOHUeHmpayuu
H,0,

OnpeneneHne aKTUBHOCTH KaTaja3bl BBIMOJHSIM B COOTBETCTBUHM C
METOJUKOU, pa3zpaboranHoil A.B. AranunbiM [24]. WcciaenoBanue akTuBHOCTH D-
TJIFOK030- 1 -OKCH1a3bl MPOBOAMIIA TI0O METOY, TOAPOOHO HM3JI0KEHHOMY B padote I.
Flanjak wu coaBt. [27]. H,0, nerekTupoBamM ¢ TMOMOIIBIO CIEKTPATHHO-
nogomeTpudeckoro metosa [20].

baxkmepuanvnuviit mecm
AHTHOAKTEpUATHHYI0 aKTHBHOCTH UCCIICyEMbIX 00pa3lloB Mena OTpeeIIsiiu,
UCTIONB3Ys MeToa Auddy3un B arap ¢ MUKPOOPraHU3MaMH CYTOYHBIX TE€CT-KYJIbTYP:
Escherichia coli (wmamm 1257), n Staphylococcus aureus (wmamm 209-P). U3
CMBIBA KaXIOW KYJIBTYPhl TOTOBUJIM CYCTICH3UIO ¢ KOJIMYECTBOM MHUKPOOHBIX KIIETOK
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B 1 mu paBHoM 10% (KONMYECTBO yCTAaHABIHMBAIOCH 11O CTAHAAPTYy MYTHOCTH) H
BBICEBAJIM €€ B MPEABAPUTENILHO IMOJTrOTOBJICHHbIE CTepuiibHble Yamiku Iletpu ¢
MIIA c nyHko#t B 1eHTpe (6 4alleKk Ha KaXaAyl MHapy MHKpPOOPraHU3M-00pasell
MeJlla), B KOTOpbIE MOMENIAIUCh 00pa3libl HATypaIbHOTO U (DaIbCUUIIMPOBAHHOTO
Mena BecoM 0,14+0,01 r. [ToceBbl HHKYOUpPOBAIUCH B T€UCHUE 24 U MPU TEMIIepaType
37°C. Y4yer pe3yabTaToB MPOBOJUIICS MO JUAMETPY 30HBI 3aJCPKKH POCTA BOKPYT
oOpasua mena. B kadecTBe KOHTPOJIS MCHOJIb30BAIMCHh Yamiku IleTpu, B KOTOpbIE
o0Opasiibl MeJla He BHOCHIIUCH.

Cmamucmuueckasn oopadomka pe3yiomamos
Craructuyeckyro 00pabOTKy TMOJYYEHHBIX JAHHBIX OCYIIECTBIISLUIA  C
MOMOIIBI0  mporpamMmMHoro  obecrneuenuss  Microsoft  Office  Excel 2010.
JIOCTOBEPHOCTH pa3IMuus CPEIHUX BEJIMYMH YCTAHABIUBAIU C TOMOILBIO ~KPUTEPUS
CrerozieHTa npu ypoBHe 3HaunMocTu p < 0,05.

PE3YJbTATHBI U UX OBCYXKJIEHUE

Kaxk uzBectHO, rpeunxa noceBHas (Fagopyrum esculentum Moench.) — ApoKo
pacnpocTpaHeHHbli  MmenoHoc  Poccum.  Ilo  HEKOTOpPBIM  JIaHHBIM, €€
MeJIONPOAYKTUBHOCTH cocTarisieT 300 — 360 kr/ra [28].

Cormacio I'OCT 31766-2022 o6miee KOJUYECTBO NBUIBIEBBIX 3€pPEH B
IPEYHIIHOM MeJlle AOKHO ObITh He MeHee 500, mpu 3toM >30% M3 HHUX JOKHBI
uaeHTuuuupoBarbcs kKak Fagopyrum esculentum Moench.

N3ydyennsle oO0Opasipl HATypaJbHOTO MEAa TOJHOCTHIO COOTBETCTBOBAIH
yYKa3aHHBIM TpeOOBaHUsAM: 00IIee KOJIMYECTBO 3epeH coctaBuiio 610, uz Hux 41+3%
ObUIM OIpeneNieHbl Kak MbUIbLIEBbIE 3€pHa rpeunxu mnoceBHod. Ha pucynke 1
npeacTaBiieHo  ¢oTorpaduueckoe U300paKEHHE TBUIBIEBOTO 3€pHA TPEUUXU
ITIOCEBHOW B MOJISIPHOW U KBATOPUAIBHOM MPOEKUUIX Npu yBeanueHuu B 400 pas.

&

W e ©)

10 MKkM : e 0 Mg

Puc. 1. ®ororpadusi MBUIBLIEBOTO 3€pHA TPEUMXU TOCEBHOW: a — MOJspHAs Mpoekuus, 0 —
sKBaTopuagbHas npoekuus (%400).

Fig. 1. Photographic image of buckwheat pollen grain: a — polar view, 6 — equatorial view (x400).

Kak BumHO M3 pUCYHKA, 3¢pHO TPEUHMXHU MOCEBHON MMEET OKPyriIyto Gopmy B
OUYEepTaHUM C TOJI0CA, a C DKBATOpa — DBJUIMNTUYECKYHD, UYTO COOTBETCTBYET
XapaKTEPUCTUKAM, MPUBEACHHBIM B najuHoiorndeckux arinacax [29, 30]. Cnenyert
OTMETHUTh, 4TO B 000uX (panbcudukaTax mbliblia TakKe ObLIa 0OHApYKEHa, XOTS U B
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HE3HAYUTEJIbHOM KOJIMYECTBE: B «MCKYCCTBEHHOM Meze» — He Ooiee 45-52 3epeH, a B
«CaxapHOM MeJIe» €€ KOJIMYECTBO He MpeBbimano 157 (Bo BceX MOJsSX 3peHHs).

[Tpu n3yyeHun PU3MKO-XMMHUYECKUX IOKa3aTese o0pa3lioB HATYpaJbHOTO U
danbcuuIMpoOBaHHOTO MeJa ObUIM TOJY4YEHbI JTaHHbBIE, MPEICTABICHHBIE B BUJC
auarpaMM Ha pucyHke 2. OOpaslbl HATypaJIbHOTO TPEUUIIHOTO MeAa MO BCEM
(HU3UKO-XMMHUUECKUM TapaMeTpaMm cooTBeTcTBoBaiM TpeboBaHusiM ['OCT 31766-
2022 «Menbr MoHOo(IOpHBIE. TeXHUYECKHE YCIOBUS». AHAIW3 JOMOJHUTEIBHBIX
MoKazaTesied MPOJIEMOHCTPUPOBAT BBICOKHM YPOBEHb AaKTUBHOCTH (PEPMEHTOB
KaTajasbl, D-Ti1r0k030-1-okcuaassl U KoHueHTpanuu H,O,.

danbcupuKaT «MCKYCCTBEHHBIN ME» MO BCEM MapaMeTpaM (KpoMe MacCOBOM
JIOJIM BOJBI) CYIIECTBEHHO OTIMYAICS OT HAaTypajJbHOIO MeJa W 10 MHOTUM
KkpurepussM  He coorBerctBoBal HJI.  Tak, cymmapHas wmaccoBas J10Js
pEAYLHPYIOIIMX CaxapoB COCTaBWia, B cpenHeM, 66,8%, uyto Ha 1,2% wmeHble
MuHuManbHoOro ypoBHsa ['OCT (>68,0%) u Ha 20% — yeM ObLIO JETEKTUPOBAHO B
rpeuniiHoM Mmezae. Coaepxanue caxapo3bl Ha 4,02% mnpeBbIIAI0O MAKCUMAIbHBIN
npenen, ycranoBiaeHHbll ['OCT, u Ha 6,8% — pe3ynbTaThl, MOJYYEHHBIE TPU aHATU3E
0o0pa3ioB HaTypajdbHOro Mena. B coorBerctBuu c TpeboBanusimu HJI, cBoOGomHas
KMCJIOTHOCTh TPEUMIIIHOTO MeJa He JoJpKHa mpeBbimaTh 40 MakB/Kr. B oOpasmax
(danbcudurkaTa 3TO 3HAYEHUE TMPEBBICWIO JAaHHBIA HOPMATUB, B CpeaHeMm, Ha 7,3
MDBKB/KT, U Ha 21 M3KB/KT — pe3yJbTaThl HCCIAEAOBAaHUS IpeunIIHOro Mmeaa. M3BectHo,
YTO TPEUYUIIHBINA MEJl XapaKTepU3yeTCsl BHICOKUM COAECPKAHUEM JUACTA3bl, IO3TOMY
I'OCT 31766-2022 mpeabsBiseT ITOBOJBHO BBICOKHE TpEeOOBAaHUS K OTOMY
napametpy — He meHee 18,0 ex. 'ote. OqHako, B uccienyemMoM ¢anscudurate ObUT0
JNETEKTUPOBAHO TOJBKO 6,7 en. I'oTe, 4To rOBOPUT O JOBOJIBHO HU3KOM COAEPKaHUU
dbepMeHTa. AKTUBHOCTH OCTaJbHBIX ()EPMEHTOB TaK)Xe ObLJIa 3HAYMTEIILHO CHIDKEHA:
Katamasel — B 8,2 paza, D-rmoko3o-1-okcumaszel — B 7,1 pa3 (1o cpaBHEHHUIO C
oOpa3laMu TpeuuIIHOrO Meja). beulo ycTaHOBIEHO, 4TO MaccoBasi AoJig S5-I’ MO
MpEBbIIIANIa MPEAEIbHO JOMYCTUMYIO KOHIEeHTpauuto (25,0 mr/kr) B 6,2 pasa, a
aHAJIOTUYHBINA TOKa3aTejlb 00pa3loB HaTypabHOTO Mena — B 48 pa3. Kpome Toro,
3HAYUTEIIPHO U3MEHWICS U JAPYroM nokaszarenb — KoHueHTpauus H,O,: oTMeuanoch
ee CHIKeHHe B 74 pa3a 1o CpaBHEHMIO C 00pa3laMy IPEUMIIHOTO Mea.

B ornuuue oT «MCKyCCTBEHHOro Mena» (anbCcuukar «caxapHbld Memy 10
BceM kputepusiM cootBeTcTBoBaI 'OCT. OnHako, ypoBEHb IMacTa3bl U COACPKAHUE
caxapo3bl HAXOAWINCh HA MAaKCUMAaJbHO JOIMYCTUMOM IIpeaenae, W MpU STOM
JMAcTa3HOEe YHUCIIO OBLIO B 2,2 pa3a HUKE aHAJIOTHYHOTO IMOKa3aTeNsl HATypaIbHOTO
Mena. ['oBOpss O JOMOJHUTENBHBIX MPOAHATU3UPOBAHHBIX MOKA3aTENsIX, CIEIyeT
OTMETHTh, YTO aKTUBHOCTH (DEpMEHTOB KaTana3bl U D-riroko30-1-okcuaassl ObLia
HIKE, YeM B rpeuyuinHoM Mmene: B 1,4 u 1,2 pasza, coorBercTBeHHO. KoHIleHTpaIus
H,0, B dpanscudukare cocraBmia, B cpearem, 0,21 mr/kr, uro B 7,1 pa3za Huxe, 9eM B
oOpasiiax HaTypajJbHOTO Mea.

B pesynbrare nmpoBeAeHHOro OaKkTEpUaJIbHOIO TECTa B  OTHOILIECHUU
rpamMoTpunaTenbHbIX — E. coli (itamm 1257) U rpaMIoOiIOXUTENbHBIX — S. aureus
(mramm 209-P) MUKpOOPTaHM3MOB OBLIO YCTAaHOBJIEHO 3HAYMUTEJIBHOE CHIKCHHE
WHTUOUpyoero JaecTBus GanbCU(PUIUPOBAHHOTO MeJa [0 CPAaBHEHHUIO C
HaTypajibHbIM (puc. 3).
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Puc. 2. Ou3nKo-XUMHUYECKHE TTOKa3aTeIM 00pasIoB TPEYUITHOTO Mena U (ambCcu(UKaTOB: a) MaccoBasi JIOJIsl BOJbI, O) CyMMapHasi MaccoBas JOJIs
PEAYLHMPYIONINX caxapoB, B) MaccoBas JIOJIs caXxapo3bl, T') CBOOOIHASI KUCIOTHOCTD, 1) AMACTa3HOE YHCIIO, €) AKTUBHOCTh KaTaylas3bl, )K) aKTUBHOCTH D-
III0K030- 1 -okcuaasel, 3) MaccoBas oiist 5-I'M®, u) konuentpanus H,O,.

Fig. 2. Physicochemical parameters of buckwheat honey samples and adulterations: a) moisture, 6) reducing sugars, B) sucrose, r) free acidity, m)
diastase activity, e) catalase activity, x) D-glucose-1-oxidase activity, 3) 5-HMH content, n) H,O, concentration.
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Puc. 3. NarubupoBanue poctra E. coli (uramm 1257) u S. aureus (mramm 209-P) oGpaszmamu
TPEeYUITHOTO U (aabCU(DUIIMPOBAHHOTO MEIA.

Fig. 3. Growth inhibition of E. coli (strain 1257) and S. aureus (strain 209-P) by buckwheat honey
and adulterations samples.

Tak, cpenHuil quaMeTp 30HBI 3a7epkKu pocta E. coli m S. aureus mocne
MHKYOUpOBaHMS C oOpasllaMu TPEYuIIHOTO Meja coctaBuil 26 m 31 MM, c
dhanbcupruKaTOM «UCKYCCTBEHHBIM Mea» — 1 U 2 MM, a ¢ «caxapHbIM MeIoM» — 3 U 6
MM, COOTBETCTBEHHO. [loilydeHHbIE NaHHBIE MOTYT OOBACHSTHCS HU3KUM YPOBHEM
conepxanust B (anscuduxarax H,O,, KOTOPHIA, KaK U3BECTHO, SIBISETCS OAHUM W3
BOKHEUIINX (PaKTOPOB aHTUOAKTEPHATILHOTO JAeicTBUs Mena [31].

3AK/IIOYEHUE

B pesynbrare npoBeNeHHBIX HCCIENOBaHUNA ObUIO YCTaHOBJIEHO, 4YTO 00a
aHaNM3UpyeMbIX (QabcuuKaTta, MO CpaBHEHHIO ¢ oOpasllaMu HATypaJbHOIO
IPEYUIITHOTO M€Ja, XapaKTEePU30BaJIUCh HU3KUM COJIEPKAHUEM IMbUIBIEBBIX 3€pEH.
[loaToMy Ha OCHOBaHMM NAJIMHOJOTUYECKOrO aHaju3a MOXXHO OBLIO caenaTh
MpEIBAPUTEIILHOE 3aKJIIOUYCHHE O HEHATypaJbHOCTH UCCIEAYyEMBbIX O0O0pa3IloB.
Onnako, Kak paHee OBUIO OTMEUEHO, Isi (POPMYJIUPOBAHUS OKOHYATEIHHOTO
penieHnss HeoOX0MMO IPOBeIcHUE (DH3UKO-XHUMHYECKOTO aHAJIH3a.

[To cOBOKYMHOCTH TOTyYE€HHBIX JaHHBIX (PaTbcU(PUKAT «MCKYCCTBEHHBIA ME»
He coorBercTBoBa ['OCTy moutw 1o BCeM MmapaMeTrpaM, OCOOCHHO, TO TaKUM
KpuTepusiM, Kak conepxkanue S-IM®D, maccoBas 1oysi caxapo3bl, CBOOOIHAS
KUCJIOTHOCTh M JMacTa3Hoe uucio. Kpome Toro, aHamu3 JOMOJHUTEIBHBIX
MoKa3aTesiel BhIABIII HU3KYIO (DEPMEHTATUBHYIO aKTUBHOCTH U KOHIIeHTparuio H,0,.

BrisBnenue npyroro danscudukara — «caxapHbli Men» ObUio  OoJiee
CJIOKHBIM, TaK Kak, B I[€JIOM, [0 BCEM KPUTEPUSIM OH COOTBETCTBOBAJ TPeOOBAHUAM
H/I. ®epmeHTaTHBHAs aKTUBHOCTH KaTaya3bl U D-Ti1t0k030-1-0KCuaas3pl XOTs U Oblia
CHIDKEHa, HO HE CTOJb 3HA4YUTeNbHO (MeHee, yeM B 1,5 paza). K naubomee
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MOKa3aTeIbHBIM MapaMeTpaM MOKHO OBLIO OTHECTH TOJBKO HU3KYIO KOHLIEHTPALIUIO
HzOz.

Crnemyer TakKe OTMETHTh, YTO HeJocTaTouyHoe cojepxkanue H,O, B
danbcudukaTax oOyCcIaBIMBAIO CYIIECTBEHHOEC CHMXKEHHUE UX aHTUOAKTEpHATIbHOM
aKTUBHOCTH, U KaK CJIEICTBHE, OTCYTCTBHE OMOJIOTUIECKON IIEHHOCTH.

Takum o0Opa3oMm, TIOJyYCHHbIE JaHHBIE TMO3BOJISIIOT  3aKIIOYUTh, UTO
koHeHTpanuss H,O, — BaxHBI TOKa3aTeNb HATYypaIbHOCTH MeIa, €ro
HCIOJIb30BaHNE MOKET OBITh 11e71eCO00pa3HbIM MPHU MOJ03PEHUH Ha (DaTbCUPUKALINIO
B KaUE€CTBE JIONOJHUTEIIBHOTO KPUTEPHSL.

Paboma evinonnena 6 pamkax npoexma «Hcciredosanue npooaem ymuauzayuu

OMX0008 NPUPOOHO20 NPOUCXONCOCHUSL 8 YeNaxX NPAKMUUecKo20 UCNOIb308AHUS.
noyuyeHnsix npooykmosy (122122600056-9).

ACKNOWLEDGEMENT
The work was carried out within the framework of the project “Research on the

problems of recycling waste of natural origin for the practical use of the products
obtained” (122122600056-9).

KOH®JIUKT UHTEPECOB
Asmopul 3as61510m 06 omcymcmauu KOHGIUKMa UHmMepecos.

CONFLICT OF INTERESTS:
The authors declare no conflict of interests.

Crnucok nureparypsl:

1. Kopuuenko E.B., 3a6onotasix M.B., Kanukun U.H. (2017). Opranonentudeckue u Gpu3uko-
XUMHUYECKHE MToKa3aTenu Mmeaa OMckoit obnactu. Becmuuxk Omckoco I'AY, 4(28), 52—157.

2. Kumar A., Gill J.P.S., Bedi J.S., Manav M., Ansari M.J., Walia G.S. (2018). Sensorial and
physicochemical analysis of Indian honeys for assessment of quality and floral origins. Food
Research International, 108, 571-583. https://doi.org/10.1016/j.foodres.2018.04.005.

3. Boateng A.A., Sumaila S., Lartey M., Oppong M.B., Opuni K.F.M., Adutwum L.A. (2022).
Evaluation of chemometric classification and regression models for the detection of syrup
adulteration in honey. LWT - Food Science and Technology, 163, 113498.
https://doi.org/10.1016/].1wt.2022.113498.

4. Bettar 1., Gonzalez-Miret M.L., Hernanz D., Marconi A., Heredia F.J., Terrab A. (2019).
Characterisation of Moroccan Spurge (Euphorbia) honeys by their physicochemical
characteristics, mineral contents and colour. Arabian Journal of Chemistry, 12(8), 2052-2060.
https://doi.org/10.1016/j.arabjc.2015.01.003.

5. Ediriweera E.R.H.S.S., Premarathna N.Y.S. (2012). Medicinal and cosmetic uses of Bee’s
Honey — a review. AYU (An International Quarterly Journal of Research in Ayurveda), 33(2),
178-182. https://doi.org/10.4103/0974-8520.105233.

6. Soares S., Amaral J.S., Oliveira M.B.P.P., Mafra I. (2017). A comprehensive review on the
main honey authentication issues: Production and origin. Comprehensive Reviews in Food
Science and Food Safety, 16(5), 1072—1100. https://doi.org/10.1111/1541-4337.12278.

161


https://doi.org/10.1016/j.foodres.2018.04.005
https://doi.org/10.1016/j.lwt.2022.113498
https://doi.org/10.1016/j.arabjc.2015.01.003
https://doi.org/10.4103/0974-8520.105233

BBISIBJIEHUE ®AJIbCUDUKALIMN MEJIA HA OCHOBE ®M3UKO-XUMUYECKOI'O AHAJIU3A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wu L., Du B., Heyden Y.V., Chen L., Zhao L., Wang M., Xue X. (2017). Recent
advancements in detecting sugar-based adulterants in honey — a challenge. TRAC Trends in
Analytical Chemistry, 86, 25-38. https://doi.org/10.1016/]. trac.2016.10.013

Samat S., Enchang F.K., Razak A.A., Hussein F.N., Ismail W.L.W. (2018). Adulterated honey
consumption can induce obesity, increase blood glucose level and demonstrate toxicity effects.
Sains Malaysiana, 47(2) 353-365. https://doi.org/10.17576/jsm- 2018-4702-18.

Fakhlaei R., Selamat J., Razis A.F.A., Sukor R., Ahmad S., Babadi A.A. Khatib A. (2021). In
vivo toxicity evaluation of sugar adulterated heterotrigona itama honey using zebrafish model.
Molecules, 26, 6222. https://doi.org/10.3390/molecules26206222.

Cardenas-Escudero J., Galan-Madruga D., Caceres J.O. (2023). Rapid, reliable and easy-to-
perform chemometric-less method for rice syrup adulterated honey detection using FTIR-ATR.
Talanta, 253, 123961. https://doi.org/10.1016/j.talanta.2022.123961.

Dranca F., Ropciuc S., Pauliuc D., Oroian M. (2022). Honey adulteration detection based on
composition and differential scanning calorimetry (DSC) parameters. LWT - Food Science and
Technology, 168, 113910. https://doi.org/10.1016/j.talanta.2022.123961.

Hao Sh., Yuan J., CuiJ., Yuan W., Zhang H., Xuan H. (2022). The rapid detection of acacia
honey adulteration by alternating current impedance spectroscopy combined with 1H NMR
profile. LWT - Food Science and Technology, 161, 113377.
https://doi.org/10.1016/].1wt.2022.113377.

Grossi M., Ricco B. (2017). Electrical impedance spectroscopy (EIS) for biological analysis
and food characterization: a review. Journal of Sensors and Sensor Systems, 6(2), 303-325.
https://doi.org/10.5194/jsss-6-303-2017

Zhao X., Zhuang H., Yoon S.C., Dong Y.G., Wang W., Zhao W. (2017). Electrical impedance
spectroscopy for quality assessment of meat and fish: A review on basic principles,
measurement methods, and recent advances. Journal of Food Quality, 2017, 6370739.
https://doi.org/10.1155/2017/6370739.

Mousavi M.M., Nemati M., Nabili A.A.A., Mahmoudpour M., Arethosseini S. (2016).
Application of dispersive liquid-liquid microextraction followed by gas chromatography/mass
spectrometry as effective tool for trace analysis of organochlorine pesticide residues in honey
samples. Journal of the Iranian Chemical Society, 13,2211-2218.
https://doi.org/10.1007/s13738-016-0939-2.

de Souza R.R., Fernandes D.D.D., Diniz P.H.G.D. (2021). Honey authentication in terms of its
adulteration with sugar syrups using UV-Vis spectroscopy and one-class classifiers. Food
Chem, 365, 130467. https://doi.org/10.1016/j.foodchem.2021.130467.

Valinger D., Longin L., Grbes F., Benkovic M., Jurina T., Gajdos J., Tusek A.J. (2021).
Detection of honey adulteration-The potential of UV-VIS and NIR spectroscopy coupled with
multivariate analysis. Lebensmittel-Wissenschaft und -Technologie- Food Science and
Technology, 145, 111316. https://doi.org/10.1016/j.1wt.2021.111316.

Pemernukona 1.0., Metnuukux C.B., CrekneneBa H./l., Bonos A.H. (2021). [Ipumenenue
Meroaa BOXKX-MC/MC BbICOKOTO pa3pemieHust 1j1s1 UASHTU(UKAIIUN U KOJIMYECTBEHHOTO
oIpeJieNIeHus MpuMecei B cyOcTaHIMu mpemnapara «Jlomyctun». Xumuueckas 6e30MacHOCTb,
5(1), 137-155. https://doi.org/10.25514/CHS.2021.1.19009.

Bboupapesa JL.I'., EropuenkoBa O.E., ®enoposa H.E. (2022). Onpenenenue conepkanus
HEHMOHOTEHHBIX TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB B BO3IYIITHOW Cpe/ie METOIaMU
CHEKTPO(HOTOMETPHH U Ta305KUIKOCTHON Xpomarorpaduu. Xumuueckas b6ezonacrocms, 6(1),
148-162. https://doi.org/10.25514/CHS.2022.1.21009.

I'py3noBa O.A., JlIo6anoB A.B., CoxnukoB A.b., ['py3nos /[.B. (2022). Onpenencuue
KOPPEISIIUN MEXKIy COJIEpKaHUEM S-THIPOKCUMETHIPYpdyposia 1 mepokcuaa Boaopoaa B
Mene. Xumuueckas bezonacnocmo, 6(2), 215-226. https://doi.org/10.25514/CHS.2022.2.23014.
JlaBpyxuna O.U., Amenun B.T"., Kum JL.K., Tpetssixos A.B., JlaBpyxun JI.K. (2022).
OmnpeneneHre 0CTaTOYHBIX KOJIHMYECTB TECTUIIHIOB B 00BEKTaX OKPYKAIOIICH CPelIbl U

162


https://doi.org/10.1016/j.%20trac.2016.10.013
https://doi.org/10.17576/jsm-%202018-4702-18
https://doi.org/10.1016/j.talanta.2022.123961
https://doi.org/10.1016/j.talanta.2022.123961
https://doi.org/10.1016/j.lwt.2022.113377
https://ui.adsabs.harvard.edu/link_gateway/2017JSSS....6..303G/doi:10.5194/jsss-6-303-2017
https://doi.org/10.1155/2017/6370739
http://dx.doi.org/10.1007/s13738-016-0939-2
https://doi.org/10.1016/j.lwt.2021.111316
https://doi.org/10.25514/CHS.2021.1.19009
https://doi.org/10.25514/CHS.2022.1.21009
https://doi.org/10.25514/CHS.2022.2.23014

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

I'PY3HOB u ap.

MUIIEBBIX MpoaykTax. O630p. Xumuueckas 6ezonacnocmo, 6(2), 81-116.
https://doi.org/10.25514/CHS.2022.2.23006.

I'encunkuit MLIT. (1968). O pepMeHTaTHUBHOM THAPOIU3E Caxapo3bl B MUEITMHOM MEJIC.
Bonpocet numanus, 3, 90-91.

3aunkuna B.U. (2012). Dxcnepmusza meda u cnocobwt oonapyscenus e2o ganvcugpurayuu. M.:
W3z narensckuii oM «/Jamkos u K.

Aranus A.B. (1985). Meo u e2o uccreoosanue. Capatos: «M3natenbctBo CapaToBCKOTO
YHHUBEPCHTETA.

Yenypuoit W.IL. (2002). Dxcnepmuza kavecmsa meda. M.: 3a. nom «/lamkoB u K.
Alygizou A., Grigorakis S., Gotsiou P., Loupassaki S., Calokerinos A.C. (2021). Quantification
of Hydrogen Peroxide in Cretan Honey and Correlation with Physicochemical Parameters.
Journal of Analytical Methods in Chemistry, 2021, 5554305.
https://doi.org/10.1155/2021/5554305.

Flanjak I., Strelec 1., Kenjeri¢ D., Primorac L. (2016). Croatian produced unifloral honey
characterized according to the protein and proline content and enzyme activities. Journal of
Apicultural Science, 60(1), 39—48. https://doi.org/10.1515/jas-2016-0005.

Haymxun B.I1. (2002). ITuens! Ha rpeunxe. [luenosoocmeo, 5, 20-21.

Bypmuctpos A.H., Hukutuna B.A. (1990). Meoorocusie pacmenus u ux neiivya. M.
«PocarponpomuziaTy.

Kapnosuu U.B., [Ipe6esruna E.C., Enosukosa E.A., Jlerorkuna I'.1., 3y6oBa E.H., Ky3sie
P.3., Xucmarymmun P.I'. (2015). Amnac neinvyeswvix 3epen. ExarepunOypr: «Y paabckuit
pabouniiy.

Kwakman P.H.S., te Velde A.A., de Boer L., Vandenbroucke-Grauls C.M.J.E., Zaat S.A.J.
(2011). Two Major Medicinal Honeys Have Different Mechanisms of Bactericidal Activity.
PLoS ONE, 6(3), 17709. https://doi.org/10.1371/journal.pone.0017709.

References:

1.

Kornienko, E.V., Zabolotnykh, M.V., & Kalikin, [.N. (2017). Organoleptic and physico-
chemical indicators of honey in the Omsk region. Vestnik Omskogo GAU = Bulletin of the
Omsk State Agrarian University, 4(28), 52—157 (in Russ).

Kumar, A., Gill, J.P.S., Bedi, J.S., Manav, M., Ansari, M.J., & Walia G.S. (2018). Sensorial
and physicochemical analysis of Indian honeys for assessment of quality and floral origins.
Food Research International, 108, 571-583. https://doi.org/10.1016/J.FOODRES.2018.04.005.
Boateng, A.A., Sumaila, S., Lartey, M., Oppong, M.B., Opuni, K.F.M., & Adutwum, L.A.
(2022). Evaluation of chemometric classification and regression models for the detection of
syrup adulteration in honey. LWT - Food Science and Technology, 163, 113498.
https://doi.org/10.1016/].1wt.2022.113498.

Bettar, 1., Gonzalez-Miret, M.L., Hernanz, D., Marconi, A., Heredia, F.J., & Terrab, A. (2019).
Characterisation of Moroccan Spurge (Euphorbia) honeys by their physicochemical
characteristics, mineral contents and colour. Arabian Journal of Chemistry, 12(8), 2052-2060.
https://doi.org/10.1016/].arabjc.2015.01.003.

Ediriweera, E.R.H.S.S., & Premarathna, N.Y.S. (2012). Medicinal and cosmetic uses of Bee’s
Honey — a review. AYU (An International Quarterly Journal of Research in Ayurveda), 33(2),
178-182. https://doi.org/10.4103/0974-8520.105233.

Soares, S., Amaral, J.S., Oliveira, M.B.P.P., & Mafra, 1. (2017). A comprehensive review on
the main honey authentication issues: Production and origin. Comprehensive Reviews in Food
Science and Food Safety, 16(5), 1072—1100. https://doi.org/10.1111/1541-4337.12278.

Wu, L., Du, B., Heyden, Y.V., Chen, L., Zhao, L., Wang, M., & Xue, X. (2017). Recent
advancements in detecting sugar-based adulterants in honey — a challenge. TRAC Trends in
Analytical Chemistry, 86, 25-38. https://doi.org/10.1016/j.trac.2016.10.013.

163


https://doi.org/10.25514/CHS.2022.2.23006
https://doi.org/10.1155/2021/5554305
https://doi.org/10.1515/jas-2016-0005
https://doi.org/10.1371/journal.pone.0017709
https://doi.org/10.1016/J.FOODRES.2018.04.005
https://doi.org/10.1016/j.lwt.2022.113498
https://doi.org/10.1016/j.arabjc.2015.01.003
https://doi.org/10.4103/0974-8520.105233
https://doi.org/10.1111/1541-4337.12278
https://doi.org/10.1016/j.trac.2016.10.013

BBISIBJIEHUE ®AJIbCUDUKALIMN MEJIA HA OCHOBE ®M3UKO-XUMUYECKOI'O AHAJIU3A

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Samat, S., Enchang, F.K., Razak, A.A., Hussein, F.N., & Ismail W.LLW. (2018). Adulterated
honey consumption can induce obesity, increase blood glucose level and demonstrate toxicity
effects. Sains Malaysiana, 47(2) 353-365. https://doi.org/10.17576/jsm- 2018-4702-18.
Fakhlaei, R., Selamat, J., Razis, A.F.A., Sukor, R., Ahmad, S., Babadi, A.A. & Khatib, A.
(2021). In vivo toxicity evaluation of sugar adulterated heterotrigona itama honey using
zebrafish model. Molecules, 26, 6222. https://doi.org/10.3390/molecules26206222.
Cérdenas-Escudero, J., Galan-Madruga, D., & Céceres, J.O. (2023). Rapid, reliable and easy-
to-perform chemometric-less method for rice syrup adulterated honey detection using FTIR-
ATR. Talanta, 253, 123961. https://doi.org/10.1016/j.talanta.2022.123961.

Dranca, F., Ropciuc, S., Pauliuc, D., & Oroian, M. (2022). Honey adulteration detection based
on composition and differential scanning calorimetry (DSC) parameters. LWT - Food Science
and Technology, 168, 113910. https://doi.org/10.1016/j.talanta.2022.123961.

Hao, Sh., Yuan, J., Cui, J., Yuan, W., Zhang, H., & Xuan, H. (2022). The rapid detection of
acacia honey adulteration by alternating current impedance spectroscopy combined with 1H
NMR profile. LWT - Food Science and Technology, 161, 113377.
https://doi.org/10.1016/].1wt.2022.113377

Grossi, M., & Ricco, B. (2017). Electrical impedance spectroscopy (EIS) for biological analysis
and food characterization: a review. Journal of Sensors and Sensor Systems, 6(2), 303-325.
https://doi.org/10.5194/jsss-6-303-2017.

Zhao, X., Zhuang, H., Yoon, S.C., Dong, Y.G., Wang, W., & Zhao, W. (2017). Electrical
impedance spectroscopy for quality assessment of meat and fish: A review on basic principles,
measurement methods, and recent advances. Journal of Food Quality, 2017, 6370739.
https://doi.org/10.1155/2017/6370739.

Mousavi, M.M., Nemati, M., Nabili, A.A.A., Mahmoudpour, M., & Arefhosseini, S. (2016).
Application of dispersive liquid-liquid microextraction followed by gas chromatography/mass
spectrometry as effective tool for trace analysis of organochlorine pesticide residues in honey
samples. Journal of the Iranian Chemical Society, 13,2211-2218.
https://doi.org/10.1007/s13738-016-0939-2.

de Souza, R.R., Fernandes, D.D.D., & Diniz, P.H.G.D. (2021). Honey authentication in terms
of its adulteration with sugar syrups using UV-Vis spectroscopy and one-class classifiers. Food
Chem, 365, 130467. https://doi.org/10.1016/j.foodchem.2021.130467.

Valinger, D., Longin, L., Grbes, F., Benkovic, M., Jurina, T., Gajdos, J., & Tusek, A.J. (2021).
Detection of honey adulteration-The potential of UV-VIS and NIR spectroscopy coupled with
multivariate analysis. Lebensmittel-Wissenschaft und -Technologie- Food Science and
Technology, 145, 111316. https://doi.org/10.1016/].1wt.2021.111316.

Reshetnikova, 1.O., Metlitsckih, S.V., Steklenev,a N.D., & Volov, A.N. (2021). Application of
the HPLC-QTOF method for the identification and quantitative determination of impurities in
the substance of the drug «Lomustine». Khimicheskaya bezopasnost' = Chemical Safety
Sciences, 5(1), 137—-155 (in Russ). https://doi.org/10.25514/CHS.2021.1.19009.

Bondareva, L.G., Egorchenkova, O.E., & Fedorova, N.E. (2022). Determination of the content
of nonionic surfactants in the air by spectrophotometry and gas-liquid chromatography.
Khimicheskaya bezopasnost' = Chemical Safety Sciences, 6(1), 148—162 (in Russ).
https://doi.org/10.25514/CHS.2022.1.21009.

Gruznova, O.A., Lobanov, A.V., Sokhlikov, A.B., & Gruznov, D.V. (2022). Determination of
the correlation between 5-hydroxymethylfurfural content and hydrogen peroxide in honey.
Khimicheskaya bezopasnost' = Chemical Safety Sciences, 6(2), 215-226 (in Russ).
https://doi.org/10.25514/CHS.2022.2.23014.

Lavrukhina, O.1., Amelin, V.G., Kish, L.K., Tretyakov, A.V., & Lavrukhin, D.K. (2022).
Determination of residual amounts of pesticides in environmental objects and food products.
Review. Khimicheskaya bezopasnost' = Chemical Safety Sciences, 6(2), 81-116 (in Russ).
https://doi.org/10.25514/CHS.2022.2.23006.

164


https://doi.org/10.17576/jsm-%202018-4702-18
https://doi.org/10.1016/j.talanta.2022.123961
https://doi.org/10.1016/j.talanta.2022.123961
https://doi.org/10.1016/j.lwt.2022.113377
https://doi.org/10.5194/jsss-6-303-2017
http://dx.doi.org/10.1007/s13738-016-0939-2
https://doi.org/10.1016/j.foodchem.2021.130467
https://doi.org/10.1016/j.lwt.2021.111316
https://doi.org/10.25514/CHS.2021.1.19009
https://doi.org/10.25514/CHS.2022.1.21009
https://doi.org/10.25514/CHS.2022.2.23014
https://doi.org/10.25514/CHS.2022.2.23006

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

I'PY3HOB u ap.

Gensitsky, L.P. (1968). On the enzymatic hydrolysis of sucrose in bee honey. Voprosy pitaniya
= Nutrition Matters, 3, 90-91 (in Russ).

Zaikina, V.I. (2012). Examination of honey and ways to detect its falsification. M.: Publishing
house “Dashkov and Co” (in Russ).

Aganin, A.V. (1985). Honey and its research. Saratov: "Publishing house of the Saratov
University" (in Russ).

Chepurnoy, L.P. (2002). Examination of the honey quality. M.: Publishing house “Dashkov and
Co” (in Russ).

Alygizou, A., Grigorakis, S., Gotsiou, P., Loupassaki, S., & Calokerinos, A.C. (2021).
Quantification of Hydrogen Peroxide in Cretan Honey and Correlation with Physicochemical
Parameters. Journal of Analytical Methods in Chemistry, 2021, 5554305.
https://doi.org/10.1155/2021/5554305.

Flanjak, I., Strelec, 1., Kenjeri¢, D., & Primorac, L. (2016). Croatian produced unifloral honey
characterized according to the protein and proline content and enzyme activities. Journal of
Apicultural Science, 60(1), 39—48. https://doi.org/10.1515/jas-2016-0005.

Naumkin, V.P. (2002). Bees on buckwheat. Beekeeping, 5, 20-21 (in Russ).

Burmistrov, A.N., & Nikitina, V.A. (1990). Honey plants and their pollen. M.:
"Rosagropromizdat" (in Russ).

Karpovich, I.V., Drebezgina, E.S., Elovikova, E.A., Legotkina, G.1., Zubova, E.N., Kuzyaev,
R.Z., & Khismatullin, R.G. (2015). Pollen Atlas. Yekaterinburg: "Ural worker" (in Russ).
Kwakman, P.H.S., te Velde, A.A., de Boer, L., Vandenbroucke-Grauls, C.M.J.E., & Zaat,
S.A.J. (2011). Two Major Medicinal Honeys Have Different Mechanisms of Bactericidal
Activity. PLoS ONE, 6(3), 17709. https://doi.org/10.1371/journal.pone.0017709.

165


https://doi.org/10.1155/2021/5554305
https://doi.org/10.1515/jas-2016-0005
https://doi.org/10.1371/journal.pone.0017709



